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Introduction

Increasing public awareness of the impact of diet on health has increased the demand for healthy food products,
especially probiotics. Probiotics are living and non-pathogenic microorganisms with beneficial effects on the host
when consumed on a regular basis and sufficient amounts (108 cfu/gr or ml). A significant number of probiotics
become inactive during various food processes (thermal, mechanical and osmotic stress), storage condition
(exposure to oxygen, UV light and low or high temperature) or during interaction with food ingredients. In
addition, the breakdown and passage of food through the digestive system can also affect the survival and ability
of probiotics to form colony in the intestine. Therefore, it is a challenge for food manufacturers to maintain and
deliver live probiotic cells in sufficient quantities via food product. On the other hand, the variety of probiotic food
products in the market, especially in Iran, is low and is mainly limited to dairy products, fermented drinks and
pickles. Bioactive edible films and coatings are defined as biopolymer-based structures that carry bioactive
components such as vitamins, enzymes, peptides, etc, and slowly release them on the food surface during storage.
Biopolymers such as polysaccharides, proteins, and lipids are used in the preparation of edible films and coatings.
Trapping probiotic bacteria in the structure of edible films and coatings is a hnew approach that has been proposed
to increase the survival of these microorganisms and to develop new probiotic products in the food industry.

Materials and Methods

In this study, an alginate-based probiotic bioactive film containing L. plantarum was fabricated after
centrifuging of overnight culture of probiotic bacterium from MRS medium and adding the bacterial cells into film
forming solution. The effect of bacterial addition on physical, mechanical and prevention properties of alginate
film was evaluated. In addition, the effect of two temperatures 4 °C and 25 °C on the survival of embedded
probiotic bacterium in the film structure during one month of storage was also investigated by microbial count
assay on MRS agar medium. Then, the model food was covered with probiotic film and the survival of probiotic
bacterium during storage at 4 °C was determined.

Results and Discussion
The results showed that the population of probiotic bacterium declined about 4.61% after drying of alginate
film solution. Addition of probiotic bacterium to the alginate film increased the thickness, turbidity, and tensile
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strength of the film, while had no significant effect on solubility, water activity, Elongation (%) and microstructure
of alginate film. In addition, the probiotic film containing bacteria had less Lightness (L*), and moisture content
than the control film. Also, the incorporation of L. plantarum in alginate film could decrease the water vapor
permeability (WVP) from 0.755 to 4.51 (x10° g mspa™l). The total color difference (AE) of alginate film
containing probiotic bacteria compared to control film without probiotic bacteria was 1.1. The SEM images were
confirmed the proper and uniform distribution of probiotic L. plantarum cells on the surface of alginate film. The
survival percentage of L. plantarum in alginate film after one month of storage at 4 °C and 25 °C was 96.84 and
47.29%, respectively. Also, the population of embedded bacteria in the film structure on the food model (sausage)
surface after three weeks storage in refrigerator was in desired level of probiotic products (> 10° cfu / gr).

Conclusion
The viability of probiotic bacteria after the application of alginate film containing L. plantarum on the surface
of food model (sausage) during cold storage remained at the optimal recommended level for three weeks.
Therefore, alginate film is recommended as a suitable carrier for probiotic microorganisms to produce new
functional products.

Keywords: L. plantarum, Permeability, Probiotic film, Survival
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Table 1- Effect of addition of L. plantarum on physicochemical properties of alginate film
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Film pH of film solution  Water activity (aw) Moisture (%) Solubility (%) Thickness (mm)
A* 5.6 0.53 +0.01 15.2 £1.83 85.62 +1.02 0.071 +0.015
AB 5.6 0.53 £0.01 11.9 +0.61 86.88 £1.01 0.084 +£0.02

Simgn Sk ol OluPlehd AB (Sgmgyn 558k 236 Ol Jieks A*
*A: Alginate film without probiotic bacteria, AB: Alginate film containing probiotic bacteria.
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Table 2- Effect of addition of L. plantarum on color indexes and turbitry of alginate film
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Film Turbidity
A" 35+0.69 1.2+0.01 93#256 5.03+0.01 89.26+0.79  0.65+0.3

AB  35+0.69 1.2+0.01 91.9+1.13 451+0.13 89.21+0.85 0.71+0.23
Sgngn 5L ol Sloleld AB (Sgngy 68 156 ol Jieks A
A: Alginate film without probiotic bacteria, AB: Alginate film containing probiotic bacteria. s
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Fig. 2. Effect of addition of L. plantarum on water vapour permeability of alginate film
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Fig. 3. Effect of addition of L. plantarum on mechanical properties of alginate film. A) Tensile strenght, B) Elongation (%6)
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Introduction

Solar energy is one of the sources of renewable energy that can be used in both buildings, industry and
agriculture in the form of heat or electrical energy. According to previous researches, energy consumption in the
world is doubling every 20 years. However, the use of renewable energy is still less than fossil fuels, which has
caused environmental problems in the world. In recent decades, the tendency to use renewable energy, especially
solar energy, has increased. A significant portion of the world's energy (about 30%) is spent on agriculture, and
about 3.62% is used to dry agricultural products (Iranmanesh et al., 2020). However, thermal and drying efficiency
of the solar collectors are not in acceptable range. Applying different ways to improve the performance of solar
dryers such as using thermal energy storage system, air recirculation mechanism and using desiccant system. In
this paper, phase change materials were placed vertically in consecutive rows at different distances inside the
collector and the thermal performance of the collector was investigated. Also, the drying process of Oleaster were
evaluated using PCM and air recirculation system.

Materials and Methods

The indirect solar dryer used in this study includes the chassis, flat plate collector, electric fan, drying cabinet,
pipes containing PCM and sensors. 25 copper tubes containing PCM are placed on the absorber plate with fixed
intervals. The insulated cabinet of the dryer has three trays. A 220 volt 60 W electric fan is placed in the inlet of
the collector and causes to flow air inside the system. The process of drying Oleaster in a solar dryer was carried
out for 9 consecutive days in August 1401. The drying process was performed at three positions of PCM pipes at
5,10 and 15 cm intervals with air flow rate of 0.5, 1 and 2 m/s. The drying kinetics of Oleaster was investigated
using five mathematical models considering drying time and related constants. The selected model is selected
based on the degree of fit (the highest R2 and the lowest RMSE) on the experimental data. Thermal efficiency was
calculated according to ASHRAE standard 2003 (Eltawil et al., 2018). Moreover, to determine the drying
efficiency the amount of energy required to heat the dryer and the product and extract water from the Oleaster and
the total energy (electrical and thermal) input to the dryer was considered. SCE is defined as the energy required
to dry one kilogram of the product.

Results and Discussion
The drying time of the product by the dryer is reduced from 2.09 to 4.16% on average by changing the position
of PCM from 5 cm to 15 cm. On the other hand, with the increase of air velocity from 0.5 to 2 m/s, the drying time
decreased from 8.32% to 16.64%. Henderson and Pabis model was the best model to describe and define the drying
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process of Oleaster with solar dryer. The curves of the drying rate against the time in different conditions illustrated
that in the initial stage of drying of samples. The amount of moisture evaporation is high due to the high water
content in Oleaster, and a major part of the drying process took place in this period. The value of SEC for the dryer
without PCM was 4.26 MJ/kg, while for the case with PCM, it was 2.04 MJ/kg with a distance of 15 cm. By
increasing the distance between the tubes, the drying efficiency increases due to the reduction of drying time and
energy consumption. In this case, the consumption of electrical energy by the fan (for fluid flow in the dryer and
collector) and the thermal energy input to the dryer are reduced. However, with the increase of air speed from 1
m/s to m/s?, there is a significant reduction in drying efficiency. The highest drying efficiency was 36.72% and the
lowest was 25.65% for distance 15 c¢cm, air velocity of 1 m/s and distance 5 cm, air speed 2 m/s, respectively.
Drying efficiency was improved by at least 12% using PCM.

Conclusion
In this research, the analysis of the thermal process in the solar dryer system in three positions of the tubes
containing PCM inside the flat plate collector for the distances of 5, 10 and 15 cm between the tubes at three air
velocities of 0.5, 1 and 2 m/s was investigated. Using the return flow system and the phase changing material at
the same time improved the thermal efficiency of the flat plate collector by 19.12%.

Keywords: Oleaster, Phase change materials, Recirculation system, Thermal efficiency
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Fig. 1. Schematic of used solar dryer

ol o o3y Lis Y Jado )0 (Blal g la Sg) Glisa 5 Clalaio b ol yor S Sis dilobu calises (i

Data controlling monitor

Sy (S SS9 oS o dilolw Olsja - Jga
Table 1- Details of the solar collector and dryer system

132 Sl g Slisa
Components Details and dimensions
65358 sl cdn )d ¥O s 495 cyio oo V Caolies g epin duo YA+ e 13 Qv Dlal b clo ol K5y b o 0y pod b o Gile 03195 59
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Absorber plate Galvanized sheet insulated with foam, covered with matte black color, with dimensions of 900 x 1800 mm, and thickness
of 1 mm, inclination angle of 45 degrees, north-south to south direction
9ol F eI cipa Gl g Gl e calps bt o VS G3le amio o g (S o Alold e le ¥ cebis b Y ST Jgene adid
Libgy RN
Transparent Single-layer glass with a thickness of 4 mm, the distance between the cover and the surface of absorber plate is 180 mm,
with transmission, absorption and reflection coefficients of 0.89, 0.06 and 0.08, respectively.
I oaind b y> (Damandeh, Iran, 2153) wly £+ g b <y YV (5ye0e o8 S
Air circulator A 220V, 60W axial fan (Damandeh, Iran, 2153)
S St cals’ Sogskeo Foe gl g Feo XYoo slal b o bio Ve cuslses b (MDF) yub ass
Drying cabinet Fiberboard (MDF) with thickness of 10 mm, dimensions of 300-400 mm and a height of 600 mm.
s Fogsko Yoo XY¥eeslal 4y (gopls (slooji b 5318 i
Tray Metal sheet with circular holes of 300-400 mm
J%e 08l Loy «csd)y (69 yio Blw V0 gV D Juolgd b acndy B 55 e YO olis &y cyio oo ) Cuolbus &y yio Lo Yo jlad &y o (sladly)
c.\:.ha)‘lé).:tﬂ odlo RT50
Phase change Copper tubes with a diameter of 20 mm and a thickness of 1 mm, 25 pieces, in 5 rows, with 5, 10 a3AVYa5Y,- V/=n
material vvd 15 cm intervals on the row, filled with RT50 paraffin
S5l ol abels Sohee ¥ colbus 4 pod b odd (saimle don (0 J5iS bl L ulS ge 4 (93955 9 Sl oSl 1 (295 <o e VO- b 4y 0335 Wyl

