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5 Fractional conversion model
6 Root mean squared error
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1 Chroma

2 Hue angle

3 Titratable acidity (TA)
4 Ripening index (RPI)
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0/174  0/952 0/519  0/891 0/432 0/914 0/543 0/891 0/756 0/864 ALY
0/154  0/969 0/375  0/916 0/544 0/886 0/401 0/916 0/298 0/941 PHEEYOW
0/270  0/946  0/530 0/891  0/612  0/864  0/523  0/891  0/441  0/914  Jwsu
0/291  0/932  0/602 0/837  0/801  0/758  0/642  0/837  0/734  0/880  lawee
0/499  0/873  0/143 0/967  0/687  0/804  0/763  0/754  0/912  0/697  wlspw
0/387  0/906  0/113 0/972  0/546  0/867  0/674  0/817  0/764 0756  Jewu
0/378  0/909  0/097 0/980  0/531  0/887  0/657  0/828  0/732  0/753 Lo
0/234  0/970 0/201  0/945 0/198 0/951 0/243 0/945 0/287 0/940 B> pw
0/344  0/914  0/709 0/820  0/647  0/830  0/897  0/820  0/511  0/811  Jwsu
0/867 0/753  0/932 0/561  0/901  0/581  0/938  0/561  0/821  0/540  lawee
0/265 0/947  0/113  0/984  0/287  0/929  0/487  0/892  0/370  0/844  wiss,w
0/271  0/946  0/165 0/969  0/343  0/939  0/376  0/901  0/310  0/848  Jwsu
0/298  0/937  0/145 0/975  0/301  0/944  0/576  0/889  0/401  0/803  lae
0/921  0/421 0/954  0/217 0/974 01217 0/974 0/217 0/974 0/216 &> pw
0/873  0/594  0/784 0/602  0/783  0/610  0/687  0/602  0/095  0/979  Jwu
0/221  0/940  0/265 0/926  0/276  0/933  0/301  0/925  0/174 0917  ‘tu=e
0/074  0/991  0/089 0/985  0/067  0/991  0/087  0/985  0/119  0/978  wiss,mw
0/072  0/989  0/091  0/983  0/087  0/988  0/091  0/983  0/127  0/975  Jwu
0/121  0/976  0/112 0/962  0/083  0/979  0/123  0/962  0/231  0/933 Lo
0/082 0/982  0/178 0/953  0/312  0/930  0/143  0/953  0/167  0/970  wlsw
0/080  0/980  0/221 0/961  0/275  0/943  0/138  0/960  0/174  0/973  Jwu
0/265 0/936  0/693 0/818  0/804  0/753  0/673  0/818  0/376  0/873 Lo
07128  0/971 0/109  0/974 0/124 0/972 0/142 0/975 0/145 0/968 B>
0/051  0/991  0/050 0/992  0/041  0/999  0/054  0/992  0/131  0/967  Jwu
0/116  0/969 07115 0/970 0/165 0/948 0/101 0/970 0/114 0/971 ALY
0/089  0/987  0/085 0/988  0/083  0/991  0/091  0/988  0/083  0/984  wlssw
0/065 0/993  0/058 0/992  0/072  0/995  0/074  0/992  0/074  0/987  Jwu
07124 0/970 0/103  0/971 0/169 0/965 0/126 0/970 0/114 0/973 NASESN
0/197  0/931  0/289 0/902  0/321  0/898  0/397  0/902  0/267  0/906  wlspw
0/049  0/996  0/048 0/996  0/319  0/944  0/065  0/996  0/032  0/998  Jwu
0/301 0/927  0/621 0/814  0/629  0/798  0/578  0/814  0/439  0/836  lawee

WL

L*
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b*

AE

h*

C*

TSS

TA

RPI

pH
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Introduction: Hawthorn (Crataegus pinnatifida), belonging to the Rosaceae family, consists of small trees and
shrubs. The color of the ripe fruit varied from yellow, through green to red and on to dark purple. Most of the species
ripen their fruit in early to mid-autumn. Beneficial effects of hawthorn fruit extracts have been confirmed by various
studies. Pharmacological data showed that hawthorn fruit and its preparations enhance myocardial contraction and
conductivity, protect against ischemia. They have a sedative action, a protective effect against arrhythmia and increase
of coronary vessel flow. They have also positive effects on the cardiovascular system. Hawthorn is one of the most
widely consumed horticultural products, either in fresh or processed form. It is also an important component of many
processed food products because of its excellent flavor, attractive color and high content of many macro- and micro-
nutrients. Uncertain storage conditions lead to considerable quality loss in hawthorn fruits, which affect their consumer
acceptability. Properties such as color, firmness and moisture provide valuable information for the monitoring of quality
changes in postharvest fruits because of their reliability and rapid and easy measurement. These changes are
consequences of many biochemical and physiological processes that occur during fruit ripening, such as respiration and
transpiration. In addition, these changes depend on the external conditions to which the fruit is exposed. To estimate
changes in fruit quality as a function of storage conditions, the evolution of certain quality-indicative properties such as
color, firmness or weight can be used to provide related information on the quality grade of the product stored. Kinetic
models can be used as tools to describe quantitative physicochemical changes in foods during processing. Kinetic
models can be linear or non-linear forms of rate law equations. The rate process of food constituents is usually defined
by zero, first or second order kinetics.

Method and material: In this study, changes in physicochemical characteristics associated with fruit quality were
investigated during various hawthorn fruit storage conditions include: cold (1°C and RH=90%), refrigerator (10 °C and
RH=85%) and room conditions (25 °C and RH=60%). Color quality parameters (L*, a*, b*, C*, h* and 4E),
geometrical parameters, weight loss, firmness, total soluble solid (TSS), pH, titratable acidity (TA) and ripening index
(RPI) were the measured factors. Different mathematical models were successfully proposed and adjusted to represent
the change in physicochemical properties as a function of storage temperature. Among various kinetics model, five
models (Zero-order, First-order, Second-order, Fractional conversion and Weibull models) were fitted to experimental
data and model parameters in equations were determined by multiple regression analysis.

Result and discussion: Storage of hawthorn fruits at different temperature affected their color (L*, a*, b*, C*, h*
and 4E), geometrical, physical (weight loss, firmness) and chemical properties (TSS, pH, TA and RPI). Storage at all
conditions had significant impact on the physicochemical parameters analyzed (except some geometrical
characteristics). Significant alterations in hawthorn color, firmness and weight loss were observed. The firmness,
titratable acidity, pH, ripening index, color characteristics (except a* and C*) decreased while weight loss, total soluble
solid, a* and C* increased significantly (p<0.05). Hawthorn stored at low temperatures revealed a delay on quality
reduction reactions in terms of color, firmness and weight loss. The results indicated that the First-order and Weibull
kinetic models provided the best prediction of the changes in physicochemical parameters. The storage temperature
effect was successfully described by the Arrhenius law. Understanding the mechanisms in which these conditions affect
the quality changes processes is of great importance because it allows their appropriate modification to maintain quality
and maximize storage time. The outcomes of this study provide additional and useful information for hawthorn fruits
under various storage conditions.

Keywords: Hawthorn, Storage conditions, Kinetic modeling, Arrhenius model, Physicochemical characteristics.
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Introduction: Chocolate is a suspension of solid particles, including sugar, cocoa solids and milk
powder (depending on the chocolate type) in a continuous fat phase, namely cocoa butter or its substitutes.
The solid particles account for approximately 70% of chocolate with the fat constituting about 30%. Sugar
takes up nearly 40-50% of the total solid particles of chocolate, thus influencing its sweetness, particle size
distribution, rheological and sensory properties. It is also considered to be a bulking agent and a source of
energy which produces 394 kcal/100 g of refined sugar. Therefore, consumers are increasingly becoming
concerned with chocolate sugar and calorie content nowadays. This issue can be resolved by replacing sugar
with bulk (nutritive) sweeteners and/or dietary fibers. Bubbles are found in many food products, including
cakes, chocolates and beverages. Although they do not increase the food nutritional value, they change its
textural properties and mouthfeel. Bubbles are normally visible to the naked eye and their mean diameter
ranges from 0.05 to 3 mm. X-ray computed tomography is a 3D imaging technique which captures the
images of a sample cross-sections. It is used for the non-destructive visualization and characterization of
food microstructure. In this method, a series of radiographs of a sample are captured from different angles
to be utilized for the 3D reconstruction of the material microstructure.

Materials and methods: sugar was replaced with inulin: maltodextrin mixture at ratios of 25:75 (CH2),
50:50 (CH3) and 75:25 (CH4). Carbon dioxide was injected into the samples at 6 bar to produce aerated
chocolate. Using X-ray computed tomography, the images of the samples were captured and after
processing, the obtained images were segmented using the Chan-Vese method. The properties of bubbles
included total wvolume, diameter and surface to wvolume ratio. The crystallinity of the samples was
determined through X-ray diffraction. The hardness of the chocolate bars was measured using the puncture
test. The density of the aerated chocolates was also compared with that of the nonaerated ones.

Results and discussion: X-ray diffraction revealed that there were many strong peaks in the diffractogram of CHL,
which can be ascribed to the high degree of sugar crystallinity in addition to the impurities present in the commercial
sugar utilized in this study. In the case of the sugar-free samples, namely CH2, CH3 and CH4, two distinct peaks could
be seen at 20 of about 21° and 23.5°, both of which were much stronger and more defined in the scattering pattern of
CH3, demonstrating the more crystalline structure of this sample. It seems that inulin and maltodextrin have physically
interacted with each other or with the other ingredients of the chocolate, in particular CBS, which has been more
pronounced at the ratio of 50:50. The results of image segmentation showed that the Chan-Vese method, compared with
the adaptive thresholding one, was more able to segment the images, because this method does not depend on the image
gradient and is especially suitable for the objects with vague edges. The mean bubble diameter of CH1 was bigger than
that of the other samples, which could be due to its higher degree of crystallinity, because the crystalline structure of CH1
prevented the gas from being lost leading to the coalescence of smaller bubbles and the formation of bigger ones. In
addition, it was observed that the density of the aerated chocolate was higher than that of the unaerated one in all the
formulas as a portion of solid particles and fat was replaced with the gas. The results also demonstrated that the sugar-
free aerated samples were softer than the corresponding nonaerated ones. However, it was reversed in the case of CH1
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which could be ascribed to the presence of sugar in this sample, because in aerated products, solid particles, particularly
sugar, form a continuous skeleton and play the same role as fat does in nonaerated products.

Keywords: Inulin; Maltodextrin; X-ray computed tomography; X-ray diffraction; Chan-Vese; Hardness.
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Introduction: The impurities of the oil and its pigments are basically removed from the oil by physical adsorption
using an adsorbent during the bleaching process. The bleaching process involves the removal of pigments, impurities,
metals and oxidation products. Removal of these substances is essential in oil refining because it improves the stability,
appearance and sensory quality of the oil. Activated bleaching earth is the most commonly used adsorbent for purifying
and improving the color of fats and oils. The bleaching process of edible oils is important for producing light colored oils
with acceptable quality. The aim of this study was to evaluate the physical and chemical properties of soybean oil bleached
with bleaching earth containing increased amounts of aluminum and magnesium oxides.

Material and Methods: Bleaching earth was purchased from Kanisaz Jam Company. Degummed and neutralized
soybean oil was obtained from Behshahr Vegetable Oil Company. Different amounts of aluminum oxide and magnesium
oxide were added to commercial bleaching earth. Activation of the adsorbents was performed with hydrochloric acid and
oil bleached at 110°C for 30 min under vacuum by adding 2% of adsorbent containing different percentages of silica,
aluminum and magnesium oxides. A series of physical and chemical tests such as peroxide value, acid value, chlorophyll
content, carotenoid content, yellow and red colors and amounts of copper and iron were then carried out on the neutralized
and bleached oils according to the standard methods. All the experiments and/or measurements were carried out in
triplicate. Data were statistically analyzed using the Statistical Analysis System software package on replicated test data.
Analysis of variance was performed by application of an ANOVA procedure. Significant differences between the means
were determined using the Duncan multiple range test.

Result and Discussion: The results of this study showed that the examined adsorbents reduced the peroxide value to
98.9-96.3%. Application of the adsorbents containing 95% commercial bleaching earth - 5% aluminum oxide and 95%
commercial bleaching earth - 5% acidic aluminum oxide reduced the acid value by 33.33% and 26.66%, respectively.
The amount of chlorophyll in the control sample was 7.58 mg Pheophytin A/kg oil, which reduced 65.66% by using
adsorbent containing 90% commercial bleaching earth and 10% magnesium oxide and reached to 1.90 mg Pheophytin
A/kg. The amount of carotenoids in the control sample was 7.88 mg/kg. Using the adsorbent containing 90% commercial
bleaching earth and 10% magnesium oxide decreased carotenoids up to 93.40%. Adsorbents containing 95% commercial
bleaching earth and 5% aluminum oxide, 95% commercial bleaching earth and 5% magnesium oxide, 95% commercial
bleaching earth and 5% acidic magnesium oxide and commercial bleaching earth had the same effect on red color
reduction. Yellow color in the oil samples treated with commercial bleaching earth, adsorbent consisting of 90%
commercial bleaching earth - 10% aluminum oxide, and adsorbent containing 95% commercial bleaching earth - 5%
magnesium oxide was reduced and reached to 38, 50 and 50 Lovibond, respectively as compared to the control sample
with yellow color of 70.00 Lovibond. Copper and iron decreased 100% by using adsorbents containing 50% commercial
bleaching earth and 50% aluminum oxide or 50% commercial bleaching earth and 50% magnesium oxide.

According to our findings, the addition of aluminum and magnesium oxides to commercial bleaching earth was
effective in reduction of peroxide value, acid value, chlorophyll, carotenoid, red and yellow color, copper and iron. Also,
the results showed that the best adsorbent contain about 50% aluminum and magnesium oxides. Aluminum and
magnesium oxides can improve the performance of bleaching earths.

Keywords: Aluminum oxide, magnesium oxide, bleaching earth, bleaching, soybean oil
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Introduction: Hypertension is the result of angiotensin converting enzyme (ACE) activity in the vessel wall
membrane. This enzyme converts angiotensin | to angiotensin Il which results in vessel wall stiffness and an increase in
blood pressure. Inhibition of ACE activity is a therapy for hypertension. In addition to synthetic inhibitors, some bioactive
peptides (which are the products of protein proteolysis) have been identified as ACE inhibitors. Bread is a widely
consumed bakery product all over the world. During dough fermentation, yeast proteases hydrolyze wheat flour proteins
to prepare amino acid for cell growth. Natural cereal proteases are considered to be the other sources of protease.
Proteolysis produces peptides in dough, which are bake-stable and have physiological effects on human body. Soy protein
is a valuable plant protein, reported to be a source of peptides with ACE inhibitory activity and can be used to induce
diversity in peptide species during dough fermentation. In this study, a completely randomized factorial design was
created to evaluate the effect of the type of soy protein derivative, wheat flour substitution level and fermentation time on
the ACE inhibitory activity of dough bioactive peptides.

Materials and Methods: Wheat flour was substituted with 3 soy protein derivatives, including soy protein isolate,
extruded soy protein and soy protein hydrolysate at 5 and 10%. Moreover, fermentation time was adjusted at 30, 60 and
90 min. Dough aqueous extract was evaluated in terms of molecular weight distribution using SDS-PAGE technique. The
extract was then filtered through 3KDa membrane to separate short-chain peptides (theoretically <30 amino acids).
Peptide concentration was determined using UV absorbance difference. The peptide solution was tested for the degree of
hydrolysis based on OPA complexation reaction and ACE inhibition activity using FAPGG as the reaction substrate at
two peptide concentrations. The experiments were triplicated and data were analyzed by ANOVA and Fisher’s mean
comparison test using MINITAB software.

Results and Discussion: Based on the SDS-PAGE pattern, it was observed that samples had a high level of low
molecular weight peptides fraction were those enhanced with extruded soy proteins and soy protein hydrolysate. This
results indicated that the addition of soy protein derivatives led to a higher content of short-chain peptides compared with
wheat dough. The results also showed that all the examined variables, i.e. the type of protein, substitution degree and
fermentation time, significantly affected the degree of hydrolysis and ACE inhibition activity of the separated peptides.
The maximum degree of hydrolysis was observed in samples with soy protein hydrolysate- which was expected to have
greater peptides diversity. This might be the reason for the higher ACE inhibition activity observed for these samples.
Addition of Soy protein extrudate resulted in a higher degree of hydrolysis compared with soy protein isolate revealing
that the extrusion technique caused to increase the protein susceptibility to proteolysis during fermentation along with the
higher content of broken amino acid chains. The higher wheat flour substitution level resulted in a higher degree of
hydrolysis, while in the case of ACE inhibitory activity, it was not significant. Overall, longer fermentation time increase
the degree of hydrolysis, but led to lower ACE inhibition activity, probably due to active peptides hydrolysis. Wheat flour
itself had a high level of ACE inhibition activity at the shortest fermentation time, compared with composite flours, while
this activity was reduced at extended fermentation time. ICso was the highest for the samples containing soy protein
hydrolysate, surely a benefit from the initial proteolysis. In conclusion, the wheat flour substitution with 5% soy protein
hydrolysate substitution,would lead to reasonable ACE inhibition activity and is suggested for bread formulation with
hypertension lowering effect. It also needs more research to be done in order to evaluate substitution degrees lower than
5%, because it was observed that peptides diversity was more important than high hydrolysis degree. Overall, soy protein
extrusion enhanced proteolysis and short-chain peptides production during fermentation which is a better option compared
with isolated soy protein.

