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9 Genomics Facility , Advanced Analysis Centre, University

of Guelph
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3099551
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Next generation sequencing _wg, & J9Ngo (o2l
(NGS) 55y 4 b Jles can (gaitwsS E9 dg0s I DNA
ady i wSeegis 3BT 35,0 4 Next generation sequencing

1 Activation

2 Denaturation
3 Annealing

4 Extension

5 Final extension
6 Gel doc

7 Gen Bank

8 Blast
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Sequencing Statistics

Reads Passing %
Quality Filtering

Reads
Passing
Quality

Filtering

217,395 183,531

Classification Rate Summary

Taxonomic Reads Classifiedto % Total
Level Taxonomic Level Reads
Kingdo 183,384 99.92 %
Phylum 182,924 99.67 %
Class 182,646 99.52 %
Order 182,192 99.27 %
Family 181,555 98.92 %
Genus 177,988 96.98 %
Species 159,433 86.87 %

Top Class Classification Results

Number %)
of Reads Total
Reads

Classification

Bacilli 180,798  98.51 %
Unclassified at Class 885 0.48 %
level
Gammaproteobacteria 773 0.42 %
Clostridia 366 0.20 %
Actinobacteria 141 0.08 %
Betaproteobacteria 131 0.07 %
Alphaproteobacteria 111 0.06 %
Sphingobacteriia 85 0.05 %

Top Family Classification Results

Top Kingdom Classification Results

Classification Number of % Total
Reads Reads ‘
Bacteria 183,381 99.92 %
Unclassified at 147 0.08 %
Kingdom level
Viruses 3 0.00 %

Top Phylum Classification Results

Classification Number of % Total ‘
Reads Reads
Firmicutes 181,401 98.84 %
Proteobacteria 1,103 0.60 %
Unclassified at Phylum 607 0.33%

level

Actinobacteria 142 0.08 %
Bacteroidetes 131 0.07 %
Tenericutes 62 0.03%
Verrucomicrobia 21 0.01 %
Thermodesulfobacteria 13 0.01%

Top Order Classification Results

Classification Number of % Total ‘
Reads Reads
Lactobacillales 179,597 97.86 %
Unclassified at Order 1,339 0.73%

level

Bacillales 855 0.47 %
Enterobacteriales 402 0.22%
Clostridiales 284 0.15%
Actinomycetales 103 0.06 %
Pseudomonadales 91 0.05 %
Chromatiales 89 0.05 %

Top Genus Classification Results

Classification Number of % Total ‘
Reads Reads
‘ Classification Number of % Total Lactobacillus 172,659 94.08 %
Reads Reads Unclassified at Genus 5,543 3.02%
Lactobacillaceae 177,860 96.91 % level
Unclassified at 1,976 1.08 % Pediococcus 1,962 1.07 %
Family level Streptococcus 611 0.33%
Streptococcaceae 616 0.34% Enterococcus 360 0.20 %
Enterococcaceae 410 0.22 % Candidatus 207 0.11 %
Bacillaceae 409 0.22% Blochmannia
Enterobacteriaceae 402 0.22% Alkalibacillus 199 0.11 %
Paenibacillaceae 153 0.08 % Cohnella 108 0.06 %
Clostridiaceae 127 0.07 %
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g oo 03 LS dged (gl
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2372% 1491 % e

Lactobacillus apis 3.30 %
Lactobadillus ultunensis 2.56 %

Lactobaallus taiwanensis 0.83 %

Lactobacillus gigeriorum 0.83 %

Pediococcus argentinicus 0.40 %
——

delbrueckii
5385%
LS5 sy s
Unclassified
1743 %
equicursoris
26.75 % .,_,:. apis

4.55% Lactobacillus tafwanenss 0.89 %

Other

517 % Lactobacillus gigeriorum 1.00 %

Pediococcus argentinicus

delbrueckii
46.10 %
2,155 sl s
equicursoris
23.98 %

Unclassified —

15.03 %

Lactobacillus pltunensis 2.53 %
Lactobacillus tarwanensis 0.85 %
Lactobacillus gigeriorum 0.73 %

Pediococeus argentinicus 0.39 %

—

delbrueckii
5549 %
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Introduction: Nowadays, More people are interested in consuming organic products. Many of the organic
foods and dairy products are produced by rural people and nomads in Iran. Some people are concerned about
using of the contaminated organic foods with pathogenic microorganisms, because some of these organic foods
are produced under poor hygienic conditions. On the other hand, many native strains of probiotic bacteria
especially lactic acid bacteria can be found in these organic foods. In this study, the microbial community and
sanitary quality of ewe’s drinking yogurt produced by Somar region nomads, by using culture dependent
molecular method and next-generation sequencing (NGS), as a new tool for the culture independent molecular
characterization of bacteria, were assessed.

Materials and methods: A total of three Ewe's drinking yogurt samples were collected from the nomads of
Somar region in Iran under sterile conditions. For phenotypic identification of lactic acid bacteria, a volume of
0.1 milliliters of appropriate dilutions was cultured on MRS agar and M17 agar media. The plates were
incubated at 37°C under anaerobic condition with Anaerocult® A for 48 hours. Typical LAB characteristics
colonies were purified by streaking method on MRS agar and M17 agar. The catalase negative and Gram
positive isolates were selected as presumptive lactic acid bacteria for phenotypic identification to the genus level.
These isolated bacteria were tested for growth at 10°C and 45°C in MRS and M17 broth, gas production from
glucose, growth in the presence of 6.5% and 18% of NaCl, growth at pH 4.4 and pH 9.6 and arginine hydrolysis.
Isolates were identified by amplification of the 16S ribosomal RNA gene by Polymerase Chain Reaction and
ribosomal DNA sequencing as a culture dependent molecular method. After DNA extraction of isolates, PCR
was performed using prokaryotic 16S rDNA universal primers 27F (5-AGAGTTTGATCCTGGCTCAG-3) and
1492R (5-GGTTACCTTGTTACGACTT-3). In the next step, the culture-independent molecular method based
on next-generation sequencing of 16S ribosomal RNA gene amplicons was applied. The V3 and V4 regions of

16S ribosomal RNA gene were amplified using Forward Primer
5TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG and Reverse  Primer
5GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC Overhang

adapter sequences were appended to the primer pair sequences for compatibility with Illumina index and
sequencing adapters. The Illumina overhang adapter sequences to be added to locus-specific sequences were:
Forward overhang: 5° TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG- [locus- specific sequence]
Reverse overhang: 5° GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-[locus- specific sequence]. Both
contained an Illlumina adapter region for sequencing on the Illumina MiSeq System. Then, Illumina sequencing
on MiSeq was performed. The fastq files from the next generation sequencing were analyzed with BaseSpace
(cloud-based software, MSR: Metagenomics, version: 2.4.60.8). This metagenomics analysis classified
organisms from V3 and V4 amplicon using a database of 16S rRNA data and performed a taxonomic
classification using the Greengenes database showing species level classification in a graphical format
(http://greengenes.lbl.gov/). The analysis output was a classification of reads at several taxonomic levels:
kingdom, phylum, class, order, family, genus, and species. The analysis results included tables, cluster pie
charts, phylogenetic trees and bar charts. The average and error bars of the relative abundance (%) of bacterial

species from ewe’s milk and yogurt were calculated using Microsoft Excel 2010 software.

Results & Discussion: A total of 40 bacteria as lactic acid bacteria were isolated from ewe’s drinking yogurt.
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Among isolated bacteria, two different genus of lactic acid bacteria were phenotypically characterized as 88%
Lactobacillus, 3.5% Pediococcus and 8.5% Non-lactic acid bacteria. Isolates were identified by ribosomal DNA
sequencing as Lactobacillus delbrueckii, Lactobacillus apis, Lactobacillus ultunensis and Pediococcus
argentinicus.

The microbial community from ewe’s drinking yogurt were identified on the basis of Next-generation
sequencing (NGS) at genus level as 94.08% Lactobacillus, 1.07% Pediococcus, 0.33% Streptococcus, 0.20%
Enterococcus, 0.11% Candidatus Blochmannia, 0.11% Alkalibacillus, 0.06% Cohnella and 3.02% unclassified.
At species level 24.82% Lactobacillus equicursoris, 51.81% Lactobacillus delbrueckii, 3.61% Lactobacillus
apis, 2.79% Lactobacillus ultunensis, 0.86% Lactobacillus taiwanensis, 0.85% Lactobacillus gigeriorum, 0.42%
Pediococcus argentinicus and 13.64% unclassified were identified. Findings of this study have provided
fundamental knowledge on sanitary quality and microbial composition of drinking yogurt produced by Somar
nomads. Both phenotypic and molecular identification methods showed Pediococcus and Lactobacillus genus as
the dominant genera in these samples. Molecular identification results showed Lactobacillus delbrueckii as the
dominant species. Four species, Lactobacillus delbrueckii, Lactobacillus apis, Lactobacillus ultunensis and
Pediococcus argentinicus were identified by both cultivation-dependent and cultivation-independent (NGS)
methods. Rather, culture-dependent and culture-independent methods were found to be complementary in
describing the microbial community of the ewe’s drinking yogurt produced by Somar nomads. The next-
generation sequencing was found to be more accurate method in detecting the microbial diversity of drinking
yogurt. The results showed poor hygienic quality of ewe’s drinking yogurt from Somar nomads, but there were
no pathogenic bacteria in this product.

Keywords: Next-Generation Sequencing, Drinking Yogurt, Ewe, nomds.
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Introduction: Persian walnut (Juglans regia) from Juglandaceae family is one of the most important fruits

in the world that has an important role in human health. It contains a notable list of plant nutrients that has been
found to have disease preventing and health promoting properties. Walnut is a source of bioactive compounds
such as phenolic and flavonoid complexes where they act as antioxidants and free radical scavengers. It also
contains pleasant flavor and high concentration of minerals and fatty acids. Extending shelf-life of this
perishable fruit has been accomplished due to its high oil level and oxidation of oil (Tajeddin, 2004). Rate of loss
in walnut kernel quality and quantity between harvest and consumption affects its productivity. Control of
temperature is the most effective tool for extending the shelf life of fresh horticultural products. However, to
reduce high losses and keeping product’s quality, packaging method is very important as well as low
temperature. Therefore, in this study, the effect of temperature (4 and 25 °C) and packaging methods (vacuum
and air packaging) on the changes of walnut kernel compounds was evaluated to improve quality of its
storability during six month cold storage.

Materials and methods: Walnut harvested from a commercial garden at the mountain regional of Raber,
Kerman province. All chemical materials for different tests obtained from Merck Company, Germany.
Immediately after walnuts harvesting, they were dehulled and dried in expose of sun shade with the circulation
of natural air. The walnuts were then transferred to the laboratory and their wooden shells were removed.
Subsequently, about 25 g of walnut kernel was packaged in the polyethylene films with 87um (0.087 mm)
thickness, under a vacuum machine and stored at 4°C and 25°C to be later assessed for further analyses intended
for six months. Phenol, flavonoid, carbohydrate, protein, water percent, color parameters (C, h, WI),
organoleptic characteristics, and peroxide value of kernels were measured every month during storage time. The
control samples of packaged walnuts under environmental conditions were also stored. The current study carried
out as a factorial assay on the basis of a completely randomized design with three replications at Hormozgan
University. Data were subjected to ANOVA using SAS software version 9.4. Verification of significant
differences was done using Duncan's Test at 1% probability level.

Results and discussion: Results showed that carbohydrate and proteins decreased during storage time. Both
of vacuum package and low temperature contorted the reduction of different characteristics of kernel such as
bioactive compounds during storage significantly. Sensory properties were also reduced during storage,
especially at the end of period, in all conditions except for treatment at 4°C and vacuum packing. Control
samples (temperature 25°C and air-containing packags) during the experiment showed a lower quality for all
factors. Samples that stored in low temperature and vacuum package had better brightness (higher chroma,
Hugh, lightness (L) and white index values (Wi)) than other treatments. The treatments had a significant role in
the preventing of increasing peroxide value. The peroxide value in treated samples was increased from 0.023 to
0.68 meqg/g, while in vacuum packages it was changed from 0.023 to 0.37 meq/g. Increasing of peroxide value
was observed from 0.023 to 0.68 and from 0.023 to 0.25 meg/g in room temperature and cold temperature,
respectively. After six months, the average peroxide value in all samples was less than one milliequivalent per
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oil kilogram. Decreasing of phenolic compounds (30%) and flavonoids (35%) and increasing the peroxide index
simultaneously led to the reduction of the appearance and organoleptic properties of the control samples.
Generally, vacuum package and low temperature condition that using in this study showed the best effect on the
nutritional compounds quality of walnut kernel such as bioactive components during six months storage. Shelf

life enhancement of walnut by vacuum packaging in the different polymers has been already reported by
Tajeddin, 2004.

Keywords: Bioactive compounds, oxidation, Packaging, Peroxide value, Walnut
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Introduction: The cake is considered as the bakery products and has the different kinds with different

calorie and often high calories in the kinds of cakes is due to the oil, eggs and sugar that is used in its
formulation .In the present study the carbohydrate-based fat replacements are used instead of fats for consuming.
The flaxseed with the scientific name of "Linum usitalissmum™ is an annual plant from the family of flax and in
terms of nutritional value it is a good source of omega-3 (alpha-linolenic acid, ALA), Lignans (such as phyto-
estrogenic), fiber, protein, minerals and vitamins. The high amount of water absorption by flaxseed in bakery
products leads to increase the volume and improve the quality of bread and also increase the shelf life of the
product produced. The oat is a plant from the family of grains and from the genus of "Avena" called in English
"Oat". One of the major compounds in the oat is B-glucan. The said compound is the common name of glucose
polymers that is found in the endosperm cell walls of barley and oat and usually forms 3-7% of the seed weight
and is classified as soluble dietary fiber and carbohydrate-based fat replacements. The purpose of this study was
to add different levels of flaxseed and oat bran as a part of fat replacement in cake. Different Levels of
shortening were replaced with Oat bran and flaxseed powder and their effects on the chemical characteristics,
volume, color, staling and sensory characteristics of the cakes were examined.

Materials and methods: Raw materials needed to bake a cake included the null wheat flour (Mehbod
Company) with extraction rate of 70%, sugar (Pardis Company), nonfat dry milk (IDI France Company), egg
white powder (Talavang Company), table salt (Golha company), baking Powder (Golhan Company), oil (Ladan
Company), flaxseed and oat bran (Sarv Company). Chemical tests performed on wheat flour, oat bran and
flaxseed meal and samples of cakes included the measurement of moisture, ash, protein, fat, fiber, peroxide and
pH were performed. For the production of cake the raw materials were prepared and were weighed. Then, the oil
and sugar mixed for 2 minutes and then some water was added and mixed for 2 other minutes. Then, the null
wheat flour, oat bran and flaxseed powder sieved with other materials were mixed. Finally, the cake was added
to the mold and located in the tunnel oven at 170°C for 35 minutes for baking. in all the tests the control

treatment (cake containing 100% fat and null wheat flour) with the code of C, the treatment containing the oat
bran and flaxseed with the ratio of 20:40 (weight— weight of fat consumed) plus 40% of fat with the code of Al,
the treatment containing the oat bran and flaxseed with the ratio of 40:20 (weight — weight of fat consumed) plus
40% of fat with the code of A2, the treatment containing the oat bran and flaxseed with the ratio of 30:30
(weight— weight of fat consumed) plus 40% of fat were determined with the codes of As revealed. The method
proposed by Henry Simon British Company and device of volumeter were used to determine the volume of cake
samples produced. The test of determining the color the Hunter Lab device was used. In order to determine the
amount of staling of the cake samples, the device of evaluating the texture or Instron was used. In this study,
examined by 10 trained evaluators was used for organoleptic test of samples. In determining the amount of
staling in the cake samples produced the sensory method was used. This test was conducted at the intervals of 3,
7 and 10 days after baking of the samples. In order to investigate the quantitative characteristics of data
considering to the presence of four treatments and three replications, randomized block design, the analysis of
variance and the software "SPSS", version 16, were used.

Results & discussion: The amount of protein and fiber in treatment of A: and in the control treatment was
the highest and the lowest, respectively. In addition, the amount of ash and moisture in the treatment of A; and in
the control treatment was the highest and the lowest, respectively. The treatment of A; and the control samples
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had the highest and the lowest amount of peroxide, respectively. Results of specific volume test indicated that
the treatment of A, and the control samples had the highest and the lowest amount of specific volume,
respectively. The results of colorimetric test of cake samples indicated that the lightness (L*) in the control cake
and in the treatment of A; was the lowest and the highest amount, respectively. Moreover, the amount of redness
in treatment of Ajand control treatment was the highest and the lowest, respectively. The amount of yellowness
in the control treatments and treatment of A, was the highest and the lowest, respectively. The results of
evaluating the sensory characteristics of cake samples produced by panelists showed that most sensory
characteristics of the cake samples containing flaxseed and oat bran compared with the control had higher rating.
The results of staling test in the cake samples produced by sensory method showed that the control treatment had
the highest amount of staling and the treatments of A;, A, and A; had the lowest amount of staling, respectively.
The results of staling test using device method showed that the control treatment had the highest amount of
staling and the treatments of A; and A, had the lowest amount of staling, respectively. Finally, the treatment of
A, was introduced as the best treatment. In the present study, oat bran and flaxseed seed were used as a part of
carbohydrate-based fat replacements in the cake to produce a healthier products with less fat and better
nutritional compounds while improving the qualitative characteristics.

Keyword: Oat bran, Flaxseed, Fat replacer, Oil Cake, Staling
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Introduction: Eggplant (Solanum melongenal.) is being cultivated in North America, Asia and the

Mediterranean area. Its limited shelf life is one of the important restrictions in the trade of eggplant as a fresh
product. Drying is one of the most current methods used to maintenance agricultural products. This process
improves the food stability, since it reduces significantly the water and microbiological activity of the material
and minimizes physical and chemical changes during its storage. Dynamic modeling of drying characteristics for
various agricultural products, including artificial intelligence techniques that include artificial neural networks
(ANNS), particle swarm optimization (PSO) and grey wolf optimizer (GWQO) Which has attracted a lot of
attention recently, because the ability to learn from these systems to detect fruit and vegetable behaviors is a
complex process in which mathematical models simply do not apply in recent decades. The main objective of
this research was to determine the effective moisture diffusivity, and specific energy consumption of eggplant
slices with a semi-industrial continuous band dryer. Moreover, some novel methods including ANN, PSO and
GWO as an approximating tools were developed and evaluated for prediction of Deff and SEC of the process.

Materials and methods: Freshly harvested eggplant were purchased from a local market and stored in the
refrigerator at about 4°C for experiments. The initial moisture content of eggplant was determined by oven
method. About 40 g of eggplant slice (4 mm thickness) with three replicates were dried at 70°C for 24 h.
Eggplant slice with average initial moisture content of 10.25% (d.b.) was chosen as the drying material.

The dryer consists of an adjustable centrifugal blower, hot air suction tube, heater, control panel, air channel
to uniform distribution of hot air, drying chamber, Belt (20 cm, 200 cm), three inverters (LS, Korea),
temperature and humidity sensors, electrical motor, removable upper part, base, shafts, three infrared lamps
(Philips, Belgium) and belt guide. The experiments were performed at air temperatures of 45, 60, and 75C, air
velocities of 1, 1.5, and 2 m/s, and belt linear speeds of 2.5, 6.5, and 10.5 mm/s. Feed and cascade forward neural
networks were used in this study. There are two types of multilayer perceptron neural network. Two training
algorithms including LevenbergMarquardt (LM) and Bayesian regulation (BR) back propagation algorithms
were used for updating network weights. The PSO is a simple, powerful and metaheuristic technique that can be
applied to solve optimization problems. In the PSO model, every solution is showed as a particle that is alike to a
bird flying via the space of a potential solution. In order to mathematically model the social governance of
wolves when designing Grey Wolf Optimizer (GWO), assume the fittest solution as the alpha (o).

Consequently, the second and third best solutions are named beta ( 5 ) and delta (O ), respectively.

Results and discussion: In the present study, the application of Artificial Neural Network (ANN), particle
swarm optimization (PSO) and grey wolf optimizer (GWO) for predicting the D, and SEC was investigated.

Based on several statistical operates [such as coefficient of correlation (RZ) and mean-square error (MSE),
mean absolute error (MAE )], for predicting D,; and SEC was found that the GWO (R?=0.9915, R*

=0.9986, Respecively) performs better than the PSO (with R®=0.9927, R?=0.9890) and ANN (with R?=

0.9618, R? =0.9773) models. Drying behavior of eggplant slices at different air temperatures of 45, 60, and 75C,
air velocities of 1, 1.5, and 2 m/s and belt linear speeds of 2.5, 6.5, and 10.5 mm/s was studied. The moisture
ratio was reduced exponentially with drying time as expected. When the temperature was increased, the drying
time eggplant fruit reduced. In other words, at high temperatures, the transfer of heat and mass was higher and
the water loss was more excessive. Effective moisture diffusivity and specific energy consumption were

1, 3 and 4.Department of Biosystem Engineering, University of Mohaghegh Ardabili, Ardabil, Iran
2. Department of Biosystems Engineering, Faculty of Agriculture, Bu-Ali Sina University, Hamedan, Iran.
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calculated after drying of turnip fruit. Maximum values of D, for eggplant were 1.14x10® m?/s. The lowest

amount specific energy consumption (SEC ) was calculated at the boundary of 130.62 MJ/kg.

Keywords: Eggplant; effective moisture diffusity and specific energy consumption, ANN, PSO, GWO
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2 Polar Paradox Theory
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Introduction: Hydroxybenzoic acids are a large family of phenolic acids capable of inhibiting one of the

most destructive reactions called lipid oxidation. Their antioxidant activities are markedly influenced by the
number and position of phenolic OH groups. Increasing the number of electron-donating groups in the molecule
and their placement at the ortho and/or para positions of the phenolic ring, could lead to the increased ability of
H atom abstraction or electron donating capacity. Gentisic (3,5-dihydroxybenzoic acid) and Alpha-resoecylic
(2,5-dihydroxybenzoic acid) acids are dihydroxybenzoic acids wildly dispersed in the plant tissues with some
valuable biological and pharmacological properties for human health. These compounds are different in structure
and position of hydroxyl groups in phenolic ring, that may had a strong influence on their antioxidant properties.
In addition of structural property, environmental interference can play an important role in the antioxidant
potency. Antioxidants are found to behave differently when used in different media.

Materials and methods: Partition coefficient (log P) of Gentisic acid and Alpha-resorcylic acid was
measured between 1-octanol and acetate buffers. Antiradical and antioxidant activity of compounds was
investigated in different medium (solvent system, purified bulk olive and soybean oils and their O/W emulsions).
DPPH radical scavenging activity of gentisic acid and alpha-resorcylic acid was measured in the methanolic
solvent. Progress of lipid oxidation in olive oil and soybean oil containing 200 ppm of the antioxidants at 80 °C
was followed by monitoring the changes in peroxide value (PV). PV was measured spectrophotometrically at
500 nm using a UV- Vis instrument. Oxygen depletion in emulsion systems in the absence and present of the
antioxidant (200 ppm) was measured using a YSI Model 5300A biological oxygen monitor at 37°C. The
effectiveness of the antioxidants in bulk oils and emulsions was estimated on the basis of the induction period

(IP).

Results and discussion: The obtained results indicated that the effectiveness of the Gentisic and o-
resorcylic acids in free radicals scavenging, was greatly affected by molecular structure of these antioxidants and
environmental conditions.

Ortho position of hydroxyl group with respect to the carboxyl group in Gentisic acid, caused higher
antiradical potency of Gentisic acid than o-resorcylic acid, with meta-structure, in different used mediums.