Air Recirculation
system

Galvanized pipe with a diameter of 150 mm, outlet from the end of the cabinet and inlet to the collector, with the ability to
control the air flow, insulated with 3 mm thick foam.
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Fig. 2. The place of tubes containing phase change materials perpendicular to the absorber plate
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Table 2- Properties of paraffin wax used as PCM inside the collector

volumetric

Liquid - expansion Thermal . Solid
Property  temperature Dens'gy Coefficient(1.K Latant conductivity Specm_tlz hia t temperature

= (K) (kg.m?) it heat (W.m’l K»l) (kJ.kg* K*) (K)
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Value 325 783 0.000561 166 0.2 2.1 317.3




Vol =310 ,5 Y o)l e alo oyl ol (I @luo g pole sleiidghy 4yt Yo P

Omomed A5 odlatwl /) ¢d> L (HT, 3600, Lutron, Taiwan)
TES ) Jliows sogilyn 5l (sddyss (il @1 (5,5 03luil (ol
590 % (b o .ad eolazwl YM/s cés L (1333R, CMP6, Taiwan
ol e o (B > Ol LB g b s <o
AND o> (59515 dowgay Galojl y jlam 5 b8 5 <85 )13
Ol g sS +fo) cds b p)5 0+ cud b 4 FX-3000GD Juo
A cuslasl
oo ydd dlolo b ssiiSgen 5yl 3,Sles 16l Sluwle
35
4 CoxS donbuo D-\».»Séo> hwy (Qu).\,.uo.m A_J..\> d)).:‘ C)"
Qu :mcp (To _Ti ) (\)
S5l g 0ad Gl HeiSIS 5l BL > by (65l odes S
Y a1 eolatwl b Slgs o dute ole S (65,5] jaods oilaiBly
(Cosl g3y (551 i g6 (TOL) ) 395 dplore
Qu :Ac FR ([Io(ra)]_ULO—i _To)) (Y)
5l eslazwl L ASHRAE standard 2003 L sillae )5 033l
:(Eltawil et al., 2018) 1,55 ausbro ¥ dlayl,
n= Qu - me (Toi -T ) (\N)
AC IO AC IO
Taw 59y p <3y gy 53 oo Ay Jold (gjloo 3D it
I3 Vb o 3 il s 4 Glej (5,18) (55 sjlon s
Famle dgf S ) del> el 4y 8l 5 0ad p)5 Jlow )1
O oS i b o i mlo b 4 ¢ S jl e )5 Ll 5 )b
oSy J3 Jlow (slod sl (3l a3 (sa0d )55 (U
&5 ol g oas (Sl 5B s plpls el e (slod ]
oS Sis dlaiss ¢ SIS 31,5 Al b e aly oS
ol i 93 Jetiie PCM aly bawgs ot il (65,1
0liiS gon 2lo)S o yiubgr laids o (gladly) 5 pudl)l il
03533 i ylgieds &S PCM g 0150 ¢ Jluw Jolid (56 damio
S5 a3lgo p9iSIS. oS 5 Slas 5 ol 005 48,5 IS & 55l
uB)o.b gji)b)l ‘g0 a)ly.)dul}mﬂdfsb_\m u.\> uJLO)ng))J]Y
O 1y el oaid colus 181 & 01500 3 Ly 5 Gl 00 Jdio
ofhl sled oplply (Esakkimuthu et al., 2013) aad .

e gd i (0 PCM 51 s )d g Wb oo il33l (PCM)
{F JS8) 155 e

FECWITICICH N

JUVE 0 PO IS0 [ P N P FUR P [P SRS U
Elaeagnus ) soww | Joaxe (3,5 Sid Koy p oamdjld
B e 4 st adllas oyl 55 .05,5 solazwl (angustifolia
Sy )3 (S b g o (g5l 3 52y e LSS 3L
adsl Cugb) 0 (1bSUS godbel (iled S ST 9k
oo 43,5 1+0 (clod b 9l ;5 AOAC 3,luiliwl 3ub Jguaxo
008 e o FY/FE £ N0 e 4 Celw O Gl
(Dorouzi et al., 2018)

QU SSAA Gluleyl 74k

Sdods (hud 9> S S oS ;D domiw 3,5 S 4],
& Jolgd 4 PCM sladlg) (6,5 )18 clls dw 3 Jpamo i
)Lova\ v/&c]a.wm).)]?mulzpu.c)wbﬂwlm \09\'
I8 Cain Cuows 4 g 5L glad > oKiwd Cdpdy Cjgo il p
Db el &6 ab g (g poald Are e el 3l w9 8,5
Dlie 53 oS cilobs calizeo (slinl o p,5 (sl (o)l podls
Sy doxiuw Jpazme phd St jglateds (L85 (o0 )8 Sy
Slr S8 65 Ko ab el )5 als S sl 5
oald ;3 By (gl b AT Llas 0 asuie Glelw o 5 JuS
&) S gty b pedly adgl el )3 dadiged (459 syl
Vorrr Celo U LS celn o Ojaody Slels ady 5 )L
bz bla glod (cpje e 0 Canl S5 @ piY 8 S plol
b Cogby b 439 Ql)’tp (s yo> il o Ol}ﬁ.a dslolw
A o (83505l 55 lare (sled 4

La Sein g s aSo sl sla il
ol ilisee bli glod homi § JpS sl pieoi cnl 5
ol Jid S S 45 13 oolissl DS18B20 (gles 5
ST slod 5o & S S ol o sl 02335 olit]
oyt 5 s DSIBB20 |5 s g5 &S sl il LM35
Jiows 4 SPUT Jae 4 (Gl g cosl Gl ()e gV gt
sskite ol & 3903 oy JS's S0 4], o lositns g5 o0 9 3,15
090 53 e 93 9 (2905 5 (§P909) 04 ge> (93 S 5
Slr 38 R S b ol LS (298 9 2909) oS
o oL 6l b S o 45,5 5 )3 Lnee (5lod ionis
Gy as Juate (Arduino Uno, Mega-32) a,9,40 559 & Led
L (UNI-T-363, China) gl 5 lsn oy ¢ por 6 psSojla
gk jl b Cagboy (uoxiw (gl A8 J S /Y MIS <



YoV i 5l i olge 4 ame ol ya5 oS SCiis (5531 0330 3 (10,5 S 0 Shas 5 )5 9 (ga

=] b—L 2
LS

PCM 23l (ylgiedy opdl )b g (oo dgd cJloaw (510 0, JWST Jloe Y S
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Table 3- Details of mathematical models applied to describe the drying kinetics of oleaster

Row Model Name Mathematical equation Reference
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1 Page MR = exp(—kt™) Agrawal and Singh (1978)
2 Henderson and pabis MR = a exp(—kt) Westerman et al. (1973)
3 Logarithmic MR = aexp(—kt) +b Yagcioglu et al.(1999)
4 Midilli et al MR = aexp(—kt") + bt Henderson (1974)
5 Wang and Singh MR =1+ at + bt? Wang and Singh (1978)
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Table 4- Constant values of Henderson and Pabis equation as a mathematical equation selected among the mathematical
equations used to describe the drying kinetics of oleaser and statistical values
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Air velocity (m.s™) Distance t(>:rtr\]/\)/een PCM Constants
5 k=0.00019, a=1.905 0.9916 0.03118
0.5 10 k=0.00023, a=1.826 0.9900 0.03145
15 k=0.00020, a=1.921 0.9906 0.03145
5 k=0.0033, a=1.195 0.9957 0.02397
1 10 k=0.0036, a=1.193 0.9959 0.02347
15 k=0.0035, a=1.203 0.9971 0.01946
5 k=0.0012, a=1.759, b=-0.67586 0.9842 0.04414
P 10 k=0.0014, a=1.650, b=-0.6142 0.9909 0.03721

15 k=0.0012, a=1.626, b=-0.6201 0.9935 0.03540
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Introduction

Today, many edible oils such as palms, corn, soybeans and sunflowers are used in food preparation. Essential
oleic, linoleic and linolenic fatty acids, found abundantly in olive, sunflower and soybean oils, respectively, play
an important role in maintaining health. Antioxidant compounds are used to increase the shelf life of oils, which
are classified into two groups of natural and synthetic antioxidants based on the source of production. Phenolic
acids are a subset of a large group of phenolic compounds that are used as natural antioxidants in industry. Gallic
acid is much stronger than protocatchuic acid due to its three hydroxyl groups. However, the presence of more
than three hydroxyl groups does not seem to increase the antioxidant effect in oily systems. The position of the
hydroxy! group on the aromatic ring also affects the antioxidant activity, so that the replacement of the hydroxyl
group in the ortho and para position increases the antioxidant activity of phenolic acids. Methyl gallate, which is
widely found in plants and polyphenolic secondary metabolites, is a natural antioxidant. Despite efforts to date,
no suitable natural antioxidant has been proposed to control the thermal oxidation of oils at high temperatures.
Therefore, due to the widespread use of oils in food, the thermal stability of natural antioxidants gallic acid and
methyl-gallate compared to the powerful but synthetic antioxidant TBHQ, depending on the degree of satiety of
the lipid system (sunflower oil and olive oil) and 80 degrees Celsius will be evaluated in this study.

Material and Methods
Samples of sunflower and olive oil were purchased from local stores. All chemicals and solvents were provided
by Merck and Charlot. Sunflower and olive oil were purified by column chromatography to remove natural
antioxidants. Oxidation of purified sunflower oil (1 g per oil) in the presence of a concentration level of gallic acid,
methyl gallate and TBHQ (1.2 umol/g) in glass bottles. The rate of progression of oxidative reactions and the
evaluation of oil quality during temperature application is possible by measuring the peroxide number. The
carbonyl number is determined using 2-propanol as solvent and 2,4 decodenal as standard and absorbance at 420
nm. The effect of antioxidants (InH) on the oxidation of the test samples can be measured based on the kinetic
parameters. These parameters are stability factor F, ORR oxidation rate ratio, activity A and average consumption

of WInH antioxidants.

Results and Discussion
The minimum and maximum induction times are related to the control sample and the sample containing the
synthetic antioxidant TBHQ, respectively, which, considering the position of the two hydroxyl groups in the para
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position relative to each other in the TBHQ molecule, make this antioxidant stronger. Justifies. At 80 °C and in
sunflower oil, the antioxidant methyl gallate shows a more effective stability factor (F) and antioxidant activity
(A), indicating greater antioxidant power than gallic acid. Similarly, F-ORR-A values in methylgalate treatment
have a significant effectiveness compared to other treatments. The higher oxidative stability of olive oil against
sunflower oils can be attributed to the small amounts of oleic acid and especially the small amounts of linolenic
acid in olives. Stability factor (F), is significantly higher for the TBHQ antioxidant than the values obtained for
the other two. This factor is affected by the induction period of antioxidants and can be expected due to the
effectiveness of antioxidants in increasing the duration of the induction period. The highest value obtained for the
ORR oxidation rate parameter, is related to the antioxidant gallic acid. The parameter of antioxidant activity A, in
TBHQ is higher than the other two antioxidants. Measurement of carbonyl compounds resulting from the
decomposition of hydroperoxides is a good measure of the rate of development of oxidative reactions. In the
treatment of gallic acid and TBHQ, the changes in the carbonyl number decrease at the end of the annealing, which
is probably due to the decomposition of carbonyl compounds and the production of polymer compounds. Which
cannot be measured by carbonyl number test.

