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Introduction: Celery is one of the most consumed and highly nutritious vegetables with high dietary fiber,
phytochemicals, vitamins, and minerals, which offers great benefits for utilization as a functional food ingredient. Fruit
and vegetable juice powders have many benefits and economic advantages over their liquid precursors such as reduced
volume/weight, reduced packaging, easier handling/ transportation, and much longer shelf-life. Also powders can be
reconstituted to produce a juice and used for preparation of products such as snacks, chutney, soups, baby foods, etc. In
foam-mat drying, food liquids and pastes are first whipped into stable foam by the addition of different foaming agents
or stabilizing agents and then dried in the form of thin layer. This foam structure dries rapidly due to the increase of the
surface area of the material by incorporating air/gas and forms a porous structure which gives high quality and instant
properties of the dried product. The dried product is scraped off from the drying surface in the form of flakes, which is
then converted to a fine powder. Response surface methodology (RSM) is a combination of mathematical and statistical
techniques used to investigate the interaction effects of independent variables on responses. There is considerable
information on foam-mat dried food powders, but there is no any scientific literature related to foam-mat drying of celery
juice. The present research was thus focused on optimizing the foaming conditions (WPC as a foaming agent, Xanthan
gum (XG) concentration as the stabilizer and whipping time (WT)) to minimize foam density (FD) and drainage volume
(DV) using RSM. The effects of drying temperatures on some physicochemical properties of powder was also
investigated.

Materials and methods: Celery was purchased from the local market .XG and WPC powders were purchased from

Sigma Chemical Company (St. Louis, MO) and Milei Company Germany, respectively. Celery juice was extracted by
using a juicer machine (Robert Bosch Stand mixer MMB 2000 /05 FD 8611 Type CNSMO3EV, 600W, Slovenia). Based
on preliminary tests, XG solutions were prepared by dissolving the appropriate amount of the defined gum powder in
distilled water and stirring with a magnetic stirrer to achieve a uniform solution. This solution was refrigerated at 4°C
overnight to complete hydration. RSM was used to estimate the main effects of the process variables on FD and DV in
celery juice foam. The experiment was established based on a face-centered central composite design (FCCD). According
to the experimental design, to prepare 100 g of samples, the appropriate amount of celery juice, WPC, and XG solution
were poured to a 250 mL beaker. Then the mixture was placed into a water bath for 5 minutes at 55 °C temperature. The
mixture was then taken out of water bath and was whipped by a mixer (Gosonic, model No. GHM- 818, 250W, China)
with the maximum speed of 5400 rpm at ambient temperature during the given time. The density of foamed celery juice
was determined in terms of mass over volume and expressed in g/cm3. To assess foam stability, the drainage test was
performed for 1h. Furthermore, the effects of drying temperatures on some physicochemical properties of powders were
investigated.

Results and discussions: The quadratic model was selected as a suitable statistical model for both FD and DV.
ANOVA showed that this model is significant for both responses. Moreover, lack-of-fit was not significant for response
surface models at a 95% confidence level, indicating that this model is adequately accurate for predicting responses.
Based on the constrain criteria, the optimized foaming parameters were: XG concentration of 0.42% (w/w), WPC
concentration of 6% (w/w), and WT of 9.30 min. The amount of FD and FDV for foam at these optimum conditions were
0.4 g/cm3 and 0 ml, respectively. The results showed the moisture content and water activity of the celery powders
decreased with the increase in drying temperature. By increasing drying temperature from 40 to 70 °C, bulk density also
decreased. Increase in drying temperature results in decrease in moisture content and bulk density. Tapped density
generally behaves similar to bulk density because by shaking powder, the space between the particles is filled and
occupied volume by the powder is reduced. By increasing in temperature, particle density decreased. Overall, with
increasing drying temperature, the porosity of powder increased. Increasing temperature and reducing moisture content,
the possibility of approaching and join together of particles is increased and the space between the particles becomes less.
The numerical value of the car index parameter in this study was 15.3% to 24.67%. The highest value of flowability
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related to the sample was dried at 70°c. With decreasing in drying temperature, the moisture content of powders increased
and due to forming liquid bridges between particles making them less flowable. The numerical value of the Hausner
parameter in this study was 1.15 to 1.32. Except for powder produced at 70 °C, the powder was placed in the intermediate
cohesiveness powder class. By increasing drying temperature, the cohesiveness of powder decreased significantly.

Keywords: Celery juice, Foam mat drying; Response surface methodology, Physicochemical properties
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Introduction: Probiotics are live microorganisms, if consumed in enough quantity, they exert beneficial effects on
human health owing to improvement of intestinal microbiota balance. In addition to the impact on gut microbiota,
probiotics have important role on human physical and mental health. This matter demonstrates the increasing emphasis
on the consumption of diet based on probiotics in order to treat and prevent of different chronic diseases, particularly
those related to stress and inflammation cases. Lactic acid bacteria (LAB) are the most common strains used as probiotics.
They are useful member of gut microbiota and belong to generally regarded as safe (GRAS) microorganisms. Because of
the numerous benefits of LAB, the probiotic potential of different strains of this group of bacteria has been assessed
broadly. Although various commercial species of probiotics are available in the market, determination of new strains with
individual properties is noteworthy. Therefore, this research was aimed to investigate the probiotic and antimicrobial
potential of Lactobacillus fermentum isolated from fermented food.

Materials and methods: In the study, the probiotic potential of Lactobacillus fermentum including its resistance to
acid (pH 2.5, 3.5 and 5.5) and bile salts (0.2, 0.5, 0.8, 1.2 and 3%) was studied. To evaluate the bile salts resistance, 100
ul of prepared microbial suspension was cultured on MRS Agar media containing bile salts. Plates were incubated at 37
°C for 24 hrs under anaerobic condition. After incubation period, the plates were inspected for bacterial colonies observed
by naked eyes. The antimicrobial activity was measured using “Lawn on the spot” method against Listeria innocua,
Staphylococcus aureus and Pseudomonas aeruginosa. The resistance of Lactobacillus fermentum was also assessed
against commonly used antibiotic drugs (chloramphenicol, tetracycline, penicillin and gentamycin).

Results and discussions: Results shown that although Lactobacillus fermentum was not able to grow at pH 2.5, its
viability in the pH 3.5 and 5.5 was 92 and 99%, respectively. This strain had also adequate resistance against different
bile salt concentrations. In the present research, the growth rate of the examined strains was gradually reduced as the bile
salt concentration was increased; so that the higher and the lower growth rate was observed at 0.2 and 3% bile salt
concentrations, respectively. Results shown that the tested Lactobacillus fermentum had acceptable bacteriostatic effect
on the selected pathogenic bacteria. The inhibition zone diameter for Listeria innocua, Staphylococcus aureus and
Pseudomonas aeruginosa was 12.6, 20 and 11.1 mm, respectively. The maximum diameter of inhibition zone was found
on gram positive Staphylococcus aureus. Lactobacillus fermentum was susceptible to chloramphenicol, tetracycline and
penicillin and was semi-resistant to gentamycin (comparison with table CLSI).

Based on the obtained results in this study, it may be illustrated that Lactobacillus fermentum had capability to tolerate
the lower pH and different bile salt concentrations. This strain showed the proper proficiency to inhibit pathogenic
bacteria. Furthermore, it was susceptible to commonly used antibiotic drugs and therefore there is no concern about the
transfer of antibiotic resistant gens into pathogenic bacteria. Consequently, this strain may be used as a probiotic and a
natural preservative in production of functional food products.

Keywords: Lactobacillus fermentum, Acid resistance, Bile salt resistance, Commonly antibiotic drugs, Lawn on the
spot method.
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Introduction: Dairy products fortification especially ice cream is one of the most important goals and priorities of
today's humanbeing to produce health food products. Protein isolate is one of the compounds used to produce health
products.The aim of this study was to produce ice cream with new features based on a functional material by partially
replacing dry matter with wheat germ protein isolate.

Materials and Methods: In present research wheat germ protein isolate with 1%, 3% and 5% was extracted and
added to ice cream. In the first step, protein isolate was evaluated by tests of moisture content, fat percentage, acid
insoluble ash, particle size and flour grain size. In the next step, protein isolate of wheat germ by 1, 3 and 5 percent was
added to ice cream mix and its effects on rheological and texture properties, color, physico-chemical and sensory
parameters of ice cream were evaluated.

Results and discussion: The results showed that the moisture, fat and acid insoluble ash of protein isolate were
8.41+0.42, 11.34+0.44 and 3.57%0.23 respectively. The particle size and flour grain size was 282+0.01. Laboratory data
showed that by increasing protein isolate replacement, the viscosity, melting resistance and volumizing index were
reduced significantly. Whereas, texture, hardness and adhesion parameters, density, particle size and diameter, specific
distribution and surface area, and yellowness and redness indices were significantly increased. All the laboratory results
and sensory evaluation of the samples revealed that the ice cream sample with 1 percent of wheat germ protein isolate
was a preferred and optimized sample.

Keywords: Wheat germ protein isolate, Ice cream, Rheological properties, Texture.
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Introduction: Antioxidants by Quenching free radicals and preventing lipid oxidation, retard spoilage, discoloration
and rancidity of foods. Due to adverse effects of synthetic antioxidants such as carcinogenicity and liver injury,
consumers’ attention toward natural antioxidants are increasing. Turmeric (Curcuma longa) is a medicinal plant
frequently used in food industry and pharmacology. In this research, chemical composition, structure and type of bond,
antioxidant capacity, total phenol, flavonoid and cytotoxic effect of Turmeric essential oil (TEO) on colorectal cancer
cells (HT29) were investigated.

Materials and methods: TEO was extracted using Clevenger apparatus by aqueous distillation method. To identify
chemical composition, 1 pl essential oil was injected in gas chromatography-mass spectrometry and essential oil
composition and quantity were determined by comparing with standards. Functional groups and qualitative identification
of turmeric essential oil were done using Fourier-transform infrared spectroscopy (FTIR) in range of 500 — 4000 cm,
Antioxidant capacity of TEO was determined suing ABTS, DPPH and B-carotene/linoleic acid bleaching assay. Total
phenol and flavonoid were measured by colorimetric methods. MTT test was used to find cytotoxic concentrations of
TEO on colorectal cancer cell line (HT29).

Results and discussion: The 18 compounds identified in TEO accounted for 97.91% and the highest compound was
turmerone by 40%. The other compounds were curlone, zingiberene and benzene with 34, 8.30 and 4.18% respectively.
Infrared spectrum in range of 3600-3400 cm* (specially 3516 cm™) and peaks at 2930, 1621, 1515 and 1447 cm™* were
due to stretching vibration of O-H, C-H, C=0, C=C bonds of aromatic ring and aromatic groups of curcuminoids. 1515
cm peak was due to stretching vibration of C=0 bond of sesquiterpenes (turmerone). Observed peaks at 1378 and 1308
cm? confirmed the presence of alkanes or bending vibrations of CH3 groups in curcuminoids (curcumin). Antioxidant
potential of TEO according to DPPH and ABTS methods and (3-carotene bleaching assay was 25.15, 93.90 and 72.76 %,
respectively. Total phenol and flavonoid content of TEO were 38.91 mg GAE/g and 87.9 mg QE/g. The results showed
that by increasing essential oil concentration from 3.125 to 200 mg/mL survival rate of HT29 changed from 66.76 to
9.88%.

Keywords: Curcuma longa essential oil, Gas chromatography-mass spectrometry, Fourier-transform infrared
spectroscopy, Antioxidant activity.
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Introduction: Ice cream contains a mixture of milk components, sweeteners, stabilizers, emulsifiers, and
flavorings. The quality of the finished product depends not only on the processing conditions or the freezing efficiency,
but also on the constituents, the amount of entrapped air, and the number of ice crystals. The physical structure of ice
cream has a significant effect on the melting properties (melting rate) and texture (hardness) of ice cream (Mouse &
Hartel, 2004). The improvement and expansion of the ice cream structure are attributed to the macromolecules present
in the ice cream mixture; milk fat, protein, and carbohydrates (Adapa et al., 2000). Quinoa as a high biologically
valuable protein can be used in various food products to enrich and positively affect the physical and sensory properties
of the product (James, 2009). The purpose of the present study was to replace skim milk powder with quinoa flour (0 to
100%), hydrogenated vegetable oil (4.5 to 8.5%) and Panisol gum (0.25 to 0.65%) to obtain the optimal formulas of
Vanilla ice cream using the response surface methodology.

Materials and Methods: After adjusting the ratio of the ingredients in the various ice cream formulations, the
amount of raw material of each formula was weighed. The milk was then heated to about 45 ° C, and then the remaining
ingredients were slowly added and thoroughly mixed. The mixture was then pasteurized at 85 °C for 15 minutes. After

the pasteurization operation, the mixture was immediately kept in a water—ice bath and cold down for 4 hoursina 4 °C

refrigerator. After the ripening step, the mixture went through the freezing phase in a homemade ice cream maker. The
ice cream samples were packed in plastic containers and stored at -18 °C for the period of hardening. To optimize the
process conditions, the independent variables A (quinoa flour replacement from 0 to 100%), B (hydrogenated vegetable
oil from 4.5 to 8.5%) and C (Panisol gum from 0.25 to 0.65%) were selected at five levels. To obtain optimal points, 34
experiments were recommended by design expert software. The volumetric overrun (%) and the melting rate (g/min.)
were measured according to Hashemi et al., (2015) method. Ice cream textural properties were tested after 3 days
storage at -18 °C using a Brookfield texture analyzer. It was equipped with a cylindrical probe with a diameter of 6 mm
and a height of 15 mm. The probe was applied to the test samples twice at a speed of 1 mm /s and up to 50% of the
probe height and the results were recorded by device software. Ice cream textural data used in this study included
hardness (g) and adhesiveness (g. sec) (Hashemi et al., 2015).