In addition, it was found that the environment plays an important role in the free radical scavenging activity
of phenolic compounds. Gentisic acid with more hydrophilic structure showed better antioxidant activity in bulk
oil hydrophobic systems, than emulsion systems, while a-resorcylic acid with less hydrophilic structure showed
better activity in O/W emulsions. Both antioxidants showed low antioxidant performance in solvent system. The
polar medium of the methanol used in DPPH assay, with enhanced intermolecular hydrogen bonds, decreased
the radical scavenging potency of antioxidants.

Keywords: Gentisic acid, Alpha-resorcylic acid, vegetable oils, O/W emulsions
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Introduction: The main part of the further-processed foods especially fish, seafood, poultry, cheese and
vegetables market is constituted of battered and breaded products. The annual consumption of battered and
breaded products in some countries such as Europe, Japan, and Oceania is approximately 2 billion pounds.
Frying of battered and breaded products is used to improve their quality factors which are mainly crispness,
texture, moisture and oil contents, porosity, color and appearance, flavor and nutrition. Crispy outer layer and the
moist and juicy interior as pleasant textural characteristics are created in fried foods. Chicken nugget which is
made from chicken meat is breaded or battered, then deep-fried or baked and finally is quick frozen. Chicken
nugget is composed of four layers including paste, pre-dust, batter and breaded layers. Amaranth is one of the
pseudo-cereal grains which belongs to the Amaranthaceae family. The color of amaranth seed varies from milky
white to yellow, golden, red, brown, and black. This plant has high nutritional and biological value. Amaranth
seed contains starch (61/4%), protein (16/5%), unsaturated fats (5/7%), fiber (20/6%), vitamins (E, B2 and C),
minerals (calcium, magnesium, zinc and iron) and phenolic compounds. The purpose of this study was to replace
wheat flour with amaranth flour in order to reduce wheat grain dependence, improve the nutritional value of
nuggets as well as explore the production possibility of a new product for celiac disease.

Materials and methods: In order to investigate the effect of replacing of wheat flour by amaranth flour in
nugget formulation, amaranth flour was used at 0, 50 and 100% levels separately in chicken paste, batter dough,
and all layers of nugget (chicken paste, predust, and batter dough). Then, the chemical composition and pH of
chicken nugget, chicken paste emulsion stability, cutting force, oil absorption, porosity, cooking loss, degree of
oxidation, color and sensory characteristics of produced nuggets were evaluated.

Results and discussion: Results showed that increasing the substitution percent would increase the
nutritional value of nuggets. The pH of all produced nuggets containing amaranth flour was higher than the
control sample and pH reduction occurred slower in them during 13 days of storage at 4 © C. Emulsion stability
was also affected by the replacement rate and reached the maximum content at full replacement. Samples with
100% incorporation of amaranth flour had the highest emulsion stability due to the presence of polar lipids and
globulin in amaranth flour which are surface active agents. However, 50% substitution of wheat flour with
amaranth flour in chicken paste significantly decreased emulsion stability as this sample had the lowest emulsion
stability. It seems that the interaction of amaranth albumin proteins with wheat gluten proteins reduced soluble
proteins, which caused emulsion stability reduction of chicken paste containing both amaranth flour and wheat
flour. Also the presence of amaranth flour in nuggets significantly increased oil absorption, porosity, cutting
force and cooking loss. Oil absorption of nuggets increased by increasing the amount of amaranth used in nugget
production, as the control nuggets had the lowest oil absorption. Albumin proteins which are present in amaranth
flour have high oil absorption capacity. Amaranth flour has low viscosity in gelatinization owing to the low
amylose content of amaranth starch, which decreases the absorption of batter dough to the chicken paste and as a
result cooking loss will increase. Porosity of nuggets increased by increasing the amount of amaranth flour in
prepared nuggets. Globulin which constitutes about 20% of amaranth proteins is a good foaming agent.
Entrapment of air bubbles by globulin caused porosity increase in nuggets. In addition, the results of moisture
content of nuggets showed moisture removal of nuggets containing amaranth flour after frying. Steam pressure
of evaporated water caused porous tissue in samples. Hardness, chewiness, gumminess, springiness, and
cohesiveness of nuggets containing amaranth flour increased. The cutting force was increased significantly as a
result of the amount of amaranth flour of nuggets as was expected. About the oxidation, increasing the
substitution rate reduced the amount of malonaldehyde in the early days and reduced the oxidation process in 13
days of storage at 4 ° C. High amounts of phenolic compounds were found in amaranth flour, which could
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reduce lipid oxidation and spoilage of nugget. Amaranth flour darkened nuggets and by increasing amaranth
content, that amount of L (brightness), a (redness) and b (yellowness) declined. Lightness of the outer layer of
nuggets decreased by increasing the amaranth amount of nugget, due to the presence of bran and betacyanin
pigment in amaranth flour which make it darker than white flour. Wheat flour could be substituted with
amaranth flour in nugget production, increasing the nutritional value of product by increasing protein, fiber and
minerals levels, with no undesirable effect on total acceptance of consumers.

Key words: Amaranth seed flour, Chicken nugget, Oil absorption, Texture analysis
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Introduction: The current study was carried out to investigate the kinetics of infusion of phenolic compounds
extracted from grape pomace (Argol) into Aloe vera gel cylinders. Aloe vera gel was treated at 50 °C in different
osmotic solution with (40, 50 and 60) % sucrose plus (10, 20 and 30) % Argol, for 0-120 min. The fruit to solution
ratio was kept 1:4 (w/w) during all experiments. A two parameters model was used for prediction of kinetics of
mass transfer and values of equilibrium moisture loss and solid gain. Moisture and solid effective diffusivities
were estimated using Fick’s second law of diffusion. Results showed that Azuara model has the potential for
estimating the equilibrium points. In addition, a good correlation between predicted and experimental values were
obtained by this model. Besides, moisture and solid effective diffusivities increased by increasing sucrose solution
and Argol from 40 to 50 percentage and 10 to 20 percentages, respectively. Moisture and solid diffusivities were
found in the range of 0.61-4.23x107° m¥/s and 2.13 -2.77 x 10~° m?/s, respectively. Functional food is an emerging
field in food science due to its increasing popularity with health-conscious consumers and the ability of marketers
to create new interest in existing products. New by-product application should be investigated to have a positive
environmental impact or to turn them into useful products. The use of by-product such as the grape juice pomace
(Argoal), results in the return of these valuable sources into the food cycle as well as an improvement in nutritional
value and functional products in the food industry. Red grape (Vitis vinifera L.) pomace contains a large amount
of polyphenolic compounds, therefore extraction of bioactive compounds promote human health. It is not as easy
to mix the functional ingredient in the solid system as it is, in the case of the powder and liquid products. With the
help of osmotic dehydration, many researchers have demonstrated the infusion of active compounds such as
mineral, phenolic compounds, curcuminoids, probiotics and vitamins into solid food tissue. Fruits such as aloe
vera, which have a short shelf life and are suitable system models for infusion of phenolic compounds during
osmotic dehydration. Osmotic dehydration can prove useful in drying aloe vera (Aloe Barbadensis Miller) which
contains several nutritional compounds, including polysaccharides, phenolics, antioxidants, vitamins, enzymes,
minerals, and so forth. The phenomenon of osmotic dehydration can be modeled by the fundamentals of mass
transfer that describe the origin of the diffusive forces that are involved in and control these processes. A two-
parameter equation of Azuara was used to predict the kinetics of osmotic dehydration and the final equilibrium
point. The internal mass transfer occurring during osmotic dehydration of food is usually represented by Fick’s
second law which is the best known phenomenological model to represent the diffusional mechanism is the model
of Crank, consisting of a set of solutions of Fick’s law of diffusion for different geometries, boundary conditions
and initial conditions. To date, there is no research on mass transfer during osmotic dehydration of aloe vera.
Therefore, the objective of the present work was the infusion of Argol phenolic compounds in alo vera gel through
osmotic dehydration treatment to investigate mass transfer during osmotic treatment.

Material and methods: The Aloe Vera was added to agar and shaped into cylindrical pieces (20x20 mm).
Afterwards the pieces were floated in a solution of sugar (40, 50 and 60) percentage and Argol (10, 20 and 30)
percentage. The weight ratio of osmotic medium to fruit sample was 4:1 to avoid significant dilution of the medium
and subsequent decrease of the driving force during the process. The experiment was performed with constant
temperature of 50 °C. Samples were removed from the solution at 30, 60, 90, 180, and 120 min of immersion,
drained and the excess of solution at the surface was removed with absorbent paper. Afterward, the dehydrated
samples from each group were drained and blotted with absorbent paper to remove excess solution. Each assay
was made in triplicate. Weight and moisture content of the samples, and moisture loss (ML) and solid gain (SG)
were calculated. The curves of moisture loss and salt gain as a function of time were constructed using
experimental data. A two parameters model was used for prediction of kinetics of mass transfer and values of
equilibrium moisture loss and solid gain. Moisture and solid effective diffusivities were estimated by using Fick’s
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second law of diffusion.

Results and discussion: Results showed that in all of the studied conditions, the levels of moisture loss and
solid gain had a non-linear increase with more floatation time in the solution. Moreover, the absorption rate of
solid gain was faster in the beginning but eventually slowed down. Azuara model has the potential in estimating
the equilibrium points. In addition, a good correlation between predicted and experimental values was obtained by
this model. Besides, increasing the concentration of sucrose and Argol from 40% to 50% and 10% to 20%
respectively, the coefficient of effective penetration for both parameters (water loss and solid substance absorption)

improved. In addition, the coefficient of effective penetration displayed that different levels of sucrose and Argol
had a notable effect on this coefficient.

Key Words; Aloe vera, Osmosis, Grape pomace, Mass transfer, Phenolic compounds.
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Introduction: Wheat germ is a by-product of wheat milling industry. It contains about 11% oil. Wheat germ
oil is well known as a tocopherol rich food lipid. It also contains more than 55% polyunsaturated fatty acids,
mainly linoleic and alpha-linolenic acid (Simopoulos 1999; Schwartz et al. 2008). Wheat germ processing presents
challenges due to its high content of bioactive compounds. Microwave-assisted extraction is a new extraction
technology used for the extraction of bioactive compounds, which is based on combination of microwave and
conventional solvent extraction. This technique which is used has many advantages such as short time, less solvent
usage, and higher extraction yield (Hao et al. 2002).Common Kilka (Clupeonellacultriventris caspia) oil is
considered as one of the most healthy and functional oils. It is highly rich in polyunsaturated w-3 fatty acids such as
eicosapentaenoic acid and docosahexaenoic acid. However, Kilka oil is highly vulnerable to oxidation due to its
high content of poly unsaturated fatty acids. Oxidations of poly unsaturated fatty acids such as eicosapentaenoic
acid and docosahexaenoic acid result in a number of oxidation products that have negative impacts on the flavor
and odor of Kilka oil, and also can affect the amount of these fatty acids that are made available to the body (Lin
and Lin 2004; Fazli et al. 2009; Pazhouhanmehr et al. 2015; Yu et al. 2002). In order to preserve polyunsaturated
fatty acids of Kilka oil from oxidative degradation, the use of novel and effective antioxidants can offer methods to
maintain the health of consumers.The objective of this study was to investigate the effect of microwave-assisted
extraction method on extraction yield and some chemical characteristics of wheat germ oil in comparison with
conventional Soxhlet method. Also, wheat germ oil was investigated as a natural antioxidant for improving
oxidative stability of Kilka oil.

Materials and methods: Wheat germ used in this research was supplied from Sepidan Flour Mill (Shiraz,
Iran). Crude Kilka oil with no added antioxidants was supplied by a local fishery factory (Rasht, Iran).Wheat germ
samples were pretreated with microwave at 200 W for 5 min. Thereafter, the samples were extracted with Soxhlet
method. Samples were analyzed at 2, 4, 6, 8, and 10 h of extraction process. Extraction yield, saponification value,
acid value, iodine value, and fatty acid profile of wheat germ oil extracted with microwave-assisted method were
compared with those extracted with conventional Soxhlet method. Fatty acid composition of wheat germ oil was
determined according to the method described by Golmakani et al. (2012) with some modifications. Saponification,
acid, and iodine values of wheat germ oil were determined by using the AOAC official methods (AOAC 2000).
Wheat germ oil was added to Kilka oil at a concentration of 1000 ppm. For the control, Kilka oil without any added
antioxidant was used. Peroxide, anisidine, and Totox values of wheat germ oil were measured during 15 days
storage at 60 °C. Peroxide, anisidine, and Totox values of wheat germ oil were determined using the AOCS official
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methods (AOCS 2000). Induction period was considered as the number of days required for a sample to reach a PV
of 20 meq O2/kg (Keramat et al. 2016).

Results and discussion: The microwave-assisted extraction method increased the extraction yield of wheat
germ oil by 15-27%. Increase in extraction yield is due to cell membrane rupture by microwave which results in
greater porosity, enabling the passage of oil from the cell membrane (Uquiche et al. 2008). The amounts of
saturated fatty acids, monounsaturated fatty acids, and polyunsaturated fatty acids in samples extracted by
microwave-assisted extraction method were similar to those extracted by conventional Soxhlet method. Acid value
of samples extracted by microwave-assisted extraction method was slightly higher than those extracted by
conventional Soxhlet method. This result is in agreement with the previous studies (Kiralan et al. 2014; Uquiche et
al. 2008). The saponification value of wheat germ oil sample extracted by microwave-assisted extraction method
was 9.65% higher than those extracted by conventional Soxhlet method. Thus, wheat germ oil sample extracted by
microwave-assisted extraction method contained higher short chain fatty acids than those extracted by conventional
Soxhlet method. The iodine value of wheat germ oil sample extracted by microwave-assisted extraction method
was lower than those extracted by conventional Soxhlet method. Accordingly, microwave-assisted extraction
method has a positive effect on the oxidative stability of wheat germ oil. Wheat germ oil significantly decreased the
peroxide, anisidine, and Totox values of Kilka oil by 61.59%, 65.01%, and 61.97%, respectively, compared to the
control. The induction period and protection factor of Kilka oil sample containing wheat germ oil (120.20 h and
1.42, respectively) was significantly higher than those of control sample (84.40 h and 1.00, respectively). The
inhibitory effect of wheat germ oil against Kilka oil oxidation can be attributed to the presence of high amounts of
biological active compounds. Based on the results of this study, microwave extracted wheat germ oil can be
proposed as a natural antioxidant for improving oxidative stability of Kilka oil.

Keywords: Extraction, Kilka oil, Microwave, Oxidative stability, Wheat germ oil
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Introduction: L-Ascorbic acid (vitamin C) is the most important vitamin in terms of nutrition. Ascorbic acid is a
thermolabile (heat-sensitive) compound that can be degenerated aerobically or anaerobically. The degradation rates of
ascorbic acid differ with the changes in environmental conditions such as temperature and water activity. It is
ascertained that the other nutrients residing in a food can be preserved in case the Vitamin C content is preserved. Thus,
the compound is considered as the nutritional quality index during the food processing. The simultaneous infrared dry-
blanching and dehydration (SIRDBD) with intermittent heating method is a novel process in which the temperature is
kept constant. Over-blanching causes product quality decline and nutrients, especially vitamins, deterioration.
Therefore, the precise process conditions (time and temperature) are specified with the objective of preventing over-
processing. To do so, such factors as access to the specific center temperature, access to a certain level of enzymatic
inactivation and preservation of a given ratio of Vitamin C should be taken into account. This is subject to the
biophysical properties of fruits and slices size and shape. The aim of this study was to determine the appropriate
operating conditions for blanching step. For this purpose, the effect of irradiation temperature and thickness of the
product on the destruction of polyphenol oxidase (enzymatic browning agent) and vitamin C were investigated.

Materials and methods: Apple slices (Golden Delicious variety) were prepared with thickness of 5, 9
and 13 mm and 20 mm in diameter. Irradiation was carried out at three constant temperatures of 70, 75, and
80 ° C. The central temperature of the product was recorded during processing. To evaluate the enzymatic
activity of polyphenol oxidase (PPO) and its effect on the product color, apple slices were removed from the
device in 2- minute intervals and the process was continued till the time no sign of color change stemming
from catechol reagent addition was observable. Vitamin C content measurement was carried out with 30-
minute intervals during drying till apple slice reaches constant weight. It was performed based on titration by
the use of 2, 6-Dichlorophenol-Indophenol (DCPIP). To calculate the browning index (Bl) due to PPO
activity, image acquisition was made with the use of a flatbed scanner. The treated samples were placed on
the scanner and then a black box was utilized so as to prevent the interferences of the peripheral lights and
light reflections. The images featured a 300 dpi quality and were saved in TIFF-24 bit format. Color analysis
of the obtained images was carried out in color spaces L*a*b* by the use of “color space convertor” pelagin
in ImageJ software, version 1.6.0. Statistical analyses were carried out in SPSS software, version 19. To do
so and in order to assess the time required time for the blanching, there was made use of completely
randomized design (CRD) in factorial format (3?) considering two factors, namely thickness (in three levels)
and temperature (in three levels). The statistical analyses of the vitamin degradation kinetic constant (k), as
well, were conducted based on randomized complete block design (RCBD) in the course of which the
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temperature and thickness were considered as the block and the treatment, respectively. Mean comparisons
were undertaken based on Duncan test in a 95% confidence level (P<0.05). All experiments were performed
in three replications.

Results & discussion: The results showed at the beginning of the IR drying process, the temperature increases
rapidly and then it comes to a stop with the further passage of time. The temperature curve was reflective of faster
variations for a thickness value of 5mm as compared to thicknesses 9mm and 13mm. But, with the increase in the
processing temperature to 80°C, the thickness was found having less effect as depicted in the temperature curve and a
similar temperature profile was evidenced for the various thicknesses in that temperature. The enzyme inactivation was
found increased with the increase in heating time and the time required for blanching was decreased with the increase in
temperature. In other words, enzyme inactivation time is significantly lower at 80 °C (P <0.05). At sufficient time for
blanching, the central temperature for the thickness of 5, 9 and 13 mm was 64.4, 61.7, and 60.8 °C, respectively. By
increasing the temperature or thickness, kinetic constant (k) of vitamin degradation increased significantly (P <0.05).
With increasing the thickness, the temperature rising dependency of vitamin degradation elevated (greater activation
energy). Vitamin C content variations were almost similar during the early radiation process for various temperatures.
Hence, the high temperature-short time (HTST) approach was considered to be more appropriate for accelerating IR
blanching operation. After the exertion of the temperature and time conditions appropriate for the annihilation of
polyphenol oxidase, dehydration process can be, if necessary, continued in lower temperatures so as to preserve the
nutritional quality of the fruit slices in terms of their Vitamin C content.

Keywords: Vitamin C, Apple, Blanching, Infrared, Polyphenol oxidase
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Evaluation of the effect of nisin, sodium acetate and temperature on the quality
of Ctenopharyngodon idella fillet inoculated with Staphylococcus aureus
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Introduction: Recently, the high nutritional value of fish and other seafood has caused continuously increasing
their consumption in human diet. The meat quality can be decreased during storage due to physical, chemical and
microbial changes. Thus, the different methods of preservation should be used to improve the quality and increase the
shelf-life of the product. The application of bacteriocinins has been increased to extend the shelflife of food products.
Nisin is a kind of bacteriocinins that is produced by Lactococcus lactis bacteria and used as food preservatives. It is
accepted such as food additive in many food commodities. Bacteriocinins showed synergistic effects when they used
with other antibacterial compounds such as natural preservatives and phenolic compounds. Literature review showed
that the antibacterial compounds such as sodium acetate play an important role in preventing the growth of bacteria and
increasing the shelf life of fish during different storage conditions. Conventional optimization procedures are performed
by altering one parameter at a time and keeping all other parameters at fixed levels. However, these procedures are time
consuming and require more experimental data sets. Recently, the use of an orthogonal array approach called ‘ Taguchi
method’ has been successfully examined in the different field of sciences. Therefore the aim of this research was to
investigate the effects of nisin, sodium acetate and temperature on the growth of Staphylococcus aureus in
Ctenopharyngodon idella fillet using Taguchi experimental design with an array L4 (29).

Materials and methods: The fresh Ctenopharyngodon idella with weight of 1 kg were purchased from market
(Zabol, South east of Iran) and transported in isothermal iceboxes to the fish product processing laboratory at University
of Zabol in 2016. The fishes were cleaned and filleted. Fillets after inoculated with Staphylococcus aureus (10° Log
CFU/qg) and added nisin (750 and 1000 IU/g) and sodium acetate (1 and 2 %) were stored in different temperatures (4
and 8 °C). Chemical parameters (pH, PV, TBA and TVB-N) and Staphylococcus aureus count were measured at 0, 3, 6
and 9 days. Microscopic analysis was used to observe the microstructure changes at end of storage. The experiments
were performed in three replicates.

Results & discussion: The present study showed that the lowest and highest Staphylococcus aureus growth was
observed in treatment 2 (sodium acetate 2%, nisin 750 1U/g, temperature 4°C) and control at 4 and 8° C, respectively. It
is noticeable that the growth of Staphylococcus aureus decreased in treatment 3 (sodium acetate 2%, nisin 1000 1U/g,
temperature 8° C) during storage at 8° C. Also, the results showed that the temperature was most important factor on the
growth of Staphylococcus aureus in the beginning of experiment and the other factors showed their effect during
storage. Therefore, the highest and lowest effect was related to temperature and nisin at the end of experiment,
respectively. In the present study, the additives could be prevented the growth of bacteria with except in treatment 4
(sodium acetate 1%, nisin 750 1U/g, temperature 8° C). The inhibitory effects of nisin and sodium acetate on the growth
of Staphylococcus aureus was better shown with increasing storage time. The TVB-N of fillets increased during storage
but this increase was lower in treatment 2 than the other treatments. The temperature and nisin had a significant effect
(p <0.05) on the TVB-N of fillets at the end of experiment. The PV value was lower in all treatments at the beginning of
experiment and gradually increased in fillets with increasing storage time. The highest and lowest of PV value was
observed in treatment 4 (sodium acetate 1%, nisin 750 1U/g, temperature 8° C) and treatment 2 (sodium acetate 2%,
nisin 750 1U/g, temperature 4°C) respectively. The PV value of all treatments was lower than the acceptable level (5
meq O2/kg lipid) of fresh fillets at the end of storage. The temperature had more effect on the PV value between the
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other factors. So that the PV value increase with increasing of temperature. The TBA value increased in all treatments
during storage but this increase was higher in treatments 3 and 4 than the treatments 1 and 2. Thus, these treatments
were more than the acceptable level at the end of storage. The pH of treatments gradually decreased during storage.
This process has been visible from 24 to 144 hours of storage. After this time the pH increases in all treatments except
treatment 2. The microstructure of Ctenopharyngodon idella showed that the muscle fibers of control were relatively
uniform and regular shapes of the cross-section. But the increase extra-cellular space and fibre shrinking were observed
in treated samples at the end of storage in comparison to control. These changes were higher in the samples stored at 8°
C than 4° C. The results of this research showed that the treatment contain nisin (750 1U/g), sodium acetate
(2%) and temperature (4°C) was more efficacy during storage of Ctenopharyngodon idella fillet whereas
Taguchi experimental design was propose nisin (1000 1U/g), sodium acetate (2%) and temperature (4°C) for
best condition of storage.

Keywords: Nisin, Sodium acetate, Microstructure, Staphylococcus aureus, Taguchi experimental
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Effect of pomegranate flower extraction and vitamin Bz on the roasted
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Introduction: One of the useful methods to increase the roasted product’s durability is the addition of antioxidants.
The antioxidants can replace the synthetic antioxidant in doughnut. One of the problems related to doughnut is
oxidative corruption in industrial type. The purpose of this study was to extract pomegranate flower extraction and use
of vitamin Bs as two natural antioxidants in doughnuts.

