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Effect of skim milk powder on the quality of Yazdi cake
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Introduction: Converting milk into milk powder increases its shelf life up to almost 1 year, without

substantial loss of quality, even at ambient temperatures. Dairy powder is frequently used because of
convenience in applications for transportation, handling, processing, and ease of product formulations.
Functional properties of milk powder are important due to its wide range of applications, especially in bakery
products requiring desirable texture and moisture content. These functional properties include emulsification,
foaming, water absorption, viscosity, gelation, and heat stability. Fresh milk and milk products such as
condensed or dried milk which have not been exposed to sufficient heat treatment are not suitable for good
quality bakery products as properly heated milk, mainly due to the destruction of proteolytic enzymes by heat,
denaturation and coagulation of the proteins, changes in the colloidal properties of the salt and alterations in the
oxidation-reduction systems. Kirk (1971) has outlined a list of functional contributions provided by skim milk
powder (SMP) in various bakery food products, such as increased absorption, buffering value, lactose color
reaction, tenderizing effect, improved body and resilience of crumb. This is in agreement with the results showed
by Pyler who added SMP to bread and cake affected. Pyler noted the advantages of lactose in food systems.
Lactose mostly affect relative sweetness, browning reaction, protein stabilizing properties, alteration of
crystallization patterns, flavor accentuation, selective fermentation, and has nutritional value.

Materials and methods: Yazdi cake was produced using baking wheat flour (from Golha factory), sugar
(sucrose), hydrogenated vegetable shortening, baking powder, and baking soda. Eggs were bought the day before
baking and refrigerated at 4°C. The dough was prepared in ratio of 30 % oil, 46 % sugar, 50 % water, 11.7 %
eggs, 4 % baking powder and 1 % baking soda rather than flour. For improvements of flavor and taste, an equal
value of vanilla was added to the whole dough formulations. Skim milk powder containing 1.5 % fat, 3-4 %
moisture has bought from Pegah factory. 25 and 50 percent of skim milk powder was also added to the dough.
Dough was prepared based on the method of double mixture steps and was baked at 180°C in oven for 30 min.
Samples were vacuumed and kept at ambient temperature for further experiments

Result and discussion: The differences in specific volume and consistency of the dough values were found
to be significant (p>0.01). According to Baeva studies, there is an inverse relationship between specific gravity
and the entry air bubbles in the dough, so the sample with 50% had the lowest specific volume. The consistency
of the dough increased significantly by increasing in SMP content (P<0.01). The dough containing 50% SMP
had the highest consistency.Specific volume of the cake increased with an increase in SMP level (P <0.01).
Sample with 50% SMP showed the highest specific volume. The height difference before and after baking with
increasing in SMP levels on oven spring were significant (p>0.01) so that samples with 50% SMP had the
highest height after baking. Cakes prepared from dough with 50% SMP had an average maximum size.
Symmetry and uniformity in samples with 25% SMP were the lowest, but there was no significant difference
between the control and samples containing 50% SPM. In this study, crust to crumb ratio in control and other
samples showed significant differences (P <0.01), so that with the addition of SMP, the crust was increased. The
reason for this fact may be due to the increasing of lactose and developing the browning reactions. The testwas
were performed for measuring some textural characteristics of Yazdi cake such as: cohesiveness, chewiness,
gumminess, resilience, adhesiveness, springiness and hardness. With an increase in SMP, some factors such as
adhesiveness, chewiness, gumminess and hardness decreased (P <0.01), but some others such as cohesiveness
and resilience increased (P <0.01). However, springiness remained unchanged. The reasons for these changes
can be explained by proteins, fats and lactose content in milk. According to the results, different levels of SMP
caused increasing in total cell number, total area of the cell, and average area per cell. However, minimum cell

1. M.Sc. Student, Department of Food Science and Technology, Tajan High Education Institute, Ghaemshahr,
Mazandaran.

2. Associate Professor, Department of Food Science and Technology, Sari Agricultural Sciences and Natural Resources
University, Sari, Mazandaran.
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diameter decreased (P <0.01). The minimum and the maximum diameter of the control cakes and 25% samples
did not made a significant difference, While 50% samples increased in both cases significantly. As a result,
samples with 50% SMP showed the highest total area of the cell, highest maximum cell diameter and lowest
minimum diameter, while the largest pores and wider structure.

Key words: Physicochemical Properties, Skim Milk Powder, Dough, Yazdi Cake, Quality, Texture
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Introduction: Mayonnaise, a semisolid oil in water emulsion containing vegetable oil, vinegar, egg yolk

and optional ingredients such as salt, sugar and mustard, is a conventional old condiment containing high fat
ingredient (minimum of 65%). The need to reduce the amount of saturated fat in diets, has led to the
development of alternative processes to produce law fat mayonnaise. Cellulose and its physically-treated
derivatives i.e. microcrystalline cellulose (MCC) and microfibrillated cellulose (MFC) lately investigated as
NFC is one of the conventional fat replacers used in low-fat products formulation such as mayonnaise. Nanofiber
cellulose (NFC) is a glucose polymer connecting together by g (1-4) glycosidic bonds. This low-cost new kind of
cellulose can be obtained from physical modification of cellulose as naturally occurring carbohydrate that is
renewable, biodegradable and nontoxic. Increased specific surface area, enhanced mechanical and hydrophilic
properties of nanoscale cellulose are affected by the number of hydrogen bond in nanofiber chain of cellulose
and low concentration of NFC suspension can form a stront and viscous semi-gel network. As a result, because
of all the functional properties, NFC can be employed as a fat replacer in reduced or low calorie food products,
and as an improver of the product structure consistency. In fact, because of downsizing cellulose to nanoscale,
the surface to volume ratio of NFC increases and the surface hydroxyl groups participate in the formation of
hydrogen bonds in the network. Hence, more appropriate mechanical properties for NFC are achieved, even in a
lower dosage. Therefore, NFC is theoretically a proper thickener and stabilizer for low-fat systems. Carboxy
methyl cellulose (CMC) is a synthesized derivate of cellulose which is gained by adding carboxy methyl groups
(- CH2- COOH) to cellulose. CMC is used in different food systems with the E number E466 as emulsions
stabilizer, control and modification of texture in various products. In this research, application of combination of
nanofiber cellulose (0%-1%) and CMC (0%-1%) to optimize rheological properties and production of low-fat
mayonnaise (30% oil) with desirable characteristics were studied. Due to the hydrophilic nature of cellulose
derivatives, several research works have been focused on the stabilization of oil-in-water (o/w) emulsions
specially salad dressing or low-fat and fat free mayonnaise by NFC. However, no information is available on
NFC/CMC mixtures. The main aim of this study was to investigate the possible mutual interactions between
NFC and CMC in mayonnaise formulation regarding to the nutritional benefits that each can be individually
contribute to low-fat healthy products. Rheological characterization and particle size of low fat mayonnaise,
containing NFC and CMC, were conducted to validate the practical applicability of the proposed formulation in
food industry.

Materials and methods: The nanofiber cellulose of each formulation (0.25, 0.5, 0.75 and 1%) was first
mixed with the related formulation water and pasteurized using a EUROSTAR power control-visc 6000
homogenizer for 5 min inside water bath at 85°C. Then, it was added to the raw materials of its treatment. After
production of 5 samples, viscosity test was performed using a rotational viscometer. Then, particle size
measurement (D[4,3] with distilled water as the solvent, a Mastersizer 2000 equipped to quartz cell and laser
beam with A= 634 nm), light microscopy (optical microscope, magnification of 100x) and rheological tests such
as flow behavior (shear rate: 0.01-200 1/s), complex viscosity and frequency sweep (frequency: 0.01-100 Hz)
were performed on 3 selected samples (stress-controlled rheometer with a serrated parallel-plate geometry).
Commercial low fat mayonnaise (30% fat) produced by Behrouz factory was selected as the control sample.
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Results & discussion: Overall, the viscosity results revealed that by the addition of NFC and CMC, only the
sample containing 0.5% nanofiber cellulose and 0.5% CMC did not show significant difference compared to the
commercial control sample (p<0.05). The results of flow behavior test of low-fat mayonnaise samples show a
non-newtonian and pseudoplastic behavior in all samples. The obtained results of data fitting with Herschel-
Buckley model indicated that the addition of NFC together with CMC did not significantly alter the flow
behavior index, consistency coefficient and yield stress. Moreover, in frequency sweep test for selected samples
containing NFC and CMC, the trend of changes in elastic modulus were higher than viscose modulus (G>G))
that has revealed the predominating of the elastic features in the mentioned samples, similar to the trend of
commercial control sample. The obtained data of complex viscosity was in consistency with this data. With
respect to the obtained results of particle size distribution, the sample containing 0.5% nanofiber cellulose and
0.5% CMC were considered to have the minimum value of D[4,3] and desirable uniformity in comparison with
other samples.

Conclusion: Considering the aforementioned results, in this study NFC50/CC50 sample containing 0.5%
nanofiber cellulose and 0.5% CMC was employed to formulate low-fat mayonnaise with interesting particle size
and rheological properties that is attributed to the synergistic interaction between 0.5% NFC and 0.5% CMC. In
fact, the effect of fat reduction is balanced by replacing of 0.5% nanofiber cellulose and 0.5% CMC. Therefore,
these hydrocolloids generated a robust gel-structure in the network of this sample. In addition, tridimensional gel
structure was formed by physical entanglements among polymeric chains along with the development of the
crosslinked network formed between both hydrocolloids. On the other hand, reduction of dispersion phase size
and suitable uniformity of droplets in NFC50/CC50 sample resulted in appropriate monodispersity, which
increases the resistance to deformation and the enhancement of its viscosity.

Keywords: Nanofiber cellulose, Carboxy methyl cellulose, Low-fat mayonnaise, Rheological properties,
Particle size.
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Introduction: Cake is one of the most important and widely used cereals and a product of wheat flour.

Usually, high-calorie in a variety of cakes is attributed to oils, eggs and sugar in their formulation. Nowadays,
the risk of cardiovascular diseases is increasing in most parts of the world and the demand for using the low fat
and low cholesterol foods is increasing due to the relationship between excess fat and various diseases.
Therefore, it seems that the partial or complete removal of oil and egg and replacing them with other substances
in the formulation of the cake is very important. In recent years, the use of dietary fiber of different sources in
food products is increasing due its beneficial effects on human health. Among agricultural products, the residues
from the processing of oranges are rich in fiber that can be used as a dietary fiber in the food industry. Fiber is a
general term for many different types of carbohydrates that is obtained from plant cell walls and is not
decomposed by digestive enzymes in the human body. Formulating the food with citrus fiber could be very
beneficial since the exisence of a variety of fiber compounds in the peel of citrus with neutral pH that the
property may leads it to be widely used in a variety of foods. Others advantage is that it lead to improve the
cooking performance, increase the water binding capacity, the oil absorption and improve the final texture of
product with lower costs.

Materials and methods: In this study, the use of citrus fiber was studied in order to improve the structure
and nutritional properties of muffin with a new formulation. In this regard, the orange fiber at three levels (0.5%,
1% and 2%) and with 25% of decrease in oil and egg was used in the muffin production process. In this study,
the raw materials, including null flour, sugar, liquid oil, eggs, milk, salt, vanilla, baking powder and orange fiber
were prepared from France ID Food Company. Two-step mixing method was used to prepare the dough. The
cakes were placed at 180 ° C for 30 minutes. In all tests, the control treatment with code T, treatment containing
0.5% of orange fiber with code T1, treatment containing 1% of orange fiber with code T2 and treatment
containing 2% of orange fiber with code T3 were determined. First, the chemical tests including moisture, ash,
fiber and pH were conducted on the wheat flour. Then, viscosity determination was carried out usinga
Brookfield viscometer, Also the density measurement performed on the muffin cake dough. Afterwards, the
production of different treatments, the chemical tests including moisture, ash, fiber and pH as well as the staling
tests were performed by two sensory and instrumental methods by Instron device and also the organoleptic
characteristics (volume, crack, balance of shape, taste and aroma, chewiness, apparent texture, uniformity of
pores in the cake center and the color of cake center and the outer shell) were conducted by using five senses on
the produced Muffin Cake according to the standard method.

Results and discussion: For statistical analysis of data from physicochemical and sensory tests, completely
randomized design and data from staling test from factorial experiment in a completely randomized block design
was used and the mean comparisons were conducted by Duncan's multiple range test at probability level of 1%
(0=1%) and by using SPSS software, version 16. Considering the results of viscosity and density of the muffin
cake dough, the highest amount of viscosity and density belonged to the treatment containing 2% of orange fiber
(T3) and control (without orange fiber). The highest percentages of moisture, ash and fiber were calculated for
the treatment T3 and the lowest amounts were calculated for control. Also, the highest and the lowest amounts of
pH were observed in the treatments of control and T3, respectively. Also, considering the results of staling test
by both sensory and instrumental methods and in the intervals of 24, 48 and 72 hours after baking and in all time
periods of treatment T3 had the highest score of freshness (delay in staling) and the treatment containing 1% of
orange fiber (T2), containing 0.5% of orange fiber (T1) and control (T) had the lowest score of freshness,

1 And 2. M.Sc Student and Associated Professor, Department of Food Science, Varamin-Pishva Branch, Islamic Azad
University, Varamin, Iran.

3. Assistant Professor, Department of Agronomy, Varamin - Pishva Branch, Islamic Azad University, Varamin, Iran
(*Corresponding Author Email: email: movahhed@iauvaramin.ac.ir)
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respectively. The control sample had the highest amount of staling in all days and the amount of staling
increased in all treatments over time. It is noteworthy that at all time intervals, the control sample had the highest
rate of staling and the staling rate increased for all treatments over time. Considering the results of sensory test,
T1 was introduced as the best treatment and in most of the organoleptic characteristics such as taste, flavor,
uniformity of pores, chewiness, and overall acceptance had no significant difference with the control sample and
was the nearest sample to the control and had the highest score and the highest level of consumer acceptance.

Conclusion: The results showed that adding different levels of orange fiber has a significant effects on
physicochemical and organoleptic properties of the muffin cake and replacing 25% of oil and egg used in muffin
cake with 0.5% of orange fiber is possible and has enough acceptances.

Keywords: Cake, Muffin, Fiber, Citrus fiber.
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Introduction: Health-conscious consumers are interested in eating dairy products including ice cream with

less fat. As a consequence, the dairy industry has developed a variety of reduced-fat ice cream products.
However, quality aspects of many of these products do not meet consumer expectations for ice cream flavor,
texture, and appearance. The formation of the ice cream structure is hindered when the fat content is reduced and
attributes related to quality, such as viscosity, ice crystallization, hardness, melting rate and flavor, are affected.
Low melting resistance, high firmness and undesirable flavor are the most cited defects in reduced-fat ice
creams. Enzymatic treatment of reduced-fat milk with microbial transglutaminase has been found to improve the
textural and sensory properties of the final dairy products. The transglutaminase enzyme (MTGase; protein-
glutamine gamma glutamyl transferase, EC 2.3.2.13) catalyses “acyl” transfer reactions between y-carboxyamide
groups of glutamine residues (acyl donor) and the e-amino group of lysines (acyl acceptor) in proteins, leading to
inter- or intra-molecular cross-linking. The enzyme-catalyzed cross-linking of milk proteins results in the
formation of high molecular weight polymers that not only are able to lower the melting rate thorough increasing
the viscosity of ice cream mix, but they could also provide a smoother texture for the product by mechanically
obstructing ice crystal growth. However, the extensive cross-linking of milk proteins may even adversely affect
the physical properties of the resultant ice cream and thus, the added amount of enzyme needs to be adequate for
the desired effects. The aim of this study was to investigate the effects of different concentrations of TGase
enzyme on physical and sensory properties of light ice cream in order to selct the appropriate amount of enzyme

concentration that provides the best results.

Materials and methods: The light ice cream (5% w/w fat) was treated with different concentrations of
TGase enzyme (2, 4 and 6 units/g milk protein). The enzyme-treated samples were investigated for flow
behavior characteristics (apparent viscosity, flow index, consistency index), overrun, melting rate, hardness and
sensory properties (flavor, texture, color and total acceptability) in comparison with control light ice cream with
no added Tgase.

Results and discussion: The results revealed that TGase treatment effectively increased the viscosity of light
ice cream.The higher the enzyme concentration, the greater the viscosity of ice cream samples. This could be
attributed to TGase-catalyzed formation of large protein polymers in ice cream mix that resist to flow. All
enzyme-treated ice cream mixes exhibited shear-thinning behavior, where the viscosity decreased with
increasing shear rate. The power law model was used to find consistency and flow indices for different
treatments. The results showed that consistency index increased and flow behavior index decreased with TGase
concentration. The stronger shear-thinning behavior (lower flow index) of the samples treated with higher
concentration of TGase might be arisen from formation of higher number of large protein polymers in theses
samples, which decrease in size during shearing. The enzyme treatment significantly increased the overrun of the
light ice cream that could be due to the increasing effect of TGaes on the viscosity. The increase in viscosity
promotes the retention of air in the ice cream which is concomitant with increased overrun; however, high
viscosity reduces the whipping rate leading to lower incorporation of air into the ice cream and thus decreased
overrun. This may account for significantly lower overrun of the light ice cream treated with 6 units TGase/g
milk protein than the samples treated with 4 units TGase /g milk protein. It was observed that the enzyme
treatment caused a significant improvement in melting resistance of light ice cream. In fact, the light ice cream
treated with 6 or 4 units TGase /g milk protein took the longest time to melt, followed by the samples treated
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with 2 and 0 units TGase /g milk protein. This is somehow in accordance with the results of overrun; that is, the
ice cream with higher overrun melted slower attributed to a reduced rate of heat transfer due to a larger volume
of air. The overrun could also affect the hardness of ice cream as evidenced by the results of the present study.
The results showed that the samples with greater overrun were softer. It could be assumed that the air cells,
together with large protein polymers formed via catalytic action of TGase, limited the size of ice crystals by
exerting mechanical hindrance, providing a softer texture for the enzyme-treated ice creams. Not surprisingly,
the enzyme treatment did not considerably influence the flavor of light ice cream albeit the sample treated with 6
units TGase /g milk protein received significantly lower score than the other samples. Conversely, the color of
enzyme-treated samples was more appreciated by consumers than the sample without added TGase possibly
because of light scattering properties of enzymatically formed protein polymers in theses samples. Consistent
with the results of physical properties, the texture of light ice cream treated with 4 or 6 units TGase /g milk
protein were ranked as the most desirable samples, followed by the samples treated with 2 and O units TGase /g
milk protein. The order of light ice cream samples for total acceptability scores was the same as that for texture
scores with the exception of the sample treated with 6 units TGase /g milk protein whose total acceptability score
was lower than the sample treated with 4 units TGase /g milk protein.

