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Introduction

Emulsion-filled gel is a sort of gel system that traps oil droplets as a filler and contains a wide range of semi-solid to solid
food products. It can also be utilized as a dual system to distribute and control the release of both lipophilic and hydrophilic
bioactive and micronutrient substances. The main polymers involved in gel formation in food products are proteins and
polysaccharides. Using molecular interactions between biopolymers, a wide range of rheological and physicochemical
properties of gels can be methodically created. As a result, the interaction between proteins and polysaccharides has received a
ot of attention in order to generate novel products. Because of their functional qualities and high nutritional value, whey proteins
are frequently used in the food industry. As a result, mixed gels based on whey protein have gained a lot of attention. k-
Carrageenan is commonly utilized in the food industry as a gelling and firming agent. Because k-Carrageenan, like whey protein
isolate, can form a gel independently, its interaction with whey protein isolate in emulsion gel systems appears appealing.
Therefore, in this study, the effect of k-Carrageenan gum (0.0, 0.1, 0.3, 0.5, and 0.7%) on the textural (uniaxial compression test),
rheological (steady shear, strain sweep, and frequency sweep tests), and water holding capacity of cold-set emulsion-filled gel
based on whey protein isolate was investigated.

Materials and Methods

Whey protein isolate (WPI) (98.9% protein, dry basis) was given as a gift by Agropur Ingredients Co. (Le Sueur,
Minnesota, USA). k-Carrageenan and CaCl, (im,,,: 147.01 gr/mol) were purchased from Sigma Aldrich Co. (USA) and
Merck Co. (Darmstadt, Germany), respectively. Sunflower oil was supplied from local supermarket. Stock dispersions of WPI
and k-Carrageenan were prepared by dissolving sufficient amounts of their powders in deionized water. To prepare uniform oil
in water emulsion, sunflower oil was added to the WPI dispersion and the obtained mixture homogenized first using a
laboratory rotor-stator homogenizer (15000 rpm, 3 min), then by an ultrasonic homogenizer (20 kHz, 5 min).
The prepared emulsion and k-Carrageenan dispersions were poured into Schott bottles and heated in a water bath
(90 °C, 40 min). WPI emulsion and AG dispersion were mixed in a cylindrical container on a stirring plate at a
speed of 600 rpm for 6-8 min to obtain a homogeneous mixture. After decreasing the temperature to 60 °C for
the ion-induced gelation, the mixtures were charged with CaCl, (10 mM). The prepared samples were incubated
in a refrigerator overnight to stabilize the 3D network. The final mixed EFG samples contained 5.5% WPI, 20%
oil, and 0, 0.1, 0.3, 0.5, and 0.7% (w/w) of k-carrageenan. The tests performed on emulsion-filled gel samples
were: 1) steady shear (0.01-10 s?), 2) strain sweep (strain: 0.1-1000%, frequency: 1 Hz), 3) frequency sweep
(frequency: 0.1-100 Hz, strain: 0.5%), 4) uniaxial compression (target strain: 80%, deformation speed:1 mm/s),
and 5) water holding capacity (by utilizing a microcentrifuge, 600xg for 10 min).

@ @ ©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
= International License (CC BY 4.0).
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Results and Discussion

According to the results of steady shear test, all samples had a shear thinning behavior, and based on the
power-law model, this behavior was intensified in the presence of k-Carrageenan; and with increasing the gum
concentration from 0 to 0.7%, the consistency coefficient increased from 339.9 to 545.7 Pa.s. In the strain sweep
test, with the increase in the gum concentration, the values of the elastic and viscous modulus in the linear region
and the modulus at the crossover point increased, and tan 8,ve decreased from 0.17 to 0.13, which indicated an
increase in the strength of the emulsion gel network structure. Based on the frequency sweep test, with the
increase in k-Carrageenan concentration, the parameters K' and K'’, network strength and network expansion
increased from 5311.8 Pa, 939.9 Pa, 1.5380 Pa.s¥Z and 10.05 in the control sample to 25080 Pa, 3574.9 Pa,
16097.7 Pa.s¥? and 16.41 in the sample containing 0.7% k-Carrageenan, respectively. Moreover, the frequency
dependency of elastic modulus decreased from 0.095 in the control sample to 0.050 in the 0.7% k-Carrageenan
contained sample. According to the large deformation test, in general, in the composite emulsion-filled gels, the
values of apparent modulus of elasticity and fracture stress were higher and fracture strain and fracture energy
were lower than in the control sample. Also, the results showed that different k-Carrageenan concentrations had
no significant effect on the water holding capacity.