Results and Discussions: Reducing overrun of ice cream samples by increasing the replacement levels of quinoa
flour can be attributed to an increase in the viscosity. As viscosity increases, due to the reduced mixing ability of the ice
cream mixture, the ability of air to enter the mixture of ice cream containing quinoa flour has been reduced during
freezing (Gelroth et al., 2001). The reason for the decrease in the melting rate of ice cream with increasing percentage
of quinoa flour replacement can be attributed to the existence of polysaccharide compounds with high water holding
capacity, which led to increase the product water intake intensity and viscosity and subsequently decreasethe overrun.
One of the factors affecting the melting properties is the increase in volume. In addition, the role of quinoa flour in
enhancing the melting resistance of ice cream can be attributed to the type of protein content, the emulsifier potential
and the surface active properties of its proteins and lipids. The presence of high amounts of protein in quinoa flour has a
significant effect on the stability of air molecules. Since quinoa flour contains high amounts of protein, this fraction of
flour quinoa protein, increases the hardness of ice cream through creating hydrogen bonds between the amide-hydroxyl
and hydroxyl-carbonyl groups with other polar groups of other ice cream components such as panisol gum. In addition,
hydrogen bonds are likely to be formed by electrostatic interactions between the quinoa protein groups of the polar with
the polar part of the gum panisol, which may also be the reason for the increased hardness of the ice cream in the
presence of the quinoa flour. With polar groups, quinoa flour traps the water in its structure and ultimately increases the
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consistency and adhesiveness of the ice cream. It is also possible that the protein portion of quinoa flour binds to the

water molecules present in the sample through hydrogen bonding and ion-dipole and dipole-dipole interactions, thereby

reducing water activity, increasing sample adhesiveness (Fatemi, 2008).
The optimal formulas were predicted for replacement of skim milk powder with quinoa flour at 25 and 53%,

hydrogenated vegetable oil 8.5 and 8.2% and panisol gum 0.39 and 0.48%, respectively.

Keywords: Panisol gum, Hydrogenated vegetable oil, Overrun, Textural properties, Melting rate, Sensory
evaluation
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Introduction: Films with appropriate mechanical properties and low permeability are very important for food
packaging. Natural polymers have gained increasing attention for the development of biodegradable films due to the
environmental problems caused by petroleum-based polymers. Carboxymethyl cellulose (CMC) is a linear polysaccharide
that exhibited good film forming properties. Gum Arabic (GA) is another polysaccharide that can be used for preparing
the edible and biodegradable films. However, several studies have shown that biopolymers like CMC and GA films have
high water vapor permeability and poor mechanical properties in moist conditions. One of the strategies that can be used
for improving the properties of biopolymers films is blending the different polymers and formation the composite films.
Various studies on the preparation of biocomposite films have been performed, however, to the best of our knowledge,
studies on combinations of the CMC and AG have not been reported yet. Thus, the main objectives of this study were to
prepare CMC/AG composite films using solvent casting method and investigate the effect of different CMC/AG blending
ratio on the physical (water vapor permeability (WVP), water contact angle (WCA), color, opacity and light-barrier
properties), mechanical and thermal properties. Furthermore, in order to determine the structural characteristics of the
films, fourier-transform infrared spectroscopy (FT-IR) and x-ray diffraction (XRD) measurements were also performed.

Material & Method: The CMC and AG solutions were prepared by dissolving 1 g in 100 mL of distilled water at 45
°C for 24 h under magnetic stirring. The prepared solutions were then blended in different proportions (75:25, 50:50, and
25:75). After mixing, glycerol (0.3% w/w) was added as a plasticizer and the solution was stirred for 15 min. The prepared
solutions were poured into a glass plate, then dried at 45 °C for 24 h in the oven. Finally, the properties of CMC, GA and
composite films were determined.

Result and Discussion: In this study, biodegradable films composed of CMC and AG were successfully prepared.
Results showed that some properties of the composite films were greatly influenced by addition of AG. So that, WVP of
films was decreased significantly in the blend films and the lowest WVP was observed in the 25:75 (AG: CMC) films
(p<0.05). The films hydrophobicity was significantly increased from 41.33° to 61.10° by addition of AG to the CMC films
(p<0.05). With increasing the ratio of AG, the tensile strength (TS) of blend films decreased. Opacity and light
transmission of the composite films increased and decreased, respectively with increasing the AG ratio. The differential
scanning calorimetry (DSC) test demonstrated that the thermal properties of blend films improved with increasing the
AG content. The FT-IR analysis indicated that new interaction was generated between the components of the blend films.
Generally, it can be concluded that blending the AG and CMC can improve some of the physico-mechanical properties
of the blend films

Keywords: Composite film, Carboxymethyl cellulose, Arabic gum, Biodegradable film
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Introduction: Among the different types of polymers used for packaging and coating, polyvinyl alcohol (PVA), given
its very enviable properties, has been used in various industrial applications. It is used for instance as controlled release
in pharmaceutical elements, paper, textile and food supplement coating due to its good physical properties, chemical
resistance, thermostability, film-forming capability, efficiency and biodegradability. The aim of this work was to examine
the combined effect of montmorillonite (MMT) platelets and titanium oxide (TiO2) spherical nanoparticles on the physical
and mechanical properties of PVA/ TiO2/MMT nanocomposites, and to determine the optimal combination to provide
good properties, using response surface methodology (RSM).

Materials & methods: PVA, PVA/TIO,, PVA/MMT and PVA/ TiO2/MMT nanocomposite films were prepared by
the solution casting method. For each sample, 1.8 g of PVA was dissolved in 50 mL deionized water and maintained for
24 h at room temperature. The mixture was then heated to 90°C and stirred using a magnetic stirrer up to 3 h to ensure
the complete dissolution of PVA, followed by cooling down the solution to room temperature. Various amounts of TiO,
nanoparticles (1 and 2 w% on a dry basis) were added to deionized water and agitated with a stirrer for 12 h at 500 rpm.
This method was also used for MMT (2 and 4 w% on a dry basis). The nanoparticle suspension was subjected to ultrasonic
homogenization for 20 min to ensure a good dispersion. The 50 mL nanoparticle suspension was added to the PVA
solution drop by drop during a period of 5 min while maintaining intense stirring (1000 rpm). Mixing was continued and
glycerol (30 w% based on the polymer) was added. Vacuum with a rotary vacuum pump was applied to remove air
bubbles from the solution. The solution was poured into a 15-cm internal diameter Petri dish with a perfectly flat bottom
and carefully aligned horizontally. Homogeneous films were peeled off after drying in an air oven at 40°C for 72 h.
Scanning electron microscopy (SEM) and X-ray diffraction analysis (XRD) were performed for characterizing the
morphology of hanocomposite films. The effect of these two nanoparticles on physical and mechanical properties, was
evaluated by response surface methodology (RSM). A three-level factorial design was used to define the test points for
the series of experiments. Among the various design alternatives suggested by theoretical algorithm, the selected design
consisted of 13 experiments including five replicate central points used for variance calculation. Furthermore, PVA film
data were analyzed using the Design-Expert program (Version 7.0, Stat-Ease Inc., Minneapolis, Minnesota) to find the
optimum combination of constituents for the best properties.

Results and discusions: X-ray diffraction patterns showed that the nanoparticles were well dispersed in the polymer
matrix of PVA/ TiO; and PVA / MMT films with layered microstructure. In addition, the linear effect of MMT
nanoparticles and the interaction of TiO, and MMT on tensile strength were significant. The linear, quadratic and
interaction effects of both nanoparticles on Young's modulus were also significant. In general, the optimum values of
TiO2 and MMT were 1% and 4% respectively for mechanical properties. The presence of both nanoparticles had a
significant effect on transparency and AE. Results of nanocomposite films indicated that the film with 2% TiO; and 4%
MMT has higher WI and actually is darker than other samples. By analyzing different results with response surface
method, the nanocomposite film with 0.5% TiO, and 4% MMT was proposed as optimum combination for mechanical
and physical properties

Keywords: Nanocomposite, Poly vinyl alcohol, Food packaging.
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Introduction: Button mushrooms are the main edible mushrooms in Iran and the most important quality indicators
of this fungus are the whiteness, having a glossy cap, straight stem, lack of brown spots. The mushroom has a higher
respiration rate than other horticultural products and, due to the lack of natural protective cover to prevent water loss, its
edible quality is rapidly lost. In the last decade, the use of polyethylene films to create a modified atmosphere and natural
essential oils to extend the shelf life of crops has been greatly expanded. Mushrooms packaging Polymeric
nanocomposites are two-phase systems comprising a polymeric matrix and inorganic nanoparticles. Clay nanoparticles
are among the most widely studied nanoparticles. When added to the nanocomposite films, the clay nanoparticles increase
the film strength and decrease the permeability of the nanocomposite film. Also, the incorporation of natural essential
oils can greatly increase the post-harvest life and prevent deterioration. Recently, essentail oils have been widely used in
various fields after harvesting fruits, flowers, and vegetables. So far, there has been no report on the combined use of
nanocomposite films and plant essential oils on extending shelf life of buttom mushroom.

Materials and methods: Mushroom samples were obtained from Shahwar Company in shahrood. The experiment
was conducted as a factorial experiment in a completely randomized design with 3 replications. The first factor
Echinophora cinerea essential oil, was sprayed on the product at three levels of 0, 5 and 10 pl /I. The second factor was
low-density polyethylene packaging films and 20 pum thick polyethylene-clay hanocomposite films. Subsequently, 100 g
bottom mushrooms were packaged in the desired 25x20 cm films, the packed mushrooms were then transferred to 4+ 1°C
and relative humidity 90% storage conditions. Post-harvest qualitative traits were studied at 5-day intervals for 35 days.
The studied traits were: tissue firmness, membrane permeability (electrolyte leakage), membrane lipid peroxidation
(MDA), catalase and superoxide dismutase activity, microbial population, browning index, fungal opening percentage
and fungal marketability.

Results and Discussion: Packed mushrooms in nanocomposite films with and withoutessential oils did not show a
significant effect on weight loss during storage, which could be due to the effective performance of nanocomposite films
in preventing water vapor and the creation of a favorable modified atmosphere in the microclimate space inside the
packages. Tissue softening was delayed in packed mushrooms in nanocomposite films compared to polyethylene films,
also coating of essential oil on packed mushrooms in nano films compared to polyethylene films. Polyethylene films had
a significant effect on decreasing the firmness parameter during storage. Evaluation of the effect of essential oil coating
and the packaging showed that the essential oil was effective in reducing electrolyte leakage and malondialdehyde content
in both types of packaging with both concentrations, but the results were better with 100 pl /. The change in membrane
permeability and malondialdehyde content reflects membrane damage as the cellular oxidative damage of MDA content,
which is a product of membrane lipid peroxidation, increases. The higher activity of catalase in the mushroom in
nanocomposite films coated with essential oils indicates that the process of decay and aging in the mushroom tissue is
delayed. The aerobic cells of the plant produce reactive oxygen species such as H.0, against stress and their toxicity is
eliminated by both types of enzymatic and non-enzymatic antioxidant systems. SOD enzyme activity was higher in
mushroom packed in nanocomposite films and coated with essential oils than in polyethylene films alone. This enzyme
acts as the basic scanengering enzyme for O-2 radicals and catalysis to H>O, and O,. It seems that the lower permeability
of nanocomposite films compared to polyethylene films leads to prevent oxygen entry to a certain extent and the lower
activity of this enzyme reduces the browning of the mushroom caps. On the other hand, coating with essential oil has also
reduced the browning rate. The marketability of mushroom in polyethylene packaging has decreased significantly since
the 20th day of clay nanocomposite, while the marketability of mushroom in the packaging of nanocomposite and
essential oil coatings was acceptable by the end of 35th day. The results of this study indicate that although for the better
prevention of senescence and contamination of buttom mushrooms during storage at 4°C, use of essential oil in
polyethylene packaging can be effective but change in the structure of polyethylene by adding 5% nanoclay, it was highly
desirable to increase the shelf life of the mushroom by retaining the quantitative and qualitative characteristics.

(*Corresponding Author Email: h.bodaghi@yahoo.com)
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Introduction: Porous starch granules are becoming of great interest such as non-toxic absorbents, owing to their
great absorption capacity derived from the major specific surface area. Pores can protect sensitive elements as oils,
minerals, vitamins, bioactive lipids, food pigments such as beta-carotene and lycopene that are sensitive to light,
oxidation or high temperature. Alpha-amylases from Bacillus and glucoamylases from Aspergillus niger have the
strongest hydrolytic ability toward starch. Ultrasonic treatments have been reported to produce modified starch. In the
last years, the effects of sonication on the starch microstructures and properties have been studied. It was shown that the
C—C bonds of starch granules were destroyed, and hollows or pores were formed on the surface and inside the granules.
Therefore, the main objective of this study was to identify a suitable starch (corn or wheat) to carry and protect iron
ions. The enzyme having a fixed concentration of 0.1% within a fixed period of 36 hour, was added to the starch
solutions in three different steps - after, simultaneously and before - the ultrasound processes. The power of the
ultrasound was 350 watt for 10 minutes. Iron ions (Iron Ammonium Sulfate (I1)) were added to the porous corn and
wheat starches in concentrations of 40, 60 and 80 ppm.