Keywords: Angiotensin Converting Enzyme, Bread, hydrolysate, Soy protein extrudate, Soy protein isolate
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Introduction: In recent years, legumes have been highly considered as a good source of protein, fibers, minerals and
other bioactive compounds in order to develop novel foods with improved nutritional properties. There is some evidence
that legume consumption reduces the risk of diabetes, cardiovascular disease and some cancers. Vicia faba has about
twice protein content as cereals and can be a good alternative to meat and protein-rich ingredients. It should also be noted
that the amount of insoluble fiber is higher than soluble fibers in legume. Vicia faba belongs to the Fabaceae family . Vicia
faba contains high protein (21-41% dry content of the bean), carbohydrates (51-68% dry content of the bean), fiber (5-
5.8%), B-vitamins and minerals. Recently, the protein function of Vicia faba, especially its protein isolate, has been
studied on a laboratory scale for use in food products, due to its good ability in hydration, solubility, emulsification,
viscosity, and foam and gel formation. Research has also shown that the protein in Vicia faba has better ability to emulsify
water and oil and foaming capacity and foam stability compared to bean and pea flour. The structural and functional
properties of the protein isolates and concentrates of legumes such as Vicia faba are strongly influenced by their
preparation, extraction and drying methods. One of the ways to improve extraction and optimization of protein properties
can be ultrasound and an enzymatic controlled hydrolysis. Due to the importance of dietary fiber, various methods have
been developed for their decomposition, many of which are very precise and special, some of which have high-purity
enzymes and selectively release oligosaccharides and polysaccharides containing dietary fiber. In this study, the
possibility of using ultrasound and limited enzymatic hydrolysis in order to produce value added product and increase the
extraction efficiency and improve the functional properties of protein and fiber of Vicia faba, were evaluated.

Materials and Methods: In this study, ultrasound and enzymatic hydrolysis were used to optimize extraction and
modify physicochemical properties of protein and fiber of VaciaFaba. The proteins were affected by ultrasound at 200,
300 and 400 W for 15, 25 and 35 minutes, and the Alcalase enzyme 2.4 LFG at 0.15, 0.3 and 0.45% doses were extracted
at 15, 25 and 35 minutes and the design of the treatments was done by Designer Express software. Solubility, oil
absorption capacity, emulsification and zeta potential of protein samples were measured. Vicia faba fiber extraction under
alkaline conditions was obtained from solutions of 0.0012, 0.012 and 0.12% sodium hydroxide until reaching pH 12, 11
and 10 and Termamy 2x enzyme was used for enzyme hydrolysis. Water retention capacity and rheological properties of
Vicia Faba fiber samples were investigated.

Results and Discussion: The results showed that the use of ultrasound and enzymatic hydrolysis had a positive effect
on solubility, oil absorption capacity and emulsion properties of the protein samples. Zeta potential was also negative for
all treatments, which indicates that the Vicia faba protein treatment solution contains more negative amino acids than
positive-loaded amino acids. Among the fiber samples of the ViciaFaba, a fiber sample with a pH of 10 had the highest
water retention capacity and G-level than the other two samples, indicating a more solid and elastic quality. Also, in all
fiber samples, increasing cutting speed reduced the viscosity and the samples showed a dilution action with cutting or
pseudoplastic.

Keywords: Viciafaba, extraction, protein, fiber.
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0/0486 5/04 57404/01 57404/01 1 BC
0/1173 2/94 33486/17 33486/17 1 A?
0/8360  0/045 514/78 514/78 1 B*
0/1084 3/11 35416/73 35416/73 1 c
CV% =30/77 R?=0/9155 Adj-R?=0/8394
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Effect of Edible Coating Containing Carboxymethyl Cellulose and Sodium
Metabisulfite on the Shelf Life of the Button Mushroom
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Introduction: Edible mushrooms are among the most perishable products that begin to lose quality immediately after
harvest, and the short shelf-life of these products will cause problems when it comes to the marketing and distribution of
these products in a fresh form. Edible coatings are a good tool for prolonging the useful life of foods and increasing their
quality without contaminating the environment.

Materials and Methods: In this study, the possibility of increasing the shelf-life of a button mushroom using blanching
followed by coating with carboxymethyl cellulose and sodium metabisulfite was studied. Independent variables included
concentrations of carboxymethyl cellulose and sodium metabisulfite (0-2%) and storage time up to 16 days at 4 ° C. This
experiment was designed on the basis of three-level factors consisting of 6 central points after 0, 4, 8 and 16 days of storage
at 4°C. Factors determined on a button mushrooms included pH measurements, weight loss percentage, soluble solids, texture,
color, browning level, total microorganisms count as well as mold and yeast count.

Results & Discussion: The results of this study indicated that the sample coated with 2% carboxymethyl cellulose and
2% sodium metabisulfite resulted in an increase in pH level as well as soluble solids. In addition, the slightest color change,
weight loss and reduction in tissue stiffness were observed in this sample. The sample coated with 2% carboxymethyl cellulose
with 2% sodium metabisulfite had also the lowest total microorganisms count and the count of mold and yeast stored at 4 ° C
after 16 days. Based on the results of this study, carboxymethyl cellulose and sodium metabisulfite coatings can be used as an
appropriate coating agents for the preservation of organoleptic, chemical, microbial properties and shelf-life of button
mushrooms.

Keywords: button mushroom, carboxymethyl cellulose, Edible coating, shelf-life, sodium metabisulfite
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Introduction: Millet is one of the cereals resistant to drought, pest and disease and has a short growing season. As
the world's population grows and water resources decline, this agricultural product will increasingly become- important
for human use in the future. Millet is gluten-free grain and can be used to produce special food for celiac patients. Due to
the low quality of baking products made from gluten-free cereals, additives and physical treatment of flour can be used
to improve the baking properties. Therefore, in the present study, heat-moisture treatment of millet grains was used as a
method to modify the flour properties.

Materials and Method: Proso millet (Panicum miliaceum L.) was dehulled using a stone mill and then moistened to
20, 25 or 30% of moisture by spraying sufficient distilled water, mixing and keeping in polyethylene bags at 4°C
overnight. The moistened grains were poured into glass containers and heated in an oven at various temperatures (100 or
120 ° C) for 3 h. After heating, the samples were removed from the containers and dried at about 40°C until about 9%
moisture content. The samples were then milled and passed from the screen with standard mesh 80. In this study, cakes
were prepared from untreated and treated millet grain. The specific gravity of batter was measured by dividing the weight
of a specific volume of batter to the weight of the similar volume of water. Batter viscosity was determined by Brookfield
viscometer. Cake volume was measured by the rapeseed displacement method. Color of cake crumb and crust were
determined by scanner and image J software. The oven method was used for measuring cake moisture. The hardness of
cakes was evaluated by texture profile analyzer. For study of the microstructure of cakes, scanning electron microscope
(Hitachi) was applied. In this study, the effects of two factors including moisture of heat-moisture treatment (at 3 different
levels) and temperature of heating (at 2 different levels) on the batter and cakes properties were studied by a completely
randomized design. Statistical analyses were done via analysis of variance (ANOVA) and Duncan’s multiple range tests
for significance at p<0.05 using SAS 9.1 software.

Results and discussion: The low specific gravity shows the better aeration of cake batter which can result in greater
cake volume. Heat-moisture treatment of millet grains reduced the specific gravity of the cake batter so that the specific
gravity of the untreated millet flour batter was the highest. The low batter viscosity reduces the cake volume because the
batter cannot keep trapped air bubbles inside it and when the batter is placed in the oven, these bubbles move up to the
surface of batter and they get out of the cake. However, a very viscous batter also cannot produce high volume cakes due
to the limited expansion of the batter. Therefore, the optimum and appropriate viscosity of the batter is necessary for the
production of large volume cakes. Heat-moisture treatment of millet grains significantly increased the viscosity of the
batter (p<0.05) so that the lowest viscosity was in the control sample and the highest viscosity was in the treated sample
at 30% moisture and 120°C. The samples treated at lower moisture and temperature had higher cake volume compared
to the control sample, while the treated samples at higher moisture and temperature showed no improvement in volume.
Millet flour treated at 30% moisture and 120°C significantly reduced cake volume (p<0.05) and this effect may be due to
excessive viscosity of the batter which prevents the batter expansion in the oven. Increasing the treatment temperature
and moisture significantly increased the darkness and redness of the cake color. However, at the baking day and during
storage, there was no improvement in the texture and moisture content of the cake crumb after heat-moisture treatment of
millet grains. The scanning electron micrographs of raw and treated millet cake showed that heat-moisture treatment of
grains increased the uniform and fine cavities in the cake texture. Furthermore, in the cake prepared from treated millet,
the gelatinized starch granules are found in the greater numbers.

The development of gluten-free bakery products has a growing market worldwide. Therefore, food industry specialists
are looking for the production and improvement of the quality of these products. Due to the increasing consumer demand
for non-additive foods, there is a growing interest in the physical treatment of cereals as it changes the starch performance
without the addition of external ingredients. In this regard, the results of the present study revealed the ability of heat-
moisture treatment to modify the performance of millet flour for application in gluten-free product formulations by
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improving their qualitative properties. Application of heat-moisture treated millet increased cake batter viscosity and air
penetration and reduced its specific gravity. Heat-moisture treatment of millet grain at low moisture and temperature
improved cake volume. However, the treatment of millet grains did not improve texture and moisture content of the cake
during storage. Study of microstructure of the cakes showed that the heat-moisture treatment of millet grain increased the
uniform and fine air cells in the cake structure and also the starch granules were more gelatinized. According to the results
of this study, heat-moisture treatment of millet grains at 25% moisture and 100 ° C improved quality parameters of batter
and cake compared with control.

Keywords: Millet grain, Heat-moisture treatment, Cake, Gluten-free



Iranian Food Science and Technology

= 13
Vol. 16, No. 5, Dec- Jan 2021, p. 621-628 ‘O

ol e aaboo g pale Shadrgls 4yl
621-628. 0 1399 55 - 3T 5 o leis 16 al

Research Journal

iy

d"f"hj}é_wl’ Jl
dozin 5 ol Do geat 5 al5) slezsl Sk Kol b S 5T

Skl Loy =l aedi ! SIS 0

139806/12 154 > 7o b

1398110104 : 13
dAS>

Gl odlizsl 3y90 Jsane sl iy Sl 4 g bl o] (S Sla Sy 4 sl i b (oojlezsl ozt (36 olge a1l 3 pre SIS )

@3l sy o siay (5905 2oL b plocrl (sla ) ookl wigd o Jpasme CoisS Sl el g anil (o Co iy (liEN5e lol &)
Ol Ol 0w b (Bgy ol 3 Moo (abjdlessl dlaghy) S5 & Cuns FESIESy oS My Ulp b (SISl gy S Senl
Ooppots Seanl b9y b (7 (ale dexie slacaSe (pldpleasl 13U Giaghy cnl 3 2B e 1) (bplessl copu i Jpae LIS (S Sl
S g herd Gl 5 O 1B Ly 350 (103005 0/4 DI3) S5 T il clile a3 5 5,0 50 ol uilS 13 50 5y 5 (5ypabogé
b3S o 3olai Mol 7yl uilyly 40556 905] 2ol b sallae a5 (g pSo05luil olajplessl 5l am 5,5 lo v 4 slod )3 (6513855 o) dw (b ladiges
Mogna dlool @) sy il 310035 uslial gyl 04281 o yisls Bl S 0 Wl 8 (5955 JS PH ngn clds Gl el oo
ol s gl sino D Jlais) s 55 005 3,15 3yt S 5 olas Uil gyl il e cdl ¢ ljalazsl il g 390

Sy CaldMo ol il Seanl ohisless! (5 Lale s galS slaa]lg

wd Gloj b 5 SV )b Cuenl desis slalie cuaS baes
Sgus (5551 B yums ilidl gl piigy Mool culils (ials yucren
iy, yelaie p (Mousakhani-Ganjeh et al., 2016)
Gl (5538 dozxin S @y odi3lezdl (gl yeul s ol )8
Sl s dezio slalie Dozl 28, (gl iz sl i,
(slaboyw  obplesl (3U1 by ohjledl cales
whplessl (o Slo o 3 bplassl 0 Ses ol jo ol ples]
4 objles! ( pedly (uils 3 sbidlesdl (590,50l Ko 4
g YU 5 L (Sl e 0 objplesl ¢ Seanl oo,
(Liuetal., 2017) jso zlgel SaS 4 olopless]
Gb &S cal (S Sl gy S Sl ol jplasol
SISl sleedyy SR 4 Cuns oy CBliSy oS
bauogs (OH) Sl @l (gloS (ors (315585 g o poo 2Bl o0
Liu) ol oy Sl Jgasme 0199 31 (S0 ol aitns y5us
odd jlo clalie  S6 Sl cuoglis jlanTyd ol > et al., 2017
sbol el o i (S xSl g5l &7 gl gS ey gui o odlatl

(Email: n.zamindar@khuisf.ac.ir : Jsius s g -*)
DOI: 10.22067/ifstrj.v16i5.82797

.

LY R

@ lie & cwl 2lo Sbaiss (295 eges pb Uy
cosigy oy (blo Jolib 1055 yolSol 0355 .l 145 g poolSianl o3lgs s
» 5 (Nordt and Pomeranz 2016) sib o opé 5 Jg)Se
4 (SadigS 9 Lo 2948 0 SOl (S o S dos 9 (5 e S (slo]
S el cylos 0 YU golaidl o5l s 4 b ale (o 3 Lo
Jad o a ]y b gy cnl O Wby (ol cuenl
g pold (Bl Goyiwd gl s Bgie (05 2l
35 Bpas ofli ©ygoh Gl S03 (Alp 4 JUl glhan e
e, b opl oLy (Mousakhani-Ganjeh et al., 2015)
g odlatwl de Yok (6l

Yo e 4 blie o)l gly & cuwl o0bj sl Jle
Y gt CutS baas b oolpen a5 1y 20 o0 oalitiwl sless] ]
5 ol Slys o8 Jio oo Gl o (52085 oo
Bl Vs csla o slexl S > o pliasian 5 (o3
(Liuetal., 2017) 345 0 &Y guame cudsS cdl 4 yoxio i3l o
lroml sbales 13 9 3L cop b 093 libes plosl cplply

(2l mlio g pgle 09,8 Glotib g u ) (i) el (3 oy =2 51
) leienl fKlyg) laen 15Tg oMl 311 oKt 5LisS oSl
Sy iz 0aSuiils (S iSllogy 09,8 i) Ll S azbgel sl -3

U‘f‘ ‘U‘)‘Pf ‘)...S).m\ (S o Ruisly


mailto:n.zamindar@khuisf.ac.ir

1399 oo - 3T 5o louis 16wl ol (s21ié @olioo 5 pale Gliidgls & i 622

39,358l 93 jlaws alaazes (gl 9 50 Cuwl o bl yoles 51 MolS
ozl e ole Sl gl e adgl ele plsiear S5 (Slopld
1 g Sl o alold Gdss pl 0 b cual Sjus ol
Olsiedy jlag alassee 5 3 olie odlo L0 a8 )T jlai 40 e Sl
9305 (2 318 29580 93 (o Alold 13 038" Jae (S Sl Cunglie
Sy Kgg JisSgep up aljd lod 4 b sipo &> o
9S85 )18 (ple Cllad (pwiin S ye )3 iged (slod (550l
b aslito 35 it (Shld i cl pizpad 5 il ol gl
g s D lg 1Sl 9 cdg 300 50 yusie 51y 55,0 50 uils' )5
4 Lo olyan 4 5 39300 5 Sojl Sy 5 ol bl el
slaodls 39 oo 03k 3 PC @y g 5iS'9 1Sin awwgs (95w 900

D90 g0 03> JuST LB (193 9 8L 9)5a I Jl)]

S 7S il s
(el p2 putonjises) (Soysdl culin S g9y I U
Lascorz et al, ) us (¢ pSojlul ale diges 9 Sod &I Jglxe
B O/ 5l Galises slacdale b Sos T Jolno olaia opl 4 .(2016
Lo slod )3 caslo 24 g ans 118 s oo [ Sjg 2oy 1
(g 12 g y20) ol sl odlital b ugws 15 (551055
oSS bl Cpmad b g pSojul oSl Cylan
A g pSejlil ol

Pl )
bl b S o oo I Siand Jslo (alojl 2 5
421y S 9055 e (ool g 300 05 014 013 ) oo
4y =18 clod 4 L3 5l &S chesmio Lale diges wdin S e
3290 ilS 8 5 5 S0l 5y 5 035" Juate cotpes) 31,5 s
S8 sl o =T (slod & digas 550 &S Sloj b oS oo Jlosl
aloBM dtunls (sl 9 00y Z)B s 5l ) diged juao daw
24) alojolazsl ) g 39y S o loj 19) bilezsl 3l ey
SN S5 a3 (ol 48) objolozsl sl ) 93 9 (csls

21953005 Cus g ynS

& Bl Bgd Spe > Syl ax)> 0 Vbl pY oo
ol 005 yeend Sy lgisdy oS e a3 =T 4 =18 5l o5
OJ9 M l) ] ){I)). °->)C-’ UJbLa dllbdoyu u’_)lb))laz.)l sy
1 doleo jl ool bog ol slassl (loj p desxie ale diges
(Rahbari et al., 2018) 34 o dslxo

) ight of frozen fish
Thawing rate = —We'fhafvinmz_e" =2 (g/s) 1)
gtime

laie (o 5501 Sl J ol (5o 5 Mo {53 51 ogibgn o5
sl b c¥gmme (Sl colla g odd a4 5We L
ogMe (Liu et al., 2017) (w2l 9 ) ol blsyl > &Y guae
oS pgunye (2 slags) jlaulp ley & ol
39 l5s 5V i Slge 5 b Jio Y pams (&S Cloogias
(Liu et al., 2017)

b, o)y 293y Shonl gy 3l odlatul &S Bluwe jI S
o Canl Lo 45 jolailon il e 39,01 5 ale o calio
Lol 3 29801k (gt 4 o (Pl (oles o (il s b
Oyl )08 o (65205 S Copold sz Gl 13 5 G
olyea Sas O Jslowe 51 gy ol 3 JSe 2 ale sl
oS o o3l ol Sl

ploul Sos o dilizo glacbile ) o sless! dllde oyl )
slayell 5 (o) slesl &y 5l g celw 48 b ol g a3
ol 0 (6 S ojll oldialess] ey g (plo (oliowdd

&) 4 6 gl 3l Ui Cato 3 o5 alo Sl 4 s L
S ulio (g oy JUd 4yl 3485 (plplly @)l sles]
ol GBS 9 sl glaa yiue bis pslaiea (alo el &8,
Wl slgiidiy Cauo 4 Mlgl B odg 4igS

L g, 9 390

o 2l diged g5lwodlel

s 0y b ixie do I Jol (5 (le demie sladiges
@l glio game | ale o5 15 41,18 51 p S 5ls 10 pluS 2
o utigs olSylojl 4 g (glaadaioes b g 4 ladeol ol
ol 1 T Wigad g jluoslel slpe alolidly o cily JUisl lic
(sregld X3 XB)slol & g3l jl oaliel L ale s (slaecreale
=30 (slo 53 g 0did (gt sl (Studly (ot 53 9 0k 2
2 bdiges w9 15 ) el 24 Sse @ 315 o a5 )
B85 S gge;l ol UoolS sl 4y -18
.(Mousakhani-Ganjeh et al., 2015)