Conclusion
Better efficacy of gallic acid compared to methyl gallate in olive oil and better efficacy of methyl gallate
compared to gallic acid in sunflower oil at 80 °C show the composition of fatty acids, the nature of lipid systems
and the position of antioxidants in the reaction medium. Have a great effect on improving the performance of
antioxidants. Determination of oxidative stability based on carbonyl number shows similar results to peroxide
number.

Keywords: Oxidative indices, Thermal kinetics, Thermal stability
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2- 3,4,5-Trihydroxybenzoic acid
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Table 1- Kinetics parameter of sunflower oil at 80°C(the mean difference at the 0.05% level is significant)

AH () Kip (MMKY)
m . &
o il _ 1905 sl [LOOH]m ORR (10%)
AH Type o clale 1P (min) st ax (mM) F . . A
~ . clls ets s . G o S X
ST 5T g8 y dandS B 5,93 Chle Sl ol a8l cullad
o o &Y o 29 ] J w d i LS
S | 32 gy WL JOPPRWS o
Oloj & S
CONTROL 0 265 +0.44 9.8190.06 19672 0 0 0
GA 12 2252°+3 0.22°+0.00 131042 8.49°+0.02 23°+0.04 368749
MG 1.2 2523°+3 0.22°+0.00 159°+0.4 9.51°+0.02 22.80+0.023 41643
TBHQ 1.2 5402° +6 0.08%40.00 113°+0.58 20.3°40.0 8.1°40.35 2501°+104

(ol o sine 7 o140 a3 Sl SN *

1- Mean diffrence
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Table 2- Kinetics parameter of olive oil at 80°C(the mean difference at the 0.05% level is significant)

Kip (mMh!
AH (mM) , ot '.”(, ™) [LOOHIm ORR (10%)
AH Type 5 il 1P (min) Gl lvg0d s ax (mM) F . L A
il o o . clle s . CiE o S R
OS5 g9 W1 s,93 KWL JPPRRWS P KV PR 1 OR[PE
ey : : i leST
o oloj 4 Cum dmST 29800 .

CONTROL 0 1052°+0.78 0.61°40.01 94.74%0.7 0 0 0
GA 1.2 4313°48. 0.09°+0.00 111°41 4.09°+0.00 0.15°+0.00 26.8+0.4
MG 1.2 3443°£10 0.12°40.00 120041 3.272+0.00 0.19°+0.00 16.5240.2

TBHQ 1.2 11188° +44 0.01%40.0 104°+1 10.6°£0.0 0.022+0.00 363°+10
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Table 3- Carbonyl index of sunflower oil at 80°C(the mean difference at the 0.05% level is significant)

AH Type AH (mM) IP (min) T35 (min) CVip (mMg?)
Ol 5l go5 olawwsT Sl cdale Whayed  £Y/0 igs,S dus d fyiwwy sl 03Y lo; (W1 2y95 43 Juigs S dus
CONTROL 0 2652+0.44 351%+1 28.8°+0.0
GA 12 2252043 3001°+16 21.82+0.8
MG 1.2 2523°+3 2936°+9 29.99+0.0
TBHQ 1.2 5402°+6 6639°+47 23.2°+0.7

1- Polar paradox
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Table 4- Carbonyl index of olive oil at 80°C (the mean difference at the 0.05% level is significant)
AH Type AH (mM) IP (min) Tu35(min) CVip (mMg?)
Ol 5T g95 oyl 0T clalé Wioys  £Y/0 JuigrsS das &y oy sl 05 loj Wl o9 43 Juige S dus
CONTROL 0 10522+0.78 1221°%+10 26.8°+1.0
GA 1.2 4313°+8 4932°+51 26.5°+1.1
MG 1.2 3443°+10 4560°+31 20.5%+2.8
TBHQ 1.2 11188 +44 13092°+143 26.5°+1.5
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Introduction

Date palm (Phoenix dactylifera) is one of the most important horticultural products in arid and semi-arid
regions of Iran. One of the factors affecting the quality and nutritional elements of date fruit- as an important and
strategic fruit in the country, with high nutritional and health value- is the proper use of different nutritional
elements during its growth and fruiting period. There are many reports of the negative effects of salinity on dates,
both in the vegetative and reproductive growth stages. The osmotic effects limiting the absorption of water and
nutrients, the specific effect of chlorine and sodium ions, nutritional imbalance and preventing the physiological
processes and metabolism of nutrients and the use of high energy in osmotic regulation are some of the negative
effects of salinity stress. Salinity stress negatively affected date fruit quality. Silicon is one of the essential nutrients
that plays an important role in the growth and development of plants. Silicon reduces the adverse effects of abiotic
stresses such as drought and salinity by affecting on the leaf and stem growth, and other plant mechanisms.
Therefore, the aim of this study was to investigate the effect of foliar application of silicon on some qualitative
characteristics and nutrient elements content of date fruit grown under high salinity soil.

Materials and Methods

This research was conducted in a randomized complete block design with 7 treatments and 3 replicates in two
consecutive years. Silicon foliar spray treatments consisted of: control or no application of foliar spraying (T1),
foliar spraying with a concentration of 0.1% in two stages (T2), foliar spraying with a concentration of 0.1% in
three stages (T3), foliar spraying with a concentration of 0.2% in two stages (T4), foliar spraying with a
concentration of 0.2% in three stages (T5), foliar spraying with a concentration of 0.3% in two stages (T6) and
foliar spraying with a concentration of 0.3% in three stages (T7). The treatments were repeated in two consecutive
years, and in each fruiting season, fruit quality characteristics including total soluble solids (TSS), acidity (TA),
pH and total sugar content were measured. Total sugar was measured according to Iran's national standard method
No. 2685 (ISIRI, 2007). The concentrations of potassium, calcium, iron and zinc were also measured at the end of
the second year of the experiment. Fruit quality characteristics and concentration of fruit nutrients were measured
and statistically analyzed.

Results and Discussion
Foliar application of silicon fertilizer significantly increased the TSS of ‘Barhee’ date fruits while it decreased
the pH of fruit juice. The lowest amount of total soluble solids was observed in T1 treatment at the rate of 63.69%
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and the highest amounts of fruit soluble solids were recorded in T5 and T6 treatments with values of 70.07% and
68.59% respectively. Fruit acidity and total sugar were not affected significantly by foliar application of silicon.
The application of silicon significantly increased the contents of potassium, calcium, iron and zinc in date fruit,
but it had no significant effect on the concentration of phosphorus in the fruit. The highest concentration of fruit
potassium was observed in the T6 treatment (spraying with 0.3% silicon solution in two stages) at the amount of
1.54%. The lowest values of potassium concentration were observed in T3, T2 and T1 treatments with values of
0.89%, 1.01% and 1.06% respectively. Overall, Foliar application of silicon fertilizer can improve the quality
characteristics and nutrient concentration of date fruit under salinity stress conditions. Among all the treatments,
foliar application of silicon fertilizer with a concentration of 0.3% in two stages (three weeks before pollination
and at the end of the Hababook stage) improved quality characteristics and the nutrient elements of ‘Barhee’ date
fruit under high salinity soil.

Keywords: Acidity, Iron, Potassium, Total soluble solids, Total sugar
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Table 1- The effects of silicon application on some qualitative traits and nutient elements concentration in fruit

LI

ol 3150 g ! () Jswd ey ed s Nl &9
T (%) Jglome (%) pH Total (%) (%) (%) (ppm) (ppm)

N Silicon TSS TA Sugar K D Ca Fe Zn

reatment

T1 63.69d 15la  6.69a  4566a  1.06dc _ 0.126a  0.10dc _ 20.46a 12.36b
T2 64.05dc 1.38a  6.63a  4386a  1.0ldc  0.27a  0.08d 23.00a 13.41b
T3 67.78ab 1652  6.68a  41.67a 0.89d  0.133a 0.18b  19.66ab  14.13b
T4 64.84bcd 1.38a  6.65a  37.65a  1.40ab  0.128a  0.34a  18.83ab  20.76a
T5 70.07a 147a  646b  4468a  1.2l1bc  0.138a  0.21b 15.70b  15.73ab
T6 68.59a 134a  6.57ab  41.16a 154a  0.133a  0.20b 2146a  15.86ab
T7 67.05abc 1.42a 6.66a 42.48a 1.32ab 0.135a 0.16bc 23.10a 14.10b

The means with common letters according to Duncan test are not significantly different in level 5%.
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Introduction

Cherry, with the scientific name Prunus avium L., is one of the most important stone fruit trees in temperate
regions, belonging to the Rosaceae family and the Prunoideae subfamily. Edible coatings are thin layers of
materials that are used on the surface of the product and are an alternative to protective wax coatings. Chitosan is
a coating that has a polysaccharide structure and is composed of glucosamine and N-acetylglucosamine units and
is obtained from the shell of crustaceans such as crabs and shrimps. Clear, odorless, non-sticky gel with high and
firm absorption power is extracted from the inner parts of aloe vera plant leaves. Between this gel and the outer
skin of the leaf, there are special cells that contain a yellow liquid and when this liquid dries, aloe vera juice is
produced. This gel is completely healthy and compatible with the environment, and its pH is about 4.5, which can
replace various fruit coatings in the post-harvest stage. The purpose of this research was to investigate the
combined effect of aloe vera gel and chitosan in maintaining the quality characteristics post harvesting and
increasing the shelf life of Lombard cherry fruit.

Materials and Methods

Lambert black cherry fruit was obtained from the garden complex of Moghan Agriculture and Animal
Husbandry Company located in Pars Abad city of Ardabil province. they were immediately transferred to the
Postharvest Physiology Laboratory, Department of Horticultural Sciences, Faculty of Agriculture and Natural
Resources, Mohaghegh Ardabili University, for the desired treatments. This study aimed to extend the shelf life of
cherry fruit with two edible chitosan coatings (0, 0.5, 1, 1.5% w/w) and aloe vera gel (0, 15%, 30%, 45% w/w)
was performed as factorial in a completely randomized design in three replications. The measured parameters were
soluble solids, vitamin C, total acidity, anthocyanin, starch, weight loss and firmness of fruit tissue that were
evaluated at harvest time and 45 days after harvest.

