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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

©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
Er 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.2023.79695.1218



mailto:hsamimia@gmail.com
https://doi.org/10.22067/ifstrj.2023.79695.1218
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/ifstrj.2023.79695.1218
https://orcid.org/0000-0003-2621-5969
https://ifstrj.um.ac.ir/

VPe¥ pimols 3 ¥ o)lad Yo alr (ol nl i glioo 5 pole Glecdgfy arpis Yo

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
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Table 1- Details of the solar collector and dryer system
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Components Details and dimensions
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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
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Table 3- Details of mathematical models applied to describe the drying kinetics of oleaster

Row Model Name Mathematical equation Reference

3, Je ol oL, s &
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

©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.
https://doi.org/10.22067/ifstrj.2023.80273.1228


mailto:rfarhoosh@um.ac.ir
https://doi.org/10.22067/ifstrj.2023.80273.1228
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/ifstrj.2023.80273.1228
https://orcid.org/0000-0002-1794-7917
https://ifstrj.um.ac.ir/

Vol =310 ,5 Y o)l e alo oyl ol (2Iié @luo g pole sleiidgfs 4 i TIA

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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1- Carry-throgh property
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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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2 b Ls?r’L”“" & (Jsg)S 2as plel p aleST (g5l0ly e 0595069y 3 SV Lo b dunlie ;> SIB sl gy s il
Il A6 4 0 e 3)les b slajlers g amd o0 (L5 48Ty ey > STl b awlie 3 OYE ey isuyl
3 deigyS SlaS 5 Mg (ials )3 (s yie Sy 3 Sloe il 09 Sl S 5 w3 oo s ol,5 il as 3 Ae glod o s, ol
3l> Gl ag LS| 5T (658518 Cumbge g (s laptn Cunlo o
References
1. Asnaashari, M., Farhoosh, R., & Sharif, A. (2014). Antioxidant activity of gallic acid and methyl gallate in

10.

11.

12.

13.

14.

triacylglycerols of Kilka fish oil and its oil-in-water emulsion. Food Chemistry, 159, 439-444.
https://doi.org/10.1016/j.foodchem.2014.03.038

Baccouri, O., Guerfel, M., Baccouri, B., Cerretani, L., Bendini, A., Lercker, G., Zarrouk, M., & Daoud Ben Miled,
D. (2008). Chemical composition and oxidative stability of Tunisian monovarietal virgin olive oils with regard to
fruit ripening. Food Chemistry, 109, 743-754. https://doi.org/10.1016/j.foodchem.2008.01.034

Becker, E.M., Nissen, L.R., & Skibsted, L.H. (2004). Antioxidant evaluation protocols: food quality or health effects.
European Food Research and Technology, 219, 561-571. https://doi.org/10.1007/s00217-004-1012-4

Bendary, E., Francis, R.R., Ali, H.M.G., Sarwat, M.l., & Hady, S.EIl. (2013). Antioxidant and structure-activity
relationships (SARs) of some phenolic and anilines compounds. Annals of Agricultural Science, 58, 173-181.
https://doi.org/10.1016/j.a0as.2013.07.002

Borde, V., UPangrikar, P.P., & Tekale, S.U. (2011). Gallic acid in ayurvedic herbs and formulations. Recent
Research in Science and Technology, 3(7), 51-54.

Budilarto, E.S., & Kamal-Eldin, A. (2015). The supramolecular chemistry of lipid oxidation and antioxidation in
bulk oils (accepted article). European Journal of Lipid Science and Technology, 1-74.
https://doi.org/10.1002/ejlt.201400200

Cao, G., Sofic, E., & Prior, R.L. (1997). Antioxidant and prooxidant behavior of flavonoids: Structure-activity
relationships, 22(5), 749-760. https://doi.org/10.1016/s0891-5849(96)00351-6

Chaiyasit, W., McClements, D.J., & Decker, E.A. (2005). The relationship between the physicochemical properties
of antioxidants and their ability to inhibit lipid oxidation in bulk oil and oil-in-water emulsions. Journal of
Agricultural and Food Chemistry, 53(12), 4982-8. https://doi.org/10.1021/jf0501239