Spodl (20| e &7 b9 30 Ol jupd
o3ly L yd addllas ol 53 edlaiwl 3)50 Kol 0418 8 S lis L
(S 651 als ot ¢S s Jol g (]l 003
S 535 (s s 3 ) S i o el
oo 33 e ol JU> 4 5 083 4y (9399 Wy 13 e pslatons
52 00 Ll B Lo oglie Gl @l gde Ko 5l >
S3h i 5 Job gl wlgral IS 4 jlag alatee b odlitl
o 0 g abaime g A5 A g jb BB cladilgial Gyd g e



623 .5 ol slesmil ca oy Sl halo,S ST

Evaporation loss(%) = % x 100 3)
T

Drip loss = Thawing loss — Evaporation loss

(4)

S5 (39 035 g sale 3y it Mpp 9 My My Ty oS

Szl 28y (alo 459 9 (rdaw o O ol S osds (b joless!
(Heetal., 2013) ol xaw Of Gl jlan oad

oybas ©LIF g (2155 looo! ¢ pused Cl Cpuni
iy €l Jolds & s py pa3l3 3 g5 8l plie sl
zor> il oSb (9 il wlazsl @y 5l (SU 59 bl cpuzes 1 i
2 bable Gl oyliac il 5 ohbjoless] cdl (pous
Thawing loss(%) = % % 100 2)
T

Termo
meter

I

[ =
AC Voltage
Amper @
E B

_a -

*':: Votage
o ¢ Meter

: |

E -«

Seot] (23 )5 i 41 bgsyo @], 543 -1 S

TVBN(mg) =
V><C><14><100( g) (5)
M -
Sly odd Bpae Syl el (1) (o) Vol 5o &8
Ol Sy (Srae S8 Sl Jgbore clle € oy gnl i
23l (p)5) 0905 03 M

Ol
IMsl bl 1 oolanl b gy (yamolyild g9y ogd il
20 )3 5 Rem 00d 093 loiged Sl o5 1 29300 s B9
bl (PHTI2) clansd oy b 3y s oty 31 52 e
3,5 lo 4oy 4 (clos j3 B> 465 5000 5 Lo wges 39 0
1y 2oty gu 31 yid koo 2 puemw 505 S5 ks s> 20 Sota &y
540 15 Jsloe i g gl g Byme i o 8 L g anib
Slgw p)5 0115 cygm Byno ang (sly D90 03lgs yiagil

o Wb 15 5ek JS
atin K e 4 3,S Slo a4 oad Lgd Lale iladad
a5 6 g Lt (ale sladiges TVBN 5 osd (o)
L1y ond 5,5 alo cudoS 5l p)5 10 g 0 b))l 2bjsless]
31 5 2 s elyan bglso (g bgleo Jlaiie ol 2 Lo 50
82 )5 Sl epSele wlp el JUsl WS b 4 mge
koo 90 cplo )l S i ablsl o 4 80 g5 5 o et
2 58 L3l o) e Byme 0)kad i o M2 S0 sl Jylone
Lglste b 03905 (pidg) |y alads ] 51 G 00,5 cams JUIS 29,5
o7 45 Gloj U (@30l Sl g (b 4 £90 ool
Joloe il aelsl sy oo 150 40 plo )] ;3 D390 odle
Alao 1 oliznl b g 25 Jloy 0/1 <Gy )18 sl b ool cansday
Goulas and ) 15,5 (5,55 diges ) d9390 4% &5l Glie D

.(Kontominas 2005

1 supernatant



1399 oo - 3T 5o jlouis 16wl ol (2l @liw 5 pale gliidg’y 4y pis 624

whidleztl CuaS i s gly (gl A S oS GSlen

il objplesl copw lbylae Shonl 200l bey @
TVB-N pH (6,80l wojlas il s el b slasl
loyiahly (8)5 )13 (p 90 Soin Sl Cl ((nBgp oMo
w53 990 3y > Guibly Jeloo 435 g, by a5 )50
SRS 595 aw loj e (w03 0/5 014 03) S Ol elale
@hplasl cdl y chale 315 o @b 5 8,5 L8 )y 250
9 ke LSD (9051 15 (2 Jgis) 590 jolime %1 Jlais! pedaws y
Lol 15 ol (g oline cuglis (%0/4 § %0/3) clale Calisco pelaw
hlize gylol cglis %0/4 5 %O/3 claclale ¢ %0/5 clale
odnlio 4 Joso & $55ken ccbale S oy b otnlie
3 WO0/5 clale @ bysye olsilessl il olise op iy 90
» 29 UW0/4 G %0/3 claclale 4 byyye bl el oy a8
oloj b cdale 3 a8 lajline sl (1Sbe duslio 4 93 ol Jgun
odnlin 2 g1 Jgas 595 oo oanliio ccunl 03¢y jolime (g)lal i 5|
9 Jlite SIS & amd o (L5 (uilyly 4235 S ol 29800
%5 Jlois! gaws 13 TVB-N yiol)b o (95 X cdale) Jatuno yiol)s

21333lbad! G pw

ey il 4 e CudeS (gladST 4y WIS pyd 2438
Kimetal.,) col o obpless] loj s oligS g (olojoles]
Sloiss b amlis p bplas] oloj o pilss (2006
Duygu ) codl o o3l elad] Seonl piww 4 b jolesl
Sei ol lackle ly olbplessl ey (and Umit 2015
w5 028 50122 D121y o s 2oy 015 5 0/4 013
pis 5l oLt (Bolas Wl )b (uibly 43205 (o) & Al ee
(p<0/05) 5)ls clalé zobaw cyo ol cglis

1djolesd! Sl o
390 sbline 100 Jlais) pedaw p3 objdless] il p clale )
5 %0/3) clale Gilisco paw 93 Hbe LSD (905l 55 (2 Jgi2)
slacble gU0/5 clale oy Lol cuis sanlie ¢ blias cglis (%0/4
lale 31y y> b odalie oline (o,lel coglis %0/4 4 %0/3
Sl e i dpdce sialie 4 Jso oS wsSlon
by yo abjdless] €l oy y2e8 9 W0/D clale &y bgyye ol>joles]
ke ausliod ¢ 3 (gla Jgas ) 50 %0/4 %0/3 claclle 4

505905 )3 wplity =poiw cicliae Syl 2,5 0/6 § 15 Lo
W10 5500 2 hoo B0 (129381 51 g g 00 o slaiio o 12 Lo
clale b (6515 cymogall ppu 31 00t b dsasy s o 100 o &

Warner et )sel cossay 3,55kl oo yid Lo g oS e I3
(al., 1997

PH (g 58311

3 bolsin o 5o ea 20 b 25305 2,5 5 pH (s,Soilsl (o
Aol oS Ken K 50 4aidd p 90 9000 ;5 4idd e @
(Kim et al., 2006) 1,5,5 51,5 pH {rw 9 50n

2pJ S S03l

e g0 03l HE ale 5 s YUy il ielS P s gly
IS5 525 20,3 B0 b 4l 1 i e 1 ol e pus by (gl 03,28
Pl 5512205 Jusd Sy g lg o eSe ast O L
5 e (g Silwdpid Slam g JE S A5 ale 350
> 028l 803 lgisdy (gjlues i Jlam g 8 ()59 B doms
(Pedersen et al., 2016) 39 0 a3liis alo

o il 8l
PM s yus by s> 10 (gl g (Som 0ad g (ale 51 25 50
039 5 @il 00 (San (Bl e isd e Join il 4000
039 Om SN bwgs ok ole )3 0nd Gl (g Gliee 290
oty 5 bl Conay (T)dhales Gllas (Mc) 256 5 (Mp) 43l
(Li etal., 2017) 545 0 b Loy
Mp—M,

Centrifugal loss(%) = ——x 100 (6)

p

Losly (g bl Jukodi g 4y 300

08 (5ol Clao p alisie (slajlosi 3 oy ysbatony
Gl glite maw 3 b islojl s exliul Bslas MelS 2 )b ]
48 4 24 0))lnS wae o (%0/5 -0/4 -0/3) S o clale
38l 5l oalizd b il ly o 5 4o by plosil (el
Pl 0/05 1 a8 Jlosnl pdaw (43,5 s 1 b ¢ U2 aseus SAS
o gl 5l alofl Jole o 51 0351 Jbisine Sys0 3
Sl oiso cpl 55008 ealaiw] (ke duglie s b xe AMS]
Das Sl s bl Glul 4,k S 4 guls addllas

2 Press Juice



625

e 9 o205 Sloztil it yur p Sl Giulo,S il

ol 0391 ol (gylol a3 3l loj b cdale > oS laylae olp

Do oo odaliio
it s 1 PIPH s Ml TVE-N sl sl 2 olej 9 CABLE 31 il 40395 -1 Jpie
Oy (ke : .
Soia s PJ i g cbe TN S Sleet el
37179 0/3557m  0/00054ns  3/76ns 11/48 2 CARTS
‘84117 a5 008l 1217 T2u83 2 0
1220 0/1979%  0/00067  10/07" 7113 b gy went
1/49 0/5612  0/00053  9/63 23/99 18 s

ol H3 dme st g 2o d 1 g 0035 Jlais] paw 13 b xe a3 )5 4 NSy

219550 ek o a8 ylas AL ¢ e bl ¢ 15 j3lool Bl b ol b o Sl 1 il g & 350 gl -2 Jous
Olaz o (2o

loleod] Gty e OB sl alapledtcdl | 87422 Sl el
0/0031ns 327 817 “6/08 2 cdalé
0/039 1/98 0/15 2/139 6 (I8
ol H3 pme st g o3 1 g 003 5 Jlain] o )3 3 dme S )5 4 NSg s gt

55yl €3I PIPH (o559 3 ¥l TVB-N gl il o cilises sbacylo; (nSilie dwnlis Joua -3 Jgio

598 il I PJ PH oy Culdls TVB-N ol
12/762/55*  3/497+0/32=  5/55+0/054>  16/6+2/7° 16/391/37° o
4[74+0/2°  2/931+0/41* 5/64+0/067¢  18/6+2/58>  16/98+0/658> 24
7122+1/68>  2/274+0/6>  5/66+0/073*  23/743/72 18/57+3/32: 48

(P<0/05)5,l5 %355 b LSD 9051 blod 3l awyp 3y90 Slao yhas I loline dMiS] ctisads aslie By S Jolis (sl 457 (oolael

S ¢ pded Cl ¢ 13 53Loosi! il iy yilo il TVBN (sl yial b (51, o oo Cilitseo SCle (Ske duulie Jooa ~4 Jgoa

o,las
olac GUL  pusod Cdl <1 :lo’:;‘ Cll ek pilw il TVB-N <k
4/140/3=  -2/068+0/15=  2/721+0/2 9+3/11° 18/23+3/272 0/3
5/5£0/26>  -4/07+0/23° 1/459+0/40 11/4£3/122  16/921/257° 0/4
5/3+0/9° -1/89+0/0362  3/42+0/9: 7/32£2/36c  16/8+1/57° 0/5

(P<0/05)5,l5 %355 b LSD 9051 blod 5l wyp 3y90 Slao ylas I jloline dMiS] ctiads apliie B S Jolas (gl 457 oolael

%0/3 clo clale 4 bgsyo objplosul il oy iy o W0/ clale
..)9{ %0/5 9

oylas Sl ow)
023 L oylae lals (gly Bl Mol &4l il g 4y o0
9> oo LSD ygejl » il o Il Jlais) aw (390 Jolize
s oamlie (,lolixe cglis (%0/5 =% 0/4) clale Calisco pelaw
hlize o lel cglis (%0/4 4 %0/3) (0I5 5 %0/3) cdale -y Lol

25 O (o
sl i o cadl gl ol MalS )b il jlg 4y jons
2 A2 Jp2)atlo W5 Jlnol gaw o clale JI g jblixe
oolis (00/5 4 %0/3) clale Calisco paw 93 e LSD (yg0jl
5 U073 laclale 4 %0/4 clale oy Lol cnis sanlie (gbliae
D9Silods «dale 1 oy 5> 05 oanlie Jblie (6ylol glis %0/5

4 bgye e 8l (e ()58 29800 oaalin 4 Joax o &S



1399 oo - 3T 5o louis 16wl ol (o2l @oliow 5 pale Gliidg’s 4 i 626

o9y e ()

lacrSgn o8 0)pls Gl b)) lp 3k lapasls
g p Mo (e (6 pSojll by, cn iy S (Se ) 392
Jleis! o 13 (yloj 51 39y olize jI S s a8l yisloj] .ol
O p olog p clalé g ale 51 Ll bl e cuigy bl B
g s loj cilizee o 33 oo LSD (ygaj] 3 ablsas jolina
b ocelo 48 4l o Ll i sanlin (gblne wolis cclu 24
3,5 osalie Jblixe (oyll Colis col 24 ¢ Jao (clagybo;
s g o odalie 3 Jgis 1 &S S5 ks loj I wyp
S SPod dp gloj S b (S ol Gl eaas s
Mo (ppidn g jho Cele  eSen M (e (S
A oanlie ol 48 15 gy

PJ (w2
aaw PPy ooy Sl g e dinMe 1 Jods 1 &S jehailen
Jolino Py g 5o il g dale 51l by o oline 5 JLais]
b el 24lej cilio g 93 oo LSD fygaj] 5 bl el
o bl i snalin (o)bline ol colw 48 5 Jio (clagb;
» 3,5 osalie jblixe (oylel Colis ol 48 ¢ Jao (clagylbo;
s i o sdalio 3 Jgda &S S5 ks loj I wyp
Oy 45T 695054 Dy yloj CubdS L P lie yialS sniad yLis
sdnlie el 48 13 PJ lise o yieS g yho Celw 1 PJ e

39yl COl o)
oo oy dw e &y g calisee clale duw ) faty il cdl e
daw bl g oloj Sl amd o ol 1gas i (S0 jlul
ooy cbale blite Blasl e yblixe Sob il cdl » %5 Jlazs]
48 5 24 -loj Calisco xaw 93 o LSD 5905l 1 345 lline
24 o oloj b o oloj p Lol i saalie (g)lolins coglis sl
by Bl owyyr W3S oanline ol (bl gl el 48 4
4 bgyo oyl S8l lise oyt o Conl (pl oaimdlits gl
) 2o o olj

Soline gl clalé prdaws dw o 3o LSD (9051 )3.(3 g

g 04 o clale )3 uipay join il il oy iy .05 odalite
(4 Jgss) 25 alasMe 0 0/5 4 0/3

(725 4ol

odnlio 4 Jgds 13 a5 &565 lad ccdale Sl wyp )3 .5 osalie

oyt 9 N0/3 clale 4y bgs po o )las il (yliee oy 2eS 39 o0
Gl 505 clale 43 4y bgype 0)lae clals

PH (o) 52

SIpH 5 U5 el maw p oloj 1gas (slaodh sl
b ged Jholize PH  floj o clale g cldale S5llol o)l (gl xe
Sl celw 48 5 24 by Cilisee pdaw 93 e LSD 49051
Sl el 48 9 24 claloj b yao Lo Lol i ssmliie (¢ )blixe
P PH Glise cpyieS (oloy 51 awyp yd b ol Hboliae (o)l
b odnlie el 48 oo » PH liee cpyiins o ya0 (s
il oximd L gl 39 o saalie 3 Jgas 1 45 465 len
PH (13lise S sl oloj Jsbo > PH &lpis) conl pH
UiblS 6 3905 Jlade 4 Spe 5l e &S 039 T 29> 055 Lale
il Jg ol (alo J5ud BB oSy (S alis ol b
I8 S (035 (sl S Jole oles 4 PH & iy i >
S plord Ol Sy cle @y (ale Sl g s (2o
s Gl ol PH 5 0530 sl (alo w300 &5 ol 019
[(EIShehawy et al., 2016)

TVBN gw, s

g g0 o3latwl (oliedlae dlud b5l sly TVBN asls
Ojsrw SlS 5 s e aps I B S GhE je
2 93980 Wi (29,50 Cld > @ B sl (39
(2015 () Sen ¢ S5 awgo) bl oo il (g5loopsd Jobo

@ b o jblae %5 Jlis! xhaw > TVBN , clale
Bl Jlaxs) mlaw > 55 oloj » clale blize 1 g oloj 5l ogMe
cble Gliso maw 93 oo LSD 9051 1 ol 013,85 jblixe
o Lol 0 oslie 105 Jlessl pxbans 3 lolize cglis (%0/4 4 %0/3)
» i odnlie Hblixe gyl wolis %0/4 clale ¢ %0/5 clale
3 shlixe cglas %0/5 4 %0/4 clacdsle 5% 0/3 clale oy y0j]
A5 oanlio %5 Jless] dans
s slaglo; b el 48 o 3 Lol siis oamliie (¢ bline cglis
oy Sl owyp W3S osalio olas (g bl gl ol 24 4
5 YS) bt alie w4 o oanlie 2 Joso oS &5 lea
&S 6950 4 b o Gl TVBN loj cusiS L (2006 ], Ken
48 1> TVBN oy i g sio el 1 TVBN lie opyieS
A oamlie caelw



B27 .. 5 ol slezmil cas oo 3 Sodl halo,S sy

5 5103 & (A s o o €5 330 e (5 o0 145
whilessl [ogy ol 3 edel Cumday @i 5l K (K e,
Jolge dlon 5l &8 ol Jguameo o %9;&394]&1#0393)145
ol bpas Sai ol glackle s TVBN ¢ s ¢ ol jles]
wole obilesl cas 2oy 013 o o 0/4cdale Il ings
adolojlul &y olas o cylis JWESI ol g9y 0 )18 30 Jolge |

(o S SRy » Coled 2 4538 o)Ll ol 9 (S Sk )l

e gl dexg Wy 4 Gl el eyl iE

WacSian 5 Wiueling quands’ 5 jhud dne ol ISl gl e
13l o (g RSS9 1By Gl Sp9 0 sladinalinnd
O 235 0 g lon Jl (B 0l (2 g 6Ky cge S
o pd Guyed 3 g lil dgS gz (68 e uab Jdoa
Oype 4 ) (le plyies 0 (Alp @ Jul sladja 5 ol
Pl Brae @ @eler Sl Gles JS od 4 )5 Bpae o
Bl b 5 s Cenlio clply oyl 59y 0nd g S
g adlllae (pl )3 03,5 i Joae CudsS g (S Slge laydss
ple sl @8l i gy S plpisa Seoal (abjless]
slaghyy boawlie > (bg) cpl A5 aBby e

onli 505 Sl 5 load 3 (K559 3550 (S8 = 5

&l

Duygu B, Umit G 2015. Application of ohmic heating system in meat thawing. Procedia-Social and Behavioral Sciences
195: 2822-2828 .