Keywords: Light ice cream, Microbial transglutaminase, Flow behavior, Hardness, Overrun, Melting
resistance
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Effect of sodium metabisulphite and osmo dehydrated pretreatment on
physicochemical and organoleptic characteristics of vaccum dried citrus lemon
(shirazi) slice
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Introduction: Nutrition research on the health benefits of substances in plant foods (phytochemicals) has
recently advanced to a new stage, as ascorbic acid, these phytonutrients is abundant in citrus fruit, and all show
physiologic actions that may contribute to cancer prevention. Citrus lemon is an important source of this
nutritional qualityand it has low durability due to its high water content (87%). Therefore, some practical
solutions such as drying could help to increase their sustainable necessary for improve production. Different
drying methods have considerable impact on the quality of final product. Vacuum drying can preserved nutrients
and increased the nutritional quality of the final product. This behavior could be related to drying process at low
temperatures in the absence of oxygen. In vacuum drying, removal of moisture from food products takes place
under low pressure. The lower pressure allow drying temperature to be reduced and higher quality to be obtained
than with classical air conventional process at atmospheric pressure. Osmotic dehydration can be used to remove
water from heat-sensitive products with low energy consumption at a low temperature. Since osmotic
dehydration cannot remove whole moisture but it is good as a preliminary partial dehydration step. Higher
osmotic concentration, long time and oxygen resulted in higher loss of antioxidant activity but fit osmotic
concentration and time. The osmotic process has received considerable attention as a pre-treatment to reduce
energy consumption and improve food quality, besides reducing the drying time in different research studies.
The osmotic dehydration as a pre-treatment also inhibits enzymatic growing, retains natural color and retains
volatile aromas during the subsequent drying. Sodium metabisulphite is an inorganic compound. It is used as
antioxidant (through oxidation prevention) and preservative agent. The purpose of this study was to quantify the
flow of soluble micronutrients, such as ascorbic acid, antioxidant agent during osmosis and its effects on the
changes of organoleptic characteristics (flavor, taste, color and texture) in final product.

Materials and method: In this study, lemons (shirazi) of uniform quality were purchased from the local
market Tabriz city (Iran) and stored at 4°C then the local temperature reached before use. The prepared slices of
lemon with a thickness of 4 mm, were immersed in a solution of sodium metabisulphite (1500ppm) for 10
minutes at room temperature. Then, the influence of three different osmotic solution, (40 % sugar, 15 % salt and
20%:%20 sugar/ salt) on osmotic dehydration (water loss and solid gain) prior to vacuum drying oven
(Memmert, Schwabach, Germany) at temperature: 60C and pressure: 70mbar, were investigated the (Shulka and
Singh, 2007) method. Moisture content was determined by the oven drying method (AOAC, 1990). The effects
of various drying parameters such as osmotic solution and metabisulphite treatment on the quality of dried lemon
slices were evaluated. Drying kinetics were presented in terms of the temperature of the product during drying,
drying curve and drying time and quality aspects were studied in terms EC50 by the 2, 2-diphenyl-1-
picrylhydrazyl absorption rate in spectrophotometer method (Cemeroglu, 2010), ascorbic acid by the 2, 6-
dichlorophenol Indophenol titration method (Cemeroglu, 2010), shrinkage by the fluid movement (by ethanol)
method (yasaemehrjerdi et al, 2012), and sensory evaluation by the ratings table method. Also the experiment
was conducted according to a completely randomized design in triplicates. Data were evaluated by analysis of
variance (ANOVA), using Design Expert software, and version dx7-trial .

Result & discussion: The result showed that the pretreatment with osmotic solution, has significant effect
(level 1%) on physicochemical and organoleptic characteristics. In this study, shrinkage levels were reduced to
an average of 20 percent because of the evolution of volume of dried lemon tissue throughout osmotic
dehydration in osmotic aqueous solution were closely supported by microstructural and ultrastructural changes.

1 And 2. M.Sc Graduate and Assistant Professor, Department of Food Science and Technology, Tabriz Branch,

Islamic Azad University, Tabriz, Iran.
(Corresponding author’s Email: n.asefi@iaut.ac.ir)
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The observed behavior of structural parameters could be partially explained in terms of the multicomponent
diffusion process occurring during osmosis as well as the relaxation of structural stresses of the compressed
viscoelastic cell walls. Water loss in samples immersed in sodium metabisulphite was increased, while EC50
(reduced EC50 amount that’s mean increased antioxidant capacity) and that ascorbic acid content were
decreased. Also combined osmotic solution (salt 20%- sugar 20%), considerable in water loss and solid gain due
to the combined osmotic solution were increased. Mass transfer in samples was increased by increasing the
osmotic pressure using salt. The sugar solution can be preserved fruit nutrients and increased the sensory quality
of the final product through preserved antioxidant capacity and ascorbic acid content. model presented the best
fit for the observed data and sample immersion in sodium metabisulphite with sucrose osmotic solution selected.
Since, changing the original taste of fruit in osmotic dehydration considered to be a negative factor. Therefore,
the selection of the best solution must be based on the sensory properties. Based on the obtained results, the best
osmotic solution for dried lemon was found to be the sugar solution.

Key Words: Citrus lemon, Osmotic, Sodium metabisulphite, Vacuum drying
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Introduction: Nowadays, use of new processing method is important for converting by-products into more

marketable and acceptable forms to achieve a better utilization. Sea food processing generate protein rich by-
products that their quantity depends on processing method. One of the methods for effective protein recovery
from this protein rich by-product is preparation of protein hydrolysate through enzymatic, autolytic and chemical
hydrolysis. Enzymatic hydrolysis is widely employed to improve the functional and nutritional properties of the
fish byproducts. Hydrolysis may be conducted as a method of separating soluble nitrogenous compounds from
insoluble particles and fish oil, and offers good predictability of the products. So nitrogen recovery assay can
determine enzyme efficiency in separation of soluble protein from insoluble protein. Different factors (Enzyme
level, temperature, pH, enzyme to substrate ratio) can effect on the hydrolysis degree, nitrogen recovery and
functional properties of protein hydrolysate, so optimization method is used for obtaining the best condition.
RSM s a statistical model frequently used for the optimization of complex systems and uses quantitative data
from an appropriate experimental design to determine and simultaneously solve multivariate problems. Based on
the experimental data, RSM could tell us the optimum conditions to obtain the desired responses, as well as the
mathematical model in explaining the relationship between the experimental variables and its responses.
Alcalase has great ability to solubilize fish protein and is nonspecific, with an optimum temperature that ranged
from 50 to 70°C. It has optimal pH range at the value of 8 to 10 that could reduce the risk of microbial
contaminations. Moreover, it has been reported that produced protein hydrolysate by Alcalase had less bitter
principles compared to those prepared with papain. Furthermore Alcalase has been documented to be a better
candidate for hydrolyzing fish proteins based on enzyme cost per activity.

The Cuttlefish (Sepia officinalis) can be found in the south water of Iran including Persian Gulf and Oman
Sea and their catch has been recorded about 5102 t according to FAO Statistic. This species has been considered
for exporting to other country. During Cuttlefish processing, 30-35 % byproducts including head, arms and
viscera are generated that can be invaluable products and environmental pollution while it is protein rich source.
The objective of this study was to optimize nitrogen recovery in the enzymatic hydrolysis of head and arms of
cuttlefish (Sepia pharaonis) using Alcalase.

Materials and methods: Response surface methodology (RSM) based on Box-Behnken was employed to
investigate the effects of different operating conditions including temperature (45, 50 and 55°C), pH (7.5, 8
and 8.5) and alcalase enzyme to substrate ratio (1, 1.5 and 2) on the nitrogen recovery as a surface response.
Referring to the R2 of 0.96 for nitrogen recovery, the mathematical model showed acceptable fitness with the
experimental data, which indicated that major part of the variability within the range of values studied could
be explained by the model. After obtaining optimum condition for nitrogen recovery, freeze dried protein
powder was produced by optimized condition and analyzed for amino acid composition, chemical score of
cuttlefish protein hydrolysate and protein efficiency ratio.

Results & Discussion: The obtained results showed the interactive effect of temperature and enzyme to
substrate ratio was not significant (P> 0.05) but the interaction effect of enzyme to substrate ratio and pH and the
interaction effect of temperature and pH was significant (P<0.05). Nitrogen recovery was improved by
increasing temperature, pH and enzyme to substrate ratio to optimum level because of temperature caused to
increase the reaction between enzyme and substrate but excessive temperature result to enzyme denaturation. pH
can influence on hydrolysis due to changing amino acid charges of enzyme and substrate characteristic. Higher
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enzyme concentrations caused more active sites available for the substrate to be hydrolyzed. The optimum
values for temperature, pH and enzyme to substrate ratio were determined to be 52.69 °C, 8.5 and 1.92%
respectively, which resulted in nearly 36.89% nitrogen recovery. Based on the lack of fitness factor which was
not significant, it is concluded that the resulted model is capable of prediction at different levels of variables.
Amino acid composition from optimized conditions of protein hydrolysis showed that this protein has a high
nutritional value. Essential amino acids such as phenylalanine, valine, threonine, arginine, methionine, leucine,
isoleucine, lysine, and histidine to total amino acid ratio and essential amino acid to non-essential amino acid
(alanine, aspartic acid, glycin, serine, glutamic acid, proline, hdroxyproline and cysteine) ratio obtained 55 %
and 1.25 %, respectively. Arginine is an important amino acid that observed 11.61 (g per 100 g protein) in Cuttle
fish head and arms protein hydrolysate. Chemical score of head and arms of cuttlefish protein hydrolysate
showed that this protein has a high amount of essential amino acids and could provide the essential amino acids
(Standard protein FAO/WHO) for adult human requirements, but phenyl alanine and threonin are limiting
compared to requirements of common carp (Standard protein NRC). Protein efficiency ratio of this hydrolysate
was 2.37-4.37 that showed high protein efficiency compared to casein of milk.

Keywords: Hydrolysis; Alcalase; Nitrogen recovery; Optimization; Cuttlefish
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Introduction: Lipid oxidation is a complex series of reactions that occurs during processing, storage and

final preparation of foods containing lipids (Bera et al., 2006). Among the various methods of protection against
oxidation, specific additives are used which are antioxidants (Pokorny et al., 2006).Polyphenols are natural
antioxidants that possess characteristic properties, such as free-radical scavenging and inhibition of oxidizing
processes in the body. For using of phenolic compound, they must be extracted from plant material. Traditional
methods of extraction are labor-intensive, time consuming, and require large volumes of solvent (Wang and
Weller, 2006). In recent years, ultrasound-assisted extraction (UAE) has become an effective method for edible

oils and fats from natural product extraction. UAE is an inexpensive, simple and efficient alternative to
conventional extraction techniques (Chen et al., 2010). The mechanism of UAE is attributed to mechanical and
cavitation efficacies which can result in disruption of cell wall, particle size reduction, and enhanced mass transfer
across cell membrane (Wang, Wu, Chen, Yue, Liang, & Wu, 2013). Figs are an excellent source of phenolic
compounds and some studies have described the presence of several phenolic compounds in this species (Solomon
et al., 2006; Teixeira et al., 2006; Vaya and Mahmood, 2006). However, according to our knowledge, there are no
studies about the detailed investigation of different parts of the fig and evaluation of its oxidative stability.
Therefore, the objective of this study was to evaluate antioxidant activity of pulp and skin of two varieties of fig
(Siyah and Sabz) and its application as natural antioxidant in canola oil.

Material and methods: Fig fruit (F. carica L.) from two selected commercial varieties: Siyah and Sabz
wwere collected from Gorgan, Iran in September 2014. Canola oil was purchased from Alia Golestan Company
(Kordkooy, Iran). All other chemicals used in this study were of analytical grade and were purchased from
chemical suppliers such as Merck and Sigma-Aldrich Chemical Companies.

The figs were weighed and immediately peeled. The pulp was cut and made into flat sheets. Thereafter, the
pulp and skin of each fruit were shade-dried for 5 days followed by drying at 60 °C in an oven for 24 hours to
ensure complete drying (Memmert 100-800, Germany). The samples were then milled and sieved. Samples
obtained were kept in polyethylene bags.

Dried fig powders were mixed with ethanol (1:10), then placed in ultrasonic bath, and then sonicated at 37 kHz
for 20 min at 40°C by Elma Transsonic ultrasonic bath model 690/H (Cottbus, Germany). The extract was filtered
and subsequently evaporated at 40 °C in an oven. The concentrated extracts were stored at -18° C until further
analyses (EsmaeilzadehKenari et al., 2014).Extracts were used in concentrations of 0.5, 1, 1.5, 2, 2.5 and 3 mg/ml.

Phenolic compounds and flavonoids were measured by Folincio-calteu and aluminum chloride, respectively.
The antioxidant activity of the extracts was evaluated using DPPH and reducing power tests. Then we assessed
the efficiency of extract of skin fig of Siyah variety at 1 mg/ml the oxidative stability using Peroxide, thiobarbituric
acid, conjugate di en, acid value, Oxidativestabilityindexand colorindex in canola oil during thermal conditions
(180 °C, 24 hours) compared with Synthetic antioxidants of TBHQ.

Results and discussion: The fig extracts contained different antioxidative fractions which were able to
inhibit lipid oxidation effectively, by different mechanisms of action. Antioxidant activity of Siyah variety extract
was higher than that of Sabz variety extract; furthermore, skin extracts were found to render higher antioxidant
activity than pulp extracts. The stabilization effect of Siyah fig skin extract on canola oil (using peroxide,
thiobarbituric acid, conjugate di en, acid values, oxidative stability index and color index) was comparable

1 and 2. MSc Graduate and Associate Professor, Department of Food science, Sari University of Agricultural Sciences
and Natural Resources.
(Corresponding author’s Email: reza_kenari@yahoo.com)



1396 T = stee & o5l 13 alar o) 2hié @ lio 5 pole (sloiddo’s 4 pd D16

with the synthetic antioxidant (TBHQ).Therefore, skin of Siyah fig can be used as a potent source of natural
antioxidant in food system.

Key words: Fig, pulp, Skin, Ultrasound, Antioxidant activity, Oxidative stability
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Introduction: Cornelian cherry (Cornus mas L.), which belongs to the family Cornaceae, grows in Iran, in

areas such as Qazvin and Arasharan. The fruit possesses anti-inflammatory and antioxidant properties and it is
used as an herbal remedy in medicine. Separation of natural antioxidant compounds from plant sources requires
an appropriate method of extraction, which is effective factor to achieve the higher efficiency of these valuable
compounds. In this study, the effect of extraction methods (immersion and ultrasound) and different solvents
(ethanol 100%, ethanol — water (50:50 V/V) and water) on amount of phenolic compounds and antioxidant
properties of cornelian cherry fruit extract were investigated.

Materials and Methods: Qazvin cornelian cherry was purchased from the local market of Amol city,
Mazandaran province, Iran. All solvents and chemicals used in this study were of analytical reagent grade and
were prepared from Merck (Darmstadt, Germany) and Sigma—Aldrich (St. Louis, MO). Cornelian cherry was
washed, core separated, dried in front of the sun for 5 days and then powdered with kitchen miller. Powdered
cornelian cherry fruit was extracted using immersion extraction techniques, ultrasound and different solvents
(ethanol 100%, ethanol —water (50:50 V/V) and water). In the immersion method, powdered cornelian cherry
fruit were mixed with each solvent in the ratio of 1:10, individually. Then, the mixtures were shaken overnight at
room temperature. After 24 hrs, the extracts were filtered through Whatman No. 42 filter paper and the solvents
were evaporated in an oven at 55°C. In the ultrasound technique, the mixture of powdered samples with any
solvent (1:10) was sonicated in an ultrasonic bath for 45 min at 35°C. The extracts were then filtered and the
solvents were evaporated using an oven at 55°C. Finally, the extracts obtained from extraction methods were
kept in a freezer for furthere experiments. The total phenolic content of the extracts was determined with the
Folin-ciocalteau method, briefly, 0.5 mL of cornelian cherry fruit extracts with concentration of 1mg/mL were
mixed with 2.5 mL of Folin—Ciocalteu reagent (previously diluted 10-fold with distilled water) and 2 mL of
7.5% sodium carbonate solution, then the samples were kept for 30 min at room temperature in the dark and at
the end the absorbance of the solutions was read at 760 nm. The ability of the extracts to scavenge 2, 2-diphenyl-
1-picrylhydrazyl radical (DPPH) was determined. 0.3 mL of each extract with a different concentration (500-
3000ug/mL) was mixed with 2.7 mL of methanolic solution of DPPH (6 x 105 mole/L), then the mixture was

shaken vigorously and was placed in the dark for 60 min. Absorbance was recorded at 517 nm. The percentage
of the DPPH radical scavenging was calculated according to the following equation:

% inhibition of DPPH radical= [(ADPPH - As) /ADPPH] x100

As and Apppn are the absorbance of the solution the absorbance of the DPPH solution, respectively. Reducing
power of extracts on iron ion was measured. 1mL of each extract with a different concentration (500-
3000pg/mL) was mixed with 2.5 ml of phosphate buffer (0.2 M, pH= 6.6) and 2.5 ml potassium ferricyanide
[K3Fe(CN)6] (1%), then the mixture was incubated at 50° C for 30 min. After that, 2.5 ml of 10% trichloroacetic
acid were added to the mixture, then, was centrifuged at 1000g for 10 min. Subsequently, 2.5 ml of the upper
layer solution was mixed with 2.5 ml of distilled water and 0.5 ml of 0.1% FeCls. Finally, the absorbance values
of the solutions were read at 700 nm.