Choe, E., & Min, D.B. (2009). Mechanisms of antioxidants in the oxidation of foods. Comprehensive Reviews in
Food Science and Food Safety, 8, 345-358. https://doi.org/10.1111/j.1541-4337.2009.00085

Cuvelier, M.E., Richard, H., & Berset, C. (1992) .Comparison of the antioxidative activity of some acid-phenols:
structureactivity  relationship.  Bioscience,  Biotechnology, and  Biochemistry,  56(2), 324-325.
https://doi.org/10.1271/bbb.56.324

Denisove, E., & Khudyakov, 1. (1987). Mechanism of action and reactivities of the free radicals of inhibitors.
Chemical Reviews, 87, 1313-1357. https://doi.org/10.1021/cr00082a003

Endo, Y., Li, C.M., Tagiri-Endo, M., & Fugimoto, K. (2001). A modified method for the estimation of total carbonyl
compounds in heated and frying oils using 2-propanol as a solvent. Journal of the American Oil Chemists’ Society,
10, 1021-1024. https://doi.org/10.1007/s11746-001-0381-1

Farhoosh, R. (2005). Antioxidant activity and mechanism of action of butein in linoleic acid. Food Chemistry, 93,
633-639. https://doi.org/10.1016/j.foodchem.2004.10.041

Farhoosh, R. (2007). The effect of operational parameters of the Rancimat method on the determination of the
oxidative stability measures and shelf life of soybean oil. Journal of the American Oil Chemists’ Society, 84, 205-
209. https://doi.org/10.1007/s11746-006-1030-4


https://doi.org/10.1016/j.foodchem.2014.03.038
https://doi.org/10.1016/j.foodchem.2008.01.034
https://doi.org/10.1007/s00217-004-1012-4
https://doi.org/10.1016/j.aoas.2013.07.002
https://dx.doi.org/10.1002%2Fejlt.201400200
https://doi.org/10.1016/s0891-5849(96)00351-6
https://doi.org/10.1021/jf0501239
https://doi.org/10.1111/j.1541-4337.2009.00085
https://doi.org/10.1271/bbb.56.324
https://doi.org/10.1021/cr00082a003
https://doi.org/10.1007/s11746-001-0381-1
https://doi.org/10.1016/j.foodchem.2004.10.041
https://doi.org/10.1007/s11746-006-1030-4

Vol =310 ,5 oY o)l e als oyl ol (2Iié @luo g pole sleiidghy 4 i YYP

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.
28.

29.

30.

31.

32.

33.

34.

35.

36.

Farhoosh, R., Niazmand, R., Rezaei, M., & Sarabi, M. (2008). Kinetic parameter determination of vegetable oil
oxidation under rancimat test conditions. European Journal of Lipid Science and Technology, 110, 587-592.
https://doi.org/10.1002/ejlt.200800004

Farhoosh, R., & Tavasoli Kafrani, M.H. (2011) Simutaneous monitoring of conventional qualitative indicators
during frying of sunflower oil. Food Chemistry, 125, 209-213. https://doi.org/10.1016/j.foodchem.2010.08.064
Farhoosh, R., & Hoseini-Yazdi, S.Z. (2013). Shelf-life prediction of olive oils using empirical models developed at
low and high temperatures. Food Chemistry, 141, 557-565. https://doi.org/10.1016/j.foodchem.2013.03.024
Farhoosh, R., & Hoseini-Yazdi, S.Z. (2014). Evolution of oxidative values during Kinetic studies on olive oil
oxidation in the Rancimat test. Journal of the American Oil Chemists' Society, 91(2), 281-293.
https://doi.org/10.1007/s11746-013-2368-z

Farhoosh, R., Johnny, S., Asnaashari, M., Molaahmadibahraseman, N., & Sharif, A. (2016a). Structure-antioxidant
activity relationships of o-hydroxyl, o-methoxy, and alkyl ester derivatives of p-hydroxybenzoic acid. Food
Chemistry, 194, 128-134. https://doi.org/10.1016/j.foodchem.2015.08.003