Materials and methods: The ability of water and oil adsorptions were measured in the produced corn and wheat
porous starches. The microstructures of porous starches were revealed by using Scanning Electron microscopy (SEM).
After adding iron ammonium sulfate (1) to the porous starches of corn and wheat, the amount of iron ions absorbed and
the type of bonds formed between starch and iron ions were determined by inductively coupled plasma (ICP) and
infrared spectroscopy (FTIR), respectively. Statistical analysis was performed by using SPSS software and the mean
comparison test at 5% probability level and in the form of factorial test.

Results & Discussion: The hydration capacity in processed wheat starch was lower than corn starch due to the
differences in granular structure of wheat and corn starch. The hydration capacity in native wheat and corn starches was
significantly (P< 0.05) lower than the processed forms. No significant difference (P>0.05) was observed between the
three steps of adding enzyme (e after, simultaneously and before the ultrasound processes). According to the results, the
oil adsorption capacity in the processed starches was more than that of the native forms. Scanning Electron Microscopy
(SEM) shows that the native corn and wheat starch granules appeared without any clear of fissures, fractures and pores.
The corn and wheat starches which were treated by the enzyme after (step 1), simultaneously (step 2) and before (step
3) the ultrasound change and lose their smooth surfaces and become uneven. The surface of corn granules in group 2
and 3 have less pores and porosities with more laminated. In simultaneously processes (phase 2) the ultrasound causes
the enzyme to be inactivated. In phase 1, it can be concluded that the ultrasound helps the enzyme performance in
creating the porosities and cavities. The wheat granules in step 1, 2 and 3 have a lot of damage on the surface and it is
likely that the surface of the wheat granule is more resistant to enzyme penetration than the corn. The results of the ICP
test show that processed corn starch has significantly (P <0.05) greater ability to absorb iron ions than processed wheat
starch. Also, corn starch had a significant difference in iron uptake in the step 1 than steps 2 and 3 (P <0.05), but the
data of the second and third steps did not differ significantly (P> 0.05). Hydroxyl groups of D-glucose units in starch
granules bond with iron ions and FTIR spectrums give drop at 575 (cm™) wavelengths.

This study showed that enzymatic treatment and ultrasound led to the native corn starches convert to porous
starches. The corn starch is more suitable than the wheat because the wheat is more resistant and the cavities were rarely
formed. The corn porous starch is a suitable carrier for iron ions.

Keywords: Porous starch, a-amylase enzyme, Ultrasound, Corn, Wheat, Iron, Fortification
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Introduction: The base of intelligent methods is using hidden knowledge in the experimental data, trying to extract
the inherent relationships among them and generalizing results to other situations. Artificial neural networks are one of
the most essential methods used in the field of artificial intelligence was inspired by how the human brain works, training
takes place first, and then the information related to the data is stored in the form of the network’s weights. Fuzzy logic is
an important decision-making tool that has recently found some applications in food quality. Also, it is possible to find
out the reasons for low and high ranking of products evaluated by the judges. The fuzzy model can be used to determine
the importance of individual factors to the overall quality of a product. The ANFIS model is a combination of the artificial
neural network (ANN) and a fuzzy inference system (FIS) in such a way that the neural networks are applied to determine
the parameter of the fuzzy inference system. The fuzzy logic theory effectively addresses the uncertainty problems that
solve the ambiguity. Sweet lemon (Citrus limetta) fruit is a popular agricultural product cultivated in tropical countries
used to treat common colds, influenza and hypertension. Sweet lemon is quite perishable with postharvest losses such as
weight loss, physiological deterioration, decay, and softening texture. The objective of the present study was to investigate
grading of sweet lemon fruit based on quality and visual characteristics using fuzzy logic and ANFIS.

Material and Method: Ripe sweet lemon (Citrus limetta) fruits and radish (Raphanus sativus L.) leaves were
purchased from the local market in Zanjan, Iran. For emulsion solution preparation, 50 ml alginate sodium solution, 1 ml
glycerin and 0 or 10 g radish leaf extract were mixed, then the coating solution volume was made up to 100 ml using
distilled water. Finally, the mixture was steered for 200 second. Sweet lemon fruits were dipped in coating solutions or
distillate water (for control treatment) for 2 minutes at ambient temperature (25°C) and were then air-dried for 2 h using
a fan. All treatments stored at 4°C for 50 days. Firmness, pH, titratable acidity (TA), total soluble solids content (TSS),
color, and shape were measured at 10-day intervals. This paper introduces an adaptive neural-fuzzy inference system
(ANFIS) model to classify sweet lemon based on the quality parameters and RGB intensity values. The ANFIS with
different types of input membership functions (MFs) was developed. A study was performed using fuzzy logic and
adaptive neural-fuzzy inference system (ANFIS) to predict the quality parameters of sweet lemon (firmness and ripening
index).

Results & Discussion: Our results showed that ‘triangle2mf” MF performs much better than other mentioned MFs
for defect inspection. The classification accuracy of the ANFIS with ‘triangle2mf” MF was 97.5% and 96.6% for quality
input and visual input, respectively, and the total correct classification rate was 97.01%. Therefore, this study indicated
the possibility of developing a potentially useful classification tool using the ANFIS technique based on quality
parameters and RGB values for fruit classification during processing, storage and distribution. Comparing the results
obtained from fuzzy logic with various membership function, showed that the RMSE in the fuzzy logic with ‘guss2mf’
MF was lower than other algorithms. The proposed approach focuses on three research motivations. First, to develop a
fuzzy rule-based classification system that can detect all the four quality grades of the sweet lemon. Second, the system
should be able to predict the quality parameters of sweet lemon. Fuzzy logic deserved high level of accuracy in
classification of sweet lemon, indicating high correlation between the data obtained from Mamdani fuzzy rules and
experimental ones during storage time.

Keywords: Fuzzy logic, Sweet lemon, Mamdani inference, ANFIS, Classification.
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Introduction: Shortening is an important ingredient of bakery products, especially the ones with less developed
gluten network like cakes and cookies . Shortening thermo-rheological properties are related to the presence of high levels
of saturated fatty acids which have the capability of making crystals at room temperature which melt during baking.
Consumption of high saturated fatty acids increases the risk of coronary disease. Moreover, hydrogenation is a usual
technique for elevating the saturated fatty acid content of vegetable oils. Lowering the saturated fatty acid content of a
shortening results in the shortening with less functionality. Transition of an oil physical properties to those of a semi-solid
structure can be done using low- or non-digestible oil gelators called oleogelation. Ethyl cellulose is a polymer with oil
gelation capabilities at low concentrations. However, its oleogels are firm and brittle, so some low-molecular-weight
gelators can improve its texture and increase its plasticity to mimmic commercial shortening functionality. In this study,
the functionality of an oleogel based on ethyl cellulose, stearyl alcohol, stearic acid and sorbitan monostearate was
evaluated as commercial shortening substitute in cake formulation.

Materials and Methods: Based on previous studies and preliminary experiments, an optimized oleogel formulation
was prepared as shortening, composed of ethyl cellulose (6.4%), stearyl alcohol:stearic acid (70:30) (7.5%), sorbitan
monostearate (0.1%) and canola/soy mixture oil (75:25 ratio) (86%).The gel was formed by heating up the mixture to 150
°C for the complete solvation of the gelator compounds and gradual cooling to room temperature. In the next step,
commercial shortening was substituted with the oleogel shortening at 0, 25,50, 75 and 100% in the cake formulation.
Moisture content, water activity, specific volume, crust color, Lab color space indices based on image processing, porosity
based on crumb image analysis, TPA parameters and sensory attributes were determined and compared using one-way
analysis of variance and LSD mean comparison test.

Results & Discussion: The results showed that there was no significant difference in the moisture content, water
activity and specific volume of the cakes prepared with the oleogel shortening with the one prepared with commercial
shortening. This reveals that the oleogel shortening functionality was acceptable compared with commercial shortening.
In terms of crust color, there was no significant difference in the lightness index (L*) and red-green range (a*) indicators
between different samples and only in the yellow-blue range (b*) index, the cake with 100% substitution showed a lower
value than the control. For the porosity index, there was no significant difference between the five samples, proving the
oleogel shortening can induce sufficient air bubbles generated during batter mixing and its preserving effect during
baking. Examining the texture of the cake samples showed that the texture hardness and springiness indices decreased
with a rise in the level of commercial shortening substitution, while the cohesiveness index did not differ significantly.
The latter indicated that the oleogel shortening effectively shortened the gluten network; thus, it can be said that the same
commercial shortening functionality is attainable using less oleogel shortening content. Furthermore, as the percentage
of the commercial shortening substitutes increased, due to texture softening, the chewing energy of the samples decreased
resulting in a better mouthfeel. Finally, sensory evaluation of the cake samples did not show a significant difference in
taste, texture, appearance, color and overall acceptance based on scores obtained from ten untrained evaluators. In
conclusion, the use of oleogel shortening instead of commercial shortening with high saturated fatty acid content in cake
formulation not only can result in a cake with acceptable properties at 50% replacement level, but also can replace
commercial shortening even up to 100%.The latter just lead to a softer texture. Optimization of the cake formulation
based on the oleogel shortening would specifically result in a cake with better properties, while it has significantly lower
saturated fatty acid content and nearly zero trans fatty acids.

Keywords: Cake, Ethyl cellulose, Oleogel, Saturated fatty acid
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Introduction: Fats have a special place in human nutrition and their main role is supplying energy for the body. But
scientific findings approve an association between high fat intake and an increment risk of some diseases, such as
atherosclerosis, heart disease, and .... Demand for low-fat foods has increased dramatically as people become more aware
of fat consumption side effects. However, due to the multiple role of fats in food products, eliminating or decreasing fat
lead to poor quality of products. Therefore, it is necessary to use a combination of fat substitutes to maintain the
rheological, texture and sensory properties of the low fat food products. The use of emulsion gel structures are new
methods for the production of low-fat product that has been studied in this investigation. The Pickering emulsion was
used to produce the emulsion. In this method, instead of using surface-active agents, solid particles are used to stabilize
the emulsion. The aim of this study was to prepare Pickering Emulsion from Isolated Soybean protein (ISP) and Basil
Seed Gum (ISP-BSG) Complex. Finally, emulsion gel systems were applied as fat substitutes in cream.

Materials and Methods: Basil seeds were purchased from Mashhad market. Isolated soy protein was purchased from
Shandong Yuxin Bio-Tech Co. (China). Sodium azide was purchased from Applichem Inc. (Dramstadt, Germany).
Sodium dodecyl sulphate (SDS) was obtained from Merck, Germany. Pickering (solid particles) of soy protein isolate
(SP1) and SPI-basil seed gum (ISP-BSG) complex used as emulsifier for stabilization of cold emulsion. ISP-BSG particles
were prepared with different mass ratios of ISP: BSG, 1: 0, 1: 1, 2: 1 and 3: 1 and named 1S: OB, 1S: 1B, 2S: 1B and 3S:
1B, respectively. These solid particles were used as Pickering for emulsion preparation. Cold Emulsion was prepared by
adding calcium chloride. The oil leakage, oil leakage after thermal treatments, microscopic structure, textural properties
and viscoelastic properties of emulsion gel were studied. Then, the best structures used as a fat substitute in cream (5, 10
and 15%).

Results & Discussion: Investigation of emulsion gel properties showed that coating the surface of emulsion droplets
with solid nanoparticles formed a rigid shell that acted as a barrier against the deformation and transfer of materials from
the interfacial surface. The use of ISP-BSG nanopatrticles as picking particles caused more homogeneity and stiffness in
emulsion gel structure. The rate of water loss in reduced fat cream was in the range of 1-2% by using the emulsion-gel
system, which indicates the effectiveness of these systems in reducing dehydration in cream. The increasing replacement
percentages led to increase water loss (p <0.05). However, emulsion type had no significant effect on water loss content
(p> 0.05). According to the results, ISP-BSG nanoparticles impart high potential to stabilize emulsion with small oil
droplets. Based on the results of the sensory test, it was found that the characteristics of the cream samples depended more
on the replacement rate than the type of system used as an alternative. The presence of a fat replacement system
maintained the desired quality in low-fat cream samples. Most of the samples scored higher than 3, which indicate the
high acceptance of low-fat samples.

Keywords: Basil seed gum, Complex, Emulsion gel, Fat replacement, Soy protein isolate, Solid particles.
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Introduction: The Okra belongs to the family Malvaceae with the scientific name Abelmoschus esculentus (Peyvast,
2009). The viscous property of okra is due to the thick and viscous matter in the fruit pod, called mucilage. Okra mucilage
is a polysaccharide currently used in pharmaceutical industry as a hydrophilic polymer in tablet coatings (Bakre et al,
2009). Mucilage collectively contains polysaccharides, proteins, and minerals found in a plants or seeds that are more
widely used in various industries, including food industry, as a stiffener in dairy products. Mucilage composed of
monosaccharide polymers, amorphous and semi-transparent, and are hydrocolloids. These materials are hydrophilic
molecules that can be extracted with water and form a concentrated or gel solutions. Gels are widely used in the food,
pharmaceutical and non-pharmaceutical industries. The cultivation of okra in Iran is mainly occurred in tropical and
subtropical regions and is found in Khuzestan, llam, Kermanshah, South Fars, Bushehr and Hormozgan provinces
(Mozafarian, 2012). Many studies have been done on the extraction of okra mucilage and its applications in the
pharmaceutical and food industries. Faroq et al. worked on the organoleptic properties of okra mucilage and concluded
that okra mucilage has good flow properties and high solubility in water that can be used safely without any side effects
(Farooq et al, 2013). ). Noorlaila et al studied the emulsifying property of mucilage extracted from okra (Noorlaila et al,
2014). Nazni and Vigneshwar studied the extraction and evaluation of organoleptic properties of mucilage from okra and
several other plants and used ethanol and acetone to purify mucilage (Nazni et al, 2012). A study was conducted in 2018
to study the basic properties such as swelling index, emulsion stability, viscosity and antioxidant activity of okra mucilage
(Fekadu Gememde et al, 2018). In a study on the use of okra mucilage in pharmacy, Ameena et al after extracting mucilage
from okra and measured the physicochemical properties of mucilage, applied it in tablet formulation and many parameters
such as diameter, thickness, weight change, hardness and Fragility were assessed. According to observations, low
concentrations of okra mucilage can be used as a substitute for starch in tablet formulation, and also high levels of okra
mucilage can be used in the drug release system as a natural substance (Ameena et al, 2010). In a study, Mishra et al
presented okra mucilage as a new proposal to replace polymer materials used in various industries (Mishra et al, 2008).
In 2014, the effect of okra mucilage on the release of propranolol hydrocolloid in tablets was studied. The highest hardness
and lowest brittleness were observed for okra tablets (Zaharuddin et al, 2014). In this research, extraction of okra mucilage
was investigated by two methods of solvent and supercritical fluid extraction. Optimization the yield and physicochemical
properties of the extract obtained from both methods was also investigated.

