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Introduction: Frying is one of the oldest and popular preparation techniques broadly used at home and food
industry. High temperatures plus the presence of air as well as the water from the food being fried cause many
destructive reactions. Therefore, thermal stability and performance of oil during frying is considered as one of
the important criteria in the selection of frying oil. In this regard, balanced chemical composition, presents it as a
valuable option for frying purposes. Studies show lipid autoxidation considered as the most important
deteriorative reaction in the olive oil. This reaction leads to the formation of a series of primary and secondary
oxidation products. Hydroperoxides are the primary oxidation products of lipid oxidation. Carbonyl value (CV)
does measure secondary decomposition products are more stable than peroxides and the CV seems to be a good
index of oxidative changes in lipids. Therefore, the determination of carbonyl compounds in frying oils is very
important for evaluating the quality of frying fats and oils. Several studies have been carried out on the oxidative
stability of edible oil during frying. Rancimat test has also been considered among the accelerated methods of
lipid oxidation measurement due to ease of use and reproducibility. However, although estimate of oxidative
stability of edible oil according to accelerated methods, is used widely but there is always worries about
accordance the results of such tests with the results found under real frying conditions and Presence of food.
Therefore, necessity of simultaneous study oxidative stability is essential in order to justify and extension of
result together during heating and frying.

Materials and methods: Six refined olive oil samples of different brands in 1 lit glass bottles were
purchased from local shops and were stored at 4 °C for further analysis. Fatty acid methyl ester (FAME)
standards, and all chemicals and solvents used in this study were of analytical reagent grade and supplied by
Merck and Sigma Chemical Companies. The ratio between monounsaturated and polyunsaturated fatty acids
(M/P) was determined by gas—liquid chromatography. The spectrophotometric method was used to determine the
PV. The AV was determined according to the AOCS. The TT content was determined according to the
colorimetric method. The TP content was determined spectrophotometrically using Folin—Ciocalteau’s reagent.
The CV of the oils was measured using 2-propanol and 2,4-decadienal as solvent and standard, respectively. A
Metrohm Rancimat model 743 (Herisau, Switzerland) was used to measure the OSI and IPcy of olive oail
samples. Frying process was performed in bench- top deep- fryer at 180°C. ANOVA and regression analyses
were performed according to the MATLAB and Excel software. Significant differences between means were
determined by Duncan’s multiple range tests.

Results and discussion: There was good correlation between the OSI and induction period (IPcv) at the
temperature range studied with a high determination coefficient (R?>0.99) in the Rancimat test. Generally, the
results of the present study showed that the Rancimat method at 110 °C correlated well with stability under
frying condition and this correlation decreased as temperature increased in the Rancimat test. These observations
can be explained by the fact that steps or pathway of chemical reactions that take place at low and high
temperatures are different. Thus, choosing the right levels of operational parameters in the Rancimat method can
produce the least possible difference between frying and the OSI test.

Keywords: Frying, olive oil, oxidative stability, Rancimat.
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Introduction: The aim of this study was to investigate the effect of immobilized glucose oxidase on
magnetic chitosan nanoparticles on the content of organic acids (lactic acid and acetic acid), viability of probiotic
bacteria and sensory properties of probiotic drinking yogurt.

Materials and methods: Different concentrations (0, 250, 500, 750 and 1000 mg/kg) of free and
immobilized glucose oxidase were used in probiotic drinking yogurt. The samples were stored at 4°C for three
weeks.

Results and discussion: During storage, the content of acetic acid, counts of Lactobacillus acidophilus and
Bifidobacterium lactis decreased and the content of lactic acid increased significantly (p<0.05). Addition of
enzyme increased the viability of probiotic bacteria in test samples as compared to control sample (without
enzyme). The viability of Bifidobacterium lactis in the samples containing high levels of enzyme (750 and 1000
mg/kg) was higher than other levels. The samples containing 500 mg/kg of free and immobilized enzyme had the
highest count of Bifidobacterium lactis (7.88 log CFU/mL) and the amount of acetic acid in these samples (0.82
and 0.87 g/L, respectively) was more than other samples. There was no significant difference between the
samples in regards to sensory properties. Therefore, addition of glucose oxidase immobilized on magnetic
chitosan nanoparticles can decrease oxidative pressure and create suitable condition for the viability of probiotic
bacteria in drinking yogurt and maintain overall acceptability. Moreover, it is economically feasible.
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Introduction: Metal oxide nanoparticles have unique physical and chemical properties. These components
have shown antimicrobial effects against a wide range of microorganisms. In order to improve the physical
properties of metal oxide nanoparticles, doping other elements with metal oxide nanoparticles is an effective way.
Bacillus cereus is a gram-positive bacteria causing food-borne diseases. In this study, the antimicrobial effects of
doped zinc oxide nanoparticles with manganese or iron on Bacillus cereus have been studied. To investigate the
synergistic effects of the combined nanoparticles with two common biocides, including hydrogen peroxide and
sodium hypochlorite, have been used.

Materials and methods: Co- precipitation method was used to prepare nanoparticles of manganese-zinc oxide
and iron-zinc oxide. In this method, zinc sulfate and manganese sulfate were used to prepare manganese-zinc oxide
and iron sulfate and zinc sulfate are used for Zn- Fe doped nanoparticles. After preparing the sulfate solutions, the
sulfate solutions were mixed and placed in an ultrasonic apparatus at a frequency of 57 kHz for 2 hours at 50°C.
Then, it was stirred at 80°C. A solution of NaOH was added until the pH of the solution reached 12. In these
conditions, the mixing was done for 30 minutes. The solution was placed at ambient temperature for 18 hours.
Then the centrifuge was performed to separate the sediment. Purification was done through washing with distilled
water and ethanol. The precipitates were dried in the vacuum oven. In this way, the doped nanoparticles of
manganese-zinc oxide and iron-zinc oxide were obtained. The Fourier transform infrared spectrum (FTIR) was
carried out by the Perkin-Elmer apparatus of the Spectroma2 model, using a dry potassium bromide tablet at a
frequency range of 4500-4000 cmt. The X-ray diffraction was tested using the Phillips PW1820 from 2° to 80°.
Structure of produced nanoparticles was assessed by the HITACHI electron microscope, the H-7500 model, by
placing a drop of nanoparticles dissolved in methanol on a special lining with carbon coating and air drying, and
performing microscopic images using an electron microscope in 100kv. The bacteria used in this study included
Bacillus cereus (PTCC 1665) was purchased from the Iranian Scientific and Industrial Research Center and was
transferred to the BHI medium in sterile condition and incubated for 32 hours at a temperature of 32°C. Microbial
cells were isolated by centrifugation at 4000 rpm. McFarland's method was used for determining the bacterial
population. Dilution was carried out to reach a population of about 108 CFU/ml. Agar disc diffusion method was
used for assessing the antimicrobial effect of the doped nanoparticles alone or in combination with tested biocides
(hydrogen peroxide, sodium hypochlorite). At first, 108 CFU/ml of Bacillus cereus were inoculated on the surface
of Blood Agar. Then, 5, 10, 20, 30, 50, 100 and 200 mg/L of each of the nanoparticles were placed on the surface
of the culture medium and then the plates was incubated at 37°C for 24 hours. Inhibition zone was considered as
antibacterial activity. In order to investigate synergistic effects, inhibitory fraction index test was calculated. All
experiments were performed in three replications. Statistical analyzes were performed using STATISTICA
software.

Results and discussion: Results obtained from X-ray and FTIR analysis of doped nanoparticles confirmed
that co- precipitation is a suitable method for producing doped nanoparticles of zinc oxide. TEM analysis of
produced nanoparticles also affirm formation of doped nanoparticles of zinc oxide with manganese and iron. The
results of antimicrobial tests showed that Mn-Zn oxide nanoparticles have more antimicrobial effects on Bacillus
cereus than zinc oxide (32mm inhibition zone) whereas Fe- Zn oxide nanoparticles cause inhibition zone about 12
mm. In addition, both doped nanoparticles have more antimicrobial effects than zinc oxide nanoparticles alone,
resulted in doping process improves antimicrobial properties of zinc oxide. The synergistic effects of synthetic
nanoparticles in the combination of two common antimicrobial agents, including hydrogen peroxide and sodium
hypochlorite, have been identified. Both nanoparticles show synergistic effects in combination with two tested
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biocides (especially in high concentrations). A mixture of two biocides with nanoparticles increases their
antimicrobial properties. Manganese-zinc oxide nanoparticles with hydrogen peroxide and sodium hypochlorite
showed a partial synergistic effect at low concentrations (5 + 20) and a complete synergistic effect at higher
concentrations. In the case of iron-zinc oxide, combination of this nanoparticle with hydrogen peroxide and sodium
hypochlorite, has complete synergistic effects at high concentration (100 + 200) and at other conditions, shows
partial synergistic effects.

Keywords: Doped nanoparticles, Zinc oxide, synergistic, Bacillus cereus
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Use of clarifying agents in the purification of raw sugar beet juice
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Introduction Raw sugar beet juice (RSBJ) is an intermediate of sugar beet processing obtaining by diffusion process.
The RSBJ contains approximately 85% water, 13% sucrose, and 2% non-sugar compounds (impurities) and its purity
ranges from 85 to 88%. Due to the low purity, the RSBJ should be subjected to purification process. The conventional
purification occurs in a complex multistage process including pre-liming, main liming, first carbonation, and second
carbonation. In liming step, lime milk (Ca(OH),) is added to destabilize and precipitate the non-sugar compounds. Then
the CO; gas is added to precipitate the lime (as calcium carbonate). Although the application of lime is very well known
but some impurities, including phenolic compounds, saponins, proteins and lipids pass through purification processing
into the white sugar and cause serious difficulties. Due to the variety of compounds (dissolved or suspended) present in
RSBJ and this fact that different processes may remove different types of compounds, various fining agents are required
to clarification of raw juices. Bentonite, silica sol, gelatin and activated carbon are four types of natural adsorbents, which
have been used in many applications, in different fields and processes, including the food industry. Differences in the
nature of ionic charges of juice compounds and the fining agents induce neutralization, and flocculation and result in the
removal of them from the juice. Therefore, the purpose of this study was to investigate the efficiency of bentonite, silica
sol, gelatin and activated carbon in the removal of impurities (protein, saponin and phenolic compounds) causing floc in
acidic beverage and improving the purification indexes of RSBJ (turbidity, color, ash and purity). Floc refers to the cloudy
and turbid precipitate that forms in some sugar-sweetened carbonated soft drinks after standing for several days. While
flocs are harmless, they are a visible defect and consumers don’t accept the soft drink product for aesthetic reasons.
Currently, most researchers assume that saponins are primarily responsible for floc formation. However, there are some
studies indicating that protein, phenolic compounds and lipids also play a role in floc formation.

Materials and methods: The RSBJ was regularly obtained from the sugar factory of Piranshahr, Iran. The RSBJ was
sampled at the point just before the purification step and immediately transferred to the lab. Fining agents used for
clarification including bentonite (Na—Ca Bentonite ERBSLOH, Geisenheim, Germany), silica sol 15% (Baykisol 15%),
Gelatin (type-A; 100 bloom, Erbigel, Germany) and activated carbon (CS-2000, Gostar Ghoumes CO. Iran) was provided
by Azar kam Co. Urmia. Iran. For each experiment, 200 ml of the raw juice was subjected to various refining treatments.
The RSBJ were refined at 75 °C for 100 min by fining agents. Fining agents were added to beet juice samples according
to the preliminary experiments. After the completion of the clarifying process, juice samples were passed through a
microfilter (45 pm) to removing formed floc. In order to compare the mentioned treatments (bentonite, silica sol, gelatin
and activated carbon) with the conventional method, the RSBJ was also treated with lime-carbon dioxide in four stages
(pre-liming (15 minutes at 85 ° C), main liming (15 min at 88 ° C), first carbonation (up to pH 11, 90 ° C) and second
carbonation (up to pH 9, 92 ° C)). After applying the treatments, purity and ash content (by conductimetry method) was
measured as the main purification indexes for assessing the quality of the juice samples. The total protein (by dye-binding
method), total phenolic compound (by Folin-Ciocalteu reagent) and total saponin content (by vanillin-sulfuric acid
method) was also determined as the compounds have a key role in formation of acid beverage floc.