ElShehawy SM, Gab-Alla AAE-F, Mutwally HM 2016. Quality Attributes of the Most Common Consumed Fresh Fish
in Saudi Arabia .International Journal of Nutrition and Food Sciences 5: 85-94. doi: 10.11648/j.ijnfs.20160502.11

Goulas AE, Kontominas MG 2005. Effect of salting and smoking-method on the keeping quality of chub mackerel
(Scomber japonicus): biochemical and sensory attributes. Food Chemistry 93: 511-520 .

He X, Liu R, Nirasawa S, Zheng D, Liu H 2013. Effect of high voltage electrostatic field treatment on thawing
characteristics and post-thawing quality of frozen pork tenderloin meat. Journal of Food Engineering 115:; 245-250 .

Kim J-Y, Hong G-P, Park S-H, Spiess WE, Min S-G 2006. Effect of Ohmic Thawing on Physico-Chemical Properties of
Frozen Hamburger Patties. Korean Journal for Food Science of Animal Resources 26: 223-228 .

Li D, Jia S, Zhang L, Wang Z, Pan J, Zhu B ,Luo Y 2017. Effect of using a high voltage electrostatic field on microbial
communities, degradation of adenosine triphosphate, and water loss when thawing lightly-salted, frozen common carp
(Cyprinus carpio). Journal of Food Engineering .

Liu L, Llave Y Jin Y, Zheng D-y, Fukuoka M, Sakai N 2017. Electrical conductivity and ohmic thawing of frozen tuna

at high frequencies. Journal of Food Engineering 197: 68-77 .

Mousakhani-Ganjeh A, Hamdami N, Soltanizadeh N 2015. Impact of high voltage electric field thawing on the quality
of frozen tuna fish (Thunnus albacares). Journal of Food Engineering 156: 39-44 .

Mousakhani-Ganjeh A, Hamdami N, Soltanizadeh N 2016. Thawing of frozen tuna fish (Thunnus albacares) using still
air method combined with a high voltage electrostatic field. Journal of Food Engineering 169: 149-154 .

Nordt SP, Pomeranz D 2016. Scombroid poisoning from tilapia. The American journal of emergency medicine 34: 339.
331.
Pedersen SJ, Feyissa AH, Kavli STB, Frosch S 2016. An investigation on the application of ohmic heating of cold water

shrimp and brine mixtures. Journal of Food Engineering 179: 28-35 .

Rahbari M, Hamdami N, Mirzaei H, Jafari SM, Kashaninejad M, Khomeiri M 2018. Effects of high voltage electric field
thawing on the characteristics of chicken breast protein. Journal of Food Engineering 216: 98-106 .

Warner R, Kauffman R, Greaser M 1997. Muscle protein changes post mortem in relation to pork quality traits. Meat
science 45: 339-352 .



1399 oo - 3T 5o louis 16wl o)l (s21ié @olioo 5 pale Gliidg’s 4 i 628




Iranian Food Science and Technology o L
Research Journal i i i} olnl 2138 boo g pole Sleigly 4 i
% &
N /

Vol. 16, No. 5, Dec- Jan 2021, p. 621-628 ~ b 621-628. 5 1399 55— ,31 5 o jlouis 16 ol

Effect of Immersion Ohmic Heating on Thawing Rate and Properties of Frozen
Tuna Fish

M.Keshani, N. Zamindar”, R. Hajian

Received: 2019.09.03
Accepted: 2019.12.25

Introduction: The Scombridae family of fish consists of tuna, bonito and mackerel species that are found in warm

waters (Nordt and Pomeranz, 2016). Tuna species is important because of economic value and prevalence in global trade.
Although, they are usually not consumed fresh because of the limited fishing season, lack of accessible markets at certain
locations and cost of transport to other areas. Therefore, long-term preservation methods must be used. For many years,
freezing has been the method of preserving food for a longer period without a significant quality decrease. Thawing with
minimal damage to the products quality is very important. Since common thawing methods are usually slow and reduce

food quality, a substituted technique seems necessary (Mousakhani-Ganjeh, et al., 2015). Ohmic thawing is a thermal-
electrical method with a more uniform heat compared to other thermal-electrical methods. The speed and relative
uniformity of ohmic heating is possible by passing direct electrical current through the product. In this process, the
electrical resistance of frozen food is utilized. Electrical energy passes through food by means of electrical current and is
dissipated in the form of heat (Joule effect). Based on Ohm’s law, the amount of dissipated heat is directly related to the
used voltage and the electrical conductivity of the product or its parts.

Materials and Methods: Muscles of the frozen tuna fish were cut into 3x3x3 ¢cm cubes and kept in zip lock bags and
stored at -30°C for 24 h. Then the samples maintained at -18°C until the experiments time (Mousakhani-Ganjeh et al.,

2015). The ohmic cell was filled with saline solution (0.3%, 0.4% and 0.5% respectively) and the thermocouple was
connected to the geometric center of the frozen fish at -18°C. Then a voltage of 50 volts with 50Hz frequency was applied
until the sample center reached -7°C . The samples were then removed from the cells and protein solubility, pH, TVBN,
centrifuge loss, thawing loss, drip loss, evaporation loss, and press juice were measured at 0, 24 and 48 h after thawing.
Completely randomize design in factorial form with three replications was carried out for the experiments. Data were
analyzed by SAS software.

Results and Discussion: In this research, ohmic thawing was evaluated as a new method for thawing fish. According
to the results of ANOVA, with passing of time the protein solubility, pH, TVBN, centrifuge loss and press juice was
increased. With further study of ANOVA of thawing loss and drip loss, it was concluded that salt concentration had
significant effect on dependent parameters (P<0.05). While keeping a high thawing speed, no burning marks appeared on
the edges and around the samples in ohmic method.

Keywords: Tuna fish; Immersion ohmic thawing, TVB-N, Protein solubility.
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Introduction: Over the last few decades, development of the industrial life has remarkably increased the demand for
consumption of ready-to-eat foods. Deep fat frying is a fast and conventional method for cooking and due to creating
crispy surface, soft internal texture, desired color and taste has popularity among consumers. The main problem related
to fried food products is the high oil absorption during deep fat frying that is harmful for human health and has negative
effects on shelf life of the product. Therefore, the aim of this study was to investigate the role of breading particles size
as well as the influence of addition of soy protein isolate in breading and batter layers on properties of chicken nugget.

Material and Methods: First, breading was divided to three particle sizes. Sieves with mesh size 40 (0.42 mm) and
60 (0.25 mm) were used for separation of small breading. Also, sieves with mesh size of 18 (I mm) and 20 (0.84 mm) as
well as 10 (2 mm) and 12 (1.68 mm) were used for preparation of breading with medium and large particle size,
respectively. Three percent soy protein isolate was separately added to breading with particle size of small, medium and
large and used for production of chicken nugget. Also, 3% soy protein isolate was added to batter mixture and then
nuggets coated with three different breading particle size without soy protein isolate. Breading pick-up, moisture content,
cooking loss, porosity, oil absorption and penetration, color and textural properties of the chicken nuggets were then
evaluated.

Results and discussion: Based on the results, the coating of chicken nuggets with small breading size led to the
product with the highest moisture content and lowest porosity, oil uptake, oil penetration and shear force. However,
chicken nuggets coated with small breading size had the highest breading loss. After incorporation of soy protein isolate
to breading, the highest hardness and lowest springiness, cohesiveness and gumminess were related to the nuggets coated
with small breading size, however, chewiness was not affected by breading particle size. Breading with small particle size
containing soy protein isolate caused the highest L*, a* and b* values in fried chicken nuggets. Addition of soy protein
isolate to breading layer significantly caused a decrease in cooking loss, porosity, oil absorption and penetration (p <
0.05). These samples had higher moisture content than the control sample. After addition of soy protein isolate to batter
layer, color of chicken nugget did not considerably change (p > 0.05). The effect of soy protein isolate on textural
properties is dependent on breading particles size. Generally, the addition of this compound to batter layer decreased
hardness, gumminess and chewiness; however, its effect on springiness and cohesiveness is dependent on breading
particle size. The presence of soy protein isolate in batter layer increased moisture content which in turn could diminish
porosity, cooking loss, oil absorption, and oil penetration (p < 0.05). Overall, the comparison between chicken nugget
properties when soy protein isolate was added to breading or batter layer indicated that the presence of the protein in
breading layer was more effective in retention of moisture, reducing of cooking loss, porosity, oil absorption and oil
penetration. However, these samples had more hardness, gumminess and chewiness compared to those containing soy
protein isolate in batter layer. Cohesiveness of chicken nugget containing soy protein isolate in breading was not
significantly different with those produced with the compound in batter layer.

The production of chicken nugget with small breading size containing 3% soy protein isolate in batter layer was
proposed for production of products with better nutritional and physicochemical properties.

Keywords: Soy protein Isolate, Chicken nugget, Breading, Batter.
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Introduction: Free radicals activity and their products of their oxidation can cause undesired feeling and nutritional
effects such as, awful taste, destroying vitamins and destruction of essential fatty acids. These compounds which are toxic
substances and damage the genetic material of cells causing heart and cardio vascular diseases and different type of
cancer. Antioxidats absorb free radicals, so they can decelerate oxidation speed, then delete them to save the body from
undesirable effects. Pooneh which is called scientifically Mentha pulegium belongs to lamiaceae group. The aim of this
study was evaluating chemical compounds, antioxidant activity, total phenolic and cytotoxicity of Mentha pulegium
essential oil (MPEQ) on cell line of colon and gut cancer.

Materials and methods: In this study, after extraction of MPEO using condensation the essential oil chemical
composition were identified with gas chromatography-mass spectrometer (GC-MS). Antioxidant activity was measured
with radical inhibition ability method DPPH, ABTS and also their resistance against linoleic acid oxidation and changing
f-carotene color, was considered. The evaluation of total phenolic composition was carried out using folin-ciocalteu
method. To do this, the concentration of 1000, 10000, 1200 and 1400 of MPEO with alcohol was prepared. One mL of
each concentration was added to 2.5mL of folin-ciocalteu reagent. After 2.5 minutes, 2ml sodium carbonate was added
and mixed well. The rate of sample absorbtion after one hour was 725 nm. Determination of flavonoids range was done
with aluminum chloride. MPEO cytotoxicity effects (1, 3.125, 6.25, 12.5, 25, 50, 100, 200 mg/ml) on colon cancer cell
line (HT29) was performed using MTT method. In this method 30 mL of MTT solution with 5 mg/mL was add to all
wells and maintain for 3 hours in carbon dioxide. After removing environment, 200l DMSO was add to each well and
the rate of absorbtion in 570 nm was read usingELISA/microplate reader device. Cell aliveness curve was drawn.

Results and discussion: The results showed that MPEO had 25 compounds, dlI-limonene 28.44%, D-carvone 18.76%,
Eucalyptol 8.86% and pulegone 8.65% were the top components. The rata of Mentha pulegium free radicals control with
DPPH and ABTS was 51.5% and 53.43% respectively. The amount of MPEO resistance against oxidation of linoleic
acids and color changing in -carotene was 59.22%. Total phenolic was equal to 73.35 mg gallic acid/ml. The cytotoxicity
effects results showed, the percent of HT29 aliveness was 100, 70.21, 61.26, 51.98, 35.12, 24.44, 18.65 and 10.92
respectively. Based on the results, increasing in MPEO concentration, caused increasing in HT29 cell line and decreasing
percentage of aliveness. The most cells toxicity was in 200 mg/mL and the less was in 1 mg/mL.

According to the results, in this study MPEO had suitable antioxidant activity, so we can use Mentha pulegium as an
alternative for synthesis preservatives in food industry.

Keywords: Pooneh essential oil, B-carotene linoleic acid, Total flavonoids, Gas chromatography.
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Introduction: Texture represents one of the four principal factors defining food/fruit quality, together with
appearance, flavour and nutritional properties (Bourne, 2002), and plays a key role in consumer acceptability and
recognition of quince. Textural characteristics of quinces defined by “crispness”, “juiciness”, “hardness”,“firmness” and
“mealiness” are often key drivers of consumer preference. Many non-destructive methods, including image analysis,
spectroscopy, ultrasound and sound techniques, have been developed to diagnose internal and external defects in fruits
and vegetables. Cheng and Haugh (1994) used a frequency of 250-kHz, rather than 1-MHz, to detect hollow heart. They
were not able to transmit successfully the ultrasound wave through the whole tuber using 1-MHz transducers but found
the 250-kHz transducers to be practical for a transmission path length of up to 89.7 mm. In a research an acoustic setup
was developed to simultaneously detect the resonant frequencies from equator and from calyx shoulder of pear. The
researchers proposed index based on these two frequencies was used for firmness evaluation of non-spherical pear;
Compared with two types of single frequency-based indices, the firmness sensitivity of the dual-frequency index is mostly
close to that of MT penetration test. The firmness index can classify pears with a high total accuracy (93.4%), making it
suitable for nondestructive detection of firmness of differently shaped pears (Zhang et al., 2018). The goal of this study
was to develop a nondestructive method based on acoustic impulse response of quince fruit using genetic programming
and artificial neural network during storage.

Materials and Methods: In the experiment 120 quince fruits (Cydonia oblonga) were harvested from a field near
Isfahan 181 days after full flowering of the trees. For each cultivar, only samples of similar size and without visible
external damage were chosen. The samples were packed in sterile nylon bags and stored at 4°C. Non-destructive test
(acoustic response) as well as destructive test (chemical measurement and penetration test) were performed every 15 days
for 4 months (Akbari Bisheh et al., 2014). Total soluble solids (TSS) were determined by a hand refractometer device
(model: MTO3 Japan) and expressed as °Brix. Ascorbic acid of the juice was measured by titration with copper sulfate
and potassium iodide based on the Barakat et al. (1973) procedure. Titratable acidity was measured according to the
AOAC method. To determine the total phenol content of juice, the Waterhouse method (2000) was used. Determination
of the pH of the fruit extract using a pH meter (Portable Model P-755, Japan). Physical attributes of the samples including
volume as well as major, minor, intermittent diameters and mass were calculated using the relations proposed by Stroshine
and Hammand (1994). Penetration test was conducted by the material test machine (SANTAM, STM-20 model, Iran).

In order to analyze the response sound signal of quince in time and frequency domain, a system equipped with a
sample holder with foam rubber covered surface, an impact mechanism, a microphone and an electronic circuit was
utilized. To record impact sound features a microphone was positioned next to the fruit and was hit at three speed level

(0.3, 0.9 and 1.5 m/s). After recoding sound, five features (acoustic peak, maximum acoustic pressure, mean acoustic

pressure and natural frequency) were extracted and used as inputs for models. In order to predict the stiffness, four
methods of genetic programming, neural network and existing mathematical models (FI and SIQ-FT) were used. In order
to carry out statistical analysis, analysis of variance (ANOVA) and Duncan's multiple range test at 5% probability level
were performed according to the completely randomized design (CRD).

Results and discussion: In this study, Duncan's multiple range comparison test was used to investigate the significant
difference between destructive and non-destructive parameters at 5% probability level. According to the results, acoustic
peak, maximum acoustic pressure, mean acoustic pressure and natural frequency were decreased by increasing storage
time. Statistical analysis of the destructive tests also showed a decreasing trend at the 5% level. In several papers, two
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mathematical equations have been used to obtain the relationship between the mass resonance frequency and the sound
of impact. In this study, genetic programming and neural network modeling were used to compare the results of these
relationships. The regression coefficients between the actual and the predicted values for the resonance-mass relation and
the effect of the sound from the collision were R?= 0.601 and R?= 0.754, respectively. Also, the regression values obtained
from genetic programming and neural network modeling were R?= 0.9567 and R? = 0.933, respectively. In a research, the
overall R? value amounts for stiffness prediction was reported to be 0.79 (Schotte et al., 1999). Abbaszadeh et al. (2013)
evaluated watermelons texture using their vibration responses. They declared their proposed method could predict textural
acceptability of watermelons with determination coefficients 0.99. According to the obtained values, the best methods for
stiffness prediction were genetic programming and f neural network methods, respectively.