Farhoosh, R., Sharif, A., Asnaashari, M., Johnny, S., & Molaahmadibahraseman, N. (2016b). Temperature-
dependent mechanism of antioxidant activity of o-hydroxyl, o-methoxy, and alkyl ester derivatives of p-
hydroxybenzoic acid in fish oil. Journal of the American Oil Chemists' Society, 93, 555-567.
https://doi.org/10.1007/s11746-016-2790-0

Farhoosh, R, & Nystrom, L.(2018). Antioxidant potency of gallic acid, methyl gallate and their combinations in
sunflower oil triacylglycerols at high temperature. Food Chemistry, 244, 29-35.
https://doi.org/10.1016/j.foodchem.2017.10.025

Frankel, E.N. (1980). Lipid oxidation. Progress in Lipid Research, 19, 1-22. https://doi.org/10.1016/0163-
7827(80)90006-5

Frankel, E.N. (2005). Lipid oxidation. The Oily Press LTD. Dundee, Scotland.

Frankel, E.N., Huang, S.W., Kanner, J., & German, J.B. (1994). Interfacial phenomena in the evaluation of
antioxidants: bulk oils vs. emulsions. Journal of Agricultural and Food Chemistry, 42, 1054-1059.
https://doi.org/10.1021/jf00041a001

Hsieh, R.J., & Kinsella, J.E. (1980). Oxidation of polyunsaturated fatty acids: mechanisms, products, and inhibition
with emphasis on fish. Advances in Food and Nutrition Research, 33, 233-341. https://doi.org/10.1016/S1043-
4526(08)60129-1

Huang, S.W., Frankel, E.N., Schwarz, K., Aeschbach, R., & German, J.B. (1996). Antioxidant activity of carnosic
acid and methyl carnosate in bulk oils and oil-in-water emulsions. Journal of Agricultural and Food Chemistry, 44,
2951-2956. https://doi.org/10.1021/jf960068r

Kamal-Eldin, A. (2003). Lipid oxidation pathways. AOCS Press: USA. https://doi.org/10.1201/9781003040316
Kikuzaki, H., Hisamoto, M., Hirose, K., Akiyama, K., & Taniguchi, H. (2002). Antioxidant properties of ferulic acid
and its related compounds, Journal of Agricultural and Food Chemistry, 50, 2161-2168.
https://doi.org/10.1021/jf011348w

Kim, S.H, Jun, C.D., Suk, K., Choi, B.J., Lim, H., Park, S., Lee, S.H., Shin, H.Y., Kim, D.K., & Shin, T.Y. (2006).
Gallic acid inhibits histamine release and pro-inflammatory cytokine production in mast cells. Toxicol Science, 91,
123-131. https://doi.org/10.1093/toxsci/kfj063

Leopoldini, M., Pitarch, I.P., Russo, N., & Toscano, M. (2004a). Structure, conformation and electronic properties
of apigenin, luteolin, and taxifolin antioxidants. A first principle theoretical study. The Journal of Physical Chemistry
A, 108, 92-96. https://doi.org/10.1021/jp035901]

Leopoldini, M., Marino, T., Russo, N., & Toscano, M. (2004b). Antioxidant properties of phenolic compounds: H-
atom versus electron transfer mechanism. The Journal of Physical Chemistry A, 108, 4916-4922.
https://doi.org/10.1021/jp037247d

Leopoldini, M., Russo, N., & Toscano, M. (2011). The molecular basis of natural polyphenolic antioxidants. Food
Chemistry, 125, 288-306. https://doi.org/10.1016/j.foodchem.2010.08.012

Marinova, E.M., & Yanishlieva, N.V. (1992). Effect of temperature on the antioxidative action of inhibitors in lipid
autoxidation. Journal of  the Science of  Food and Agriculture, 60, 313-318.
https://doi.org/10.1002/JSFA.2740600307

Matalgyto, F.S., & Al-Khalifa, A.S. (1998). Effect of microwave oven heating on stability of some oil and fats. Arab
Gulf Journal of Scientific Research, 16, 21-40. https://doi.org/10.1080/10942912.2016.1152481