Materials and methods: Fresh okra obtained from local supermarket in Khuzestan province. Chemicals materials such
as pure ethanol, acetone, chloroform, acetonitrile purchased from Merck and Sigma Aldrich. After transferring the okra fruit
to the laboratory, the contaminants were removed from the plant and then rinsed thoroughly with water. The okra pods were
dried at about 40 °C in a digital fan oven model 6882A. It was powdered by a German-made electric milling machine and
then it passed through a 30-mesh sieve to be ready for extraction and it was weighted by laboratory scales (0.0001 precision
manufactured by Cornell, Germany). In the solvent extraction process, the okra powder was weighed by a digital balanced
(GR-200 model made in Japan) and transferred to 250 ml human. The solids stirred in distilled water and various amounts
of solvent for 1 to 5 hours until the mucilage is completely released into the water. The solution was filtered and then adjacent
to an organic solvent. Then, the filtrate was poured again into Petri dish and placed on a water bath at 45 °C to evaporate the
residual solvent inside it. The residue inside the Petri dish was dried in a fan oven (Reyhan Teb Company) at 40 °C and
powdered and kept at 20 °C until the day of analysis. In the supercritical extraction method, the supercritical fluid extraction
machine which designed and manufactured in the laboratory of the Faculty of Engineering at Ferdowsi University of
Mashhad was used. The carbon dioxide was supplied by Khakakan Co., Quchan Road, Iran in a 45 kg cylinder.

Results & Discussion: Generally, according to the results of both methods of solvent extraction and supercritical fluid
extraction (SFE), the extraction efficiency of mucilage at the optimal point in the solvent extraction and in the supercritical
methods was 5.12% and 1.58%, respectively. Due to the less use of organic solvents in the supercritical method, this
method is more environmentally friendly, which is significant in converting the laboratory method to pilot or industrial
scale. Physio-chemical analysis of mucilage obtained by two methods shows that the index of swelling, moisture and ash
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of mucilage obtained by maceration is more than that of supercritical mucilage. By comparing the obtained values at the

optimal point of both methods, the solvent method has a higher total efficiency and has been more successful. However,
in the supercritical fluid method, the solvent utilization is significantly reduced. The extraction time in the supercritical
fluid method is also reduced by about 50%.
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Introduction: Nowaday, the demand for low calorie food based and keeping primary features including texture and
taste is increasing. Jelly is one of low calorie products produced from fruits and other components, and its consumption
is increasing for human health. Jelly is semi-solid and transparent product that prepared with the use of sugar or juice
and pectin or gelatin and flavor and color may also be added. Potato peels contain valuable substances such as pectin.
Using potato peels to produce pectin with appropriate properties can solve the environmental issue resulting from these
wastes in addition to make value added product. Pectin is a complex polysaccharide that is found in the wall of early
plant texture and in the intercellular layer. Pectin contains a group of rich polysaccharides of galacturonic acid units
with lower amounts of different sugars (Baiano, 2014). Two commercial forms of pectin are available: high-methoxyl
and low-methoxyl pectin (high ester and low ester pectin). High-ester pectin forms a gel in a solutions containing high
soluble solids and acidic systems, whereas low-ester pectins form more gel at wider pH and range of solids content but
they do require divalent cations to form the gel (Kratchanova et al., 2012). In the food industry, pectin is used as a jelly-
making agent, especially in the production of jellies and jams. Pectin is also used in fillers, medicine, pastries, bakery
products and also as a stabilizer in juices and beverages, as well as in dietary fiber (Sharma, 2006). Pectin also has
therapeutic benefits such as lowering blood cholesterol levels, removing heavy metal ions from the body, stabilizing
blood pressure and facilitating intestinal activity (Ptichkina et al., 2008). Temperature, pH, and acid extraction time are
the most important factors affecting the extraction yield and quality of produced pectin (Yapo et al., 2007). Currently,
almost all commercial pectins are produced from citrus or apple peels, both of which are juices by-products
(Thirugnanasambandham et al., 2014). Therefore, the main objective of this study was to optimize the conditions of
extraction of pectin from potato peel by response surface methodology and to compare the physicochemical properties
of Jelly produced from potato peel under optimum conditions with Jelly produced from apple and citrus

Material and methods: Potato of Granola variety was purchased from the local market in Ardebil. The chemicals
used for the tests include: citric acid, sodium hydroxide, phenolphthalein, and Calcium chloride were purchased from
Merck Company (Germany). The method of Hoseeni et al (2017) was used for jelly production with slight modification
as follows. In the First step,0.5 and 1% pectin extracted from potato peelings, 30 % Sugar, 0.014 % Cherry edible color
and 0.75 % Cherry essential oil were mixed then 100 CC Boiling water was added to the mixture and mixed again.
After the sugar was completely dissolved, 15, 30, and 45 mg of calcium chloride was added per gram of pectin. The pH
of the samples was regulated by citric acid solution on 2.5 and 4. The heating of the samples was continued until the
brix of the treated treatments was set to 42. The prepared samples were kept at room temperature for half an hour. The
treatments were then refrigerated for 2 to 3 hours to complete the jelly closing process. For this purpose some jelly
characteristics such as texture properties, physico-chemical (pH, acidity, brix, moisture and Drainage) and sensory
properties of samples were investigated using five point hedonic scale. A one-way analysis of variance and Duncan test
(P<0.05) in three replications were used to establish the significance of differences in the experimental data. The results
were analyzed using the Minitab version 16.

Results & Discussion: Results showed that by increasing calcium chloride, pH and Pectin concentration had a
significant effect on increasing the hardness of the gel and the strength needed to make the gel brittle (P<0.05).The
highest hardness of the gel in pectin emulsion extracted from potato peel was 30.0959 N and highest force required to
break the gel was 27.3431 N in the most severe extraction conditions at Calcium chloride 35.2286 mg/g, Pectin
concentration 1% and pH 4. Results of physico-chemical properties showed that there was no significant difference
between pH, acidity, brix and moisture of jelly made from apple pectin and citrus and apple commercial pectin. The
results of the syneresis showed that the syneresis by the jelly of potato pectin is not similar with jelly from apple pectin
and citrus and apple commercial pectin significantly different. Also Results of sensory properties showed that it was no
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significant difference between jelly from apple pectin and citrus and apple commercial pectin. The results of this study
showed that by optimizing the production conditions, potato pectin can be used in jelly formulation and jelly can be
produced with desirable and comparable quality compared to the commercial pectins

Keyword: Jelly, Pectin, potato peel, Texture properties, physico-chemical properties, sensory properties



Iranian Food Science and Technology
Research Journal
Vol. 17. No. 2. June. Julv. 2021. n. 409- 421

OIn! 21af bl g pole Gledrgy 4 s
FrA-FYY. o 1Fee pi—0lo,5 .Y o Lo NV oo

99550 5 o ) Sy 0 BluiS b I8 03 5 gedd g s Sy Sl s
lad gueS 325 oo 5 LI )

ijy.a.ﬁ.n aable —\%l;'.:.mb..:u o

AASVA AR N gC

LRV

gt oBan )Ml g U ls i jolatody medy ol 5 Cusl 38,56 il (03, Shos (sl Shag g s bo Lais )3 sty o Wity Slds)
5 Joirle 9 (WPC) iy O g 055liS L (bl (S CSts Lawgi 005 lgjae (0B Sldgujny 0ailS o 55 Jolge Jlio )> J5 03,5 s
Y WPC ol o)l (sl o3lisal 3,90 oS 5 505 o3lital (559 =559 ) 4 Vo Canmd b oAb g et (i 1302 9 o)l S 5 b plol gl bogloe
celo YA e &y alols gl JgusS (ool Glo 28Ty g pud slaiods 25 Y V s b S5l 9 WPC bgleo (yizman o> Y Jgjymld o>
bobo 0)]923 b JoueS 4 by UV anil (5 )3 (520 > e )3 (DPPH) JBosly (SaiiSlee oliee i i8)S )13 UV anil (2500
ol 42505 s JgunsS” lowds Jld b Lais (3 1) 5 Slas oyt WPC 5 5,0 (oS 5 0)lg00 o ol (FTIR) wiwcids 2l .5e WPC 4 Jsj,018
$F8lo 5 CE19S, o)l w39 WPC g g ylé bolsrs 0)gad s o (2l JguS 12y 31 (i (SEM) (o) (398Ul 5Sasg Se I Jols prglias
S sghiedr quslio Glablrs bl b o)l cnyiee Glsisar Joimls 9 WPC bslsee cule )5 335 (J595m08 o)l b (slodsunS ) &1 S
.b.))f ul.’xul odS w).’7o JAI}C JJLQA » LQeT )l cladls 9 04 )AJB)M dLmuA.fJB);

2 Sl g 0y3iS (Jo5mld (il (S SES (i) 03,5 015 gy (s 15 MIS SWojly

as” (oolge (Su et al., 2011 <Patsialas et al., 2012) 45 o0
B sl oSS b Glign, » plde b ojlps plysa
e atols ¢ J95 0l cn yuS3glle ¢ gowo Joldb g
OBign Jto sebign slooysliS 5 balgpl dodl bglse o aidly
Jo;01 .(Shen and Quek, 2014) ssb o bgw (pZigp gy
5 hE Slge 5l 6l > odlitu] CullB &S Cuul Logy b o9
Sy » Shiwas Sy ol b @l lbdese
Sy Slles )3 13l g 039 wan 4 pglie o yusSgile
Zhong et al., ) 5,5 o )8 ookl 5y50 (gloylgod o3lo (ylgisay
Iy Jaspele (Y+) o, o Pudziuvelyte Jio gy (2015
G sbojlas Slgny 3 Glolwd ClSy I (S lyisa
pMel Ll .ol 51,8 ealisiwl 390 iily (13,8 Suid SiSS Lawgs
eS| ST b i o s 38lee Jgjpub o 208

(Email: h.mohebodini@uma.ac.ir
DOI: 10.22067/ifstrj.v17i2.86412

J9f.a.wc OJL.M..A&.}—-::’»*)

Aol
Comolue > 45 bagyls 138 g gyl dile | uigy bS5 51
Ay 098 s il g 00 0)5L5 gy g odno (sl Ll a4y Ll
PoleS 5 ol Sl s, (Kanbargi et al., 2017) was o cuwd
05 02,5l JIS,55 o] s3,8kee (slaSig 5 5o L
$38das (a Sho @ g b canl (1S9 n 2o ¥ BV (g5l
b))l Gy arie (JS 035 SnSan (i M 4
Jbun) clodty Mg g sg)dm Joo sl sl o jledey
Magsoudlou) sb e iol33l ksl (63,Slas 5 (aisu zodw il il
Slsiy oo S5US by, S (et al., 2018
51 edlatwl sl 48,8 18 edlatwl 5yg0 (gduin 9 ulgn S
F s polus g Jlb dlge bais o) (nyigly (o8l oS Sis

6579liS 0.y Lole Ciun gude (s jou) 4355 09,5 ¢ cold pole (gl Sy —)
cded b eyl iz oKl ¢l milio 4
&be g (65y9liS pole oKzl ¢ I3 dlge cowd 09,5 (5S> aid gl iy =Y

GBS b



VPoo yui —018,5 Yol AV Al o)l pl (108 2obuo g poke (Gleiidghy g pis ¥V *

Silioog S 59565 9 J9ge Ot (9 gm Gk S Sl
b JgusS 325 051923 13 (soglie Hlums (S il 5 00l S 5 o050 L
2 g el Shams S g gy A5 S 5 iyl 2929 4
355 5S9p ped Sl 4y bgye ol A g Joxe

Sps (YY) Lopez-Rubio 5 Goémez-Mascaraque
s O ofion Glbss) J Jeob ladsS sy (Sl
Ll oligS 5 05 b (il (03,5 Sid (o) 4 0Ad jdg)d
alols o oS 3y Jlin b L2500 H1,8 sy 3)50 SEM 5l salaul
39y CEIPSG et o (g Bl (e 5l g 0392 (59,5 oy
3 oab o b ) Yoane L5l pd cpl & aimil ol
Blods Sis abl (S Kis ) odlital b & L (gla Jslone
Gl Jsoze

Ol 5 Sldgj) dinj > (ilisee sy imggy 4l wé sl
Sligiy 350 Oldlles wunl obid pll Jldcww; (olde
4l g Ll )3 Ll (g )laly (o 9 030 509,0m (ol
Po3)S dox jl s o5 (Sl SV g ;K03 Bkl oS
Pl gy dtne (pl sl 485 )15 42553590 yiaS (ol )9S
oiRe crl bl Ban culply S e pdgy |y gl ol
b il (S bawgi J5 03,5 05 Jilg)dm (g Slg i,
Sl g e bis jgateds yiy Of oplis 5 Jgjmlo
ol ol 5 Ao 4Bl gopns bl 5 Alols sl JpuS 5,
32 S g0l 31 eolital L o JguusS 525 (6 5Mok ()
g Slojlys oo G olerd G tSerp 5 olesd Lo
b gy 9 FTIR Sloolial b o dlguS o0 julg)am (3059 0