Results and discussion: The result of this study showed that the type of solvent and extraction method has
been effective on amount of phenolic compounds of extracts, and also concentration dependent of phenolic

land 2. M. Sc. Student and Associate Professor, Department of Food Science and Technology, Sari Agricultural
Sciences and Natural Resources University, Iran
(*Corresponding Author Email: zramiri@gmail.com)
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compounds with antioxidant activity was observed in all extracts. The highest amount of phenolic compounds
with 142.72 mg/g (based on Galic acid) was observed in sample extract obtained from solvent of water- ethanol
(50:50 V/V) employing ultrasound method. Also, this extract with the lowest IC50 value with the amount of
0.955 mg/ml in the DPPH free radical scavenging method and the highest absorption with the amount of 0.601 in
the reducing power of Iron IlI test, the highest antioxidant performance is shown. A negative correlation was
observed between the total phenolic content and the ICso value in the methods of measuring the antioxidant
activity (DPPH and reducing power), which revealed the higher total phenolic content will give the lower 1C50,
that means the higher antioxidant activity. The results of present research showed that cornelian cherry fruit is a
natural source of phenolic compounds and have considerable antioxidant activity.

Key words: Cornus mas L. fruit, Immersion, Ultrasound, Solvent, Antioxidant properties.



Iranian Food Science and Technology

= ¥
Research Journal g<@>
% 5

Vol. 13, No. 4, Oct- Nov 2017, p. 528-539 o

Gl @l abos g pale laldgly 4 i

Zigirds 528-539 . p 1396 oL ~ s 4 0Ly 13 uls

2 P s (BL 5 K55 (b 55 b Sy Odslu, Ol 6 oLl

S b g bgw b al

L) o dammn do < g (5 pllae o =T (g 306 sl
1395002117 1234 53 s
1395/08/19 - s o

2>

Lo o by p (ALS 00d dinge (s (B 5 (S59I5%) «(loord g8 Clinasi o a5l Gloj Sl oy gl nl ploxl ]l ore B
9 &by g (bg) koo ey (8L (sl il jloslatl b (LS (i (150 ¥ 908 (gilwdingy D9 (Jgare (i b duglie )3 douS
b )3 oy 3550 o yges] Aot Lyl Cundts (10> 45 43 55) uouS i b gy o (o yiag 9 Cpdy plool D-optimal £ b
d)l.)u.fuw )91944 O_\,.JL.:) ..\.\.:").9 &S sls uLW L;\_BL 9 uSg»Jﬁ) C’L" sy D d)ﬁfo)'l_\il el 24 9 86420 O_\ﬁ.’:L.:) caliseo dLmolA)'
ly by oloj (o 53 st o0l o & pgkas 392 I 5T il e g Pl o b AL j9Simg ogy Cluogad nl (95 2 (P<0/05)
(PO/0S) (5 o sino soloas (st diges 53,0 gd 4 Cunglio g olysl sy oo Gl L izman 91 sty (ALS o dingy (st bglco
Ot <SS pgkr g Jgame (i digel | by (BLS 00D Ay (ew digad 33 (Olyygl BMS  Cgd @ Cuaglie L8N A4S jslay 0D it
Sglite Lo g g9 50 Oglis dg ol 8 96 s 4 (LS ond dle g (Jgene (St 13 cawlie (S Ol Jlosl (sl (a5l loj
sl 0331 uilny 32Ty (b 53 (e 95 3y Slite it ol e eten ccigm Vo 3 OIS Logas gty

Orlpgisly 45 imd oy |y ity a5l )3 S50 (3lae
bz ba JslS bl olifoon 5 00,8 093 |y (2
sr sladels ln Folie 5w lalid 5 and e ialS
al> yo 53 dloldd wl Ggamlieifgen 5l ug 4ol 29300 JiSt5
2 s 9 395 30 A, Bl 238 U jao slod )3 b,
2 g Al oL 608Dy pi ) e (5SS (5l
9 00yl (e bglste ()0 03] Cubl (gt ()35l dl>ye
Ol by g 3 b o0 d9e (2o Jpazee 08 g L
Pl 5 b g 9 il ool 2 35 i S sl (B
45 48 Gl dlhun Oygoi |y ol O wlg e aosiad
ol gloj 41835 )5 a5 ploj cesls (paix & Jos
Dy 4 oyl 4 Caxlao 09 p0l 45 285 o ylas 3 sl 241,
il LLsd 5l sl flej celw 4 52 51 i oS el
(1384 ) San 5 (595 0) G 40 42 (55500
ale o ojluas g domiS i (e jsld il (S
laais 5l b ol S n 2068 b o 4 Mol o ol
2 S b (o plael G Bl e Ao il
19 305 4B i Coanl Pl 4S5 ol 00 S5 Lol

200 g (LSt (b TGS g0l

doddo

A o Oliie g 5l a8 ol (cheomio 0dy9ld it
S8 A o35 b by @ o jretio (alie 03918 S 095
slacle) 55 5 (S8 Jobre) @le 2 5 & Sl S) el
bl gydae (liE Slge gy ) (Se plsiea 315 e (I
Dbl e o A dooxie (i (glywd ST gl piY slaaslie
(35 Dy sl gen ogml gty cdestio s (slial IS
lod 3 (it aseel dlesul L )5 Bl a0 4 )3 sl
Lol (jlosgsition) (SwilSo y308 53 31,5 il 420 =5 &4 o33
Goff et al., ) 51,5 5l 45,5 =306 =25 (clod 3 5,5 cew
(2013
Cgenl Blo Jlwy (i g Jalie )0 (s (il
Asly dlye (S50 S copgmlifgen 5 Cogml i ygialy Sl oo

(55y5LiS 01l ( glie wlio ¢ pole 05,5 wliwl g (68> comtih -2 41

Ol dgutie wgd )8 ol

(Email: mmtehrani57@gmail.com  :Jsue sxiws - *)
DOI: 10.22067/ifstrj.v1395i0.55743



w9 (S3P9) (RAlrordigSy 18 S S h » ol gloj WU (235
529 .5 i3 Lo jud (b 5 aily yloj G il

Olwgad sloul o wlal (i@ sl pyegMe aslg
Slogad dloml )5 (i (Bl 5 (S5 (lardsSi b
Pl sl (s Mg slal eou @ly )3 5 oyl 9 la Sondy
obes 51 (onp Dot ol bl Ban Wil oo el
i (Bl g (S5 (lendsSo s SlydS g9y p il
st b duglio )d oS b g bgw jud by (BLS 0 gy
25U BLS sLagtioyy LT &8 5 cpl oy g ol Jgono

S o Jlosl by 40155 53 (55518 & s i b Cae

gy g 2190

e 3o )3 1615 § oyz doyd 19) Lgw 3,1 imghr ol )
b gl e Gl ogS 858 Sl (2 gt SuiS
oLi: wJ CJLJ.o C,S)w )l (u.J)> Lo )d 1/5) o)u)%m 9 o)AL)L.:l
Sy 3l (myz 3oyd 30) 055590n g 05y yiwl asls oy Lul s
o5 musd) X Jusily (6)b55 oS )l coluld oSy ) mlio
Dlalys 88, 2 gl S5y oo S S i
slolSiig;d jlond (S Cusgy g yo oS igad g Uiily S5
L5 (gl 5 ime

g yond Al

43,585 (clos b yhate Ol 55 15 s 4 00 s Lgw o))
255 b (o] g by 3] o 4) 35 50
53 593 100 Lwgio jo L Sbolsce ,3 4add 15 @ote dy s
40-50 (clos 4y 1) oas angg bglsto (s .13,5 bglsee aid>
oLe) 33,5 2 Y 39 (Lo a5 sl 35l s
3y Lagl )3 (33,5 wabass 11- 12 o aiS” s ol St
4l 15 e 4 o3 5bo 45 )3 80 (slo y3 canlio g\l 15 o
Sloo Jls 3 i > Gyl 53 G ne o b 5 45 03
(1386 esliel%y) i (¢ g S 51,5 b > 4-5

S s g
G (] o o 5 1008 crond ) 113 s &y o

anliS Lae (glod y> el 16 o ) g 9 15 bglee jatio
L s bglste 1 g b 030 gutitand O b oS g .5
&N 453> 15 e 4 0,5 lo 45,385 slod 3 9 12 s 0
L LIS s 4 a5uS daome (gguitannts g (5SO1 ) ey A5
Lowgio 93 b S bgle ;5 aids 20 e 4 g o bylse ylade
1 s @ bglsto ()5 5l oo 05,5 bglste aidy 45 495 700
ASo) 435 716 Y 53 Blo aply b (G (s 5 el
o Lol )3 (30,5 wabas 11-12 oy souS yud ool SCis ool

Jood pae dy &S 5aSY Qs S dzei jd ol douS b
Ol jlass aalgs 28y Caol Bgyme (b GV guasee 3 598
JRLEWRE Y ISP QG N PP RCST QPO AL W J51 RO S W
bgw yed o S Bl (gl 1 g 0392 ool (293 (LS slapelo
(jihad et al., 2009) 5,5 (s 5

(st 45 5> 03liel 3y90 (BLS ud (p g pme Ligw b
by S LwogSsl dlaggMog ol g9l Jgmame oyl s s
03,5 arge yol (nl g Llloo 22 9 Ol 1> Jsloee slagmeliog
33,5 (gandiwd Jiedgulyp slalie cip ol (claodygld g Lgw
(Kwok et al., 2002)

W5lg7 o oS (gl gy a8 il by (ilgh 40 oyl
(Escamilla-Silva et al., 2003) 45,5 ,|,8 o3lial 3,90 dlge
Sluogad  bgw JolS 3,138 51(1390) o) an 5 e
O3 3 A 518 (ayp 3j90 |y G (o g (alrendsSo b
059 oalS cel s coS 5 Lgw 5) oy ilidl agl
S Sy » ooy Gloj g 038k gg b (1387) o lien
Bl s o] ages gy |y 5 (i (e g (2lionsSi b
peg—ase ()jg 9 PH 3l Sluogad (S p p oa6ley loj &
15le oo dsSa 38 Cluogas plo Lol 20 (gl giae b
(2005) o)), LSan g8 gy> .amd o gt |y b yzal)b oyl dons g
sols o3le (Sols Cilises grsbaus )3 |y L (siuig 0,5k
0,8l aiS 409581 48 1 50,S sdmlidie 5 035 ad b 2y (yo
Dl g > (Il oy g (e (RIS Sl Ligw (g
L (2008) o) Lor g Wlpm 03,5 londigos igd &) Canglie (ljne
» &3S il Olysan ) bgw (g dgpl jl eslin]
o)A)L_AAMf 9 L:J).) oJ_wCM_AoI awlio l_J dwl)ﬁ u.L.Jb (s
ool Cuddy ol b 501> 5 duolie 3590y Ol uiigy
> Uiy g e (e Gl bgw (g gl (ool dgel
g baigel plo d Cond 5ok

Slao Lo AisS o (SWj dxels 3 a8 alydl 5 alacl iy
11 00 bl JSie () (slmodygl o g (it Ao 0 oo
Gty ogdle (LS (sl 40l o (LS (e My
4 S8 gl Slas oy BB &S isy oD Sluogad
Byns il a8 25 o amore Las Y S lesoliS o8]
ol 5 Al e oS il als Lgo BRI Ag ly |y oss
als o ;8 (gow jl . Naid Aoy gy (golail xdlio gly L



1396 o, -y ooy 13 al ooyl sl lié @bus g pole slesigy 4,5 D30

G 38l gy Galesl (b ol 1 g S (5]
P 503 sl (i 5l g 0ad duag xS b @ Ligus i
Jobd @l dlge Lol (uSin (it Sgliste (sl gm¥ 9058 (s
P Dylys ped dols 5 5LS od LS slayd Sl plS e
0 035w W ye 3,5 e 453 45-50 Lo Sls b Mo
o Ot S g S5 Jols sels lge bgbie ol |
a 5ad o 5l e g alsl end Ol mle 4y Jusly 5 plisudgal
3 ©ue 4 (Sunny, Model SM-65, Germany) ¢ o aluwy
4625 cae 43 80° C slad 3 5 00 by Lo SIS aih
Ultra Turrax T25D KA, ) ;5550 bwss 5 035wl
e 33,5 590 15000 593 5> 4aids 3 e 4 (Germany
o 2505w D7 C led b S g 5o el plos KaS 4 alolddl
poelw2d 486420 o b by dsye o) )
Sladiges dod ity bgle 15 ploul (5 20/5 °C (lod) Jlowse
o8 53 aids 20 e 4 by dlspo (b 5l e o ans
,1,-8 (ICK 5000, Delonghi, Germany) polis pé 5l i
5 Ay 5 o (Seadly Bgpls 3 Lntiges bl o i85
I3 =18"C ) o celw 24 cse 4 JBlis 5 $us (388
S g 9 g b oIS o 51 Jpona ity Aiges Lo 118,
Olgssd el 24 98 6420 Oy bale; (b o g
4 (Bahramparvar et al., 2011) 1,55 4 g5 sald diges

38 i 1 Jga )3 39390 cpglic b laloges ) Lo puiio

a b 15 e an o5 5l 403 80 clod ;5 canlio BBy )b )
(clos b s 3 s 5 i3 e pleg b g 43 03 55l
(Ahmadian et al., 2014) 13 (5,10 31,5 5lo 45 )3 4-5

b anl p (LS (e omVge b (355 (iluae
D) 9 bariye pidn (B yall aw (el 2o 0l g Lgw
5l dige Caud B 3 S ealiwl D-optimal # )bl 5 Fwl mdaw
shp ] Cawd 4 €3 cpyie b it 4t sl (LS sy
oS ¥l (60l Jgdo g plod ¢t pal )l aw 5l jolate
sged jl okl Ly g Kgd e ogucne CBL (i (glp (pdodi
L0155 L o] Conddy Ay o 915y jl o ang Al
(Sl Oloogad awlis g pSejlul 4 g b sk,
b ) Ll digad g 00 Ao (S dged (lendySo b g (L
858 2l 09 sy Ggliste slagle

e Ak
Lo 15 0o 10 Jols Jgame (i (ygawY goyd
w01 b oy 015 (s oya g dels odle sops 11 (S
550 ooy polul p (Joaome dw dolee 559 Juily doys 01
5 2LS layd l pliS pa 02 g Std ole e (e
15,5 2k 2010 JuS1 58l 5 53 4l8las job 4y g Joane yuid
Cowddny jl s 03,5 asuiie LS 5 den (59 o] elel g

BU 9 N3Pe 5 s,ldg0d p3 did, I (b ki iy pai -1 Jgua

aiged o Ry %5

Control Wl Ky digod

Control 0 oMby oloj b 3l g bl K diged
Control 4 owlwy oloj Celw 4 L sald S digos
Control 8 oMl (loj Celu 8 L saldd (i diged
Optimized (AU 0005 i s digod

Optimized 0 oyl loj (b 51 (192 (AUS 0445 dingr SHhumns diged

Optimize 4 ywilwy oyloj Celw 4 U (LS b0k diphe  owns diged
Optimize 8  yawlw; oyloj el 8 U (ALS suwd dindy (siwws digod
S99 093l

Obes (b Jl o st bglse sladiges (6,all 4 joSun s

Bohlin ) sdag s id > yesS g 5l ool b LQOT Ok,
4 ;4o (Model Visco 88, Bohlin instruments, UK
Julabo, Model F12-MC, Julabo ) . 5)l,> ;Y sS s

(i 9 bglire a3 by je (sl yg0 5]
O ylae (g S0l

plonl JUS” g, doy (i sladigad (g (550l
(639 o5leis Lo 3 luilil) cdpdy



w9 (S3P9) (RAlrordigSy 18 S S h » ol gloj WU (235
531 g 3 Lo jud (b 5 aily yloj G il

D- 2, b jl 5 guwls gdaw yig, [DeESIgN EXpErt )l58le 5 5l dois
2508 i g i Ay Cam Oy ity 9 o edliwl Optimal
L oasbsy glos cigajl ol 3 adllas 350 Jlas 33,8 Sl
ol oacel Cwty slmodls g el 24 98 6 4 2 0 o
SPSS20 liéle s 5l oslial b g 33las MolS’ )b by 5y aslllas
3 LaeSle duslie (gl a8 )3 )5 (g )lol Jlos g 4526 290
g 3 ool (P<O/05) aoyd 95 (g Lol prdaw 13 Sl (905

B0 a3 ST 5808 5 51 eolazwl b o ioie

OpY 90,8 (g jlwdie

(Bl o2 4yl dwo olul 2 (gmV 908 (giloein
o @iy o) plosl ¥l Jgie g plod o i Joli
Sl 28 oyl o bl 1y g 0008 iy Jl3ole 5
g ald g0 3l ool sty bt b 425 b g 00,8 oy 38lp
YU Caglhae o po b Jio bawgi oad (1S3 (sladiges bl
Sl (10 A0) soxiS 105 4y 00y BD) Liges o Connd i
JS5) sel sy (Bl Sleogad it b (2SSt 48
3Ble s b o sletiy alsge Joo 8 (2o lizel sl (1
sl Wy Al o Sl ) 52 480 ol S5 93 L oo
@l b odd (5 ySojlul gy jlade 5 435 e3litnl (i ans
2 o)locis Jgaz 3 a8 jobylan 00,5 dwslie odd cw yiw
ol i a8 09 K05 Sted &l ol Cul esuie
Dgr LS b 93 Cond (glp odel Cawmdey pdlie g Jio el