Results and discussion: In this study, four refining agents of bentonite, silica sol, gelatin and activated carbon were
used to improve the purification indexes of RSBJ and to remove non-sugar impurities causing floc in acidic beverage
(such as carbonated beverages). Based on the ash and purity, it was showed that the applied adsorbents (bentonite, silica,
gelatin and active charcoal) significantly improved the purification indexes of RSBJ. The results also showed that the
ability of bentonite as a negative charged adsorbent was considerably higher than silica-sol in removing impurities
(protein, saponin and phenolic compounds) causing floc, and improving the purification indexes (turbidity, color, ash and
purity). So, the bentonite treatment reduced protein, phenolic compounds and saponin content of juice by 68, 61 and 40
%, respectively. The combination of gelatin and activated carbon as supplemental clarifiers with bentonite and silica also
improved the parameters measured. In general, Bentonite-Activated carbon treatment had the best results, resulting in a

1 and 2.Ph.D student and Associate Professor, Department of food science and technology, Faculty of agriculture,
Uremia university.
(*- Corresponding Author Email: k.pirouzifard@yahoo.com)
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reduction of 73, 87 and 85 % in protein, phenolic compounds and saponin, respectively. In this study, mentioned
treatments were also compared with conventional treatment (lime-carbon dioxide) and it was observed that new treatments
can be a good choice to combine or replace with conventional treatment.

Keyword: Sugar beet juice; Chemical purification; Bentonite; Silica sol; Gelatin; Activated carbon
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Introduction: The fruit, with the scientific name of Cydonia oblonga comes from apple family, has a dry and
fluffy flesh that, due to high vitamin C, Potassium and fiber has commercial and nutritional value. However, this
fruit is as corruptible as other fruits and destructive microbial, chemical and mechanical factors that reduce its
effective longevity. Enzymatic browning is a major problem for reducing the shelf life of freshly chopped fruits
and vegetables. This reaction often occurs due to the activity of polyphenol oxidase (PPO) and peroxidase (POD)
enzymes. Blanching is used to deactivate the relevant enzymes. Blanching is done before such processes as drying,
canning, and freezing and somewhat determines the quality of the product. Sulfites are multi-functional
compounds that inhibit enzymatic and non-enzymatic browning. Dehydration is one of the oldest techniques for
keeping food products. Osmotic dehydration process has been emphasized in recent years due to the negative
effects of conventional drying procedures, this process is done to partially remove the water from the plant tissue
by immersion in a salt or salt solution. Chitosan is non-toxic, biodegradable substance that can be used as an edible
coating to maintain the quality and increase the life after the fruits and vegetables harvest. This protective
performance improves by adding antimicrobial, antioxidant. The lemongrass extract was added to the chitosan
coating as antimicrobial. The purpose of this study is to investigate the effect of chitosan coating containing
lemongrass extract on the shelf life of dehydrated quince fruit slices.

Materials and methods: Metabisulfite was used in order to prevent the browning reactions of slices prepared
from blanching, water vapor and chemical solution of sodium. Then, quince slices are dehydrated with osmotic
solutions of sorbitol, sucrose by immersion with chitosan containing (0, 0/5, 1 and 2 % lemongrass extract) coated
and kept in sterile plates at refrigeration temperature (4+1°C) for 4 weeks. The experiment was carried out in
factorial method based on a completely randomized design with three iterations. Variables include the type of
osmotic solution (sucrose, sorbitol) and coating treatments (chitosan coating containing 0, 0/5, 1 and 2%
lemongrass extract). The studied characteristics included weight loss (%), acidity, pH, ascorbic acid concentration,
total phenol, inhibitory activity of free radical (RSA), color properties (components L*, a*, b*, BI) of tissue that
was investigated in the first, second, third and fourth week.

Results & discussion: Fruits coated with chitosan containing 2% lemongrass extract had less weight loss
changes than other treatments. This can be due to the role of the extract in preventing decay, its antimicrobial
properties and the formation of the semipermeable membrane by coating, which prevents weight loss. Edible
coatings containing extract, by changing the internal atmosphere and reducing the respiration rate of the fruit, help
to maintain better organic acids .Lemongrasses extract causes the delay in the consumption of organic acids in
metabolic reactions, including respiration, due to its antioxidant properties. It seems increasing the pH of the fruit
is the result of biochemical changes in the fruit during storage time, such as the decomposition of organic acids
into sugars and participating the respiratory cycle in which the coating of chitosan containing extract can reduce
the breakdown of organic acids by reducing respiration rate. The decrease in the drop of Vitamin C and phenolic
compounds of the coated sample is due to oxygen permeation reduction and the creation of adapted atmosphere
by coating. The high level of antioxidant activity of lemongrass extract is because of high phenolic compounds of
which the highest amount was observed in treatment coated with chitosan containing 2% lemongrass extract. By
increasing the concentration of the extract, its phenolic compounds increases which preserve more vitamin C and
phenolic compounds and consequently antioxidant properties. Free radical inhibition activity was preserved due
to better preservation of phenolic compounds, ascorbic acid and increasing the antioxidant capacity of fruit by
chitosan coating containing lemongrass extract. The product brightness decreases during storage. Before the hot-
water blanching coating process, sodium metabisulfite and osmotic dehydration have inactivated browning
enzymes. Therefore, in quince coated with chitosan, the amount of color changes was not tangible due to the less
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respiration and as a result, less enzymatic activity of fruit. Coating containing lemongrass extract has created due
to the color of coating extract with the green-tinted color. The increase in the extract concentration reduces the
redness and increases the greenness of fruit, which is because of the extract color and as the effect increases, the
concentration increases. By decreasing the brightness, increasing the greenness and yellowness during storage
time and the browning increased. In quince coated with chitosan, the amount of softening wasn’t tangible due to
less respiration and as a result, less enzymatic activity of fruit. As the concentration of lemongrass increases the
stiffness of the tissue is reduced due to the effect of lemongrass on the fruit tissue cells that cause structural
changes. Based on the results, the edible coating containing 2% lemongrass extract is suggested as the best
formulation.

Keywords: Lemongrass Extract, Chitosan, Quince fruit slices, Osmatic Dehydration, Edible coatings
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The effect of infrared pre-heating and pulsed electric field on physicochemical
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Introduction: Tomato consumption is recommended due to its brilliant color, amazing taste, high antioxidants and
vitamins content. Pectin methylesterase (PME) is known as a pasteurization index in tomato juice. This enzyme plays
important roles in cloud stability, color, viscosity and organoleptic properties of the juice. PME induces the cloud loss in
the juice due to the formation of the insoluble calcium pectate; its inactivation is therefore needed to maintain the juice
stability. Degradation of ascorbic acid (AA) in the juice is considered as a major challenge during thermal food processing
procedures. Furthermore, during its degradation non enzymatic browning occurs, affecting the taste and color. Novel
juice processing methods such as infrared (IR) heating and pulsed electric field (PEF) reduce the adverse effects of the
conventional thermal method. Quick IR heating produces a juice having higher nutritional value and better quality. During
PEF processing, the juice is subjected to high voltage electric pulses for a few microseconds to inactivate target
microorganisms and enzymes. Considering the protein structure of the PME, PEF processing at a higher temperature can
be effective in this enzyme inactivation. A quick pre-heating of the juice using IR heating was therefore applied in this
study. Furthermore, the ohmic heating, occurring during PEF treatment, was not prevented. The synergistic effect of
thermal treatment and a non-thermal one (continuous PEF system) on some physicochemical properties of tomato juice
were investigated.

Materials and methods: Tomato juice, with an initial temperature of 30°C, was firstly preheated using a continuous
IR heating system. During the IR treatment, a temperature controller was applied to set the outlet temperature of the juice
to 40, 45 and 50°C. The preheated juice was then passed through a continuous PEF system. The process chamber of the
PEF system consists of two parallel stainless steel electrodes with 0.55 mm distance. The length and width of the exposed
electrode surface were 10 mm and 0.5 mm, respectively. A square-wave bipolar pulse with a width of 1 ms was selected
to perform the treatment within the range of 22.73 to 36.36 kV/cm at 32 Hz. The outlet temperature of the juice was
recorded using a data acquisition system during 3.52 s PEF treatment. The treated juice was cooled in an ice-water bath
to minimize the effect of cooling period on PME inactivation. AA content, PME activity, cloud value and color of the
juice were measured using iodine titration, Kimball, spectroscopy and image processing, respectively.

Results and discussion: Results showed that higher PME inactivation was observed in the juices treated at higher IR
pre-heating temperature in combination to higher PEF intensity, resulting in higher cloud stability of the juice. While
preheating of the juice decreased the AA content, PEF treatment has no significant effect reflecting the heat sensitivity of
this vitamin. Furthermore, color aspects of the juice were more affected by heating treatment in comparison to the PEF
processing. Browning index (BI) increased as the AA content decreased. By measuring the total color difference (TCD)
it was shown that the PEF had no impact on color properties of the juice. Therefore, the synergistic effect between the IR
heating and PEF treatment was also effective in producing the juice having the high nutritional value and better
appearance.

Keywords: Infrared, Pulsed electric field, Tomato juice, Ascorbic acid, Pectin methylesterase, Color aspects
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Introduction: One of the new methods for improving the mechanical properties of bioplastics is the production of
blending based bioplastics. Recent studies show that proteins, in combination with starch, form a strong network of
hydrogen bonds and intermolecular interactions that resulted stable 3-D materials. The big problem in the
commercialization of blending based bioplastics is the lack of industrial machinery for the continuous production of
bioplastics with the direct use of biopolymers. Industrial production of bioplastics is accompanied by increasing heat
along with applying the pressure. It is necessary to know the kinetics of thermal degradation of bioplastics to study thermal
behavior at different temperatures in order to design bioplastics processing devices and molding machines, software
modeling of processes, mass and energy equilibrium, and optimizing energy consumption in the production process along
with improving the thermal properties of the bioplastics.

Materials and methods: In this study, the dynamics thermal decomposition of bioplastics prepared from a mixture
of potato whole flour-gelatin and glycerol with a control sample consisting of potato whole flour and glycerol was
investigated and compared. The gelatin was extracted from chicken feet using chemical methods. In this research, two
isoconversional models including Flynn-Wall-Ozawa (FWO) and Kissinger-Akahira-Sunose (KAS) models were
considered. Using each of these models, thermal decomposition kinetic parameters were calculated for bioplastic samples.

Result and discussion: The results showed that the maximum activation energy of the mixed bioplastics determined
162 and 150 kJ/mol by FWO method at the conversion ratio of 0.9 and 0.5 respectively, while it was 217 kJ/mol at the
ratio of 0.6 for control bioplastics. The amounts of kinetic parameters calculated in this study, were able to determine the
thermal behavior at different temperatures and the thermal decomposition process. Also, it can help to redesign and
optimize the methods of molding and shaping of potato-gelatin based bioplastics by the use of existing machinery in the
industry.

Keywords: Activation energy, bioplastic, gelatin, potato, thermal decomposition kinetics.
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Bl b odd u) Siifolid <853 caled > 3)S e (1000

5 ilyg g 3L Fig Tree Version 4

londan 9 (Kol 08 S (bl gl
o9 bl (iedsdise wyn g £S5 3l S, Pl I e
eSS ugh e iliste ol pe il aslis 144 YL cs plol
S5 9 (S5gshrge sl Shg g 039 (ke VUL g Cuo )5 oS
e caib Sloen SsY sl slag St L l.e‘j s ol
bz 48 o IS (595890 sl Sy bl 2 bl o 3l S

polee dsye st 30 Ctage 56/5°C slos (B Jlail als o) pgs
(e ano) oy Al yo 5 228> 2 ko 4 T2°C (glod (o)
Taheri etal.,2009;) cé b plool 4ids 10 cse 4 72°C clos

(Platero et al., 2009

PCR Jgmazme 5,989 751

BU )3 (WIV)so 15 5,51 J5 (69, PCR &Y g ooy
Jyame 5l jidg,Sen 205 jglaie oyl el 28,5 &g TBE.IX
aSaly & * ) j2ds Ko 5 iomen 5 (sSelyel) PCR iy
PCR (Sly Jyame ) (ke J S ol Sala S8l Jlis!
$Wo b aids 40 e 4 598980l b 48,5 L ,> (DNA 181
cd )5 )8 S 5 ol&os )3 5,81 5 (e 84 plosl ey 90
(Alegria et al., 2009) x5 ), 1500 bp sb JuSis

PCR &’.’:ng ‘_,a.ﬁbu"
l@ﬂ s 4 s PCR cV¥aase (Jlo cpusd jolaied
85 plol o) ()59 Sle 8 b g Indiges pardsd L2l o0

aylaa Jgi
252355 Jlol 0)8 159,51 €8 b & (I el g oyl

S jahd C& 45 oy
SoS b a8,bSy) oL Jly cas WPCR &Y guase Il
Jloyl (psi> 0,8 Macrogen ouis il <8 s & (27F youly

(1 )
(Saeedi et al., 2015 Patil et al., 2010: auo (wlw! 1) (5 mosd g AN olomdon 5 (Su59992 508 S b3l gl -1 Jgun
il i My sled ), Py P Py sy SllBaed 0g)8 ojled
i 45C 10C gy  Sos%6/5 ~ pH=44  pH=9.6 JIVIS
WSSy - - - + + - 4/08 1
ovslansligSY - - + * + + 34/69 2
el + t + - - t 36/74 3
35k dges - + * " - 20/41 4
965LGko Y09 5B (o glawligSY ; N + A ; 4108 5
S ghurgisS o)
P 9955