Results and Discussion

The results of analysis variance showed that the effect of time had significant on cherry fruit flavor (P<0.01).
The use of Aloe vera gel had a significant effect (P<0.01) on soluble solids, starch, firmness, fruit flavor and also
weight loss (P<0.05). The effect of chitosan treatment also were significant on total soluble solids, starch, firmness,
and fruit flavor (P<0.01). Moreover, Interaction effect of aloe vera gel and chitosan treatments on total soluble
solids, starch, firmness, and fruit flavor were significant (P<0.01) during at storage time. The compare means
showed that the ratio of soluble sugars to total acid was increased. The highest soluble solids and their ratio to total
acid were obtained as a result of the using of 45% aloe vera gel with 0.5% chitosan coating. Combining of aloe
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vera gel with 30% and 45% concentrations with chitosan at 1% and 1.5% were able to maintain better firmness of
fruit tissue compared to other treatments during storage time.The highest residual starch in the fruit was obtained
in using aloe vera gel treatments at concentrations of 15%, 40% and 45% with 1% chitosan during storage. Also,
the use of aloe vera gel (all three levels) was exceled compared to control on fruit weight loss. By reducing the
activity of ethylene, chitosan causes a delay in ripening and aging and as a result reduces the firmness of the fruit.
Aloe vera gel reduces the activity of pectin methylesterase, poly-galactronase and beta-galactosidase. These
enzymes destroy the cell wall and soften the fruit.

Conclusion

The interest in using edible coatings to maintain the optimum quality of fruits during the marketing and storage
process has increased. Edible coatings can act as a barrier, thereby reducing quality loss, inhibiting gas exchange,
controlling respiration rates, and preventing the growth of microorganisms that cause fruit decay. The results
clearly indicated the preservation of the quality of cherry fruit with the use of edible coatings compared to the
control. The use of the treatment combination of chitosan at a concentration of 1.5% with aloe vera at a
concentration of 45% has had a positive and significant effect to maintain the quality of cherry fruit after
harvesting. Therefore, the use of this treatment combination is recommended to increase the storage life and
maintain the quality of Lambert cherry fruit during the storage period.

Keywords: Aloe vera, Chitosan, Firmness, Storage period, Weight loss
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Table 1- Variation analysis of the effect of aloe vera gel and chitosan on cherry fruit cv. Lambert storage
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Fig. 1. The effect of time on the ratio of total soluble solids to titratable acidity of cherry fruit cv. Lambert
means with same letters in each column have not difference based on LSD test (P<0.05).
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Fig. 2. The interaction of Chitosan and aloe vera gel on the TSS of cherry fruit cv. Lambert
means with same letters in each column have not difference based on LSD test (P<0.05).
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Fig. 3. The interaction of Chitosan and aloe vera gel on the TSS/TA of cherry fruit cv. Lambert
means with same letters in each column have not difference based on LSD test (P<0.05).
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Fig. 4. The interaction of Chitosan and aloe vera gel on the starch of cherry fruit cv. Lambert
Means with same letters in each column have not difference based on LSD test (P<0.05).
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Fig. 5. The interaction of Chitosan and aloe vera gel on the firmness of cherry fruit cv. Lambert
Means with same letters in each column have not difference based on LSD test (P<0.05).
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Fig. 6. The effect of aloe vera gel on weight of cherry fruit cv. Lambert
Means with same letters in each column have not difference based on LSD test (P<0.05).
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Introduction

Cheese is the general name of a group of fermented dairy products that are produced all over the world in a
variety of flavors, textures, and shapes. This product considered a source of protein, minerals, and vitamins, all of
which add to its high nutritional value. White-brined cheeses are soft cheeses that ripen in brine. Brined
ultrafiltered cheese, as a popular product, has attracted a broad consumer market in our country. The use of thermal
processes to prolong the shelf life of foods has long been considered, but these methods lead to a decrease in
nutritional value and product quality. Emerging non-thermal technologies, including ultrasound, pulsed electric
field, high hydrostatic pressure, cold plasma and ozone have revolutionized the food processing sector. These
processes can improve the safety and quality of food products and increase their shelf life by reducing food
spoilage. In addition to expanding food shelf life, these technologies are experiencing more orogress in the
industry due to reduced energy consumption. Ozone is one of the most effective disinfectants known that does not
leave any dangerous residue on food or other surfaces in contact. Ozone treatment does not require heat and
therefore saves energy. Ozonation, as a novel technology, is widely used in preserving meat, processing oysters,
inhibiting microbial growth, and oxidizing phenolic compounds. Ozone has been mainly used in the dairy industry
to reduce or inhibit the growth of pathogenic or spoilage microorganisms. However, its effect on the non-microbial
properties of dairy products has not been studied much.

Materials and Methods

Cheese production was carried out by ultrafiltration technology in the Hamedan Pegah dairy complex
(Hamedan, Iran). The starter culture used in cheese production was R708 (containing Lactococcus lactis subsp.
cremoris and Lactococcus lactis subsp. lactis), which was obtained from Christian Hansen, Denmark. Microbial
renin enzyme (Proteria, Handry Company, Belgium) was also used for coagulation. Analytical grade chemicals
were also purchased from Merck, Darmstadt, Germany. Ozone gas at concentrations of 2 and 5 ppm was used in
different stages of brined ultrafiltered cheese production and then the samples were subjected to physicochemical
(total solids (TS), ash, pH, salt, protein, fat, acid degree value (ADV)), microbiological and organoleptic (based
on the 5-point hedonic scale) analyses at 35-day intervals during a ripening period of 105 days. The studied
treatments were: Ozonization of retentate simultaneously with starter inoculation (OA), Ozonization of retentate
before starter inoculation (OB), Ozonization of retentate (before starter inoculation) and brine (OC), Ozonization
of brine (OD) and control (C). Statistical analysis (One-way ANOVA and Duncan) was performed at a significance
level of 95% by the SPSS package program (v. 20.0, Chicago, IL, USA).

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
E any medium or format, as long as you give appropriate credit to the original author(s) and the source.
https://doi.org/10.22067/ifstrj.2023.81663.1244


mailto:ghali@jahromu.ac.ir
https://doi.org/10.22067/ifstrj.2023.81663.1244
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/ifstrj.2023.81663.1244
https://orcid.org/0000-0002-1931-9682
https://ifstrj.um.ac.ir/

VPe¥ pi=ols 3 ¥ o)lad Yo sl (ol l i glio 5 pole Glecdgiy s YO

Results and Discussion

Based on the results, the amounts of total solids, ash, salt, ADV and syneresis of cheeses increased significantly
(p £0.05), while the protein and fat contents of the samples decreased significantly (p < 0.05) during the ripening
period. The pH of the samples decreased from day 0 to 35 and then increased in most samples until the end of the
ripening period. The total counts in the samples increased initially until day 70 but then decreased until the end of
the ripening period. In general, during the ripening, cheeses treated with 5 ppm ozone had lower microbial load
and higher lipolysis compared to samples treated with 2 ppm ozone. In addition, in most treatments, the sensory
scores of cheese samples at the end of the ripening period were significantly (p < 0.05) higher than those at the
beginning of the ripening period. The application of ozone treatment was able to improve some of the sensory
properties of the cheeses. In general, this improvement was not statistically significant compared to the control,
especially at the end of the ripening period.

The positive microbial and physicochemical effects of ozone treatment on cheese samples leading to increase
the shelf life of brine cheese up to 105 days (30 days more than usual) without having a negative effect on its
sensory properties. Therefore, 0zone can be used as a hon-thermal treatment to extend shelf life and improve some
physicochemical characteristics of cheese.

Keywords: Brined cheese, Ozonation, Physicochemical properties, Storage period
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Fig. 1. The effect of ozone treatment on the amount of cheese total solids during ripening
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Fig. 2. The effect of ozone treatment on the pH of cheese during ripening
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Fig. 3. The effect of ozone treatment on the amount of cheese ash during ripening
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Fig. 4. The effect of ozone treatment on the salt concentration of cheese during ripening
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Fig. 5. The effect of ozone treatment on cheese protein content during ripening
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Fig. 6. The effect of ozone treatment on the fat content of cheese during ripening
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Fig. 7. The effect of ozone treatment on the acid degree value (ADV) of cheese during ripening
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Fig. 9. The effect of ozone treatment on the microbial total counts of cheese during ripening
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Fig. 10. The effect of ozone treatment on sensory characteristics of cheese at the beginning and end of ripening
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Introduction

The main sources of Salmonella for humans are pork, beef, chicken, eggs, fruits, vegetables, and their
derivatives such as mayonnaise, and peanut butter. Different species of Salmonella can adapt, grow or survive at
different environmental conditions. Salmonella enterica is a majorcause of food borne illness in humans, and
Salmonella typhimurium and Salmonella enteritidis serovars are the most prevalent. One strategy is to use active
packaging to reduce the microbial load or prevent the growth of microorganisms on food. Recently, antimicrobial
active packaging has received much attention due to maintaining food quality, safety, and increasing shelf life.
Among the antimicrobials used in the food industry, bacteriophages have a very good efficiency to control
pathogenic bacteria. Pullulan has a good ability to form a film, its film has good characteristics such as
transparency, odorlessness, tastelessness, solubility in water, and low permeability to oxygen and fat, However,
the major obstacle is related to its price. The combination of polysaccharides with proteins has been done in order
to improve the performance and reduce the costs of films. Gelatin is a suitable option to combine with pullulan in
terms of good mechanical properties, reduced permeability, and its good price. Different ratios of gelatin and
pullulan were studied and suitable film selected, but it needed to modify, so nanofibers cellulose was added in
order to improve the mechanical properties and water resistance. Adding cellulose nano fiber can be a good and
appropriate option. The aim of this research was to evaluate theantibacterial effectiveness of gelatin-pullulan-
nanofibers cellulose composite film containing bacteriophage against Salmonella typhimurium at two different
temperatures.