Materials and methods: In this study, the effect of three variation such as pomegranate flower extraction (0.07,
0.55 and 0.04 percent), vitamin B3 (1.5, 1.9 and 2.3 percent) on oxidation features (peroxide index, acidity, anisidine,
totox and Thiobarbituric acid), tissue obstruction and sensory evaluation (taste, tissue, color, scent and total acceptance)
were evaluated and analyzed in the research. The mean comparison of examined samples was carried out using RSM
method and central cube design (CCD).

Results & discussion: The obtained results showed that adding pomegranate flower extraction and vitamin Bs to
doughnut caused significant decrement of peroxide index, anisidine, totox, acidity and Thiobarbituric acid in 15th day.
While tissue stiffness increased with increasing vitamin Bz on the 15th day. The sensory evaluation also expressed that
increasing pomegranate flower extract’s percentage and vitamin B3 decreased total acceptability in all sensory features.
Results of optimization showed the doughnut samples containing 0.07% pomegranate flower extraction and 1.97%
vitamin Bz were accepted as the closest samples to the control sample and as the foremost treatment from sensory and
durability point of view.

Key words: Natural Antioxidant, Pomegranate Flower Extraction, Vitamin B3, Lipid (fat) Oxidation, Donut.
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Introduction: Yoghurt drink or Doogh has gained great attention in recent years in different countries. On the other
hand, this desirable commodity has showed some drawbacks especially from microbial point of view. One of the main
problems in Doogh production and storage is considered to be the presence and activity of gas producing
microorganisms especially in warm conditions and environments. From the consumer point of view, blowing of
container is not acceptable and is regarded as a defect. Since lactic acid bacteria (LAB) possess the potential use as
adjunct or co-culture in fermented dairy products for inhibition of gas — producing microorganisms’ especially gas-
producing yeasts in doogh, inclusion of these bacteria (LAB) can be a solution for this problem in aforementioned
product. In this study, antimicrobial effects of two selected strains of Lactobacillus brevis assigned as M2 and M4
isolated from Motal cheese were investigated on the gas-producing and food spoilage microorganisms in Doogh.

Materials and methods: Two strains of lactobacillus namely M2 (Lactobacillus brevis KX572376) and M4
(Lactobacillus brevis KX572378) were selected from traditional Motal cheese isolates. Doogh production was carried
out according to National Iranian Standard No. 2453. Each of these two strains was inoculated in Doogh at two levels of
106 and 108 cfu / ml and control sample was taken without inoculation followed by subjecting to microbial and sensory
analysis at three temperatures of 4, 25 and 37°C, at intervals of 10, 7 and 7 days, respectively. Microbial profiles
including coliforms, E. coli, Mold & yeast and Staphylococcus aureus were determined according to National Iranian
Standard Number (2 and 1) -5486, 5234 and 5486, 997 and 6806, respectively. Sensory evaluation was carried out
according to Iranian National Standard No. 4691. Sensory evaluation parameters such as taste, texture, color and total
acceptance were evaluated by 10 senior food industry students.

Results and discussion: The results showed that sample inoculated with M,108 strain, received the highest score for
antimicrobial activity at all three storage temperatures. Results demonstrated that, at 4 ° C, the control sample was
contaminated (spoiled) on 50" day and was positive for mold and yeast count, but sample inoculated with M4108 was
acceptable (negative) for mold and yeast count. At 25 C, mold growth was detected in control sample on the 14th day of
storage, but the sample inoculated with M4108 remained completely un-spoiled until the 21st day. At 37°C, the control
sample on day 7 was positive for mold and yeast count, but the sample inoculated with M;108, mold and yeast was not
detected until the 14th day. Coliform, Staphylococcus and Escherichia coli counts in M4106 sample were negative.
Sensory evaluation was carried out according to Iranian National Standard No. 4691.Sensory evaluation data showed
that samples inoculated with M4108 were superior to the control sample. Doogh samples inoculated with Lactobacillus
brevis strains experienced acceptable sensory evaluation so that they gained better score than control sample. The
highest score was obtained for the M4106 sample. The texture of the Doogh samples showed a decreasing trend at all
three temperatures during the storage period. Moisture and pH are factors influencing texture changes during the initial
stages of storage. Based on the taste evaluation results, at 4°C, the highest score was related to M4108 until day-20, but
from the 20th to the 60th day of storage, the M4108 has gained the highest one. At 25°C until day 7, the highest score
belonged to sample M4108 but from this day on, M410¢ has been more favorable. At 37°C on production day, highest
score for the M4108 sample but on day- 7 and 14, the M410° took the highest score. Regarding to color index, M2108
has gained the highest score at all 3 temperatures on the production day and for the rest of storage time, the highest
scores were obtained for the M4108 and M4106 samples. Maximum total acceptance, was obtained for M2108 on the
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production day but this was replaced by M4106 for the rest of the time .The results showed that the Lactobacillus strain
M4106 strain had the highest antimicrobial activity and the optimum score for sensory evaluation, as well as a
significant increase in Doogh shelf life and reduced gas production in the bottle.

Key words: Motal cheese, Lactobacillus brevis, Antimicrobial activity
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Cookie from extruded sorghum flour: Effect of extrusion and freezing
conditions on frozen dough and cookie quality
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Introduction: Nowadays, frozen dough technology is used to produce bakery, pastry & cakes products. On the
other hand, extrusion plays a role as a high-performance process in the food industry, which, given its unique
characteristics, can replace many common methods of food processing. This study was carried out aimed to investigate
the effect of freezing methods (slow and rapid) and the storage time of frozen dough under freezing conditions on
physicochemical and sensory properties of extruded and non-extruded sorghum flour for producing a gluten-free
product suitable for Coeliac patients.

Materials and methods: In this study, extruded sorghum flour (an extruder with a temperature of 150-160°C, a
moisture content of 14%, a speed of 150 rpm, feeding of 40 grams per minute and circular matrix with a diameter of 5
mm and, in the last step, using a grinding mill and 0.599 mm mesh, flouring is done), non-extruded sorghum flour
(100%), Xanthan gum (1% w/w) were used in cookie dough formulation. Two types of slow and fast freezing were used
to freeze the dough of cookie. Slow freezing according to the method provided by X.u et al. (2009) and Ke et al.
(2013). In a fast freezing method, rapid cooling rooms were used at -40°C for 30 minutes. After freezing, the samples
were placed in polyethylene bags and stored for 0, 2, 4, 6 and 8 weeks in a refrigerator at -18°C (X.u et al., 2009). For
the thaw process, dough pieces were placed in a refrigerator at + 4°C for 16 hours (Maizani et al., 2012). Baking was
performed in a microwave oven at 180°C for 14 minutes. The properties of the final product, such as the ratio of
expandability (AACC 10-52), textural properties (cookie texture were carried out using a TA.XTplus Texture Analyzer
(Walker et al, 2012)), total gelatinization and enthalpy temperature(Using the DSC device and temperature range 7-
157°C and heating temperature 10°C/min), color, percentage of porosity, shell thickness (Image processing technique
and ImageJ software) and sensory evaluation were investigated in a completely randomized factorial. Statistical
analysis of the results was done using a factorial arrangement of completely randomized design and comparison of the
meanings using Duncan's multiple range tests at 5% level. Data analysis was performed with three replications using
SPSS 18 software.

Results & discussion: The gelatinization temperature decreased with increasing times of storage; however, the total
enthalpy of the process was increased. The results showed that with increasing freezing rate, the gelatinization
temperature increased significantly (P<0.05), and the total enthalpy of the process decreased and the cookie from frozen
dough containing extruded sorghum flour has the highest gelatinization temperature and the minimum total enthalpy
value. With increasing times of storage, the dough chewiness decreased significantly (P<0.05) and the adhesion and
stiffness of the dough texture increased. The dough chewiness increased with the increase in the freezing rate, however,
the adhesion and stiffness of the dough texture decreased and cookie dough containing extruded sorghum flour resulted
in a significantly higher chewiness and lower adhesion and stiffness (P<0.05) of the texture compared to the non-
extruded sorghum cookie flour in both methods of freezing. The extensibility ratio has significantly decreased (P<0.05)
with increasing the times of storage. The extensibility ratio of cookie was significantly increased with the increase in
freezing rate (P<0.05) and non-extruded sorghum flour samples showed a lower extensibility ratio relative to the
extruded sorghum flour cookies. The dough freezing method also had a significant effect on the final cookie quality
(P<0.05). The stiffness of the cookie texture from the frozen dough decreased by increasing the dough freezing rate and
its tissue was softer and cookie samples containing extruded sorghum flour have a significantly lower tissue stiffness
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compared to other samples. The stiffness of the cookie tissue increased significantly (P<0.05) with increasing times of
storage. L™ parameter (lightness) significantly decreased (P<0.05) with increasing the times of storage and decreased the
yellowness factor (b*) and increased the redness factor (%) significantly (P<0.05) for the cookie made from frozen
dough. The freezing rate had a significant effect (P<0.05) on the lightness of the cookies. The parameters L™ and b*
decreased by increasing the freezing rate and the colors of these cookies were darker. Cookies containing extruded
sorghum flour had the lowest level of L™ and b* and highest level of a". The porosity% and thickness of crust of cookie
decreased significantly (P<0.05) with increasing times of storage. These parameters increased significantly with
increasing freezing rate (P<0.05) and tissue porosity and thickness of crust of cookies obtained from the frozen dough
containing extruded sorghum flour was significantly higher (P<0.05). The results of the kinetics of cookie mass transfer
from frozen dough showed that the effective moisture diffusivity of cookie was reduced by increasing times of storage.
Overall, the results showed that the process of extruding sorghum flour has improved the physicochemical properties of
the cookie, and the fast freezing process improves the quality of the cookie made from frozen dough, and in this
condition extruded flour sorghum can be used as a suitable alternative to wheat. Also, the use of frozen dough for
cookie production can be a good way to supply this product.

Key words: cookie, sorghum flour, extrusion, freezing, mass transfer kinetics
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Introduction: Extrusion is one of the technologies used for solid foams production. In this process, pressure is the
most important parameter and the most important variables affecting pressure are feed mixture, die diameter, barrel
temperature and screw speed. A reduction of die diameter or plasticizer contents such as moisture and fats in the feed
mixture or an increase in the screw speed or barrel temperature can increase the extruder barrel pressure. Also, the
increased barrel temperature, in addition to changing cooking properties, escalates the temperature difference inside and
outside of the die, raising the rate and amount of evaporation from melted mixtures, therefor affecting the solid foam
structure and characteristics. On the other hand, the type and amount of feed mixture components are key factors
affecting the extrudate properties (Moraru et al., 2003; Plews et al., 2009; O’Shea et al., 2014).

Sesame seed is one of the ancient edible oil seeds used in many food products. In addition to oil, it contains
carbohydrate, protein and fiber (Namiki et al., 2001) which can provide a variety of compounds in the feed mixture to
change the properties of foam. This study investigates the effect of partial replacement of corn starch with edible oil
seed containing a mixture of various compounds and the effect of the extrusion process on the changes in the
physicochemical properties of the produced solid foam relative to the foam produced from corn starch. In this regard,
different proportions of sesame seeds were added to the corn starch with specific moisture contents, and following the
application of the extrusion process, the effect of feed mixture, operation temperature, screw speed and die diameter on
physicochemical properties of solid foams was evaluated.

Materials and methods: Solid foams made from corn starch with 0, 10, 20 and 30 percent of sesame seed in the
formulation and 15 percent of moisture content were processed in a co-current twin-screw extruder at a screw speed of
120, 150 and 180 rpm, a barrel temperature of 120, 145 and 170°C, a die diameter of 2.5 and 4 mm, and a constant feed
rate of 40 kg per hour. A completely randomized design was employed to investigate the effect of these variables on
chemical and physical properties of extruded products. The moisture content of samples was measured using oven
method at 105°C (AOAC, 1990). Water absorption and water solubility indices were measured through solving the
sample powder in distilled water, which was followed by centrifuging, weighing gel, drying supernatant and weighing
dried matter (Singh et al., 2015; Huang et al., 2014). In addition, particle density was measured using the rapeseed
displacement method (Singh et al., 2015) and solid density was calculated by the weight /volume ratio of the sample
powder, as measured by the gradient cylinder (Ushakumari et al., 2004; Yagci et al., 2008). The porosity of samples
was measured in terms of the ratio of particle density to solid density (Plews et al., 2009; O’Shea et al., 2014) and the
radial expansion ratio was calculated in terms of the ratio of sample diameter, as measured by the caliper, to die
diameter (Chanlat et al., 2011; Huang et al., 2014).

Results and discussion: Results showed that adding 10% sesame seed, due to the variety of compounds and their
increased interactions, produced foams of maximum expansion and porosity, and minimum particle density. Adding
30% sesame seed had an opposite effect due to increased fat content and reduced pressure effect on the melted mixture
in the barrel. Moreover, increased die diameter demonstrated augmented residual moisture content, water absorption
index, density and porosity, as well as decreased water solubility index and expansion ratio of solid foams caused by
pressure reduction on the melted mixture in the barrel. The increased barrel temperature was associated with greater
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changes in cooking, escalated temperature difference between inside and outside of the die and production of foams
with higher water solubility index and expansion ratio, as well as lower residual moisture content, water absorption
index and solid density. The higher screw speed increased the applied energy, and despite decreasing the time of
temperature effect, produced foams with properties comparable to those caused by temperature increase.

In general, it can be stated that the process factors that raise the energy applied to the extrusion material leads to the
increased water solubility index and the expansion ratio of the solid foams and decreased residual moisture, water
absorption index and density. Consequently, by selecting the right type and amount of feed mixture to create
proportions in various compounds and determine the appropriate process conditions, solid foams with desired properties
can be produced by means of extrusion using available raw materials.

Keywords: Extruder, Operation temperature, Screw speed, Die, Residual moisture, Density, Expansion.



il lie asboo g pole (laidgly 4 i
877-889. 0 1397 g5 - 315 oo 14 ul

Iranian Food Science and Technology @ .
Research Journal 3,
T,

Vol. 14, No. 5, Dec- Jan 2019, p. 877-889 ey s &9/‘0""}3?;’

b Jbdenn; OS5 i ) dateny Ol jae S I8 S50 4Y 055 i aul B obang
'cwlg. ck.w UZJJ J" P ria

1 ‘? . _*l | s,
Tl e BT o 15 e R 5
1396/07/01 : s\ s &b
1397/02/18 : 3 ., &b
2>

St g bl )b el imen 9y SIS (S g (oS G SRy p SIU Y (2 5SS U oy S b pols iagh

Pl (ygme (65550 S0 i g guoly e I3l 5 Sl ealitl b e SlS 08 Sis 025 Jtalof] 2k Cdpdy s 35
SLis LAY 5Kt 3 (ash e 2L o YA OIT) cglize slon clacs oo g (Lo 4355 605 50 40) bales 53 LacS IS5 5,8
sl p3¥ clale DPPH Sljl JISol) (505,85 508 IS (ilagis] SlaS 5 (lie oS (L8 LSy oline) (S 5 o8 slo Sy g wisd
m5e i) @by i) L () sloadlye 5 ()b e ol (SuiiSils) @08 DPPH SIjT (cla JIS0,) 5l 003 8000 87 Jlab
b olie; Syl 09,8 S B lop oy 9 oo el o g o 51 g 285 0108 sl 3090 el (825 = ol liwe) B 9 (55
Ol JS (B S8 5 i 0,8 St e Ll 5 05 e 456 2 o WA g gk B3 8005 o) (o8 slo (SS9 L
ot i (S =5 8) @ ) addge (e 9 ()0 dw ool (SWSilal @08 olj] ISl (S8 )8 (S ileost] Sl
el a5 ) sl sty 113 g 1) o TT ial JgagySae 1276152 5 s> 52097 o lae sl o 5 oo 1205158 o5 1, o5 1ooA6/39

D95 2l 1) ol Cunddy ol angg abai )3 SIS 0,8 Kid sl sald Bged b (o)l gme B3

s s Sl ¢ ST 5T Sluogas (9,5 (b OS5 (luwgs] (gadS sWo3lg

(g M5859 )5 Wl 5 gl (e S ulS cudlods asuiie
(g Ol 5 bl e B89N g (S gie (S
(95 955w ol Sl g sty S 1 Jold SIS 3925
5 oS ol o liiiia 5 b igS «f liiia g Jg oS
Termentzi & Kokkalou, 2008; ) xib s o liie
=B polis (ool olyac; S, 15 (Montoro et al., 2012
ol 35 g2 o8 (6ot el lusil g5 1 03,5 (slelas M
L dlio jd o aisb o (a5 pluwgs] p)5 Lo 6/87 (gols
ol alasMo JHB 505 alS wlie )0 3490 bl ke
(Hemmati Khakhki et al., 2010)
SLSTL LS 5 9929 1 (e (FSUSS aalgd cimen
Sasie cladsd )0 )b dg g lyae; S, U8 3 50 agh
Hosseinzadeh & ) obdlis « shausl sl sla S

2 sinapic acid
Stamarixetin

doddo

Moi a0l8 )3 osel Canay (s SV guame l olyae; S5
5 AN )5 b g ole J5 by I & 23l o i
Oy 5y 4y o oealS) S 1S 5 oS yuulS .yl o Cuvady dols
Ois 03 96136 39 5 sy s Loyd 86/4 Brgas 5 ditun
(Kazuma et al., 2003) sad o JuSis |y olyae; J5 S
o) eSS ;e LS 95118/89 511394 L Ll b
N2 12 1 g s olie p)S5ks 351692 sgao ¢ Jguasms
Sl 01 3y (ila Jparme gy ofl plide) SIS o5
L g osls Jomamo ool ol Jls 55 .(Anonymous, 2016)
P9dien A5y 593 ¢392 03kl Byt > 4 5]

5 ©Lidos 550 (550l uige 9 B Sl (isy gy bl -1

izl @l lojls 598y Gluld il (b @lie 5 55l (290l

Olpl o «g3ysliS oy g

(Email: Parvin_sharayei @yah00.COM : Jytuws sdiw s =*)
DOI: 10.22067/ifstrj.v14i5.67570



1397 (55— 31 Bo e d4 sl ol 2hid @slio 5 pole glocidudals 41 7o 878

ol b SaSS ol 51 ool .5 ) 2g2g alises b SiSS ¢ Je
fmote sl ey ggene Jblls s bio Hllas T
s, -(Rouissi et al., 2007) a_ib o ° 35l G s0il 5
o0yS Suid anl i (ojluaings (sl (oddate likind ) gl pdaw
Madamba, 2002; ) cowlosi a3l caliste (lié &Y guame

Uddin et al., 2004; Hammami et al., 1999; Giri &
Prasad, 2007; Corzo et al., 2008; Koocheki &

JLe lgicas (2009; Erbay & lIcier, 2009 Azarpazhooh,
O3S St anlp byl b (ludinge lp gl waw by,
o=l y> (Erbay & lIcier, 2009) cud a8, )54 505 Sy
A oaliiwl (il by Olyiedr Cugllas @ Sl gy
(g 423 60 1 40) g (slos Jobis (gjlosinge (slaygis'
480 s 240) sl )b Loy g (4l o y2e 1/5 5 0/5) lgn e oo
JS b SLS 5 Gl Jols (g 390 Slagesly 5 (adiS
035 g alad gy (e Sl 1 Bl clld JalS s
Sl S (955 St el die laulpd g dgoeied &5
03}l 5 (STl il (JS i Sl 5 pliee Sl (05
10 125 oo cshy Olime & o) Gl iy iwd 55
Sy Ghal 4 o) ly digg bylyd ab a8 )8 e > sy
Slgp e g ¢ wgmdio 42,0 D166 (clgn (clod 548 5 a8 S
e el Cuddy aidd 298/68 sl )3 los 9 4l yze 1/01
SSs g ST ol cdld ials aoys g JS L clgme
oo 10125 s pany aie bl 53 pdy oy 551 0330
A Jeols 3u0y> 60 4 20y 41/88

S35 &Y 50,5 Kits 350 5 0dd plol (slbswsy 3o o
2948 S @l 9 S35 iow 95 okl g ol S kS
Oliee 4 4 b cplply s opind 1 b g Cuslorss ploxl
Sl 5 (55,58 Sluls &0 e SIS YL Wy
ilhuostl SluS 5 (VL olis) o153 29290 9o S 5 SV
5 oSS bylpd ply 5> (VU Sl ol el b L8 L
b pole gl cpmgad (nl )3 9o 3u0 plonl pie iz
2 (19 cop g Lod) (93,8 Sid blyd (bl 5 (oop 0 San
épdy sl s SIS A4S 5 (o Claogas

W s, 9 dlge

9 4iE Oygody olyde; S5 Ml plyie; SIS ans jglated

2 Residual analysis

3 Scaling residuals

* Prediction error sum of squares (PRESS)
5 Lack of fit

Jlis 314 (Basti et al., 2007) 5 jwdlis ((Younesi, 2002
B oy 3y90 olyie; 5,5 8 )lac (Fatehi et al., 2003) g5
35l 558 S| 5T SLS 5 gl e S S ol i 5
G35 s 3 sl 4 o 500 o 3l o LasgigMs
Catoni et al., ) s)b Jolie cly 3l piSgp ol bg 003,85 Joo
(2008

il gl Jl (S Ol Slgiee ol SIS ol
(55 5 15l S8 ) b (sl 529381 1) (<l
olae ydg0 Ll Jdoay cusly ys jlamy e s S8 Lol il s
s @y YU Sdglie clldy (1o 87 3905) cugb, (YL
Sl =S oopwlpl (Mahdavee Khazagia et al., 2014) 544 0
slagiisly 5 (980 Sluls Jhals ()55l daae (slal,
h ol ol b adliee o casky Gials s Sl )3 abasd
Maskan & ) 35 (5,085 cas bin U oolit wl pKia b
Sid gy 5 byl i a S el aagr L Ll (Gogus, 1998
e IS (o plus SLS S Gl g 2ljwd 83U S
Oliee 9 o3balojl gl (3,5 SUiS loj e g 0gou
b el Joe g (3,5 S5 gl LS 390 551 By
58 sl bt sl 31 (S 03,8 K8 Kt 53k Jao
el (Sharifi et al., 2010) il o (3,5 Sits baslyis o yloj
olawl SHU 4 (0,8 Sis 5l (0SSl gilw e jolaioa
48 5y b o dsS SSLiS 4 Sib Y S SES Ded 0
Sy g o> & a3l (sioty ol Sl 5 Juasme Casles
ey Bl LSy Jpaze Sl gee Slan g B oS S o
ST Sise e Jelge il odlil 3)50 (glop (s Cagho g Lod
(Pabis et al., 1998) 4l o S3b 4Y 53,5 Suis

10155 55 Lapamw 035b 5 olyzl cablB 13 oYL (Ko B)b |
Uiy ol Cpodl Bl jluus laas s (l58] an 0,8 Sais
9 29850 030l (gjludingg 33)5 oo o3litl yolaio cp &S (o2
Lot Jelo g (ahb )3 Jolie (i siote 1 (S0 cJos
ol g oy (SlaKiSs ) (clac gasma dly o g, o
S 29) o S plasld (05 At g Ay S &S
5 35 oo 8 55 5 Lo 1 (5ol Ly 5 3,00 oy
by Jias glapsio g gy (o ladal) oy S
Bas & ) 1tk s Lagol o] 55l 5 2Ly slaas
Wl Semw)S,) bey il edlatel b Jue culps (Boyaci ,2007
5l o -(Rouissi et al., 2007) 15,5 o dule agsyo JSlus
Ol e 1y 0 035 (055 Gosly «Sig)S ) il pd gl Sty
cols bl gy 0y dlxe Jao dlaly jloolatwl b (Solway