Liy & B pH=44 G10°C clos j3 &8 W39 (souiliie dgogn
A > g5lieBgagn sbapolusbgSY (loicas 095 (ul w39
P& B39 Sailin gy sladesl Jold pow 09) 05 b5
olsisdy 098 cul s ady g pH= 96 S10°C (oo

5 Final Extension
6 Ladder

9 u‘a"" )\‘!uf Cudo f)f dlﬂ"_;wg; sugo 09).? wlwl L))l)"
=0/6 410°C (slod y> a5 widgs 315 gk i)l L geiliio Bgogn
11 c20g) S duoyd B/5 jguin 5 a3y 4 308 Lol 235 ,S5 )pH

ladusl pgd 0 S.ditun (oSS (i & Blite Yo

3Annealing
4 Extension
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4 silaie (£ yol il o BLS &S g kMl wile s laaisS olSzuls
oy oo Y5
Slolyd g ol 33,5 o oaalie 3 oyleid Jod p3 a5 johailens
bl 00 lolis SSY sl clag, Sl cladisS o i
005 035l zugh ye3s Cilisee Jolo SSE 4 B jra5S by,
25 sl S iz 3 li sla iz s 3
665 dadisS o 0 g Cuwl 03l plaidl dia |y S go
2 dilyge Lo ) (3,90 9) Slslyd o idir gyl oshiolisisY
ol b 952l 48 3l 4B a5 a9, L sl gl 49 5l ggae
23,55 ol (161 ol lg5l) gl S g 005 (alolis g

S S sl L w2 e oy 5]
055 2l 3 o
2 SESY Sl G pSh ad) g we3S Gloj Sl ol @l
odal 1 IS j3 e loj 9y 32 b Log CFU/Y cous
el

SeSY el Glagg 8L A3y 2 oS Gloj S5l Jols b
51 SSY sl oo yiSL asy oS ol Ui pwes anld S
oz b o305 3, 515 Ghaliél (P<O/0T) o ilis 55, b gl 55,
M p93 5 o U p)laz g Cos g, 09 4l ialS p)laz
g 4l Slpss I Juols ol i oanbie Ll iy ) ()l e
ol ods odb s @ S )3 s jley (b > pH

o5l o) U diwgy jsbay S8V sl slagg Sl Ad,
g9 (nl 05 Ly (ol W9y dm & @a35L5 gy 5l 5 lj8)
909 BB s 4 o5l jo, U aS il s pl 4 cand S
9 03505 Cullad a8 lg ;o ey (glyr cunlio PH 5 (g350 3lge
Col 4Bl 5l (g pmas 0dy9ly3 PH g il 4t sl 4o )
oS b amapli jgy 5l aw Lol (1392 (cawmn) (1 JS5) (P<0/05)
O ol (550059 03,518 PH (0 cnlials 5 (50 Slgo (0
Sl Slag Sl A8y Copo g Al SRl ey S
Do o dlwlS SLuSY

PNV gy Lom Sy sale alwlid

Soiledree Sluogas p aSs b dgpl 144 5lulis 5 L
2 ale 47 5 b pwelasligsy olaisl cus sl |l
535 Aol 45 055 sln o] ol

P 05,5 3 NAD 4,5 i 5 sliie b i Sla skl
slos 3 o8 w23l 3 sgliiosin g o VS o S5
0955 cpl 03,55 iy PHTI/6 1 Ll wdgr wiy, & B 10°C
P55 S ad ad)S 5  SggsSyd g olysa
4 g 45°C (slod > Ady 4 B gl Bgega ¢ e JYBIS cute
23,5 8y 35 PH=9/6 g pH=4/4 5 &S (S 20y> 6/5 clale
AXEISSON, ) 123 ,5 (glo g oS 5 51 iz (it gy 095 2
et al., 2010 <Schleifer, 2009 Tamang et al., 2005 2004

(Patil

ilisen GBS yud 32.5 o5 el gl

il b Byo o SasY anl clag Sl ololis

1y 23,5 oLl paeis cely col (Sae il gl oliardsn
et al., 2004) xiws S jie b She 5l o)l o s SL oyl
09, (sl Byo lalying: S 11055 5l Jols ol (Giraffa
Cae s Lix 09,5 s 5l s pl olul 5 U s eolazwl laaylis
3035 3] ol gl aigs sl JySlge g b 385 (ol
gsdle gl «Jgimygw (Joisle joSVE (jgiSs )8 SolS W8 e
odel 2 g 3 (5035 ggn sladrli joiidly g 98V 8L
Bergey’s manual of systematic _ls paw s bl 5 .l
5 Soidend slibl 5l Job mls s 4 bacteriology
ot g Sl &g g i sciliis ((laaid o35 g (lerdon
il 2pe gzl AT o 5l 035 o oMo 2 Jgi> 3
9o 10) Syagssed forge 2) osmly sl
Plaisl a3 | (3390 2) oS 555,51 5 (3190 33) mshenligiSY
s Lactobacillus kimchi (sladisS ¢l cpl > aSiidb
DerSdp | L0t e e 4 5o Lactobacillus parakefiri
Saeedi et ) 7 sliwsj 3YLo «(s 055 gugn oo 4 &Y guaseo
oy sy shS Jpame S e 9 (al., 2015
035 oxd QLS sdes (SSY g &S ygbos wblis
5 0oolelisS Y (SggisSeg) Mgy slapuir & 3laie (e
Choi et al., ) wsl oo (osS$55,81 5 oSS sy a8 liso
Oy 395 g0 dlinMe &S pslailen ( Lee et al., 2002 £2002
SoaS (i ol 313 53 5 osbeulssiSY iz 4 bignye S8
G g L oS Ngdioe ohd (glda SIS & g g o)k

7 Winter Salad



1398 15 -sls 5 26,les 45 al oyl 21l8é @bus g pole slesig} 4 pis 328

Bergey’s manual of systematic ©US pgu Ao anie (wlwl 1) Baslan buwgi B juudgs S pmedsd Jslgy 5 Jols gl -2 Joas

ool &g g i (S35
S
Pediococcus pentosaceus
Leuconostoc mesenteroides
Lactobacillus coryniformis
Lactobacillus paraplantarum (3)
Leuconostoc mesenteroides
Leuconostoc mesenteroides
Leuconostoc lactis
Lactobacillus brevis
Lactobacillus brevis
Lactobacillus brevis
Lactobacillus plantarum (9)

Lactobacillus ferintoshensis
Pediococcus damnosus

Lactobacillus brevis
Lactobacillus kimchi
Leuconostoc mesenteroides
Lactobacillus paracasei
Leuconostoc mesenteroides
Lactobacillus galinarum
Lactobacillus brevis
Leuconostoc lactis

Lactobacillus acidipiscis
Lactobacillus kimchi
Lactobacillus casei
Lactobacillus acidifarinae
Lactobacillus kimchi
Enterococcus faeccium
Lactobacillus acidifarinae
Lactobacillus amylovorus
Lactobacillus amylovorus

Lactobacillus coryniformis

Leuconostoc
pseudomesenteroides

Leuconostoc mesenteroides
Lactobacillus parakefiri
Enterococcus faeccium
Leuconostoc lactis
Lactobacillus parakefiri
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9
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Joly0 50 5 43g5 5 i S 4 alie byl B jaags ) mmesd Jil8g 1 51 ol SoSYaus! (56,8 slusi -3 Jgur
&> 3259, 2459, 169, 85, 49y oy, o3 Jol po

Wg5 g (s

1 1 1 1 2 mesenteroides
pseudomesenteroides Leuconostoc

1 2 lactis
1 pentosaceus Pediococcus

Damnosus

coryniformis

Paraplantarum

3 brevis

1 1 3 1 plantarum

ferintoshensis

1 1 1 kimchi
Paracasei Lactobacillus

1 galinarum

1 acidipiscis

1 casei

2 acidifarinae

1 amylovorus

1 1 parakefiri
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Acidity(“Lactic Acid)

[£1]

15 24 32

Lid
e

16

=]

Fermentation days

.—-—._“,_H__’._._-.__'__.__f

SRS (o (b )3 (5053 gugh Ayl 9 PH (5 Ol puats -2 56

CSpi by CSle gbale oLy @
LXWLggW] Low)
okl soale 4 ot 0 JiSlse 3T bt 4 a2 L
oba e SpiugisSyl ¢ (2050 8) g uskuolisSY (3,90 9) g, ki,
(3390 <o) )b sty (390 S0) (S oshalisiSY (3590 4)
lolid iz o B o0 3)50 93 9 3)90 S0) e ptil ushaolsiTY
lolid alix 26 gsacme jlctidg (ogluligSY iz 4 (3o 45 K5
ool gl S jlas jlaisly polaisl e |y JsSlge (b9 4 00d
ozl aw §) ho jgy el Cusday b g JiSlge b (36 5
o35 b 59y (2390 1 pgp iy wshewlisiSY 2 igpiie S giugisSag)
2 poplidly oshalsisY 1 ungiie SpiusisSis) dgnl &
roskealgiSY) dan) gy J) ass 8 5oy (3y90 2 g sk
Sotugisog) 9 1 GagleaigiSV i L ST pusluoligSY 2 g lidly
2 pa)lidly pophelisiSY ) dgial 93 5l a5 omo3ls 59, o(L udigpise
2pg)lidly oshaolgrsY) dgnl 4 5l plar 5 a5y {25

MU Gl 38 slae S 16S IRNA (u5¢lSy JIg
Loyl JIDNA glzcl 5l g A8 (0 o2]3 plulid § Sijolid
52999750 5 sl oSt bawg ol Cgllas e 5 S
rogesl bl ol 4 2255 b ol 26 s 5 05 (088
bk plosl il g9, 3 PCR @liles o sl sl sl DNA
A5 oy BB 5 oy otel cama slagsSilel colys
[(Kermanshahi and Peymanfar, 2012)
J5 3 Jols slasil 335 0 oanltio 3 JSb 5 &S pshailen
Slp el Glasl b oo lagba PCR ;)58 xSl
23,5 Jloyl0)8 js Sle 8 b & b Iy car &5 35 bl
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L 58 oshalsisy o 1 ity oplaoliss¥ 2 g oshalsisY
oz 9 4 gy uslalssY) dgpl w5l ped g o joy 5 (390
(5901 Loy

50 44 68 101 106 139 145 149 459 160 NC
— e D G WP WD NP ey e -

1500bp

3: Leuconostoc mesenteroides, 4: Lactobacillus plantarum, 39: Lactobacillus plantarum, 50: Lactobacillus plantarum, 44:
Lactobacillus paracasei, 68: Lactobacillus brevis, 101: Leuconostoc mesenteroides, 106: Lactobacillus brevis, 139: Lactobacillus
casei, 145: Lactobacillus brevis, 149: Lactobacillus plantarum, 150: Lactobacillus plantarum, 160: Lactobacillus brevis and
Negative Control (NC).

100 bp+3K & L5 ¢ gike J 58 :NC (16S IRNA (35 iS5 51 Jaols 1500bp (glausl -3 JSi

9 990 gy 3 o3l b (5l 293 (b )3 (5 oS Tagh (SWAIged jf o e SSY gl (51 65 (o bolind -4 Jgu
S oS 1 ol gl b o dwglie

Fawpd e g, b pllid P agw cpdSiaE cald g, bl o ale s G,
KVCRWE ] NCBI sal5 s (%) CS diged FXC
EU419608.1 Leuconostoc Leuconostoc 98 e G6
mesenteroides mesenteroides
strain KLDS 5.0606
KM922563.1 Leuconostoc Leuconostoc 98 S G9
mesenteroides mesenteroides
strain SCWL 05
KJ801851.1 Leuconostoc Lactobacillus sp. 95 Jho 99% G14
lactis sy4 Lactobacillus
plantarum
strain KLDS
1.0728
KF697659.1 Leuconostoc Leuconostoc 97 4 G3
mesenteroides mesenteroides
strain MFL24
KM497500.1 Pediococus Lactobacillus 26 4 98% G35
damnosus plantarum strain Lactobacillus
KLAB1 Sp. sy4
KJ801851.1 Lactobacillus Lactobacillus sp. 97 4 97% G39
plantarum sy4 Lactobacillus
1 Ladder

2 Accession Number
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JX966418.1

KF246513.1

KM495889.1

HM151330.1

KT025848.1

KJ801851.1

KF697619.1

KR055061.1

EU600920.1

KM495883.1

AB932522.1

KP889229.1

KC568563.1

HM162416.1

KC148528.1

KM269721.1

Lactobacillus
brevis

Leuconostoc.p
seudomesenter
oides
Lactobacillus
coryniformis

Lactobacillus
kimchi

Lactobacillus
plantarum

Pediococcus
pentosaceus

Leuconostoc
lactis

Lactobacillus
ferinfoshensis

Lactobacillus
gallinarum

Lactobacillus
paraplantaru
m

Leuconostoc
mesenteroides

Lactobacillus
coryniformis

Lactobacillus
plantarum

Lactobacillus
parakefiri

Lactobacillus
plantarum

Lactobacillus
gallinarum

Lactobacillus
brevis strain NSel

Lactobacillus
brevis strain p-18

Lactobacillus
plantarum strain

gp86

Uncultured
Lactobacillus sp.