Conclusion
The obtained results showed that k-Carrageenan had considerable influence on the rheo-mechanical features

of cold-set emulsion-filled gels based on whey protein which can add to the knowledge base for the production
of new functional foods.

Keywords: Cold set emulsion filled gel, k-Carrageenan, Rheology, Texture, Whey protein
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Fig. 1. Effect of k-Carrageenan concentration on the apparent viscosity of emulsion-filled gels
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Table 1- Steady shear rheological parameters of emulsion-filled gels at different concentrations of k-Carrageenan
based on the power-law model
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0.3 4975+35.22 0.023 £ 0.003 be 0.999
0.5 513.2+36.32 0.038 £0.005 P 0.994
0.7 545.7+40.12 0.032 £ 0.004 be 0.995
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Different superscripts in each column represent a significant difference at P < 0.05. Data are means + standard deviation.
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Fig. 2. Strain sweep dependency of elastic modulus (G") and viscose modulus (G”) of emulsion-filled gels as a function of the
k-Carrageenan concentration
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Table 2- Dynamic rheological parameters of emulsion-filled gels determined by the strain sweep test

S 3 3 3 v,
s 3 =32 33 O | Ag‘ ~ 3 Ai) <3
ben SR Y Saed 25 e 73 ERN BL%
=S5 24 Eiﬁia z 2 s Gg"% gg 0 2g 7
L-é) DY a S ,z g9 % -3
0.0 4438.3+313.8¢ 751.4+53.1¢9 0.17+0.01® 253+0.162 10534+59.6¢ 327.76+15.30¢ 22.08+0.94¢2
0.1 8875.3+313.89 1512.8+59.9¢ 0.17+0.012 1.51+0.10° 1364.2+77.2% 407.23+16.13% 2293+0.652
0.3 11426.7 +646.4° 1736.1+61.45 0.15+0.01%® 1.24+0.08% 14479+92.1P 454.39+1542% 2285+(00972
0.5 13548.9+574.8° 1883.8+53.3%® 0.14+0.00° 1.13+0.09P 1706.2+72.4° 475.82+23552 17.52+0.62°
0.7 15883.5+629.02 2066.7+76.02 0.13+0.00P 0.86+0.05¢ 2790.1+125.328 344.37+9.74°@ 073+0.48¢
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Different superscripts in each column represent a significant difference at P < 0.05. Data are means + standard deviation.
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Fig. 3. Frequency sweep dependency of elastic modulus (G”) and viscose modulus (G”) of emulsion-filled gels as a function of
the k-Carrageenan concentration
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Table 3- Dynamic rheological parameters of emulsion-filled gels determined by the frequency sweep test

2 6 =K' x (@)" ¢ =K' x (@)
C K'"/K'(-
arr(z:'ic;enan K'(Pa) () R2 K" (Pa) n' (=) R? /K'()
0.0 5311.8+187.84 0.095+0.0052 0.988 939.9+332°¢ 0.116+0.0092 0.934 0.18+0.012
0.1 87672 +£248.0¢ 0.079+£0.004° 0.986 1626.6£69.0° 0.117+£0.007* 0.941 0.18+0.012
0.3 11212.7+412.3°% 0.070+0.003 > 0.983 1865.7+923° 0.120£0.0052 0913 0.17+£0.01 2
0.5 12298.5+434.8° 0.060+0.003 <4 0.995 1922.1 £68.2° 0.110£0.0032 0.888 0.16 £0.01 2
0.7 15939.4+ 72132 0.050+0.0029 0.996 2388.7+94.62 0.090+0.004° 0.863 0.15+£0.01°
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Different superscripts in each column represent a significant difference at P < 0.05. Data are means * standard deviation.
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Fig. 4. Effect of k-Carrageenan concentration on the water holding capacity of emulsion-filled gels
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Table 4- The parameters of strength of network (A) and the network extension (z) of emulsion-filled gels