Keywords: Genetic Programming, Neural Network, Quince fruit, Storage, Stiffness.



ol e aaboo g pole Sledrgly 4 i
669-685. 5 1399 g5 - ,31 5 o las 16 ulor

Iranian Food Science and Technology

Research Journal i ‘ i §
3 7
%, r,:’

Vol. 16, No. 5, Dec- Jan 2021, p. 669-685 %}»};@;}

23 b 5B) 53 I S g 4 odkd d genS 5 Sn oy s OIS WO |
SIS LS s J b

A e =Ly IS 0135

1398/06/15 @b ,s &b
1398/10/28 : .4, &b
2>
b w8 s BT b (g5t (sl il gl 30l b STl 5 Sl (sdiogy olgied posibes (03,5 dguS b GBS ol
29 528 27 26 25) oye jowo Jolis oylg3 lge 5| oS5 b (0295 (o pumol Jglno yid Lo 20 15 5,5 Lo 900 4 700 500 300 (100) (slacdale
@ (plamce 8/6) maw cutle S 5 (pleacs 200) Joiul o gyhen i (st il (i cuibr Sl 86 Jolas) JouaS plecair
Oy 0 bl SlaSl sl culsd g uS g dae (o il 336 il 91, lgs5 s dnsl STy o8] s 05 48L5] ST 5T 1816 g (460,
9 035 JgunS ot Caiho S 1 e b s BT SPSS jliéle 5 KeS L (59, 360 4 180 jan) floj cte Jsb 5 oS’ ol 86 (cbgu
ST 5l cudlad g malS (w8555 ae cp sl sae ol gt bga8 ety Al STy 36 g 425 50 Josl oS g hm g (6 ST 5l
Jels 3ind oyl oleidn 5 oo clbles iy bgw oigy 0 Sl cute @b cws y (PLO05)EL b il
Hgice Lingg ol ) Jobs @l s S oSl 156 el <ot il Soi <Ugiad uS5ien iy hianSlnl <1 gy <2 aige
Oy 6 le Ll caa ozl (nSg)rd Jip (sitim olansl il (2Rl olgiedr (2 5 a0 0ud dgunS mater Cuilr sl ol 1 oolizal

Jud Sl 5 gl 5l claslxe o3 S dgunS ol Glial iz o doalle

s dis @ cple b pbend clopiSly s pln
dgo syl g cblis coloj ye 51 Sl SlS 5 il
sbyisly 1 pSol byl g I (b Jlbcun;
o 5Ly 5 038 iske 5 e > 550 S 5 b ol
;Fang et al,, 2010)usb o ()95 Jos b osllasls
Sroi bl S olseas e, (Nedovic et al., 2011
P et cilegin o 58l e mle (olie LSy
Slagt oMo e Gl 4 o Sdptie sl
0Pl 5 CabsS s (IS Sle 59l 8 0 Sl g (Sejelsn
ok OB g Cuwl Caedl Pl 3o Llie glaed sl b SiadgilS)|
Go9pd (e dlgo 0g)5 13 g dtih jluil Gl sl g Codaw jo
& o 5keaiS 1y by g, (Rahman et al., 2004) 5,5 - ),8
olye @ )l glal o pudgilio ) (il GiE 15 Mebiee

(Email: mgolifood@yahoo.com
DOI: 10.22067/ifstrj.v17i1.82850

s 0 i = )

Lol sl 0)9) (S5 3 (ooten 5 [)dos (slalis o5l

el b ail aub lalie wly o e clalie wole o
LS5 b og ol edg3l o] 4 sk olSy S wib
Clie alSy )l By b end Bls a5l pae Slesle
Cad jl 1y 55 Jl g aiiley (L RS )3 gyt e 4y AileS 0
alpl ool cel e aluSy Ko b Sy 5l o b wes
Sl $39555 Ko it g eSSl St o 132 > ogladl
o o S a3 55 le asly sl b 413
5 0l JymS Spgon 1) 38 lgime Al oo & (2l JgeS
2y o dlee cblas b (659eiT oyl S ol old baylyis cou
oo 5 e a3 S 5 g e Jsb 55 gplipes]
5 sl ) (38 cus 5l Bl 5 03 S5l osllacl
S |y e )3 gdio LS 5 ) B0l o g o bng)] (SIgobio

(2l glio g psle 095 olutils g 05l (i )8 b gel il s =2 51
el laionl oMl 311 oSt {y\Sily3) laes 2515


mailto:mgolifood@yahoo.com

1399 g5 - 3T o leis 16wl ol (21 @liw 5 pale glidgls 44 i 670

(Mustacich and Powis, 2000) s, (cadS" (i& % pyew
2 Gl e posilio 3508 &S pl i Cul Dgn g0 (sanlodds
G ol s i 9 359,55 (5565 (B slagslow: Sl
ol 5o eMw il 4 a9 L .(Combs, 2005) wsl 4l
Ol (gl 355 35 (el psliaiecy pate ol b (23S 25y sl (22
ol Gl o a

Ol Lol a8 o ol (oMo 9 35 53 (oten Jlons (85 Wy
LS| (S5 gllasls Lyl cox 0fig 4 5 yloj CuddS L dlge
ly Ghbbre g 4l jials bl s o)) aous > Leb o
oty dox Lyl 292y 4 QEAES Brae cuadls gl
0L bws Hlade 339 Judd 4 &S Canl Lgw 9 Gl date
olST pln 3 ol ol oy ol o Eldl 1 G sl
5 4 gy9p0 ol 5D ST BT GluS 5 5l el 10 wsb o oS
oS 3l gllasl il il & a2 L ojgyel sy o0
9 595 Sorkn Ui Joiwl mSgpin s il (st
39y hles > 4 35 9 sl (oMo (98 9 )00 U2 (5l 5
Slp O b ClaS 5 Gpae 4 BuS Sy g58l
el Gialjdl &y gy g5ttt elll st (sl eSS (Rl
laghenSll g ke 5 @lio 51 (S poile o ol & 295 L
Sl g Sloywrs (Sluuslas (el g 39)0 Jled 4 (b
Al jghied potle (35 dguS L gl 9y ol 130
Olye IS ojl Gl 5 YU clidlre ¢ glans] ]
o3litl 11 Cartao ;3 loy] il 5 (g5t (6l asnsS] 5T 3ol
ges

b e Sl Gom¥gusSgSue (pyp 4 B9 onl
4 ol Blite ()b gao 5 oy oo Jold o)l dlge 5l (5 5
OMnSI T 93 9 S gy g 15 by Mo 5 g
Sligws 9y & s Sl S 5 Jo3l (890 sy (5500
S50 LinlS] sloasls i sly b a8ls] s ol 156

i8)S )13 (g2

W rdg; 9 dlge

Sl S Jlaw M Sl gy plosl slaied;
S g detrordes s ey uadwClilguss il
S o)t S fSgpnm g IiSe s o B9 NS (b Jib
Sopgimbgsidaed (Ol p2ly) JosslimS g b U (ol
govo 5 (K00l daSis) 80 (a5 s st (S5 ol g o) s
GBI 51 3 bgw gy 20,5 s (Ole! comill @)l) ()
b sl (olnl) ol p)lb

035 o Gkl baeS g ySee (gl ol el cae

rized A8k oo ST U2 o p)5 5l ool (6531 e
SrEsy diws (KE D A) oy 50 Jolowo slayelig (gol>
ohot) Syrd bl I VL polie ool (St
Ol s jlon g M (bl piriz O (glasl
niete J (S b oy, (1388 (splis allsiye) a0
iS5y o Slolyd Sy a0 )] cuenl a5l ol cla i,
ol 2929 s 4 gy ol 0 wdlie o VL ol 5 oss
&b ((Crga)aml Sdaidlol gluilye iy sbaawl ol Liws
..\wl)g;a uwlml Axlue g 00y Wg uwlml ){I){ » U]
Clus 4 olie blge dlud Yy oy yiege 5l g smeliuns]
6535 oo Ol o s (lasilons Jo 9y oM (381 Jlas 4,
Wy 5 gy, bl ehiea .(Chan et al, 1993)
(Sanchez-Moreno, 1999) w35  wslitwl  lagylawsT sl
@ b Al Goyb & 348 0 atiS SLuS 5w eyl sl
OselisnS 415 50 izl b g el alo o (gloyeorss slo STy
OoelenS| AT 8 LB > g 0,8 S Gl dbol 4 B
35 4 Wlyi e bS5 ol . (Lindenschmidt, 1986) xuib
slagisly axi ) (e dlge mab 5 Sy e ) ol
Halliwell et al., 1995; Lin et al., ) aus (6,55l o guolipns]
Gdib b g e dwd 9> 4 bS] sl (2003

il b b (slay S| 5T Logas .(Veliglu, 1998) 145
LSy (g slased 5 aadgado da)958 55) Sgid
Joe yledy wilo (g5umm dholwﬁ]@j bl o aas el
Uy (BHA) sl Sain Jose (TBHQ) oo
Jgone s5b & Cato 3 VB sl il o (BHT) (Sglss (s 50
4zl & o LSS 4 a5 L (Namiki, 1990)5 6 o e3liiw!
Cowl 0 )l))l (S yow d[&bulmlwi & .‘09)).9 u’l)"""""“’ ))I
ol 00 dgame WaliE I gyl > aylanST T ol 5l ealizl
e (g5 sl ol gly aab gla il (gooine
ol odd 50 wle I (oaie oSt Bl oy @
Moy 995 stiopy S e (Shahici, 2005 )
S ol 58 it GMenSIIl plgear 5 cad Gl
&S o W) Jole 3 glst 5 amolinST gl jiiSTly 3 age
ol (@lié 0355 2)lg LS 32 jl g 023 Gl Sl pgils
odimd oS ej> posikw (Rayman, 2000) 3¢5 0 o> g
Slodlo g o3l (18 Gladl Gardgn 0 & Sl by psiles
090092 W5 Sy 93l 5 henST Bl plsie 4 posile )b
Gy paie opl (Kohrle, 2005) col sns aslis Jld Ag s
055 S 9 50 S8y 1 oS ol o] s o 3,SLes



671 . oy o dguanSs Sorn oias il masST i 1

s gyl

S st pbxl cov dlols oad 39 (sl JguaS'y Sio
g <3 ojlul (LhlS) CgmeVgusS plasily Jolis & a3 )5° )3
9392 by oS 9 S0 (2 )15 sl

Pl lgome (oS
fagbg Sl | il b Sy See ppsle (sl
5 (AAS) (A Analyst 800, Perkin Elmer , USA) ol ois
035 (3055 « o3l 196 290 Jsbo )3 (2005) AOAC g, 32,k 5l
4y 050 (clod oyme 0 o JguuS)Sue &S Cygo opl 4 i
FuuSB 4 b0 S g a5 15 celw 8 e @ 0I5 sl
9y JolS” Il pslatecy 9 039331 Jlayi B Sy IS sl alols
AAS Lug wlio yobas LT (cly ladiges 2505 03 LS yim
(2015 () Sen ¢ kS a5 S yr093b 248/3 asivs zge Jobo L

(EE) g3Uodgmns 21,
3 ool oo ) pasbs slo S5 5on st Jsb
4 ole (Bl dlge 3 ol 4 Cuwl ol 5,8 LLad b S
Age 3 003 (5iluJgusS posilis )l ypix 555 L JguS g0
slod) Jsy baylys cod onile (8L dlge 13,5 jauds 55 oad yilid
posib i Sitid celw 14 512 o 4 (31,5 ko 40> T 54
03j a5 AAS I odlitul b odile (3L dlge )d o (gl JgunS
s (5l oS5 5m 43 (st U5 3 85 s (sl 303
postl 9 a5 43S a3 poitbe S (dlyie laie & b LI
Solb> 04 jild oxlo LA 035 o5t odile (Bl dlge 13 0l JounS
b G 5 o> S0 o 390 )13 Sl g BB polie
oLlo u_eb o.>|9a 0l wa 59“1») u)l))l.d ‘J)f Jie

W (S0l ) Jaeyd sk I EE b (680l
_ Bound Selenium % 100 (1)
" Total Selenium

S9N GoSwg e (ySew!
oSl Gub gl edd e sbsuSy S ()5 LS
$9) 2 g 580 1 08)5 )18 ()0 3)90 (39 Pl 5Sung e
aY 93 e Sl oolatl b (59 Sl ogSwg S (Sl gl
(o9l 20 coslius a) Mo b oss coni sladiges 0d wSxe
torr0/07-0/05 5 aads 4 coae @ g (g Livde) B0 0kilivg
5 diges colg 5D b awily a5 yol o 0 )3 Sgr idgr ol
cog Slysls 105Uy o > G93Sl opSng Sem oSl )b
OHen 5 L) Wb cud bS50, 5 a8 () YU DB Layly

(2015

oy (09295 28.27 26 25) ol oy o oS5
seio o (o0 10,5 (1095 54 3 2 ) (slacuus b ()i
e (6Ll yiun yolaiods puw Nidal Canddy 3,5 5o 44> 60
S 3S Sl 4 d TU4 clod b by el 12 mao 4
900 4 700 500 300 (100) (clacims b mdw cutho a3
oS5 oo 4 g b Jo atie OF (g 10 5 (p 5 e
S e a3 4 Ggd S5 s Ll s &lyus i
@ o> (pen 53 Soigulydyl plon 1l Coti o b ()l
b e oS5 ol (285 )15 55, 50 il L aads 18 s
b ciSe bawg o (%96 Jgibl) 5pm JSU 4 5L 2 )Lid b gyl
5 Cte 4 Sy b (gpml Ogp i3y b 53 500 rppm ey
oly Ael8 lawg M Cod ypmol il o LS (gluln) 4a by
poasle b S WS o i & S S
8 ol gled 25 L gl JolS7 (0 S 5 g5 S0
O i3 5y Sy 09 oble (Bl dlge jolate (i B)S oo
P eels M 612 Gne 4 g 150 03l 5 165lKwd 29 g B
o A (S S Sl e T L 4 oy
@lod 1> (BB 3 9 b ol gl Loy ol (sl JgunsS 5 S
6 ) e 0I5 s 5 ) a5 s U
S TEESUE SRV ST R e
RSM Jlidley SaS' b G 35 o b JguusS 9 S0
o3 el 5 Cogee¥ g lasily (p VL olaly (g3loding
e 53 b gt oy ySen S Sppo il
o33 oylb dao 9003 2T (g0 fano) S At Jold iz
st doo) 9 At 9 (ke 20 )5 )5 (e 135 s cils
20 5 £)5 Lo 109 s cuiblis o> 2 )b w9 Mo y> 28
Pl 390 ko ooy portlus jlore s (58,5 o )3 1 (12 e
oSl pstle Pl 86 (sb) pla 480
% (pliscs 816) mrrwcuils So 5 (plgce 200) BHA (gi0

a0 95 glod pd g wus Lol bS] ol 186 clbgw g,
20 (slo> Jolao 45" (59,46 423 § Ja0) oy e ) ¢ pogumndes
lopygeil 48,5 )15 g (55, 360 5180 a0) uspunds 425
b g WS 9595 (ot jul TBA bl Sy bl oo loowss
1315 i 5 lansST5T 386 (glgw i) b ] asu] 5]
o » dpaSg)San 08 el 555l jdlated
1 gy JgusS 230 Pl 390 psbto ol 4y s 00lird 8055
JssS 232 el 480 e g 80 g pliasr 185 olyon &
03938 (9 (o8 ke 4 80 g plar 235 olam 42 wigy
Lol ) JS a1 e 9 48,5 )8 1S0d (g 4> D e

AW



1399 oo - 3T 5o leis 16wl el (o2l @oliow 5 pale Gliigls 4 s 672

9 15590 b (655 00 Sy )b Design Expert laley oS
At Nged 93 (59 90) Sy ped Al pe y3 005 edlitul 0= 2
OE9) Useig BHA (chls diged oy Cuilis Kol digod olyars &
slod 3 (65105546 523 jio (glajgy o laS ST 56 (GLgu
290 S5 3 3 olesd lagygeil plosl b 1S lo 42,5 55
DL Nl b Sl polaie cpl (sl 8 )5 sl g ()
duglio § SPSS lialey SaS' L mls Judoo o ol o3litul
o) 9 plool (p<0.05) 103 95 Jles! pdass 3 LSD L Lo uSikio

088 g0 EXCEI 13810 5SS 4y Wyl ges

2w Coidar 9 (o) Rouwo ¢ o1y Eowo Ol gmdi il

g9 5 julw 9 28
Silwdisgy  pplteds o (gpSeilul g elb
oz St (Lo quansS g S0

sV g0 (it 45 yglaieds 005 et adsl e 22 >

5 BJgusS9See JSB daguSy S (S dle 51 (oo pial)ly
Jsiz » ol @l g <85 )13 ogeil 3y90 b gusSs Seo il
b ok 4t (el JpmsS s ,Sn 45 3 Lt gl .l ok 3)l5S
(103 1) e (b oo 5 (00> 29) judis ()8 Gewo Aoy
(s &vo 223 b (sl gunS 9 Sn & S 6 5V oy sl
2l ol Sle v ity (8053 D) )b gao g (103 25) a8
g 93 (il 08 4 pamie g )lBLe sla Sy 4 by Sl
Ol (2013) o))lSem 5 518 5 (2009 )5l g b eile sty
2 o odlatwl 0)lesd dlgo oy 5 Joliite 51 (S ¢ ope koo aST K2 S
Silopmedsal (oml (Slawa G 1 cwl (gjloJgus's S
bl ghb foo ol il Bl LSS 9 Y (gilu)lul o
OgelanST ply 3 Fgo cladlxe 95118 slge ()l Cg3
ouo (2005 g5 g 955, 2007 uasls g Jlyr0m ¢ i (L) cansl
Gilwod pid el oS Canl oloasmy olasls jldle b e
TOMbS & ) 595 o0 gawY g 2hlS i)l donis > g e
Cuols Ja oy e wimes (Harding, 1998
e Vb o)l bl CublB g (ol 4 jeSiny o SIS (gmldgel
S 4 i BlbI )3 1y (oSxe 9 (595 )3 Lo 5 (S il Sl
&0 (Madene et al., 2006; Mcnamee et al., 1998) 4l
G e car GiledpSeSee oo lsiea s
5 958 o3 5 4 Jlail Clhogad 5 e guS
(e b Bl GBI €S e calpl (2018 ¢)Sen
M ool ) sl fos bl Ll ameY gunsS 2
gy 45 sk amd g (LS 25 JIVL (5l 4 jeSny

ol (5L gmuS' S 83151 5L

S g L o )18 (gladed slaa Ml g9 b JgusS s Se
&9y 2 S 9Se cuslio iy (sl slae o o)l g L
b g 9S00 03 0lSe ol g5y 3 (2ladied 2l
3l o3lisal s g ounlito (1l 400 (oldcS)5: L) 195 o35 S
LSS S0 0550 1505 (65 ponSe anlio Jiesd 90 o
Nikon Basic Research Imaging inbuilt 58l s 5 j eslizel b
9 LugS) b 0d) pmes oSwg,See o (SOftware (v) 1/3)
Slagesl 5 odel Cants ol 5 o3kl b L (2015 ¢ o)
305 93 9 el Cewdty RSM 3k 1 (g5 8 (it (038
s ol 2 9 1 aige

(w35 15 19,50 D) posides (B e slome > (58,5 Jai oy
Dhps 1Ly cplis 336 ) (pae 89y ptew 9
oo St Soi e o] 51 g 9 (A il jlake () e
Oliee dlols polie jl skl b 03,8 dunloe (9, p)SekS S5
2l 390 i b e 29 1 diiny sladgeS 25
Plitst 480 o 5 80 g ol 2 185 olyom a0 1 iy JsusS
plitst 200 80 s pliair 235 olyam 4 2 ity JseS 50
Cotlo o pliag B8 5 Jojl (uSgiim Ui s 2l
a1 5T 180 0 4y (gliges gy 4 Bl pLS 1 s
erSoil liasd Slasetio b obsj pylb SIS 51 odd ans
2 O3St VISl Ly sas) ol jiuo g, 5 o
PAIS » doul Slgl o8 o 11208 raprad (g, p)SokS
2 2l olle p)5 e 070192 il < y500 ka5 dae 4,
57535 : WSyig sae BIT1535 :pusl sue (hé9, pySokS
(hasmSlil cdl 5 o) p SIS g g (Vo S|k
A 0338]