(9020 (e 9 (LS 05 Lty (St kg e

b ol g (M (359 sl Al Card & ey I
O e 43S Ao (Jgeme (i g (ALS Al J9e 8
ol 5148 39 wiges p,5 100 15 5,5 307 alS o aigy siwn
Slr 29 (2S uBg 0 4k g 9 b g o U1 5g00 e
s ol dan &S 39 wigei p)5 100 )3 55 2T Jgans it
A28 Cguina g

byl (Sjed95) Slymds 3 iy oloj il (o)
oo (K 9 (ALS 0w Ay (i
cilize sbalej 1 (i) Sl @ boiye @l (g
ol pasiie 45 jghailen Canl 0 03 (L5 2 (slaybges y
;L) o > (RZ0/99) (ool b (ohLS oles Jus
ol Gials by dapd GiliEl b ldiges ded (o alls d 5o

Uiy 4> 9 5£0/5°C cLas 5> (Labortechnik, Germany
e o9lE Jie U ladiges (ybye kb, .0005 oyens 51/8 s
Akalin et ) ol ond 03,90 1 55 dslas ol dlasly L5 e lio

(al., 2008

T = k(y)n (1)

L o905

(Texture Analyzer Brookfield <8l jJUT oS ||
ods 4 0,5 90 ladiges il obj,l sl CT3-10kg ,US)
6 mm jlas 4, a9 5l glaie s 22, 3Ll Lo ity don ]
A 03zl 2 MMYS e yo s ladigos 15 MM o 4 395 <l
s b a5 o lyiees 398 b (6l Say (S
A 2% Sty plyiedr gy S (o ke S350 n i
3 5w gl Sainna¥l (6 pl Jgte izmen s 48,5
ew Gygod 4(=l9§ 5 Cunl 00l SVl sjo (2t & Lo
AKaIIN €1 ) 1,55 iy yo5 B JS5 s & sy B ko 2
(al., 2008

95 & Caoglie

O s )y (it g0 51 5 30 ke jglaie ol sl
500 Lo oyl S ailed (g9, 5 Ay, yidg b S
lod ;3 aiBy 15 e ) wiged g )y i o3l )8 o) Lo
95 (i (g Dde o a9 03D 41,5 OS> 25
dwlxe o daily 5l 0gd 4 Cuoglie doyd g 0ad (5ol ol
(1390 5 5 i) 505
0139 ™ s 903 ()] (s 3903 (59) X100 2)
gd dy Cuoglie duoyd =((0d gD diges

ol

J (matitia o (058 Gk | (e w2 QI o o
=t ol B o) duslmo g slazuil o yo 3l ams 5 L5 ity
(Bahramparvar et al., 2008) 15 dul>o y; abasly ol
byl 5l (ome w 0s)l (e 3l o o 39) X100 ()
2 Rl o pd (i e pled (09 —

Wodly g lof Jualod g 3005
9 b b ol p (2lS i Veed cilding Iy

1 Hardness

2 Adhesiveness

3 Apparent modulus of elasticity
4 Consistency



1396 o, -y ooy 13 alo oyl pal I3 @bus g pole Sloiwgyy 4 pii D32

bl by dayd Giuli8l L edigs

[ b | ]
* = Consislency =
P
E
§ oo
H » i
i L]
Tl
-
W it -
x-m - = sets |
i
}
| | B L]
remer — Apparent Modulus =
I
E
§ oeme
£
-
.ﬂ
=
wa n v = taie
Lar )

Wiy (5015 Jgdo 9 0158 ¢ Fhwr (o ol 51 03Mkuol L S s & g yind S (65 Lurdingr — 1 SO

dy90 sLadges dan a5 2l L uls ;505 (gom 3.2 JS5)
5 L Sdlgdg ) (sl slagle; den (b 53 ()

imi-s - Hardness

T
-
L
E
g THEr
o
i r
-
-
Mo —{
L . _—_
-d iz St -0 13- AP
Astugl

Wkt Comd 5138105 ydlio y (a3l ol Comvaty (8L (g ol (Lo pa3lie dumnliio -2 Jgor

(225 aolowe) g (S

(51581 0 55) diuer (Mmmy  (umns E3/ yiol )y

1209 1217/91 ol ias
117 12216 olgs
195/426 196/39 &AL Joio

Viscosite (Pa.s)
N o o [
S a 00 = N

o
[N]

e=—t=— Optimized 0
=== Optimized 4
=== Optimized 8
=== Control 0
et Control 4

==t Control 8

100 200 300 400
Shear Rate (1/s)

g 43 il 45 (Jgere g (AL (s bolse (6, diy jeSumy Ol S W9, p1 ol lo Sl -2 JS




533 .5 Ku3ash) ccstloonbaSs 3ud LS9 2 il loj G (i3

(2008

siolo (it 41 g 31 39331 51 (1390) olSem 5 e
L g Lgw 3, (29381 L a8 sl L byl gols a8 155,85 oy |,
YL ol el g by slapn Sy (VU glie & 0y
Gty §3,8bos Mg (Slyime Gl Grizmen 5 ol slagsn
3 U pleB s rizmen b oo (Rl s ges plo3
Ol gl Limgh @l ped o .l (liE dle oSy Canlo
Seidygdgw (Sod bgw (g9l (S boliie sladiges o5 D
OhSime i Slssen MolS Lingh ol gl b 4 wdgy
sloo BludS b (2 (gt Sid o3le (Sl 45 08 ()18
soban |y Ladises dijoluny o i oS 55 5 Lgw (g
Dervisoglu et al., 2005; Herald et ) s> o isl33l aasuie
(al., 2008

Sl Jol 0,5 (e )pgo pren Jos 93 (i il (b
slaopSon b g odd (2 sbaansS maw Ol b plicudssl
plosl byl (10 5y S 4 Joo onl & 55 (o | e
O L cdlato g ond yslito bty purlS (63 5 $ig0 &Sl 2,5
23,5 o oy slionsS Ol tin O b g osd 5 S
Sl lydad 31 55 (a2 sk (asily (b5 sl b e
ol sled > )& s ole 4 (1385 o iSen 5 (Si2)
Cd o2 Gl S ggyd el Celo pain (b
Gl 5 iy sl S5l s 4 b plinedsel 5 loptisn
Ol lge nl den doeis 4 335 o baosiiS )k 5 Lagyy
Goff, ) adli e (it byl plod o o (iljal g 4ty jgSing
(1997

st byl 93 12 plgd oo g 4l joSumg & 3b (L s

Sl ORIl OaLe) ploj GRIBIL Jgeme (L 5 (LS ol
3590 H505 9 b Sl Loy oSy 2390 53 Ll ol e
290 by ooy slal 4 4 yn (B US2) 09 LS oy
092 L2 joSwmg 3390 0 (8 yieS Clyeesd Mol Al S35 () 2
(i by Lo digad 4y Sy ol 8 U jio (Lo 5l 4y sk
4l Jl 0/07 o el 24 58 loj 51 4 0/88 Jgoss
Ol il Ol 50 00 diugy (S balses dyg0 )3 cubly lpss
3 J8oub 0/07 s cclw 24 68 loj 51 3 0/76 el 8 5 0
celw 8 ole; U e (Lo colyn 4 oly o a5 5g 4l
Sleam layloj g aily (ioli8l 88 ojlul 4y gl aty joSun g
e bl oed )0 d 95k laie gt 4 (o2l b
Al plg 8 o yid Ol sd 45 0l LS 0 ladiges plgd (s
Gl B Sl ol G & gl l b ol oS
5 aijsSy (A JSo5) 292 ity (LS oadaligy (e byl
by dlsyo (clo b Lyl jlordaiggs ool bale pls oy
OlFee & o9yl (Jgere (i bylsis diged alidia 3)l5e ]
Plo S g Al jgSumg (9 pldr (bl S oS cuth ol
4ol 1 Ly b sl Loy 5 oDy spd> 4 by
F9ge 0jg b 45 LS5 cnl el o 1z 2l oo (St
Ol lgioe (I a5 St g ol b gy 30y 5l iz Y,
Ol Em29e Ol Cponl 9 S 495 ) ploS oo g A oS
w2 Gl oy (59) 8L Jale S A 5oSn g oS
28 0k b g Ol g ey JWSI €5 o0 ladls s
Bahramparvar et al., ) couwl oas 3yme i (slrodyglb

R? = 0.9876

Viscosity (Pa.s)
o
w

o} 2 4

y=0.0176x+ 0.4615

6

Aging Time (h)

R? = 0.9683

0.3381

=t Optimized IC

= Control

Foore g At (AU (s bldo (68l & joSum g Ol kS Kig; 2 il (loj ;3L -3 JS



1396 o, -y ooy 13 al ooyl sl i @bus g pole clesigy 4 pis D34

25

Consistency Cofficient (Pa.s")

a
Aging Time (h)

y=0.1233x+ 1.1683

R2 =

6

D.0665x 4
R? = 0.9¢

0.9746

e Optimized IC

i Control

24

yore 9 At (AU (S bolso 0lg u pd Sl i K9y 1 ol loj 5 -4 UK

(Gt b 02555 J3) Sitadlgsgm 5 aisas dad o5 el
HLsdy s sm i 4 sl S Gl udila s e a5yl
Ol il b ladiges & Cod bglco (] ity SzMygdges
Dail ) 1)b (syuin S 1uliss Cosls 5V (595,85 o S
21y it aeal by 5ls, asls iagh o (etal., 1990
2593 aid > ¢ (Goff et al., 1994) u5s,s , S5 0/7 sqa
5 0/45 s 1) osed Lo olyons (it atiasl (2 i3y Sl
3 Slescan MalS Lingiy ol aulis b 45 w58 lis 0/81

[(Soukoulis et al., 2009)

sbadges bobo clp by sl (owyp 4 borye @l

2 Sl Ol gl oy 2590 sile) saglej den 5>
Wged (gl Olpnsd caudd pled Lo s ile a5 Bl ialS diges g
(i sl diged sl ol il sk gy ey alS
lp oasls ol bl Sl yois 9 Loy celo 6 oyloj 51 Jgomo
3 o 998 e 5 ol 8 (o U (aLS ity bgloe wiged
ol debdl (S0 s cos b sl 24 loj b i Jlado o
LS baiges dod sl (N) Ly L8y Hwail S 5l S polie

0.8

0.7 y =-0.0206x + 0.699
— 2 —
2.6 R? = 0.9465
-
23
E o5
lé- .- y = -0. == Optimized IC
E ’ R2 = 0.8803 et Control
é 0.3
£ 02
=

0.1

0 o
0 2 4 6 8 24
Aging Time (h)

Fgoxe 9 Aty (AL (Ham bldeo by (il Ol ki N9y 32 il Gloj il -5 S

9 4l jeS g sbpite slp wllae i SlS 4 sl ol
)-.;As ‘ﬁlﬁf DA.\:J % o ) 4‘3 . . . ‘;W o ) Pl9§ A:A..J.)Ao.
il e

o ey joSumy Jold (Sujelghy (sbyielly duy oyl
b (Jgone (s 5 (AL (s 905 93 32 by il g plg3
ORIl 4 sk Wgd oo (e Sy Hlad sl oloj iald]



w9 (S3P9) (RAlrordigSy 18 S S h » ol gloj WU (235
535 .5 3 Lo oS3 b sl 5 il o) sl il

le yiall cpl o dne g (odlS g, 5l LSS J (St (sladiges
Owlwy oloj Silidl b aals Wg) cpl &8 cuily diges  ow
3 39 (POM05) y5ls sine (BLS o dingy it diges (slp
Wged ) Copas 00D Al (ALS (s plod g L (b ggerne
A 4 g s (PLOM0D) (o)l ine ygbty Jgone (it
LS oAb Aty (g 9 Sl B (b )3 Jgane (g o) 0
A0Sl s gl plgd & anily celow 24 58 oy oy
L olS jod 5 (LS e 3 22 5 g e 5 £33 s Yoo
S5 g lop sols @i 5 ojlilisd Slas Sluogas il
Wl 039 g (it plg8 g COL (e pr (e Lol S
el oaimd S5 slinl J) QS Olsis 4l pSes (b
Al bl g (BadslSTgpm 5 0B By (1 2)
A3l demie (alas Jgmame (Sl (b (ganlisfoen)
sle> ialS' L (Soukoulis et al., 2009; Varela et al., 2014)
5 250 loj wedd ity ail (b 035 Call agley Al
sy 43Sy g oAb oal)d oAUk 5 (g xS sl
95 sl S )90 loj 3)lge ot )3 ¢ Wb oo I (S
39 b g 03,8 ool |y plindsal oy GhiSan g oLie )]
Cdl sim Joale 3 (i L 3 lgn (sl J5lS cuslie

(Goff etal., 2013) 1L o dgupe (siionn

ke (it (8L Oyt 5 by Gloj ;U o) 2
oo (s 9 (BLS 00
Sy (2B 958 Ko &S Gloj JS i 4 (i Cuoglie
45 abloe e Sl (Shy S &5 Mg e (e |) 2900
(A8 ) ljne) agl dlos abais ales 31,86 5l golaws p3b o
9 LooaiiSlul g95 9 Oliwe g pom QI oy el Dlge
ey 4w (Muse et al., 2004) 5,5 o )|, 4 59
Mg s (ladiges dan 3985 yg0jl 5l odel Cumsas slayzal)b
Landged plgd g (Satms il (b sl okl 3 Jodo ,> o
P 8l (b 2B 18 b5yl )se (Bl s el plyea
oiblS Wgy cplas” il yials ailey oloj il L diged 40
Lo dged Ay Caud 0005 dishy (BLS i diged jd (hw
Wges Bl (hw gyt (PLO/05) (o)l sxe yoboas ln Jgane
£S5 10576 sgu5 9 YU Jlws yio oyloj yd (BLS 00 diugy (itan
ctboe el g 392 YL o (Jgese (S dged 4 Cu &S 39,
y sl doyo bl (LS 0ud dige i o5 Conl (] s
Pt sl (LS (i iged 3 Glsds () e K9, S (b
aobl celnw 24 lo; L5 K9y opl a5 390 Jgexe (it diges )|
S Joaxe (s diged 0 il b Glyusd i Lol cudly
st by ol B oloj b s o slaiay a4 ygbas 50 S
8L plod (cwyp 33 g S Iy (crnlin Sl 8L duilys

oo 9 Aty (AU (St (Hb Slooguad Ol il g, 1 o3l loj 506 -3 Jgaa

(9) & Wz (MJ) @lgd s po (9) <l i
e T, e I e Jrexe  aaddg e owile) gl
17/9+0/71*  9/1+0/22°  1139/3+2/38*  309/8+2/51* 10576+32%  3450+12/22 0
15/9+0/670  8/8+0/19:  850/8+1/81>  184/3+2/62>  §751+23>  2166+9/3° 2
14/2+0/62°  7/6+0/19°  853/6+1/07°  160/6+1/29°  8397+22c  1675+6/25¢ 4
12/4+0/53¢  7/3+0/21>  450/9+1/31°  119/3+2/13°  5624+17¢  1386+5/23 6
B/1+0/68°  7/2+0/18°  208/7+2/119  T72/5+1/629  2417+10°  1125+4/16% 8
B/3+0/42f  B/9+0/170c  110/7+1/34e  TUS+LOTY  1230+7F  845+3/29¢ 24

CalP<OM0B) I sine B3l 3939 ;KL Cidy 2 Sy i gy g Canl(PZ0/05) o sne Bl 3939 pire ;Ui i) b > GluSy by o™

(Jgone (Fw 4905 &) Capud (BLS 01D dingy (S Wiges 5
0 Ld Jade )i g by e (P<O/05) 15l xe jluns
5 035 ol Jgane it g0l sl el 4 loj 0 (St
il dals Wy, el 24 Oloj U (2lS oud digy (it gy
Ol P9t 5 Ol Sald pladl sl bale nl oo Jlaiey

A3b calio MalS” el

Jelse g (Stgn 9 (Shimer lagys (5 5 Sl 4 (Stine

Adhikari ) 5l (S diwioY g g 5 40 joSun g Jio (6,55
S sl ool slaley awslis 4> (et al., 2001
3l st (PO/05) (g o sine ooy 005 disgy (LS (i Wigd
ol bl nl ooy p S (SHobar 29 Jgene (e diged
Oil3BI Ly (st 2050 Woigel dom (St (3 Jpaz) &5 5
(SN S g Sl gy &5 0,5 L (Al (il Lo



1396 o, -y ooy 13 alo ooyl pal I3 @bus g pole Sloisys 4 pii D36

JslS g5boslinly 3 T S (g (285 9 Ligws sl iy 292
(1390) ylSen g s ol 28 4295 ]y b ol oo lgm (sl
295l I JS5 QU5 Lgw slapnSyn o aih ol
A3l e gl Y same 13 (6550 L Ailws B 5 atdl
9035 5yl (i gr¥ 908 3 39290 (aouiS b
&3 9 e (gl 1 Lad g g oo di oSy (IRl corge
ORIl gl a3 4 Wyl oo a3 lgn (sla Jober uslie
caib lo Wb St sladises oylyyel o pd (6550500 3.0 o
gl sacde A iulejl jLu s olKiwd I ool 4 v g5 b
ohlen 5 bage i loy o)y 28-30 o Oleee |y wallas
o 250 |y (it ©loogad  bgw JolS 515,18 51(1390)
oy ialislaS g ol saimd s Limgh zuls a8 wob,l )3
o3 45 51 5V o 1 Lo 3,11 0y 9 dels o3l 301>
Oliee ol &5 5 psbots 13,5 Ladiges o> (a8l (lise 290 ey
33 D9 (o> 28) (p YL Lgw 3, aoyd 65 aSges sl
e w22 Gl o po Gl ml plie s b jiaggy
S i olSid (395 LS @ 1y ol 150,9] cundas Joeze
caab Lol Sy sean yiagis ol gl Ly a8 wn)S badye
(Bahramparvar et al., 2011; Bahramparvar et al., 2012)