Lactobacillus
plantarum strain
KF

Lactobacillus sp.
sy4

Leuconostoc
mesenteroides
strain MPL24
Lactobacillus
plantarum strain
CSCWL 6-14

Lactobacillus sp.
KLDS 1.0717

Lactobacillus
plantarum strain

gp57

Lactobacillus
pantheris

Lactobacillus
brevis strain FJ004

Lactobacillus casei
strain MRTL3

Lactobacillus
brevis strain
CGMCC_1.2028

Lactobacillus sp.
CPP1

Lactobacillus sp.
L729(LBF2) C04

98

98

99

92

95

99

93

99

98

89

97

94

99

16

16

24

24

24

24

24

24

32

plantarum
strain LCN 56

96%
Lactobacillus
paracasei
strain 1A
92%
Lactobacillus
plantarum
strain KF
96%
Lactobacillus
Sp. sy4

94%
Lactobacillus
plantarum
strain LY21
96%
Lactobacillus
plantarum
strain LP1-4

92%
Lactobacillus
casei strain a4

96%
Lactobacillus
plantarum
strain CMGB-
L1
97%
Lactobacillus
sp. SMG131

G42

G129

G4

G44

G50

G52

G101

G32

G150

G56

G60

G127

G139

G145

G149

G61

10

11

12

13

14

15

16

17

18

19

20

21

22
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FJ227314.1 Lactobacillus Lactobacillus
brevis brevis strain bh3

KM495917.1  Lactobacillus Lactobacillus
kimchi brevis strain gp66

FJ227314.1 Lactobacillus Lactobacillus
acidifarinae brevis strain bh3

AB548886.1 Lactobacillus Lactobacillus

parakefiri brevis

98 32 G823
95 32 98% G106 24
Lactobacillus
brevis strain
gp42
98 32 G116 25
99 32 G160 26

Lol 3 b (LS 30055 Sy > & S5 (lge SIS s
A Lagiliie Bgogn el 3 g )l j9i> gilie)dg i (sladgu
Gl (LS 12055 slmod gl 3 51 gl gl b S35 IS 05 dimlgs

ol 01 plogl ] ess olye 3y90 1 5 (o0bj lalllas a8

1208

100%

B0%

s

IR

Percenmtage of LABs pecies

Jolye 3> (SSY jold SBAigS g i g9 g Ol

S oS Tgh oS
@l 02318 9 At goite (LS slbyass aSul 3529 L
Lol cains oo plol 1y o0 oS )l olpanslS g )Sue 4 (Siasy

16 pL 32
interval time{days)
- L.plantarum = Leu.mesentroides < L.brevis # L.paracasei 8 L.casei = L.panteris

oS Gide Jol g0 (b (A0 )3 Cuns 1) SwSY sl (gl 8L litio gla i Ol pits —4 JSWS

DS edalie do 4 pids joy jl (Jg caib b jels pids
Canl (8o 01055 (gm Slojg) 5> Sgiwgisug) i Hga> pis
Sy 2J55) wol oas S5 slaje, ;> PH ials s &
ey 1y 6/5 dg0s PH g 039 Cawgd duasl e iz ol slodisS
Jsl 505 3 paslid LwslwlszsY . (Schleifer 2009) wa> o
2338 gy 3 Jy Culs joa> p)laz g Cann oy b g 45 eaalite

SelS oS Lol cbad & cuwl bl clagss

2035 Jol diin (b s cpl disin 55 Lo yiaS jlade 4y 5 55558
Aol SVl 4 gl dg e SlaeuslS)lySee Loy
balyd sl lp o ()8 Sled 5 Jobl Jsile Sl
o) » (Bamforth, 2005) wgi o Jas cuol p3Y (c5lon o
b (e olej)dsl slajgy »» Sgtwgisy) slags S bl gy
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Sejokd by

3 odel camdty claalis (Si5ekd Cusbge (B JS) By
) C3)3 (IS jobod and o (Lt o & S |y (6055 e
Sy pl) adgs 5 d Jolis L ojled dbgd cddgd du Jolis o
2 o)leis adgs (G42, G44, G139,G101, G3,G6,G9,G60
G50, G32,G56,G149,G39 (sladlgs! Jolis) adss 5 duw Jolis
Jolis 3 oylass adgs cules 3 5 (G150 ,G5 ,G14 ,G61 ,G52
G106 ,G127,G160,G68 ,G129, sladlyj! Jolis) adss s 93
A ol Jol adigs oS dad o ol b IS 04 (G145, G116
ol gSY g (odagySje 455) SgigigS ) uizgd 9 Al
S5 ol pgd adgs g (SIDL 9 S compl saais)
655 Jolds 35 pow ads> <ol ,» 4 Lactobacillus brevis
.55 Lactobacillus plantarum

2
e 2
o 'S N
% & 3 %
2 (=3
e} % ® 5 8
Q % B = 5
g, % % % &
%, %, 2 \ &
G
Lac,
[ob"'-‘l'/lus
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06_|_acto
Gt Giws
o
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& & 3
& 5 8
AR A
g ¥ 3
(¢) N
3

)5 odnlie p)lox jo jl g sbeols Y. b I (638

D e b pgd g (w0 jey 2 (Jg

Sl slaeySL imgh ol 5D odel Cundey ol wlal

2035 £y 1 JB SgiogisSyl g ookl g8V (i jl SV

A gliie Boia (slacs S o cpl )3 MBS g 03,913 5
9 Sl dl (SSY apl Mg L9 g e Sgtgigs’y)
@ g eSS gdu Jolpe j3 Wledgr et euiSlel oy S AT
A8 giliie g pin (cladgu (Rl 95lie)ige9n (Sladigu 5950
S8 &S g pusbwlsSY ess GUL ol > L
Fg Coglie g wppul (il BB 4 A8L o0 ()Ll g5l B9 i
S5 |y e 65 g3 5 o 595 53 6 3SL ol sl sl 40 o
sdalie @233l joy > el 9 (Fi pusbuwlsSY e
5500 95 edalie ol o) 55 (DL uslaolisSTY g 505 5
6 055) 595 16 55

N
§
S
S
§
L
» S
$ \3‘(} \? S
061—\—3
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G60-Lb.pantheris
1 927 ——————  GY9-Len.mesenteroides
Gh-Len.mesenteroides
I A Gi-Lewmesenteroides
) 608
Gl01-Len.mesenteroides
G139-Lb.casei
1000
g e G44-Lh.paracasei
G145-Lb.brevis
G116-Lb.brevis
G129-Lb.brevis
G42-Lb.brevis
r 310 s G68-Lb.brevis
G127-Lb.brevis
b G160-Lb.brevis
914
——————  G106-Lb.brevis
G50-Lb.plantarum
H 381
G149-Lb.plantarum
G32-Lbplantarum
—~ 180

“TRICAGToNY —  033-Lb.plantarum

G39-Lb.plantarum

40
67
- Gol-Lactobacillus
4 i
e G150-Lactobacillus
G52-Lactobacillus
G3-Lactobacillus

497
Gld-Lh.plantarum

GS6-Lb.plantarum

G4-Lb.plantarum
0.1

51 0 oy Lol 1S s diS & slaio 165 TRNA 35 sl JIg dwnlio (polusl p1 00 oms i (o318 l3909) S foled b 13 -6 IS
SS90
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st JoSse b, L 1] ol g Como wL et 5 0355 3530
g
Jm 5o 4]9}.’.1 o ‘_le ey 4395 26 O 5! oo
SpiaisSy) opmen  hadi)l Sbage (S me
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Introduction: Carrot products such as carrot juice and fermented carrot products possess high nutritional value and
they are considered as a major source of B-carotene. Carotenoids because of containing conjugated double bonds, have
antioxidant properties and provide the natural yellow, orange and red colors in fruits and vegetables. Due to the outbreak
of some problems such as lactose-intolerance and high blood cholesterol especially in dairy products’ consumption, great
attention has been drawn toward fermented vegetable products. Lactic acid bacteria (LAB) including important genera:
leuconostocs, lactobacilli, streptococci and pediococci are wide-spread and have been divided according to morphological
features and fermentation pathway, which utilize glucose. Current knowledge regarding involved microorganisms in
vegetable fermentation is still dependent on biochemical and classical data. Nowadays, application of molecular methods
in the field of microbial identification has been provided better understanding from fermented foods ecology. Since local
starter cultures are considered as precious genetic resources in each country and also they play an important role in
production and creation of organoleptic characteristics in fermented products, therefore, the objective of present study
was the isolation and identification of lactic flora from fermented carrot with the help of conventional (biochemical) and
molecular methods and determination of phylogenetic relationships.

Materials and methods: Following the production of fermented carrot samples, they were packed in plastic container
and stored at ambient temperatures (25-27°C). In the next step, total LAB count was performed according to Iranian
standard of 5484. Isolation and selection of LAB was done during 32 days with the intervals of 0, 4, 8, 16, 24 and 32. For
initial identification of LAB, isolated were subjected to gram staining and catalase tests. Also biochemical tests including
growth at 15 and 45C, at NaCl 6.5% and 18%, pH=4.4 and 9.6, were done in order to identify and classify at genus level.
Carbohydrate fermentation profiles were obtained for isolates with the aid of 10 sugars. Molecular identification was done
with DNA extraction followed by amplification of 16S gene with universal primers (27 F and 1492 R). For sequencing
of resulted PCR-products, they were sent to Macrogen Company, South Korea. Phylogenetic tree was plotted with Clustal
Omega and Fig. Tree soft wares.

Results and discussion: In the first step, 144 gram positive, catalase negative isolates were screened and selected as
presumptive LAB according to gram staining and catalase test and morphological characteristics. Among them, 48
representative isolates were chosen and identified up to genus level according to biochemical tests. Five distinct genera
were identified as Pediococci (4.08%), homofermentative lactobacilli (34.69%), hetero fermentative lactobacilli
(36.74%), Leuoconostocs (20.41%) and enterococci (4.08%). Carbohydrate fermentation profiles revealed Lactobacilli
constitute the highest percent among other genera and also some species like Lb. kimchi and Lb. parakefiri were detected.
Growth of lactic acid bacteria experienced increasing trend up to day-16 but thereafter showed decline trend until the end
of storage time (day-32). 26 out of 48 isolates were subjected to molecular analysis. Results of sequencing revealed
following species: Lb.plantarum (9), Lb. brevis (8), Leu. mesenteroides (4), Lb. casei (1), Lb. paracasei (1), and Lb,
pantheris (1). Changes and variation of lactic flora during fermentation stages revealed that at initial stages of
fermentation (0- day-8) Leuconostocs sp. were predominant species but disappeared then. In the next stages of
fermentation Leuconostocs sp. were replaced by homo-fermentative strains such as Lb. plantarum which was present
from the first day up to day-24 but constituted the majority of species on day-16. In the final stage, Lb. brevis dominated
the others due to better survival and resistance of this bacterium at the increased acidity level. Phylogenetic tree results
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revealed three clusters including cluster | (composed of three sub-clusters), cluster Il (three sub-clusters) and cluster Il1
(two sub-clusters). Cluster I included two genera: Leuconostocs sp. (mesenteroides) and Lactobacillus (pantheris, casei
and paracasei). Cluster Il included Lb. brevis and finally cluster 111 composed of Lb. plantarum.

Keywords: Biodiversity, Lactic acid Bacteria, Carrot, Fermentation, Phylogeny.