09 slrond )30
Soy55un,ba5 (y905) (Firestone, 1994) g, 4 STy dae
039> 4 sl el (1997) plilSen 5 SN Gigy 4 el
3,85kl b gillae adenl sl (1999) ) lSea 5 Tompkins
S5 gy 4 S8 T ol L) ALT9 ojles clpl o
5 Wanasundara g, 4 wS¢g Luwsl (1385) o) Kea 4

A ¢ pSe3lsl (2005) Shahidi

Losly (g bl Jukodi g &y 3o
Jold A 981 93 5l (35 dgunS g S (lp ol e
ol blie )b ke 5 (129 28 27 26 25) oye gowo clile
L, (%100 95 .90 85 80) B ,:56 4 (1 2 3 4 5) cwiy 4
b g 905 93 5l 5 ke 22 gl oo (sl b odlizl



673 . hoy 4 o dguanSs Sorn aias ol SmasSTgiT 1

) goo &8 5yt AL bages JeSlge jlisle gl J
> Slasil Jlps g Sis g ad Jolse S5 e o
&owo ) 5Dy 40598 g Dl s 93,15 (oYL Soldg b
o Glo bl s (Vardanabhut et al., 2006) >4 0
b sbadsle b J5 4y 4 oie &8 sk 4 Conl 0L oo
3ylge 4 dog5 b cplplo (Simas et al., 2010) 39 0 YU (59 ,51,5
A.A.Cl) «2)c é«o & Cond L;w)lﬁ émo clale wl).él 0 )5.5

Pybiee OgeY guS 2D SalS

SYL laclale 55 el dnp S 5l S slackle p gl
33y Joloee o o JsSdge S0 Sile 4 whe Gl 4 5oy
PN L @S e (Jiue g GBIl g0ty 13505 0
25 YL lacbile 3 a8 b 3 s pbaly g cS s b
5 xS el e soly o ol ol ol g nJeSge
iy joSamy Gl ol ol ran 5 003 00K b ol ligyen
ol ajsSy (1387 (hlSen o (SLojd) d5de Jobxe
Cool yudo SS clale 3 oo deo b dwslio 0 )l koo
@ g o B3I ol (Whistler, 1993; Gilcksman, 1969 )

7l 9 2,8 Ggejl Glagewly polis ialei-1 Jga>

Arabic gum Farsi gum Na-selenite EE Particle- RuUN
(%) (%) (mg/20cc) (%)  size (um)
25 5 500 96/22 9% 10
25 5 500 71 100 14
26 4 700 95 100/33
26 4 300 71/23 70 9
26 4 300 70 511
26 4 700 58 %/42 13
27 3 500 69/63 80
27 3 500 73 87/5
27 3 500 68/15 920
27 3 100 71/79 37/5
27 3 100  67/3 275 15
27 3 500 72 83/33 16
27 3 900 60 94/64 18
27 3 500 68 81/25 19
27 3 900 62 108 20
27 3 500 79 85 22
28 2 300 88/29 81/25
28 2 700 82/26 %20 3
28 2 300 91 75
28 2 700 81 100 12
29 1 500 82/91 85/41 17
29 1 500 85 91/66 21

Caus 4 odd Mol atwlis 5 (S d5dlo ¢ oo Rowo A
2ol By s el 312 321 222 114 141 411

1) (0> O58) (gilwguusS L 5V 23,5 b3yl 28
YL bl oS AL o les iS5 oS As Lasuie 9 db LEs

Gl L Ly b 1y ol VL g ope dee Gl

355 b oal oSy e (2015) LilSan g LS

Ohgy 3l odlaiul b odd Mol atwlis g op yiwSdgdle ¢ oys koo
ard sy gy oyl L35 and edd Mol M pes
Silodingg L JpunS'sSeo 650k 5 s5lodousS 2 moruSle
ool ‘.27‘_]9“59)5\41 du..e‘) dl)). D)I%.) .5199 alisee A.,uS)) )I KER W]



1399 oo - 3T 5o leis 16wl ol (o218 @liw 5 pale gleidg}s 44 pis 674

@D Rl a5 0ad )b A g 0nd o)l In JgunS g See
b i 4 Sl o ol 0355 g
Sgpg Al dblsl g 3,5 douaS (gl (B 0)lesd 03l w0 lgsd 03l
Gl g s bJowsS S ialS el ams o o)y
Y slacens )3 (2017 5a5T) e Sl (igaasY S
3)l dgpg oS abloe oUlgs diu 0)d ja (gly o )led 4y diua
OhlSen g m923ehj) 90 ge¥ guS (L plalS ey oS
G pals cle & e85 wns gy calal (1986
1 ainy 905 .Cansl 0398wt Cibio cdale (21581 L ygumrY guunsS
95/10 olesly (hls 2 aigs wges g Moy 79/630l,aJJ|) shbs
Aol vy Moy

500 300) ol Sos calisea polas (2015) ol )Sen o kgS
03 JISs oal sla g5 )See 425 sl (.5 ke 1000 5 800
oYL p)5 ke 300 o5 ol 0 o)) (DS ol 515 05
4 ol woh i b JeuwsS 9,8 ;K0 b awlas o 1) S
(2017) o)) San g 555T 5,8 Ly LialS oyl cldale (al331 L s
G @ e Gt (lacens 3 olgd dlge Sl pwyp 4
odlo 4 dtwd Ciliste (slacuns g (28 946 0:10) oy sS4l
Aty Job SluS 5 oylac amwYounS 3 (1011 45 1:20) o 4o
S b JguS 9,500 53 (IS gk 4 450 (L gl sl Sl
s b JsuS9,50 50 5 5L 2L 120 o)l 0olo 4y aien
5 oyl s oamlie Bl oS L1110 ojlys edle 4 atun
LSl 08 s T (1304)  liKea
o3le &y it gV (59 Cuns &S 035  odaliie M Sbio s
Gl 5 osd (o b ooy g 5l ool < 61 o)l
8L il (g guS

S eotl U slagged] ) oS el sl pSof
S ob s mb b olS s 08 dowSsSee
9 (309 29) it (8 gowe Clale b ond aag (sla s 5,8
"S5 4 Comd 655055 sobo (00 1) 508 )b oo
(103 0) o) oo 5 (803 20) yioS (8 oo dop b slo
b aJgusS'sSee b 3 (ialS &5 28 ply ol e Akl jide
N3l g Sluogad 4 w0)ld )3 (e dee clale )8l
bl g 59,5 S 5 (silwodpid el o Wil oo goo (ol
badls ol a8 (1998 «Kosla g (og) 950 YU (55lub
h Oz o8 &g o35 ply 3 S ) cladlo (LUl Sl
y o) i Jusl gy s b
Cuols e & )b gewo il & yee (1387 Ko
ORIl g o b pste el J§ St B o] (oYL ol e
boodel cond 4 Gl plo dwslie g o b JgunSg)Sue jolo
Wil oo Oy oyl 4 K Yl

calbe imgh cpl odel Cunsds gl b &S ol LialS oye gowo
23,5 osnlie ingh b (2007) Lea 5 S cusb
Coad &y 0 Mol il 5 uSiglle (e doo S Y
2l cunsy 20y 100 pe gowo b awslio > (o0 s 4111
s Ol €l 5 S35l s i b 1o 3,5
oSy 0395 S ygods IS (g puml 1 am 114 9 1AL s o
JB a5 o St ey JSU 51 (gjloli ol 50 45
Cudyls o 4 Wl e pl 0 dgdue 1y Bl S 28
Sl slo JuwS 9,50 il 0)led o0l g (pl (YL ol SIS
oelply iy Ll bjleg S0 b duslie g5 0ml ohS ol
Mol a5 g o 1S 3g0le ¢ 2ye douo 00:6 §0:6:0 slacns
88T 5ais 03y 4 ool (dlaJguSSe ats ly ond
4 s deo dilisee o)l Slse 1 oy 4 (2017) o) \Samg
lisee s g 0:10 9 28 46 clacaws b O S 353l
9 LS 5 ojlac 13,5 dgunS 15 110 5 120 0)lg0> 4 aan
(s oo S 13BN L ol gl polad D Ly digy
OV S DS agunSsSen o)l 3 cppSoglle &
i 3 Y guS QD VL & (gygb 4 il Ll
Loy 3 cpmizeen 15 oaalie 46 cos > LS (108 5 0:10
2o 0ylg3 @ aen 120 s > a5 w8l ) o JgmnS'9,Suo ol
5 DSl el cana 110 cuws 5 5SS oS g,Sue
bl (3l 5SS () 4 ]y ogd o8, (2012) Ll lSen
Slocwus 1) (e goo Sl 23S Sl i) (e &
033 30 s Slbgs oy Sl yins 9 Ad oy 2 203 30 510
chle ax o o8 Wl (oo ol Sl 2 Sl p VL e
098 (9 Sy pledily 8L Liljdl (o lged il ) gy fowo
Sl S0 0y 42 (2012) )\Sam 5 SIS 8y GRaliél 5
b o g 25 U1l g Lo 5 o ems 09,5
ol ls sy (28 546 0:10) oy yiusSigdle 4 (oye oo
oY gusS W 0)ld 3 (ope g chale Gl L oS b
010 (S agile 4 1y douo Capms &S (g 4 cly 2al3d]
OrnSdgdle 4 (e oo Gl g oY guS b G
Lol s 1y oS o yieS 416
Sosb 4 Cul Cuenl Pl dwn loicdy i Cudw clale
300 b 100) oS ot cotho clale b (slaJgunSy,Suo oS
clale b slaJgusS'9 e 4 Cams 5 3Yb OHS (12 2 p)S e
» i (il oy pSke 900 U 700) i e i
S 53 9 23l canslisio 002> & A 359 S b (oY guS
Sgdiee (Mo 9 o)y W JouaS I (3las 0l 4 atun SV
o (1394 ) \Se o oSl Yang, 2011; Nikolov, 2005;)
e Sl (YL gkl o 58 Gl glye



675 . oy 4 o dguanSs Sorn oias ol SmasST i 1

&S0 b B 5 Gy s iy b S se gl rlsS 3
Y5 0yl bawg 3 =Kl (ggls @lyd g3l 11 sl plosil |y (655 50
b9y S ol L ooy gave 5 (oS 055y VI (ale sy
35 & paie Cobl () nl Wb Mg LS ye (gmmly pulsS
wes ol gl mle bl Sl gjlolis
Chle Jis pito dw 36 )b |y ke 5l b slagggSle
2 opbisen Cop g 3 el G al clile (alom 55
OF9y s () Ol @l ojlul S Sl aly (sl ysie
Cunddy lts ol 1 b (g2 ey DS g 005 dgunS
cails 031l g @3 03181 1y 53 S ke )3 U een Ca pw okel
Gy 3 =l O ladeul bl oS Slajles picen
b 93l 58 3 Kl L (slnyles L dumliio )3 cons o3l
Spol) dtn cdale (1581 L oS g jebods 15y g (6 i D 3
L1415 5l ) plo Gl 0oy 30 @ 2oys 10 51 (3-1%6l e
Sy oS oas Mg claydg ey yiegsl 617/4 4 yiegil
3yl> xoy> 9841 J169/74 squ s

cble gols oS 2 anpy Gges &5 2 ol s JS)eba
1 g w50 @ Cond (5355055 o3lil 0 (55505 mates Ciles
46171 (o> aige sl 9 49198 (G aip clp Old b il
ol 3 el Cand @ il g Ylhe l Jols puls 4 dasgi b g
€5 5 CoYausS ) &9 4 L ple ) Cold s G
2l oo dunly ol Caus 5 odiad iy 0dlo

9 2 e Culle (b]guSs e alh ($5l58)90
Sl (i |y S Bl b jade bius jlidlo S digy 43500
5125 33,5 o US55 ol ey 55105 4 2l
(ohlKer g WsS) cduwy o JSlis 4 mlaw 4w Cund s oyl
Vg (port 4 Gios (b (2016) (lSen o 1 Sial (2015
by Mo yu5es gy 4 O Slis e L 0)lgsd L dlge 98
(2015) S 5 S 35 3 o b 53,5 csln Iy 3215
ol g oS 353le (8 G 3l S 5 b ool 25 g L
ool sy 5,5 « Do 3 gy J otz | o 3
iy yol cpl a8 W65 S saliie ) Sy JBlas b jaie lius sl
s 5 litsS « 2007) iSan 5 ST 55 o &
555 4 ey {2008) oS 5 Ll 5 (2005)
55750 oSy S 3l (20l 35 S5 i
9 Sl (oye Goo o5 Bl 5 38 eualde o)
b JysS g Se St ey AL s &y 005 o] s
@ (2 goo ol JSS sl g 9 )Sun b p )5 e L oo
ew g9y » Syl ol Ll Wag JSle (565 (gas b oleis

9 o2 pSdgdle jlond JSis (sla JgunS 9)See &S (Jloys caiily

Oar 5 000550y . Xidgy 0 (955 (g4 b osd Mol anwlis

olas 3,5 dgusSily Soo gy 41 (2012) () San 5 SIS
1y b il (Slacuns g (a5 JUT s Jgib oS 5
S g o 5 Sl ols wxshy (28 946 0:10) oy muSsgdle 4
oS o (S350 & o s Sl
adlae 4 (2010) o, Ken g (cdommo B 15590 > 1y JomaS ol
5 205 Eowo Bl Gacuns 3 Ep ose (E9) (055 dgenS
Chld plo wxsby o) dlise palis o uh Ol oy
ol I oslatul b ol o35i9en slaggmlsal )3 (Somulsel
do 0 ol syl gel clylad ojlul 5 A (68 o3l 5Lugil
balal )3 izman 91 iy oo & bgupe il 258" 5 03 51
olossl g il (S SiS claydgr 5l odel Cowdas (lao bl
oS Suis 3l osel Cunddy (sl JgunsS g ,Suo B oS ol ] Sily
oy 5 My seg)See B0 U g as 355 (ool
S5 oy 5o B 5 Asgio il 5 o3y S sS L20L (FSS
cely 5039 550 4001 SlyD 03] 0yl cdale g o5 aS by L
(2015) ) San g LugS 2505 b y3gs 051051 )3 I e €l i sl
i deo @S5 L opl )8 deusSilySes nn
Dlo s oy 5 oolitel b ok Mol il 5 S350l
g 38 bl dg)ly (6r9 g )Sen b S (5 pSojlul g abls
D¢ yieg,Sun 33142 1 6/84 il > > e

& g obdy Cunl Cuodl Plo diuws lgicds piw Cuidw clale
(5 52 5 oo 100) o o st dale by (lan Jguns'9Sm
e Coilo Sl L b gunS 9,0 & Cuns 5508 Lo
Ol s clale o8 Sloj s () p p)S e 900) yiiw
2 SIS 239 At Wl g (0,8 dblsl gy 6)lesd dlae b
b JgusS9,5ue jlo GRaldl 5 ;K00 4 @y Jlasl el aons
(2017 (o) o g 5508T) 33,8 oo

Eacuns 3 o)l dlse Sl ) 4 (2017) )lSem 5 50T
slbcuus g (28 9 4:6 gO].O) oS 3gdle &y (o ye gews calisee
oybac ygawY gunS )3 (1001 4 120) 6,105 odle 4 diwns ciliso
WS gsbay &S ol L gl syl dwy (Jeb oluS
JsesS 3l 0325508 L:20 00525 03lo 4y s s by g5 S0
2110 o)l oole 4 it Caps b JouurS 500 g (209,500 1)
5 sz Sl DB D) (egSee 14) Jsus silo 0S5
2l o) g gl oy 41 gy (b (2010) oylSen
O YonlSeh 5 eSSl S (g nl > By
cble oS dg o 5l (Sl zols 6,5 eolatul o)lyd odle lgica
oRIBI L & gygb 4 i @l ple > g2y JB L dis
O 3 sy il Gl Loy S o i Al
5 ool b 3=1%6l © 2 (slasanl Slsga oy 3L (s jLuinge (2016)



1399 oo - 3T 5o louis 16wl el (21 @alioo 5 pale Gliidg}s 4 yas 676

o 290 pSdglle g (e geo o)lpd S5 L) ol
bpy gaw b g9) blo b (olaguS g Sen sals 5 3l )3
Syl5 3 b JgueS's o IS0 (0 glis oY 5l b0g Sy JBlas
Lo s2gy ol (obesy> (S dgunsS (g > pld > @ L carlite
0y S b dwlie o (oolezdl op S Siid hgy S il
9335 o0 (el USS (g g platel JISB sbnl el il
ol 5 ) 5,5 o USG5 55,5 JIH (il 09,5 St
P BN s a5 y5L ol p (2017) o)\Se o oil (2010
o JgunS Jgo,d > B3] ciliie sl )lS )3 odal dgzg 4 (sl JSCi
douS 3 g Jelore clale g al joSin g 3 MBS syl cely &S 04y

Dydcn g 9 ySen S 53 S

5 e &oo Sl odial b g egee gy SLigj, (1393)
S by 93 4 o)l dlga lgisdr ity O By 0 sl
95wy S yolal Al )15 oy 3y50 (lezsil g (il (195
9 (sbly (S SS9y 93 b odd 4 sl g ) 5l (F9SJl
e (aidl (S Sis b oS wad o ol (galess] (S Sis
S| dols clapg oS Jb ] e cana 59,5 3l b
S el 5 JSG gladns gldle (ooless] S Sis
Shor 4 osed ey Sbign, (2012) oKen 5 Sl
ald 5 25305 JL8 ) 3)90 1y (0ye eo bawgi LAl (S SS
9 oo W39 Iy py5 aw b g9)S Lo b slaouS 3,
OSSES hgy 4 gl gy (gee¥ oSSl (2016) )lSen

90 Ak

BHA |, Opt2 5 Optl le cpiored Lo L 295 5 BHA
93 (51055 0)90 plasl I s cplplly ccudly dgmg b jime S
5 yiae ST 5l ol 2 9 1 onds dgunS i Cuddos jloss
lawaly Jo sl S g a5 59l o
slachls ) wouS S8 Jpilie o)las pdngh (b
4 1, 200 ppm clale ;> TBHQ 4 BHT 4100 ppm g0+ -
9 Lrgu) K315 )15 (y 0y90 |y ) STy e pugedis 42>
slacble plos Slhuwsl ol 5las s olis s (2004 Ko
ol 35 3l gy ;U TBHQ Jg 5,8 Joe BHT I jigs 0 las
Sl ealises xubs dlgo 13 39350 SJgid LS 5 51y adllas Lol
a8 (5l 5 9y GgslipaS] | cilos 1y dlge cpl a2y LB
Slos S )15 aal diged dy Cunnss ¢ g0 )lil de gl y> apuSTy