3 0391) (=588 Sl s il sl U ouwy 2
(Fgor0 (Fu 9 (AL 0 dinger (Samnt (293 & Coglio
sy a5l oloj sl 00 03,514 gz 3 &5 yoboylan
Jyone g odddingy it slotiges gl 52 (POM05) (gl e
2 gl sy loj GRIBIL ol 392 JI 85 sy 2 350
ol 0 iy (PLO/05) (g o ine sgboty (St (sladigas
gy 01D Ao (ALS (e Wiga )3 Slpsdd (pl GAS &S 5k
An Olgl 22> (Jgene (St ged 3 391 (Jgese (Hian diged ]
Sl aliie Jlade a5ty o (oollas Hlade 4 sl 6 2905 )
aS joblon .ol 039 cuelo 8 5g0n LS o digy (i
o el 28 b el 8 (loj 31 (4 Jgis) sl Lastio WlS
gl 3 mos St (LS ity Wigei Logad wigel 53 0
LS 5 dead jlide g £95 (g Coll 4 4oy b O )90
5 S o3l ik daoriS b Joli oyl 595 2 580
iy o i (awr ladiges (LaSs M5 (o) (nen 5 (252
i 33 5315 Logas oalital 390 (slacuiSig e g £35 s
il gladiges )3 Glysl (Il (e 5> odlital gl 55
» Slazaly alS cladiges 10 dylge Sy )3 5 Llodg ,5 5T
(s ALBL AL (ol GBS (Jgene (i Jélae (Sl))g0 2]
e 35 3 (p9llae Sl oyl (LS Slagd L odd aie
Lo o] (VL (5 £95 5 20pd & 425 b o Sl Jgano

Foore g Aty (A Kt (S 58 Olooguad Ol pwdi Ng) 1 by (loj mil -4 Jgua

93 & Caoglie Olyyg!
oM A L oM A O ol gloj
3B/14£0/52:  37/T5+0/4T 16/12:+0/422 14/69+0/22 0
48/17+0/73° 48/82+0/64° 18/16+0/52° 22/67+0/31° 2
57/18+0/94¢ 59/28+0/76¢ 22/17+0/61¢ 26/41+0/49¢ 4
65/35+0/90¢ 68/9+0/52¢ 25/36+0/68¢ 29/48+0/45¢ 6
72/65+1/3¢ 76/78+0/96° 27/86+0/61° 30/27+0/59¢ 8
83/39+1/1f 79/67+0/95¢f 28/64+0/48° 30/5+0/46¢ 24

Cusl(PLOI05) s s M5 g2 g 185U i3y i p3 Hlay s Bgy> g Canl(PS0/0D) o sine 3] 393y pire S5l gy 2 > Jlay g™

oLS jobods ladigas gd 4y Canglin Loy il ooy Lalél
i isa5 3 Ltalidl ol Lol ecdly ilsal (PO/0B) ol ins
oS peblen g (Jgene (i digel I il (LS ordaig
Lo g 00 &Sl dm & s B o 51 il anil s Lo
dl)_) u».ul)_Sl u_)] i oS Conl 0dgs k:A>|9ASJ 4\3903 99 & dl){
Lagl @3, Slos (285 5 b slauiyy g2 yber (LS Sgad
L)l (ol i dinej cml 3 gl (YL T Gl Loguas

i g (92 Slaiie 3 (rgad 4l b CudS

Do gd @y (L s S1aS0) s 4 )b oYL cueal
Wpame cpin wsde 4 .aad o Cuwd I ) cunlio ()53 bl
WSod Jolde 3008 (0 58 (Sl Sod poyme 3 ]y 4
gy slod 4l o & S i jd j Al LS gd
sy s imgin ol ol (Bahramparvar et al., 2011)
LS (i W50 09 & Cungliio Ao > gg0me 3 oS (4 Jgaz)
b g 03 S35 ded 4y sl (Jgeme (il diged g 0 Al



w9 (S3P9) (RAlrordigSy 18 S S h » ol gloj WU (235
537 g Su3e Lo jud (b 5 aily yloj G il

AL (G g0 93 y2 sl g () 290 SYLLL ded 59
Sl sne U Jyano (st 5 18 5 Lgw b L 01 dige
Sl Al @lad jebay (asle) dls e Wi auld (b g 38
23,5 Jlosl (gl 926 4 (Bl g (oliendgSu s CudS o
OgY g0y 13 39290 Loy n Oglite laliblu o ol
He o psmten 1 o838 Ao I Jgone (it 9 (LS (st
9 e e (e g il (sl gially o (638,50
(St ) 39y (G 98 93 51 Pl 2 (sl Gloj n 52Ul
2L Qg Y 9008 53 (658 (g e dSiul 2929 L (Jgese
DB g 0L e e dg g b Ll ccudh 2529 (S
Cuoglio g (o9l Wil g Do g bl )3 ol oee 5 43, Sas
Cols B 094> 3 5 o alisS (loj )3 (Jgame (i c0gd &
9 Olygleplyd Bl wile (awyp 3)90 slajially 15T cunilys
sty (glyr polae ol Lol g sy (ogllas y30lae 4y gd & Cuoglis
ol 53 Ay el g SYL & g celn 8 2o b als
o sl oobatly (S b o o aple
a2y b cdb plo olgiie Caled o )0 ol Jgers 5 alS
A3 g 5l g 3 yulpe g lal )3 GhlgalS sk Canen 392
Olsie 598 4 ol D131 Gl 595 (g (it g Sl
3 gl il 35 5 (LS sloyed aly (e W5 595

Sl ol (g iy Sy gy (a5l Al ye alox

(sHm Sds o3l )3 D290 (i Mo yd (P9 Yule 4 g
Jori (ole (slaog)S oS sl (o plgi e o e (LS
Ol L g 03513 gmlyad O g0 @ 1y gyt ST ST ]
(prs) oty S8 53 A jsSiss,Se al3él sl Sl
L = el igdioe 093 4 Cuaglie (a8l dons )3 g (it
By 093 dy Canglie (I3 o (gmdgel (o)l 133
Sl syt ooy ey ol 4 9 (Damodaran et al., 2007)
5 S S & 51 0l Gl orizmen 9 56l > o Ll
oialel 5 o0l 3)50 (536 (6)55 (slaglgm Sl (3,5 4Se e
ol 48,3 s [(Bahramparvar et al., 2008) wib o ;L 3,50
3 5 ixe il G sgmg 5l lis 15 3 UK 50 a9
obes (b > (Jgene (i 9 (AL (S bglss 4 joSns
Iy od dy Cuglie yinlidl aes (pl &y ang b &8 iy (ol
59 (st el (pgpadgel LS g oSy SR 4 ol
Gl 2 S5e GlapusilSe plat S Bl calnli 9IS s
(Hn 293 4y Cnglie (59) (ygngel CLS g 4 oS
A il ol g 5 (L995) ohisen 5 mdly .58 50
d Ceglie Canl 5098 5 (6 VL Al joSuny jl &S i bgloe

(Walstra et al., 1995) w3l o 5YU 55 o) wgd

(S 5 o
7= ol Olaj &b plis (5 jsbar piagh cnl @l

&l

Adhikari, B., Howes, T., Bhandari, B.R. and Truong, V., 2001. Stickiness in foods: a review of mechanisms and test
methods. International Journal of Food Properties, 4, 1-33.

Ahmadian-Kouchaksaraei, Z., Varidi, M., Varidi, M.J. and Pourazarang, H., 2014. Influence of processing conditions
on the physicochemical and sensory properties of sesame milk: A novel nutritional beverage. LWT-Food Science
and Technology, 57, 299-305.

Akalm, A.S., Karagozlii, C. and Unal, G., 2008. Rheological properties of reduced-fat and low-fat ice cream containing
whey protein isolate and inulin. European Food Research and Technology, 227, 889-895.

Asadinejad, S.h., Habibi Najafi, M.B., Razavi, S.M.A., Nasiri Mahallati, M., 2007. Effect of Stabilizers and Aging
Times on Physicochemical and Organoleptic Properties of Soft Ice Cream, 18th Natianal Congress on Food
Technology, Mashahd, Iran.

Bahramparvar, M. and Mazaheri Tehrani, M., 2011. Application and functions of stabilizers in ice cream. Food Reviews
International, 27, 389-407.

BahramParvar, M. and Razavi, S., 2012. Rheological interactions of selected hydrocolloid—sugar—milk—emulsifier
systems. International Journal of Food Science & Technology, 47, 854-860.

Bahramparvar, M., Hadad, K.M.H. and Mohamad, A.A., 2008. Effect of substitution of carboxymethylcellulose and
salep gums with Lallemantia royleana hydrocolloid on ice cream properties. Iranian Food Science and Technology
Research Journal, 4, 37-47.

Dail, R.V. and Steffe, J.F., 1990. Rheological characterization of crosslinked waxy maize starch solutions under low
acid aseptic processing conditions using tube viscometry techniques. Journal of Food Science, 55, 1660-1665.

Damodaran, S., Parkin, K.L. and Fennema, O.R. eds., 2007. Fennema's food chemistry. CRC press.

Dervisoglu, M., Yazici, F. and Aydemir, O., 2005. The effect of soy protein concentrate addition on the physical,
chemical, and sensory properties of strawberry flavored ice cream. European Food Research and Technology, 221,
466-470.



1396 o, =y ooy 13 alor oyl pal I3 @bus g pole sloiwsys 4 pii D38

EscamillalISilva, E.M., Guzman[1Maldonado, S.H., Cano[1Medinal, A. and Gonzalez[]Alatorre, G., 2003. Simplified
process for the production of sesame protein concentrate. Differential scanning calorimetry and nutritional,
physicochemical and functional properties. Journal of the Science of Food and Agriculture, 83, 972-979.

Goff, H. D. and R. W. Hartel (2013). Ice Cream. New York Springer.

Goff, H.D., 1997. Colloidal aspects of ice cream—a review. International Dairy Journal, 7, 363-373.

Goff, H.D., Davidson, V.J. and Cappi, E., 1994. Viscosity of ice cream mix at pasteurization temperatures. Journal of
dairy science, 77, 2207-2213.

Herald, T.J., Aramouni, F.M. and ABU[GHOUSH, M.H., 2008. Comparison study of egg yolks and egg alternatives in
French Vanilla ice cream. Journal of texture studies, 39, 284-295.

Institute of Standards and Industrial Research of Iran, Isiri Number 639. Milk and Products_ Determination of the Total
N (Kjeldahl).

Jangi, B., Mashkoh, A., 2003. Science technology of ice cream. Ayiizh Press, First Edition.

Jihad M. Ayman S. Khaled A. 2009. Development of Vegetable Based Milk from Decorticated Sesame (Sesamum
Indicum). American Journal of Applied Sciences 6, 888-896

Kwok, K.C., Liang, H.H. and Niranjan, K., 2002. Optimizing conditions for thermal processes of soy milk. Journal of
agricultural and food chemistry, 50, 4834-4838.

Mahdian, E., Mazaheri Tehrani, M., Shahidi, F., 2011. Evaluation of the effect of Soy Flour on Rheological properties
of ice cream. Iranian Journal of Food Science and Technology, 8, 107-114.

Mortazavi, S.A., Ghods Rohani, M., Joyandeh, H., 2003. Technology of Milk and Dairy Products. Ferdowsi University
Press. First Edition.

Muse, M.R. and Hartel, R.W., 2004. Ice cream structural elements that affect melting rate and hardness. Journal of
dairy science, 87, 1-10.

Shahrabi, A.A., Badii, F., Ehsani, M.R., Maftoonazad, N. and Sarmadizadeh, D., 2011. Functional and thermal
properties of chickpea and soy-protein concentrates and isolates. Iranian Journal of Nutrition Sciences & Food
Technology, 6, 49-58.

Soukoulis C., Lebesi D., and Tzia C. 2009. Enrichment of ice cream with dietary fibre: Effects on rheological
properties, ice crystallisation and glass transition phenomena. Food Chemistry, 115, 665-671.

Soukoulis, C., Chandrinos, I. and Tzia, C., 2008. Study of the functionality of selected hydrocolloids and their blends
with k-carrageenan on storage quality of vanilla ice cream. LWT-Food Science and Technology, 41, 1816-1827.
Varela, P., Pintor, A. and Fiszman, S., 2014. How hydrocolloids affect the temporal oral perception of ice cream. Food

hydrocolloids, 36, 220-228.

Walstra, P., 1995. Physical chemistry of milk fat globules. Advanced dairy chemistry, 2, 131-178.

Yeganehzad, S., Tehrani, M.M., Shahidi, F. and Zayerzadeh, E., 2009. Study on the effect of soymilk on survival of
Lactobacillus acidophilus, physicochemical and organoleptical properties of probiotic yoghurt. Journal of
Agricultural Sciences and Natural Resources, 16, 165-173.



Iranian Food Science and Technology ) . L .
Research Journal | olnl @138 gabuo g pole Sltupyfy 4 5
Vol. 13, No. 4, Oct- Nov 2017, p. 528-539 R 528-539 .p 1396 (bl - s 4 o5las 13 il

An investigation on the effect of aging time on the physicochemical, rheological
and textural properties of vegetable-based ice cream of soy and sesame

S. Ghaderi', M. Mazaheri Tehrani*?, S. M. A. Razavi?

Received: 2016.05.06
Accepted: 2016.11.09

Introduction: In the food industry, it is preferred to alter the formulations rather than modifying the
legislations, so as to reduce the risk of facing consumer health. For instance, animal fats and oils could be
replaced with vegetable oils to manufacture products with low cholesterol and saturated fatty acids. Application
of vegetable-based products like vegetable-based milks as the sources which provide vegetable proteins and
lipids in ice cream not only incorporates the nutritional values and health-promoting effects of vegetable
compounds into ice cream, but also leads to the production of a novel product with specific properties such as
lactose-free products, which could be attractive and useful for consumers. Soymilk is avegetable-based milk with
a suitable lipid and protein content. The main objective of this study was to investigate the aging time on
physicochemical, rheological and textural changes of vegetable-based ice cream of soy and sesame, compared
with the typical ice cream.

Materials and methods: Optimization of the vegetable-based ice cream was carried out by the textural
parameters related to each other using RSM and the D-optimal design. The best soymilk: sesame milk ratio was
found to be 55:45. Subsequently, all parameters including overrun, melting resistance, rheological properties and
the textural variables during the aging times of 0, 2, 4, 6, 8 and 24 hours were examined for the evaluation of
aging. The textural variables were measured in this method that after the 50-g samples of vegetable-based and
typical ice creams were kept at ambient temperature for 5 min. A texture analyzer (Brookfield CT3-10kg,US)
was employed to analyze their texture. To that end, a probe of 6 mm in diameter was selected to penetrate 15
mm into the sample at a rate of 2 mm/s. Rheological analysis was measured in this method that after 24 h of
aging, the apparent viscosity of the ice cream mix samples was determined using a rotational viscometer (Bohlin
Model Visco 88, Bohlin instruments, UK) equipped with a thermal circulator (Julabo, Model F12-MC, Julabo
Labortechnik, Germany) with the shear rat of 51.8 1/s at 5+0.5°C.

Results and discussion: Investigation of the rheological and textural behavior of the samples showed that
aging was significantly (p<0.05) effective on these properties in particular, viscosity, consistency coefficient and
stiffness, as the slope of the changes was higher for the vegetable-based ice cream during aging. Also, overrun
and melting resistance significantly (p<0.05) increased during aging so that the melting resistance of the
vegetable-based ice cream was higher than that of the typical ice cream, contrary to overrun.

Conclusion: Overall, the best aging times of the vegetable-based and typical ice creams were 6 and 8 hours,

respectively. The difference in the type and content of proteins, especially casein in the formulations was
definitely the most important reason behind the changes in both types of the ice creams during aging.

Keywords: Aging, Vegetable- based ice cream, Soy, Sesame.
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Introduction: Roasting is one of the processing steps involved in the nut industry to improve the flavor,
color, texture and overall acceptability of the product. Ppeanut is a fruit or pod of the order Leguminosae and
contains 47-50% oil, 25-30% protein and is an essential source of minerals and vitamins; thus it makes a
substantial contribution to human nutrition. Peanuts are readily acceptable as a cheap protein source and popular
snack item that can be eaten alone or combined with other foods. Recently, peanuts have gained much attention
as functional food and roasted peanuts is one of the most popular snack foods, in which roasting is a key step in
the process and directly impacts the quality (crispness, taste, and flavor) and shelf-life of the final product.
Understanding of the roasting process is of interest because roasting is a critical processing step not only for
peanuts, but many other food products such as coffee, cocoa, grains and other tree nuts. Roasting is a process to
develop color, flavor and textural characteristics of product through chemical reactions, therefore proper roasting
is critical to flavor and texture development as well as nutritional content of the final product.

Materials and methods: In this study, dried Goli peanuts were supplied from a local market in Minodasht,
Iran in 2015 and stored at 4°C until processing. The average moisture content of peanut kernels was measured as
5.1 % (d.b.). Kernels were sorted manually to get the uniform sizes for roasting. 100 g peanut kernels were
soaked in 500 ml of 25% salt solution for 30 min. After soaking, the salt solution was drained using a strainer
and the excess water was removed by a cloth filter. After soaking, the moisture content of soaked peanut kernels
increased to 8.27 % (d.b.). For roasting, three temperatures (140, 160 and 180°C) and three times (10, 20 and 30
min) and constant air velocity (1 m/s) were applied. Roasting was performed in a hot air roaster equipped with a
controller to adjust the roasting temperature. After roasting, the whole kernels were allowed to cool at room
temperature (23 + 2°C). Roasting process was performed in 3 replications. Instrumental texture measurements
(Uniaxial compression test) were carried out at room temperature using a TA-XT Plus Texture Analyzer using
cylinder probe (diameter 25 mm) on peanut halves. The textural parameters of peanut halves were expressed as
fracture force (initial peak or first fracture force (N)), hardness (highest peak compression force (N)), initial
tangent modulus or apparent modulus of elasticity that shows sample rigidity in the linear part of the force-
deformation curve (N/m) and compressive energy or area under the curve for the compression that is the work
(Nxm) required to attain deformation, indicative of internal strength of bonds within product. Sensory attributes
including colour, texture, flavor, odour, total acceptance and final acceptance were assessed according to a five-
grade hedonic scale (5 points — the best, 1 point — the worst). A completely randomized factorial design was used
to evaluate the results and analysis of variance (ANOVA) was carried out to compare the mean values. All
significant differences were reported at P < 0.05 levels. Minitab statistical software (Minitab Release 16, Minitab
Inc., USA) was used for all statistical analyses in the present research. However, MSTATC (Version 2.10,
Michigan State University) was used to determine significant differences.