9y 9y ey Ko ) oolitnl b b JouS 0y (Si59l58 50
J..s.))f robo]

gy 9 2lge

s g0 (g, 5 sl

duwge 5 ooyl Bazee oSl 0 VWAA Jlo o gk ol
Lokl 1548 55 Ly 2 (IATA) (lié Sl 55508 (53913
SLidl 03,5 Slods 5 Juus 5955 B9 35 0 j1 U5 03,5 4 plol
G s 38 51 oozl b 03,5 10y i s Jusd)l oyl 5o #8l
i mbliae (ien jl odlaiol b celw YF cdo 44 ¥ 4 )
03,5 (ol 3g)hd yelaieds . (Magsoudlou et al., 2018) .
A) )Y?a A )51.» Olawsd o (L)A.bﬁ)J oy VF/o L;) o L;’I.))@P
Sogul gl j50b5000 3l odlaiwl b g ad J> 0 & ) Cuws b (pH
§ odlisl b oad (5 00,5 el o)k 08 jsen
a4 PH A 50,5 sl x5 0 slod ;> (hoy> VD clale) SYISII
ol LSSy coles 5 i pbul )1 ,Ss 5ebeSSl s el ¥ e

ol 39 1 (SLigsy (a3jk G (e 5 (i3 (slaojlac
oy Joiml 5l (V10) (l)lKen g Pal 103 g}y )17 o 21>
Olsliel el a8 00 )5 eoldtwl pooyb Sliss oy 50 (loylesd ool
gy londsSozd slaShy bis 5 Slosg, (2L
SUho) soltedr (it (slojlend SluS 5 5l Kimggy 3,8
Sbe la Shy g s)lul 5 Sles )3 eoliul by 5 by Sy
o535 (V++2) o), Ken g Molina .silesls )8 (w)yps 3y90 1y LSl
Suid o) 4 dbhgw gy gl I el b 1) ol jlg)am
b JgusS Sy Jlbbo ooy p @l 2538 Slig oy (LBl 35
555 &ls ok g5 elbJguusS 1y 45 315 5 SEM Lawgs
Sgo caslio cdibloee el 5 Azl | SraSis by S 5 o b5 156
sskaiedy (YY) ) Ken o Kanbargi .a,0,5 o JouS 5, (50
5 Ziziphus jujube «ls 1 ol odd jdg)ln e Slig,
Lol ol gubs .55, exliwl (gloylgss oole lgicds ol gow
OS9n DPPH JIl) e 538 «55lS5 ploj e ial38l
DPPH ol jloe cpad Lol ccdly yials cond 4 oddd g pdun
@l Sl cb Loyd oad Slign, odd g (Sen
i g Ay o oy sladigy LN ol FTIR [ oxweads
SEM 3l oslisial y Sjelspo ooyt guls dg1 085 1,8 sl
9 Fs9S ple wid Mg sladpuShy gaw bbb gl
Dy pedles
4 bow ugpmand 5l odlatul L (Y1) ) Ken 4 Mohan
@l awlie by odd o (Sen w9 Sliwi
0yl sdund Lo b 53,50 slady ob L FTIR  sruscals
B Sy 0> alad g (ABgn (i b Cungnl oty
ojlas Jlig 5y yslaieds (YY) ) Ken o TOrres-Giner .us s
3 el 33,8 edlizsl (o uSo5le 5 (g0 (9 y3LS ) g9
9 oileS] sl Sy oaiS @y Jale S5 glyies UV andl
Gl sl s FTIR gl izl U Jpma 52, Cooglio oy
s hdS 8L 4 bgje ol ad Ll el iy 9 4)8lo
it 2l g 0l ol Lo )3 (b a5 C-H
P ESIB Ll bosd Sligi, o)las prizen 5 kS 4
S0 (rp @l M ol (e g B s UV (550
9 Selan olpd b odd ans slaJgunS o LS b JgunSTh)
by 5Se goh File gaw ShawgS 5 (WSon S5
5 ol Sy 5l (Yo0)) ol en 9 SU il (g5 cooliiul
oo @l )5 ol JousS slojlgnd odle lgicar (5
Jislo ol ol SEM 1 ozl L s oS3y oSo5slodye
2 SldengS 4 iy p S GRIFEIL 939 (6955 o guS )
AlydgSee Hlidls 5 cdly gals o)ley S5 ol o)lg
s 5 oS 3 s FTIR ot gl 133,8 yipslio



YAV s O (oniig 3 0,0l b JS 03,5 o 5udg youd (radig 0 SLibg 05 [ o guadn 9 (i lllio

Socib g (p) )3 085 )5 Glolid 5 o)y 3)90 WPC
odgdme ¥ oMt s b Sl Ve uSSlo b dlge 513600 ¢ (S5
Torres-Giner et al., ) 1us (¢ yslaes ¥oro cmt 5 Foo cm?

(2017

g 325 (e luS10S (S 519 (w2
b 2 00Bide)n gy 9 g iy (liluST 1S Sy
(o <9 ‘;gg. ‘).6.0 dlbu&lw 2 UV il uo):.c » ‘5)5)‘)3
Spe [(Torres-Giner et al., 2017) 155 awlie K0S
Gub DPPH ol lee @y (g5505l0] (bl sioluSTos

gumnS 525 (R2599900 (S 39 (o)

Torres- gy (wll p odol Cuwddy (glo JouaS 315 (559059 30
oSy Sus bawgs g SEM T3l oslazl b (Y4 1Y) ol Kan 4 Giner
)8 L)y 3,50 S-4800- Hitachi (Tokyo, Japan) Jue g :S!
ROER

FWg 525 Glonly (6 50311

(V) o) Ken s Muangrat g, ol p Sligs, olesl,
Vboad Slagn »g il S e Vool sl Clyuss (WS
oolizsl |y g 05 bglsee (PH A ) 0.1 M ppuslty cilind 3L 12 e
Ol 55031l jslaie 4 ab 03] w385 1O Do &y (1S3 599
2583 b9y ) ead Sy g > (SPCT) (o (g
(V) dles ) (BEE) iligsn, olossly 6y ol as oslizul
23,5 edlazwl

05 B Jsbe 2 S B oliwe dokes (il > TPC?
(ng/mL) a2 L5 |y SLigy oy 31,8 )

Sl 5l g gaw > Bgn Gl bl pl > SPC
(ng/mL) w3 e L5 1) (Sl
(EEZ) Glogssey losilym pe x Ve ()

Ro3ls (g bl Juloxi g 4y 505

Sygo 4 ShnS] 5l oyg05l 5 ol slaodly wil)lg 4550
9 Joiml <8y 0l Joyin (nSen lp (Solai LK )b
Hayke (1S9p 9 WPC (Joj il oS 5 0l 5dg)ad (g

4 Surface protein content
5 Total protein content

solaieds .y )3 (aBgie diBd Vo ke &y 3,5 il ax D AD (glod o
4By Yo Odo ay Free g 90 b ot uile o Sl lSp Gls
‘_’5&0 )1 odliiw! L cwu;).:y» ‘5)5]6» )l o= W) pl?o‘

.(Magsoudlou et al., 2018) x> ,5 s (goless!

851923 3190 9 00 gy (g g (S Lol A
Jsloe e o> Y WPCTao )3 ¥ g5 ,mlb (sla Jslce
S 5) S eble L) 4 Y cans LWPCy 5,06 byl (g4l
sobaite cpl & B0 45 059> Ol 3 (S99 2o Y (ol
Cand (39 $i9 V&) S b odd g s (S 509 It
oo 3l oolitwl b g ad a8lsl o5ded Ol 4 wyled oS 5
b sloglasd dlge Ly oab 035 o Celis ¥ o &y ounbline
DL Y Cdo dy jed g Bad 4Ll ol)l & osds a5 slacuns
Gomez-) caly aobl cales Jobro & dwy U celw
Rosenberg et al., ‘Mascaraque and Lopez-Rubio, 2016

(2016

Bl oS S o5 St

b odd 4 0)lgd dlge g 0dd Sdg)d (ugn slabsglse
s b (mdgw Butchi BI0)  aisl S Sid Gl oolial
ol S lo dx > OF 25 (glod 9 35 il asy0Ver (63450
O A8 SasL ¥ jLad g adBs )5 ) Ve dler by cas iy
ol | S5l yohated dlols S 3y 29 5yl zex )l
B> )3 i 3,90 claysesl plsl loj b dlols (glayogy gl
Gomez-) 1515 (5)l055 paditene 55 31 593 BT slod )3 5 5515w
.(Mascaraque and Lopez-Rubio, 2016

UV andl 4d 520 )3 5 5 )18

Sk oy g 08 3d (ngn bS] @ pud)glated;
Torres-Giner g, wloly ¢ )55 Jolge ply 33 b JouS 3,
01iiS gy Jole Sy olssar UV andl (YY) o Kon
@1 195 (slagurS 32y (hoy cnl pplel 2 0 odlinal LS
ooy CelwfA Gie 4 Allis jobdy diwa 5 (loylgd sole
55,5 515 UV awdl

5 londsSo s glatisy glgil FTIR (xiwcals jl oslizal b
9 Joiml g 0ad jloyas Sgn ClSS n SRy

2 - Whey protein concentrate
3 Scanning Electron Microscopy



VPoo yui —018,5 Yol AV Wl o)l pl (2108 2buo g poke sleiirgly 4 pid FIY

Sty ol (B 352 VY o DPPH IS0, slae olld ol
OSae SUigiy T b 3 9,8 Kid Glles Mt Miies o
OialS g JounS 51 10 09550 (sladiy Hld e cu 50 el Cunl
iy Aty 40,0993 03lo s 4>y 33,5 5T o luSTas e Jlad
Sy Jales by dlwd dge s 0 JewS SLE sl
» «(Kanbargi et al., 2017 :Sonawane and Arya, 2015)
Ol Y s Ve i &y 0103 03l Copad (5,8 b pl> iy
05,5 o2l UV anil )55 Jole Bl > did canslio clslis
2 o] (il 15 b o o Jysyls oo b g oy
23S Std Slles 092 00 Jg)dd (w9 jl a8 Hho (o)
ordd (1S9 a8 A5 b Sgw U Sldg oy 2l 6
Slialie wlol 1 28lg )0 (bl b JouoS duds diws 1D D550 00
» o S Gl el Jsm L WPC (o 5 S (lsicss
Cuwl 00 asudio 55y (g yidgh 50 b Al I cladle
Olgeas i g 0)lss> Sgamdseal S 5 )3 yty Ol g 0 s3> oS
Skl (gl g Vb oD b (alagusS 5 03,5 Joo plisdgal S
Shen ) wS e 4Js oS aunS] Jolgs blis )5 cuslio ladloce

(Chenetal., 2013 sand Quek, 2014

Orped 5 loj 2 3 0l jg)dm (nign 9 WPC (oS 5 g 00l
pLsl Al ©jgon oo 2l IS ploj wae S
Joyd B (g Gz paw 13 5 5SOb a0l b o Sl duslds L0
SPSS (o)l ,l58le 5 51 55 laosls o g 3505 (¢l 8,5 & 00
(YY) ST 5805 51 oozl b o loges b odlitol YO s

H3)S ans

JgmuS 35, DPPH JI5], ,ke
W o JgeS i) JB)) e clld :ke dnglie jlage
UV andl (565 )18 (500 3 0399 Jsb 5 o)l e 239, 5 005
wsoled 5o Lo, cul onds 00y ()L Y ol 3 e Jele lgisay
(55500 3o WPC  Jy5,0 gl o JyuS Lol
0)l523 b JgS ol 31 dmy boly SIS, (S48 oo (50 02 s
35 311y U]y LSSl eyt s sine 3MS] | WPC
JSasly Slae bl & gise |y dltae ol (P<o/+0) ol oLt
el 6,Soiul 5l Jols mls sl cews WPC > DPPH
Sy g o s edlitul 350 (slaolgd S5 LSS oo
S WPC 5> 4 axsls |, DPPH JIS6ol, lge bl Lao,lgs

0Lj 35 P UV (250 55 (ST gmS 52 DPPH Ol pnd (ko dnliio Y Jgaa

8,135 b (s JgmaS 2 )00 b g gueS 3, oyled b g gmuS 3y ol jg b (g ol
Jojml J9jml g WPC o5 WpC (celw)

YRS YANY d AB  AY/PY £ -/YQ a A MY E/YY ¢ B AAYAR./.5Y b A o
AYIVAE <[YA ¢ E  AVIAY £ ./\Y a D AOYY /.Ml b e AJAYE./.¥YY  d D )
AV o[sYA ¢ D AUSVE/YO  a A AV/SY£.[.AY b C AY/YYE./YY d B Y
AYIEA £ +/¥YY c E M/EY £ /N a C AY/VY £+/¥Y b C  A/sFE./N¥O d D A
INFINZE YA c B AOF £ +[«YA a C AM/FO-/-aF b A AYOYEL/AVY d C o
AY/AY £ -/.85 c C VAV 2YALY a B AY/SYE£ ./¥-) b C  A/fA%./\Y d D \s
AYNY £ -/¥Y c F INTANE=-RIAVN b E AV/-Yx.A\Y a D AV/FAx./.VF d C a
AY/OA £ +/<0A c D AM/FA £ -/\F a C AO/AY £-/-AA b F  YY/YYi./.0Y d E AR
NI £ -[.5 c A INIARIE-RIRAIN a E AN/[.F x£\Y b E FOEYEL/YY d F A