Mattia, C.D.D., Sacchetti, G., Mastrocola, D., & Pittia, P. (2009). Effect of phenolic antioxidants on the dispersion
state and chemical stability of olive oil O/W emulsions. Food Research International (Ottawa, Ont.), 42(8), 1163-
1170. https://doi.org/10.1016/j.foodres.2009.05.017

Merkl, R., Hradkova, 1., Filip, V., & Smidrkal, J.(2010). Antimicrobial and antioxidant properties of phenolic acids
alkylesters. Czech Journal of Food Sciences, 28, 275-279. https://doi.org/10.17221/132/2010-CJFS


https://doi.org/10.1002/ejlt.200800004
https://doi.org/10.1016/j.foodchem.2010.08.064
https://doi.org/10.1016/j.foodchem.2013.03.024
https://doi.org/10.1007/s11746-013-2368-z
https://doi.org/10.1016/j.foodchem.2015.08.003
https://doi.org/10.1007/s11746-016-2790-0
https://doi.org/10.1016/j.foodchem.2017.10.025
https://doi.org/10.1016/0163-7827(80)90006-5
https://doi.org/10.1016/0163-7827(80)90006-5
https://doi.org/10.1021/jf00041a001
https://doi.org/10.1016/S1043-4526(08)60129-1
https://doi.org/10.1016/S1043-4526(08)60129-1
https://doi.org/10.1021/jf960068r
https://doi.org/10.1201/9781003040316
https://doi.org/10.1021/jf011348w
https://doi.org/10.1093/toxsci/kfj063
https://doi.org/10.1021/jp035901j
https://doi.org/10.1021/jp037247d
https://doi.org/10.1016/j.foodchem.2010.08.012
https://doi.org/10.1002/JSFA.2740600307
https://doi.org/10.1080/10942912.2016.1152481
https://doi.org/10.1016/j.foodres.2009.05.017
https://doi.org/10.17221/132/2010-CJFS

YyYv

e Y o 3 Sl 55T i (5933 9 10 SHST Slo g punsdS (55 (3152 (S0l (om0 431y 9 (55T

37.

38.

39.

40.

41,

42,

43.

44,

45,

46.

47.

48.

Mendez, E., Sanhueza, J., Speisky, H., & Valenzuela, A. (1996). Validation of the Rancimat test for the assessment
of the relative stability of fish oils. Journal of the American Oil Chemists’ Society, 73, 1033-1037.
https://doi.org/10.1007/BF02523412

Pekkarinen, S., Heinonen, M., & Hopia, A. (1999). Flavonoids quercetin, myricetin, kaemferol and (+)-catechin as
antioxidants in methyl linoleate. Journal of the Science of Food and Agriculture, 79, 499-506.
https://doi.org/10.1002/(SIC1)1097-0010(19990315)79:4<499::AlD-JSFA204>3.0.CO;2-U

Pe'rez-Gonza'lez, A., Galano, A., & Alvarez-ldaboy, J.R. (2014). Dihydroxybenzoic acids as free radical
scavengers: Mechanisms, kinetics, and trends in activity. New Journal of Chemistry, 38, 2639-2652.
https://doi.org/10.1039/C4NJ00071D

Pokorny, J. (1987). Major factors affecting the autoxidation of lipids. In H.W.S. Chan (Ed.), Autoxidation of
Unsaturated Lipids (pp. 141-205). Academic Press: London.