k-Carrageenan (%) A (Pa. s¥?) z(-) R?
R A @08 Al (g s O G g
0.0 5380.1 +228.3 ¢ 10.05+0.38°¢ 0.977
0.1 8929.4 +315.7 ¢ 12.14+0.34" 0.994
0.3 11313.3+480.5°" 12.72+0.54" 0.997
0.5 12446.7 £352.0° 15.73+0.56 2 0.994
0.7 16096.7 £ 637.4 @ 16.41+0.562 0.995
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Different superscripts in each column represent a significant difference at P < 0.05. Data are means * standard deviation.
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Table 5- Mechanical properties of emulsion-filled gels measured by the uniaxial compression test

k-Carrageenan

Initial tangent modulus

True fracture stress  True fracture strain ~ Fracture energy

(%) (kPa) (kPa) ) (mJ)
CUSIBUE Sl g2l Jpae oy e B By e GBS G 55
0.0 23.22+1.161 10.39+0.83 < 0.58 £0.042 22.65+2.97°
0.1 30.58+2.62°¢ 11.17+0.57¢ 0.56 +0.03 2 2757+242°2
0.3 46.51+259°b 9.67+0.76 ¢ 0.24+0.03°¢ 9.15+154¢
0.5 4929+3.72° 12.99+1.17° 0.31+0.02° 13.60+1.29¢
0.7 62.96 £2.76 2 16.78 £1.222 0.34+0.03° 19.70+£2.71°¢
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Different superscripts in each column represent a significant difference at P < 0.05. Data are means * standard deviation.
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Introduction

One of the relatively new dairy products is cheese sauce, which can increase the consumption of cheese per
capita and replace unhealthy sauces. Process functionality achieved by adding useful compounds to food in order
to improve properties of foods while maintaining its appearance. Nowadays, due to the importance of some
compounds such as essential fatty acids, antioxidants and fiber, the demand for consuming products containing
these compounds in the diet is increasing. Date kernel extract contains fiber, antioxidants, lignans and essential
fatty acids. Also, date kernels contain micronutrient such as selenium, iron, calcium, phenolic compounds,
sterols, tocopherols, metal ions and essential amino acids. The functional properties of phenolic compounds and
flavonoids in date kernels have also been proven. On the other hand, whey as a by-product in dairy plants has
many nutritional properties and contains many essential and functional amino acids. In addition to the
nutritional properties of whey powder, its technological properties such as creating viscosity are considered
important in sauces formulation. The purpose of this research was to prepare cheese sauce using such
compounds so that while preparing a useful product, it is possible to prevent the wastage of valuable by-
products.

Materials and Methods

In this research, in order to prepare cheese sauce powder, the homogenized mixture was turned into powder
by a spray dryer at 180°C. During the treatment of samples, date kernel extract was formulated at three levels of
zero (control), 5 and 15%. In the treatments, one sample without whey and another sample with 15% of the final
formula was considered. The effect of Date kernel extract and whey on the physicochemical properties of cheese
sauce powder samples were investigated by determining solubility, dry matter, protein, total phenol, pH,
viscosity and antioxidant activity. The organoleptic properties of samples, were also studied in 5-hedonic points.
The results were analyzed in the form of a completely randomized design with 6 treatments and 3 replications.
The software used was SPSS and the comparison of mean was done by Duncan's method at the 5% level. Graphs
were plotted using Excel software.