(P <+/:0) 8,l55 jlo mo glas [asudio Hloj S 5 calises (glajlaw (gl Sy S oS candSl g > b (ol (. Slo
(P <~/~()) 35,186 s ey C:9L63 aliss «.SL‘”QL"} 2 uaSuie S S d‘ﬁ UL...S.’ L?))'g u.wli;l Gop Ly L;l.mujaha
Dy o 5 103 VY 5 [£,8) Yo loj )3 Joipmls g WPC G0, lee collab

9 mp25b Celw 5o bl cunl 03,55 sl (s b JounS DPPH

5 &oly pials UV asil 658 oy 0wl 5 ha
odds jJgyam DPPH 6o, (Sais)lhe cudled 3 (g)l5 sine
Calld o Solas ) odalie b b sdalie ol & Sy

» e JES lyisas BHT (gl ool plosl 0,5 Jsb 13

S o818 VU ejlpon o (S e ol 5 154385
L JyesS DPPH JISo3l, (S35 g s 5385 oy b
0o, Jle el )3 UV anil 4 05 poles cyloj oo Jsbo 5o



YAV gy O (g 0,0l b JS 03,5 ods 5l youd (radig 0 SLibg 5 [ o guain 9 (i lllio

el glanl 4 i s oS Adls 4y bgsyo il )| 3 CO5™ it
ey il o 03> o (YT b g sl SuoliglS ¢ plg S
4 (Pavia et al., 2002) cuily anb ol ;5 Ko cpl ool s
S sword gm0 Al diel (slaseul i g0 sa
g el 5l e

sdalie ¥ B V0 Gls b (Ko V0w e =VVer cmT sdgame )
@ bgryo a8 1 dual olas)) 515 Cons (gal 09,5 4 g5 oo &S b
9 3 CisVFeem oo em? odgame (> il e C=0 Wb
» dbe C-N g N-H lasil 4 bgye o5 11 el il
Van der Ven etal., ) s)ls GisVoe-=V8e+ cm? sdgame
Wangetal., ) s )b calls o SKiagh il (g law ya5 b as™ (2002
Torres-Giner et al., 2017 &\ |,Ke 5 j50l 2013
s Pavia (\WWAY (| )Ken 5 ()l i <Kanbargi et al., 2017
by lamas il oaiiS o 1y 4l ) 3 Gls (Y4 ) o, Ken
Ay o ol |y bacptigp ped leidle a8 aiusly W goyle 4
2 &S5 saalie YA+ e CMT odgime o V/0 Cla b (Sogs Sy
o) gTorres-Giner 4 (V+1a) l,Ken 5 Cabado ks  yl!
IS8 C-H 05,8 .l C-H (LiiS 09,5 4 bgsye (Y4VY)
ol agolgisal Jl3 o Lol cla jisu

ol dgusS B9 (slrosdjlg)a DPPH JISool, (Saiis)lee
Loyl (ol GiE 5 (39 L 4 lyiee obis dguS 4
5 Son Sodd g ye lisle Lais 3 cunlie (idg plgisa
wopl bwls ool op @ Wl eoSes (Shy b ama
9 (YooF) ohlen 5 (gpdlae (Y+)V) K 4 Kanbargi

cisllae 15)S Hlo die; ol j (Y0VF) o,Ken o Zavareze
sl

FTIR ;1 o3kl s B JguS 6,05 bt oawy 0

oS3y 9 038 sopdd eSen alesd Lo (b))
V USS s g0 FTIR omcisb 1 oslizul | odd g
SrSB 3w g B Lulyd )3 003 5ilg)am (g p FTIR lges
S Ade eM?T o3game ;5 > o i |y UV amidl (5420 33
Sl 4 bayye Yloin! &8 ub osnlio +/0 Gls e b (S5 oS
&S ol osd <ol 1) cawl C=0 5 C-N N-H abos 5| oel
S Are= VAs e oM asl > el 09,5 @ bgyye (slasil
03gdxe 40 &S Sy (plply (Van der Venetal., 2002) > o
4 olge 1y AS sdalie VO dgds Cds b VeeemVede cmt
2 cus L;A,,J L;Lmo”f

sdalie ) dgds Cla b (Ko Ve —VFDe oMt adgize )
LS CHa ylizel bed 3L aw 5l S Jloin] jpds 05

D 1 T T T T T

Hydrolysed protein (UV)

— Hydrolysed protein

500 800 1100 1400 1700 2000 2300 2600 2900 3200 3500 3800
{em-1) £ae Jgk

UV anddl (5520 15 ol (525 )13 51 32 9 I8 Ll 43 0 gy (39 0 FTIR ylaged Y JSuo

Doed 3 g BB yum 0aiS oz Jele lgisas UV axil
JBYY s b ol el 3gmg 4 ol FTIR srwcalls
9 Ade CM™ cla odgume 3 &S (So oS oSy sl sanlie
thﬁKUV&)M))d)S)‘)g}IW(M@DJQQ\“‘ Cm_l
Sl dhols S g il ialsy e emT asl > Gls il s

Yooo¥0e e CMT odgdoe 3 Y0 Clo b g 5 S S

i Sb 4 o350l (e3axie oo} wlie ;3 S oalie
Cawl o 02l Copnd C-H dod 09,5 9 N-H  LiiS 09,5 )0
Pavia <Torres-Giner et al., 2017 «Kanbargi et al., 2017)
oy 3 0db Jleyd (xgn 518 jl o (€T Al 2002



VFee i —010 )3 Foylads Y ade (ol pl (2108 2oboo g pole Gletdgy 4 yis Y\Y¥

sdalie Yoo Y0 e CMt anl pY/0 Gl ud b g 9 Sy
Cabado) 5> i O-H 09,5 @ | Sy Jlai yolwl y oS o
(YN ) Ken 4 g0l et al., 2015

booad jdgiden (nfon ol oo e dwglie
P e SbSy & e Gl Y JSE 5 Jo5m)lges
S Lol lossle (Bl yuss ol Lo yas A VYo e O odga5xe
il dolsl Yoo o CMIanl g9 Ve es CMIant 5l ] £, a5
SialS opl el ials b JguaS Jogeiy o) Gls rd oS o
ol 58y o 3 i S8 S5 s 4 i
9 Torres-Giner zls b o5 ob o diwd Sulign oSy g
Lol bl 6,3 wMel Ll cails cdllas (Y+1Y) o) Kon
23,5 C-H iwiS bay by ye Cdo cnds idlS el (1595 o
PYere X0 omT anl Sy pSp cls Gud WSep
O-H 09,5 s il al3H (6o Jgjsld foges b duglis
0)pl (pizzed g 0)lpd )3 dg29e Jojmls b)luid 4 Loy
el Sog,S a bgye a5 C-H ias s N-H iiS sl
2 ol OMb Gl el s 003 Sg)d (19 3 S92 90
5 (Y+)Y) Lagaron 4 Lopez-Rubio .cusl sad jsS'de (5 4l
2 39530 CH s NH OH (clasg S lojon jaas 13,5 oMl
Siore sl Gl el Bl 5 Ssn Sl S
el p )l oad g oad Jise om g SN 922
Sy il ¥YFe —¥Ys. cm?t

= Fibe rsol
35 4

257

iy Gl
[
w

AR

Fibersol+ hp

29,5 sl 48 o35 4 plgice |y yal pl S b 5Sa o8
Alp Erbay et al., ) sb cows bS5 Sy (ilaSTL 5 sl
oyl (uBgp S S0 3 V0 —VYee cmT 4l 1 (2017
SasS elime S o9 s g 00 sl s @1 LtlS o0
Sl pd e okl 3, cpo 5l S sanlie asb ol
) 9 o b b Whgle 05 5k aler ) baguig poo
BYs glgsa ) b lasio WSl 538 0w )y ik
Sullivanetal., ) 58" S5 4lgi o do cuis il ) Jlaxs
28 Ky 5 p ol asede ) S5 0 a5 ghailen (2014
UV (om0 33 65,0, 5l o ey )5 YA« Y0+ cm? sl
4l ol e ©ud el ol 2 Iy gpSeds Glals
239250 Siords Sl ()BT g (b wsd 4 lyie )
CH (pdos 05,5 5 N-H S 05,5 alon ) sl (slaos
(Torres-Giner et al., 2017) sl> cuus
o3biyphen sloaguSon 9 Joiml FTIR Jlged VJSS )
050 3 0l S 8 3l o oviman 9 Joimld 3 005 Sldsy)
4l o & Sy oyl wcwl ol b i UV axsl
4 bgrye aS ol Gl 1) ¥ dgds (5 ods @ad Ade =)V cmt
sy e il L)) g 35 slSe el iiS olils)|
aim o M5 i Voo O 1 1S a5 sl JLas 35515
@b b Sy YAd- Y- cm? 4l > (Cabado et al., 2015)
ol 031y G C-H 09,5 S5 s & a5 05 ol V Gl
S, (Torres-Giner et al., 2017 «Cabado et al., 2015) ¢!

= Fibersol +hp (UV)

0__~.

] i

00 2600 2800 3200 3500 3800
(em-1) g5~ dsk

500 800 1100 1400 1700 200C 23

UV axdl (0520 33 o3 (5 )18 51 s 9 J93pmld 13 0nd (Sliga 3y 80l 3udgyd (S miSgp 9 Jgj 8 FTIR ldg05 —Y JSUi

JUSTRV TR P ve TS I Y- R Y R o) P AR S AP PRI TS
G oy > Joiml 6xS 58 (V4Y) olSen 5 Khandal



YAQ g O (g 0,0l b S5 03,5 ods 5l youd (radig 0 SLibg 5 [ o guaitn 9 (i lllio

3 G C-Hpied 09)5 9 N-H (23S 055 5 (S59)0
Lopez- <Torres-Giner et al., 2017 <Kanbargi et al., 2017)
.(Rubio and Lagaron, 2012

0uds GLigrsny 0dd sdg)am gy byrye FTIR el
JousS opl 0 &Sl & a9 b ] [asuio ¥ JSU5 ;0 WPC o
ol 20500 Sy ik gy i 5l 93 s Al g 0)led
ol il WPC &y bgyye FTIR Slages b Slais glis lges
(Y+1#) Lopez-Rubio 3 Gomez-Mascaraque a5l b aseis
Sep Slbg, seked Ll sl callhe MolS 153,5 pMel
FTIR lsg05 48 315 L5 gols 53,8 oslial 55Y5 j1 00 g ien
Sosine BB (45Y5 53 00d Sldguy o0 Slgyhes (389
il Y5 FTIR Hbges b

038 SLg oy 028 g en lacnSyp bgpe FTIR Jlages
OBl S5 g 4 (Y JSB) UV (1500 53 (62515 jl 4 WPC
).) d);)l)b }‘ L)M.{YA” _Yl”’ Cm-l 4.3}[3 ).) QTJJ.} A sz)'?
Lo JgmasS 325 555 5 S5 b ol s Mo 6 5li5 < UV 5 pms
WPC ¢85 ams lgiee oplpliy 0 oaalis UV ojme
9 HOan clordidyhn Slgn, slp (awle yer Cunj
2l b aoes ) ol S o 55 ol blie 13 Ll 5 clabloe
s (YY) K o Torres-Giner
cuily cdyllas (Y+VY)Lagaron

s Lopez-Rubio

s \W P C

2 -
18 -
16 -
14 -
312 A

1 >
0.8 -
06 -

04 -
0.2 - k
0

wiy ol

WPC + Hydrolysed protein

25 Josb 3 by VLl S8 K5 ol and
sloil loyes; gm ol S sbvigy (il
Sbdosge juin bbbl lp obasid dbol el Vil
ol 4S5y oy clasSse 4 ol e Gl 5 g
el Jise om Sirder ladign Rl Vil s )
5 WPC & Lgiye FTIR Jlagei ccosl 03,5 il cad il
N3 3o g WPC 3 0ud (Sligsy o0 jlg)den slainSy
3 al o o3y L5 ¥ S 3 UV anil (om0 53 ol (605
CMlasl ,5 Glise clacis @id b by WPC lses
el 09,5 4 bgyye sl 4 bayye a5 A osalio AD VY- -
Van der Ven et ) cul C=0 4 C-N N-H _Lie3 09,5 dlos |
Bt sl S man (\WYAY () Kan 5 (gl dal., 2002
078 3 9290 (S o) & bgape 03935t (13 5 o) Sy
CM anl o jasls Sy 9o il ael clodwl Sy b
o)l g 1 el (bl 51 b VYooV 8 e cmrty V5o oV
2L g C-N g N-H lassh & bgye cudpa aSaib o | Al
£90 pleidlw 008 by 4l ol > Gl &dly 4o il 0 C=0
9 y5eul VoY 0,50 g aug, 3ol Wang et al., 2013) s
YA« o =Yoo om? odgame 3 (S g8 s Ko (V4I5S
Sy s Syl C-H LS 09,5 4y bgsye oS A odnliie
b o4 a5 A eaalie Yeoo¥0eo CMT odgue > o g

e \WPC + Hydrolysed protein (UV)

T

500 800 1100 1400 1700 2000 2300 2600 2900 3200 3500 3800
(em-1) g2 dso

UV axdl uo).&n » gi ‘5);)')5 )lo,o.usWPC )» XYW ‘_gl.wy).l) [XWe ”)9)41& duwﬁ'sf9WPC Qby’oFTIR )b,.w—\"‘)&»