Iranian Food Science and Technology .
Research Journal %
o,

Vol. 15, No. 2, June. July. 2019, p. 341- 353 | \,“

b

olnl 1ae gaboo g pale sleirgy 4yl
341-353..5 1398 ,ui- ol y5 2 o ke 15 b

o3l b (gl 2 5 Jlasl 3153 (5255 Oz b (oIS 0900 035 5 o2 G Al (gt

Pl (o & P gy )

26}'.'.‘:}: Sy deoes —zdéj.w 3| g dazes —*lﬁ.'iq:lji Cpeen

1397102107 =234 55
1397/10/09 3 3, 5o 6

oS>

wieok onl ) 1048l e syl slaisbey ()l p der Sl Sl (S w5 (et b ) odlitel b Sl s g hogee CudS (b))

8 (a2 2050 Sl (G oo gy 3l ool b Slejlil 0)93 (o (M5 (39 5 o b of b)) 5 (Seeliad ) BS)L J1 p0 (o5 (Sibes e
Seolyd (Il o 505 ] i Sdgy o3 by oIS 27 2hias g 0 sy s 55l 5 5 3lizal b oI 50 Slass (IS 51 b .S
15510 5 loylil (clmoygd 5 dadiges (Siuwgs w9 JS po (o yolaiods g 15 o3l jL5 05400 5 350 300 w559 4w b Kigl S5 3l odlisal L
Lol B 558 Iy il (Siugy 203 (5 o> (I L o 05 o] 5] (Sl gl b plonl i Sl (g Sl oolital b 55 g0 135
O Sl 392y e dlall) S (Shws 203 b (s 5 02> BB oy G (rBes (Bl GBI 35 (Shs S0y e (X (s GI3S)
wpd jlam g S8 (s 9 0o Sl d2p0 C8)5 Wl (i cnlpli 8 e QI (Sdg dopd 0jg 9 e iRl Moy (IBIL S O

Ol 53l ddo (S SiS ud Sis oy ialS > ai o
Slapluns (s )3 090 g (0> Py (S 3 sla Sy )
(Shahbazi and Rahmati, 2013) s, cuedl jlaw (6 pS0;l]
Y5 4 cul (San ogme 4 3)ly &lus (Pathare et al., 2012)
sl 3yle ol oolod 8 a3l 5l g L ey o I ilise
S 05 Ll gloj g dasd plea 3 (Kb Cllus
Esb 5 ol oy (sl s Jomo & (St 03y Sl liee
(Opara and Pathare, 2014) (Babic et al., s, bls,l 650
Oldisee jl Sy wizmed (Stropek and Gotacki, 2015) 2012)
3)90 0950 > (BT 05 (5905 b Ly Sl p b & A Nitno
ol A5 s )3 a5 3500 ogue I iSu & Sloj Lol abls L
MM BB (9058 S b (b » e (Sis
Lo Jsbo (S205 ) e (258 5 rizran 3 o ol
S5 S5 oS Bl go LT (Sloj g ol a5 3)90 0910 )3 Ty i g
Caleg 53 9wl 4B )5 )15 )Lab Cod ogee (Joho 0l )3 a Jshe
b Jai 90 Chond Sy s Sl pal (e &5 S oo
Sojud Sluoguas g plaw pizen (Opara and Pathare, 2014)

(Email: azadbakht@gau.ac.ir : Jyue csiws = *)
DOI: 10.22067/ifstrj.v15i2.72354

Dy Wl yiaS (Sdpsg 10 g 039 il 0gee AIL a8

SR O U IR L EIP AN P VS

.

EVRYY)
Sl g oy able (S5 oSy m b5 o
S e Sl 090 (pusin shul ke (Sojsb ol
Ji5 5 Je> ccuisly  plosl sl .(Soltani et al., 2011) cool o34
4 2lgo ol o sl 5 (g5y5liS dlge 3l caslio (510855
bogee (Sujud (ol I (os S 4 s (SThss 5 b dlge
$5r9laS Blge hwog sly N S 5 05ll e e
g ilocse (S ojlul 5 JS3 olul S e orlinal
el ol Gl b & gygbay din pre baogee (S0l
8 5 Jo> Car caslie oSty 5 a3y baogee (55 o0
Owoed .(Hazbavi et al,. 2015)(Sabzi et al., 2013) 5b 1,8
sm o 35 536 s 3l 3 1y Ll sl laogee 5,0l sl g
35 JiS e |y bogse Cuily 5l o Sl we eyl Sl
25 e lple il el ogwe (Sjud Gluogad uicxen
&1y olaogee dliad Wlgs o 0gme JS 9 w2 (Ganiron, 2014)
S s bl el oIl b diey o o ]y bl e
O Suid Gl ollas o 53 09 gaw g e (inen

gy Sl 05,5 )| ol sl 5 ltil g =2 5l
OB b @l 5 iygliS psle oSl



1398 15 -sls 5 26,les 45wl oyl 22l8é qbus g pole slesig} 4 pii 342

Gl b Sep olbcuw] e g5 0 3y aps oI
Y 090 (g 9 x> O ) o 4 34885 (] 3 &S Wgd oo
syl Sy obylil ae (b > g ol (6998 Ao yd l5ee b
oa5 a3l (Sl S e b 3e3l S8 Lod)ly (Seelind
4 0l (Sob ol Jlan (5 ogee oS GRIHIL Gy U e

Sl )18 ol yide JLasl y> edge8 bads gyl ISS oy e

iy, 9 2lge

Oyl QB = olalS il L 5 Ukl 08, (sl o5
b olie 5 655l psle oSl lSles] 4 ladiges 9 303
5 ool 3l oolil b el gl gt I g 9 43 Jitie (55
Ol [(Azadbakht et al., 2017) wi (5 pSo3lul 5 kel i,
92 WTT192 35 39 Sl 3 (Y el 0 (5503151 g

Sl (I ow P9 b §)10 0 pr9ea

Y5 g 5lwoalol

1,5 Ol ilejl (sl (oM dae 50 b islejl oyl )
uSwJI S A.))ZA)A.C u*’9) )I ool l) llbu.:Mf L))l )l 9
395 (y9yd (63985 gub 45 M5 27 3law g 13,5 (6,1 gu
b i 5 (555l ple olSiils 15 59,15 510 5 090 w
o alia & 33 Sypots ol s by 3 sl IS5
3y90 Bpao b ()l e 0 1) ogeo oy b 0288 )18 (g )9
23 14 o M (IS5 (sl bmo slg (glod b )15 )
Dg Moyd 00 s cugby oI5 le

Wb (905l
390 o 2 ogre s (1 JS8) 03 a3l (55 sy
YU (45 90) JLas 590 gly b olKiws o5k 5 b o3l )8 jlas
ol&iwd 2)S 3 )55 M 4 g by g3L oids S s 3 g 00y
5 150 100 Gilisen e 4535 4 5 o5 200 oasl sl iyl
5 lgn Cuoglio I Cusl S5 & oY 29 (35 w0l p)5 200
ol 0L )]a) d).ao Sl

S5 e
5 45 03y oialojl oxe 4y @M (s oy g plosl sy
~2 JS) U8 361 Gao 51 oSl (5o ol (gl 5l g
oyl =2 JS2) 15 03 )13 (Sl (5 Alaiome (193 )3 (1 oyl
s 4y Sl sloandl (4 o)les -2 JS2) andl g 500 515 (3

12515 (0L sles ol 55 5ilwo i3S (sl 55y5liS Y guame
S dgde el Waogee 2 03)ly sy 5 (Jolo slacsl ()b
ol Ol (b Rl nn b oS e &) aoge )3 (6398
r My 4 g L. (Aberaet al, 2014) 55 Jus 1) ole
P Span s g ol (ol 3blie > aogee g ofl Sl o
oo piliee S 2)1 5l See @i 4 ggdee (nl )R> bl
Job ) o)l I ol orel dgpga  (SlKe (slacal
Jyame by |y slodiie gl 4281 abb e il
50 =70 (y0 (6 yumayS 3blio 1 lali Jlo ol b sl o oo
Sl ] @i opl Lol cde o sas b)) aep
bgio b g (55 5l (80 S5 0 &5 sl @0 e a0 (9295)
oaszo lalllas da Jls Job 5 a5l calizes clagles)) 5| SLSL
Sl s g Wogee (0395 4 Cumslus 9 (S0 Lelss b)) sl
Slaws! 5l bU 1y log jw g bogro )3 (6355 &S sl 0 plocs]
b)) (ldah et al., 2007) sl o cé > 5 Goibp lipss
6&.))7(5)&.; 9 u)m dllbwa) )l u_»...g)) )I o3 L] l) \/w po.m.f
dgdien Pl bl s gl b g Jpame (BMS A5 Ly Loges
Ll pogase (jg g ojlnl ol 2 dlge (gilulia Jals
Cpweut o sy, ales ;I (Kotwaliwale et al., 2007)
ol &S 0,8 o)Ll WSl andl 9 CT 5l ool & ylgs o 30,8
lises Sloj slaojly jo 1) (63048 4 dad o Bite 38 &y I ol
Sly dStie () 0l b b s9s8 (6503l 05 WS (g2 0900 3
(Dielsetal., 35l o5 39394 5 oz 3lge ) > (¢ S0 ;l]
2017)

LT oM (6905w ciwog (slp (2010) Kabas
Sloslatul b (6048 poxs 8 S a9 3,8 odlatwl Lsby Jde g
g Peleg .cusl 4ol bB g o0y jlre poad 5y (slaSuss
o jws g rogee 59y p slod S Sliiss L (1986) Hinga
b cov ¥ game doy 30 40 ol (Sao oS 485 4
55 515 L b ety 1 SolSe glacaul glgl 5 g208

o\Sea o Brusewitz (1989) Bartsch 4 Brusewitz
o )\Sea 9 Ahmadi 4 (2012) Sen 4 Zarifneshat (1991)
oy (5 S (g9 Mile (£395 & bgrye sl (i (2010)
b oyl cpl bloyl (oS ouls )3 g 83,8 awyp |y 5,8l
8395 W (peSS (gly szT 51 oolatul 050 5 (6955 o> &
Lol i ) 8365 ¢y

opf g Sk ¢ 2lral> (o)Ll gl Wogee ()5 5 po>
5395 Oliwe 59y 2 2l 4 3B 0392 595 (VL Cuenl
@ ol 5 by > )3 a5 Sloj g Wl bogee (S,



343 33 699 Ol b (OIS ogae (339 9 o> ot Ay e

=2 JS) b pgai oS @ ()55 oS i Kl ool b
2 a8 Juol ke s3luile sl Sgmels U1 4 5 (8 oles
i 015 0005 5 el g 633y Kl 2 S

Ol sl opl 3l o yhie (5 ojleus =2 JSE) 0 ol bn oMS
=2 ) a5 5y M8 5 ond oawl (claasil Lale g 13,5 NS
S90Sl S dgts 2 51 0 3) (slaygs 9(6 95 o let
o (T 0yles =2 JS2) 03,8 Gl Sl (5w dlaiiee (4193

& o BlKwd Silows 1- JSUS
G 5 dapd Job IF M5 (6,5 18 oo E oS Lol ol D (oM & Jokib 3,655 1C s 95 (b Jlo y3 Joib B axyd 90 agl; 3 Jouib ‘A

oKy L0

.
.......... L
S e i e — ]
i _ A
” '|" :‘
N — 5 — [
- 7 =] =
il
LBV E
1 i = N
I =
1 A £ = 0
1 5
A -t b Z A
= 1 & g :
el e i
1 =S
' a3
1 = ~
g sy P N |
o ! ©®oc
&= =gl " E |
AV VW B
e R

— E-

D

S ow § )10 s a5 2- S
axd| o,\s).; JBJM;—Y J5.a.'>u )| o5 3y andl =6 ol ‘,;L'i): anil =5 axil AJ5J -4 J5.a.'>w Lﬁ]‘.ﬁf )1)5;17“’_3 oKewd 53959 Jze -2 )"5"“"'{ d"" -1
g ouiS s -8



1398 15 —sls 5 26yl 45wl oyl 1108 @bos g pole Glecing}y @ pii 344

soul ly g as plsl yuel Lo 120 oLy 5 cdgols 80 514
05 3] ygluar s odlil (¢ yia oo 1 (sla oy 5l JolS o glas
9 0ad i Syngo CT 2012 ysaf oaiiSobml jlible 5 dlusgay
Convolution .4,5)5 zl el g dus dbuw ol g (gdn 50 polas
03¢ B31SmMOooth &S’ o (ylu 1y plas i glg ) ()50 45 kernel

ol 0055 S5 512 15512 (olas e ko aliwgas gl o

o5 b oM o Suolod (6)l35,L 51 o 59,15 5105

J4 Computed Tomography (CT) Scans siemens
98 Bl oK opl b Sl SOMotam emotion 16 slice
O &S 295 0 Cgmme pow i CT (slmolSius jl g 0390 ylol]
360 o ygoa a5 axsly 3 58 (g9, 4 9, Detector 4 Tube
Sl s B 038 33,5 Jgie Cpgons o d 9o 4 433
2 55 nglad b 09 g L inloj) (gl oS gy (e 55

Gl 3 o 03l ] Sw! (F ow 81w =3 S

o b dol Coddy pe ialS b BB e g 13,5 oS
> gl do) (M5 ()Ll S e e SV
WA dawlre (g0l by oME