1 RSM:Response Surface Method



879 . lyhe; Spuls 30 ¥ (0,5 K wT B lmaie

.(Aghbashlo et al., 2009) 15 dul>o 1 alay,
MR= Sd—Me (1)
Mo- Me

alaxd )3 el Cugby M cusb) cons MR calasly ol 5o
039 42k 2 aiged (Dol Cugby ME (St gy 4L 2 )l
2 bl e SS (g 4l g dged adgl Cugb) MO 5 Suis
Cosb,y L &Y gase )3 a5 ool jlens plol clidss bl
g ol daxd > wges Cugh) blie ) (Dol cugbs) polie YL
dlal) JS3 @]y 398 dlaly (lg5 e toud 32l Jlows adgl cagb,
Doymaz & Pala, 2002; Aghbashlo et al.,) 5,5 (¢;lwesls 2
(2008
Mg = l\l\:ll_i @)
s Suwid S S 51 05las gzl Sl

Oll 1 oalinl L ons S slacS plS bl jglaie op
o= (oLaT Al basic Analytical mill dKA) a5 il
o 520950 50 Lo b KU1 jlonlal b ] il 351051 4 s
Ol i)l pskaiete lyte; Sl il ojlas gl sl upe A3
858 by 3l okl b Sl 5T codld 5 S b wliS
Lyl yelaieds ¢ (Farhoosh, 2006) Jgilie JM> oS &
M g 258 by, Sl eliiad b JS islsgis] @l 5 3o
Jlops U5 S0 8 00l 5 105 96 J g1 boglee) (e J5ib1
Mahdavee Khazaeia et al., ) (w15 4585 cocs U
2 Lagygasl pbsl laj b Jols (slao e .cdypdy plos! (2014
D (IS Sl 33 ) 0y sladd Sg b

S5 OLS F me
ploml 920 g (lgd (900 S5 (8 ©LuS 5 (g S0l
sl 215 ojlae ) iy Sn 100 & Ll pglate (s 8)8
¢ 5 s (8 Jsns shpnn g 1) 570 3 e
3l e g 03,8 LSl (395 o ) o o LI0 & 1 s
STy L5 acd ooy )y oS el > 4idd 3 e 4 b3
o 4 o 115 macs oloyS il e 5 adbl 13 5,8 &g
o3l ynd oo 0o @ jlade I b 4dBs 4 ) aw 5 L)
D 9 (5085 SOyl Gl celu 24 e 4y A9

Oliee 15 31,3 anld by 93,2096 765 gge Jsbo 5o o il
O 3yl ] poxie (69 | dged D 2350 IS Joid LSy
Jobo 30 SCIBE sl Qo slaodly paawys b 3 lailin] boxio .0
b el cunsas pl oo 950 5100 clacdale ;5204 765240
Sosliiwl by Scid Syl o5 5 SIE dwl 5 e bl
, 2011) 53,8 byl5S, bl iowie p odid 03l 55l alolee

(Ling & Huang

Objsel 9 Sliios 3550 )3 (e i lie Sl o blsl 52
Elie imed g $9-0) (Ll (anb mlie g (55liS sl

| 850 o8 iy “'"Lpﬂ A ol ¢ cuib y dgudo (005 50 29390
Bl poman g S5 51 aIWS giluls jl o S WS s S
Lagl cgb) 9 asts (UogdS 5l IS0 g 02 ) (Sl sla i
Byxe M500)5 Jatie p SSCis olKiiwd & g g A (yuass
oty — ol (i 2) 55 65402 (S g5 d
Jslie ADPPH) pjlyan S =2 = i 3 LLYTPTZ)
ORISR IVRRWICH L PV 3 | | RN KVINC | VN T PO
s 3y (ol dlye ;505 g Lo le (G ISl il IS
36l 43,3 b oyalS g L eyl ~ Lo S yo slaeS i3

LD (gl

DS Suid aigl 3

oS SutS (glon (slod praw 3 )3 3, SutS )55 Liule)
S odlisl Ly glie oyt 5 45l slogygel 42 a2 b) 456 5
(1 JSs) i plowl alKiulejl S36 aY oS Sis

oS ¢, St Al b g9y il S sl p 390
b 0 oeba 5L 5590 slod b caslitie ] cglod 5 oybyy oS St
£35S 15 L iyl el 4 oS Sas J3 D glon glod
Sy g SISy peboa (SSS s B g9y 2 plyie; SIS
od (s Sloj ol )3 ol g Gl g ad 0ol 1,5 &Y
U Ladiged 03,8 Sid b b g (650 ) (LSS aids 2 ym)
agel (1,5 S gl 4 plosl Cul Cusby (g5 a4 ()
sl isys e 59y 2 oles Sl £S5 15 55 el
Jeolgs 3 Lagl opse pials g as oo Hl5 Y G g colyss
A S g (6ymS o3l (LSS aidd 2 yn) ond e Sloj
ploul colb Ly ,&5 Cugly (ggime 4y (ydaw)y U ladigad (40,8 Sis

Cagh; jlate (s
olS w1 ealawl Ly oads Sid sland el Cugby Hlado
4, 105£1 clos > (MX-50, Japan) je 3 gole gwcogb,
Kaushik & ) a_s (s,Sojlsl el 35 4 ity U Gogmdas
Cagly gl by dy dngi b gl cuws ((ROO0S., 2007
gy (S (b dasd ja )3 Joame 0355 Cugh) 5 (Dl

YTPTZ :2,4,6-Tri (2-pyridyl)-S-triazine
2 DPPH :2,2- Diphenyl-1-picrylhydrazyl
3 Analytical grade



1397 55— 31 Bo e d4 alor oyl (1id @slio 3 pole leimss a5 880

A Lo J =5

98 Zae e

Sass S
o5b e

s
sl 2

e

PBuisle;l U Y Slis -1 IS

oot 3 S5yg jldn Ghalojl A 0l byl (alojl A
o ¢ gnadus 423 8T & ] (slod oy Sl o 5 85 )18
5t 0asls el 595 g Job p3 g dals Jlie > Lls
e s > (FESO4.TH,0) &l i ol clilgus Jglove

A enlazwl 5kl

DPPH a1 JIGal,y (S8 ke a8 cpnns

5 Singer g, sdo DPPH sljl JIool, (S jloe culled
30,30/006 Jgdoo dal jglaze oy a3 plosl (2007) o) )\So
oinlojl cladlg & w05 ang Joilie ,» DPPH sl JGol,
) il SlaCBLE | igns Jyia Jpbns ) oo Sy Jobo
G55 Jarlo 31 yihe o o] JISesl LSS oo 5 4
ol G Gdo 4 s WSS9 3l dn Llolej] sladlg) Las adlsl
512 240 Job 3 gl Gl L g 8505 (6,105 SO,6 s o
a5l JLSonly (SaiS e doyd 23,5 <8l3 sals ply )3 el
A5 dslee 5 Ayl 3l
A% = 2% % 100 (5)

4 )

Ac [DPPH »fil JLsGaly (SaiiS)lhs do )y %A :)]ys &S
Laoyd Hlg e a1 ey il diges Ll As g dals Gls
(1Bl oS 5 eale il 3 oli] Sl (SuiS e
P Gl g g 28 03b (5l odly 59y cuslis (ixie
sl o)y 15,5 50 5,5 e 40,06 SlansT 5T cuS 5 o]
338 dule 1Cs0 lgie cox cul ;]

Ny sWaailge (5 5310

S5 ilawgi] OlaS 5 lade (s

s 19 (Bl PH gy ool U5 oyl e
Giusti & Wrolstad, ) 45,5 awl>we 335955 3 paslw
ol PH L (sla bl )3 s o lae (g5lud) jolaie cp (2001
700 5 517 (slagys Job 3 logyl i e 5 plosl 15 415
Pharmacia, NOVAspec ii, ) yiogidg Syl S oS 4 yogils
b g 0)luas Lis (e 3 Ay 5 .0 swlgs (England
2235 dsloxs JS ilwgil lise 4 A,
A= (A vis max— Ao700) PH=1_ (Anvis max— Anzoo) PH=45 (3)

U5 bl jlie SAXMWXDF*1000/(exL)  (4)

9415 (colus PH 93 (o Clo OMIIA 4 3 claalall, )
(Jse 32 p)5 48418) 22j555 3~ sl JSlge p M L
g b,y ,gSLIDF (34300) ;658 3- cpaslow Jgo s e

8l oo yio Bl sy plogidg Sl o jlas L

(FRAPY) m 2l (SuiiS Lol )8 (s
D9y b oyl (SuciSelal [ ShnS| sl @yus g0
by e I FRAP STy .o ploul (1996) Strain 4 Benzie

1 al S8 Yeodeo 20 Jobxe  TPTZ G pmo sl 13l
27005 5 dcaty po Uy ez 1011 s iy 1y 4] it

2 shie O yilg oo 2705 ojlas )5 $ee 90 L T 1 ydg e

1 FRAP: Ferric reducing activity of plasma



BBl . lyhe; S puls U Y (0,5 K wT B lmaie

Y=5 +Zk1:ﬁjxj +Zk1:ﬁjjsz +Z::lezzﬁijxixj te o)
j= j=
Bi el S PO w0rd it gl 1Y calay oyl 3 oS
Xj g Xt hlite colys Bij f93 a2 )0 colps Bjj s culps
Azarpazhooh & ) s il o Ulas i g ¢ i e Lo psis
9 Jitue (b pite oy b3l wyp sl (Ramaswamy, 2012
oMl Jho Lawgi 04 ) sl ghawr (samd jlge5 I ditunly
JEno (B puiio 2By 13lo g 0uw A5 pdlie ddlei -1 Jou»
v o gl purie 0u &S
A S clor glod  (wgmmbe 45,360 450 . 40)-1,0.1
B 5SS ohp caeye (4 520 21 5 /4 07 4)-1,0d

Soal gl Cae pt (S SWS glgd Cus pw g bod JiU
Sas alp (b s S0l (MR) Cogb) s e
2 JSis 4l e YA dlon ey 9 Galiska slalod 43 (3,8
olej olidl U Ladges cogby (liwe cwloadodh Lis
ol Sials col cugby 4 iy U oled Gjgwdy (0 SSis
oialS (ascSis adgl olebo ;5 (0/93 51 i ad o )
& gam olelo s Llg(Yaldizet al., 2001) ol g pw Cogb,
ooy w4 odle (B slaciand Jl b cugby o oyl caw
P9 s plosl §aS Cugh) (Bl 03,5 15 (e g 04w
Sl (DL coghy G Gl 2)90 3 (rolitie (28155
9 1/4 Slod lace puw g i gbales pd oad Suis olyac;
A oalie 3o 4l p e 21

0.6 1

0.4 A

(MR) cusb; cous

0.2 +

0 P

celin 2 loj alols 45 ol Sits ylyis; S8 K5, Ul
(L) (lodgy Olise adlye dw (s B2l Jl b St 1 g
Caz byl ool (0) (o = 63,5 Olne 5 (8) s =308 e
HP Scanjet ) Sl alusgds ygbas bl b yasls oyl (6 5o ;1]
(Bl 95 895 39)9 Jl S sla polaieds .5 wib S (G3010
L s A atgligs e 5 ol Sl e L Sl o
JUas! 5l ey A503,5 0,455 JPEG <y 9 300 dpi ¢ g4
L Lab S5, cls s Loyl 55, clatse @l 4 polas
.(Sun, 2008) .3 g1yl (version 1.40g) Image j )53l

SLa Sy 2 £ Slop b 35 Suis sl b gjlwaing
Ol 03 Suld S5 (&S g (o5

ol i b (slom b 05 S T8 (gjludinge Hglaiens
3 oliej odbSis Syl (iS5 (oS sl Shy
31 yedaie iy a3 odliwl 8/01 ascus Design Expert sl s
S-S ye alaii D g ang ) (53,0 bl L (g5 0 S pe gy
60 550 40) s Sis (glod Jituwe yiito 93 23U o sl
(48 o e 21 g A DIT) g2 ooy g (ogpmdas a2
Olie S (B OS5 (line) (S g (o8 dnly (sl puiite
DPPH s}l JLosly ([Su5,8 @yad o S iluwgs] oluS
gad S, sloailse (b b aw ool SuiSelal ¢y6 dCsp
)8 ploul 1S5 3 s wlilejl A0S .85 15 eolizl 550 b
o1b o3)sl 1 Jod )5 layito I plaS o dly 5 0s oS ol
5 o3l l L Lingealy (59, 1 o pito bl 5 Jitws BT
0 5 4 pl5 (g S T g 5 JolS > > (L, oo
25 glo o)

+4:3\3}3);Al/4¢»9ﬁ;ww4>,-):606\u
14 _*_4:5\3;1#1/4¢»°;“ij~4“4>.‘)>506\“
0.8-‘( A:SUJ.{J:.»]./4¢,9J.~3J.}:“J.~A>,-J:4OL5LA>

0 1000 2000

3000 4000 5000 6000

4l come o)

4l yryie 14 lgd s gwg ogliio (galod 3 (i SWid (yloj Cide (b o)y 5 S palS Cuygh ) Comnd Ol pnii =2 S5



1397 (55— ;31 Bo e d4 sl ol 2hid @slio 5 pole (glocidudals 41 oo 882

Sun & Woods, 1994; Yadollahinia et al., ) 158 o y
(2006

Ny glrailse (Bl § Jiiue) W piio il o) 52
st SWid (e ; Sl

sladilye it sly 28 Jao popgl Cusday jaion
93 c oot Jold (glatles > gladlal, iulbgadl X,
ol 5 osel Camdas sloodls 3 dmyd 9 2 oy lols) L ,gS1
8 6ol 3T 250 U Jao ol s 9 5 00> il sty
0903 4 Gl Calio Jso (65le] s 5l ol S5 a4 p3Y i S
5 ot s YL b g 0395 ogine o] 35l cins
T e e e
3 Jitue (sl piie 3 dnyd 9 2 doyd o dolss ( Jad Sl oliee
Sl el Jas ob i goloa s eolawl diwly (gl yuiis
g sbapsio )5l 8y L (o) laadlge Ol 05Ky
adlge slp g 93 > Jie (S Suid (slop sy 5 Lod) (o)
g ol Cawddy sl Jae SYolee Lolps il eubs Jae b [,
o o o3l L5 2 Jgdn j by ] il lg 4o

oS Suid clgn (slod g o oaalie 2 S 5l &S johailens

Syobas (P<O/05) s ascSis oloj e (g )b sime b0
sbed pl8l L glyde) Sl (us s cue Y oo oS
el ialS g di 45,5 60 4 40 5 5 S Sis clgn
15) 456 2000 1 1000 1y (slagle; 5> (wgmbo d53 60 (slo>
52000 oo ooy y> (wommabo 4,5 50 (slod (gl (4> 28
3 g a3 40 clod (¢l g (asd> 44 1 34) 456 3000
oLl as anl s (aas> 92 15 77) a5l 5000 1 4000 (ye olo;
S8 3 agrge O (5l Gl s 4 Yleasl oy ol daww
Ll S5l g Igp o oyl JUSH Jously (a3 L g e
ol ) Sl Sl O e el p3Y e Gl oS oS
Oliee (R0l 4 50 9 O iy g9 b el gt o 9 4 o
b ja S0 Qe plo by (ol gl 29d e Cugb)
Mwithiga et al., 2005; Katsube et ) cul s i)l;5 caliseo
sy ial30l b g5 e oamlie 1 IS5 ) ¢ pwizen (al., 2009
Bl als gas Sis e e sl yie /1 G OIT 5l lga
clisee olie dlae jo ad Sid loj ke g Cugby il e
o g lod ey ¢ Jguao adgl Cugbsy dlod Ailo (g3uste Jolge 4
5o Coghy ol St g line 2l bulpd s b g ol atsly

(bgal S, sbalse) wly sl ity ool Comdas gladste ¥l cul pb 9 uilyly wj25-2 g

Oljse) b (N5 g0

ol -so; (S —S308 Olie) @ (S5 2o (cstldyy oliwe) L (9, Adlge (g3l3lan &
b oke olke upd .
doles Elayyo oo ey Elagyo doles Sl ke
8/09 26/28" 1113 5/28" 36/99 44121 5 Je
ns 0/87 ns =027 ns 1 A
2/09 26/28* 0/26 ns 114 ns 1 B
ns -1/35 71317 -0/04 ns 1 AB
ns =174 9/82" 6/88 131/02™ 1 A2
ns ns 2140 ns 1 B2
4/14 1/00 11/00 7 s ol
5/24 1/50 ns 3 Ubjly s
2121 0/51 6/59 4 oA lls
12 5
@ity Jao 5)lol U0
2/03 1/00 331 s Ul
-8/08 10/32 41/28 Sl
25/16 970 8/03 CV%
0/36 073 0/74 R U
0/31 0/60 0/56 b hily s oy
0/12 -0/35 -0/28 ol L i (e Gy

S ixe NS 393 pie NS woyd D w43 Jb e NS 1 o> L s )5 ) sime BMS| **



883 . lyhe; 5 puls U ¥ (0,5 K wT B lmaie

60 4 505! o> Liol38l b sascSis olyae; S5 lidg, olise
SluS 5 plo o LA, cuyss S 4 Vil uguabo 453
(Miranda et al., 2009) 1L, .

Lilgo) (gm0 =S Olime p O St lgn (slod 3L
D oLy, olise Olyis GMS p ondSis S5 (a S,
b adls cpl e gl 4553 50 4 40 5l Loy il53l b aSyjgbas
(o B JSC8) woile (3L ol s o1 51 5 Linljl 5390
) ddlge ol g )b dne Sl Kz ya (S SS (lp sy
A g S5, Mge ) e dg sy ialidl b Lol il
b ol Sl 3 s 50 (il g (ol b olyen 30y S
ol yhas (il (2010 (S5 ten) w3l e bayslussil S93
i pzed 4 Yleas! dor e o g Lod (i3l b cluS
bl oo S0 OluS 5 clalE ialiél g Cugh,

Asb e ol B 2y5 () B3game syl b (S5, ddlge
0T Slga copus IBIL pliss Sl 09,5 =l oo
S Suid gloa (lod S sy el ()il sl e 1/4
ceuls (S5 Adlge oyl g gyl pxe il

Slep sled jadome 3l (Lo ly anjod Jodn 4 a2y b
sbes Jituwe p3l oy olie) L () Adlgo o oS Suis
) Mo p (S SS Slop sy 5 o> blie Sy oS Suis
= S SES Glen ey Jdtae Sl g (G =508 Oline) @
(P<0/05) 39 )l sz b S5, didge
6L el 51 S5, 4 dng sad Sid OY g )
Jomazme (SiSgw b 5005 S5) i Jl Sl 9 Conl JI5)55
ssnlie Gall =3 USi jl as jghilan .ol o dag BB Ly
b oSSt elyd s 3 Lod (a3l b e 00 S5 )i
ity olies palS cudl o8l 15l g LialS cas
ey ialidl s 4 Yleas] oy i3l b sas Sis S I8
(3)Ms) (o 3ilit g (o1 0 (Slogd (sLayiiSly plos
0y Cyls lde blge plad )3 0o yiiSTy (IS jeboay cail o
sl STy ol plssl adgl aluS 5 5 B e el oS
csobl3) 355 plsl Al o (apelipnl g 0aS 5Ll cland)
e Gl ey Gl L STy ol plosil sy (1378
uiel3-8l Ll (Acevedo et al., 2008; Manzocco et al., 2001)

2.1
19 44

P
B3 11—

B: velocity ofajr(m./s) 0.9 07 40

45 A: Temp (oC)

V)

1

10

9

8

© 7

60

g 55
B: velocity of air (m/s) " 1.1 09 ) 45 A: Temp (oC)

7 40

S8 ) 885 il (o 3 (i o) L 50 e (0 5 (S S (190 oo 3 5 Gl i 13900 -3 S

o=l s gl calie Jae 3l L ol .sas edly yb3ly
(0SS slgn s g Lod) (y 2 3)90 (sloppite 15 Lol
g ool Cudds (sla Jae S¥olee colyps il o 93 43yd Jdo
Jod> 4 a0 b .l o o3l L5 4 Jgas )y gl Ll g LT
sgdome g (S gy ey g Lo Jits Sl iyl 425
Slo ey g Lod Jits 13l JS (J8 LS 5 lise 2 o]
Sl 5 Gliee = S SiS lsp slod ppdoe il 5 (5SS

9 S SS9 (ilike g Jiune) o juiite 15U (o) 52
b SWid (4l s ) S plS Sl
sl nobe $lp @25 Jao ool Cusdar jdlaiod
8 LS iyl LS 5 e JS Sl OS5 ol
DPPH sl ]y (S5,8 ya8 g b )b dws opal  Sasels|
s 9o as ol sladorsis sladlal, 3 51Cs0 4
laguol cpl 5l osel Cunddy (slaodly 13 x> 92 axyd o loles)




1397 (55— ;37 Bo et d4 sl oyl (21id @ lio 5 pole lecddgly 4 pis 884

OialS s a5l e g Giali3l  wgmades 4> 504, 40;)
(S SaiS Slyn oy Gl L Ll (o Al A S) sl
OS5 Sid gy ale olse il il gy cul oliee
slp oaldtnl 3)00 Mo g5 o[ g lgn o poo g Lod (S SUiS £93)
ln ol a1 T ol 5 S L8 Ao 5 e 5 gl
Manzocco et al., ) 305 o L5 ol b Sis Y guame )

(2001; Que et al., 2008

Pl oSSt Ly oy g bod Jitus 518 iyl
5 Joliza 551 DPPH sl JISas]y L5558 olise 2 lasl pgioee
9 Lod J—QA—M&A)—JI 9 :|C5o).g u{&_g.«u} dl% CA.C)MJ 9 Lo )9.3.7.50
) g (S slap slod jgdome il g (S SiS (Slsp sy

(P<0/01 |, 4 P<0/05) w590 yl5 ine oyl SisSels]
o> Gl S ibeogl 5 L5 A 5 ol bl g and

TPC (mglkg)

2o B0
19
5

45 A: Temp (oC)

13
B: velocity of air (mls) "~ 1.1
W

TAC (mgllextract)

21 60
19
LT4g

B velocity of air (mI/ ) 13 4 A Temp (oC)

9™ 1.1
080770

(TAC) I (silouwgid! ©laS 55 (sliwe 52 9 (TPC) U5 8 s S 35 (im0 p2 (S SWhd glgp Cospaw 9 Lo 53l ety grhans 13903 -4 UK
[XWIL WS Sﬁg

&S G HUawl 51 a0 cplplo J(Fransis, 1989) s b i3 L
Gy g Lo 3150 5 (3 ol 5 0l L alie )13
9 O 6oy Lo iuljelaal awab (S SiS glga
L (slogtd (6o (slaailiSSy & (5 p0gige (sl lomsit] s
2 e BBIPH gy 4 6 Sojlul 5 el pl B9800 SOy
& Giusti, 2003) smd o 5L Ky pouis PHE] i il
(Wrolstad

L ICs0 (littul 4y 005 Sits Sl il ol olss
S a ol 5 e g il wgmades 4555 504 405 Loy o381
(o5 A D JS5) wizdly ials

b ilosil g (L8 LS 5 o oud s (lie dlgo o
Piga ) cuwl oad oanlie owditue dasl) byl ShauST 51 ole>
.(et al., 2003; Deepa et al., 2007; Wojdylo et al., 2014
Dy oo 6 ySoilsl alie cla gy 4 bl ol @8
sLagig)il (o DPPHSLT Jsly (s3lslels & clld gy
il o STl Cld