Results & discussion: Roasting is one of the most important steps in peanuts processing that leads to the
development of the desired aroma, taste, texture and color of the final product. The results showed that
increasing the roasting temperature and time decreased the fracture force (75.19-45.92 N), instrumental hardness
(81.74-48.90 N), apparent modulus of elasticity (7.508-5.446 N/s), compressive energy (469.0-199.1 N.s) and
improved the sensory characteristics of peanut kernels. During roasting process, moisture content of peanut
kernels decreased and they became more crumble and fragile which causes to break easier and moisture
reduction helps to create a desirable crisp texture. The results of the consumer test showed that the roasted
peanut kernels have good acceptability for color (4.50), texture (4.15), flavor (3.89), odor (4.05), total acceptance
and final acceptance (3.97) on roasting temperature and time (160°C and 30 min). The results obtained for VIP
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coefficients (standard coefficients) in PLS regression for fracture force, instrumental hardness; apparent modulus
of elasticity and compressive energy variables indicated that apparent modulus of elasticity could be able to
predict the individual sensory attribute of peanut kernels except color. PLS results showed that apparent modulus
of elasticity could successfully predict quality sensory characteristics of peanut kernels. Thus, instrumental

apparent modulus of elasticity could be replaced with sensory analysis for evaluation the quality of peanut
kernels.

Keywords: Roasting, Sensory evaluation, PLS regression, Peanut kernels
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Introduction: Microencapsulation has become an important technique in the food industry. One of the

methods of producing microcapsules is to use layer-by-layer adsorption, in which oppositely charged
polyelectrolytes are adsorbed consecutively onto a colloidal template. Creating multilayer films based on
electrostatic interactions between oppositely charged components was introduced in 1991 by Decher et al. Layer-
by-layer (LbL) polyelectrolyte deposition has become a popular technique for preparing polyelectrolyte capsules
because of its ability to create highly tailored capsule shells through a simple, inexpensive and easily controllable
adsorption process. It has been applied to produce capsules of various sizes, ranging from the nanometer to
micrometer scale, with well-defined barrier properties. In this technique, assembly is driven by the electrostatic
attraction of oppositely charged materials to form polyelectrolyte shells. The structure of the polyion layered
capsule shell is determined mainly by the electrostatic interactions between the polyions used. The mechanical
strength and permeability of the capsules can be controlled by varying the number of layers or by changing the
characteristics of the encapsulating materials. The purpose of this study was to produce microcapsules using
supramolecular assemblies consisting of common food ingredients such as soy protein isolate (SPI) and high
methoxyl (HM) pectin. Moreover, some features of the developed microcapsulation were studied.

Materials and methods: SPI fibrils were prepared based on the method developed by Akkermans et al.,
(2008) and its morphology was studied using transmission electron microscopy (TEM) and atomic force
microscopy (AFM). 0.5% (w/w) SPI fibril and pectin solutions were prepared by mixing at pH 3.5 were left
stirring overnight. The LbL process for the production of microcapsules with protein fibril-reinforced
nanocomposite shells has been described in Humblet-Hua et al., 2012. It starts with the production of A 2% w/w
emulsion of (0.05 gr diacetyl in 1.95gr sun flower oil) in fibril SPI solution is produced using a homogenizer
with a rotor-stator dispersion tool using a setting of 13500 rpm for 90 S. Because the proteins are below their
isoelectic point, the emulsion droplets have a positive charge. To avoid interactions between the nonadsorbed
SPI and the biopolymer of the next layer, the droplets are separated from the serum by means of centrifugation.
After the isolation, the droplets are dispersed into a solution of HMP. The HMP is negatively charged at the
chosen pH of 3.5. The bilayered droplets can be isolated again and dispersed in a fibril solution to deposit a third
layer of a positively charged mixture of SPI fibrils. Subsequently, additional layers of HMP and SPI fibrils can
be deposited by repeating the same procedures. Some features of the microcapsulation, including size, zeta
potential, and morphology and release kinetics were studied.

Results & discussion: TEM and AFM micrographs showed that SPI fibrils obtained had a contour length of
a few hundred nanometers, thickness of between 1 and 10 nm and its structure is highly branched. One of the
most common problems reported in previous studies using the LbL technique to produce multilayer particles, is
the tendency for flocculation. In the present system, this problem was not observed. The size distribution of
isolated emulsion droplets (templates) did not change significantly from 1-layer droplets to 5-layer droplets. In
other words, the emulsion droplets were stable against flocculation after applying more layers of
polyelectrolytes. The Sauter mean diameters D (3, 2) of these droplets fluctuated between 5 and 7 um and
slightly increased as the number of layers increased; noting that the emulsion droplets were poly-dispersed.
Another possible problem that may occur using the LbL technique is the complex formation between non-
adsorbed protein and the pectin molecules. These complexes with a typical diameter smaller than 1 mm were not
detected here. Result showed that the zeta potential distribution of emulsion droplets reverses from about plus
(+) 30 mV (odd number of layers with SPI fibrils as outer layers) to about negative (-) 20 mV (even number of
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layers with HMP as outer layers) confirming the layer-by-layer adsorption based on electrostatic attraction.
Comparing SEM of microcapsules with various numbers of layers, an improvement in shell strength can be seen.
Indentation is observed on 1-layer microcapsules showing that there are defects on the shell. They could be
formed during the drying process or they are shell defects due to incomplete coverage of materials, meaning
more layers are needed to fully cover the microcapsule shell. These defects are seen less on 5-layer
microcapsules. These observations indicate that the more layers the more consistent the shells and the more
resistant. It is against the physical drying process. Results showed that the time of the maximum in release shifts
to higher values as the number of layers of the capsules increased. We clearly see that increasing the number of
layers in the shell of the capsules leads to a delay of the release of diacetyl and maximum release time as a
function of the number of layers is increasing steadily which show the release can be delayed even more by
adding additional layers. These results prove that the release properties of the multilayer capsules can be tuned
by controlling the number of layers in the shell of the capsules. The modeling results of four different kinetic
models are indicated that the Rigter—Peppas was an appropriate model for diacetyl release prediction from
multilayer microcapsulation. It could be attributed that the release mechanism is mostly governed by the
Swelling—Fickian mechanism.

Conclusion: In this study, the microcapsules were produced using the LbL technique and food-grade SPI
fibrils and HMP. The microcapsules had a poly-disperse size distribution. No flocculation of microcapsules
during applying of additional layers was observed. It was found that increasing the number of layers, decreases
the release rate of diacetyl. The diacetyl release data were Kinetically evaluated by zero-order, first-order,
Higuchi, and Rigter—Peppas models and the results showed that the release phenomena is mostly governed by
the Fickian mechanism. Since the materials are food-grade, the applications of these microcapsules can include
food products or pharmaceutical purposes.

Keywords: Multilayer microcapsules, Controlled release, Soy protein isolated fibril, Pectin, Diacetyl
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Introduction: White button mushroom (Agaricus bisporus) has a high moisture content (~90%) which

makes it more vulnerable to the germs and chemical reactions. The contents of fungus coating are beneficial for
shelf-life extension of mushroom. Coated mushrooms loss less moisture and have firmness, better appearance
and color features than uncoated mushrooms (Zahedi et al., 1390). Application of food coatings is widely used in
order to extend the shelf-life of foods including mushrooms. These methods include improved packaging
methods, coated treatment with a solution of anti-microbial, plant extracts and anti-browning agents. The
essential oil of thyme plant (Zataria multiflora) contains derivatives of phenol such as carvacrol and thymol
(Aligiannis et. al, 2001). The interaction of essential components with each other plays an important role in
determining antimicrobial effect. Therefore, the synergistic antimicrobial effects of thymol and carvacrol are
enhanced (Didry et. al, 1994). It is worth noting that carvacrol through changes in permeability of H*/K* ion
channel in the cell membrane leads to the suppression of cell dysfunction and ultimately death (Ultee et al,
1999).

Materials and methods: Cap of button mushroom was coated by carboxymethyl cellulose, glycerol and
thyme extract. In order to identify the thyme components, GC Mass model VARIAV CP3800 and VF5MS
column was used. Also to measure the amount of thymol in thyme extract, HPLC method was used. The cap of
button mushroom was sampled in three days (first day, seventh and fourteenth) and cultured in the food culture
of PDA and NA.

Results and discussion: The results showed that the bacteria Psudomonas sp. and the mold Aspergillus sp. in
various stages of maintenance of the control samples are observed in the warheads. The coating with thyme
extract reduced the population of bacteria and mold. The results also showed that the medium level of microbial
density was reduced with increasing concentrations of thyme extract. Therefore, the bacteria and mold did not
grow in the extract concentration of 5.187 mgLt. Thymol in a concentration of 70 and 105 ppm inhibited the
growth of bacteria and mold, respectively. According to the results, 5.187 ppm thyme extract and 105 ppm
thymol are suitable for coating and prevent the growth of bacteria and mold. The population of bacteria and mold
in the treated and untreated samples of mushroom cap were identical. It was much more in the control sample
with increasing storage time and was maximum at the end of the fourteenth day. The population of bacteria and
mold in the coated samples and thyme extracts was lower than control samples. The direct relationship was
observed with increasing storage time in the population growth of bacteria and mold. Lyzhyans et al. (2001)
showed that the amount of phenolic oil is higher, the more antibacterial activity. The extract of thyme also
contain phenolic compounds of thymol and carvacrol which have the most important role in creating antioxidant
properties.

Key Words: Agaricus bisporus, carboxymethyl cellulose, Pseudomonas, Zataria multiflora.
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Introduction: The most important treatment for celiac disease is a gluten-free diet throughout the lifetime of
the patient. Corn flour is one of the alternatives for wheat flour in baking of bread and bakery products that are
of high nutritional value and because of lack of gluten are suitable for people with celiac disease. Moreover,
potato flour is one of the best wheat flour alternatives in bread-making and is consistent with that; and now, not
only in production of bread but also in production of other bakery products. Hydrocolloids are a branch of
additives which are widely used in food industry. One of the most widely used gum in food industry and bakery
is hydroxy propyl methyl cellulose gum, which is a derivative of cellulose. Considering the above mentioned
facts; the aim of this study was to prepate baguette bread with a mixture of equal parts of corn and potato flour
with hydroxy propyl methyl cellulose gum. In this regard, the effect of different levels of gum on qualitative
properties of produced baguette bread was investigated.

Materials and methods: Treatments included an equal mix of corn flour and potato flour with 0.25, 0.5,
0.75, 1% hydroxy propyl methyl cellulose gum were prepared. Different chemical tests such as moisture content
determination, ash, proteins, fiber and pH measurement were performed on samples of corn and potato flour and
after baking on baguettes bread. Yield of dough and bread was calculated in order to determine the strength of
dough, porosity and hollow of bread. To evaluate the organoleptic characteristics of baguette bread samples, the
analysis of properties of bread with the five senses were using. Staling test based on sense and instrument
method at intervals 24, 48, 72 hours after baking was performed on all samples of gluten-free baguettes. Simon
Henry method was used for determining the volume of the sample bread. In order to analyze the results of test, a
completely randomized design with three replications was used and the means by Duncan's multiple range test,
in probability level a=1% by SPSS software in 16 versions compared.

Results and discussion: According to results, addition of hydroxy propyl methyl cellulose gum causes yield
of dough to increase significantly comparing to the control sample. Generally, gums are hydrophilic
compoundsand usually they are interacting with water to reduce the spreadability and stability of the presence of
water in the system. Also, adding HPMC gum, decreases yield percent of baguette gluten free bread comparing
to contrl samples. Reason of diminishing returns of bread samples containing gum is structural nature of HPMC
gum that is capable of properly maintaining carbon dioxide. But there was no significant difference in ash and
protein that it was for structure of used gum. By adding HPMC gum, water content of samples in compared to C
treatment increased due to the high water holding capacity of used gum. Also adding HPMC gum will increase
the amount of fiber in samples containing gum compared to instance treatment. Moreover, HPMC gum increases
the volume and improve the color appearance of baguette bread samples containing gum in compare to instance
treatment (C) but there was no significant difference in uniformity characteristics of back of gluten-free
baguettes samples. Its reason is because of gum hydrophilic property which by increasing the viscosity can keep
gas in dough and bread. Color improvement of baguette bread samples containing gum is increasing browning
reaction because of adding gum. According to the results, HPMC gum at level of 0.75 and 1% of weight had
positive impact on internal characteristics of baguette. Increasing porosity of baguette bread containing gum and
improving their hole and seeds shape is for gum ability to maintenance of carbon dioxide and increase bread
volume, also this gum prevent dry and hardening of bread texture due to water absorption. Aroma of bread is
depend on maylard and caramelization reaction, so scent in bread with suitable browning reactions, increased
and as gums are effective in increasing browning reactions of maylard so has desired effect on bread aroma. Also
more used gum, will reduce water consumption, improve freshness and softening of bread tissue due to the
interaction of hydrocolloids with water and reducing water retention during cooking and was thus a positive

1 and 2 Associated Professor and Graduate Student, Department of Food Science, Varamin-Pishva Branch, Islamic
Azad University, Varamin, Iran.

3. Assistant Professor, Department of Agronomy, Varamin — Pishva Branch, Islamic Azad University, Varamin, Iran.
(Corresponding author email address: movahhed@iauvaramin.ac.ir)
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effect on the texture of bread. According to results, adding HPMC gum in level of 0.75 and 1% causes the staling
time to reduce in three 24, 48 and 72 hours after cooking baguette bread containing gum (by sensory and device)
compare to the treatment C. Furthermore, adding HPMC gum increases the volume of baguette bread samples
containing gum compare to the instance treatment (C). Volume increasing is because of hydrophilic properties of
gum that improve dough spread and maintenance of CO, gas.

Conclusion: According to the results, treatments containing 1% HPMC gum had the highest water content
and fiber. The amount of ash and protein in the samples containing hydroxy propyl methyl cellulose to the
instance samples had a slight increase, but this difference was not significant. On the other hand treatment
containing 1% gum had the highest dough yields and the control sample had the lowest. Also, yields decreased
with increasing gum than the control bread. Other treatments containing 1% gum had the highest privilege
organoleptic than other treatments. Also according to the staling test results in sensory and device method, at
intervals 24, 48 and 72 hours after baking, treatment with 1% gum has the lowest time of staling. Also treatment
containing 1% gum had the most volume and the control the lowest one.

Key words: Celiac, Gluten free bread, Hydroxy propyl methyl cellulose.
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Introduction: The environmental effect of synthetic plastic wastes is of increasing global concern. There is

an urgent need to develop and apply renewable biopolymer materials. Development of edible and biodegradable

films can help solving the waste disposal problem by partially replacing synthetic plastics (Martins et al., 2012).
Chitosan; a linear polysaccharide composed of (1, 4)-linked 2-amino-deoxy-b-d-glucan, is a deacetylated (to
varying degrees) product of chitin, which is the second most abundant polymer found in nature after cellulose. It
has been proved to be biodegradable, biofunctional, biocompatible, nontoxic and have strong antifungal and
antimicrobial properties (Aider, 2010). Thus, this work was undertaken to investigate the physical, optical,
barrier, mechanical, microstructural, and antimicrobial properties of chitosan films incorporated with PEO, to
examine its potential applications as a packaging material.

Materials & method: The films were prepared according to the solvent casting technique reported by
(Abdollahi et al., 2012) with some modifications. Tensile strenght (TS) and elongation at break (E) of the films
were measured with texture analyzer according to Barzegar et al. (2014) method. Equilibrated film strips (at 53%
RH for 48 h) were fixed between the grips with an initial separation of 50 mm and the cross-head speed was set
at 50 mm/min. TS was calculated by dividing the maximum force by the initial area of the film and E% was
calculated through dividing the extension at the moment of specimen rupture by the initial gauge length and
multiplying by 100. The WVP of the films was determined at according to the Shojaee-Aliabadi et al. (2013).
The test cups containing anhydrous calcium chloride (0% RH) were sealed by the test films, then were placed
inside a desiccator containing sodium-chloride-saturated solution (75% RH). Weight gain of the cups along time
were recorded periodically and plotted as a function of time. Antimicrobial properties of the films were assessed
using the disc-diffusion method according to Dashipour et al. (2015). Four gram-positive or gram-negative
bacteria, including B. cereus, S. aureus, E. coli and S. typhimurium were used for testing.

Results and discussions: The influence of PEO incorporation on thickness, TS, EAB, WVP and water
solubility of films can be seen in Table 1. The incorporation of PEO into the film-forming dispersion led to an
increase in the thickness of the films, which varied between 0.131 mm and 0.185 mm. It could be due to the
entrapment of PEO micro droplets by the polymer matrix (Dashipour et al. 2015). By increasing PEO
concentration from 0.5 to 2 % in the film solutions, WS decreased markedly from 22.46 to 16.15 (P < 0.05). This
behavior can be explained by the cross-linking effects of PEO components to esters and/or amide groups. Cross-
linking in the chitosan film leads to a polymer with lower water solubility, which is useful when product
integrity and water resistance are intended (Hosseini et al., 2009).

Table 1. Physical and mechanical properties of chitosan films.

PEO (% Thickness (mm) Solubility in water WVP TS EAB
VIV) (%) (gstmtPalx 1019 (MPa) (%)
0.0 0.131+0.01¢ 22.46+0.73 1.04 £0.05° 21.22+1.97 49.05 + 1.63°
0.5 0.153+ 0.01° 21.19+1.222 1.12 £ 0.06° 20.09 + 1.40% 50.36 + 2.98°
1 0.167 £ 0.01° 18.47 + 0.53" 1.35 +0.09° 17.04 +1.26° 55.25 + 2.95°
0.185 + 0.01? 16.15 + 0.54° 1.73+0.09 13.23+1.35° 59.37 + 2.49?