Sy (ode Cud Sy b ssalin V4 S el b e
anl j b gl s I WPC 51 meS’ 50 gyl

a4l b Cls cud S )8l asb ed > WPC 4

(F US5) Josp0 g WPC oS 5 FTIR Jloges po a5 jglaslen

Y ogds Clo i Ad VWY emT anb s wl ssalie B
@ Comd g (S G 08 (Jojml b awlie > a5 AD o
S 9 Ve =Weo em? anl > il dgng izl WPC



VFee i —010 )3 Foylads Y ade (ol pl (2108 2oboo g pole Gletdgy 4 yis Y\#

ol gl g b (852 g b (Sliomdo Ml go)lo (a3l
20,5 o
Sy ok 5o pd slacuyn FTIR Jlages )5 fieen
adl yoyre 3> 6358 5l e Joimls 9 WPC oS5 55 0u
o5 s Sy oilply 5 Jols i (F JS5) UV
Sl le 55 pedk Gy (Joimlb 9 WPC S5
Jlie > il J) cladlrs 5 (255 slaond o Slisn)
Oh)Sen 5 ROsENDErg guls b o oyl sl 048" 505 Jolgs
23,8 pMel (Y+3V5) ], Kens 5 ROSENDErG .cuisly csllas (Y+V5)
03l23 3 o3kl yolatods (wlio S 5 J55pmld 5 (g eSS
23,5 o33 Ablro (la S5s S5t b 5 039 1n J3esST)

Couss 45 05 admlie ¥ dgds Lo ol b Sy Yoo o-Y0--cmt
5 osnlie L33l 4l Cpen )3 WPC 5 Jgjymlh clacssy 4
(el 3900 )3 g0 Sy Cuwl pasuie & johailen
5 Joimb oSy | sanly WPC 5 g5, o8 5 FTIR
P Sy o8 b Jre ) (Jir Ol iores 9 WPC
oS 1 oanlis WPC 5 gl o 55 FTIR Loxiuscish jloges
O > Sy S g9y 9 (Sig)n sblisn )l Bp b 4
9 Siarep Sl cpl sl 0390 WPC g Jg),0 2,810 (b
N-H O-H slasl ywlS)d 10w cel Solung xS slasion
ol 3 oizmen (SU et al., 2011) 53,5 o C-H 4 C=N C=0
pMel (YY) o) Ken g Wang 4 (Y+VF) o) Ken ¢ Liu abayl,
Gl b Rl cel n sy ol & WS

m——Fibe rsoHWPC

25 -
3 i
3 2
. .
115

D L T T T

s FibersoHWPC + hydrolysed protein
R mFibersol + WPC + Hydrolysed protein (UWV)

500 800 1100 1400 1700 2000 2300 2600 2900 3200 3500 3800
fem-1) .o dsk

020 33 Ol 55 )58 51 oy 9 I el 3 0l (U950 0 gy Sy 9 S5 mls 9 WPC &t by yo FTIR ylages —£ S0
UV axdl

FS 5 it &y oyled Vo 4 Ar Cud (55,84 il iaeh
hlKen g o S o an g |y ool sy 39,800 o 39
o5ll s eyl yd Ay a4 sdle g4 W2 )ST pMel (VYAY)
bolyamg S elpl il (Sl 5 605 ) ol 9o b JgusS 5,
M 4 e 3 o gl (gmdgel dijoSuny il el &S
3Sug Sn 3l sl Canddy yslai 93,5 o 530 (sl guesS 2
a bsrye iy b o3l a8 ol (i 35 gyl > (59
S JguS 52y Oopomen 391 (J95 0l 0)l923 (> s JguS
izl |y &5 031 555 52 WPC o5lgpo |
Joiml o)led b odd g lapuS ) & JSb (ol
P Sarz 9 S b bl (Br g 0op JS5 555 Ly

SEM 1 03lisias! Uy s JoumS 52,5 568 Ls onwy 32
Ol S8l sy S ) ool sy gl & S5
oyled b odd 4 sla JounS 5y dod jlad .l odd ool
B VAY e g Sl sSans Sa SaS L Ltimgly ol > ciliseo
Jolge 3 a4y 0lg00 oole Cumd A (5,503l yiog Soo A/FY
OhlSen 5 o3l a8l bousS ) b ol e
chble aaya azsly (Y43Y) o,Ken o Frascareli 5 (VY4Y)
5 #SesS ol ojlul Gy Jols Gamdgal 398 yide o)lps
S bl ol 3 2l 65 03 ol Jols JgunS i,
Pl ode vt g e plp > Gl il (Ul
5> (Jafari et al., 2007) 55 o Jbel Sligpn, wlp b

1 Glycation



YAV gy O (g 3 0,50l b JS 03,5 o 5udg youd (radig 0 SLibg 05 [ o guain 9 i lllio

25 0 25 Jelge ke )3 Y (SolSe caoglio b (2o JgusS
g oS Ggmdsal bole ploisar ufgn (olaable iz
O yeSd9dle 5 Joipnld dlex jllacl)img)S o 4 oxiny Sis
WS o i glly] S oy S5 ole lgisdy )5 oy
(Rosenberg et al., 1996)
S 5 ol b odd and sl gwsS 3y g8 o> gl 5
L Jgspml 0)lged b (sloguSiny 4 Cunad WPC 5 5,008
5 oljged) Geed WD (FSgr oS 9 Flo o)led
oz 51 g S g s Gl plign bolsee I (1YAY) oS
sy 113 5 sl ol odle plsisay S dsille 5 Jgs
rgba 23,8 odlisul (LiSL (S S gy b gp g OF9)
oyl sl &S sl oS 9,500 db L b JeuwuS 33, SEM
g Blo oled (g ShamgS 5 sy ol puSan bl
5392 s Slpdngs ) 093 b (sl JgusS o) 4 G g SSlgsy
ools cawd lanl s )3 aS 155 S pMel (VYAY) e g 03540,
a5y g 51y CEI5S 9 Sz g g9y b ool
Wlo Jolge ply o cttwd lod b JomuS S50 50 00b3l ply &
S ol oxb aseie bbb ] g e clible Lo g (e
J> 4 0)lpd JiBle 3 uign g Slig S (S SIS
il (s 0y55 (ljee Sl g oSy (alo)S Cunglie a8l
il omls Jlslo jin bis g b QD Gl el
(Y+11) o, Ko 3 SU dizej ol o (Avadi et al., 2010) 53,5 o
st 3 Slyiengr)S 4 (g5 s G oS 3,8 Mol 3
EldaySae ke 5 ol LinlS o)y slacS ) slis 5 o5l

Qo yd FEINEE XN o YWINAEYIY MV £V/D i pay Jojml
Ol Salate Sl plosily calises (slaolgd b slaJguS 35
WPC 5 J5j b byl 0)le23 b (sla S ) &5 (gpsboc 00>

gho » SiSsp b S5 Jele ) (S Bl e
Ol (aw 2 g (SSUES (635)9 VL sled & o guSi)
o dbol (Drusch and Berg, 2008) cuol s odly Cs
OSSuiS (o) b od g Sy JguaS 12y o Sy < j2 (2o i
L &S Cowl ol )53 u:]).)u.:by)f o)|9.3..> b ol dudd 03194y 9 il
DS o bl Jbu Gl wlEl g 6 gl Gliel s
Nijdam and langrish, 2006 ¢ Rosenberg et al., 2016)

Joimlo)lpd b slaJguaS ) 13 00 39 )3 950 2o
Casllas (Yo A)Park g Mok zols b aS 5g0 1553 0,503 95 1y
Syingn)S el eglssd 5 o b g0y 305 3ol Ll )b
ol Sen il (9,8 Siad anld b s sl ond edlil
e a ) oad Suid (laydg zeoS g el E) 0)led (S g
ol L8 S & bl (s

Joirlh ol b osd a sSs, SO
O 9 Slo ey Ol (Ssn b osd ad S JgusS i)
(Y++) oS g Molina gl b a8 wissls S5 el 9 Sy
(V+1%) o, Ken g Assadpour 4 (Y+V5) ,Ken 4 Rosenberg
Slbssey yelaieay (Vo+4) hlKen 5 Molina .cuily cilles
olitul (bgw (nSgn) (Bgn oo Gl w0nd gy ()
s 5 Olo MalS oxdaw by JgusS 5y w53, pMel el 5,8
5 LIS 358 | Ssle el b Sy nl de S5 g il
i 315 of SVl bl bl 5 00 Sy 5y J31> & Sl
5 (YooV) ohlSen 5 Oliveira wS o agl w5 olss
9 gy il edlaiwl wis S pMel (Y+VF) | Kea 4 Rosenberg
g el glojlys odle plyied Sliamg Sy gy Sy

. .. .
] \ l, -
L) . .4 .

N .

200 um
0 Mg S gunS 32y 4 g g0 SEM pgliai-0 JSui

05 gy gz 9l WPC sl g 32, 18l
ol 59 ) (g (9l Joi 8 (S gmeS 32y i
ol g e (g Sl WPC g Jos il oo 5 g ) 7

SWg iy lendl,
o3al (gl JgueS's S0 (sl 00 s pSojluil Glbgy) ey



VPoo yui =318, Yojlads IV ale ol !l (2108 23boo g pole bl 4 s FIA

bylsce 5 J5 ol WPC gl 9 85 28,5 o lsicee o)
b o)lgwd oS5 cn e J9jrels SWPC bobe ¢ Jgj 06 JWPC
oy slagySsn Slisi) lp cule (Sus cladlow e Ll
Jgd JB o)lul gy cnl 09 UV 4l Jlie 5 03)5 0
SrSINB poyme 3 Jobo )3 g 03l Lt 363 Sl 1) w55 Sl
lgise 9 nl 3 a)S Lais |y 58 Gl sl el UV L
b slgiie 55 03)5 oad 3gpd (g (Sujden ONles cuiS
20,8 bads yogy oyl il eolatwl
gle 5l bosd 5dopam b bty Slogrny So3ymuS (oo
P oodd Mg Sy See S0 g Sgn il
ol 51 deols bloiiiy dles j1 ol Slge alises (cloygmsY o5
Bl Vg July (o)p g g Oren b (lagh
ety 2138 slagygsYgeyd )3 bl (65,150 5 Jue y9055 S0

F9imB o)l b s JgusS 3y 9 SLisjay Olesly (e (it
2 SPC &S e oy flis 1y Slbgrjey oledily ol (28
Sial3l ;3 WPC g WPC 5 Joj,mlb bl o)less b 3 pdans
oo s 04 Loy 0ad g yes (nBon Slolil 5 silul
S 51 ol b alzus o) (Muangrat et al., 2019) cul

Dyl Cllae 3 Limgss oyl 4D edal Cunday

8 5 4o
03,5 ok Gloyka Sen Slbgn, pob lagkh
o Jole plgisas UV andl il 0 1) o] Conglio Jus 55
e cudled bl 5l oel Candds ol bl y by iol58l oans
Lo JgmesS 32, FTIR _s355009,iSsl 5 SEM 5l DPPH IS,
Oledily (wioman 9 UV axdl (625515 (5300 13 Gloj e Jobo 5

23,5 0

&l

Sy 01Stsly oy doe . S5 pole 3 (o 38 g jey8 ygdle (i b g (6y900 ITAY L LSy ] (dla b B e sl
YAPTVA o Fojlas YR 05 . it (S pole ol

OF S gy 4 0ad Slbgys) (b 0uBISWE o Shy »oo)led oS5 S AYAY LS (WS oS (0l o (g9, wp (>
X0 B Lo o oless A aygd ) lié qulio g 415 pole dlore - ol

uf&» 3 u“"““"l" uf&.o b oas S 7S 2 (g 9y dl.mJMf)’,{) 4o ldo NYAY OO0 (SRS «d ¢ gl ‘_’,B PR mblj K92y

AY V)Y u° Y O)me} cYAl> Ls.;L\.c é)Lua 9 P?‘LC P ‘_5)5195 9 uu.ma)) d.))m) d.)l.,o.}ul

Alp Erbay, E., Dagtekin, B. B. G., Tiire, M., Yes ilsu, A. F., Torres-Giner, S. 2017. Quality improvement of rainbow trout
fillets by whey protein isolate coatings containing electrospun poly (e-caprolactone) nanofibers withUrtica dioical.
extract during storage. LWT—Food Science Technology, 78, 340—351.

Assadpour, E., Jafari, S. M., Maghsoudlou, Y. 2016. Evaluation of folic acid release from spray dried powder particles
of pectinwhey protein nano-capsules, International Journal of Biological Macromolecules,
http://dx.doi.org/10.1016/j.ijbiomac.2016.11.023.

Avadi, M. R., Mir Mohammad Sadeghi, A., Mohammadpour, N., Abedin, S., Atyabi, F., Dinarvand, R., & Rafiee-Tehrani,
M. 2010. Preparation and characterization of insulin nanoparticles using chitosan and arabic gum with ionic gelation

method. Nanomedicine Nanotechnology, Biology and Medicine, 6 (1), 58-63.

Cabado, M. C., Parra-Ruiz, F. J., Casado, A. L., Roman, S. 2015. Thermal Crosslinking of Maltodextrin and Citric Acid.
Methodology to Control the Polycondensation Reaction under Processing Conditions. Polymers & Polymer
Composites, 24, 8, 643- 654.

Chen, Q., McGillivray, D., Wen, J., Zhong, F., Quek, S.Y. 2013. Co-encapsulation of fish oil with phytosterol ester and
limonen by milk proteins. Journal of Food Engineering, 117, 4, 505-512.

Drusch,S., Berg, S. 2008. Extractable oil in microcapsules prepared by spray-drying,determination and impact on
oxidatve stability. Food Chemistry, 109, 17-24.