Losly (g o] Juoi g &y 3205

15 510 5 0y95 aw 55 (Seoliss (gla e liS)L 51 o lndiges
) b pialejl poles b plosl (60 puSe g 503 Ll g,
oo B 3 o ysS inlej] 5l eslil b gl 5 A5 ploul 1S5
Jlazsl s 53 5 LSD g, b b ysSilie dunlio 5 ool SIS
3535 oo SAS (6Ll l53lp 5 5l o3lizl b 10,3 5

pd 1B (K g iy S dop (uib)ly LT ol

P Sy 0)d g 4y5 S B M @ o JialS ao )
2 )Ll oy BI1 oo 4y dogy bl o o3l (L Jodo
Sy 20> 9 (yjg LS Lo ips I S (o v e
Lopd g Giy ol Moy ln i L axs mien
0y93 el odd Gy gxe doyd 1 Jlas! maw p  Stews
I ixe 2o yd D g 13 55 s 5l S o 559 sl s byl
039 &l oy Bl odis HId dme wos halS Moy g 0l
wpo 3l 8 (2 w2 g e RS Ao yd iyl S (S
Syl 093 5 (65138l 950 bilite S puizmed (Cuwl 0dils Hb jixe

> ol e pgal 9 9395 o b Slej Alols I
Cagby g ks |y oge (59) » i Sl ojla] (9358 4 &S 0
oSl dndl G Wl o gy glis ) S Ly ialS 365
olSiwd ol jl eolatnl b g aed (iol581 ) Wl 5308 8l oy
29U (ned g 0gne y2 (6395 x> (ljee 0gee JS w2 ljee
2355 Cd g 5 S0 ilul oo (595 13 ($395 1 sl (V) s 9
e g S oo 4 (6308 w2 Cuws (Diels et al., 2017)
P IS0 s b g as anwlxe Sl Saw b odel conda
Oinlosl oyl 3 o3linl 3 y90 ol5iwd 3 JS5 )35 cud S l38le 5
Ored sl 005 03 (LS oy slp (2 558 Joe
sl 29 100 6 70 51 (ko yobots (D 2 (5 050 09005 o
Sbypgal Gan dw gilojl glp @M oS S5 4
4SS 0 2l pgas & o) b pgad 1o oS5 Jolye b
e odm 90 0l (gilwil paal pitred (ol o ool LS
9y poai ol g o a5 ol osd odb i 5 U5 > 0
oyles O JSi )3 5,5 (chopmmnd oduwgy bl g b CBb Caond
S bog 0053l u9ai 2 o)lad 5 (296 3 (SidgS Jove 1
ol S

pe oS s
oSl (Gl oalatal b (IS )L 5l am g JB by oIS oo
SISL 5l U8 w5l ()8, 1 am o g b (555011



345 .. 5 63555 ol b (S gm0 (339 9 02> (Al y (o

Js e ooy G (Stuar daly 0aimd L5 2 Jpu 2oy D o 53 iy 5 > GRS o 5 (Seg hoy il

> OlalS Lo (e (il e 5l am e <5 ] Moisine drpd 1 UE (Y (g g o el g Sl oad e

p,5 400 5350 300 w3y b (sl ps s (gly (Showss 3o g ol o
ool 039

’ .‘\w‘
OSwl (F ow panad Calw &‘”—4 IS

RS 9315y 1 51 g JB oW Gam 93 Slei -5 UK
(o (25 B ongy ise 1A 0ad (53l pgead > (Spgy =2 a8ly gt ) (Sipogy ~1

Sty 20,3 9 495 51 U L (I o2 o2 R o )3 iy p I S oIS (g i IR Meoyd (il yly LT -1 Jgur

wpo jl S (5 o P> ials Aoy apo b8 2 s Oy Uil o) S sy o
MS FV MS FV MS FV MS FV MS FV
1353/18  4/60~~  80/84 2/63n 823/60  4/39*  334/04  176/44*  1936/44  39/72** Sl
106/23 0/36»  21/93 0/71~ 121/14  0/65  166/04  87/70**  456/009  9/35** Y%

323/91 110  92/27 3>  133/19 0O/71r  13/98 7138 152/97 3/14~* Ul Xg i
294124 30/78 187/77 1/89 48/75 18




1398 15 -sls 5 26,les 45wl oyl 23l8é qbus g pole slesig} 4 pii 346

S dwgs Mo yd g a2 A Mo yd (e (RIS (y15u0 a3 5 s w2 s i I B pxe (G ol )b (s (ko alaly -2 Jgu
055 400 4350 300 a9 b gy p <l (gl

300 g
o 5l Jad W o e B o)y s S (O (59 09 ol wo b (Saawg o
W 3l S8 W o 1
e yials oy -0/251ns 1
a6 J3 M 559 0/555"s -0/889** 1
0559 OB Loy -0/05"s -0/786* 0/728* 1
S g oy -0/607"s 0/06" 0/05"s 0/539s 1
350¢g
Wpo 5l B W e e Rl o,y Aps S W 59 09 ol woyd Sy woyd
W90 3l Jud W s 1
e yials oy 0/789* 1
apo J3 M 559 0/399"s -0/1421s 1
039 ol oy -0/518"s -0/795* 0/422s 1
S g Moy -0/5447s 0/680* 0/406 s 0/838** 1
400 g
Wps I oW e e R weyd wps U8 W (9 0jy o ey (Saewg we)d
W0 3l B 2WE s 1
e yials oy 0/822** 1
a6 J3 M 559 0/103"s 0/290s 1
0559 OB Loy -0/553"s -0/601" 0/6521s 1
S g oy -0/585"s 0/1327s 0/449 s 0/901** 1

> Ol e B S8 4 a0 b iS5 400 &jy

9 059) D (5yl0,ll 0,95 ;5 178/98 CMP wypss 51 3 bn oS
odnlin 059, 15 (o), 0y95 ,3 152/01 CM3 3 e (p yieS
a5 ¢ Jolxo ylab o quotin B 2 Jgio 4y drgi L cizren sl 0
S e g St (Stasad o> (il 003 5 9) gaw ol
Cundds @l 4 dog b ol il 45 5l b b oW o b
Sion b a5 ) 5 oS o (2 Jyia) (Soa J o2
b aidme yf g (e (Stusod &g dw o (lp (Spgs 20>
W oz &Sl ol o )Ll e Siuod (ol ol anily
IS5 5 &8 pshailen o)y S darly (Sawg o b ays 5l LS
Olsse 0395 10 0)93 )3 Waogee wr> (2al33l b 390 osnlito 53 6
0 Ol Gl ojgy 10 0)9 5l a8 Suemg o
5352 Ol ol el sy a5 g ) (sl S
s ol 4 4y & Gloj @M o Gl L &S 58 ol
d9ion o yol (o g 00 ISy (Sl o> 3 pd 290
P P9 258 @95 > e0)n e il seS e oS
Sy i o a5 i 3 e 7SS Ln IS

Swgy Ol g1 d1pd 5l B (W o2 40U

G slooyes 3 s il LS 2w 1 o arg5 L
Dlize 3l g 4y a559 (sl g Col 0ad > dme doyd 1 pedaws o
ool o0 Jb ixe

> e e B S8 4 229 LS 300 wjy
oS 9059y 10 (oyl5,Lil 093 3182/6CM3 wy pi 51 L5 b WS
ods oaalin 059y 15 (o)ls (g5l 0,93 > 145/63 CMP 5 ,lais
B o Jolas b ¢ i B 2 Jguo 4 a2 b riran
JB L @M w2 b ()b gm0 5 Cute (Kot g o (ol
ool anily 4,0

o> Ol i 6 UK 4 a2 L i S 350 wj4

5 059y 10 o )Ll 0y95 ,» 187/71 Cm3 wys 51 LS la oS

o3 odnlie 0595 15 (61,Lol 0,93 ,3 143/3 CM3 3 Jlade oy oS

B o Jolas b i B 2 Jgio 4 a2 b irad

S e g Casto (Shsed w2 (S 003 g 449 o (ol
ool &b 45l B L oW oo L



BAT . 35 3555 ol b (5 gm0 (339 9 02> (o Al y (o

@l 25 e W 9395 Gl (IB caw ol pen
sl o (S9y 52 (2013) (caasl 5 shle ol wlie osel Conda

195
% 239,10 gib SLiloyge
' d
. . ,
\% 185 0)3}5 6)‘\) )l{.}‘ 0)30 'I \\
. \
.'9 ‘\ P \
4 175 N ,,’ \\
2 Sep e \ 0395 15,1 )Lt 090
— LY
165 \
3, \
3 \
“é’ 155 \\
O \ -
P
~— \ "
145 .. -
135
1 2 3 4 6 7 8 9
50
45
40
35
¢ )
N
3 30
\3{ 25
'(2) 20
= 15 039,10 5,18 yLil o590
=
N—r
10 039 O 5,10 5Ll 0,90
5
0 J)
1 2 3 4 6 7 8 9

sy Ol p1 95 3 IS (W o2 il -6 S

Stuad (g (IS L0y 5 410 3l U5 ()3 2 S 4 s
ool 4l (ME poes yialS o b ()b bxe 5 aie

> il a0 it T US54 a9 L1005 350 439
%40/66 5 Jlaie cpieS g 059,10 (ols)lil 0,93 ,> %53/B3 M5
Jo 4 425 b ppmizmen sl 0 odalitio 09, 5 (5o il 0 )93
Cuto (Stusad dy) gaw o plus b (Jolao b ¢ qutin a5 2
b s)bidne g (e (Sturen (jg (I8 203 by (5)bdne
ool 4l M o ialS dsyd

S Ol 2 e Bl wo 3 i

Sl 0,93 53 ps &5y e blite 1T > a2 L
Gl 0 )b me doyd 1 o 3 oM s ialS ao > (¢lp
ol 0al5 > g 2o 4 (g)b)lsl )93 g 4y &g (sl g

e Ol oupide T U5 & 20 L ioe,5 300 44
pyeS 9039y 15 (o)lo )il 0y90 15 U4B/12 wyys j) U3 b oS
oiomed sl 00 0amliie 059, D (655,Lil 093 3 %39/19 5 lais



1398 15 -sls 5 26,les 45 al oyl 23l0é abus g pole slesig} 4 pis 348

o1 o1 Ol
= W O
-

~

038,9 5,0 HLil o920 '

A b
(e}

(%)@)lfw‘jalfm)é
A A OA
= o 3
[=§
~
S
~
Y
n
Sao

w w
~N ©
=}
\
\
\

059,10 g sl er9s
7\

\ -'\\ V4
\ U4
\ S ’

w
ol
L

L

L

L

L

(%) (59955 oy
N
ol

039,15 (515 )Ll 090

039,10 5,18 yLil 6590

039 O 5,10 5Ll 0,90 J/

S gt Oliue g a2 R Mo 3 WU -7 IS

w1 UK oS jelailen .l osis b e ,S0d 39 93 (slp
15 0)95 )3 la oM o> LialS dops iuliél b 295 o osalie
i ol ORI ol aly (LI (Sspug 203 (i o))
g ol Bl Ll38l oM ogre a4 Jgyd (slaun] Mo dadig
0940 UJ”.) dllb;.,u.nxé fl}ol o) u’)'s)) 6[1&.».“:‘ uwl).él O
ol g ol oM o e kS s yol pen &S 205 o
ot (99 Slamd] oXimI LS gl w4 e o lalS
Do oo odalids zads 4 LialS pl gbll b oy &S 5 .
Ul s9y 2 (2015) o) Kan g (s ol arliio oel Cannddy gulis

Cawl 0.59).

oy ol it T JSS 4 a2g bt )5 400 iy

Mo (e 5 039) D (5,12, 0y93 o UBLI3 Y o talS
b Cpomed ol 005 odaliie 09, 10 65l5,Lil 0,95 ;> WAL/T6 5>
b3y s gl o oo o ptin 5 2 Jy3s 4 20
ol dzBb M pos yialS Moy (60 pixe g Cute  Siuen
OiblS o) (2 Jgan) (Stued ) odel Cundes guls & avgi b
Shad djg dw o ly (Ssy 2oy ol b (@ o>
&S Cunl cpl odmd LS Cute (Siuwed (pl s Cunl dtily 1) cute
D) s dasl) (Sdawgy dopd b (@M p Rl sy
5 ol 02 o gme (00)5 350 Wi (el (Stuar i cpien