Materials and Methods

Gelatin and pullulan powders were weighted separately and mixed together (20gelatin-80pullulan). Nanofiber
cellulose was extracted from rice bran and was used at three different levels (1%, 3%, and 5%). Commercial
bacteriophage solution was added to each of the films separately and the films were prepared by molding method.
Thickness, moisture content, solubility, swelling, tensile strength, and elongation of gelatin-pullulan film
containing nanofibers were studied. Zone inhibitory of films containing different percentage of cellulose
nanofibers on the agar media against Salmonella typhimurium (10* CFU.ml%) was evaluated. The, antibacterial
effect of selected film on the poultry meat inoculated with S. typhimurium (10* CFU.g*) and several phages on the
surface meat at 4 °C and 12 °C was also investigated.
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Results and Discussion

The results indicated that gelatin-pullulan films containing different percentages of cellulose were showed
approximately 2 mm of zone inhibitory compare to films free of phages. Also, inhibitory among films at different
percentage of nanofiber cellulose did not show significant change. Antibacterial effect on poultry meat was
dependent on temperature, films loaded with bacteriophages at higher temperature (12 °C) was more effective
compare to lower temperature (4 °C). The populations of S. typhimurium were decreased 1 log and 0.7 log than
control samples at 4 °C after 7 and 9 days respectively, while at 12 °C, 1 log and around 2.55 log decrease was
found after 1 and 9 days, respectively. In a study, beef inoculated with salmonella was treated by
SALMONELEX™ bacteriophage and resulted in 1.29 log reduction of pathogenic bacteria compared to the control
sample (Yeh et al., 2017). In another study, the antibacterial effect of double-layer poly lactic acid/xanthan film
at 10 °C compared to 4 °C against pathogenic bacteria of Salmonella and Listeria was determined and found that
at10 °C, the number of pathogenic bacteria was decreased more than at 4 °C (Radford et al., 2017).. Kamali et al.
(2022b) reported that the release of phages from the film of 30 poly lactic acid/70 whey protein to the meat surface
after one hour was 63.22 % and 63.18 % at 4 °C and 10 °C, respectively, which means no significant difference,
after one day at both temperatures.

Keywords: Bio-control, Composite film, Food safety, Pathogen bacteria
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Fig. 1. Thickness (a), moisture content (b), solubility (c), and swelling (d) of gelatin-pullulan films containing at different
percentages of NFCs
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Table 1- The effect of cellulose nanofibers on tensile strength and elongation of gelatin-pullulan film
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Films  Tensile strength (MPa) Elongation (%)
Control 22.173 +6.39€ 5.50 + 3.54A
1% 26.27 +1.948 3.03 +£0.598
3% 27.958 + 3.258 3.36 £0.078
5% 32.3+5.14A 3.34+0.788

(P<0.05) 15,15 jlskine M) (g 5lal Llod 51 gt S5 53 ailie gy (glyls (slmodls ol 0 (3135 Jle Clol £ 1 Silio polol s Lmosls
*Results are reported as mean = SD. Mean with different letters in each column present significant difference (P<0.05).
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Fig. 2. Loaded phages in gelatin-pullulan film containing at different percentages of NFCs
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Table 2- Zone inhibitory of gelatin-pullulan film at different percentages of NFCs loaded with phages against S. ¢yphimurium
bacteria
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Control +3%
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Control +5%
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OB
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OB
2.23+0.118*
OB
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“Results are reported as mean = SD. Mean with different letters in each column present significant difference (P<0.05).
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Introduction

Due to the low amount of prolamin, rice flour is the most suitable raw material for preparing food for patients
with celiac disease. Particle size classification and thermal treatments are among the physical methods to improve
the functional characteristics of gluten-free flours and as a result, improve the quality of the products obtained
from them. Particle size can increase the quality of gluten-free products by affecting the physicochemical
properties of flour during hydration. Dry heat treatment and moist heat treatment are common techniques for
physical modification which, depending on the intensity of temperature and storage time, lead to the improvement
of gluten-free products by modifying starch grains, aroma, and flavor, and reducing microbial load. Considering
that the effect of rice flour particle size on the quality of gluten-free bread has not been studied so far, in the current
research, by dividing rice flour into particles with sizes of 180, 150, and 125 microns and using moist and dry heat
treatments, The possibility of improving the functional characteristics of rice flour and improving the quality
characteristics of gluten-free bread were investigated.

Materials and Methods

The content of moisture, pH, ash, and protein of rice flour was measured using AACC standard method (2000)
and the total amount of starch was measured by the alkaline extraction method and the amount of starch damage
was measured by non-enzymatic rapid method. To classify the size of the particles, waxy rice flour was divided
by a shaker sieve with different sizes of 180, 150, and 125 microns, then under the influence of dry heat treatment
for 2 hours and moist heat treatment with 25% humidity for 5 hours at a 110°C To produce gluten-free bread, the
formulation used by Haghighat-Kharazi (2020) was used with a slight change. Ingredients for gluten-free bread
formulation for 100 grams of rice flour included 125 ml of water, 4.5 grams of sugar, 2 grams of salt, 6 grams of
vegetable oil, 3 grams of yeast, and 2 grams of xanthan gum. Bread characteristics, which include weight loss,
specific volume, oven spring, crumb crust ratio, shape index, porosity, crust and crumb color, and bread texture
analysis were studied to evaluate the quality of bread. Finally, the factorial test was used to investigate the effects
of particle size and heat treatment of rice flour, and Duncan's multiple range test was used to compare the means
at the 5% probability level.

Results and Discussions

©2023 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
B distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source.
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The results showed that the effect of particle size on weight loss, specific volume, oven spring, crumb to crust
ratio, crust, and crumb color parameters, and bread texture was not significant (p>0.05). Regarding the sample
volume index, C80 and DHT120 significantly had the lowest volume index (p<0.05). The HMT80-treated sample
significantly increased the weight loss, and the moist heat-treated samples significantly increased the specific
volume and the core to shell crumb (p<0.05). Sample treated with HMT 120 had the highest volume index. moist
heat treatment and dry heat led to significantly decrease in brightness and an increase in the yellowness of the crust
and crumb of the bread compared to the control sample, but there was no significant change in the amount of
redness (p<0.05). Moist heat treatment samples had the lowest hardness and chewiness compared to the control
sample and the dry heat treatment sample. In general, the sample obtained from 125-micron flour particle size and
moist heat treatment led to the improvement of gluten-free bread quality.

Keywords: Celiace disease, Gluten-free bread, Physical modification, Waxy rice
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Table 1- The extent of starch damage in different treatments of waxy rice flour
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Treatments Starch damage
c 8o 3.98+0.01°
DHT 80 3.77£0.01°
HMT 80 2.86+ 0.02¢
C 100 4.69+ 0.09°
DHT 100 4.25+0.07°
HTT 100 2.64+0.01f
C 120 4,77+ 0.042
DHT 120 3.52+0.02¢
HTT 120 2.30+ 0.029
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Different letters in each column indicate significant differences between samples (p<0.05).
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Table 2- Physicochemical characteristics of gluten-free breads
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Breads  Weight loss (%)  (cmd/gr) Loaf specific volume (mran)) Y Crumblcrust ratio
C80 25.19+£ 0.63? 2.14+0.01%¢ 0.45+ 0.05% 1.63+0.01°
DHT 80 2490+ 0.142 2.13+0.00b¢ 0.45+ 0.05% 1.67+0.03°
HMT 80 28.91+0.10° 2.56+ 0.032 0.5+ 0.14® 1.82+0.072
C 100 25.43+0.47¢8 2.17+0.03° 0.5+ 0.00% 1.64+ 0.01°
DHT 100 24,11+ 0.252 2.17+0.04° 0.45+ 0.052 1.68+0.01°
HMT 100 26.16x 0.50? 2.59+ 0.022 0.55+ 0.072 1.84+0.012
C 120 24,56+ 0.132 2.19+0.01P 0.5+ 0.14% 1.67+0.01°
DHT 120 24.08+ 0.48?2 2.07£0.03° 0.4+ 0.00° 1.70+ 0.01°
HMT 120 24,99+ 0.518 2.61+ 0.032 0.6+ 0.002 1.87+ 0.052

(P<e/0) Canl ddiges o Jlo dxe BN 3959 oaimd (LS g s 40 Cglite By >
Different letters in each column indicate significant differences between samples (p<0.05).
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Table 3- Shape indexes of gluten-free breads

JEYeRe]
G st Index
Ereg - o e o

Volume Uniformity Symmetry
C80 9.50+ 0.00¢ 0.16+ 0.05? 0.13+0.05?
DHT 80 9.60+ 0.30° 0.10+ 0.00? 0.20+ 0.10?
HMT 80 9.90+ 0.10° 0.13+ 0.05? 0.16+ 0.05?
C 100 9.85+ 0.20° 0.16+ 0.05? 0.23+ 0.05?
DHT 100 9.70+ 0.00° 0.10+ 0.05? 0.26+ 0.05?
HMT 100 10.35+ 0.15? 0.06+ 0.05? 0.33+0.11°
C 120 9.95+ 0.15P 0.13+ 0.05? 0.20+ 0.10?
DHT 120 9.50+ 0.10°¢ 0.10+ 0.00? 0.16+ 0.05?
HMT 120 10.65+ 0.262 0.13+0.152 0.40+ 0.26°

(P 40) Cusl diges oy J5 ze BB 3959 sl LS 5w yb )3 Sglite Cigy>
Different letters in each column indicate significant differences between samples (p<0.05).
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Table 4- Crust color parameters of gluten-free breads

o gl L a b
Breads
C 80 69.25+ 0.392 10.35+ 0.282 36.97+ 0.604
DHT 80 66.06+ 0.48¢ 10.10+ 0.322 40.22+ 0.603¢
HMT 80 67.10+ 0.20° 9.83+0.162 41.01+0.482
C 100 69.50+ 0.212 10.29+ 0.552 36.83+0.38¢
DHT 100 66.20+ 0.50¢ 9.90+ 0.212 40.02+ 0.16"
HMT 100 67.34+0.01° 9.71+ 0.182 40.74+0.31%
C 120 69.98+ 0.312 10.12+0.372 36.24+ 0.424
DHT 120 66/30+ 0.10° 9.98+ 0.162 39.69+ 0.18°¢
HMT 120 67.47+0.38° 9.62+ 0.162 40.52+ 0.218%¢

(P<e/40) ol diges oy 5 cime BME] 3939 sidd (Ll (gt o )d Ciglite Bgy>
Different letters in each column indicate significant differences between samples (p<0.05).
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Table 5- Crumb color parameters of gluten-free breads

ol glsil .

a b

Breads
c8o 88.07+ 0.202 1.74+ 0.402 13.32+0.11°¢
DHT 80 86.06+ 0.06° 2.02+0.252 15.15+0.35°
HMT 80 81.45+ 0.32¢ 2.03+0.252 17.31+0.522
C 100 88.96+ 0.832 1.95+ 0.212 12.85+ 0.50¢
DHT 100 86.13+ 0.68° 1.97+£0.182 15.12+0.37°
HMT 100 82.04+ 0.25% 2.40+ 0.142 16.80+ 0.422
C 120 89.16+ 0.872 2.25+ 0.072 12.37+0.39¢
DHT 120 85.38+ 0.01° 2.20+ 0.572 14.65+ 0.78P
HMT 120 82.70+ 0.05°¢ 2.17+0.392 16.43+ 0.182

(P 140) Cusl ladiges oy Jd Gz OS] 2939 sl Ll (ygiw yb )d Sglitie CBgy>
Different letters in each column indicate significant differences between samples (p<0.05).