S
95 9 SY At diged (512 (o) (595 55wy S 5 (YU) (5399 55wg S gl -1 S

Lgw 9 (5 SS9 2 Oloj 53 )lodd ke 1

KYOWLY JU RS

B y00 5oy 5l bojles ol ;3 bow (49 deaS Ty dae clpss
29 yiuo jgy paie lass olad > STy Se (fine e (2
oYL i saalie (o)b pre MBI jeShe slajles e &S
3 o 5 M1l B sl Jlos 4 bgyje 4Ty Se 3
330355 b 558 he e 93 48 36023 g 53 e Carither S Lo ]
iS5 & g oo |y STy o )3 ial3al ozl b iee (B35
b s gmolinS S ol Y g oy adpuSys 0
claylos 4 barye 40 59, 50 aaSTy dae (e o yieS Cpwicen
owi 4 G oo Sl Bl Sl g il b gxe M



677 . oy o dguanSs Sern oias ot masST T 1

gl b a3l o505 Ofg) 2 OSFF 5 Ot STy S
5 il 1y y3U e &bl ojlas (Gl il cpols sl
23,5 oo dpuSyy 0 (alS 5 oS lgpaem S5 )3 155 s

(2018 ), § S5l

cuols (2007 ) San o BY 2007 Ken 4 Llaks)
pPmM) BHA L ] acylis 5 (150 ppm) b3, o)las  lapuns’ 51
$xSojlul L BHT g BHA 11 s 4 (75 ppm) BHT (75

AR (a)rv
L2 £
N R (b)TY.rT
S 1 (0)YA, 7Y =2
> T - @A
(O]
3 (@rery (d)vr | (dyyr, vy
= o il | @
RN ' ] (F)YF.Y
o) VY e
S (9) (Y
S - e -
) s
() S () - () () »
O N N O N N N N D 3 N A
I IR AR I I S N R AN A O N
8 O < ) <) 4 RS QO P N s
R R o R R o) N2 NG < d b
AY AJ ) (_’Q/ (_)Q;

bgws 059y dmly 338 Gl 52 oy ~slewd Jilie 1 -2 USG5
pliocs 816 Joleo JouuS plois 390) 0059 (6 pamel Jolno yid duo 20 )3 )5 Juo 135 ¢ )b oo %3 ¢ oo ye kowo %27 0Pty Jlos
(o295 2 postbe Pl 3192 b s il S
JsesS plisiis 480) g (6 ppml Jslowo 2l o 20 )5 oo it 5 oo 109 ¢ )6 00 12 ¢ 0 o0 128 0Ptz Jlos
(a1l 186 5 Pl ) 13 pssibes plisaia 392 L s il S pl g 86 oleo

ST 5l 86 g a5 cbow 469, ((Antioxidant free) Blank

OS5l 18 g a5 59, 1 posih plo o 92 L pl oo 86 clale b psw cutl Soi (NazSe0s) Se-salt )l

S|l BB g pls ) 4 00 Lol plg 2 200 clalé b Syl (S g0 Jiis: (g5t JpuST (5T BHA Jlog

s Sl ot tngsy b (1303) (s lenss
o 2590 b (F9) 4 9380 Sl 1y JW 005 ol g 50 Sy
GRS e j0 ajloss oled anyiul &S o LS gols .oh 13
515 el il 5] S5l (U oluae 5 s o el

Dy YU (6558 sy b d il oS Wgds o el g

Sl S 90,9 (o901
TBA Lol oliee )3 oglie iulial aS sl flis 4 S gols
dod (gl ygmolianST Ll )3 (65105 090 (lBI L Lgw (i,
b 6o 0y95 Sk slojg) > & gy il odalin lajles
JSi oSy Sl o3bj ke 9 €85 el gin Caspw
o8l e cppieS ad s aadl plle 4 5 430 003
BHA s stles S OPL2 5 OPLL (sl Lo & Logs o TBA

LAY
e 5 by (i) adpul Sliis o 0b (L5 3 S s
Oliee o pieS sl ]l odg) (6l Gie (b g laylays
slyles Gl &5 39 o gy 4 by pe ajlas elod > Al
&5 0l yl5ae o YL (P>0.05)0is sdalie jb sxe MR 4540
Catlo S Jlogs ol 5l g 5 a1 81 186 S0l Jlos 4 by o
dgrg ldsime M) 08 he Jlo 93 e oS 302 46 g, )5 s
Lgsyo 46 59, 55 ansuwl 4 bgpe polie oy yieS . (P<0.05)cuils
GMi3] )5S el Lo oo 5 BHA 5 Opt2 (OptL clolog 4
ShaSt sl gl bas a5l Optl Jlas .cudlhs dgng b e
535 st 2o o5 > 5 55 5, BHA L el iy
Las 3 5 0l ol 095 5l p5gel SlaS] sl 51 Opt2 e
S92 392 i fge 35 de layle 4 s () (S Dloogiad



1399 oo - 3T 5o leis 16wl el (o2l @aliow 5 pale Gliidgls 4 as 678

DB (gl gxe OS] 0S5 b oS by yhuo gy 40

Yo o
Yoo o (a)\‘/\\‘
g Yo. | s (b)i;‘,/\
3 @©Vav,¥ | [
9 Y. o - NANE
i (de)) V.8 (@741 = | O (de)) VA7
2 (Hreen = — x| e
o (fg)V¥a,v ] (HHF :
> V0 | ol ey S -
£ ORRAZZN o5 B IR O RRARS o (T S ynvea | (MNYA [T
§ [ i
X D I 5 .
S N o O Q
& &K &Y
() oQ OQ (@) oQ 5 (,)Z;”b

bgwr (9, ddem! Gl 2 Gloj —jlewd Jilie 51 -3 S
pliois 816 Joleo JomuS ploi 390) 0059 (g pumel Jolno yid duo 20 )3 p,5 Juo 135 ()b gows %3 < oo ye kowo %27 0Pty o
(c£9) 52 ot plinicst 392 L s s S
JsesS plisiis 480) 5 (6 ppml Jslowo 2l oo 20 )5 oo il 5 oo 109 ¢ )6 00 12 ¢ 0 o0 128 0Pty Jlos
(ol 186 5 ol o) )3 posibes plissi 392 b o i Ko pl g0 86 oleo
ST 5l 86 g a5 cbow 469, ((Antioxidant free) Blank
OS5l 18 g a5 59, 1 posih plo o 92 L pl oo 86 clale b psw cutl Soi (NazSe0s) Se-salt )l
S|l B g pls ) 4 00 Lol plg 2 200 clalé b Syl (S 9,00 Jiis: (g5t JpmST (ST BHA Jlog

Slge gy ol 5 D9 sy 002cdale > Joil (wSsyin
Dgais odlatwl o1Ae dlas > S3g38l leicay

o3l gl
2 bgw gy ool dae Slpss o ob i 5 S ol
ool oSzl Liolisl edg) o)l wae (b byl eled
Orizen 9 (5493 (ilaST (Sl (hytaS eximd (Lt iyl
5 baSlgie aps I Jobs 4l cVpame il
el Gl ol oS Ao o IS L s S
du &5 Dy yao 5y 0 BHA 5 Opt2 4 Optl slojles 4 bgyye
sl e eVl IS (gl dme BBy Lo
2 e Catbo S loss 5 lanns 5T 2818 2al5 o5 4 Lo
CpyeS BN gxe BMBlyeShe (claylews &S 5 46 54,
59 BHA 5 OPt2,les & bgspe 46 59, )3 cpijul (il oline
Ol 3 o g M5 esmliie > dne SUB] )5S de Jloi 93 (e S

5 OleS1l 81 sals Jles 4 byrye TBA ie 25V

BN ,Z0uS5 b a8 5646 59, )3 mad s Sod Lo o 5 e
o 0 bgrye 46 59, 15 TBA (lise oy pieS aizslys b e
o sixe OS] 458 ke (glayless e &S 39 BHA 5 Opt2 (Optl
S 51 Opt2 5 Optl slojlos caS (oo cplply s oanlive
5 1S oy BHA jlos b siiwsly ogar Shuws] ol 5l Lais
Dges o3latwl BHA )il sloicdy (oS0 slayles 5l olg5 oo
-l Caol oy 4 s 5 (2008) () en 5 (gt
9 235025 9 Sihed gl el plend S5 5 (Slans]
e S boajgy 32 e 4 bgw 589, Cygmliens] o pSols
oolwl & o ol ks sy sl S5t )ba 5 daSTy
ol el o cal oYL SluS| sl casls gl olals
B0 clos b sl o 0 ()15 shigw 19y ommlins] a2 3
006 clale 255 (o) wilol ol oas 3,5 ko an )
oy Sl alie sop 1 cbale 5 (gjlpd gl il 5 2o



679 . oy 4 o dguanSs Sorn oias il masST i 1

TBA( mg malonaldehyde / kg oil)

bl 3 Optl (g

(a).,\f\‘ (a).’\‘,i

(ef) 14
o Q)
NI N
N X
X %Q’b’b b’z}\'

Lgw (9 el SQ 98y les8 Oliwe 2 Oloj — e’ e 31 -4 JSuo
pliois 816 Joleo JomuS ploi 390) 0059 (6 pamel Jolono yid duo 20 13 p,5 Juo 135 ()b gows %3 < oo ye gowo %27 0Pty o
(c£9) 5 ot plincst 392 b s s S
JsesS plisiis 480) 55 (6 ppml Jsloeo 2 o 20 )5 oo s 5 (oo 109 ¢ )6 00 12 ¢ 0 o0 128 0Pty Jlos
(ohns1l 186 5 Pl o) )3 posibes plissin 392 b o i Ko pl g 86 Joleo
ST 5l 86 g a5 cbow 469, ((Antioxidant free) Blank
OS5l 18 g a5 59, 1 posih pl oo 92 L pl oo 86 clale b paw cutl Soi (NazSe0s) Se-salt )l
S|l 86 g pls ) 4 00 Lol plg 2 200 clalé b Syl (S 9,00 Jiis: (g5t JpmST (ST BHA Jlog

lojloi (alesy> (pS 9595 338 (line cpyieS 29 b ]y (il
ol gire MBI K0S L b jlass (ol &5 35 jh0 jgy 4 bgspe
2l jley 4y bgype (uSigi dae e op YL .(P>0.05)_\;x;:3|_\5
39y 2 0S5 238 Gl cnsieS 292 28 5g) 5 s T 86
5! Opt2y Optl .5e BHA 4 Opt2y Optl & by 46
oals 3 g wob L a8 5 BHA & Cawd 068  SlaaSl ]
Gl il g aelinST gl g adgl CVsaxe My
2lr 3 bgw o9y i s el g 29 5se (gmlins]
b 2 2015) en g oprge sl ond gmlinnST Lalys
I3 S5 5035 pSoflas ogis s | S5l imsy
ojlas ShuuST Bl OISl G 855,81y ojlac 13 39350 JS
e gbelle oy dbuS
-5 owsen 9 (PPM \RRR\ (LN RRD (10 ERTAY YO RO\
-5y 5 (BHT) oy oS smndin obosd cbygluns]
bS] ylul » 75 ppm clalé b (BHA) Jojsl S 9,00

3 L egd Sl T 51 BHA L awslie ;> OPt2 los
300 5o o (sl smolio (250 Sl 5

Gpd ey el dae g9y Gyd g Jeilie slao)lac il
Bges &S 3l LS (52995 Lo > s> 21) oad s Lylps o
o)las .l il digel ady & Cond Jig)S p b s ]S
sjlas 9 BHT an g 35 Joe ady | o ploe 1000
Jsb u;,\,)gl sie (Sultana, 2007) 5,5 Jes s pl oo 500
5 K5 5l ojlas sl o) slaises (5,5 ol T2
opl g cdl il s gxe yobar oS e 4y 70 sles
Mohdaly et al., )l (¢ymin olis celw 32 5 4 i3l
(2011

OSF Y 905!
2 boaw 85y wSeig dae Clyuss o ol olis 6 K mls



1399 oo - 3T 5o leis 16wl ol (21 @liw 5 pale gleidg}s 4 oi 680

23,8

(b)?,7Y¥
(c)o,A?

(d)¥,7¥ (d)¥,ev

Anisidine
| >4

(e)7.¥)

fY.A?

(HY.77

A D)y [

oo b 5l din 4 o 4 (60055 0y90 sk )3 Ligw (9,
oar bl & Caoglis loj g (WS 5 il danST (ol

,r¥
(a)‘_.I_ (@)A1

(b)?*

(e)T,7d fff

Lgw f9) o381 olue 2 ooloj = ko Jslilie 515 IS
plisiest 816 Joles JunS lsais 390) 03555 (6l Jsloeo 32 ko 20 13 p,5 Lo 135 ¢ )6 oo U3 < ye oo 27 10p1 Jlos

(095 » posibo plgis 92 L i ciles S

JsesS plsts 480) oxisd gyl Jolomo il o 20 15 s ctbus 5 o 109 <) oo %2 <1y oo %28 Opt Mo

ST 5T 86 ¢ a5 cLow 469, ((Antioxidant free) Blank

ST 5 186 g a5 g, 5> posib plo 0 392 L Al oo 86 clale b s il Soi ! (Na2SeOs) Se-salt jlos
S|l B g pls g, 4 00 Lol pl g 2 200 clalé b Syl (S 9,00 Jiis: (g5t JpuST (ST BHA Jlog

o il S lod &y bgge U_;IJ%MSIUJJTC,Q.JM Olise oy yiaS
Syl & bgy yo U_;IJ%MSIGUT Callsd 4l o 5V g 23 3999
3o g sl Iy gxe B3] &S 54 46 59, 55 Opt2 5 Optl

S jlos il jsSie Jlow 93 b Hld e BMiB] &S 5g BHA -
Jos BHA) 5gg8 Sluus] sl 5l Lis L ;1 Opt2 4 Optl
cuslie 23Rl plsisd ASlgi oo j95de Hlai 9> aomi X3S
3l BHA s

sl Sy Ghesh sl edls Bl peile Sl
Sr 9y » ek otk a5 3b (Ui ke bl 53 oad el
Xu et al,) w gls Shwsl ol cdls bl el (gls
S sl Sy ojlas Gluns) Bl cld s glaies; (2003
5 plogl DPPH 501 BHT L 1 duglio 5 paailis L o5

oylac (wyp cov slacdale o > &S 3y o 5l (S b
ST 5l b o i )b 150 ppm clbale ¢ g0 5 dlus
bgw 9y (oialuST 6)luky 2 ojlias (Gl waw (g0 5 0392
e clale o b lis 3 cpl S imen 35 (e
SIS 9355 S| T 4 Cons o)l 150 ppm
ShenSlml el (BHA) Josol (S g Sz 5 (BHT)
dliee L 1y (e

P KVOWCH B FOW [ PY
b oyl 51 LS zud yao j9y 40 a8 sl ol T S ols
SPenST 5T 51 ole; cadIS b g idlis bgw 489y 5 (Sl 5]
Culld bl il Ggy SlasT sl culd 5 ol lis 1y 265
g1 o gy plai 5 e (51 86 sals Jlog SluusT 2l



681

e 99y 4 00 Al guansS 9 S0 e S (oS T 51

(de);j“,‘“\ (€)e+,)4
S \aSar Eff(h)v.,va

Totox value (meq 02/kg oil)

()M )4

'I' OMEX
(©)77,7Y =
(d)de,0A
S ()¥7.e

T_‘(g)\“‘\,\“\

Lgw (9, S 997 338 (lime 5 loj —lowd Jiliie 41 -6 JSd
plsies 816 Joles JunS plsais2 390) 01555 (6l Jslono 32 ko 20 13 p,5 Lo 135 ¢ o) oo U3 < ye oo 27 10pt: Yo

(0895 » poibo plgis 92 L i il S

JsesS plsts 480) oxis (gl Jolomo il io 20 15 s ctbes )5 (o 109 <) oo %2 <1y oo %28 Opt Mo
(olsnST 5T 8B g pls 9, 1 pouibo pl o0 392 b modw il S pl o 816 J5le

ST 5T 86 ¢ a5 cLow 469, ((Antioxidant free) Blank

ST 5l 286 g a5 g, 5> posib plo 0 392 L pl oo 86 clale b s cuil Soit (Na2Se0s) Se-salt jlos
S|l 86 g pls ) 4 00 Lol pl g 2 200 clalé b Syl (S g0 Jiis: (g5t JpuST (5T BHA Jlog

YL LS (Usloe yidd e 20 55 45 o109 o il 02
Sy ol o 5l (Ugkme yid Juo 20 )3 5,5 Lel35 s il
Ll oS 5l 5l cdadlome Chum b guwY gunS SiST 1 ol
boowzen g b o] lSlis olg Gulil & e 5 €88
el (Fg) 09> 4 JpesS )l mdwcaile 0a3 ]S il
P b e gl e (b o8y ehuST oluly Rl
@il Sty e digw ofg) 3 sl S prandis:
clld g Rl pSEE 5 el el Sogles
Coonl i S 5T elgs i 51cdl Gl Slus| 2l
Sl cad G)le Gaod gl las
Cotlo Sai <JgislamS gy phamslal (1 ag)
ST ] 186 anls < gt
2915&&%05“&%;1»%6&)W&M))m
OMSIl Rl 5ttt leSI Bl lgiedr alyie

ojlac 4 bgrye cuipar ShunST ol cld e cp YL

o L oA it (gly 5 0jluas «libus b ok i (gl S
o5 b (2015) (ar g g2 90 351 (Jsane sy s BHT
ssrge JS g Sl 5 5035 sSolas g oS 5 Syl
AS ojlas Sl S Sl o 23,5 s 1) oylas p
52 75 ppm cale b BHA, BHT 4 Gilises slacale )3 o0
Ol 3855l @l 38" (gwpp | bgw (o8 (oialuST )k
cdld pyiin by ojlac 150 ppm agg clle & ob
ShenSl 5l cdld BHAY BHT @ cous g odg (Sl sl