349 . 5 63555 Gl b (M ogmo (339 9 02> (o Al y (o

039 Oliwe oo 8 JSh 4 4095 L 10,8 300 iy

oS 9 39y 15 o o)l 059 > 151/65 g auys 51 L3 b IS
ol 02 oaalie 09y B ()b, 0ye3 3 127/28 g y> Jlais
039 OBl Aoy g pos ialS 1o 2 gt 4 4o b ien
wps I JB M 5 b obine g Cute (Smen S

ol 4zl b xe

155 =+
150 +

2

\%3145 T

W40 +
8

:leBS +

130 &= 039, 5 Silo )Lile,yg0
0%1 ‘-‘
2 25 L ‘*‘

LS|

259510 5,15 jLil o590

g Ol ¢ dpd Sl i (W (g U

)l slaoygd > wps 5l B (o (59 1 Jouo argi b
Blize 3l 5 a8 iy lp g ol 035 bine w0y L igdaw
ool o0 Jb jixe

115 T T T T

(%) (59955 oy
N
ol

039,15 (5515 )Ll 0,90

239510 (5,15 )Lt 090

10 039 O 5,10 5Ll 0,90 /7
5

S dewgs Gl g1 a6 3l B W (59 I -8 S

> Ol ot 8 US54 aeg b ie)S 400 44
CpyieS 9059y 15 o olo,Lil 0,93 143/BT gy 5l 13 la oS
ol 023 oanlie 09y B )byl )93 13 123/03 g > lais
Lo D5 i b layably 51 S plS o 2 g 4 4257 b e
ol o0 Y x4y s 3l B

G539 Ol ot 8 JSG 4w b 1,8 350 4
S 9059y 10 oyl )il 0,95 ;13419 gy 5 B la oS
ol od oanlie 09y B )byl )93 3 124167 g ,> ,lais
Lo X5 (g b Loy 51 S plS g 2 S 4 a2 b (psieon
ol o0 Y iz s 5l S



1398 15 -ols 3 20 )lods 45 > oyl ol i glus g pole sleingy 4 yi 300

8 A8l yide @ (g a9 Wb lels byl el (b
e )l b 3 53,15 8 ose 8L g0 (65t O e
Cowl 0 llbu;Mg U)9

Fawgr Ol 51 (M Bjg LR w0 > G

)l glooygd > (I g prals ao 1 Jgue argi b
2l blize 515 ol 00 o gino 203 L 53 4150 59
Wl 00 )b gxe o> D o

w
o
i

)
ol
¥

N
o
¥

N
ol
¥

: 03939 &)l sl 090

(%) ‘;3)@ 339 uu.iblS KW
=
o

- | 4

o oM 159 (2 Jgis) (Samen jl odel Comday guls 4 dogs b

(Shaod &g dw pp ly (Showg 2o (e b 4y 5l JS
0403 i oo (Siuod (pl g Gl Ll 1y (g)l5 me i 5 Cuio
pohis dlsl) (Sdpugy 20> b g 5l JB (M5 (g &S cend
I Y g s g (Stewgy 2o )3 o bl 8 S5 53 0,1
358 ol 65l les o 1y yol cpl Judd il 00 03y L 4y 45 ]
@ 050 0199 (590 sou 3] S (M 4y 2y 5925 L &S
P2l Ol 3 bl wae (b rizren g b oo 1S
P @K iy e S 29800 g 00D )3 (oI L (9

(%) (50945 w050
N
ol

039,15 (515 )Ll 090

239510 (5,15 )Lt 090

039 O 5,10 5Ll 0,90 J/

S g Ol 31 (o B39 G Mo Wil -9 JSU



351 . 55 69955 Ol b (S ogmo (339 9 0> (o Al y (o

(s oAb ogea CEL pudd o yal (pl & Bl (I (S sy
039 Jos (e 4 &8 a0l S |5 Sl 4y S 000 3L,
s wlie ol Comt pls ol Bl il LM Joae
DS (s ol gy » (2016) o)Sea 5 Abiso
Bl iall oyylsl oyes SaIBI L (js (2 (lie a5 208

(Abiso et al., 2015) ¢l

S 35 4

S (Senld ()L 5 kel Condty bt 4 g b -
S5 5355 2opd 5 SISk | B o O eaiene il
Loy liae il jieS b oM adsl pors liee dx g Canl il
ol 03,8 g il38) 55 (088

dal) S > el dopy (Seelos 5L 0 -
OiblS doy bly >l aily ()30 51 S woe b paiane
ol 0dg u)Mf du..]9| > )l u.:ul;

h xStz 56 o0)5 300 w5059, 5 la)lsl oyp> -
€35 ol 85 ol Glpiee ly > Cosl 4Bl (Sapgs 2oy
Wl (9955 Olise 2 86 L2 (g 9 0> Olise 090 cul
255 duglie |y (6395 203 (e 2 415

Olie b gy LRl dops g sl S8 e o oy -
039 Ol ol bl azah 1) Cute dlayly G (Sdowgy duo
Ol b &8ly .l 4Bl yiuli8l 10 Siey duoyd Hlade oM
g Conl Bl Gl oM (59 pRals 2oy (lise 55081 093
Olie Bijs 0jg e LRl L 5 <ol b)lsl 0y90 Sy
ol a8l 5ol58] 30 Sy oy

oy olie it 9 JSS 4wy L s S 300 a4
e S 5 059y 19 (oloylil 0y90 5 WI2/21 59 ialS
a5 b Cpmioen ol 0 oanline 059, D (6,l5)ll 0)95 > %2/96
Starad Sy (39 G 203 g e (el w0 2 sk &
ool 423 I3 e (2 ()35 (iRl Aoy b ()3 sine g e

oy ol oo 9 US4 g 0,5 350 wij

2 Mo cp oS 5059, 10 (gyla)lil 0)90 ) 14125 g 59 ialS

a5 b Cpmioen ol 0l oanlie 059, D (s,l5)Ll 095 ,> %9/80

b (syldisine g Cuto (Stuod S o2 SRl a0 2 Jodo 4
ol B b xe oM i LialS s yd

2oy Gl oo 9 JSS 4 g 05 400 @i
2 olde pieS g 0jay 15 5yl )Ll 0)95 o 23180 35 Lials
a5 b Cpmioen ol 0 oanline 059, D (6,l5)Ll 0)95 ,> %6/95
@ s ptels ao)s b eyl 5l S plS g 2 Jpi 4
ool o0 Jb jixe
Uil 1o (2 Jgds) (Siusen jlodel Comday gl 4 do g b
LBl St (St &gyl (Showgy 20> b (I (s
&l 9 bine (Sten 0l £)5 400 5350 (sl (sl g el
Staror pl g ol 0025 )l me (Stunan (yl o2 300 w4
Shwe dod b e pials s & cul opl sdad i Cute
i g Shumg 2o o daly 9 S ) ) puitine dlal
Olgiise 1y pol oyl Judd cawl oads 00ly lis (M8 (55 LialS duo
Oliee (2 090 ) (9395 Gl GRIPBIL &8 55 42y 4055
Cas & Jpamo 5 0ud @l (I 0900 (ol Sligims) Cash,
Oie w2 )Ll plej LRl b (izmed g 39)(0 (A0 5 Suis

&be

Abedi, G., and E. Ahmadi. 2013. Design and Evaluation a Pendulum Device to Study Postharvest Mechanical Damage
in Fruits : Bruise Modeling of Red Delicious Apple. Australian Journal of Crop Science 7, no. 7: 962-968.

Abera, M.K., P. Verboven, E. Herremans, T. Defraeye, S.W. Fanta, Q.T. Ho, J. Carmeliet, and B.M. Nicolai. 2014. 3D
Virtual Pome Fruit Tissue Generation Based on Cell Growth Modeling. Food and Bioprocess Technology 7, no. 2

(February 25): 542-555.

Abiso, E., N. Atheesh*, and H. Addisalem. 2015. Effect of storage methods and ripening stages on postharvest quality of
tomato (lycopersicom esculentum mill ) CV. Chali effect of storage methods and ripening stages on postharvest
Tomato (Lycopersicom Esculentum L .) Is Botanically Classified as a Fr. Annals. Food Science and Technology 16,

no. 1: 127-137.

Ahmadi, E., H.R. Ghassemzadeh, M. Sadeghi, M. Moghaddam, and S.Z. Neshat. 2010. The Effect of Impact and Fruit
Properties on the Bruising of Peach. Journal of Food Engineering 97, no. 1: 110-117.

Azadbakht, M., H. Aghili, A. Ziaratban, and M. Vehedi Torshizi. 2017. Application of Artificial Neural Network (ANN)
in Drying Kinetics Analysis for Potato Cubes. Carpathian Journal Of Food Science And Technology 17, no. 4: 167—

180.

Babic, L., S. Matic-Kekic, N. Dedovic, M. Babic, and I. Pavkov. 2012. Surface Area and Volume Modeling of the
Williams Pear (Pyrus Communis). International Journal of Food Properties 15, no. 4: 880-890.



1398 15 -sls 5 26,les 45wl oyl 22l8é qbus g pole Slesig} 4 pii 392

Brusewitz, G.H., and J.A. Bartsch. 1989. Impact Parameters Related to Post Harvest Bruising of Apples. Transactions of
the ASAE 32, no. 3: 953.

Brusewitz, G.H., T.G. McCollum, and X. Zhang. 1991. Impact Bruise Resistance of Peaches. Transactions of the ASAE
34, no. 3: 962-965.

Diels, E., M. van Dael, J. Keresztes, S. Vanmaercke, P. Verboven, B. Nicolai, W. Saeys, H. Ramon, and B. Smeets. 2017.
Assessment of Bruise VVolumes in Apples Using X-Ray Computed Tomography. Postharvest Biology and Technology
128: 24-32.

Ganiron, T.U. 2014. Size Properties of Mangoes Using Image Analysis. International Journal of Bio-Science and Bio-
Technology 6, no. 2: 31-42.

Hazbavi, E., M.H. Khoshtaghaza, A. Mostaan, and A. Banakar. 2015. Effect of Storage Duration on Some Physical
Properties of Date Palm (Cv. Stamaran). Journal of the Saudi Society of Agricultural Sciences 14, no. 2: 140-146.
http://dx.doi.org/10.1016/j.jssas.2013.10.001.

Idah, P.A., E.S.A. Ajisegiri, and M.G. Yisa. 2007. An Assessment of Impact Damage to Fresh Tomato Fruits. AU Journal
of Technology 10, no. 4: 271-275.

Kabas, O. 2010. Methods of Measuring Bruise Volume of Pear (Pyrus Communis L.). International Journal of Food
Properties 13, no. 5: 1178-1186.

Kotwaliwale, N., P.R. Weckler, G.H. Brusewitz, G.A. Kranzler, and N.O. Maness. 2007. Non-Destructive Quality
Determination of Pecans Using Soft X-Rays. Postharvest Biology and Technology 45, no. 3: 372-380.

Mohammad Shafie, M., A. Rajabipour, S. Castro-Garcia, F. Jiménez-Jiménez, and H. Mobli. 2015. Effect of Fruit
Properties on Pomegranate Bruising. International Journal of Food Properties 18, no. 8: 1837-1846.

Opara, U.L., and P.B. Pathare. 2014. Bruise Damage Measurement and Analysis of Fresh Horticultural Produce-A
Review. Postharvest Biology and Technology 91: 9-24.

Pathare, P.B., U.L. Opara, C. Vigneault, M.A. Delele, and F.A.J. Al-Said. 2012. Design of Packaging Vents for Cooling
Fresh Horticultural Produce. Food and Bioprocess Technology 5, no. 6: 2031-2045.

Peleg, K., and S. Hinga. 1986. Simulation of Vibration Damage in Produce Transportation. Transactions of the ASAE 29,
no. 2: 633-641.

Sabzi, S., P. Javadikia, H. Rabani, and A. Adelkhani. 2013. Mass Modeling of Bam Orange with ANFIS and SPSS
Methods for Using in Machine Vision. Measurement: Journal of the International Measurement Confederation 46,
no. 9: 3333-3341. http://dx.doi.org/10.1016/j.measurement.2013.06.005.

Shahbazi, F., and S. Rahmati. 2013. Mass Modeling of Sweet Cherry (Prunus Avium L) Fruit with Some Physical
Characteristics. Food and Nutrition Sciences 4, no. January: 1-5.

Soltani, M., R. Alimardani, and M. Omid. 2011. Modeling the Main Physical Properties of Banana Fruit Based on
Geometrical Attributes. International Journal of Multidisciplinary Sciences and Engineering 2, no. 2: 1-6.
WWWw.ijmse.org.

Stropek, Z., and K. Gotacki. 2015. A New Method for Measuring Impact Related Bruises in Fruits. Postharvest Biology
and Technology 110: 131-139.

Zarifneshat, S., A. Rohani, H.R. Ghassemzadeh, M. Sadeghi, E. Ahmadi, and M. Zarifneshat. 2012. Predictions of Apple
Bruise Volume Using Artificial Neural Network. Computers and Electronics in Agriculture 82: 75-86.