Porter, W.L. (1993). Paradoxical behavior of antioxidants in food and biological systems, in Antioxidants: Chemical,
Physiological, Nutritional and Toxicological Aspects (William, G.M., ed.), (pp. 93-122). Princeton Scientific,
Princeton. https://doi.org/10.1177/0748233793009001-209

Rice-Evans, C.A., Miller, N.J., & Paganga, G. (1996). Structure-antioxidant activity relationship of flavonoids and
phenolic acids. Free Radical Biology and Chemistry, 20, 933-956. https://doi.org/10.1016/0891-5849(95)02227-9
Shahidi, F., Janitha, P.K., & Wanasundara, P.D. (1992). Phenolic antioxidants. Critical Reviews in Food Science
and Nutrition, 32, 67-103. https://doi.org/10.1080/10408399209527581

Wanasundara, P.K., & Shahidi, F. (2005). Antioxidants: science, technology, and applications. In: Bailey’s Industrial
Oil  and Fat Products. John  Wiley &  Sons, Inc. New  Jersey. Pp:  431-489.
https://doi.org/10.1002/047167849X.bio002

Yanishlieva, N.V., & Marinova, E.M. (1992). Inhibited oxidation of lipids I. Complex estimation and comparison of
the antioxidative properties of some natural and synthetic antioxidants. Fats Science Technology, 94, 374-379.
https://doi.org/10.1002/1ipi.19920941004

Yanishlieva, N.V., & Marinova, E.M. (1995). Effects of antioxidants on the stability of triacylglycerols and methyl
esters of fatty acids of sunflower oil. Food Chemistry, 54, 371-382. https://doi.org/10.1016/0308-8146(95)00061-M
Yanishlieva, N.V., Marinova, E.M., Gordon, M.H., & Raneva, V.G. (1999). Antioxidant activity and mechanism of
action of thymol and carvacrol in two lipid systems. Food Chemistry, 64, 59-66. https://doi.org/10.1016/S0308-
8146(98)00086-7

Zhu, Y., Long, Q.Z., Zhou, B., Prenzler, P.D., & Zhong, H.Y. (2013). Antioxidant activity of phenolic compounds
in bulk camellia oil and corresponding oil in water (O/W) emulsions. Advance Journal of Food Science and
Technology, 5, 1238-1243. https://doi.org/10.19026/ajfst.5.3089


https://doi.org/10.1007/BF02523412
https://doi.org/10.1002/(SICI)1097-0010(19990315)79:4%3c499::AID-JSFA204%3e3.0.CO;2-U
https://doi.org/10.1039/C4NJ00071D
https://doi.org/10.1177/0748233793009001-209
https://doi.org/10.1016/0891-5849(95)02227-9
https://doi.org/10.1080/10408399209527581
https://doi.org/10.1002/047167849X.bio002
https://doi.org/10.1002/lipi.19920941004
https://doi.org/10.1016/0308-8146(95)00061-M
https://doi.org/10.1016/S0308-8146(98)00086-7
https://doi.org/10.1016/S0308-8146(98)00086-7
https://doi.org/10.19026/ajfst.5.3089

Iranian Food Science and Technology
Research Journal
Homepage: https://ifstrj.um.ac.ir el

Short Research Article
Vol. 20, No. 2, May-June 2024, p. 229-236

The Effect of Foliar Application of Silicon Fertilizer on Some Qualitative Traits
and Mineral Compositions of ‘Barhee’ Date Fruit under Soil Salinity Conditions

R. Yousefi“''", M.R. Pourghayoumi!, S.S. Marashi!, A. Ghasemi>

1- Assistant Professors, Date Palm and Tropical Fruits Research Center, Horticultural Sciences Research Institute, Agricultural
Research, Education and Extension Organization (AREEO), Ahvaz, Iran

(*- Corresponding Author Email: r.yousefi66@areeo.ac.ir)

2- M.Sc Graduated, Department of Horticultural Science, Faculty of Agriculture and Natural Resources, Persian Gulf University,
Bushehr, Iran

Received: 01.03.2023 How to cite this article: . . _
Revised: 03'06.2023 Youse_fl, R, Pgurghayoum!,_M.R., M_a_rashl, SS., & Ghasgml., A. (2924). The _effect
Accepted: 04.06.2023 of foliar application of silicon fertilizer on some qualitative traits and mineral
Available Online: 06.06.2023 compositions of ‘Barhee’ date fruit under soil salinity conditions. Iranian Food
' o Science and Technology Research Journal, 20(2), 229-236. (In Persian with English
abstract). https://doi.org/10.22067/ifstrj.2023.81372.1239

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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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.
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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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