The incorporation of PEO into chitosan-based films leads to an increase in WVP values from 1.04t0 1.73g s
ImtPalx 1019 A similar trend has been found by Bonilla et al., (2011) in chitosan-based films incorporated

1, 2 and 3. MSc. Student, Assistant Professor and Associate Professor, Department of Food Science and Technology,
Ramin Agriculture and Natural Resources University of Khuzestan, Iran.
(Corresponding author email address: barzegarha@yahoo.com)
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with thyme essential oil. The structural discontinuities induced in the polymer network by the addition of PEO
could be the reason for the lowest resistance to breakage of the emulsified films. These discontinuities greatly
reduced the film cohesion and mechanical resistance (Bonilla et al., 2012). Conversely, the EAB value of the
films increased significantly (P < 0.05) from 49.05% to 59.37%, because the essential oil acted as a plasticizer
even at small concentrations and enhanced the flexibility of the polymer chains.

The effects of PEO on the antimicrobial properties of the chitosan films are shown in Table 2. The films
containing 1% PEO showed a certain inhibitory effect against B. cereus and S. aureus but no inhibition against S.
typhimurium and E. coli. As the concentration of PEO increased, the zone of inhibition also increased

significantly (P < 0.05). The films containing 2% PEO were effective against all studied bacteria and a greater
inhibitory power was observed on S. aureus with the zone area of 49.67 mm?. The inhibitory effect of PEO is
due to the two monoterpene hydrocarbons, a-pinene, and B-pinene (Barrero et al., 2005).

Table2. Antimicrobial activity of chitosan films.

PEO (% VIV) Inhibition zone (mm?)
S. aureus B. cereus E. coli S. typhimurium
0.0 0.00¢ 0.00° 0.00° 0.00°
0.5 0.00° 0.00° 0.00° 0.00°
1 22.58+1.76° 15.63 +0.63° 0.00° 0.00°
2 49.67£3.0220 41.96+1.40° 21.12+1.87% 12.49+1.57%

Conclusion: The results obtained in this study showed that the chitosan films incorporated with PEO has a
good potential to being empolyed as an active film to preserve food products. Addition of PEO decreased water
solubility and tensile strength, while increased the thickness, WVP and percent elongation of the films. Overall,
this study demonstrates that PEO-containing films present a good potential for their application in the food
industry.

Keywords: Chitosan, Pistacia atlantica gum essential oil, Antimicrobial activity.
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gl ades 5l glsciad b (sladg) 3l o3l 1,:51.(2006
ASFE) (il i3 Jlow b g3l (UAE) sigul ] S
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U i o3 ool)] 40,505 colw 2 e 4 o) clbgize g a5
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5 (Cecil CE2502) 5,0 = i lygle yrogibg Sl olSiws L
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e ds by 025 5300 S0 o syl 5 (2009
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a5s) Design expert )15 8la,5 5l wly o (b9 4 by
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K399, ool
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Sl Seslins Gy gl (e /359 1S 5 O/5H)
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1,5 %0/01-100) (s 5" iy cpgel Il ) 54 Sy
Las SV lgSns g 03550 L5 0 plosil diged (59, 1 (5,2
L puilS 2 40 G 5 G sl Jgte (Stsly (s 298 (auie
b s (10 G358 5 550 0001-100) (uilS )3 g, 905l
o)y 8,0,0 ases Origin ljle 5 S8 b 35 (So5905, Hbges

Wesls (5 lof o 9 41325

g b oo 00000 5 (635 30 S e b 45" Box-Wilson ¢ )b
0,y CleMbl iSlis 4 oliwd ¢lp &S cul inlojl #)b

1 Linear viscoelastic region (LVR)
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o Was ool amd o ylis a8 255 )b pixe sl dw ya gly
At 385 (88 o3Il &y dogypo slagusly (65 i

slaJae colis . (p<0/05) wui o sxe 55 (S GalA § DE
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Gy g Gl pis Ggeil 55 9 (AGIR?) oud ol s

Lyl gokuw g Wl Jhiawe G yeiia-1 Joa>

7550 B T gl . .
001 (a0 (o)L Sen sl
60 40 20 (aiyds) gl B! oloj X1
100 70 40 (%) g0 wani X2
30 22/5 15 (055 5 yid o) Wigos dy V> S X3
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S pSile & amd e Lt GalA (gl (-0/0517) e (e
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Jice yls mime Loyl 5 (XaX2) (p<0/0001) i b jne
@as et 451, (p<0/05) wiliS 56 DE (g4 p & Sdg
9 Xa) 4Sged Ay P G pg> 23 9 (Jab Sl (Xe) g0
ged dan s coid g gzl gloj o Jlite @il g (Xe?
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0/0005 140/33 43/9607 0/0039 381/10 2117170 9 Jse
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Majumdar et al., 1998; ) cul 5 JSuie 15505 (53068 (S Muns
I s Siliel b S0 (g4 3l (Gogate & Pandit., 2004
1 el cdl y s Jlosl Canlyd il bwgio diges 4
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Introduction: Pectin is a complex heteropolysaccharide presented naturally in the middle lamella and

primary cell walls of plant tissues. Pectin is mostly composed of a linear backbone of a-(1, 4) linked D-
galacturonic acid residues which are partially esterified with methyl alcohol or acetic acid at the carboxylic acid.
Pectin is widely used as a gelling agent in food systems such as jams and jellies, fruit juices, confectionaries,
bakery fillings and as a stabilizer in acidified milk drinks. Black mulberry (Morus nigra.L), originating from
Iran, is a juicy fruit with dark red color and slightly acidic flavor. Black mulberry has gained an important
position in fruit markets and food industry due to its distinctive flavor and phytonutrients in recent years. Black
mulberries can be consumed as fresh or processed into several products such as juice, marmalades, liquors,
natural dyes or even be used as frozen fruit in ice cream production. However, due to short harvesting season and
susceptibility to spoilage, black mulberries are mostly processed into juice besides its fresh consumption. Press
cake residue or pomace is the main by-product which is generated in large amounts from the commercial juice
extraction processes from berry fruits which contain several bioactive compounds and valuable ingredients
including antioxidants, phenolics, pigments, pectin and so on. These berry pomaces are considered suitable for
pectin recovery although their pectin content is somewhat lower in comparison to rich known sources of pectin.
Recently, ultrasound assisted extraction technique, as a novel method of extraction, has gained remarkable
attention due to its some advantageous effects including shorter extraction time, reduced solvent and energy
consumption and higher yield and better quality of extracted compounds as compared to conventional acid
extraction method. Therefore, the present work was aimed to evaluate and optimize the ultrasound assisted
extraction parameters (time of extraction, ultrasound power and liquid/solid ratio) to maximize the extraction
yield, degree of esterification and galacuronic acid content of pectin from black mulberry pomace using three
level three factor face centered central composite design.

Materials and methods: Fresh and fully ripe black mulberry fruits were purchased from a local fruit market
in Karaj (Iran) and subsequently pressed to separate pomace from juice. The obtained pomace was then vaccuum
dried (until 7.8+1% moisture content), ground to obtain a homogenous powder, sieved, filled into polyethylene
containers, and stored at refrigerator. Pectin extraction from this powdered pomace was carried out using an
ultrasonic bath at operating frequency of 35 kHz under different parameters including extraction time (20-60
min), ultrasonic intensity (40-100%) and liquid-solid ratio (15:1 to 30:1 mL/g). The initial pH value of the
solution was adjusted to 2.0 by adding 1.0 N HCI solution. At the end of extraction, extracts were quickly
cooled, centrifuged, filtered using Buchner funnel, concentrated by 5 fold, coagulated with 96% ethanol
(ER=1.5) and left for 8 hours in room temperature. The precipitated pectin was separated by Buchner funnel,
rinsed twice with 96% ethanol, dried under vacuum (45°C) and finally powdered. The degree of esterification of
pectin was determined by titrimetric method according to Bochek et al. (2001). The galacturonic acid content
was quantified by the colorimetric method with m-hydroxydiphenyl reagent using a spectrophotometer at 520
nm. The intrinsic viscosity [n] of pectin was determined using a capillary tube viscometer and accordingly the
viscosity average molecular weight [M,] was calculated from the Anger-Berth equation. Finally, the frequency
sweep test was performed using a controlled stress rheometer to determine the values of storage modulus (G')
and loss modulus (G”). The experimental design and statistical analysis were performed using response surface
methodology (RSM).
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Results and discussion: According to the obtained results, the extraction yield, degree of esterification and
galacturonic acid content of pectin varied in the range of 4.73-7.68%, 42.42-58.33 and 18.70-31.45%,
respectively. The extraction yield of pectin was linearly affected by the extraction conditions and its value
significantly increased with increasing all the studied independent variables (p<0.0001). The optimized
conditions for highest predicted values of pectin yield (7.39%), degree of esterification (56.11%) and
galacturonic acid content (25.46%) of pectin from black mulberry pomace were determined to be extraction time
of 51.04 min, ultrasound intensity of 100% and liquid-solid ratio of 30:1 mL/g. The validation experiments were
conducted and no significant difference was found between the observed values and the model predicted values.
The rheological tests showed characteristic behaviors of shear thinning and viscoelastic for the extracted pectin
sample. In addition, its intrinsic viscosity ([n]) and viscosity average molecular weight (My) were found to be
1.52 dL/g and 44.5 kDa, respectively.

Key words: Black Mulberry Pomace, Pectin, Yield, Galacturonic Acid Content, Optimization, Rheological
Properties.
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Introduction: Biopolymers are a class of polymer, which are disintegrated by an enzymatic or bio-path and
the products disseminated to the surroundings do not induce negative effects. Nowadays, non-degradable
polymers are quid pro quo with biodegradable ones particularly in agricultural applications, environmental and
food industry use. Starch is an example of natural biopolymers, biocompatible, which is completely
biodegradable in environment. It has been considered as one of the best candidates for oil based polymer
substitution due to its low cost, availability and processhility. The main disadvantages of starch based polymers
are their high hydrophilic nature therefore; they have poor mechanical properties and are permeable to water
vapor. However, these aspects could be considerably reclaimed by shuffling it with nanodimension materials
such as itanium dioxide (TiO,) and Montmorillonite (MMT). The main reason for this improvement in
comparison with conventional composites is the large surface area of these nanomaterials which results in high
interactions between the nanofillers and starch. The functional behaviors of nanocomposite films have been
depended to the compatibility and degree of nanoparticles dispersion in the biopolymer matrix. TiO; is a 3D
nanosphere has been perused widely because it is inexpensive, chemical inert and, has a high refractive index
with visible and UV shielding potential. MMT as a 1D, platelet is the most commonly used layered silicates. The
investigation of biodegradable films containing two different nanofillers simultaneously has been rarely done.
TiO, and MMT as two different inorganic nanofillers have different physical and chemical structures, so
simultaneously use of TiO, and MMT clearly had a new effect on the nanoparticle distribution and functional
properties of starch films. The aim of this study was investigate the synergistic or antagonistic effect of
combination of TiO, nanoparticles and MMT platelets on the functional properties such as surface
hydrophobicity, water vapor permeability (WVP), moisture uptake (MU), Water Solubility (WS) and mechanical
properties of plasticized starch-MMT-TiO, nanocomposites.

Materials and methods: 100 ml of potato starch solution with a concentration of 4% (w/v) was prepared by
dispersion of starch in distilled water. It was gelatinized at 80 °C for 15 min. Different amount of TiO, (0.5, 1
and 2% w/w starch) and MMT (3 and 5% w/w starch) were dissolved in distilled water and added to the
gelatinized starch after treatment with ultrasound for 30 min. Glycerol with concentration of 50% (w/w starch)
was added to the starch-nanofillers filmogenic solution. Bionanocomposite plasticized starch (PS) films were
produced by casting and were dried in an oven at 45 °C for 15 hours. The X-Ray diffraction (XRD)
measurements were performed for MMT and TiO. powder and starch-MMT and -TiO, nanocomposite films.
The methodology of WVP measurements was based on the ASTM E96-05 (ASTM, 2005). Mechanical
properties of the films were determined according to ASTM standard method D882-10 (ASTM, 2010). With
some modifications, the methods described by Tunc et al., (2007) and Rhim et al., (2006) were used to determine
MU and WS, respectively. Water contact angle (WCA) measurements were performed by the sessile drop
procedure. The statistical analyses on a completely randomized design and were carried out using analysis of
variance (ANOVA). Duncan’s multiple range test (p < 0.05) was used to detect differences among the mean
values of the functional properties.
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Results and discussion: XRD demonstrated the change of MMT layers dispersion pattern from exfoliation
in binary PS-5%MMT films to exfoliation-intercalation in ternary PS-5MMT-TiO; films. These results showed
that TiO, agglomerates are formed in the starch matrix with MMT level more than 3% wt. This could be due to
the interaction between starch and MMT tends to be more favorable than TiO,. Good dispersion of TiO,, high
miscibility of with clay, and continuous phase can be obtained when the content of MMT discs is low. Due to the
strong interfacial interaction between the starch and MMT, the tensile strength (TS) increased considerably
from4.86 to 5.24 MPa, while the elongation at break (EB) decreased significantly from 78.23 to 71.93%, As the
MMT concentration varied from 3 to 5%. The TS of nanocomposite films were further improved after the
incorporation of TiO,. Suitable dispersal of TiO,, and creation of new interactions in the PS-MMT network,
causes to increase the tensile strength of nanocomposites. The TS and EB values of PS-3MMT-1TiO;
nanocomposite film was higher than that of the other films. This is indicative of a synergistic effect between
TiO2 and MMT which increases the tensile strength and does not decrease the EB. In the PS-5% MMT films,
both mechanical characteristics were reduced. WVP shows more evidences of synergistic effect of combination
of 1D MMT and 3D TiO; on starch films. WVP reduction by MMT has been attributed to tortuous pathway
which created by clay layers in the starch matrix. MMT platelets are water vapor impermeable, thus exfoliation
of MMT reduce the voids in starch matrix. The PS-3MMT-2TiO, nanocomposite showed the lowest WVP as
compared to other PS films. WVP was reduced significantly from 5.84 x 107 g/m.h.Pa in the PS-3%MMT
binary film to 3.04 x 1077 g/m.h.Pa in the PS-3%MMT-2%TiO, ternary film. TiO, have low water solubility and
hydrophobicity compared with starch and MMT. Thus, significant decrement of WVP in the prophase of TiO,
connoted that TiO, was obstructing the nano- and micro-pathways in the PS films network. With addition of
MMT and TiO; content the water solubility and moisture absorption were reduced significantly. Results of water
contact angle test confirmed the results of moisture absorption, solubility in water and water vapor permeability
and showed that the addition of TiO> increased the surface hydrophobicity of starch-MMT films as with addition
of 2% titanium dioxide in PS-3% MMT and PS-5% MMT films, the contact angle after 60 seconds increased 4
and 15 degree respectively. As a result, 1% wt TiO nanoparticles (FDA maximum allowable) can be regarded as
the optimum concentration and the developed starch based nanocomposite films can enable undertaking
applications as appropriate candidates in food packaging systems.

Key words: Packaging, Solubility, Hydrophobicity, Mechanical Properties, Permeability.
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Introduction: Barberry (Berberis vulgaris) from the distant past has been used as one of the main medicinal
plants in Iran and many other countries. Currently, it has been known for pharmaceutical active compounds such
as berberine, which has wide application in pharmaceutical industry. Barberry fruits are used in preparing
sauces, jellies, candies, marmalades and especially fruit juices. Also, the fruit contains health promoting
compounds such as polyphenols and anthocyanins. Anthocyanins are bioactive compounds present in many
fruits, vegetables and their products. They are responsible for the wide array of colors present in flowers, petals,
leaves, fruits and vegetables and are a sub-group within the flavanoids characterized by a Ce-Cs-Cs skeleton. A
substantial property of anthocyanin is their antioxidant activity, which plays an important role in prevention of
neuronal and cardiovascular illnesses, cancer and diabetes, among others. Therefore, preservation of these
compounds during processing of barberry juice is very important. Conventional thermal pasteurization is the
common preservation technique used for fruit juice processing. Although this method inactivates
microorganisms and enzymes causing spoilage and extends the shelf life of juices, but also it causes degradation
of anthocyanins and loss of the nutritional quality of these products. Moreover, the increasing demand for natural
and fresh fruit juice resulted in the development of various non-thermal technologies, such as radiation
processing, osmotic dehydration, pulse electric field, sonication and high pressure. Power ultrasound has shown
important advances in food processing and has a potential to meet the FDA requirement of a 5 log reduction in
pertinent microorganisms found in fruit juice. Physical (cavitation, micromechanical shocks and mechanical
effects) and chemical (formation of free radicals) mechanisms are responsible for the biocidal effect of
sonication. Other advantages of this technology include low cost, reduced processing time and environmentally
friendly technique. However, ultrasound by itself is not very effective for microbial inactivation and the use of
other technologies during sonication such as temperature (thermo-sonication) and pressure (mano-sonication)
has shown efficient results in inactivation of microorganisms. Thermosonication has been reported as an
alternative to thermal pasteurization for processing of fruit juices such as strawberry juice, blackberry juice and
orange juice. According to the negative effect of thermal processing on color and anthocyanins of barberry juice
this study aimed to evaluate the effect of thermo-sonication as an emerging technology in two intensities 18.32
and 27.62 W/cm?2 at 45°C for 5 and 10 minutes on the quality of barberry juice.