Iranian Food Science and Technology ) . . URT oo a
Research Journal ( > =4 olnl @188 aabuo g pole Sletirgsy 41 pis
Vol. 15, No. 2, June. July. 2019, p. 341- 353 R A /2 ) 341-353. 5 1398 y5-sl0,5 2 ooy 15 ul>

Determination of the relationship between volume and weight of pear fruit with
bruise due to impact load loading using non-destructive CT scan

M. Azadbakht'*, M. J. Mahmoodi?, M. Vahedi Torshizi?

Received: 2018.04.27
Accepted: 2018.12.30

Introduction: The study of relationship between physical properties such as mass and volume and other physical
properties, such as geometric dimensions, has been the subject of numerous studies by researchers. The fruit size, shape
and mass are important in sorting and measuring fruits, and it determines that the fruits can be put in boxes of transport
or plastic bags by a specific size. Damage to the fruit may be due to various causes, including Impact, pressure and
vibration, all of which cause physical damage at moment or at storage time, the amount of damages depends on location
of impact, the size and volume. Also, the volume and physical properties of agricultural products are very important for
storage. On the other hand, cell damage and forces involved in fruits reason bruising in fruits, which can be controlled by
physical properties. Quality assessment is usually carried out using a combination of destructive and non-destructive
methods, generally done by the product manufacturers or the first purchasers, and includes the separation of materials
based on specific size and weight. Among non-destructive methods used, the use of CT and X-rays, which allow a person
to examine bruises at different times in the fruit, is increasing. Due to the fact that mass and volume of fruits for storage,
transportation, packaging and etc are of great importance, in this research, the relationship between pear fruit volume and
mass with bruise percentage during the storage period was studied using non-destructive CT scan tests due to dynamic
loads.

Materials and methods: Firstly, the pendulum and the required masses were made in a workshop. The fruits were
placed in the desired position and then the device arm was raised to the desired angle (90°), and in the controlled state of
the arm impact the pear. The pendulum had a 200 g and three different attachment masses of 100, 150, and 200 g for
knocking. It should be noted that air resistance and friction were neglected through this procedure. In this research, via
CT scan, the relationship between mass and volume of pears (Before and after the impact) due impact loading and storage
times with bruise was investigated. Before loading and storing, 50 pears were examined using Scan CT and 27 pears with
zero bruise percentage were selected, the next chosen pears were subjected to impact loading with a pendulum with three
weight of 300, 350 and 400 g and 5, 10 and 15 days storage was used to investigate the effect of impact on pears. Then,
after impact and storing, with the use of CT scan in each period of storage, the rate of pear bruise was calculated.

Results and Discussion: The pears volume before impact with the bruise percentage for all three weights had a
negative and non-significant correlation and the decrease pear mass percentage with the bruise percentage for all three
weights has a positive correlation and pears mass before impact with the bruise percentage for all three weights had a
positive and non-significant correlation. Any decrease in pear mass percentage had a positive correlation with caries
percentage for all three weights. The correlation test showed that with the increase in pear volume, the bruise percentage
was decreased and a direct correlation was found between the decreasing percentage volume and the bruise percentage.
—also The effect of 5-day storage duration was found considerable on the bruise percentage subject to the exertion of 350
g and higher impact rates

Keywords: Pear, CT scan, Non-destructive, bruise, volume

1 and 2 Associate Professor, MSC. Student of Department of Bio-System Mechanical Engineering, Gorgan University
of Agricultural Sciences and Natural Resources, Respectively, Gorgan, Iran,.
(* Correspondence Author Email: azadbakht@gau.ac.ir)
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Introduction: Potato is the fourth most important agricultural product after rice, wheat, and corn. Potato produces
more dry matter, protein, and minerals per unit area in comparison with other crops. Many of the ingredients in potato are
important, due to their beneficial effects on health. Hence, this product is very suitable for human consumption .Osmotic
dehydration is used to remove a portion of water from foods such as fruits and vegetables, by immersion in high osmotic
solutions such as sugars and salts. Osmotic dehydration is a relatively simple and economical process that improves the
texture and rehydration properties of the products and prevents enzymatic browning by preventing the activity of
polyphenol oxidases. In this process, the acid is removed and the sugar is absorbed, thus the composition of the fruits is
changed and the taste and total acceptance of the product are improved. Osmotic dehydrating method has been used for
drying various products such as carrots, mangoes, pineapples, strawberries, bananas, apples, apricots, and many other
fruits. In this research, the effects of osmotic pre-treatment on qualitative and sensory properties of dried potatoes were
investigated.

Materials and methods: In this study, Agria cv. potato samples were used and after washing, were completely peeled
and cut into pieces of 3.5 x 0.5 x 0.5 cm. The treatments used in this study included osmotic solution concentration (at 0,
10 and 20% sodium chloride levels), osmotic solution temperature (30, 45 and 60°C), and immersion time in osmotic
solution (at three levels 60, 240 and 720 minutes). The proportion of potato sticks to osmotic solution in all experiments
was 1:6. After applying osmotic pre-treatment, samples were dried in an oven with a temperature of 60°C and a flow rate
of 1.5 m/s to reach a moisture content of 8-10%. The moisture content, rehydration capacity, shrinkage, browning, color
indices, and sensory properties (taste, color, shape, strength, and total acceptance) of potato samples were evaluated after
the drying process and the response surface methodology (RSM) based on central composite design (CCD) were used to
determine the optimal conditions for osmotic pre-treatment.

Results and discussion: The results of statistical analysis of the data showed that osmotic time and osmotic solution
concentration had a significant effect on moisture content of potato slices. By increasing the time and decreasing the
concentration of osmotic solution, moisture content of dried potato samples increased. The immersion time and osmotic
solution temperature did not have any significant effect on the rehydration of potato slices, but the effect of osmotic
solution’s concentration was statistically significant. By increasing the concentration of osmotic solution, the rehydration
rate of potato samples decreased. The results showed that the interaction of temperature and concentration of osmotic
solution had a significant effect on the degree of shrinkage of potato slices. Osmotic time and osmotic solution
concentration had statistically significant effects on the browning index of potato slices, in a way that by increasing the
concentration of osmotic solution, the browning index of potato samples decreased initially and then increased. The results
of statistical analysis of the color indices showed that the osmotic solution temperature had a significant effect on the
brightness (L*) of the potato slices, while the concentration of osmotic solution significantly affected their yellowness
(b*) and the temperature and concentration of osmotic solution had a significant effect on the redness (a*) of the potato
slices. By increasing the concentration of osmotic solution, the overall change in the color (E) of potato samples at high
temperatures of osmotic solution first increased and then decreased. Sensory evaluation results showed that concentration,
time, and temperature of osmotic solution had no significant effect on the sensory properties of potato sticks, except for
taste. By increasing the temperature and time of immersion in osmotic solution, the taste scores of the samples increased.
According to the results of optimization by the surface response method, the concentration of 2%, temperature of 46° C
and dipping time of 173 min was introduced as favorable conditions.

Keywords: air drying, dried foods, osmotic dehydration, potato products, Response surface methodology
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Introduction: Pomegranate peel is an important source of bioactive compounds which have high potential of
alternative source of activated carbon for bleaching and the removal of heavy metal from liquid media. The present study
was undertaken to evaluate the feasibility of pomegranate peel carbon for the removal of heavy metal from oil and aqueous
solution and then to investigate its activity in the bleaching of sesame oil.

Materials and methods: Response surface methodology and Box-Behnken design were applied to study and optimize
the adsorption condition to remove metal ions on prepared pomegranate peel adsorbent. For this purpose, the effects of
three independent variable pH(X1), contact time (X2) and adsorbent dose (X3) on metal ions concentration (dependent
variable) were studied using a three-level three-factor Box—Behnken design. In addition, different types of adsorbents
(pomegranate peel carbon and activated earth) were tested for adsorption of pigment, peroxides and heavy metals of
sesame oil.

Results and discussion: Results showed that optimum condition required for maximum adsorption were found to
pH= 5.3, equilibrium time 200 min and adsorbent concentration 2.5 g/L. Under the optimal conditions the removal of
heavy metals i.e. Fe, Cr, Pb, as and Hg from aqueous solution by activated carbon developed from pomegranate peel are
more than 80%. Results of sesame oil bleaching with pomegranate peel carbon showed good bleaching efficiency and
oxidative stability. Furthermore, pomegranate peel carbon comparing with bleaching earth showed better ability to
decrease heavy metal content of oil.
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Introduction: Nowadays, consumers are applicant to usage of natural replacements causing to side effects of
synthetic preservatives such as carcinogenicity and teratogenicity. The tendency to use natural preservatives and
replacing them with chemical preservatives has led to various studies of natural compounds with antioxidant properties
such as essential oils. Considering the environmental problems raised from current plastic packaging, edible and
biodegradable coating could be developed and also be effective in controlling the chemical and microbial properties of
food; especially if their effect be strengthened by adding natural antioxidant and antimicrobial agents like herbal
essential oils. Various herbal compounds such as black pepper essential oils with antioxidant properties can be effective
in combining with natural biodegradable coatings such as chitosan in oxidation control and enhance the effects or
prevent or delay the chemical spoil. Safety and shelf-life of foods can be improved by using this technologies such as
using natural preservatives. Adding essential oil, as a suitable source of antioxidant, for improvement the quality of the
fish is the main purpose. Many fruits, especially orange, are rich in polyphenols. These materials are the most
commonly existing phytochemicals in most fruits. Orange juice concentrate can be a good source of antioxidant and can
be employed as a preservative in food products. Omega-3 fatty acid is used in daily healthy diet and plays an important
role in prevention of disease. Being a considerably main source of Omega-3 fatty acid groups, fish preservation against
oil oxidation and any other similar causatives seems quite necessary. In the present study, the effects of orange juice
concentrate and chitosan coating enriched with black pepper essential oil on the chemical degradation of rainbow trout
fillet stored in a refrigerator investigated.

Materials and methods: The chemical composition of black pepper essential oils were determined using a gas
chromatography equipped with mass spectroscopy (GC/MS). GC-MS analysis of the essential oil was performed using
Agilent-Technologies 6890N Network gas chromatographic (GC) system, equipped with Agilent Technologies 5975
inert XL Mass selective detector and Agilent-Technologies 7683 B series auto injector (Agilent-Technologies, Little
Falls, CA, USA). Samples were stored at 4 + 1 C° up to 12 days and evaluated periodically ( on days 0, 4, 8 and 12) for
chemical and sensory characteristics. The samples were divided into 8 groups and assessed for PH-values, total volatile
nitrogen (TVN), thiobarbituric acid (TBA), peroxide value (PV), free fatty acids (FFA) and sensory evaluation .The
samples were also evaluated for antioxidant activity by measuring their scavenging abilities to DPPH radical (2,2
diphenyl-1-picril hydrazyl) and RP (Reducing power). Statistical analysis was performed using SPSS 20 software.

Results & Discussion: Results showed that More than 21 compounds were identified in oil, representing 97.75% of
the total oil. The major constituents of essential oils obtained from the black pepper were [-caryophyllene (25.56%),
Limonene (15.19%), Sabinene(12.2) , a-copaene(8.5) and beta —bisabolene (7.81) respectively. Results revealed that in
comparison to the other treatments the control showed a significant increase in the trend of oxidative and sensory
indexes and In the coated samples, the sample of fish coated with orange juice concentrate ,chitosan, and black pepper
essential oil was the least amount of indexes than the rest (p<0/05) and showed lower indexes during the storage time
.The radical scavenging DPPH, orange juice concentrate with a Brix 1/39 (66/9 %)and pepper essential oil 2% (64/1%)
have more ability and had a greater antioxidant activity. In investigating corruption oxidation and sensory evaluation in
all samples,chitosan coating with pepper essential oil and orange juice concentrate was higher(score:7/2) than other
treatments and there were significant differences between treatment and control (p<0/05). Final peroxide value (meq
02/Kg oil) and tiobarbituric acid (m gr/kg oil MD) number using chitosan coating with pepper essential oil and orange
juice concentrate in sample was 0.14 and 0.015, respectively. This significant deference was also observed when
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Modern Technologies, Amol, Iran.
(*Corresponding Author Email: f.tooryan@ausmt.ac.ir)
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comparing to control sample (p<0.05)Minimum oxidative changes were observed in samples treated with orange juice
concentrate,chitosan, and black pepper essential oil and had the best conditions in reduction of oxidative rancidity. The
results obtained in this study showed that the chitosan coating enriched with black pepper essential oil with orange juice
concentrate has a good potential to being employed as an active packaging to preserve food products. Overall, this study
demonstrated that using concentrated juice incorporated with chitosan coating with pepper essential oil has a good
effect on the quality of rainbow trout fillets and can keep on the sensorial attributes acceptably during 12 days storage
time and present a good potential for their application in the food industry.

Key words: orange, black pepper, chitosan, Oncorhynchus mykiss, sensory properties
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