=y oS Sis loa slod 56 (2009) ))Sen 4 Katsube
5 a0 i S5 e 5 SasnS| BT lpoguas
SlaS 5 olise 5 ST Slogad 48 w3505 G315
5040 5l iy 60 (slos po oas Sis a8y JS b b
45 ) paiscias lej cie alS ]y e g 39 Gogamde
4 Loy il Bl Lol 6aly cns lod il 31 155 el & el
b Sl 5 e Gl el wgmads d2) 70 51 5L
stelio ol .48 DPPH SljT JISoal, (55,8 a5 ials 5 S
Larrauri et al., 1997; ) cewl oad (5)i5 pdize yslw lawgs
Garau et al., 2007; Vega- Galvez., 2009; Zaiton et al.
I bl Sl 5 Gl s culpb el o5 155 (2009
o Vil i il gl 5 (gmeder 23 50 2 40 slos
Gl b SiliS o e ials s
3 asisMs 05,5 & 3lato SRl 5l (29 S labussil

1 Mulberry (Marus alba L.)



B85 . lyhe; 5 pulS U ¥ (0,5 K wT B lmaie

RSA (%)

o)

13

11
09 07 10 8 A: Temp (oC)

3 |
Bvectyofarg) L1 09 % A:Temp (oC)

0T A

A ol (SASsls] 448 1 g (RSA) o1 JU31y (55 308 05 (Al 1 S Subid (Slgd Gk paw 5 lod il grnoly gedans 15903 =5 S
B Suis 5 S (FRAP) b, b

Wojdylo et al., 2014;Piga et al., 2003; EliZalde ) Lo .0
.(et al., 1992; Severini et al., 1995; Yen & Hsieh, 1995

LSy g wlwgsl co,m0 cel 5YL clalos 5l odlazl
(Katsube et al., 2009 ;Piga et al., 2003) 15 salgs s L
oy OS5 ol Olise lod jidi GRIBIL Jo ol gk
bl gl sl sl pols bl a5

Ot Oime il sl ingg g odel Cumay @l 4 @29 L
ICs0 s lie L S5 bl 5 b LS 5 (sgiome
B L R
Sanchez et al., ) b o il 811Cs Lasls i bS5
(2006; Vega Galvez et al., 2009

Ol S S S50 AV (33,5 Suis Wl b
oS Sid l oslial b plydej Syl (05 St aige Ll
N8l s )lhges 9 o2 pbaisre Bojb j gl » SSU &Y
Ol e by S8 5 gl oy (390 i S (s
i S ilestl LS 5 ol JS (M oLiS
S JLSly (S5 5 5 s A bl S Sl
9y laddlge 39 03500 43 9 ICs0 13905 aleS [DPPH
bl sl Jdos 5 4550 5 Sliolej] Jai 590 GBlsal lgicas
)5 Ll 3 (Kt (sl ety s 5 5 i 3
9 g 823 50 i pan wwuglhae @b I ool b aige
Coo | lisebl gl 15 Jols 4l yio 1A (clgn copun

51, DPPH sljl cla JLsGl, Slye)l S5, oy opl o
1233,5 oo oy g 0kid i3 0,lac )3 3¢90 (sl s ]
JLSGaly (gl ph 4y @yad Sl Sy ol i S5y 0 4 pd
Nogala-Kalucka et ) 1l oo 39390 (slalinns] 5T Lawgs ol
31,5 50 3,8 JLsd e (slp p5Y clale ICso .(al., 2005
Conl )5 4 p3Y il oo bame 55 29390 DPPH 3lj (ola JI50),
S Mo GRS (S oo €35 I3 IC0 ol oS
ErS03 Tl (el i g s (o2 el (SuiSlel )8
olssa |y o lgiee g sl (aliapd S 5 (Saslel @08
ol b 1B esliul 590 byl SlaST 5T )08 5l asls
ool & T Jess 5 i3 ool ool sl oo U5 g,
(1o a1 g5T) oS Jele s 255550 oo o 53
o2l oy & gl foas g asbuisyd slapusleS shal 4 e
SISl Cd b 4 e & 25 o0 (sl 5 (8B
S lizte @layd a3 51 S5) 5 b gy 3)90 sloolas
ol olpen o g jow )
Sl G815l (olss i aiiS U o pshailen
)38 ¢ gl a2y5 50 a5 40 cLos ) ons S ol yac;
wPled Silisl s an wlyr e Ylamsloanny ol 8l
o G i8] Sl Jole 3 il SluS 5 Sl o]
&5 g g L o (Cheigh et al., 1995) yilusT aJol Jolp
23N o lid ad slosrd STyl Jols (slacnagsMe
Sl T @y il cel o wsb gYL clac s 4 )




1397 (55— 31 Bo e d4 sl o] 2hid @sliw 5 pole (lodudals 41 5o 386

ol dipy dbais p o)lac LT § glsul . sals Sses b

D905 w5 1 oel Cowday

ool Cunddy (slagiwl g 05,5 )1,85 aigo lys 1 ialejl dalyis
S g (oS Oluoguas b LS ol b oo i D Jads
Cobgre BM! (gylel Jlas I caings Loyl 5> oaibSiis I8

Sybl b g aue o903 51 bl gl duglio -5 Jouo

wli pilefl @l Gl s gl &b
43/67 37/03£1/8 36/99 (lisg)) L (S, dddge
6/79 11/46+0/85 1112 (S =S 8) A (5, didlge
-5/49 -8/00+0/2 -8/09 (255~ ) b (K ddlge
33/90 45/40+1/23 46/39 (PS5 ppsSide) JS i bS5
920/39  1200/12+10/45 1205/58 (o )kas yid 3 o5 o) IS sisbowgsl oS 5
43/41 53/00+1/04 52/97 (tu2y3) 5T SISyl (S8 0y
1/08 0/450/01 0/45 (3% e 2 o5 o) IC50
1056/14  1277/38+11/81 1276/51 (53 5 IT 2l Jgeg,Sue) (b b opal S slsl )08

ool Gty ol 29 o3l cunlio (S St (b 55 po )
@D Gy s (29, b o )] (slaJue oS 35y ] 51 Sl
2bil 290 sbayially Mol g Lhdinge dnpin lp mlie
OY S Sus glod e g lod i 1) 3,8 Sis byl s o
bast p yio 14 lon caopo g gmmadio &3 50 o ey oS30
b Bl (S Cpgllae ey olyieds 0/89 copgllas 5
3l g el 3 ol S S s b o b

9 0L B J) i s B ol 4 005 K5

& 25 4o
o 3 gdlae oslitulglatody olyde; S8 ()8 S
5 ) Ol ) (b sl 398l s g S i
My a5 4 (5908 gy 2 glie ) (STl
leordsSjd Sloogad » Jge Jeloe il Gimgh > culple
okl Ly 5L 4 (o8 Sts s (b olie; Syl
Jne yiito 93 L 5y (555 o &S p0 ok g Gooly o Ble
Spgo 33 B ed)S 8 (s 3)90 (05 St (Slsp Cas o g o)

&l

Acevedo, N., Schebor, C., & Buera, P. 2008. Non-enzymatic browning kinetics analyzed through water—solids
interactions and water mobility in dehydrated potato. Food Chemistry, 108: 900-906.

Aghbashlo, M., Kianmehr, M.H., Samimi-Akhijahani, H. 2008. Influence of drying conditions on the effective moisture
diffusivity, energy of activation and energy consumption during the thinlayer drying of berberis fruit
(Berberidaceae). Energy Conversion and Management 49: 2865- 2871.

Anonymous. 2016. Agricultural Statistics, crop year 2015-2016. Ministry of Agriculture publication, Planning and
Support Deputy, General Directorate of Statistics and Information.

Azarpazhooh, E., & Ramaswamy, H. S. 2012. Modeling and optimization of microwave osmotic dehydration of apple
cylinders under continuous-flow spray mode processing conditions. Food and Bioprocess Technology, 5(5):1486-
1501.

Bas, D., & Boyac, I. 2007. Modeling and optimization 1I: Comparison of estimation capabilities of response surface

methodology with artificial neural networks in a biochemical reaction. Journal of Food Engineering, 78: 846-854 .

Basti, A.A., Moshiri, E., Noorbala, A.A., Jamshidi, A.H., Abbasi, S.H., & Akhondzadeh, S. 2007. Comparison of petal
of Crocus sativus L. and fluoxetine in the treatment of depressed outpatients: a pilot double-blind randomized trial.
Prog. Neuro-Psychopharmacol. Biol. Psychiatry, 31(2): 439-442.

Benzie, I.F.F., & Strain, J.J. 1996. The ferric reducing ability of plasma (FRAP) as a measure of antioxidant power. The
FRAP assay. Analytical Biochemistry, 239: 70-76.

Catoni, C., Schaefer, H.M., & Peters, A. 2008. Fruit for health: the effect of flavonoids on humoral immune response &
food selection in a frugivorous bird. Funct. Ecol., 22(4): 649-654.

Corzo, O., Bracho, N., Vasquez, A.,& Pereira, A. 2008. Optimization of a thin layer drying process for coroba slices.
Journal of Food Engineering, 85: 372-380.

Elizalde, B. E., Bressa, F., & Dalla Rosa, M .1992. Antioxidative action of Maillard reaction volatiles: influence of



BB7 . lyhe; 5 puls S0 ¥ (0,5 K wT B lmaie

Maillard solution browning level. J. Am. Oil Chem. Soc, 69: 331-334.

Erbay, Z., & Icier, F. 2009. Optimization of hot air drying of olive leaves using response surface methodology. Journal
of Food Engineering, 91: 533-541.

Farhoosh, R., & Moosavi, S.M.R. 2006. Determination of carbonylvalue in rancid oils: a critical reconsideration.
Journal of Food Lipids., 13: 298-305.

Fatehi, M., Rashidabady, T., & Fatehi-Hassanabad, Z. 2003. Effects of Crocus sativus petals’ extract on rat blood
pressure & on responses induced by electrical field stimulation in the rat isolated vas deferens and guinea-pig ileum.
J. Ethnopharmacol., 84(2):199- 203.

Francis, F. J. 1989. Food colorants: anthocyanins. Critical Reviews in Food Science & Nutrition. 28: 273-314.

Garau, M.C., Simal, S., Rosello, C., & Femenia, A. 2007. Effect of air drying temperature on physico-chemical
properties of dietary fibre and antioxidant capacity of orange (Citrus aurantium v. Canoneta) by-products. Food
Chem, 104: 1014-1024.

Giri, S.K., & Prasad, S. 2007. Drying kinetics and rehydration characteristics of microwave-vacuum and convective
hot-air dried mushrooms. Journal of Food Engineering, 78(2): 512-521.

Giusti, M.M., & Wrolstad, R.E. 2003. Acylated anthocyanins from edible sources and their applications in food
systems. Biochem. Eng. J., 14(3): 217-225.

Gowen, A., Abu-Ghannam, N., Frias, J. & Oliveira, J. 2006. Optimisation of dehydration and rehydration properties of
cooked chickpeas (Cicer arietinum L.) undergoing microwave—hot air combination drying. Food Science and
Technology, 17: 177-183.

Hammami, C., Rene, F., & Marin, M.1999. Process—quality optimization of the vacuum freeze-drying of apple slices by
the response surface method. International Journal of Food Science & Technology, 34(2): 145-160.

Hemmati Kakhki, A. 2010. Optimization of Factors Affecting the Production of Food Color from Saffron Petals.
Journal of Agricultural Science and Technology, 15 (2): 11-19.

Hosseinzadeh, H., & Younesi, H.M. 2002. Antinociceptive and anti-inflammatory effects of Crocus sativus L. stigma
and petal extracts in mice. BMC Pharmacol. 2(1): 1-8.

Huang, J., & Ling, Y. 2011. Microencapsulation of anthocyanins from Fruits of berberis kaschgarica Rupr. Food
Science, 32(16): 16-21.

Katsube, t., Tsurunaga, Y., Sugiyama, M., Furuno, T., & Yamasaki, Y. 2009. Effect of air-drying temperature on
antioxidant capacity and stability of polyphenolic compounds in mulberry (Morus Alba L.) leaves. Food Chemistry,
113: 964-969.

Kaushik, V., And Roos, Y.H. 2007. Limonene encapsulation in freeze- drying of gum Arabicsucrose - gelatin systems.
LWT, Food science and. Technology 40: 1381-1391.

Kazuma, K., Noda, N. &, Suzuki, M. 2003. Flavonoid composition related to petal color in different lines of Clitoria
ternatea. Phytochemistry, 64(6): 1133-1139.

Koocheki, A., & Azarpazhooh, E. 2009. Evaluation of mass exchange during osmotic dehydration of plum using
response surface methodology. International Journal of Food Properties, 13: 155-166.

Larrauri, J. A., Ruperez, P., & Saura-Calixto, F. 1997. Effect of drying temperature on the stability of polyphenols and
antioxidant activity of red grape pomace peels. Journal of Agricultural & Food Chemistry, 45: 1390-1393.

Madamba, P.S. 2002. The Response Surface Methodology: An Application to Optimize Dehydration Operations of
Selected Agricultural Crops. Lebensmittel-Wissenschaft und-Technologie, 35: 584-592.

Mahdavee Khazaeia, S.M., Jafaria, M., Ghorbania, A., & Hemmati Kakhk, A. 2014. Application of maltodextrin and
gum Avrabic in microencapsulation ofsaffron petal’s anthocyanins and evaluating their storage stability andcolorK.
Carbohydrate Polymers, 105: 57-62.

Manzocco, L., Calligaris, S., Mastrocola, D., Nicoli, M., & Lerici, C. 2001. Review of non-enzymatic browning and
antioxidant capacity in processed foods. Trends in Food Science and Technology, 11: 340-346.

Maskan, M., & Gogus, F. 1998. Sorption isotherms and drying characteristics of mulberry (Morus Alba). Journal of
Food Engineering, 37: 437-449.

Miranda, M., Maureira, H., Rodriguez, K., & Vega-Galvez, A. 2009. Influence of temperature on the drying kinetics,
physicochemical properties, and antioxidant capacity of Aloe Vera (Aloe Barbadensis Miller) gel. Journal of Food
Engineering, 91(2): 297-304

Montoro, P., Tuberoso, C.L.G., Maldini, M., Cabras, P., & Pizza, C. 2008. Qualitative profile and quantitative
determination of flavonoids from Crocus sativus L. petals by LC-MS/MS. Nat Prod Comm, 3(12):2013-6.

Mwithiga, G., & Olwal J. O. 2005. The drying kinetics of kale (Brassica oleracea) in a convective hot air dryer.
Journal of Food Engineering, 71: 373-378.

Nogala-Kalucka, M., Korczak, J., Dratwia, M., Lampart-Szczapa, E., Siger, A., & Buchowski, M. 2005. Changes in
antioxidant activity and free radical scavenging potential of rosemary extract and tocopherols in isolated rapeseed
oil triacylglycerols during accelerated tests. Food Chemistry, 93: 227-235.

Pabis, S., Jayas, D., & Cenkowski, S. 1998. Grain drying, theory and practice, John Wiely & Sons.

Piga, A., Del Caro, A., & Corda, G. 2003. From plums to prunes: influence of drying parameters on polyphenols and



1397 55— 31 Bo e d4 sl o] 2hid @slio 5 pole glodudols 41 5o 888

antioxidant activity. Journal of Agricultural and Food Chemistry, 51: 3675— 3681.

Que, F., Mao, L., Fang, X., & Wu, T. 2008. Comparison of hot air-drying and freezedrying on the physicochemical
properties and antioxidant activities of pumpkin (Cucurbita moschata Duch.) flours. International Journal of Food
Science and Technology, 43(7): 1195-1201.

Rouissi, T., Mahmoudi, A., Tyagi, R.D., Brar, S.K., PrVost, D., & Surampalli, R.Y. 2007.Optimisation of spray
drying by response surface methodology for the production of Sinorhizobium meliloti powder formulation by using
starch industry wastewater. Biosystems Engineering, 114 (3): 334-343.

Sanchez, F.D., Santos lopez, E.M., kerstupp, S.F., lbarra, R.V., & Scheinvar, I. 2006. Colorant extraction from red
prickly pear (opuntia Lasiacantha) for food application. Electronic Journal of Environment .Agriculture and Food
Chemistry, 5:1330-1337.

Severini, C., & Lerici, C. R. 1995. Interaction between the Maillard reaction and lipid oxidation in model sytems
during high temperature treatment. Ital. J. Food Sci., 2: 189-196.

Sharifi, M., Rafiei, S.H., Kayhani, A., Omid, M. 2010. Drying orange thin sheets in a thin layer dryer and select an
appropriate mathematical model. Journal of Bio Systems Engineering, 41(1): 61-67.

Singer, A., Nogala-kalucka, M., & Lampart-Szczapa, E. 2007. The content and antioxidant activity of phenolic
compounds in cold-pressed plant oils. Journal of Food Lipids, 15: 137-149.

Sun, D. 2008. Computer vision technology for food quality evaluation. Academic Press, New York.

Sun, D.W. & Woods, J.I. 1994. Low temperature moisture transfer characteristics of wheat in thin layers.
Transactions of the ASAE, 37 (6): 1919-1928.

Termentzi, A., & Kokkalou, E. 2008. LC-DAD-MS (ESI+) analysis and antioxidant capacity of crocus sativuspetal
extracts. Planta Med., 74(5: 573-581.

uUddin, M.B., Ainsworth, P., & Ibanoglu, S. 2004. Evaluation of mass exchange during osmotic dehydration of
carrots using response surface methodology. Journal of Food Engineering, 65:473-477.

Vega-Galvez, A., Lemus-Mondaca, R., Bilbao-Séainz, C., Fito, P., & Andrés, A. 2008. Effect of air drying
temperature on the quality of rehydrated dried red bell pepper (var. Lamuyo). Journal of Food Engineering, 85(1): 42-5.

Wojdylo, A., Figie, A., & Lech, K. 2014. Effect of Convective and Vacuum—Microwave Drying on the Bioactive
Compounds, Color, and Antioxidant Capacity of Sour

Yaldiz, O., Ertekin, C., & Uzun, H. I. 2001. Mathematical modeling of thin layer drying of sultana grapes. Energy,
26: 457-465.

Yen, G. C.; & Hsieh, P. 1995. Antioxidative activity and scavenging effects on active oxygen of xylose-lysine
Maillard reaction products. J. Sci. Food Agric, 67: 415-420.

Zaiton, H., 1. Suzila, M.M.B. Ahmed-Mahir, Y. Salmah & H. Chkzaini. 2009. Quality of roselle tea as affected by
drying temperature and storage time. Prosiding Seminar Kimia Bersama.



Iranian Food Science and Technology @ . ) R . s
Research Journal f } oot Olrl le @abos g pole ledngsy ) pis
Vol. 14, No. 5, Dec- Jan 2019, p. 877-889 e s ' A 877-889. p 1397 g0 -,31.5 o,lois 14 ol

Optimazation of thin layer drying conditions of saffron petal using Response
Surface methodology

P. Sharayei'”, H. Chaji!

Received: 2017.09.23
Accepted: 2018.05.08

Introduction: Saffron (Crocus sativus) is the most expensive kind of spice in the world while around 400
tons of saffron are estimated to be produced in the current Iranian year (March 2016-17) from 90,000 hectares of
land under saffron cultivation across the country. But, high share of producing saffron is exclusively dedicated to
produce and dry saffron stigma as whereas their violet color petals are mostly ignored and disposed. Saffron
petal is one of the most economical sources of anthocyanin pigments. Attractive colour, functional properties and
antioxidant properties of anthocyanins can make them a good substitute for synthetic pigments in the food
industry. But, due to high moisture content of petals, 96.36% db, they must be dehydrated immediately to
prevent the decay. In the meanwhile, the drying conditions are also too critical to petal sensitive compounds
while the method of drying along with drying period and the amount of energy consumed, obviously play a
significant role on price and quality of the final product.

Materials and methods: In this study, the optimization of the thin layer drying conditions of saffron petal
was investigated using response surface methodology (RSM) and Face Centered Experimental Design (FCED)
in order to designate the empirical expriments. Saffron petals were dried at different temperatures (40, 50 and
60°C) and air velocities (0.7, 1.4 and 2.1 m.s?) in a thin layer dryer and quantitative and qualitative
characteristics of saffron petals (color (L: brightness; a: red — green; and b: blue-yellow, total phenolic
compounds (TPC), total anthocyanin components (TAC), scavenging activity of DPPH (RSA), ferric reducing-
antioxidant power (FRAP) and minimized 50% of radical-scavenging activity (ICsp) contents) were invetigated.

Results & discussions: Maintaining the quality of final dried product as high as possible is a major concern
while it is an important aspect to consider for use of phenolic compounds and anthocyanins as antioxidants and
colorants in food industry. The results showed that the total phenolic compounds (TPC) and total anthocyanin
content (TAC) had a remarkable increase with temperature rise from 40 to 50°C while more temperature increase
brought about sharp drops. But, an increasing trend of variations is observed in parallel with increases in velocity
of drying air for each temperature. The rise in anthocyanin and phenolic content is more attributed to much
significant reduction in drying duration from 40 to 50°C in comparison with 50 to 60°C. It was also observed that
total antioxidant activity of dried saffron petals showed the same response as TPC and TAC to temperature rise
from 40 to 50°C. Such behaviour could be explained by the findings of other researchers in which the antioxidant
activity has high correlation with anthocyanin content and total phenolic composition of food materials. As a
complementary, it can be mentioned that polyphenols in an intermediate stage of oxidation have greater
antioxidant power than initially even though this is temporary; furthermore high temperature stabilization
procedures may lead to the formation of new compounds with higher antioxidant activity. This is essentially the
case of the Maillard reaction, which creates various Maillard reaction products, with markedly higher antioxidant
powver.

Conclusion: Generally, according to Derringer’s desired function approach, the optimal conditions were
50°C and 1.4 m.s’~. The experimental values agreed with those predicted values. At this optimum condition, the
TPC, TAC, DPPH, FRAP, and a value of the dried saffron petal were found to be 46.39 mg/ g ,1205.58 mg/l,
52.97%, 1276.52 umol Fe?*/l, and 11.13, respectively. The experimental values were in a good agreement with
the predicted values.

Key words: Antioxidant properties, anthocyanin, drying, phenolic compound, saffron petal.
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Effect of feed mixture and extrusion temperature on physicochemical and

sensory properties of barley flour- carrot pomace snack
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Introduction: Snack foods have become an important part of the people’s diets. During last decade demands
for utilization of fruit and vegetable waste in order to their dietary fibers in value added food products has been
increased. Carrot pomace is rich in dietary fiber that contains important functional and nutritional properties.
Barley contains a high amount of dietary fiber, especially soluble fiber, which has essential role in reducing
blood cholesterol level.

Materials and methods: In this project based on Central Composite Design, the effect of independent
variables containing extrusion temperature (120-170 °C), moisture content (14-20%) and carrot pomace level
(10-25%) were evaluated on expansion ratio, bulk density, WAI, WSI, hardness, color snacks were evaluated by
panelists in terms of acceptance or non-acceptance.