Results and Discussion

©2023 The author(s). This is an open access article distributed under Creative Commons
EY Attribution 4.0 International License (CC BY 4.0).
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The results showed that increasing the level of date kernel extract in the formulation of cheese sauce powder
containing whey led to the improvement of the antioxidant power of cheese sauce and its phenolic compounds
due to the presence of compounds such as gallic acid and cysteine amino acids in whey. High levels of date
kernel extract in the presence of whey improved its solubility due to the increase in the amount of protein and
dry matter of the sauce powder. It was also observed in the results obtained from the viscosity measurement that
the presence of whey along with the date kernel extract reduced the viscosity by adjusting the percentage of
carbohydrates. The result obtained in relation to the reduction of protein percentage in the conditions of
simultaneous use of whey and date kernel extract was probably due to the precipitation of whey proteins based
on the interaction with the carbohydrate components of date kernel extract leading to formation of unsolved
products during the drying process. The presence of protein and essential amino acids, carbohydrates and fiber,
mineral salts, vitamins and antioxidants in the final product increased the percentage of dry matter in samples
containing high percentage of extract along with whey. Changes in pH were also not significant in different
treatments. Overall, the results showed that the use of seemingly useless compounds can be significantly
effective on the properties of cheese sauce and improve the properties of cheese sauce and finally produce a
functional product.

Keywords: Antioxidant, Cheese sauce, Date kernel, Functional, Lignan
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Table 1- Treatment and formulation of cheese sauce samples based on variables

sl T1 (Control) T2 T3 T4 TS T6
Treatments
Loy st ol o)l 0 0 5 5 15 15
Kernel Date extract
s 0 15 0 15 0 15
Cheese Powder
e 15 15 15 15 15 15
Cheddar Cheese
el 18 18 18 18 18 18
Butter
(2o 45uls 5 5 5 5 5 5
Starch and Fillers
it slaSs 4 4 4 4 4 4
Phosphates
25 1 1 1 1 1 1
Sodium Cloride
Sz Sl 0.1 0.1 0.1 0.1 0.1 0.1
Ascorbic Acid
Shss jlre (laorins pab 6 6 6 6 6 6
Edible Flavoring
oS Bl 10 10 10 10 10 10
Stabilizer
<! 40.9 25.9 35.9 20.9 25.9 10.9

Water
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Fig. 1. The effect of different levels of date kernel extract and the presence of whey on the solubility of cheese sauce powder
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Introduction

Canola oil with high unsaturated fatty acids and nutritional value is susceptible to oxidation due to lipid
oxidation. Lipid oxidation leads to a reduction of nutritional quality, sensory and safety characteristics of the
vegetable oils. To retard lipid oxidation, the synthetic antioxidants are usually used in the vegetable oils. By
increasing the public concern about health problems of synthetic antioxidants, the use of natural antioxidants is
increasing. Lavender (Lavandula officinalis) is an evergreen plant native to the Mediterranean. The presence of
linalool, linalyl acetate, 1,8-cineole B-ocimene, terpinen-4-ol, and camphor in lavender essential oil, make it a
good natural antioxidant which could use in food industry. Therefore, in the current research, it was aimed to
investigate the antioxidant effect of lavender essential oil on the stability of canola oil.

Material and Method

The lavender was bought from Golestan province and dried in room temperature. The lavender essential oil
was prepared by hydro distillation of flower heads. Then, the phenolic compounds were determined using GC-
MASS. The Total phenolic content (TPC), flavonoid content (TFC), and antioxidant activity (FRAP and DPPH)
of lavender essential oil were evaluated. Then, lavender essential oil in concentrations of 200, 400, 600, 800, and
1000 mg/kg was added to the crude canola oil compared to canola oils without antioxidants and synthetic
antioxidant TBHQ (100 and 200 mg/kg). Then, the samples were kept at 60 to 70 °C for 12 days. The analysis
was done in an interval of 24 h for 12 days. Lipid oxidation of samples was determined by peroxide value, p-
anisidine value, TOTOX value, and thiobarbituric acid each 24 h. analyses of Data were done by one-way
analysis of variance (ANOVA) using SPSS software and the means were compared by the Tukey multiple range
test.