Adlee L 1y (e

6 75 4o
3w g opleyd odle clale 15U Cov e Y auS o)
oo chle i (e foo ChlE & g0 (pl 485
2l g Gl plexly Ab a8 mads Coils Clale 5 1S )b
) goo 28 0 gouc) OPI2 Bl (ialS o JgunsS 5 Sie



1399 oo - 3T 5o leis 16wl el (o2l @aliow 5 pale Gliigls 4 i 682

2535 Lgw (3895 0 Joisl oS 9 )0 i (6 5

Ve o
s, | (a)é\/,ﬁ
(a)3¥,v I
S o -
£ (b)¥v,y (0)X).¥
= . i (bO)YY,Y |- RA
2 (c)v%.Y | —} L
: =
S - :
= E . i L.
3= :
2 RN (d)) A0
< - o X I
@v.e [E
Yoo =)
V) ® @ ® @O O | UR
N @O S »N O DN © O N © S D
F I PP E T TS E
F X FF AP L LTS
%Q/ :’Q/

bgwr 589y (T BT Cllad (i 32 o = o Jolite 31 =7 JSCd

plisis 816 Jolso JguS plsz 390) 0 (6 yomsl oo 3l oo 20 15 5,5 oo 135 ¢ s )b oo U3 ¢ s ye oo %27 :0PHs Lo
(£9) 5 postls Pl 392 L opus s S

JsesS plsts 480) o33 gyl Jolomo il io 20 15 s ctbes 25 o 109 <) oo %2 <1y oo %28 OpLy Mo
(OlasnsS1 T 86 5 pb 5, 3 pssibes plissio 392 b s il Ko pl g2 86 Joleo

ST 5T 86 ¢ a5 cLow 69, ((Antioxidant free) Blank

ul_\‘.mfl&j 4516 9 fl> O,é” » f%lw f’lu’u’ 3/92 L f’lu’u’ 8/6 clale L 2w Caidas Sos (NazSe03) Se-salt )Lo.u

S|l B g pls ) & 00 Lol plg 2 200 clalé b Syl (S g0 Jiisy (g5t JpmST (ST BHA Jlog

&l

Jito ( 0)lsad b sl JsuaS 52 (oryt 9 350 0355 gS sl b9y 2 5950 1394 .S gy sl d Gl g o il B ol Sl
86 o las qomd il Jlo lal sopd (i 4yt M Sie

Sl 306 (65 03151 e Shss el oy o o cs2e, 1377 A179 ) e 5 bl

gy psS g Sledlina b e gao g oalo 15V Aoy 413 el 2 sl (Sl 3) 96 o0y 2 1396 1 (5 pie ) ladol sy
Lo )25 Lo (o) &y als dloxo

iy &y g iy 3,5 iS4 (Menthaspicata) glis g, Sligsssy 1395 o ome d oyl ¢ o plis shis ¢ o 0315 (ppnnes
499-511 o b ales 42 sl ) i o g pole csla

il S S 00 ad @ e 09y S JgerS iy sl (gl 1393 1) o e il € e e (ot 2 00 590
97-114lio 2 o)l 3 Alx ¢ Jlo . ole plio g pole 13 (5y9l55 g Gimgh 4 pis . oladl (S Kis 4

b bl g o9y 2 (255 0 5 Siled gl Slaill GanSI BT S sy AT o S5 5 e s ) S fpmtd
coopde Sy ol (6550LiS” 0aSisly i) owlias S

OsslienST Sl (pryt 5 ol 2 003 S Sy 80 S ojlas (9)Seens 5 (Sapluslis Sl 1394 co g lunsS g | (gpud
85-YA5 ( plie Cpg slagygld acl fuad ¢y Lok (gilw gé L 49,

1=24 o lnl 65,98 ple 16 9l 5 (2 Dlgo 1 agel s um (clod )l 5 Cliosas 1387 ¢ pluas ¢ Sl b



683 . ey 4 o gy Son s el isasST T 1

@3 o) 558k ploj GRIBE1 3 ol U 5 IS e ol Sl (xS (BT a5 IS sy 2 L1385 g Bliio 5 ol ey e
18-26 o 3 o)les cpgus Jloo s 5 olie pole aloee ily ay Y glS

aulio )3 Lgw 589 oluST (6)lub p gt AluS Jobl goylas ShwST 51 5l adllas « 1394 (g« o g 2 oy (ol j colyngo
15-23 3 alie cpské 5 ple )3 gl 45 e ploord loplapmsST il (30 L

A64 amio ol 53,5l ple il o] (YL g (895 55ké 1388 ez s plbis (ol

Afkhami R, Goli M, Keramat J. 2017. Functional orange juice enriched with encapsulated polyphenolic extract of lime
waste and hesperidin. International Journal of Food Science & Technology.

Akdeniz, B., Sumnu, G. & Sahin, S., 2017, The effect of maltodextrin and gum Arabic on

onion skin phenolic compouds, Chemical Engineering Transactions, 57, 1891-1896.

Ali B H, Zaida A, Blunden G. 2009. Biological effects of gum arabic: a review of some recent research. Food and

Chemical Toxicology, 47:(1), 1-8.

Carneiro H C F, Tonon RV, Grosso C R F, Hubinger M D. 2013. Encapsulation efficiency and oxidative stability of
flaxseed oil microencapsulated by spray drying using different combination of wall materials. Journal of
FoodEngineering, 115:(4), 443-451.

Choi MJ, Ruktanonchai U, Min SG, Chun JY, Soottitantawat A. 2010. Physical characteristics of fish oil encapsulated by
B-cyclodextrin using an aggregation method or polycaprolactone using an emulsion—diffusion method. Food
chemistry. 119, 1694-1703.

Cilek B, Sahin S, Sumnu G, Luca A, Hasirci V. 2012. Microencapsulation of phenolic compounds extracted from sour
cherry pomace : effect of formulation, ultrasonication time and core to coating ratio. European Food Research and
Technology, 235, 587-596.

Click B, Luca A, Hasirci V, Sahin S, Sumnu G. 2012. Microencapsulation of phenolic compounds extracted from sour
cherry pomace: effect of formulation, ultrasonication time and core to coating ratio. Eur Food Res Technol. 235:587-
596.

Combs, G.F,. 2000, Food system-based approaches to improving micronutrient nutrition: the case for selenium Biofactors,
12, 39-43.

Chang, S., Bassiri, A. & Jalali, H., 2018, Evaluation of antioxidant activity of fennel (Foeniculum vulgare) seed extract
on oxidative stability of olive oil, Journal of Chemical health risks, 3, 2.

Fang, Z. & Bhandari, B., 2010, Encapsulation of polyphenols—a review. Trends in Food Science & Technology, 21, 10,
510-523.

Firestone, D., 1994, Official methods and recommended practices of the American oil chemists’ society, 4th ed., AOCS
Press, Champaign, IL.

Frascareli E, Silvaa V, Tonona R, Hubingera M. 2012. Effect of process conditions on the microencapsulation of coffee
oil by spray drying.Food and Bioproducts Processing, 90: 413-424

Gabas A L, Telis VR N, Sobral P J A, Telis J R. 2007. Effect of maltodextrin and arabic gum in water vapor sorption
thermodynamic properties of vacuum dried pineapple pulp powder. Journal of Food Engineering, 82(2): 246-252.

Glicksman M. 1969. Gim technology in the food industry. Academic Press, New York, chapter 4, 94-129.

Gupta, C., Chawla, P., Arora, S., Tomar, S.K. & Singh, A.K., 2015, Iron microencapsulation with blend of gum arabic,
maltodextrin and modified starch using modified solvent evaporation method—Milk fortification, Food Hydrocolloids,
43, 622-628.

Halliwell, B., Aeschbach, R., Loliger, J. & Arouma, O.1., 1995, The characterization of antioxidants, Food Chemistry and
Toxicology, 33, 7, 601-617.

Kanakdande D, Bhosale R, Singhal RS. 2007. Stability of cumin oleoresin microencapsulated in different combination of
gum arabic, maltodextrin andmodified starch. Carbohydrate Polymers, 67(4): 536-541.

Kohrle, J., Jakob, F., Contempre, B. & Dumont, J.E., 2005, Selenium, the thyroid, and the endocrine system, Endocr
Review, 26, 7, 944-84.

Krishnan S, Bhosale R, Singhal R S. 2005. Microencapsulation of cardamomoleoresin: evaluation of blends of gum
arabic, maltodextrin and a modifiedstarch as wall materials. Carbohydrate Polymers, 61(1): 95-102.

Lafka, T.I., Sinanoglou, V. & Lazos, E.S., 2007, The extraction and antioxidant activity of phenolic compounds from
winery wastes, Food Chemistry, 104, 3, 1206-1214.

Lin, C.C., Wu, S.J., Chang, C.H. & Ng, L.T., 2003. Antioxidant activity of Cinnamomum cassia, Phytotherapy Research,
17,7, 726-730.

Lindenschmidt, R.C., Trika, A.F., Guard, M.E. & Witschi, H.P., 1986. The effect dietary butylated hydroxyl toluene on
liver and colon tumor development in mice, Toxicology, 38, 2, 151-160.

Madene A, Jacquot M, Scher J, Desobry S. 2006. Review Flavour encapsulation and controlled release — a review.
International Journal of Food Science and Technology, 41, 1-21.

Mcnamee BF, O’Riordan E D, O’Sullivan M. 1998. Emulsification and Microencapsulation Properties of Gum Arabic.
Journal of Agricultural and Food Chemistry, 46, 4551-4555.



1399 oo - 3T o leis 16wl ol (21 @liw 5 pale gleidg}s 4 pi 684

Mohdaly, A.A., Smetanska, I., Ramadan, M.F., Sarhan, M.A. & Mahmoud, A., 2011. Antioxidant potential of sesame
(Sesamum indicum) cake extract in stabilization of sunflower and soybean oils, Industrial Crops and Products, 34, 1,
952-959.

Mustacich, D. & Powis, G., 2000. Thioredoxin reductase, Biochemistry Journal, 346, 1-8.

Nedovic, V., Kalusevic, A., Manojlovic, V., Levic, S. & Bugarski, B., 2011. An overview of encapsulation technologies
for food applications, Food Science, 1, 1806-1815

Rahman, Z., Habib, F. & Shah, W., 2004, Utilization of potato peels as a natural antioxidant in soybean oil, Journal of
Food Chemistry, 85, 215-220.

Rayman, M. P., 2000, The importance of selenium to human health, The Lancet, 356, 9225, 233-241.

Sanchez-Moreno, C., Larrauri, J.A. & Saura-Calixto, F., 1999, Free radical scavenging capacity and inhibition of lipid
oxidantion of wines, grape juices and related polyphenolic constituents, Food Research International, 32, 6, 407-412.

Righetto A M, Netto F M. 2005. Effect of encapsulating materials on watersorption, glass transition and stability of juice
from immature acerola. InternationalJournal of Food Properties, 8(2), 337-346.

Sarkar S, Gupta S, Variyar S P, Sharma A, Singhal R S. 2013. Hydrophobic derivatives of guar gum hydrolyzate and
gum arabic as matrics for microencapsulation of mint oil. Carbohydrate Polymers, 95(1), 177-182.

Shahidi, F. & Zhong, Y., 2005, Lipid Oxidation: Measurement Methods, Bailey’s Industrial Oil and Fat Products, 6th
Ed., Six Volume Set, Memorial University of Newfoundland, Canada

Shahidi, F. & Ying, Z., 2005, Antioxidants: regulatory status, Bailey's industrial oil and fat products.

Simas Tosin FF, Barraza RR, Petkowicz CLO, Silveira JLM, Sassaki GL, Santos EMR, Gorin PAJ, lacomini M. 2010.
Rheological and structural characteristics of peach tree gum exudates. Food Hydrocolloid, 24: 486—493.

Sultana, B., Anwar, F. & Przybylski, R., 2007, Antioxidant potential of corncob extracts for stabilization of corn oil
subjected to microwave heating, Food chemistry, 104, 3, 997-1005.

Suja, K.P., Abraham, J.T., Thamizh, S.N., Jayalekshmy, A. & Arumughan, C., 2004, Antioxidant efficacy of sesame cake
extract in vegetable oil protection, Food Chemistry, 84, 3, 393-400.

Tombs M P, Harding S E. 1998. An introduction to polysaccharide. InBiotechnology (pp. 88e89). Gunpowder Square,
London: Taylor and Francis Ltd.

Tompkins, C. & Perkins, E.G., 1999, The evaluation of frying oils with the p-anisidine value, Journal of the American
Oil Chemists Society, 76, 945-947.

Wanasundara, P.K.J.P.D. & Shahidi, F., 2005, Antioxidants: science, technology, and applications. Bailey's industrial oil
and fat products.

Xu, J., Yang, F., Chen, L., Hu, Y. & Hu, Q., 2003, Effect of selenium on increasing the antioxidant activity of tea leaves
harvested during the early spring tea producing season, Journal of Agricultural and Food Chemistry, 51, 4, 1081-
1084.

Chan, K.M., De Cker, E.A. & Means, W.J., 1993, Extraction and activity of carnosine, a naturally occurring antioxidant
in beef muscle, Journal of Food Science, 58, 1, 1-4.

Namiki, M., 1990, Antioxidants/ antimutagens in food, Critical Reviews in Food Science & Nutrition, 29, 4, 273-300.

Vaidya S, Bhosale R, Singhal R S. 2006. Microencapsulation of cinnamonoleoresin by spray drying using different wall
materials. Drying Technology: Aninternational Journal, 24(8): 983-992.

Velioglu, Y.S., Mazza, G., Gao, L. & Oomah, B.D., 1998, Antioxidant activity and total phenolics in selected fruits,
vegetables, and grain products, Journal of agricultural and food chemistry, 46, 10, 4113-4117.

Wardhanabhuti B, lkeda S. 2006. Isolation and characterization of hydrocolloids from monoi (Cissampelos pareira)
leaves. Food Hydrocolloids, 20, 885-891.

Whistler R L. 1993. Exudate gums. In R. L., Whistler and J. N., Bemiller (Eds.), Industrial gums, polysaccharides and
their derivatives (3rd ed.), Academic Press, Inc., London, chapter 12, 309-339.

Yang D Z, Hrymak A N, Kamal M R. 2011. "Crystal morphology of hydrogenated castor oil in the crystallization of oil-
in-water emulsions: Part Il. Effect of Shear"”, Industrial & Engineering Chemistry Research, Vol. 50, pp. 11594-
11600.

Zilberboim R, Kopelman 1 J, Talmon Y. 1986. Microencapsulation by adehydrating liquid: retention of paprika oleoresin
and aromatic esters. Journalof Food science, 51(5): 1301-1306.



Iranian Food Science and Technology L L
Research Journal i § Olnl @1aé gilos g pale Sheddghy 4yl

!

Vol. 16, No. 5, Dec- Jan 2021, p. 669-685 f"’««,.w«f"j A 669-685. 0 1399 55— ,3T 5 ol 16 ul>
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Introduction: Microencapsulation is represented as a technology of packaging solids, liquids, or gaseous materials
in miniature sealed capsules that can release their contents at controlled speeds under specific conditions. The packaged
materials can be pure materials or amix, which are also called coated material, core material, actives, internal phase (Fang
& Bhandari, 2010). Selenium is a micronutrient essential element for human health, which is toxic in high concentrations.
Selenium is a component of selenoproteins that plays an enzymatic and structural roles in human biochemistry. Selenium
is known as an antioxidant and catalyzer for active thyroid hormone production. The aim of this study was to optimize
the microencapsulation of sodium selenite (100-900 mg per 20 mL final spray solution) using a combination of Arabic
gum (25-29% per 20 mL final spray solution) and Persian gum (1-5% per 20 mL final spray solution) as capsule wall
applying modified solvent evaporation method to produce microcapsules with the highest encapsulation efficiency (EE)
and the smallest possible particle size using the response surface method (RSM) with central composite design (o = 2
with 6 central points and 2 repetition in axial and factorial points).

Materials and Methods: In this research, production of encapsulated sodium selenite at different concentration (100,
300, 500, 700 and 900 mg/20 cc) with Arabic gum (25%, 26%, 27%, 28% and 29%) and Analogous Farsi gum (5%, 4%,
3%, 2% and 1%) as wall materials by solvent evaporation method was studied. The optimization of microcapsules based
on the highest encapsulation efficiency and smallest microcapsules size was studied using RSM. Based on the mentioned
parameters, 2 optimum conditions were chosen. The first one was a condition where the samples produced with 135 mg
sodium selenite in 20 ml sprayed solution, 27% and 3% Arabic and Farsi gum, respectively. In this condition the
encapsulation efficiency was 79.63% whereas the microcapsules size was 49.98 um. The second condition was followed
by producing samples with 109 mg sodium selenite in 20 ml sprayed solution, 28% and 2% Arabic and Farsi gum with
result of 95.10% encapsulation efficiency and the size of 46.71 um. Finally 390 ppm capsules of the first condition and
480 ppm capsules of second condition (equal to 8.6 ppm sodium selenite salt), synthesized BHA (200 ppm) and sodium
selenite salt (8.6 ppm) were added to a free anti-oxidant soybean oil and were kept at 55°C at 0, 23 and 46 days which
was equal with 20°C at 0, 180 and 360 days. In this condition, peroxide value, acidity, Thiobarbituric acid, Anisidine
value, Totox value and anti-oxidant activity of free anti-oxidant soybean oil were evaluated using SPSS software.

Results & Discussion: The results achieved by RSM showed that sodium selenite concentration had reverse relation
on encapsulation efficiency whereas there was direct relation with Arabic and Farsi gum concentration. Also the size of
microcapsules with had direct relation on sodium selenite concentration whereas Arabic and Farsi gum concentration had
reverse relation. The result of SPSS analyses showed that with presence of the encapsulated sodium selenite anti-oxidant
and synthesized BHA anti-oxidant in soybean oil, peroxide value, acidity, Thiobarbituric acid, Anisidine value, Totox
value decreased whereas anti-oxidant activity of soybean oil increased. Based on anti-oxidant characteristics in soybean
oil, recommended treatments in this research are: condition 2> condition 1 > BHA > sodium selenite salt > control sample
without anti-oxidant. The results of this study recommend the incorporation of encapsulated sodium selenite (condition 1
and 2) for increasing the shelf life of soybean oil as an alternative to synthesized BHA.

Keywords: Microencapsulation, Arabic gum, Farsi gum, Sodium selenite, Antioxidant activity, Soybean oil
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