Results and discussion: Results expressed that expansion ratio, lightness, total acceptability and WAI
decreased by increasing the amount of carrot pomace. Reduction of expansion ratio and WSI and improvement
of lightness and WAI were shown as increased in moisture levels. The hardness and bulk density decreased with
an increase in temperature. When temperature increased up to 145°C, expansion ratio, lightness, WAI and WSI
increased and decreased thereafter. The optimum conditions for barley flour-carrot pomace snack were
determined at the maximum expansion ratio, L*, WAI and overall acceptability with minimum bulk density and
hardness in a snack. The optimum condition provides the highest value of expansion ratio 296.1 (%), L* 65.087,
WA 4.931 (g/g) and overall acceptability 4.502 with lowest bulk density 1.22 (g/cm®) and hardness 6.756 (N).
Accordingly, the optimum conditions for the snack are 10% carrot pomace, 148°C die temperature and 15.49%
moisture. The approximate composition of the snack extruded and unextruded obtained under the optimal
conditions. Extrusion did not affect the protein and ash contents but it decreased the fat content of snack. During
the extrusion, the SDF increased from 7.63 to 9.27 g/100g while the IDF decreased from 5.24 to 3.71 g/100g.
Extrusion cooking did not affect the TBG content in barley flour-carrot pomace snack. Extrusion cooking
resulted in the conversion of insoluble to soluble fiber and well balance of both types of the fiber

Keywords: Extrusion Cooking, Optimization, Dietary Fiber, Barley Flour, Carrot Pomace.
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1 Water vapor permeability
2 \Water vapor transmission rate



NI i i s o jomelS sl b Sy ludint 3 5

Sl Mg At Cajarelipl Sl adllas )3 35 ekt
WUT el i oolil 85kas Mol )b 51 5l e ) (sialuS]
&9 9 oy U1 51 Gllae (glaygists il s g Laodly
2 Jol ga5 sllad mdaw 30,5 odlatwl SAS 9.1 ldle 5 )5 yuid
IS5 aw d clinlejl g i 4,5 s )3 0/05 1y adlllas (]

A5 (6 pSo Il

(XRD) (! 51 (il 390!
o glon Ly Jli S o)l l sla S dlge plos )
oS 5 ©pgodsdlga g 3,18 3929 03le )3 JalS' jgbody o Jlws S
goald G5l slaojon bl go iy s (oS ) Bysel >
ey e JSis bgas 33 1) g5 sloals Jbwo S (g g e
3,5 o3l (Kujsb e Sl Ol oo LAl (ul S s
ool gl 5 CujemelS (slapkd ,lslo (Ballner et al, 2016)
d S5 5 ol gl o €85 )5 () 9,90 XRD (0] Lawsgs
sy Lis (CH) Lol 15658 wké XRD caubs ol 0a 03 gl
S Sg sy sl 20221715 4 20=8/73 ;5 l55u8 a5
sl o) Ls > Jla S (25 3529 51 (Sl a5 adl e
2> g 4 Jlo S o ()l Al GligiS ol culpl
plid) CH-EO (2j5als’ olid 3,90 5 sl oo ol of (Spsle
LSy @i (50150 cons b Guiled 93 51 (S5 (g9l oligaS
Cond 5355 (Ssd pld Juy 5 o g el als ol 4
LS (50 Il @dge nl 45 0,8 Iy Wl alls s digel &
(Bygel o [l38l) Iy S by oial” 51 uilisl 338
FSE L & e plgice @ly 20 (gt 4l (Shes plid
S ol glaylislor ¢ il g (oS o 22 Slakign
55 U (SlacSy o8 (g psbots 980 055 (63905 b ljgnS )
ol 90381 b el o g5 ol 53 s S b les 5 5L &S
Cowl 0ad b byl (oye (09905 U g ialS Sy opl gl
Ll o pRadta pliiz Olpsss cnl pols gl p> andl oS
3eY 50,5 4 LONF L 5 CNF cloosiiS ey siigl 004 9381
S 5 <8l il @)d 4 Sy (pl ©us CH-EO ol
Cools (I (Sl &5 08 S5 5 e Sy (2ly
CH-EO- 4 CH-EO-CNF o008 5l (gLl s by S
oS yghilon 13l o CH-EO oLb 5 als pl & Cus LCNF
sgrg 03 3Lis CH-EO-CNF oLé XRD (il 555 o0 sinlie
20=22/5 4 20=18/15 . 20=11/8 2078 » Jiww S >y
P ey wad oljswns kil 4 LCNF 59381 L g sl oo
So g il il 20518 5 20=14 20=11/8 20=8 Iy

iz O 3l G 0 St 393 005 gl yugipes puplocl
29, Swaiiit slaolid L olyam o35)] S Lams (g5l elayiud
sl sl 8 6 )85 3T°C ,g5LeSil o el 24 e (gl
ok Uil am 43§ (S ol S5 lon i
L, (INSTAR, China) s 5l eslizl | o S5 slaalle

(Genskowsky et al, 2016) i (¢ uSo;lul yio lue 0/01 >

Lald o T Cullad
o O 5l e AL ol 2 55 S e 25 aodls obons
e 51 3l o 2 e 3 03300 43> 2 Ste & 5 gl
L Jplso Jobomo y2d (oo 02 L oL 5l o glysctal o e
393 30 WSS9 bawgs 4By 1 de 4 g bglse DPPH (¥ ge Lo
ol 8 el SOl e 00,5 bolste sy 45 90 3000
2o Job 2 Lagl e ()l 18 5 boes (lod )3 ladigas
(TB0 UV,USA) yiegidg Syl slSiwd bawg jrogils 517
S5k as s (Dashipour et al 2014) i (¢, Sojlal
alaly 3l 035 3 (S (sl bawgs DPPH 31T sl SIS0,

23,5 a4
A - A
|(%) _ Control Sample %100 (4)
AControI
135 9, o lumST (5 5l0b

o9y 5dske 10 o 1) Lo 10 o b ala b 190
Gl g 9 25 039381 lapnS1 5T (91 5 005 ks (SIS
s9ebse 9y 19y 9 o oy 3 XA lal 4y Jlai 3550 olid |
2 O dy 9 03 S (53 > gy Jlg 03 s 35
e Job pab ool 1,8 25°C (gles 5 Sl gl yo ole
@Ml g oad by La Ly jlase 5355, 10 2 (oS
3y9-0 (PV) deaSTy dae 65056l b a )l )0 (489, gl
bl ofgy slaasige by dae i B)S LB oy
dwle apuSTy b (iiSly 3150 0sd WJg5 b Glie (450l
(Almasi et al, 2016) x,>,5
_ (S—B)x N x1000 (5)
)= m
Losly (5,kol Julowi g &y 3205
I3y 53 (COMbINed) a5 ¢ 5 il ingie
9 Jolw yudgils) yuboils g5 Sl aslllas (4l,y Design expert 7
ol elale (ligs’ (59 B 4 e Jlke o (JolsgiS
slacShs » (hyao5) olss g (haom 5) bl Sogsye
o] sloaiare 9 OligieS b 2 g Cajopel s slanld

PV (meqO, / kgoil




1397 55— ;57 Boylocts 14 alsr oyl 1l 13é @slivo g pale lodsys & pis 912

Slaass j il LasauS s opl pYLhslaadale )5 o3ga
S yeboas a5 ol 5155 55 (2016) ))Sen o Jafari alie
29l GRlBIL (ligns old (njsh (g sl )l 5 g
S eyl o cdly Gl (LS g og)See Lide b gl
Ol s gla by aYlail bl (5 Jole (slapideil cute
ohd (Sipsl ampd Glalidl a3 9 b JoUge (g ploe]
2l g9y ym 395 A a4y (Shpsly > JRldl ol & ail e

bl oo S 31 35 Cojorals lisn slapkd (So3d ol

oo a5 (L JSB) 00,5 slu] 20728 aygl; )3 ob b Ko
313 Cd JshogiS 5 gbo slaygl 4 ol
a$ sl L XRD O?“).T <o) b ).Jlj =l gaezme jd
Ao 4l o (Shod ol Jlsbo )3 bajdgls ool (305
o G Laehd (Sujol a2 5 (Jlw S (g G2l o
29 LCNF I iy CNF 5l o cpl )3 5 00,8 (alld oljens
Olli8l 3 Laydel ol SaSey s (i Yol el cpl Juds
s 5 395 S5 L 3 oy slati o o515 5 plrad

CH (blank)

CH-EO

Lin (Counts)

CH- EO-CNF

)
R A
"\J"-. v N CH-EO-LCNF
0 20 30 0 s & 10

2-Theta - Scale
O35S by 9 Jlad Cu5an0l9il 9 Jlad slapld XRD Gpb -1 JS6

el 0391 )T L sy 680 9 OlisiS sy o 5> il
sl 015 Cygal ol 15 6 5l ploa] 5 ol )38l el 48
A5 osbodr WS (o0 2l |y £9090 (nl 3 bpkd (SUle ol
S gxe il 4 yoxie 50150 cuns b il 93 <S5 13938
0S5 aS alisee wladod > .ad ljens Wd UTS e o
5 AL OlisiS shaied JLsl glod (o yp-latod
Solite Yl @l sl BT 50 (o aly  slocyjgls
A5 ol gl o oz 5o S b sl 00l
L8 s )Ly Lals g sl oad LSt Gl oy slovo i
Beikzadeh et al, 2016; Dhawade ) s a5 lis 1) Sl

apked 5l ol
okt Sl JUT 5l easl coanday slapl S0 2 IS5 5
o=l el sasi ool i o slacas jeelS 9l g )9S
sl g5 o oanlie (Endothermic) Sl )S Sy 2 Loy socio
igS LA phd (clp 45 Wb astie odel Cands b Gub
31y 5 5l 4> 286/78 445192 iy s TM 4 TY (sl
slod J9 5,5 1 (6 pmis TG (slod uilool U5 39381 b 48" 55
L Lok Cgd (slod (yiuljél clde .cdl jiul3él a3 B dg0 TM
ele 03,5 (bl a5 (6 )5 Ylaial ol bl il



913

e PO 5 o § S 390l 9l S S 39 (g3 lwaings g oS

bigs 3529 TY Liulsél .3s CH-CEO-LCNF 50018 53l
>l ligS sloyas g LONF o 5e baydgil o (595
Sy Gials s 4 TG Liolsl oS o a ol |y bygal
il sl b bl @jglone )3 4iB)S )18 (59 (sbve o

SBLy o g plrsl ccle a0l Jlesl 4 da yos; Sy
Ol izman 5 S35 b ol S e g )3 o205 (xdge
Lo yudgil ©pglome p> 48)S )18 sl pise s (95!
029380 5150 Lyeisn T iuliel 550 0 polie ol il 0
Celebia 4 (2010) o ,LSen g AZeredo lawgs Joho (sloyudgil
ool s 0y 558 byl 3958 rizpan 5 (2015) Kurt
15l 0 5155 (2017) o))lSm s WU Lansgs 201 il
i Sl S5y i L (1302) ol 5 sins 40
Sl Ly o5 2l 55 sl -0l a5l
o5 L9y shated JUSl s> 5 5 9> T eolugil 10>
oy mo; Sy ou ulidla ]y 5 Slee opl cde oS ol L
22500 s Jolwgil oy ¥ b Jlaasl g Jad 51 )5 15608 (6 pous
laoziS 5 156 45 S i oo 05 plogl lalllas 5ib )iy
9 oS ol g5 4 o3k 2> U (S slaekd ()l (el
2le (LS 5 sgmi> ipan 5 gl G GEESemy 5 ek
D) (S wlid LSl ) bapuilid 5 Jg el

o0 (559 45" Cusl 3 & p3Y yien (and Jagtap, 2012
s Mol (e eizeen 5 1l bulid (o e i
Ol 9 5 laiend Jl glod s 3 Sl o0 b 0265
(Dhawade and Jagtap, 2012) il jige

Ol ok )l lo & yudsil OlaS 5 (3981 IS 5k
O ol 9 00,5 apld (dladed JUal glos al8l 4y i
L 4ok .2 US) 592 CNF 1 ity LONF oSyl L5
Tgslos (JLsd s Jlislo 4 CNF ousScogiigl 14 13938]
3)5 lo doyd 413 sg0s Cgd (clod Jg ol olis (Sl s8]
a2 2 090> (@l gt pld 4 Cons anll o il tals
ool Cuddy gols Gub a8 b9 J> j3 oyl D 5V o),S b
%4 Gl CjaelSol ay TM slod g TQ slood YL
i o il 3l (CH-CEO-LCNF) LCNF oS 6l
slod il sl cunsay 31,8 b 4> 296/86 4 50/96 i,
aS > o lis LONF jaas > CojalSsl slapld Tm
b i b ol 1505 e e SbostS sl il
JslawgiSd s et cdMo o oyl cals ums il
il 9 bl Om (i e Ol onyide Sl esly
Olli8l Cad (sl g (sladind Janl glod doel )d g 0l pouly
il e SlSe Lols gl 5 canl 35 ol ol asly
o byye 55 (it plSonil i (it 45 (6 )9 by

Endothermal Heat Flow

300

Temperature (°C)
CH-EO-LCNF &4 ;4005 U ((C) CH-EO Jlad plad ((B) CH-EO-CNF Cuy 55005930 «(A) 315505 (b plid DSC (g doxio -2 JSW

(D)



1397 55— ;57 Bo o 44 alar oyl 3l 1ié @l 5 pole sloiddgs 4 pis 914

4 400- 800nM zgo Jsbo 4l )3 555 ygse liwe s &5 05
5 0Ls el BB (525551 L, 5 catls 3l ol ol ol
g3t 55 5 liee (9090) (S5 b Wl ysboay Jagoisye
5 Dashipour Ll cpen 3.0 JS3) <ol ials o9 LB
5 (2007) ol)L_—Sen § Gomez-Guillen (2014) l,__Sea
(S bl 39381 b s sy (2012) ), ISen o Abdollahi
Jols Shss clapkd 4 g)lojs) il o Bylo olsS 5y el
b GBI ) ele @l (ale 55V 5 oligns

s LSy slas 36 T cloaS cagiig (0938)
2095 295 Olime (nyieS &S psba ity baeld 5l (Sye )95
CNF (sgl> Jlb (slacyjorslS gilgn 0 (sl slophd don (3
35 ~UV (sl 0,155 Gl o jshaslan 4zl .cusls 3ls LONF
25 o9 jl sl )3 (gpad 53U LONF sod o (L5 (550
(3 Jsis) cuils CNF &y s (S po

S0
80
70

60

(1) 19

F
(=]

2P 4 Camd eld (6033485
e S 09 b (UV) Ghislygle gloel jgie il 53 il
Sy 3)90 53 g & 3L g gty 03Lo e sla Sy ]
ol a wiley o oy slalie L ile joi 4 wlas olie
Gomez-Guillen ) s sl coedl Plo ST 4 Cans (S35,b50
o)l 908" lime 4o > g lapld y95 yoee @l (et al, 2007
To— J9_lo 0394 —Sxo )0 5:9&»)9)4&.»)‘ 039) )] oola_wl l_:
S UV clao)K cab oS ws (¢ uSojlsl 200- 800 nm
ol oas ol s 3 IS s ljenS calise (clapld (olp
(UV ,555) 200~ 380 NM 03900 ;3 395 0 snlie 45" jghailon
g9 Loy g ol (i BB Laeld o 5l 550 s0ue (ljee
b Sl 53 095 o5 omliio (ligiS by » Jlb bl 5l 695
3295 e Olime «Sye s Al 1B 35 g g0 Jobo Gl
RS ie odal Candds gl Gwlul 3,8 Iy i)l lapld aen

‘CH {blank)

CH-GED cyy GEo-CNF

CH-CEQ,
,/ CH-CGEO

) ,/"%-CGEO—CNF

CH-CEO-CNF

CH-CEOQ-LCNF
CH-GEOQ-LCNF
CH-CGEC-LCNF

30

20

10

& 0 100 200 300 500 600 700 80O 00
(nm) T Job

OIS Al 1 Jlab CajounlS g JUab slaeb 51 (550 y95-UV 185 b -3 JS3

ol 35 (2009) ), Sen g Fabra .aus Jos j joe bilio 5
bpkd o)ldle Ol 4 (Shod laekd (6)95 pelys S 2028
35 s o3 S5 Sl 5 ) 3,5 K i
Dyl (Sian o] oaimd oS5 @l 03101 g 2y sy
dlo (¢ly 59 12025 PM odgame 13 oS lapks colses |
290 3 adaly 3 600 M g0 Jobo )3 Loplid )58 5z
adaly Lagh§ ©)ouS (e daly (pl Bl 20855118 oalan
oS b calpls o) Lagld 5l 495 joue (line b (ugSine
©)938 e CnyteS 09 598 s9us Gliee Cn i gl & el
5 ol bl 29381 L (0/93) sy o (slaplid o 0 1)

=y b (2014) ), \Sen 5 Almasi o (2008) Liu 4 Tung

o105 ol gl bl 5 (ONF) ol (el bl
lapkd o5 5 59 4 S (SH)bJL ol 55, » (MCNF)
oY ol o )l55 |y aelie ol PLA o U1 s b
&35t ONF Lasgs j55 SaSTyy 5 59 &ylis ] oolgiti
ollacls ole5 5 yadl Lyubgls b o 42 >y ST
g Olyas dlogylecl aS oo w po 4l )0 judsil g peuly
o b nl )l g 0dd syedh 4SS 3 o) JB slaliad
9 O pdPls eimen S (oo SS9 (93,5 018y
o Sy plpiedr 108 95 g0 Jsb S 5S)5 0jll L (b yudel



915 . jiycu i s cuonelS ol o S 53 ludinte 3 g

JUd Coomlgil slapled (g jlwainy
(saude S (G9lb> dingg whd QLT pslatedy > ye ol 5
Orizmen g0 ol el ) i g e Gigspe (il |
J A4 ol clale ;> LCNF § CNF (claoaScy siigl j S
o S g (Lo wilul) balsee yuaie 55 b Combined .85 #,b
et gl gzl )l yolwl opl g 93,5 oolatul (b puadgil) Jdtuwe
Jie L (g pSsasd g (S9lSe (ols s didsi ¢ s 5l
ol aoM & 515 bl SopsS Jde b o 5 KlyolsS
o1 03 (L5 e Jgaz )3 I Jao (g )S) calpd 5 by 5L
Lack of fit La Jio dod )3 355 o0 odnlive 45 jolailan .l
osizan g (P<O/05) ,bo sino o ygies S 5 (pP>0/05) imo s
o Mol s o g (RZ0/85) (s colps (39 YL
ey 2 sl 01 Sl sl Jue ColiS oxima L (RPa)

Ol eoked U3 Lo & (S5 (izmen g 4Bl jobds (hgis e
oialS b culize a8 cdl iulial gy bxe jebay lapld )gS
%4 O3S @l b a Sl j0 sl o Lapld pl 5l je0 jee
i cll g5l claglid 4 LONF o CNF ouiS'cyissil
LCNF 5L oo cpl 2 g ob plis gos BB ilisl o yess
Gkl Layudeil g iy Sl 4y CNF a s
ORl38) men 5 Ol slre o b 58 sl piiSen
2 9295 o3 (Rl 4 e dapld sl g iy S Cools
Ballner et ) 54 0 o joralS o5l (slaplid ysas inlal aoes
29 el ol @l & a2 b (S jgboes nl0li (al, 2016
ol OligiS laphd & &S Glgie daeld 0558 5 5
ey 3 30 Sl oY sl I slaosisS Cogiigh 5 il
1y bt slss 5 UV 55 glesl j1 ol psmolinuT sloy2isTy

A3l e 23y
B Gl gl 0000 35500 (S Jo g )5 ) il s -1 Jgoa
sy o 4l 5 s Ao FB STB  UST WVP < H Cacls
(B.cereus) (E.coli) P KWy
13/40 o1 59/38 4923 20040 154 22/% 24145 (i) A
17/97 13/63 6UOT  S6/14 3087 1066 26/53 16/27 (o) B
0/96 2/66 6/08 16/31 21/40 0/065  -10/93 39/12 AB
0146 119 M2 5 709 -083 017 407 & C)AC
(it
0/089 -0/35 377 -0/99 174 -0/046  -0/25 -12/05 [AC]?
-2/53 -1/93 9/56 -13/67 10/69 -0/28 -3/79 6/83 BC
0/018 0/24 6/59 22/43 0/92 -0/16 715 -28/09 [BCP?
-0/40 -0/93 14/32  -21/35 -8/34 -0/43 11/84 -28/37 ABC
-3/08 -0/76 -12/03  -72/15 7/28 0/16 -23/31 74/02 [ABCY?
- - - - - - 15/43 - AB (A-B)
- - - - - - - - ABC (A-B)
- - - - - - -7/48 - [ABC]? (A-B)
0/987 0/993 0/857 0/986 0/968 0/916 0/994 0/954 R?
0/978 0/988 0/749 0/973 0/935 0/839 0/980 0/907 RZqqj
Regression
100/28 198/36 7/03 72179 31/63 11/92 72/45 19/68 F ratio
<0/0001 <0/0001 0/0029 <0/0001 <0/0001 0/0003 <0/0001 <0/0001 Pr>F
Lack of fit
2/44 3/43 /11 3/11 1/76 1/00 1/15 3/25 F ratio
0/175 0/106 0/457 0/108 0/275 0/498 0/352 0/114 Pr>F
Slge ol pld oMo o5 €S g oo @y > il by ol s cadds

JU (slapld Sl gSsens g STl S8 5 Sl ol
Abdollahi et al, ) 48 pww Slie dlgo ol by s 1)

Sl Lo S cnytore § S Slge o > e
Slabse )3 ohga Ol ply > Coglie Js 4 (Shes slapls



1397 55— ;57 Boylocts 14 als oyl 1l 13é @slivo g pale loedsys & pis 916

ool S 5 L 35 (2010) l,\Sen 5 Ojagh 5 (2013) )Sen
@B & gt ol a3 SSue il 5 JS1)18 o]
B4 59581 L ols s cpiomen ol asmbl, cowy  aolie
Slace sl U CMo lize s e 4 S sloyuedil
Rl pide JUb laghd 5 (oS pals pld 4 cons Sl
Pl g )3 3950 oanlie o IS5 3 o polailan 5 cdly
o) 451 sl 035y LONF 5 iy el talS ,, CNF
ol yily 81 (p>0/05) 545 s xe (gylal Has ;s
F9Vge o glapiiSeny > 4 (igiS b 00 Il S
lroyxs) 09,0 4 Sl b5 (ials g JT slayuidgil i il 5o
Cowl 00 o j5ralS'8l slapld CulMs yialS & s (g posly

[(Pereda et al, 2012)

Two Component Mix

= (<))

Actval Marzan ¢ 1.25 25 3.75 5
Actval Zenyan 5 5 2.5 125 0

O ) (oy9abge celw 24 51 Lo O 3 lagld culM> (2012
Cdde Hlise oYL & 3 ol ol b o pSojlul e
S gty g 80> 2502 Jade L Ll g w4 by
OBl 5 (S Spgots Gheiye 9 Oy ool BD (9530
9305 Jlad slagld culds i 3 ()b bxe LialS el
ol Sl slald ;5 s e oanlite ill 4 S5 )3 &S jglailan
bl e G 5 ol 035 3V <M o35 uibd 5
e o yieS &Sy gbots Canl 4Bl (plS CM> line (B9 e
cM ials cds i Jols bl 935050 Ly cds s o
5 bl OS5 ey (iSen s 4y bl (939381 L Laglid
by oligisS sloo sy JouSs)tem 5 (sl el sloog S
oS lapld (55 SOl casls (il 4 e 45 Cunl
5 Lopez- Mata 4 (2014) )l Sen 4 Dashipour .53, 5 o

One Factor
2 (o)
o~ 3 3
9 'l
o ’
N ’
..D =2 ,/
= .
[*) .
1751 ie
e
T T T
LCNF CNF Blank