stV Bl s 45 Bl ey @l ) Lol 015 Jlags sl
Bourekoua et al., ) ol,\Kan § )0 S W) a5y o 5V
CokS 3 0y 5 g Jleten Jlas 56 5 4wy (2016
g @r Jly gy log 13,5 ()15 Kb plxl (56l g
) Spgar b el ah (b CudS dgme @ e O
y peS e 5 Ghigr el ol (b (8L Cliogas L
@ Jloy 9 o &5 Jloyd ol lis sals sladiges & Cons
Pl s o0 43)90 53 9 38 (b Copid (all 4 e )3 4
il les sl(Kimetal., 2017) o, Son 5 o8 0 oL aie
A o 290 Py S S p 1) Sloged @y 3] gy
sk Sl o @y 0yl §) Jole S8 208 5158 Ll il
) S g ((Nogm e o i ot Jald diged 4y Cus

S olis

(518 O 9a3 O il Jald g 5l
0231 7 Jsix )3 395 s o s U1 5 Jobs gl
2 e A e SiS )l Jleg g @b o3l sl sl s
bdiged hgx Cubll 5 Coypd  Suwsnpty «Cuslsd)l o gaw
S35 & S ogoys ol slasi slodises (p>+1+0) 23,5
9 e Qe S ()l gne soh Sts Oyl e g aald
ONex Culld 5 aw ydlae (p<e/+0) Wag b 1) Hues cubl
bl & Wlgie by Gyl s cladiges ly S
03 25 oy Cgbyo ()l e Jsb 53 )] ol ()5l
5 38L5 dg0) 4 Cans HMT 100 o HMT 80 (clojlo 1 Jols
Ll 1y gyeS Cuyd b pme jolay Sis gyl s
@ Slgi e sk ye (il e slhaisel cuy JialS (p<:/-0)
Wges U a0 Cll Camd Hdle g JBD sladisy o5 @8 cle



Vot =310 ,5 Y o)l e alo oyl ol (I @lus g pole sleiidgls 4 o

Y4

OIS e LU CdL Jaldg LT gl -1 Jgus

Table 6- Results of texture profile analysis of gluten-free breads

ob Ely! S Casled )| g ol Ca 8 RETo
Breads Hardness (kg) Resilience (g) Cohesiveness Springiness (mm) Chewiness (mj)
C80 0.383+ 0.39° 0.395+ 0.03*  0.610+ 0.042 8.025+ 0.17% 16.450+ 1.76%
DHT 80 0.371+ 0.08° 0.307+0.05*  0.435+0.03? 8.125+ 0.38? 16.125+ 0.36%
HMT 80 0.209+ 0.03? 0.285+0.07¢  0.360% 0.15? 6.315+ 0.50¢ 6.650+ 1.27¢
C 100 0.385+0.07° 0.380+0.11*  0.605% 0.072 8.615+ 0.65? 19.635+ 0.40?
DHT 100  0.390+ 0.42° 0.310+ 0.05*  0.615+0.19? 8.585+ 0.442 18.540+ 1.07%
HMT 100  0.216+ 0.05? 0.320+ 0.03*  0.510+0.98? 6.955+ 0.80° 7.750+ 2.05¢
C 120 0.377+£0.30° 0.410+0.50*  0.590% 0.06? 8.730+ 0.222 19.900+ 0.422
DHT 120  0.435+0.09° 0.325+0.02¢  0.565% 0.09? 8.265+ 0.29° 19.500+ 0.98%
HMT 120  0.225+ 0.07? 0.328+ 0.06° 0.55+ 0.122 7.745+ 0.14%® 8.100+ 1.06°

(P<e /4 0) Gl odiges oy o gine OS] 3529 0dimd s g o 4> Cglite iy >
Different letters in each column indicate significant differences between samples (p<0.05).
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Fig. 1. Sensory evaluation results of different gluten-free bread treatments
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Introduction

Seeds and nuts have received increasing attention due to their nutritional value and the high therapeutic
properties of their bioactive compounds. Most of the seeds are used as nuts, and some of them are considered
agricultural waste. Pumpkin seeds have a high content of protein (30-40% in terms of dry matter). Proteins are
among the vital health-giving components that provide nitrogen, essential amino acids and energy necessary for
normal cells. Pumpkin seeds are a good source of amino acids such as valine, histidine, isoleucine, leucine,
threonine and methionine. Protein hydrolysate is a mixture of peptides and amino acids that can show antioxidant,
antimicrobial, anticancer, antidiabetic and antihypertensive properties. During hydrolysis, proteins are broken into
small peptides and amino acids. Since enzymatic hydrolysis is performed in relatively mild conditions and no
amino acid damage occurs, this type of hydrolysis is preferred over acid and alkaline hydrolysis. Hydrolysates
obtained from pumpkin seed protein have bioactive properties, especially antioxidant activity. Pretreatment of
proteins before enzymatic hydrolysis acts to improve the release of bioactive peptides from different proteins.
Pretreatment can facilitate the unfolding the structure of proteins and thus increase the access of enzymes to peptide
bonds. The main properties of microwaves usually show three characteristics: penetration, reflection and
absorption. Microwave assisted enzymatic hydrolysis can shorten the time and improve the speed of the reaction.
The purpose of this research was to investigate the antioxidant activity of pumpkin seed protein hydrolysates
(Cucurbita maxima L.) by alcalase enzyme in two conditions: without pretreatment and using microwave
pretreatment.

Material and Methods
In this study, Pumpkin (Cucurbita maxima L.) was purchased from the local market of Astane Ashrafieh in
Gilan province. The seeds were scooped manuallyand then dried in an oven at 50°C for 72 hours. After the
production of protein concentrate from pumpkin seeds, the chemical properties of the concentrate, such as the
amount of fat, protein, ash and moisture, were measured. The isolated pumpkin seed solution was exposed to
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microwave energy with a power of 450-900 watts for 30-90 seconds and was used as a substrate solution in
enzymatic hydrolysis experiments. It should be noted that after measuring the total antioxidantactivityr for
different powers and times of microwave pretreatment, the power of 600 watts for 60 seconds was selected and
applied before enzymatic hydrolysis. Enzymatic hydrolysis was done by alcalase enzyme with a concentration of
0.5 to 2.5% compared to the protein substrate during 20 to 190 minutes, and the optimum temperature and pH of
alcalase were determined in order to produce hydrolysates with antioxidant activity. Antioxidant activity was
measured by using DPPH free radical inhibition, total antioxidant activity and iron chelation activity methods.

Result and Discussion
Bioactive peptides produced by the enzymatic hydrolysis of proteins have significant antioxidant properties.
Pumpkin seeds can be used as a rich source of nutrients and bioactive compounds in various food industries. The
results showed that the maximum amount of antioxidant activity without pre-treatment was achieved in 165
minutes with a 2.2% ratio of E/S by using DPPH free radical scavenging activity (40.5%), total antioxidant power
(0.79), and iron chelation activity (96.2%) methods. By using microwave pre-treatment, the maximum amount of
antioxidant activity was achieved in a shorter time and with less enzyme (105 minutes and E/S ratio 1.5%) using
DPPH free radical scavenging (52%), total antioxidant power (0.711), and iron chelation activity (93%). Therefore,
it can be concluded that using microwave assisted enzymatic hydrolysis , in addition to achieving hydrolysates
with proper antioxidant activity, is a suitable method to save time and reduce enzyme concentrations used in

enzymatic hydrolysis.

Keywords: Antioxidant activity, Microwave pretreatment, Protein hydrolysates, Pumpkin seeds
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Table 1- Levels of independent variables used to optimize the antioxidant activities of pumpkin seed protein
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Independent variables
o2 3| oo
E/S 05 08 15 22 25
‘?L"} 20 45 105 165 190
Time
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Table 2- Chemical compounds present in whole grain, defatted flour and pumpkin protein concentrate

Aiged (woyn) Cugby  (a0)3) pss (w0)3) (22 (n0) (i
Sample Moisture Ash Fat Protein
Jot5 s 8.46 6.9 3157 33.92
Whole grain
odd @Sz xS 7,65 4.65 5.12 50.5
Defatted flour
935 OnSay 03l 5.45 1.45 2.29 65.62

Pumpkin protein concentrate
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Table 3- Random treatments and antioxidant activity of hydrolyzed pumpkin seed protein without pretreatment

Treatment Time E/S Total anti-oxidant Chelation activity %
1 20 15 0.654 25.2 79.6
2 45 0.8 0.625 22.3 76.5
3 45 2.2 0.684 26.5 83.6
4 105 0.5 0.637 23.6 81.1
5 105 15 0.714 31.2 89.2
6 105 15 0.72 32.8 88.5
7 105 15 0.725 335 87.8
8 105 25 0.764 375 90.5
9 165 0.8 0.658 255 84.6
10 165 2.2 0.79 40.5 96.2
11 190 15 0.725 335 89.5

9.199)5.1‘.0 )ww ol 9.}5 PHEY-XW) }99).\@ Oy u.:,wlubi Cullzd 9 u.ébw du)l‘»} -£ Jg»
Table 4- Random treatments and antioxidant activity of hydrolyzed pumpkin seed protein under microwave pretreatment

)l'°‘$3 0"“) M)"‘/,l‘:‘“"w K un%“s'_'um DPPH % U;'A‘us Y oy
Treatment Time E/S Total anti-oxidant Chelation activity %
1 20 15 0.654 25.7 84.8
2 45 0.8 0.625 231 80.2
3 45 22 0.665 28.3 86
4 105 0.5 0.613 225 80
5 105 15 0.688 51 93
6 105 15 0.711 50.8 91
7 105 15 0.701 52 92
8 105 25 0.691 35 89
9 165 0.8 0.632 26 81
10 165 22 0.688 40.2 89.7
11 190 15 0.642 37 84.3
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Table 5- Variance analysis of chelation activity of pumpkin seed protein hydrolysate by alcalase

Op S ) b P %3y @313l p
Regression coefficient Pvalue df
P BP P BP P BP
MJZ | 92.00 88.50 0.0006 0.0010 5 5
ode
A 04741 434 0.2741 00004 1 1
B 3.40 4.00 0.0003 0.0005 1 1
AB 0.7250 113 0.2416 01769 1 1
A? -3.80 -1.96 0.0004 0.0225 1 1
B2 -3.82 -1.34 0.0004 00771 1 1
b i inR?
Prod-R? 0.8576 0.7865
oY)
A;Lé]*’;{ R 0.9480 0.9358
L::;“Oﬁt 04583 01399 3 3
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Fig. 1. Effect of time and E/S on chelation activity without pretreatment (a) and Effect of time and E/S on chelation activity
with pretreatment (b)
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Table 6- Variance analysis of free radical scavenging activity DPPH of pumpkin seed protein hydrolysate by alcalase