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

Gomez-Mascaraque, L. G., Lopez-Rubio, A. 2016. Protein-based emulsion electrosprayed micro- and submicroparticles
for the encapsulation and stabilization of thermosensitive hydrophobic bioactives. Journal of Colloid Interface
Science, 465, 259-270.

Hmidet, N., Balti, R., Nasri, R., Sila, A., Bougatef, A., Nasri, M. 2011. Improvement of functional properties and
antioxidant activities of cuttlefish (Sepia officinalis) muscle proteins hydrolyzed by Bacillus mojavensis A21
proteases. Food Research International, 44, 2703-2711.


http://dx.doi.org/10.1016/j.ijbiomac.2016.11.023

YAV s O (g 0,50l b J5 03,5 o 5udg youd (radig . SLibg 05 [ o guain 9 (i lllino

Jafari, S.M., He, T., Bhandari, B. 2007. Encapsulation of nanoparticles of D-limoneneby spray drying: Role of emulsifiers
and emulsifying techniques. Drying Technology, 25, 1079-1089.

Kanbargi, K.D, Sachin, K., Sonawane, S., Shalini, S., Arya, A. 2017. Encapsulation Characteristics of Protein Hydrolysate
Extracted from  Ziziphus jujube seed, International Journal of Food Properties, DOI:
10.1080/10942912.2017.1282516.

Khandal, D., Mikus, P. Y., Dole, P., Coqueret, X. 2013. Radiation processing of thermoplastic starch by blending aromatic
additives: Effect of blend composition and radiation parameters. Radiation Physics and Chemistry, 84, 218-222.
Liu, R., Zheng, W., Li, J., Wang, L., Wu, H., Wang, X., Shi, L. 2014. Rapid identification of bioactive peptides with
antioxidant activity from the enzymatic hydrolysate of Mactra veneriformis by UHPLC-Q-TOF mass spectrometry.

Food Chemistry, 167, 484-489.

Lépez-Rubio, A., Lagaron, J. M. 2012. Whey protein capsules obtained through electrospraying for the encapsulation of
bioactives. Innovative Food Science and Emerging Technologies, 13, 200-206.

Magsoudlou, A., Sadeghi Mahoonak, A., Mora, L., Mohebodini, H., Toldra, F.,Ghorbani, M. 2018. Peptide identification
in alcalase hydrolysated pollen and comparison of its bioactivity with royal jelly. Food Research International, 116,
905- 915.

Mohan, A., McClements, D. J., Udenigwe, C. C. 2016. Encapsulation of bioactive whey peptides in soy lecithin-derived
nanoliposomes: Influence of peptide molecular weight. Food Chemistry, doi:
http://dx.doi.org/10.1016/j.foodchem.2016.06.075.

Mok, H. and Park, T. G. 2008. Water-free microencapsulation of proteins within PLGA microparticles by spray drying
using PEG-assisted protein solubilization technique in organic solvent. European Journal of Pharmaceutics and
Biopharmaceutics, 70, 137-144.

Molina Ortiz, S. E., Mauri, A., Monterrey-Quintero, S. E., Trindade, M. A., Santana, A. S., Favaro-Trindade, S. C. 2009.
Production and properties of casein hydrolysate microencapsulated by spray drying with soybean protein isolate. LWT
- Food Science and Technology, 42, 919-923.

Mozafari, M. R., Flanagan, J., Matia-Merino, L., Awati, A., Omri, A., Suntres, Z. E., & Singh, H. 2006. Review: Recent
trends in the lipid-based nanoencapsulation of antioxidants and their role in foods. Journal of the Science of Food and
Agriculture, 86, 2038-2045.

Muangrat, R., Ravichai, K., Jirarattanarangsri, W. 2019. Encapsulation of polyphenols from fermented wastewater of
Miang processing by freeze drying using a maltodextrin/gum Arabic mixture as coating material. J. Food Process.
Preserv.

Nijdam, J. J., langrish,T.A. 2006. The effect of surface composition on the functional properties of milk powders. Journal
of Food Engineering, 77, 4, 919-925.

Oliveira, A. C., Moretti, T. S., Boschini, C., Baliero, J. C. C., Freitas, L. A. P., Freitas, O.,& Favaro-Trindade, C. S. 2007.
Microencapsulation of B. lactis (Bl 01) and L.acidophilus (LAC 4) by complex coacervation followed by spouted-
bed drying. Drying Technology, 25, 10, 1687—1693.

Pai, D. A, Vangala, V. R., WeiNg, J., KiongNg, W., & Tanac, R. B. H. 2015. Resistant maltodextrin as a shell material
for encapsulation of naringin: Production and physicochemical characterization. Journal of Food Engineering, 161,
68-74.

Patsialas, K., Papaioannou, E. H., Liakopoulou-Kyriakides, M. 2012. Encapsulation of the peptide Ac-Glu-Thr-Lys—
Thr-Tyr—Phe-Trp—Lys—NH2into polyvinyl alcohol biodegradable formulations—Effect of calcium alginate.
Carbohydrate Polymers, 87, 1112—1118.

Pavia, D. L., Lampman, G. M., Kriz, G. S., Vyvyan, J. A. 2002. Introduction to Spectroscopy. 3" Edition, Books/ Colne.
579p.

Pudziuvelyte, L., Marksa, M., Jakstas, V., Ivanauskas, L., Kopustinskiene, D. M., and Bernatoniene, J. 2019.
Microencapsulation of Elsholtzia ciliata Herb Ethanolic Extract by Spray-Drying: Impact of Resistant-Maltodextrin
Complemented with Sodium Caseinate, Skim Milk, and Beta-Cyclodextrin on the Quality of Spray-Dried Powders.
Molecules, 24, 1461. doi:10.3390/molecules24081461

Rosenberg, M., Rosenberg, Y and Frenkel, F. 2016. Microencapsulation of model oil in wall matrices consisting of SPI
and maltodextrins. AIMS Agriculture and Food, 1, 1, 33-51.

Rosenberg, M., & Sheu, T.Y. 1996. Microencapsulation of volatiles by spray-drying in whey protein-based wall systems.
International Dairy Journal, 6, 273-284.

Dehkordi, S.S., Alemzadeh, I., Vaziri, A.S., Vossoughi, A. 2020. Optimization of Alginate-Whey Protein Isolate
Microcapsules for Survivability and Release Behavior of Probiotic Bacteria. Applied Biochemistry and Biotechnology,
190, 182-196. https://doi.org/10.1007/s12010-019-03071-5.

Shen, Q. and Quek, S. Y. 2014. Microencapsulation of astaxanthin with blends of milk protein and fiber by spray drying.
Journal of Food Engineering, 123,165-171.

Sonawane, S. K., Arya S. S. 2015. Effect of drying and storage on bioactive components of jambhul and wood apple.
Journal of Food Science and Technology, 52, 2833- 2841.


https://sciprofiles.com/profile/674370
https://sciprofiles.com/profile/414631

VPoo yui —018,5 Yol AV Al ol pl (108 2obuo g poke Gleiidghy 4y pis FY o

Su, R., Zhu, X, Fan, D., Mia, Y., Yang, C. Y., Jia, X. 2011. Encapsulation of probiotic Bifidobacterium longum BIOMA
5920 with alginate—human-like collagen and evaluation of survival in simulated gastrointestinal. International Journal
of Biological Macromolecules, 49, 979-984.

Sullivan, S. T., Tang, C., Kennedy, A., Talwar, S., Khan, S. A. 2014. Electrospinning and heat treatment of whey protein
nanofibers, Food Hydrocolloids, 35, 36—50.

Torres-Giner, S., Wilkanowicz, S., Melendez-Rodriguez, B., Lagaron, J. M. 2017. Nanoencapsulation ofAloe verain
Synthetic and Naturally Occurring Polymers by Electrohydrodynamic Processing of Interest in Food Technology and
Bioactive Packaging, Journal of Agriculture and Food Chemistry, 65, 4439- 4448.

Van der Ven, C. Muresan, S., Gruppen, H., Bont, D., Merck, K. B., Voragen, A. G. J. 2002. FTIR Spectra of Whey and
Casein Hydrolysates in Relation to Their Functional Properties. Journal of Agriculture and Food Chemistry, 50, 24,
6943-6950.

Wang, J., Su, Y., Jia, F., Jin, H. 2013. Characterization of casein hydrolysates derived from enzymatic hydrolysis.
Chemistry Central Journal, 7, 62, 212- 220.

Zavareze, E., Campello Telles, A., Lisie, S., Rocha, M. D., Colussi, R., Marques de Assis, L., Suita de Castro, L. A.,
Guerra Dias, A. R., Prentice-Hernandez, C. 2014. Production and characterization of encapsulated antioxidative
protein hydrolysates from Whitemouth croaker (Micropogonias furnieri) muscle and byproduct. LWT - Food Science
and Technology. doi: 10.1016/j.lwt.2014.05.013.

Zhong, Y., Visalakshi, A., Esther, H., Patricia, W., and Suzanne, H. 2015. Soluble dietary fiber (Fibersol-2) decreased
hunger and increased satiety hormones in humans when ingested with a meal. Nurition Research, 35,5, 393-400.


https://pubs.acs.org/doi/10.1021/jf020387k
https://pubs.acs.org/doi/10.1021/jf020387k
https://www.sciencedirect.com/science/article/pii/S0271531715000627#!
https://www.sciencedirect.com/science/article/pii/S0271531715000627#!
https://www.sciencedirect.com/science/article/pii/S0271531715000627#!
https://www.sciencedirect.com/science/article/pii/S0271531715000627#!
https://www.sciencedirect.com/science/article/pii/S0271531715000627#!

Iranian Food Science and Technology e o .
Al 21 aluo SRgly Ay i
Research Journal olnl @l gbuo g pole Sletmgly 2yl

By ) X ,‘;. g- . . .
Vol. 17. No. 2. June. Julv. 2021. . 409- 421 S AL e FeA-FYY. 0 1Fee 1i-0ld 5 ¥ o lods IV ol

Microencapsulation of bee pollen protein hydrolysate by whey protein
concentrate and fibersol and evaluation of stability and structure of
microcapsules

H. Mohebodinit*, A. Magsoudlou?

Received: 2020.05.30
Accepted: 2020.07.27

Introduction: Microencapsulation is the most commonly used method of preserving proteins and peptides, which
increases the stability in different conditions. Bee pollen with 10-40% protein, is a valuable source of protein that has
functional and nutraceutical properties. By hydrolysis and producing bioactive peptides, their functional and health effects
will be improved. Fibersol is a dietary fiber that can be used in many foods and supplements. This carbohydrate compound
is actually non-digestible maltodextrin and has recently been used as a wall material in encapsulation. Few studies have
conducted on the microencapsulation of hydrolysed proteins and their stability during accelerated conditions. On the other
hand, by-products of honey bees such as pollen have been less noticed; therefore the aim of this study was the
microencapsulation of bioactive bee pollen protein hydrolysate by fibersol and WPC and to study the changes of structure
and stability of resulted microcapsules during the exposure to UV radiation.

Material and Methods: Bee pollen was hydrolysed by Alcalase (1.5%) for 4 h in shaking incubator. The protein
hydrolysate was microencapsulated using WPC, fibersol, and their combination by spray drying. The wall materials and
hydrolysed protein were used in ratio of 10:1 (w/w). WPC 2%, fibersol 2%, as well as WPC and fibersol mixtures with
1:3 ratio, were the wall materials. For accelerating the oxidation reactions, the obtained capsules were exposed to UV
radiation for 48 h. During the exposure to UV radiation, the DPPH radical scavenging activity of microcapsules and
hydrolysed protein was measured. Interactions between hydrolysed protein compounds, WPC and fibersol were identified
by the FTIR spectroscopy. The SEM was used to investigate the morphology of the microcapsules.

Results & Discussions: Almost at all experimental time, the highest DPPH radical scavenging during exposure to
UV radiation was related to the capsules prepared using fibersol and WPC mixture and after that the capsule with WPC
as wall material. The FTIR spectroscopy of the hydrolysed protein was changed significantly when it was exposed to UV
radiation. This change caused by losing the hydrogen bonds in the secondary structure of proteins, including the
separation of two polypeptide chains or the opening of the ahelix and loss of B-sheet structure. The FTIR profile of
capsulated hydrolysed protein by fibersol showed that the adhesion of protein and polysaccharide changed the absorbance
of C—H bending and N-H stretching bands of amide groups in the hydrolysed protein in 3000-3500 cm™ and the stretching
band of C—H and O—H group in the region of 2000-3000 cm for fibersol in the wall. After exposure to UV, because of
cross-linking in fibersol and more involving the molecules of fibersol to protein, the absorbance was increased in the
region of 1500-3500 cm™. The number of peaks and absorbance in the FTIR spectra of hydrolysed proteins
microencapsulated in WPC were more than number of peaks and absorbance in the FTIR spectra of WPC. There was no
significant difference in the FTIR spectra of hydrolysed protein encapsulated with WPC before and after exposure to UV.
The peaks in FTIR spectra of hydrolysed protein microencapsulated with the mixture of WPC and fibersol, showed higher
absorbance level than the peaks of fibersol and lower than peaks of WPC. None of the peaks of microencapsuls with the
wall of mixture of WPC and fibersol, were changed after exposure to UV radiation. Results of SEM showed that the
microcapsules prepared with mix of fibersol and WPC had a uniform and smoother wall than microcapsules prepared
with only fibersol. Finally, the mix of WPC and fibersol was selected as the best wall with a proper protective ability for
the microencapsulation of hydrolysed proteins and protection against UV radiation.

Keyword: Pollen protein hydrolysate, Microencapsulation, Spray drying, Fibersol, Whey protein concentrate
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