Nanofiber

152 5905 ks Culdls (i3m0 51 (I pudil g5 (0 g puileol Clilé g go5 (B 30 -4 JSUS

WVP l)ls (igmjpe bl W5 (s JUb oL3) CH-GEO
B3] oyl 4,51 w39y CH-CEO U (slaplid &) Capuas (508
JLsd slapld (dgyin cpols uil o drg BB ol
el (slwog)S o (Fiorken sisy ()l Jdda sy
Gl bl 5 JgpuelS (oS 9,00 slaog S g (ligS o yile
o Blgiee b uilol 395 (391 (oad el (i S (o0 by
WS S8 gy el sl slal 5 WVP el s
o)—Sen g LOpez- Mata 4 (2014) l,L_Saa 4 Dashipour
L U Ol ol (sl o ol Gl 50 (2013)
)b 1y Laled )3 WVP gl s’ oUls oiagl 5 J9S1,L8
B (e &5 aad e LS Sl plo () (imen
Coigby g Led wiile ciliseo e Lol pib cow g o o

(WVP) &yl 4y (6 25398
2308 g5 b Shs slaold o Ol b 4y (6ddss 5
skt S Ly (2l 95 5 lgicel o (gpgboas 1l Lo po L]
Slaphid 5l (ol 2,8 (lplis Dgei (aiaing LSy
SU5L s a4yl Gy 3l oad aidle pdycu 5O
b (1394 e 5 pe) ol 3gu5me T @yl &) o8 L
S wld sl WVP 50 o8 05 asuie odel Candds ol
%5 39581 L 4S54 2/63 x107° g mm/m? h Pa i, el
2 JLS slapk s sl g <l Jials ()b ine jobar il
6 s .eos,5 )5 1/92-2/15%1075 g mm/m? h Pa e3gasxe
WVP closs o |y Ghgoxiipe 9 by bl bglsee 31 il
UL clapld ol jascio o jshilan md e bt Wl



NT . i 55 cum; CjopelS 5l o Sg 53udinte 3 g

de b o odal e 0D S5 a S glail on (2014
4 Caus (0S8 WVP (¢lls CH-EO-LCNF slacs jamelS'sil
S jslailon o] s & 6395 CH-EO-CNF (slacyjolS 5l
s s i35S yasky b LONF Caslio (6,085l 15 0 L3l M3
Loy 55 1 ogMe LONF Jlislos 55 cppizan .3l oo CNF
ONF & o 5 2 3> 3929 55 (55 5 b sud ol
Wlgiee Jalge onl asgame culili )l (6 ya8 Ruugd] s
90 CH-EO-LCNF slacyjgualS 5l )5 WVP 2y ialS
o o judgil 3958] a3 Ol w4 s pdidsds uals .l
Sl 02 (B)135 505 e plo bawg () (sl yerdig

(Jafari et al., 2016; Salaberria et al, 2015)

Two Component Mix

;«? e (<))

<

L)

o

E o 4

o

0

2 2028 -

X,

P

o iame]

=

T T T T T

Actval Marzan ¢ 1.25 25 3.75 5
Actval Zenyan 5 3.75 25 1.25 0

@bt il (olaguilel (39531 b 55 yesly 95 4 e 5 0392
i dalgs alises
cble ) 5 J slaydgl a8 sl L uiomen Wodly RJUT
9 J S aged 4 Cuns WVP jinlS 1 (o)ls cme 13U % 4
2 s ol i e Aoty caintly Jleb (slagl
ol %3/75 s Ly, CH-CGEO-LCNF ¢y j9.0l8 55
il e aal ecsa gl Wl W1/25 5 g 50500
ales jl ilisce (sLaygSté .5 0/95 x1075 g mm/m? h Pa
9 @ Sloye (ST gdgrhen g Lidgyhen (slaog)S s
Spdded Olise )3 ol JlSlo )3 39250 (A 5 (slsl) o5
Almasi et al, ) siws Fgo Ol Hbu @ cans (Shed slapkd

One Factor
(<)

h Pa)

-

g mm'm*
.
S, )
N
N

l 4
- ’
3-/ i
=
T T T
LCNF CNF Blank
Nanofiber

21 B 1 Cands (19 Sokd (532043985 (e 22 (T dgl g8 (0 9 (il ClLE 5 g5 (W 50 -5 UK

Cowdty JBublKe 25/15 ply UTS Juie CH-CEO Jld oLd
e oy D9 g0 odnlie Wl B IS 5 a5 jghailen el
53 oS 55 5050 el a8 1 oamlie Slej UTS Sy ol
L oials Ly g ol o o3y )y b plid sl j5 il
wily inlS g, yrelly ol e celauilul j Sy sl
o) D 3958l 4 Us oanlie 35 STB ([ Sig 3y90 50 .Cand
a3 a5 J 558 g0 @ S o 2018 & i 5 el
ol 28 (o 8 JS8) 3b Gl sl ool gipe ol
sl il i plodl libos julul a0 )b xe M3
b g pled (Sl sl Shy » (Fylite Syl hlie
Slpld iniS plSouiul d9py cowo (pyl il Jlo lgieay
Amd oo pials |y bapld ok (S (e (Jg 29800 (SligiS
ol s ) ol wlel 5l alie 45 (Ojagh et al, 2010)

ook SSe 1o
Lank s mge cslayiebly 1 2oy S o ot plSonid
9 Sl b el old Jl padls plica Wlg e & At
sl (b 5> (e Lol 1l ) olé cueglis
oiatS LSl 5o a8 0b LS gl gy H8A gabdtug
Sl ok (ol (STB) LSl e ;3 Jgbo s 4o 5 (UTS)
51390 3oy B2/2 JBE_iblKe 21/56 1ol i s e
yoboas a5 ol Lis U5 clale )3 alBlis jeboay o puilul (13938]
Ol 3 )l napd GialS dny yoxie (henipe (il (S
ol pwilwl aSls 13 1005 Jald dgel 4 Caws pld UTS
293 g wld UTS (lise 55 5 (il & jocie

1 Ultimate tensile strength
2 strain to break



1397 55— ;57 Boylocts 14 alsr oyl 1l 13é @slivo g pale locdsys & pis 918

5 ool LS 5 s 055 Sl piiSany 5 o ot St
orgb) oliee WU Cov Gly 3 4 2900 bgiye pouds 00555
Abdollahi et ) 5,5 o ;1,8 35 058 g Lod daciliS1ygum jgui>

. (al., 2012

Two Component Mix

=1 (=)

T
Apctual Marzan
Apctual Zenvan 5

-] b
Lh LA

=t Laa
.

ba -
Lh LA

LA

k3 ka
Lt L

L et

One Factar

T
Actual Marzan
Actual Fenvan 3

)

Nanofiber

Hosseini ) s o ()38l 1) STB Jg odis ljgs wplid i
B (he oy wilwl alie o)ld, Ly ,4 45" (et al, 2009
Jdy 0 glds e (ol cal aialy 1) (imgty ol o edlatwl 590
D9 gt €95 4 el (Sl oSy 2 bl 51
lord OS5 g il Jlade (Mo g (JoSUge (59) oolinal

Two Component Mix

7 (wall)
'fa R
&
<
m =eE A
e
—

-] b
[T )
k3 ka
Lh LA
=
[ S |
LA

[T

L et

One Factor

H
]
1

"

]
1
.

UTS (MPa)

LCNF CNF Blank

MNanofiber

3555 L Skt (SlSe 5o (S 1 T 510yl g el 55 5 -6 S5

pisy odid s o ey jo0elS gl aiiS plSonial ]38l Al
CoB (Sl GiiSeny g jeudy e ple )3 b yndel cales,
Ol oo (Jafari et al, 2016) sl o youls 9 yubgil oo
9 ol (T isdgbse b Gl oo |) (SSle oS 29
O_g.l eobslw s 9 l_mol d)MSyl_J S ‘)J9l_w9A§J
Sla S5y 35 250 Ay 30 ()5S peuly b oy Lo L
sl b T sl 35381 b (Sgs lagld (SIS

st 4 I Gyl 9381 L &S 3l (L5 izmen gl

U6 s STB Jacie (il UTS gl sl ol
Sl So coglio iulidloaiad ylis a S ol jials o
oA plid g JLb sl d a o Cujelisll slapld
OidS Ao )3 ylihe 3 alS (35 & B US) Adlpe st
o sasan Gl s 4 cal (Sen CujaelSel lagld
Ol pesly (sladid) S o8 0D dgdome a3 g gk,



919

e PO 5 o § S 390l 9l S S 39 (g3 lwaings g oS

2 ey JSas ]y JsSgeg)Sle JI03l il p)8 5 03l ST
2 w5 oo Joloxe Sl ()5 e )b I NH2 (slaog S aoes
L .(Ruiz-Navajas et al., 2013) w95 a5 (NHs*) posigel pyd
3 s Gl g gne psbas (ligS slaphd (S8l
03900 )3 gl g9 g ill 93 S 5 4y a5 (p<0/05)
sdas Sl il (—3b 48 A5 (6 pS0jlul asy> 10/29-43/18
= el oy 5= Lol (o ¢ JgxSTo I8 aiile L yuslanl o JuSis
oanlie Gl tT JSU5 )3 a5 jshailon il o oyl 5 cyapes
ShnSl 5l e ol il (e o0ise uilul il 9 e
ol ik G238 45 kot 039 (5 ol ) iy Lok
Cdlad ol o (peild o3 5 b bglne 13) (g5
slp & el cnl jlde it g A8 03981 Lagkd (SaiiS)lee
S =Sojlnl ol .cusly 3l CH-GEO oLd 4 34 1o y> 43/18
Iy E9md90 o2l 3 LA Oygods b puilsl Slas] ol cJls
5 hBe (h9255 e bl sl 1Cs0 jlade oSy j5boas A8 oo 26
A g ySo3lil 121 pL/ml ¢ 0/53 p/ml ly s sa oW
el a8 1l (5135 (2009) o Lsen 3 GOmez-Estaca
SluS 5 ade g g9 (e slaeld sl
Sl 5] cands ¢ ol ksl ) oolil 3,50  SlawS] 51

..))I.) ‘_s.iuw\) c)m.l) u’jlb

Two Component Mix

(alh)

Antioxidant activity (%)
M

xe -
T T T T T
Actval Marzan ¢ 1.25 25 3.75 5
Actval Zenyan 5 3.75 25 125 0

Chang et al, 2010; Jafari et al, ) cul sass ()55 35 yld>e
Hlas ob oL cpieed gl (2016; Ballner et al., 2016
Sl S sla g 3e—upo 0 LCNF ou_sS'ec 53550
4o bgye jlasl LB )68y cnl g CNF 5l it by jolS b
oS 3929 Js 4 LONF Cgdg)nn cusls (g 5YL ol
ol L QiS4 1) udgil ol bled o Jolonal ol com
oy p 3 C B, Gyaan plpll WS e iy (e
Joe CNF jl 5550 cjuiin by Ylail abnl b g odds isy

(Azerdo et al., 2010) x5 »

ok a1l Cpols
Slge (sla gaoain Jb 1 Sl sl aluS 5 ool )8
Codybs als 00,5 o plie OV pane cuaS bias 4 oxis
D95y 5 0Ly bl sl ligaS slaekd (sl
T JS_s > LCNF L CNF sauScugiigh b cuS 5 ol)bo
e 0B liens Wb SuiS e Colled Ll s 0ol LS
Sl S92 Lajesh plw b duolio )5 a8 39 o y> 2/85
Sl a3l o0 38 @ parmie (WSgn lagkd (B g (lisS
Sy o ool bl ol 4 bgpye o olists (S o
igS 3L 55 055lewdl (NHz) el (sloog )3 b Wilgs o o3

One Factor

Antioxidant activity (%)

LCNF CNF Blank

Nanofiber

(I3RSl 2 Glaeked B15T (b JIusly (S8 oo Cullad i (T bl £95 (0 9 (il S g £ (N 531 -7 JSCd

S S pis )l S oS (o JSs) wilh b bl o)l
1 o ol 90 bl o udgil lawgs il OlS 5 ls,

CNF ouiiS cosiiglh gols b cclapld a5 b oLis gl
236 b slald &) Capnd g8 ST 5T colled LONF |,



1397 55— ;37 Bo o 44 alar oyl 31 10 @l 5 pole sloddgs a1 pii 920

ol lanl s 4 ool (s (e BB RISl o ligns
34 jghailen 2 Jgu) w3l BT J5 Gyl 5l laguill Jlé
9ol Caold (ol cdale (0 5y blizul gy o 0 gl
2 Cued 250 bl | by (28 JB sbar olss (il
aS ol s Luilial g5 opl Gl 5l cusls anyp S
ol ol e 208 2935 ey puill (S8 oo clled
Sargdgyiad (Shy hb (o) 2aowlel (IS Hgbar il o
Sty (ol (19> SlaS 5 ple 5 (648 e o SL Jslo
Sl 5 oglys  Jolow sl 4 jos 4 joie doxil )3 9 i
N xSsly Jsko G )b e ol @8 & 681 Jsho (95
Caleg 3 g oad Jobo <L (6 0dpd9 ) (595,55 9 (Jobw (i
(Burt, 2004) 595 0 (6 3Sb Johor Spo dy aiio

L ONF T bl 14 30381 b oS ol (L cppiomad gl
CajonelS sl slapld (g )See (1 1 olid Lo 4y LCNF
ol @l o2l (2 Jgiz) <8l aals (glalasda 5 o
Dl 048 S Jelge lgieds baosiiS Cogliph & amd oo
a9 035 Joo (Il /29,50 (81 Jlb S 5
a3 37 glos ol 24 Gae > S 5 opl )l g yieS ke
Wy e yditie JLST J5 S50 4 oy joelS gl 5l olS b
JraS 928 (Slog)S (m 0dd S5 (SGgyden sl (pimen
o 5l il Jlb sy ploral 4y oo dlaydsigili g 5528
9 &2 2 e Sl ol JUb (sl JoSlge cplpli 09 oo
3l B8 (b CujorslS ol (slaeld Jobo 3 1y 65 Yok g o>
5 19 )N Bl Jelss Sl 5 (il ol aos o 35,5 8T
(Alboofetileh et al., 2014) wib o 13, pic dlls b jzals
L, (2014) ),LSen 4 Alboofetileh (s)l;5 bl 5
Cloogad (8L g dapilal (plend OluS 5 Wil il
sbaShg - Laphd oy bulyd g (bg) daeld e
Ol @l IS jgbar a3l ise (S slanld (29,See 5]
E.coli U auslis > (55508 Cunglin (cuto p,5) B.CEIEUS oS 31
ol ol b Slas 5l Llas ) (Lie p,5) O 157: H7
k8 B. Cereus cote o) (S (sl 40 y0bay ety il
20/78 _15/08 o395 >0 > Langhd dan (sl A3, pic dla
E.coli O 157: e p,5 (6,5 sl o ol sy jo o
4 Nlg oo glis ol D9y yie due 15/38 JI3/T74 Wla s H7
o)lg=d Job> any (e )5 slagg Sl &S AL bgyye ol
h sl GLSE 5 a0l Sl &S (o) Sloged ()6
5l obSbas Jolos blis j3 (g i Cuoglio cusl 03,5 ablsl
(Burt, 2004)

I i Cajorals g (slaplid Sl Guilul (il Jyus” 5> LCNF
a8 g Jb pme AU pldjlae By p> 45 )81 cuwl 029 CNF
ol P LONF gy iy cablB g )55k s & el
sy AilgS o (aliSe (punnsilSo b o yudgil il o )5S
oS a3 3 cou 1) ey jaelS gl uslul cluS 5 lia!
sLoul (L ,8 o)Ll 3l cnl & plgiee o] o toge alox |
hgS mple > (il C8 o yras 13 05 9 i 2 Sl ypae
S eas S8 Gials Gl il o ytee 3590 (0]
5 Lot s (iiSanys (2 408l oo JT (sloesiiScusissl
I5Sge 0y I S Cmols il B il Sl 5
(4 39 e ilnl J5Sg0 s 1alS & oo oS i
@ pbd )kl plxusdl (BIE g Gl e le Sl ials
Almasi et al.,) youly 4 9 b yudgil o ooy ladisy Js

(2014
Wl 0940 25 51

iS5 5 g JUb ol (9 SKeeis ol ol
cto 55 Sk g E.cOli O 157: HT it p,5 ¢Sk o
sanlie 45 jghailon .l oad o3l L 2 Jgan 3 B.cereus
adlas )50 58 g5 93 1o Jlde 3 (gt alS whid 39 oo
o e pan 2o Lo 508 4 3/74 Jas o (clalla 5 59 9o
=l .5 1Sus B.cereus 4 E.coli O 157: H7 sla g St
9r5enind Cld (gl (liptS 48 A e (L bagt)liS
Lds (ol it o3le G ey CudBge b g 0dg sl
ol e mlis o .ol oad oalaiwl plie slge gleil cuas
o gl SlighS lapkd (og)Seard Clld 3590 53 (Fglie
o)LSen 4 Ojagh 4 (2011) o}l Sen 3 Wang Jio ly .ol
pice alla b o I g xe S| a8 x3,8 3,155 (2010)
P slas S (B sy » A g wld Sl A3,
5 Genskowsky 4 Sl > ais sdal e Cite py S g e
el (alls ligS slapld & w08 ol (2015) oy lSen
Bacillus subtilis slasiSL oy 0 25 JB 9ol
Jedd 4 lienS 05,Sheds cuols il S, aureus 4 E. coli
DNA (ol ay 5500 45 el ol (slnogy § cato )L
&5 (Genskowsky et al, 2015) 33,5 o Lap il So
el ¢ J5-Sgo 035 0 gl 423 0254 5 OisiS
Cdld 0,5 (e )15 odliiwl 3)90 & (lae Lalpd g San
a3 8L Cod ae g LB psba ]y pligS (ng)Swes
U5 95391 s ool Lo Lngs 51 43, (SasSeuslon 51
o rle o (S 5 g Al Oygoh L) 9 Ghessre el

oS 5 53 g pe g oy il I (Aliste (51 Comnd Sols 5ok Jlad Slacy 5ol il g Jlad slapkd (29,Sue ST olgd -2 Jgua



2L i 5 s opelS 5 SS9 53 Luinte 3 g

Sy HLil gy 41 JI glapmdail

(MM) sy oae dlo a8 I pdgil Gy pwilwl  pgadispe puilwl s,
B. cereus E. coli

5/08 374 0 0 0 KEYW
15/38 11/68 LCNF 5 0 1
15/23 12/1 CNF 215 2/5 2
14/16 10/85 CNF 125 3/75 3
17/97 13/88 CNF 5 0 4
16/5 13/08 CNF 3/75 1/25 5
13/34 9/26 CNF 0 5 6
18/78 14/4 Blank* 215 2/5 7
14126 10/98 LCNF 215 2/5 8
12/89 8/78 LCNF 0 5 9
14/08 11/22 Blank 0 5 10
15/5 11/75 LCNF 5 0 11
12/98 8/37 LCNF 0 5 12
14/95 11/03 LCNF 375 1/25 13
13/73 11/29 Blank 0 5 14
13/75 9/25 LCNF 1/25 375 15
15/56 13/05 Blank 125 3/75 16
13/67 9/45 CNF 0 5 17
20/78 15/38 Blank 5 0 18
2011 15/26 Blank 5 0 19

bl g Jub slapkd *

o9y sl ST gyl iz ;0 CH-CGEO-LCNF &) g0a

ool o 00l LS

Co 5ol 95l pld (glwairg Wy 3 el sy gl -3 Jge
Swle 9 (S GBS Hg !l w1 e 4l w Jlad

EWTRIART PRV I KT JE]RES Jno yaio
2011 5 0 () g po uilio]
2/29 5 0 (%) oy il

LCNF  LCNF, CNF, Blank JWest
% 60 S o Cugllas

1585 (o895 (PV) STy e (g S0 151
@SB @ bl ol laplsd lp & alad)l5 51 (S
09y Osbip] il 3 gl adlre (LUl il 25 ]
5 1y U185 ol ey b 3 bapuilil ol b oz 5 ibo slo
b 3 S ol g Wgd )y b S & od a1 oS
slagiiSly il g pSole el puilul (20,05 8 30T L ol

S5l due
Foslial Ly glisns slaphd (sl e Slhles Ll
&9 9 obss bl (b (hgesspe bl Jitus (sl piie
alllan 3,90 (sl (SlSn 5 (Sozd sla Sy » I sl
Design Expert sl 3 coas (g jlodingy S5 jl ookl
03,8 yasuiie |y (gjlwdians Glaal bl )5 jalaie py A gociue
@l b o ol Jiwe slajite g Lagwl gslaw e 9
Ap S sm cgllon b ligS whé Cilisen (sl les (s3lotingg
cdlad jlade aio plid (sl .l 0ad 03> L5 3 Jgus > %60
20/83 cxoy> 24129 )y i s WVP g el Sl
Sl o Sy ol 9 1/32 X105 g mm/m? h Pa cus >
kb g 00,3 53/5 5 JKubKe 42/06 p1y sy STB 4 UST
s ya B. cereus H E. coli slasiSL slp ad) pac dla
iy CjopelS g ld sl sy 14/26 mmy 10/41 mm

3 Numerical optimization
4 Desirability



1397 55— ;57 Boylocts 14 als oyl 1l 13é @slivo g pale locdsys & pis 922

Slgs o Jled Wb 5l ootz (plplly g dalgs jld Sxe e VA
CBIS 5l g 4l (1SS adgl Jolye p> & ) ST 5]
A8 oo Iy iuli8l abiaST olud Jlaisl &S 5 SV el slalsj
Sy ooy @ie o 1y gy ) B8ke deis )3 g 03,8 oljl
23 yiliel

2w uu)lf QLB )Jl R ) (2010) ul)ls\.o.b 9 Atarés
059y OplianST 959, 10 )l 5 Jeod) ol il (gl
Canns aedid ] b 0ad oduidiay digas 4 108 sdalio ()b, S8l
OgelienS Wil (2 BB jobods eld (idey (h9h dged
aS coawl ooy Lis 3o ol plo Clidss ey hals |,
siels ) oes oble Ko Jld GluS 5 g el (g5l slapld
Atares et al, 2011; Pires et al, ) .5l aiily gmolionsT 34,
o mime Ml 5959 U &S sl (ol )50 an gy 1B 4S5 (2013
CH- JLsb ok b oled 13 589, £95 93 Sl 5T cullad
Oglds (4 pkd) CH-CGEO-LCNF 508 b g CGEO
SRS Job 53 (295 €95 92 ol 2eST Bl 3 yb e
CH- JLsd pld (gl suaSTyy Hlido 4S5 yabody g sob odaliio
P (5,55 9, 00 51w CH-CGEO-LCNF 4 CGEO
g oplpli as (5,503l 10/9 meq Oa/kg 4 /7 Ly
wled 5lo0, S plpe uilwl y S e 4S5, S bl ul
OgeildenST 5l cslas (slyy CH-CGEO-LCNF ¢ jouolS o5
2 il b Bl g 05 (B 5SS 0o 2 Jsb 1 (169,
sl 483 (6586 IS (489, glaenST (5)luly (a1