Result and Discussion
According to the GC-MS analysis, 1, 8-cineole (59.45 %), linalool acetate (32.48 %), linalool (6.31 %), and
limonene (1.06 %) were identified as the major constituent of lavender essential oil. Also, Total phenol,
flavonoid, FRAP and DPPH (ICsp) contents of lavender essential oil were 71.55 mg GAE/g, 82.66 mg of
rutin/100 g, 12.63 mmol H,SO4, and 55.88 mg/ml, respectively. According to the results, all lipid oxidation
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indexes were increased after twelve days of storage. In general, lavender essential oil was effective in retarding
the oxidation of canola oil at a temperature of 70 °C. Also, the concentration of 1000 mg/kg of the essential oil
had antioxidant activities similar to the TBHQ in 100 mg/kg concentration.

Conclusion
It was showed that lavender essential oil, as a natural antioxidant, has the ability to react with the radicals

resulting from the oxidation of lipids and causes the interruption of oxidation chain reactions and increases the
time and decreases the rate of oxidation. As observed, the oxidation of canola oil in all samples, especially the
samples without antioxidants or antioxidants to a lesser extent, increased significantly with increasing storage
time. In general, lavender essential oil at Ligo concentration and also in some oxidation indices of lavender
essential oil at Lgoo concentration has an effective role in preventing the oxidation of canola oils like synthetic

antioxidant TBHQ.

Keywords: Antioxidant activity, Canola oil, Lavender essential oil, Lipid oxidation
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Table 1- The chemical composition of Lavandula officinalis essential oil by GC-MS
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Row Retention Time (min) Chemical Compound Composition (%)
1 6.53 1,8-Cineole 59.45
2 121 Linalool acetate 32.48
3 8.08 Linalool 6.31
4 6.28 Limonene 1.06
5 4.27 a-Pinene 0.13
6 10.16 4-Terpineol 0.13
7 5.3 B-Myrcene 0.07
8 12.76 Lavandulyl acetate 0.07
9 16.34 trans-Caryophyllene 0.07
10 9.31 Camphor 0.04
11 5.02 Sabinene 0.03
12 10.59 a-Terpineol 0.03
13 17.08 a-Humulene 0.03
14 6.62 E-B-Ocimene 0.02
15 411 a-Thujene 0.02
16 4.61 Camphene 0.02
17 5.77 5-3-Carene 0.02
18 5.15 B-Pinene 0.01
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Table 2- The antioxidant capacity (DPPH and FRAP), total phenolic and flavonoid content of Lavandula officinalis essential

oil
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Fig. 1. Peroxide value (meq O2 /Kg oil) in canola oils containing lavender essential oil during 12 days of storages
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Introduction

Nowadays, antibiotic resistance is increasing in all parts of the world and is emerging and expanding
globally. Due to their natural antimicrobial properties and low tendency to develop bacterial resistance,
antimicrobial peptides can be a good candidate as an alternative to synthetic antibiotics. Bioactive peptides are
produced using enzymatic hydrolysis by enzymes extracted from microorganisms and plants, digestive enzymes,
and fermentation by proteolytic starter cultures. Enzymatic hydrolysis of proteins is performed by commercial
proteases or a combination of several proteolytic enzymes. Commercial proteases are expensive due to their
specificity. Among the strategies for protein hydrolysis with the aim of obtaining bioactive peptides is microbial
fermentation, which is more environmentally friendly and has a high potential for use in industry due to its
relatively low cost compared to commercial enzymes. It is a suitable method for the hydrolysis of sesame meal
protein. Bacillus species are bacteria that have high proteolytic activity and are able to produce different
endopeptidases in the fermentation medium. The activity of endopeptidases in the environment containing
proteins causes the production of peptides with small sizes and free amino acids in higher amounts compared to
enzymatic hydrolysis, which is one of the advantages of using Bacillus species with high proteolytic activity
compared to pure enzymes. In general, the purpose of this research was to produce sesame meal protein
hydrolysate by fermentation with Bacillus subtilis and to investigate its antimicrobial and antioxidant activity.

Materials and Methods

In this study, at the first step, sesame meal was defatted with hexane at a ratio of 1:5, then it was dried and
sesame meal protein isolate was extracted, and the optimization of fermentation conditions was determined by
the response surface methodology (RSM). Independent variables, including temperature (30 to 45 °C), time (12
to 36 h), and substrate concentration (2 to 6%), were considered. The antioxidant properties of the treatments,
including DPPH radical scavenging activity, ferric ion reducing power, and antimicrobial activity, were
investigated, and the optimum treatment was selected. Then the protein hydrolysate was freez-dried and stored at
-20 °C.