Material and methods: Barberry (B. vulgaris) ripe fresh fruits were collected from gardens of Qaen. Fruits
were crushed into pieces in an electric blender. The mixture was then filtered through a nylon filter and kept in
dark condition at 4°C before subjecting to thermosonication. Barberry juice was sonicated at 200W capacity
batch sonication system (Sonopuls HD 3200 BANDELIN, Germany) and a constant frequency of 20 kHz with a
13mm probe. Barberry juice samples of 60 mL were placed in a 100 mL double wall cylindrical vessel pyrex
glass through which water at 4+1°C and a flow rate of 0.5 L/min was circulated to attain a constant temperature
in the juice sample during sonication. The samples were sonicated at 70 and 100% amplitudes levels for 10 and
15 min at 45°C with pulse durations of 15s on and 5s off (US70-5, US70-10, US100-5 and US100-10). After the
sonication treatment, juice samples were kept in sterilized bottles and were stored at 4°C until further analysis.
Total anthocyanin content of barberry juice was determined by the pH differential method and the color of juice
samples was determined using a Chroma Meter (Color Flux, USA). The color values were expressed as L*
(lightness), a* (redness/greenness) and b* (yellowness/blueness). The total phenolic content and antioxidant
activity was determined by modified Folin—Ciocalteu method and DPPH radical scavenging activity. The
counting of microorganisms was made using standard techniques (AOAC 1984), and included total plate counts
and yeasts and molds. All experiments were carried out in at least three replicates and the results were expressed

1, 2 and 4. PhD Student, Associate Professor and Professor , Department of Food Science and Technology, University
of Agricultural Sciences and Natural Resources, Gorgan, Iran

3. Assistant Professor, Academic Center for Education, Culture and Research (ACECR) Mashhad- Iran.
(*Corresponding Author Email: Mehranalamogmail.com)
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as mean * SD. The significant differences between mean values of juice samples were determined by analysis of
variance (one way-ANOVA) using Dunkan’s test at a significance level of P< 0.05. Data evaluation was
performed using the SPSS software version16.

Results and discussion: The result showed that the processing in all treatments completely inactivated the
microbial population. The reduction of total plate counts and yeast and mold counts after processing was equal to
3.68%0.1 and 3.34%0.48, respectively. Thermo-sonication, especially in low intensity (32/18 w/cm?2) had little
effect on total anthocyanin compounds of barberry juice. The losses in total anthocyanin content of juice samples
were 0.03%, 1.14%, 1.56% and 10.79% in TS-70-5, TS-70-10, TS-100-5 and TS-100-10, respectively.
Hydroxyl radicals produced by cavitation can be involved in the degradation of anthocyanins by opening of rings
and formation of chalcone. Thermosonication had significant effect on color parameters of barberry juice. All the
color values (L*, a*, b* and C*) of barberry juice treated with thermosonication treatment were decreased as
compared to control. The color loss of barberry juice samples decreased with increasing the amplitude and time
of thermosonication. Extreme physical conditions which occur within the bubbles during cavitational collapse at
micro-scale reaction may be responsible for the degradation of color in fruit juices. A significant increase
(p<0.05) in both total phenolic content and antioxidant activity of samples treated at TS-70-5 and TS-70-10 was
observed. However, higher amplitude significantly decreased the total phenolic content and antioxidant activity
of barberry juice. It has been shown the enhancement of total phenolic content in juices after sonication might be
attributed to the facilitation the release of bound phenolic present in the suspended particles. Since there is a
correlation between total phenolic content and antioxidant activity, the extraction of bound polyphenols due to
cavitation can be presumed the increase in antioxidant activity. The result of this study showed that thermo-
sonication could be used as an alternative to thermal treatment.

Keywords: Barberry juice, Quality properties, Thermosoniation
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Introduction: Non-alcoholic beverages are consumed in many countries. There are many people who avoid

alcohol because of their health concerns, and in Muslim countries alcoholic beverages are religiously banned.
Malt beverages are classified based on the alcohol content as alcoholic (more than 1.2%), low alcoholic (0.5-
1.2%) and with no alcohol (less than 0.5%). Malt beverages are generally produced by dissolving wort
granulates in water, filtration, and adding pure hop aroma. The malt beverage has some health benefits such as
protection against coronary heart diseases, cancers and ulcers. Malt beverages are usually produced using barley
malt and in some cases from other sources such as wheat, oats, rye and sorghum. In Iran, malt beverage is
prepared without fermentation and is generally produced using barley malt. Malt beverages usually sweetened
with sucrose. Sucrose is often preferably replaced with other sweeteners since it is the main cause of obesity, as
well as diabetes and dental cavities. There are several known intense sweeteners which provide little or no
energy intake. Since intense sweeteners are amongst the most controversial food additives due to suspicions of
adverse health effects only few of them are allowed to be used in food industries. On the other hand, there is a
wide range of natural sweeteners, which besides providing sweetness to the product, they contain various
bioactive compounds, such as vitamins, minerals or polyphenols that are known to exhibit positive health effects
and contribute to the concept of functional foods. Though not widely used, several natural alternatives to sugar
are available.

Date fruit from date palm (Phoenix dactylifera) is one of the important cultivations in Iran. The importance
of the date in human nutrition comes from its rich composition of carbohydrates (70-80%), salts and minerals,
dietary fiber, vitamins, fatty acids and amino acids. Date juice concentrates, are condensed products made out of

date extract. They differ in appearance, taste and consistency depending on the type of the raw juice and the
degree of concentration. Three main products can be distinguished as date spread, date syrup and date liquid
sugar. Date syrup is the most generally derived date product. It is a high energy food rich in carbohydrate, a good
source of minerals but it also contains a very complex mixture of other saccharides, amino and organic acids,
carotenoids and polyphenols. Besides its nutritional compounds, it is rich in antioxidants. The components
responsible for antioxidative effect are flavonoids, phenolic acid, ascorbic acid and carotenoids. Date syrup as an
innovative and main by-product in date processing was used as a substitution of sucrose in non-alcoholic malt
beverage. In this study, the effect of sucrose replacement with date syrup on physicochemical and organoleptic
properties of malt beverage was studied within 1, 7, 14, 21, 28, 60, 90,120, 150 and 180 days during 6 months of
storage.

Materials and methods: The materials including barley malt and hops pellets, sucrose and date syrup were
supplied from local market. Barley malt and hops pellets were obtained from Sard Sahra Company (Tabriz,
Iran). Sucrose was purchased from Khoy sugar factory (Khoy, Iran) and date syrup from Shahd Bab Pars factory
(Tabriz, Iran).

For preparing malt beverages barley malts were milled using a roller mill, then steeped with hot water in a

1- Department of Food Science and Technology, Faculty of Nutrition, Tabriz University of Medical Sciences, Tabriz,
IZr:’;‘rl]jepartment of Food Science and Technology, Faculty of Nutrition, Tabriz University of Medical Sciences, Tabriz,
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mash tank. Malt extract was filtered to produce thick, sweet liquid called wort. The wort was then boiled for an
hour and date syrup and sugar were added together to the boiling wort at the ratios of 0:100, 25:75, 50:50, 75:25
and 100:0. Hops pellets were also added to the extract. The wort was then chilled using heat exchanger plate to
avoid fermentation and filtered. The pH and brix of extracts were adjusted to 3.8 and 6 and they were transferred
into 300 ml green Polyethylene Terephthalate (PET) bottles, then were pasteurized at 70°C for 30 minutes and
stored in refrigerator at 4°C for further analysis.

Malt beverages which were sweetened with ratios of 0:100, 25:75, 50:50, 75:25 and 100:0 of date syrup to
sucrose, physicochemical and sensory properties were evaluated during six months of storage. The data reported
are the means of triplicate observations. Analysis of the data was done by Duncan’s test.

Results and discussion: According to results pH and Brix were not changed during 6 months. There was a
significant difference (p<0.05) in reducing sugar and color between samples and control. Based on results
increasing the proportion of date syrup in beverages could elevate reducing sugar. The amount of total sugar in
samples with 75%, 50% and 25% date syrup showed significant difference to the sucrose containing samples
(p<0.05). However, there was no significant difference between the sample with 100% date syrup and sucrose
containing sample (p>0.05). According to sensory results, malt beverage with 75% date sugar exhibited the
highest overall acceptability. Beverages formulated with date syrup had a desirable characteristic. So, from both
the technological and sensory points of view, the malt beverage with 75% date syrup was found to be the best
formula.

Keywords: Date Syrup, Malt Beverage, Organoleptic Properties, Sucrose Replacement.



Contents

Effect of skim milk powder on the quality of Yazdi cake

M. Pourseyed, A. Motamedzadegan, J. Mohammadzadeh Milani

Evaluation of the effect of nanofiber cellulose and carboxy methyl cellulose on rheological properties and
particle size of low-fat mayonnaise

L. Golchoobi, M. Alimi, H. Yousefi

Effect of citrus fiber replacement to oil and egg on some physico-chemical and organoleptic properties of
muffin

Z. Najafi, S. Movahhed, H. Ahmadi Chenarbon

Effect of microbial transglutaminase on physical, rheological, textural and sensory properties of light ice
cream

E. Danesh, H. Jooyandeh , M. Goudarzi

Effect of sodium metabisulphite and osmo dehydrated pretreatment on physicochemical and organoleptic
characteristics of vaccum dried citrus lemon (shirazi) slice

A. Falaki, N. Asefi

Optimization of nitrogen recovery in the enzymatic hydrolysis of head and arms of cuttlefish (Sepia
pharaonis) protein using Alcalase

K. Ali asgari, S. Yeganeh, S. A. Jafar pour, R. Safari

Evaluating antioxidant properties of pulp and skin of fig extracts and application in canola oil as replacing
synthetic antioxidant

E. Maghsoudlou, R. Esmaeilzade Kenari, Z. Raftani Amiri

The effect of different solvents and ultrasound on antioxidant properties of extract of Cornus mas L. fruit
F. Gillani, Z. Raftani Amiri*, R. Esmailzadeh Kenari

An investigation on the effect of aging time on the physicochemical, rheological and textural properties of
vegetable-based ice cream of soy and sesame

S. Ghaderi, M. Mazaheri Tehrani, S. M. A. Razavi

The application of PLS regression to study the relationships between Sensory and texture characteristics

H. Bagheri, M. Kashaninejad, M. Alami, A. M. Ziaiifar

Investigation of multilayer microcapsules based on electrostatic adsorption of soy protein isolated fibrils
and high methoxyl pectin containing diacetyl

E. Ansarifar, F. Shahidi, M. Mohebbi, A. Koocheki, N. Ramazanian

Study of antimicrobial properties of Zataria multiflora extract and timol on durability and stability of
edible mushroom (Agaricus bisporus)

M. Rastegar, S. E. Razavi, P. Ebrahimi

Effect of hydroxy propyl methyl cellulose gum on qualitative properties of free gluten baguette bread
contain equal proportion of corn flour and potato flour

S. Movahhed, E. Kakaei, H. Ahmadi Chenarbon

Characterization of physical and antimicrobial properties of chitosan edible films containing Pistacia
atlantica gum essence

V. Alizadeh, H. Barzegar, B. Nasehi, V. Samavati

Optimization of ultrasound assisted extraction of pectin from black mulberry (Morus nigra.L) pomace

V. Mosayebi, Z. Emam Djomeh

Characterization of functional properties of starch based nanobiocomposite films containing
montmorillonite and titanium dioxide

S. A. Oleyaei', B. Ghanbarzadeh, A. A. Moayedi, P. Poursani, S. F. Mousavi Baygi, M. R. BakhshAmin

Effect of Thermo-sonication on Quality Properties of Barberry (Berberis vulgaris) Juice

M. Farhadi Chitgar, M. Aalami, E. Milani, Y. Maghsoudlo

445

457

468

479

490

502

516

527

539

552

565

574

583

593

610

626

636



Brief

Effect of sucrose substitution by date syrup on the physicochemical and sensory properties of malt 646
beverage
F. Hajieghrary, A. Homayouni-Rad, Z. Rahimzadeh Sani



Iranian Food Science and Technology Research Journal

Published by:

Executive Manager:

Editor-in-Chief:

Executive Director:

Editorial Board:

Vol. 13

No. 4

2017

Department of Food Science and Technology, College of Agriculture,
Ferdowsi University of Mashhad, Iran.

Poorazarang, H.

Razavi, Seyed M. A.

Taghizadeh, M.

Ehsani, M.R.
Farahnaki, A.
Farhoosh, R.
Fazli Bazzaz, S.
Habibi najafi, M.
Kadivar, M.
Kashaninejad, M.
Khomeiri, M.
Khosroshahi, A.

Mortazavi, Seyed A.

Pourazerang, H.

Razavi, Seyed M. A.

Sahari, M. A
Sedaghat, N.
Shahidi, F.

Varidi, M .J.

Prof. in Dairy Technology
Assoc. Prof. in Food Engineering
Prof. in Food Chemistry

Prof. in Microbiology

Prof. in Microbiology

Assoc. Prof. in Food Chemistry
Assoc. Prof. in Food Engineering
Assoc. Prof. in Microbiology
Prof. in Dairy Technology

Prof. in Microbiology and Biotechnology
Prof. in Food Chemistry

Prof. in Food Engineering

Prof. in Food Chemistry

Assoc. Prof. in Food Packaging
Prof. in Microbiology

Assoc. Prof. in Food technology

Printed by:

Address:

P.0.BOX:
Phone:
Fax:
E-Mail:
Web Site:

Ferdowsi University of Mashhad Press, Iran.

The Iranian Food Science & Technology Research Journal, Scientific Publication Office, Food
Science and Technology Department, Agriculture Faculty, Ferdowsi University of Mashhad, Iran.

91775- 1163
(98)511-8795618-20(321)
(98)511-8787430
ifstrj@um.ac.ir

http://jm.um.ac.ir/index.php/food_tech/index

This journal is indexed in ISC, SID, and MAGIRAN.



4

A

1_1".,_ |s

L

Wil U1z 2o mlis g pile (sle

2017 Y47 Jl ¥ ajla

Vol.13 No4

Iranian Food Science and Technology Research Journal

Iranian Food Science and

Technology Research Journal

of Mashhad

ISSN:1735-4161

Contents

Effect of skim milk powder on the quality of Yazdi cake......coooveiirrrcii e 445
M. Pourseyed, A. Motamedzadegan, J. Mohammadzadeh Milani

Evaluation of the effect of nanofiber cellulose and carboxy methyl cellulose on rheological
properties and particle size of low-fat MAYONNAISE ...ccvviiiriiiisiniisiiinssaisinsssmmimssaseasesssssisisas 331
L. Golchoobi, M. Alimi, H. Yousehi

Effect of citrus fiber replacement to oil and egg on some physico-chemical and organoleptic
properties of muffin .. s B S B W e e = IR o i 1t |
Z. Najafi, S. Mﬂvahhcd H Ahmadl Chﬂnarhﬁn

Effect of microbial transglutaminase on physical, rheological, textural and sensory properties

or Iight ice cmam#!--!!ii-iivi---pi---liitil-#tih-#ilv-iinv-l!!ii-iiii--#pi-i-liiip#-!!liitihnc-ili-l#ii!-vitvl--!-iil!i--!!iil!iiii-i!p-li---i#iiiil!i 479
E. Danesh, H. Jooyandeh , M. Goudarzi

Effect of sodium metabisulphite and osmo dehydrated pretreatment on physicochemical

and organoleptic characteristics of vaccum dried citrus lemon (shirazi) slice......ccccverrerversrinsnsmesassnness 4900
A. Falaki, N. Asefi

Optimization of nitrogen recovery in the enzymalic hydrolysis of head and arms of cuttlefish
(Sepia pﬁaraam-r] protein using Alcalase... e I e e e e e T
K. Ali asgari, S. Yeganeh, S, A. Jafar pour, R Saiarl

Evaluating antioxidant properties of pulp and skin of ﬁg extracts and application in canola

oil as replacing synthetic antioxidant .. A e S = 11
E. Maghsoudlou, R. Esmacilzade Kenm'l .JL Raﬁam Almrl

The effect of different solvents and ultrasound on antioxidant properties of extract of
CGHIHS f"ﬂ-!l' l—!i rr“it vl AL LA AR L S L L LR R LIRS LR LA LRI LR R LR L LA LA LR AL Ll e Lh i LRd i RIE AR L LRI Lt ERRldl el il i Ra il i il l il iRl liliii] 52?
F. Gillani, Z. Raftani Amiri’, R. Esmailzadeh Kenari

An investigation on the effect of aging time on the physicochemical, rheological and textural
properties of vegetable-based ice cream of S0y and SeSaMe ......ccrveinirsnimmssirssnisinsssnamisrssssnssssinsssssnsss 39
S. Ghaderi, M. Mazaheri Tehrani, S. M. A. Razavi

The application of PLS regression to study the relatiunships between Sensory and
texture characteristics.....ccceuu. o o T P T T St s T T LA T L T v i
H. Bagheri, M. Kaqhanme;ad M maml A M Z mntar

Investigation of multilayer microcapsules based on electrostatic adsorption of soy protein
isolated fibrils and high methoxyl pectin containing diacetyl.........ccccrinirinsnninnrermsaisisasmnssmssarsissnseasss 505
E. Ansarifar, F. Shahidi, M. Mohebbi, A. Koocheki, N. Ramazanian

Continue Content in cover




	جلد- رو.pdf (p.1)
	Cover-13-4فارسی.pdf (p.2)
	کانتنت فارسی.pdf (p.3-4)
	1.pdf (p.5-14)
	2.pdf (p.15-26)
	3.pdf (p.27-37)
	4.pdf (p.38-48)
	5.pdf (p.49-59)
	6.pdf (p.60-71)
	7.pdf (p.72-85)
	8.pdf (p.86-96)
	9.pdf (p.97-108)
	10.pdf (p.109-121)
	11.pdf (p.122-134)
	12.pdf (p.135-143)
	13.pdf (p.144-152)
	14.pdf (p.153-162)
	15.pdf (p.163-179)
	16.pdf (p.180-195)
	17.pdf (p.196-205)
	18.pdf (p.206-215)
	کانتنت لاتین.pdf (p.216-217)
	Cover-13-4لاتین.pdf (p.218)
	جلد- پشت.pdf (p.219)