25 -

2,

%2[}—

X

3: s Ry

._;‘:1[}—

S

5 5% o

= e I R

o k]lc] :
Rzs =

15

=CH- 5% CGEO

Pires et al, ) Lg-i o (69, S35 13151 claJISoaly (glopoo;
Sy STl Jlb slaphd 5l eslinl ,Silis 8 s (2013
35 sl 4253 25 (slod )3 (515 (o IS (189, 38Ty 200
s b s Gl ly WUT ol b o 59, 60 ae @
obes b S by dSTy sae Glie il lajlons
sy 395 0 o1l a5 pglailan (p0/05) 55 o sime (5,15
2 e ol 2 Jgbo )3 (89 sladisel den 18Ty s IS
sl ialisl o )b e yoboass ol 5 il a3 25 (Lo
131 gy diged 4 GRIEI ¢ st o ol o 9 (P<0/05)
A ligisS whd b el 3 ) Wigad e 9 Gl 5]
9 2205 1l i ()i 0y Lk o 4 il gl
LSl el lie (8 JS3) ol oty 20/1 meg Oo/kg
ole 2 Jobo ;> TBHQ ()luns 51 100ppm (o5ls o84, 45405
1 45 sy 6/1 meq O2/Kg i 4 0733 adsl i 51 (s ,leSs
asie odal Candds guls gub gy Hlude (p yieS )l deds o
o U slaekd b (eles 3 (g (sladiges ATy sae oS 5
O8I L &8 g s bl 1 eSS oy A l3I L
OgelianST G5 IS 129y S5 4 03 ©palee il e
(p160 595) 6,155 ooy Gl L oS g pgbes ccly aals
2 9y o S oSl ol (B clle i by
100ppm (55l sig0i 5 il 15 g5l> Jeb (slapl b ol
L 5 sl il 1Sl ate e a5 5l TBHQ ofaseS] 5]
ol (olo 5= 6) ()& il ¢392 i pgeo )3 L9y ) ]

(STT) PEPIETE CIERPY
A Ctrl_1 (free antioxidant) ECtl 2 (100ppm TBHQ) ECH film

mCH-5%CG EQO-LCNF

69‘5 ‘_ggm 6‘}15 ‘}.69) Ctrl.2 ‘glw!dﬁi 9™ 9 X M 6‘}]5 0.69) Ctrll) ald ‘}.69) d‘hdéeos M‘f pRYS O‘h&—g Ji.w
G550 5 Oy il Qo (SlanmnST T JUad (glaghed b (wled y3 adiged 9 (TBHQ 100ppm

(8 35 4ol

Jeols sladggy 45 53,5 @il DSC g XRD 0] gl



923 . iy s oselS 5 S Sy 3 ludinte 3 g

2 gb lis Lilisl o) xe jebay oljsuS slanlé B.cereus
S 5l caols ilibl ) et Guilel Bl o o)
el 5 S5 oSl 3 032 155 il J iy Ll
Sy i adlas (ol mls A ang b oy i )
5 ol ol 15 ggls Jydsls [lisns Conjorals' sl
2l e aindtin 3208 Cap SlglhS Sl (930550
2 059y 95T ()l dlge ojerslSgl wyp b oS )b
B Al 3y Epge ol Lo slod > (5,05 ole 2 Jobo

RO 4

CBlgSy STy Ay Jgla)d 5 Lagld (olsgs ) 0ud
(£lag S 1 osiS Cogiigls gl i1y G 5] g 5 ol
=2y Mail slogl  (Sl5enS (glao oo ) duol g JuunS gy
sols 3850y iored L Caul 00 3bul (6 yeuy 4D 53 Cnlio
Lo oS5 )3 hg2miiye 9 L) omilwl (9581 a8 o L
llisMo L5 by o5 3lis 5 LONF | 5 CNF (gla uibsil
i g oad SligtS slaekd (K3 9 (SOlSe ol d9u0 Crge
clacu s (29381 b . cwls Cogby 4 s Lol mlus e
g (S8l b (g0 9 Gl puiln] ke

gE.coli O 157: H7 el as) jl Sasscsles

&l

pld > 9 6)9)5“‘" ‘u_i.ulg.o—u_gv)d 6l1b uj))s S dul.wl 039)3| ):l I c1391 [ R I Bl b :quB—l 0 ‘u_:lm
279‘287 ‘3 o)Lo.A:'J ‘8 J.l> ‘UI))I u’.)].)& @L.ao 9 f}lf— le.m J.Jb9)4 4 pls Lv9.u; 9y 4]9):‘ )‘ 04 Ad US‘)?
- Ol9nS a5l 6l o)Suoss 9 Syl Sty (owyp L1392 ¢ o (b cp w6 yhan o cdnor plol ¢ ol pme > i

163-173 4 o )los piin Jlo ¢yl 23 wlio g 4335 pole dloxo 03,552 cueS (5,5 ke e Lial38l 15 o 3 g Jolwgil

Abdollahi, M., Rezaei, M., Farzi, G., 2012, Improvement of active chitosan film properties with rosemary essential oil
for food packaging. International Journal of Food Science and Technology, 47, 847-853.

Abdul Khalil, H.P.S., Bhat, A.H., and Ireana Yusra, A.F., 2012, Green composites from sustainable cellulose
nanofibrils: A review. Carbohydrate Polymers. 87, 963-979.

Alboofetileh, M., Rezaei, M., Hosseini, H., & Abdollahi, M., 2014, Antimicrobialactivity of alginate/clay
nanocomposite films enriched with essential oilsagainst three common foodborne pathogens. Food Control, 36, 1-7.

Almasi, H., Ghanbarzadeh, B., Dehghannya, J., Entezami, A., & Khosrowshahi Asl, A., 2014, Development of a novel
controlled-release nanocomposite based onpoly(lactic acid) to increase the oxidative stability of soybean oil. Food
Additives & Contaminants: Part A, 31(9), 1586-1597.

Almasi, H., Zandi, M., Beigzadeh, S., Haghju, S., Mehrnow, N., 2016, Chitosan films incorporated with nettle (Urtica
Dioica L.) extract-loaded nanoliposomes: 1l. Antioxidant activity and release properties. Journal of
microencapsulation, 1-11.

ASTM. 2010, Annual book of ASTM standards. Pennsylvania: American Society forTesting and Materials.

Atares, L., De JesUs, C., Talens, P., & Chiralt, A., 2010, Characterization of SPI-based edible films incorporated with
cinnamon or ginger essential oils. Journal of food engineering, 99, 384-391.

Azeredo, H.M.C., Mattoso, L. H. C., Wood, D., Williams, T. G., Avena-Bustillos, R. J., McHugh T. H. 2010.
Nanocellulose Reinforced Chitosan Composite Films as Affected by Nanofiller Loading and Plasticizer Content.
Journal of Food Science, 75: 1-7.

Ballner, D., Herzele, S., Keckes, J., Edler, M., Griesser, T., Saake, B., 2016, Lignocellulose nanofiber-reinforced
polystyrene produced from composite microspheres obtained in suspension polymerization shows superior
mechanical performance. ACS Applied Materials and Interfaces, 8(21), 13520-13525.

Beikzadeh Ghelejlu, S., Esmaiili, M., Almasi, H., 2016, Characterization of chitosan—nanoclay bionanocomposite active
films containing milk thistle extract. International Journal ofBiological Macromolecules. 86, 613-621.

Burt, S. 2004. Essential oils: their antibacterial properties and potentialapplications in foodsda review. International
Journal of Food Microbiology,94(3), 223-253.

Byun, Y., Kim, Y.T., and Whiteside, S., 2010, Characterization of an antioxidant polylactic acid (PLA) film prepared
with a-tocopherol, BHT and polyethylene glycol using film cast extruder. Journal of Food Engineering. 100, 239-
244,

Celebi, H., Kurt A., 2015, Effects of processing on the properties of chitosan/cellulose nanocrystal films. Carbohydrate
polymers, 20(133); 284-293.

Chang, P. R,, Jian, R., Yu, J.,, & Ma, X., 2010, Starch-based composites reinforcedwith novel chitin nanoparticles.
Carbohydrate Polymers, 80, 420-425.

Cherian, B. M., Leao, A. L., de Souza, S. F., Costa, L. M. M., de Olyveira, G. M., and Kottaisamy, M., 2011, Cellulose
nanocomposites with nanofibres isolated from pineapple leaf fibers for medical applications. Carbohydrate
Polymers. 86(4), 1790-1798.



1397 55— ;37 Bojlocs 44 alor oyl 3l 10 @il 3 pole sloiddgs a1 pis 924

Dashipour, A., Khaksar, R., Hosseini, H., Shojaee-Aliabadi, S., Ghanati, K., 2014, Physical, antioxidant and
antimicrobial characteristics of carboxymethyl cellulose edible film cooperated with clove essential oil. Zahedan
Journal of Research in Medical Sciences. 16 (8); 34-42.

Dhawade, P. P., Jagtap R. N., 2012, Characterization of the glass transition temperature of chitosan and its oligomers by
temperature modulated differential scanning calorimetry. Advances in Applied Science Research, 3 (3):1372-1382.

Fabra, M.J., Talens P., Chiralt A., 2009, Microstructure and optical properties of sodium caseinate films containing
oleic acid—beeswax mixtures, Food Hydrocolloids. 23 (3); 676-683.

Gemili, S., Yemenicioglu, A., and Altinkaya, S.A. 2010, Development of antioxidant food packaging materials with
controlled release properties. Journal of Food Engineering. 96, 325-332.

Genskowsky, E., Puente, L.A., Perez-Alvarez, Fernandez-Lopez J.A., J., Munoz L.A., Viuda-Martos, M., 2015,
Assessment of antibacterial and antioxidant properties of chitosan edible films incorporated with maqui berry
(Avristotelia chilensis). LWT-Food Science and Technology, 64;1057-1062.

GoOmez-Estaca J., Gimnez B., Montero P., Gomez-Guillén M.C., 2009, Incorporation of antioxidant borage extract into
edible films based on sole skin gelatin or a commercial fish gelatin. Journal of Food Engineering. 92, 78-85.

Gomez-Guillen, M. C., Inl, M., Bifani, V., Silva, A., & Montero, P., 2007, Edible filmsmade from tuna-fish gelatin with
antioxidant extracts of two different murtaecotypes leaves (Ugni molinae Turcz). Food Hydrocolloids, 21, 1133-
1143.

Goudarzi GR, Saharkhiz MJ, Sattari M, Zomorodian K., 2011, Antibacterial activity and chemical composition of
Ajowan (Carum copticum benth. & hook) essential oil. J Med PlantRes;13:203-208.

Hosseini, M., Razavi, S., & Mousavi, M., 2009, Antimicrobial, physical andmechanical properties of chitosan based
films incorporated with thyme, cloveand cinnamon essential oils. Journal of Food Processing and Preservation,
33,727-743.

Iwamoto, S., & Endo, T., 2015, 3 nm thick lignocellulose nano fibers obtained from esterified wood with maleic
anhydride. ACS Macro Letters, 4(1), 80-83.

Jafari, H., Pirouzifard, M., Alizadeh Khaledabad, M. A., & Almasi, H., 2016, Effect ofchitin nanofiber on the
morphological and physical properties ofchitosan/silver nanoparticle bionanocomposite films. International Journal
ofBiological Macromolecules, 92, 461-466.

Kalemba D, Kunicka A., 2003, Antibacterial and antifungal properties of essential oils. Curr. Med. Chem; 10: 813 - 29.

Khajeh, M., Yamini, Y., Sefidkon, F., & Bahramifar, N., 2004, Comparison ofessential oil composition of Carum
copticum obtained by supercritical carbondioxide extraction and hydrodistillation methods. Food Chemistry, 86,
587-591.

Kumagai, A., Lee, S.-H., & Endo, T., 2016, Evaluation of the effect of hot-compressed water treatment on enzymatic
hydrolysis of lignocellulosic nanofibrils with different lignin content using a quartz crystal microbalance.
Biotechnology and Bioengineering, 113(7), 1441-1447.

Lopez-Mata, M. A., Ruiz-Cruz, S., & Silva-Beltran, N. P., 2013, Physicochemical:Antimicrobial and antioxidant
properties of chitosan films incorporated with carvacrol. Molecules, 18, 13735-13753.

Moradi, M., Hassani, A., Sefidkon F., Maroofi H., 2015, Chemical composition of leaves and flowers essential oil of
Origanum wulgare ssp. gracile growing wild in Iran. Journal of Essential Oil Bearing Plants, 18 (1); 242-247.

Ojagh, S. M., Rezaei, M., Razavi, S. H., & Hosseini, S. M. H., 2010, Development andevaluation of a novel
biodegradable film made from chitosan and cinnamonessential oil with low affinity toward water. Food Chemistry,
122, 161-166.

Pereda M., Amica G., Marcovich N.E., 2012, Development and characterization of edible chitosan/olive oil emulsion
films. Carbohydrate Polymers, 87 (2),1318-1325.

Pires, C., Ramos, C., Teixeira, B., Batista, I., Nunes, M.L.A.M., 2013, Hake proteins edible films incorporated with
essential oils: physical, mechanical, antioxidant and antibacterial properties. Food Hydrocolloids, 30, 224-31.

Rhim, J., & Ng, P., 2007, Natural biopolymer-based nanocomposite films for packaging applications. Critical Reviews
in Food Science and Nutrition, 47(4), 411-433.

Ruiz-Navajas Y., Viuda-Martos M., Sendra E., Perez-Alvarez J.A., 2013, In vitro antibacterial and antioxidant
properties of chitosan edible films incorporated with Thymus moroderi or Thymus piperella essential oils. Food
Control, 30, 386-392.

Salaberria, A. M., Diaz, R. H., Labidi, J., & Fernandes, S. C., 2015, Preparing valuablerenewable nanocomposite films
based exclusively on oceanic biomass - chitinnanofillers and chitosan. Reactive and Functional Polymers, 89, 31—
39.

Solikhin, A., Hadi, Y. S., Massijaya, M. Y., & Nikmatin, S., 2017, Novel isolation of empty fruit bunch lignocellulose
nanofibers using different vibration milling times-assisted multimechanical stages. Waste and Biomass Valorization,
8 (7); 2451-2462.

Souza, C.0., Silva, L.T., Silva, J.R., Lopez, J.A., Veiga-Santos, P., and Druzian, J. I., 2011, Mango and acerola pulps as
antioxidant additives in cassava starch bio-based Film. Journal of Agricultural and Food Chemistry. 59, 2248-2254.

Tang, C., Liu, H., 2008, Cellulose nanofiber reinforced poly(vinyl alcohol) composite film with high visible light



925 . piycu s onelS o o S g 3 ludinte 3 g

transmittance. Composites Part A: Applied Science and Manufacturing, 39 (10);1638-1643.

Wang, L., Liu, F., Jiang, Y., Chai, Z., Li, P., & Cheng, Y., 2011, Synergisticantimicrobial activities of natural essential
oils with chitosan films. Journal of Agricultural and Food Chemistry, 59, 12411-12419.

Wu, J., Sun, X., Guo, X., Ge, S., Zhang, Q., 2017, Physicochemical properties, antimicrobial activity and oil release
of fish gelatin films incorporated with cinnamon essential oil. Aquaculture and Fisheries, 2(4); 185-192.



Iranian Food Science and Technology @ . ) Ceo
Research Journal f ; ot Olnl 188 @buo g pole Sleddgfy 4 i
Vol. 14, No. 5, Dec- Jan 2019, p. 907-927 A R 907-927. 0 1397 s5-,31 5 o;leis 14 ule
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Introduction: Due to increasing attention to the environment, as well as consumer demand for healthy,
nutritive food products and extended shelf life, in the recent years, the food and packaging industries have paid
increasing attention to biodegradable edible packaging prepared from biopolymers such as proteins,
polysaccharides, and lipids or their combinations. These biodegradable films may act as carrier of wide variety
of additives, such as antimicrobial, antioxidant agents, flavors, colorants and spices which improve the
functionality of the packaging materials by addition of novel or extra functions. In the present study, an
antioxidant/antimicrobial active packaging based on chitosan biopolymer was designed. For this purpose,
lignocellulose nanofibers (LCNF) and cellulose nanofibers (CNF) at concentration of 4% were used as
reinforcement of biopolymer properties, as well as to control the release of Origanum vulgare subsp. gracile and
Carum copticum essential oils (as antioxidant/antimicrobial agent) from the packaging material into the
foodstuff.

Materials and methods: The O. vulgare ssp. gracile leaves and C. copticum seeds were obtained from wild
plants in mountains of Urmia (Iran). LCNF (average diameter about 55 nm, average length about 2-5 pum, 99%
purity) produced from unbleached hardwood pulp through mechanical and acid treatments and CNF (average
diameter about 28 nm, average length about 2-3 um, 99% purity) prepared from softwoods through mechanical
disintegration were kindly provided by Nano Novin Polymer Co. (Saari, Iran). Chitosan (medium molecular
weight, from shrimp shell with a deacetylation degree of 75-85%), purchased from Sigma-Aldrich (St. Louis,
MO, USA). Chitosan based bionanocomposite films incorporated with organic nanofillers and essential oils were
developed by solvent casting method. The synthesized films were characterized by XRD and DSC analyses. To
determine the prepared films would have potential to be used as an active packaging, water vapor permeability,
water solubility, color, transparency, mechanical properties, antimicrobial and antioxidant activity of the films
were also evaluated. In order to determine the efficiency of activated nanocomposites, the effect of these films
was evaluated on the oxidative stability of rapeseed oil without antioxidants and compared with the effect of
TBHQ synthetic antioxidant.

Results & Discussion: The results showed that the addition of essential oils did not have a significant effect
on the crystallinity and thermal properties of the films, while organic reinforcement increased the crystalline
properties and thermal resistance of nanocomposite films. By applying the essential oils and CNF and LCNF in
the structure of the films, the apparent transparency and consequently the amount of light passage from them
decreased compared to the control sample. With addition of essential oils separately and in combination, as well
as CNF and LCNF in the structure of films, solubility and film permeability decreased compared to pure
chitosan film. By adding of two essential oils with a ratio of 50:50, tensile strength (UTS) and strain to break
(STB) of films were increased, while organic nanofibers led to an increase in UTS and a significant reduction in
STB of nanocomposites. It was also found that active films containing different ratios of essential oil had
remarkable antioxidant activity and high antimicrobial activity against E.coli and B.cereus bacteria, which by
adding CNF and LCNF these features were reduced due to the role of controlling the release of essential oil
compounds by nanofibers. With the numerical optimization of the software, the optimal amount for the essential
oils of C. copticum and O. vulgare oils were 2.29 and 2.71% (5% mix) respectively, in combination with the
LCNF nanofibers. The results of oxidative stability of Canola oil showed that nanocomposites containing 5%

5, 2 and 3. Ph.D. Graduate, Assistant Professor and Professor, Department of Food Science and Technology, Faculty of
Agriculture, Urmia University, Urmia, Iran.
(* Corresponding author E-mail: Jahed65@gmail.com)
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essential oil were considerably able to keep the oil freshness during storage at ambient temperature and delay the
oxidation of the oil.

Key words: Nanocomposites, C. copticum, O. vulgare, Canola oil, Lignocellulose nanofiber.
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Introduction: Orange peel oil is one of the important flavors, which is used extensively in the food
industries. D-limonene is a considerable part of this substance (more than 90%). It is volatile in the presence of
light, air, moisture and high temperatures and chemically, it is an unstable compound. So nowadays, the
researchers are interested to apply some techniques for protection of this volatile compound from decomposition
and degradation during processing and shelf life. Encapsulation is one of the most important technologies, which
is applied in the food industry in order to improve chemical stability of food bioactive ingredients.

Biopolymeric nanoparticles can be produced by clustering and chaining of single biopolymers (protein or
polysaccharide), or by controlling the complexing of protein and polysaccharide molecules. Polysaccharide-
protein nanoparticles are taken more into consideration than pure single biopolymer nanoparticles, due to the
synergistic combination between the functional groups of various biopolymers and their higher chemical and
colloidal stability. When the proteins and polysaccharides are mixed together in a liquid medium, two types of
complexes can be formed: 1) overcoming the absorbent interactions and, as a result, the formation of soluble and
insoluble complexes (2) overcoming repulsive interactions and, as a result, separating the two biopolymers from
each other and arranging separately depending on the electrical charges on both of the biopolymers, as well as
factors affecting them, such as pH and ionic strength.

The aim of this study was to produce orange peel oil nanocapsules based on whey protein- low methoxyl
pectin nanoparticles and investigation of various factors including the effects of pectin concentrations (0.5, 0.75
and 1%), whey protein concentrations (4, 6 and 8%) and pH (3, 6 and 9) on the formation of complexes, in order
to find optimal conditions for its production at nanoscale.

Materials and methods: LMP powder (0.5, 0.75, 1 g) was dissolved in deionized water (70°C) to prepare
100 ml solutions. At the same time, different aqueous solutions of WPC (4, 6 and 8%) were prepared. 50g
maltodextrin (at constant ratio) was dissolved in deionized water to prepare 100 ml solutions.

The prepared WPC, LMP, and maltodextrin solutions were mixed together with the same volume. Then,
Tween 80 at a ratio of 10% of the total solids was added into the solution and mixed to solve completely. Finally
during homogenization of the prepared aqueous solution by an ultrasonic homogenizer (Iranian Ultrasonic
Technology Company, 400 W, 20 kHz, 12 mm probe diameter) at 25°C and the power of 350 W for 10 min, d-
limonene was added into this solution gradually. pH of the solutions was adjusted to predetermined pH values (3,
6, 9) using HCL and NaOH (0.1 and 1N).

The viscosity was determined using a Brookfield viscometer (LVDV Pro Il, Brook-field Engineering
Laboratories, spindle S00, USA) at the temperature of 25°C and a shear rate of 18.3 1/s.

Color values (L*a*b*) were measured by image analysis using Image J software. Only L* index was
reported because it was correlated well with the appearance of nanocomplex solutions.

An accelerated method was applied by centrifugation (3k30, Sigma, USA) at the temperature of 25°C and
20,000g for 60 min. The stability of solutions were calculated with Eq. 1.

The volume of nanocomplex remained stable

Stability (%) =

x 100 (@)

The volume of primary nanocomplex

The particle size and zeta potential of prepared nanocomplex solutions were evaluated using a dynamic light
scattering method (Zeta Sizer, Malvern Instrument, Malvern, UK).
Treatments were designed and analyzed by Central Composite Design pattern of Response Surface
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University of Agricultural Sciences and Natural Resources

4. Assistant Professor, Department of Food Science and Technology, Baharan Institute of Higher Education, Gorgan,
Iran

(* Corresponding author E-mail: smjafari@gau.ac.ir)
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Methodology through Design Expert Software (State-Ease Co., version 10). The effect of three independent
variables of WPC content (4, 6, 8% w/w), pectin content (0.5, 0.75, 1% w/w) and pH values (3, 6, 9) on
viscosity, color and stability of nanocomplex solutions was investigated to determine the optimum sample.

Results and discussion: The pH factor and zeta potential play a key role in the formation and stability of the
whey protein-pectin complex because it influences the degree of ionization of the major groups on the
polysaccharide and protein. The ratio of two biopolymers (whey protein and pectin) also plays an important role
in the formation of sedimentary or stable complexes. Measuring the stability of samples showed that pectin could
play an important role in their stability by increasing the negative potential around whey protein particles, and
pH also had a great effect on stability, therefore samples at pH= 9 had the highest stability. In the determined
concentrations of biopolymers, viscosity was strongly affected by pectin concentration, so by increasing pectin,
viscosity was increased. The brightness index (L *) of the samples was also more affected by pH and with the
reduction of pH to acidic values, L* index of samples was increased due to the formation of the sedimentary
complex. Thus, the concentration of WPC = 4%, pectin = 1% at pH = 9, had the highest stability and the lowest
L *, and also pH=3, had the lowest stability, the highest L * and the highest viscosity. In this study, the optimum
ratio between whey protein and pectin was obtained 4: 1 for the formation of a complex with a particle size of
about 160 nm and a zeta potential of -53 mV.

Keywords: Nanocomplex, Whey Protein, Orange Peel Oil, Pectin
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