Results and Discussion
According to the results, temperature (39.68 °C), time (30.07 h), and substrate concentration (4.85%) were
selected as optimum conditions. Under these conditions, DPPH radical scavenging activity and ferric ion
reducing power of hydrolysate were 63.57% and 0.9951 (absorbance at 700 nm), respectively. The inhibition
percentages of Staphylococcus aureus (59.58%), Escherichia coli (6.55%), Listeria monocytogenes (62.43%),
and Clostridium perfringens (50.97%) were obtained in the optimized condition. Bacillus subtilis, in the
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presence of sesame meal protein, showed significant (p<0.05) protease activity over time. After 48 hours, the
clear zone diameter was determined to be 22 mm. The clear zone created by this strain showed that Bacillus
subtilis has high proteolytic activity and can be a suitable bacterium for hydrolyzing sesame meal protein with
the aim of obtaining hydrolysates with the highest antimicrobial and antioxidant activities. The antimicrobial
activity of the protein hydrolysate can be due to the higher degree of hydrolysis. By increasing the hydrolysis
time, peptides with low molecular weight are produced, which cause better interaction with the microbial cell
membrane, disrupt the membrane, and lead to the inhibition of the microorganism. According to the results, the
sesame meal protein hydrolysate showed more inhibitory effect against gram-positive bacteria than gram-
negative bacteria (Escherichia coli). Researchers reported that the difference in sensitivity to antimicrobial
compounds between gram-positive and gram-negative bacteria can be attributed to the structure and composition
of the cell envelope (cytoplasmic membrane or outer membrane, and cell wall). In general, the bioactivity
properties of protein hydrolysate depend on the amino acid composition, sequence, and molecular weight of the
amino acids. The antioxidant activity can be due to the high content of polar and aromatic amino acids. By
further hydrolysis of proteins, peptides and polar free amino acids are produced that interact with free radicals
and converted into safe and stable intermediate products.

Conclusion
In this study, Bacillus subtilis strain was used to ferment sesame meal protein, which is a rich source of
protein, to produce protein hydrolysate with maximum antimicrobial and antioxidant activities. Results showed
that the protein hydrolysate obtained from sesame meal protein isolate had antimicrobial and antioxidant
activities. It can be used as a natural antimicrobial or antioxidant agent in the formulation of food or
pharmaceutical industry to improve the health of society.

Keywords: Antioxidant, Antimicrobial, Fermentation, Sesame meal protein hydrolysate
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iz 225 oS 35y 1008 oS iy il A
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2- 2, 2-diphenyl-1-picrylhydrazyl

Lo g (Morone et al., 2016) say Fol by 4
4 S35 slmoj plos )3 Loy (b ysbar 5o |y (29,50
Bgugpg boojle ly (B el pans i (lsie
N3 odlil 3y90 Gy lashe (> g gyl dag Sl
4 (AMPS)) 55,50 L5 slaaiy (Cheng et al., 2014) sl
Cunglie dbml (gly 08 bl g (b (295500 25 elss i
L g Mo Jelss (Al lie auS (b Sk
s 23 4 1y i dagi a5 Miws B glad S gly
5 Ngd oo 45,5 a3 3 b clbSIg 5l (AMPS) slos,S
5 g B8 ‘L“’df-ﬂ% dlos oAby o) cbdiS don lawy
S Sl Jsisa Wlge o sl W5 plals
(Wang et al., 2016) x5, ,I8" 4 Joome 6 Sisn