OS5 P o83y @33l ey
Regression coefficient Pvale df
P BP P BP B BP
M:‘):el 51.27 32,50 <0.0001  0.0006 5 5
A 3.85 3.62 <0.0001  0.0007 1 1
B 463 4.86 <0.0001  0.0002 1 1
AB 2.25 2.70 0.0011 0.0116 1 1
A2 -10.12 -1.89 <0.0001  0.0233 1 1
B2 -11.42 -1.29 <0.0001  0.0790 1 1
2. . P2
o PrLr;jul; R 0.9912 0.8448
s D2
“‘/;‘a?*‘; R 0.9967 0.9457
L“"‘”lr‘" o 05034 03989 3 3
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Fig. 2. The effect of time and E/S on DPPH free radical inhibition activity without pretreatment (a) and The effect of time
and E/S on DPPH free radical inhibition activity with pretreatment (b)
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Table 7- Variance analysis of total antioxidant activity of pumpkin seed protein hydrolysate by alcalase

Qg 5 g8
Regression coefficient
P BP
Joe 07000 07197
Model
A 0.0016 0.0299
B 0.0258 0.463
AB 0.0040 0.0182
A? -0.0254 -0.0165
B2 -0.0234 -0.0110
B . B 2
o oot RE g 2400 0.9263
Pred-R?
21 R 0.8963 0.9
i . 9763
Adj-R?
WJLLJ (’J‘;
Lack of fit

P o), @dl5l aa
I:>Value df
P BP P BP
0.0031 <0.0001 5 5
0.6866  0.0001 1 1
0.0011 <0.0001 1 1
0.4910  0.0064 1 1
0.0025 0.0047 1 1
0.0036  0.0233 1 1

0.6018  0.2633 3 3
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Introduction

Astaxanthin is a widely used carotenoid pigment in the food industry which is extracted from various natural and
synthetic sources. Nowadays, due to the adverse effects of organic solvents green solvents which are non-toxic, non-
volatile and environmentally friendly have been proposed. Therefore, this study focuses on comparison of the
extraction of astaxanthin from shrimp (Fenneropenaeus merguiensis) and Gammarus (Pontogammarus maeoticus)
under soaking conditions for 24 hours with organic solvent (combination of ethanol with ethyl acetate), green solvent
(microemulsion of ionic liquid in water) and vegetable oil (sunflower oil). lonic liquid microemulsion in water is
considered a newnovel solvent for astaxanthin extraction. Determination of density, conductivity and diameter were
the characteristics of microemulsion test. In extraction,Solvent to sample ratios of 5x, 12.5x and 20x were used for
the extraction and compared with the control sample.

Materials and Methods

F. merguiensis and P. maeoticus With species approval were procured from Persian Gulf Ecology Research
Institute (lran). Commercial astaxanthin (>98 % purity), a-diphenyl-p-picrylhydrazyl (DPPH), and butylated
hydroxytoluene (BHT) were procured from Sigma-Aldrich (USA). The HPLC grade ethanol, propanol, ethyl acetate,,
tributyl octyl phosphonium bromide, Triton X-100, and n-butanol were obtained from Merck Chemicals Co.
(Germany). Refined sunflower oil which was antioxidant-free, was also purchased from Hayat Company (Iran). The
shell of F. merguiensis and P. maeoticus were carefully washed with distilled water, then freeze-dried (Christ-Alpha
1-4, LD freeze dryer, Germany) for 48 h at -50 °C. After sieving the powders with a laboratory sieve with a mesh
smaller than 15 um. The obtained powders were kept at Refrigerator. All experiments were done in the Food and
Drug Administration Department of Hormozgan University of Medical Sciences.

Results and Discussion
According to the results, the density of the microemulsion was determined in the range of 0.97151 g/cm?, its
diameter was 15.8 nanometers and the conductivity was 312 microsiemens at 27.1°C. The results of astaxanthin
extraction with different solvents in the comparison with control solvent were statistically significant (p< 0.05).
According to the results obtained from the extraction of astaxanthin from two sources of shrimp and gammarus, shrimp
was selected as the source with the highest amount of extracted astaxanthin. The use of green solvent (ionic liquid

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
E any medium or format, as long as you give appropriate credit to the original author(s) and the source.
https://doi.org/10.22067/ifstrj.2023.82949.1265



mailto:y.maghsoudlou@gau.ac.ir
https://doi.org/10.22067/ifstrj.2023.82949.1265
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/ifstrj.2023.82949.1265
https://orcid.org/0000-0002-3124-1750
https://ifstrj.um.ac.ir/

Vot =310 ,5 oY o)l e alo oyl pl (Ié @lus g pole cleiidgfy 4 pis YV o

microemulsion in water) in a ratio of 12.5 times solvent to sample was also chosen as the optimal method. The amount
of astaxanthin extracted under optimal conditions was 77.44 £ 1.09 mg/ml. The results of DPPH radical inhibition by
extracted astaxanthin using ionic, oily and organic solvents compared to synthetic antioxidant BHT showed that the
antioxidant activity increased with increasing the concentration of astaxanthin, but this increase was always lower
than BHT.

Conclusion

In general, the results of this research show that the use of microemulsion based on ionic liquids is a suitable
alternative to conventional methods in extracting and recovering astaxanthin from natural biological sources.
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Table 1- Total content of carotenoids in Pontogammarus maeoticus and Fenneropenaeus merguiensis in
different solvent to sample ratio
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Data are reported as mean + standard deviation (n=3).Small non-similar letters in each column indicate the existence of a significant
difference (p < 0.05) between the solvents.The capital letters in each row indicate a significant difference (p < 0.05) among the ratios.
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Fig. 1. Standard curve of astaxanthin in concentrations of 0-1 pg/ml using 2-propanol
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Table 2- Astaxanthin extracted from Pontogammarus maeoticus and Fenneropenaeus merguiensis in different solvent to
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Pontogammarus maeoticus

S390 S
Fenneropenaeus merguiensis

% aiged 4 JH Connd aigod 4 JP Connd
Solvents Solvent to sample ratio Solvent to sample ratio
5 125 20 5 125 20
56l
Etfiaﬁol 58.33+1.21°°  91.33+1.38*4 74.33+1.52% 56.00£1.00°  88.66+1.52%A  76.66+0.57%
(15%) bl iz 5] bglsco
+ bC + aA + bB + aC + bA + bB
(Mixture of ethanol: ethyl acetate (1:2 50.00+1.00 96.66+1.52 82.00+1.00 62.33+0.57 91.33+1.15 85.66+0.57
ol 3 G ale gmmdselySeo
lonic liquid microemulsion in water ~ 46.00£1.00°°  97.00£1.00**  87.33£0.57°® 59.33£0.57"°  97.66+0.57**  92.66+0.57%

Green solvent
9y S
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56.00+1.00°¢ 94.00+1.00**  78.33+0.57°C 55.00+1.00° 89.33+ 0.57 A  79.00+1.00®

ol s (yleoyd (0<2740) (o)l pre gl oind L pd) o 3 Sy
Data are reported as mean + standard deviation (n=3).Small non-similar letters in each column indicate the existence of a significant
difference (p < 0.05) between the solvents.The capital letters in each row indicate a significant difference (p < 0.05) among the ratios.
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Fig. 2. DPPH radical scavenging activity of astaxanthin extracted with organic, ionic and oily solvent compared to BHT
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Introduction

Consumption of ready-to-eat products especially seafood, has become very popular based on the lifestyle
during these years. Battered and breaded products are highly acceptable due to their attractive appearance and
unique taste. Shrimp and shrimp products are one of the most popular seafood products in many countries because
of their unique flavor, nutritional value and texture. The interactions of proteins with other ingredients can play a
critical role in the structure of processed foods. Protein-polysaccharide interactions provide functional properties
in foods especially when proteins are the main ingredients, such as processed shrimp products without affecting
the original flavor of the food. The use of gelling properties of carbohydrates in the formulation of food products
is increasingly growing. The wide variety of hydrocolloids have been examined to modify the mechanical, textural
and functional properties of shrimp products. In this regard, application of carrageenan, xanthan, and alginate have
been reported to improve the physicochemical and sensory attributes of shrimp products. In the present study,
surimi was produced and used in combination with different percentages of carrageenan, alginate and xanthan
gums in order to simulate breaded shrimp and produce shrimp nuggets with a texture similar to battered and
breaded shrimp.

Materials and Methods

In the first step, surimi was prepared from silver carp fillets. In the next step, shrimp nuggets were produced
from obtained surimi in combination with additives (including starch, salt, garlic, and spices) and different
percentages (0.5, 1, 1.5 and 2% ) of carrageenan, alginate and xanthan gums. The prepared mixture was kept at 35
°C for 1 hour and then battered and breaded after molding. Physical (expressible water, product yield, and
shrinkage), chemical (moisture, fat, and pH), color, texture, and sensory analysis were performed on several
samples of shrimp nuggets (containing different percentages of carrageenan, alginate, and xanthan gums) in
comparison with the control sample (battered and breaded shrimp immersed in salt and polyphosphate).

Results and Discussion
Based on the results, the amount of shrinkage decreased in all samples containing gums in comparison with
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the control (p < 0.05). Shrimp nuggets containing xanthan and alginate showed a lower amount of fat in comparison
with the control and the samples containing carrageenan (p < 0.05). The highest amount of pH value observed in
the control sample, and the sample containing 1.5 and 2 % alginate showed the lowest amounts of pH. The shrimp
nuggets containing 2 % alginate demonstrated the highest amounts of water holding capacity.However, the other
samples did not show significant differences with the control (p > 0.05). There were no significant differences
between the control and shrimp nuggets containing gums in terms of product yield (p > 0.05). Shrimp nuggets
containing 2 % xanthan and the control showed the highest and lowest amounts of brightness, respectively. The
highest value of adhesion observed in shrimp nuggets containing 2 % alginate and the control. The lowest amounts
of adhesion were observed in shrimp nuggets containing 2 % xanthan, 0.5 % alginate, 1 and 2 % carrageenan (p <
0.05). Samples containing 1% carrageenan showed the highest scores of the sensory attributes of taste, smell,
texture and overall acceptance, as same as the control (p > 0.05).

Conclusion
Hydrocolloid additions were found to be significantly affecting the quality parameters including fat content,
pH value, shrinkage and texture of produced shrimp nuggets. Therefore, it seems that producing shrimp nuggets
containing 1 % carrageenan showed the nearest physical, chemical, and sensory characteristics to the control
(battered and breaded shrimp), and this sample can be used as alternative of battered and breaded shrimp.

Keywords: Breaded shrimp, Shrimp nugget, Gum, Sensory analysis
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Fig. 1. Values of fat and water of control (battered and breaded shrimp) and shrimp nuggets obtained from surimi in
combination with different percentages of carrageenan, alginate and xanthan
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The data are expressed as the average of three replicates + standard deviation. Different letters (a-c) indicate significant differences
between treatments (p<0.05).
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Table 1- Values of express water, pH, shrinkage and product yield of control (battered and breaded shrimp) and shrimp
nuggets obtained from surimi in combination with different percentages of carrageenan, alginate and xanthan
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The data are expressed as the average of three replicates + standard deviation. Different letters (a-c) in each row and column indicate
significant differences between treatments (p<0.05).
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Fig. 2. Values of color analysis of control (battered and breaded shrimp) and shrimp nuggets obtained from surimi in
combination with different percentages of carrageenan, alginate and xanthan
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The data are expressed as the average of three replicates + standard deviation. Different letters (a-c) indicate significant differences
between treatments (p<0.05).
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Table 2- Values of texture analysis indices in control (battered and breaded shrimp) and shrimp nuggets obtained from
surimi in combination with different percentages of carrageenan, alginate and xanthan

o S5l 0 slaao S S S gt Cu o S
Treatment  Hydrocolloids percentage  Adhesion (%)  Deformation (%)  Springiness (mm) Hardness (N)
aald - 55.5+7.42b 14.0+9.01* 128.8+50.08° 3200.681+16.47°
Control
0.5 48.7+2.29° 14.0+9.01% 223.31+66.06% 2506.198+83.96%
Sleshls 1 49.3+2.43° 14.0+9.012 238.57+71.84% 1966.242+16.11°
Carrageenan 15 68.8+4.90% 15.12+8.10* 121.29+25.01° 2308.60+66.78°%¢
2 72.745.83% 14.049.01% 289.47+76.12° 1879.147+66.83>
0.5 48.4+8.29° 14.0+8.01% 202.19+47.96% 1591.8+33,98Pcf
byl 1 67.5+5.55%® 14.0+9.01% 172.25+37.06® 750+90.85%"
Alginate 15 72.5+8.57% 14.0+7.012 121.24423.12° 479.46+50.6
2 112.3043.84* 14.047.01% 105.14+25.32° 537.55+50.71f
0.5 64.10£19.97% 14.0+9.012 159.24+16.17® 1525.105:+50.09Pc"
sl 1 59.10+38.51%® 14.0+8.01% 207.28+38.43% 1248.181+33.24%f
Xanthan 15 78.3+17.65® 14.0+7.012 203.8+75.98% 743.42+66.35°
2 44.10+13.13° 14.049.01% 121.11+16.95 1157.138+83.40%

(P<0.05) sl o oyl oy 45 imo BB oaimd L g 5 cndy yo 4> (B-T) caliseo Bg > s Ly Hlre Bl il )15 des (1Sl & yguody laodls
The data are expressed as the average of three replicates + standard deviation. Different letters (a-f) in each row and column indicate
significant differences between treatments (p<0.05).
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Table 3- Values of sensory analysis in control (battered and breaded shrimp) and shrimp nuggets obtained from surimi in
combination with different percentages of carrageenan, alginate and xanthan

o Mgl g b (S )3 $2b U b ¥ cdl oK ot
Treatment  Hydrocolloids percentage Appearance Taste Smell Texture Overall acceptance

aals - 8.0+33.15% 8.0+9% 8.0+46.16®  8.0+13.8% 8.0+40.13%

Control

0.5 7.0£93.112  7.0#40.13*  7.0460.19° 7.0+73.11% 7.0+73.15b

obushs 1 8.0+£40.16° 8.0£53.132  8.0+73.11*  8.0%73.112 8.0£80.102

Carrageenan 15 7.0+86.13%  7.0£80.10°  8.0+45.10%¢  7.0+66.12% 7.0+73.15b0

2 7.0£93.11°  7.0£60.16™  7.0+86.13  7.0+60.13" 7.0+26.15¢

0.5 8.0+80.09°  7.0£66.18>  8.0+13.21%° 7.0+86.16™ 8.0+13.16%¢

ol 1 8.0£75.10°  7.0+33.15"  7.04#86.13% 7.0+53.21°° 7.0+26.15¢

Alginate 15 8.0£70.128  7.0466.12°  7.0#86.13% 7.0+53.21%° 7.0+40.19¢

2 7.0£86.13°  7.0453.13*  7.0+73.15° 7.0+66.12 7.0+33.23%«

0.5 8.0+33.122  7.0£80.17°  8.0+46.16®  7.0+60.13% 7.0+66.185

okl 1 8.0+13.122  7.0#66.15"  7.0£86.19°  8.0+51.12 7.0466.270

Xanthan 15 7.0£93.15%  7.0£86.13%°  7.0+86.16°  7.0+86.09> 7.0+40.19%

2 7.0£93.15° 7.0£26.15°  7.0473.18"  7.0+33.12° 7.0+80.020«

(P<0.05) w3l oo laylass 5l sine OS] 01imd (LS (g g i3y > (A-0) Cilisen Ly blosd o jlme Gl )5 dur (pSilia g0y bnodls
The data are expressed as the average of three replicates + standard deviation. Different letters (a-d) in each row and column indicate
significant differences between treatments (p<0.05).
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Fig. 3. Values of sensory analysis in control (battered and breaded shrimp) and shrimp nuggets obtained from surimi in
combination with different percentages of carrageenan, alginate and xanthan
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Introduction

Sour cherries (Prunus cerasus L.) are relatively diverse and broadly distributed around the world, being found
in Asia, Europe, and North America. Sour cherries have unique anthocyanin content, and rich in phenolic
compounds. The fruits are generally used for processing purposes, such as for production juice and jam. The fruits
of sour cherries can also be frozen and dried. One of the best methods for the preservation of agricultural product
is drying, which involves removing water from the manufactured goods. Dried sour cherries have a long shelf life
and therefore may be a fine alternative to fresh fruit all year round. There are no reports on the effect of microwave
pretreatment on the hot air drying kinetics of sour cherries in the literature. Hence, the purpose of this study was
to estimate the impacts of microwave pretreatment on the total phenolics, drying time, mass transfer kinetic,
effective moisture diffusivity, total color difference index, shrinkage and rehydration of sour cherry. In addition,
the moisture ratio changes of sour cherry during drying were modeled.

Material and Methods

Sour cherries were purchased from the market at Bahar, Hamedan Province, Iran. The average diameter of
fresh sour cherries was 1.6 cm. In this study, the water content of fresh and dried sour cherries was calculated
using an oven at 103°C for 5 h (Shimaz, Iran). In this research, the effect of microwave time on the drying time,
effective moisture diffusivity coefficient and rehydration of sour cherries was investigated and drying kinetics
were modeled. To apply the microwave pretreatment on the sour cherries, a microwave oven (Gplus, Model;
GMW-M425S.MIS00, Goldiran Industries Co., Iran) was used under atmospheric pressure. In this work, the
influence of the microwave pretreatment time at five levels of 0, 30, 60, 90, and 120 s (power=220W) on the
cherries was examined. After taking out the treated sour cherries from microwave device, the samples were placed
in the hot-air dryer (70°C) as a thin layers. The dehydration kinetics of sour cherries were explained using 7
simplified drying equations. Fick's second law of diffusion using spherical coordinates was used to calculate the
moisture diffusivity of sour cherries at various hot-air drying conditions. The rehydration test was conducted with
a water bath (R.J42, Pars Azma Co., Iran). Dried sour cherries were weighed and immersed for 30 min in distilled
water in a 250 ml glass beaker at 50°C.

Results and Discussion
The results showed that microwave treatment led to an increase in moisture removal rate from the sour cherries,
an increase in the effective moisture diffusivity coefficient, and, consequently, a decrease in drying time. By
increasing the microwave time from 0 to 12 s, the average drying time of sour cherries in the hot-air dryer was
decreased from 370 min to 250 min (p<0.05). The average effective moisture diffusivity coefficient calculated for
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the samples placed in the hot-air dryer was 4.25x10"° m?/s. Increasing the microwave time from 0 to 120 s
increased the average effective moisture diffusivity coefficient by 85%. The maximum amount of phenolic was
related to the sample treated with microwave for 90 seconds. Microwave treatment time had no significant effect
on the rehydration of dried sour cherries.

Conclusion
Kinetic modeling of weight changes of sour cherries during drying was carried out using models in the sources,
followed the Page model was selected as the best model to predict moisture ratio changes under the selected
experimental conditions. The mean values of sum of squares due to error, root mean square error, and r for all
samples ranged from 0.001 to 0.007, 0.005 to 0.017, and 0.997 to 0.999, respectively. Generally, 120 s pre-
treatment by microwave is the best condition for drying sour cherries.

Keywords: Drying, Effective moisture diffusivity coefficient, Shrinkage, Total phenolic
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2- Spherical coordinate
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Table 1- Impact of microwave pretreatment on the drying time of sour cherry

Different letters above the values indicate significant difference (p<0.05)
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Fig. 1. Impact of microwave pretreatment on the moisture content of sour cherry during drying process
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Table 2- Impact of microwave pretreatment on the effective moisture diffusivity coefficient of sour cherry

Microwave time moisture diffusivity coefficient (m?/s)

29955k gloj Cugh) e 39k o b
0s 3.16x10710+1,12x10-11d
30s 3.59x1010+1.86x10-11d
60s 4.08x1010+1,79x101%¢
90s 4.56x1010+2,85x1011
120s 5.83x1019+1.89x10112

(P<+/+0) cawl Jholizo uglas snimd i yolie sV glio gy

Different letters above the values indicate significant difference (p<0.05)
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Fig. 2. Comparison of fitted data by Page model with experimental results of moisture ratio; A: 0 s, B: 30s, C: 60 s, D: 90 s,
and E: 120 s
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Table 3- The constants and coefficients of the Page model to predict the moisture ratio parameter

Microwave time

1 2

s199,5k oo k n SSE r RMSE
0s 0.0003 1.4050 0.0026 0.9989 0.0102

30s 0.0003 1.4123 0.0051 0.9980 0.0143
60s 0.0003 1.4340 0.0029 0.9991 0.0108
90s 0.0004 1.3983 0.0026 0.9992 0.0091
120s 0.0003 1.4610 0.0029 0.9993 0.0109

1- Sum of squares due to error (SSE); 2- Root mean square error (RMSE)
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Fig. 3. Effect of microwave pretreatment on the total phenolics of dried sour cherry
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Different letters above the columns indicate a significant differences (p<0.05)
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Different letters above the columns indicate a significant differences (p<0.05)
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Table 4- Impact of microwave pretreatment on the rehydration ratio of dried sour cherry

Microwave time
999,55k olo;

Rehydration ratio(%o)

du2x0 ( Sl

0s
30s
60 s
90s
120s

112.87+3.69 2
110.79+2.23 2
109.70+2.68 2
112.62+2.952
112.25+£3.48 2

(P10 Casl sline @glis oind ()Lis ol (Wb Ciglite gy
Different letters above the values indicate significant difference (p<0.05)
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