o3l by ol jgn b ) Jlbcun sloy
Mg Sidggn 0diS et Sg Sk by a3 b L ()b
el gl 58 Cudge 5 S5 ool g pdee
ool s (a1 5l Sl ey ) Giliseo (gl Shas (gl
o opd g Ol 2o (ogp Jlid A (Joyrals (Samy ials
b pligp (soul gy .(Ortiz-Martinez et al., 2014) sl
Sitdgtion w3l oz ) S5 b @l slajlisy bwg
OIS on welan! S g)bs clajliyy Sabe pll
Vgame 4 wign ey slp el opl 5l oolitwl .aius
5 S g aalgo del 8 oolassl Jas 5 YL og38) 55,0 b s
G iy & pliwd B b (1:Tgn 5dg)ae (lpbedpal)
b b )S5le g jadpo 4 (9,de oS Cunl (09)S00 o5 JIb
Wb el S ((Moayedi et al., 2016) ool Cu;
e caw & WS mdy | oWy e )l
L o Jdpo & gie oy 9y (nl l Ngdie (nSen
Agyei & Danquah, ) b o s clmpl b gyin
als oYU Sedstisy culled Ygans Luslal cloaiss (2011
b el 3y cuw (g n o9l bse ) Wnjlacy gl culled
59580 & Camd 5V ol )3 31 (glaseulginal 5 SosS ol
b upbat sloaiss | odlizal sblje 5l (S oS 3980 o]
Zhang et) 1ib e alls 3l 4 Cons Y Siadstign ol
[(al., 2014

e g iplaS Cluls glageSsy Sl 3 clllas )
5 eIl el antn b Jlbcuns) clariy My
.(Wouters et al., 2016) cuol oiiis edlainl o9, Jub

1- Antimicrobial peptides
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A-(5-c)

Haeasl 5T (9031

&y (DPPH) 5l JIual, Ll culled g pS0ll
o 0eSen 3l p)S e Ve liel DPPH 00l oo cllad
YO L ol 5l deSee 00 e g o e Ol 2l e S 5 0ud
DPPH Jolxo yidg,Suo WO g a5 /2 QUA Joibl yug,See
9 c8)S L5 Syl p aady Ve g s adlsl o 4 Yo Lo /N0
P ad odled gl VY zoo Jsb 0 badiges s asldl o
A oalisl jlatie Of 1 edd jg)he ign sl 4 el Lges
Jemil et) sol Couwds pj Jgops 5l ooliwl b SuiS jlge oy
[(@l., 2014

o .
AECT s — i

DPPH JKsly (SuiS jlge duoyp= —————— X\ -

ol Pl Gl T g0 (SIS oo )08 (55031
M/ML clle )3 ond jlgyiem nigy 5l jilgsSee Bev g0l
by yidgpSae Be e g V9o +/V Clind 3 yilg e B0 LY
2 bolses ¢y A 03j0n 488 S Cidody 5 bgle dsluw ()8
aobdl o b 0ol )3 4By Ve dedy oS Sl ax > 04 gled
S5 sSn 0 Jae & 2o Ve el Sl 5555
A5 et ile dddy Ve Gdedy VWWeer 1PM e Lo adlsl
bslse e s3is 2o ) 1S S b Juols bl g
Voo 0 diged la g b ()l e (glod jo adds Ve
.(Bougatef et al., 2009) . <3l yiogil

b sdgphen bulpd (siludine Ghmgk cxl 2 38,k 54U
2 gl daw B9, 9 ¥ 4w Design Expert jl3sle sl oalit!
e Jolis Jituo sloysite 15 plosl 5350 oS yo 2o JB
A talesl 3,90 ST g o 05 Ltgge e 5 e
dglio b g 20)> O s 3 (5jWg osesl (092 Saisine a5
V5 astus SPSS ljle s b oS (905l dlewgas bylos (550ke
A plol

b s (Hanil Co, Combi 514R, South Korea) jsa ol
Y Syl sl b gy mle PH sl o S Cguy b I
293 b BB Ve Gtedy 5 ol (S0 Slgl PH) ¥ & Loy
S g o St g b Jols gy 9 A5 Joda il As e erpm
.(Chatterjee et al., 2015) ws (¢,lS5 (san slayislojl plovl

Jols lerd slaggeil nloas OS5 (550l
il 3oy b csp AACC 44-15 Lulul 51 Cusby dop
duSsw ogy b > 9 AACC 08-01 Sk AACC 46-12
(AACC., 1999) 1 (5,5s;5l51 AACC 30-20

Lol ialesl plsl sl )BT damo 45 (g3Wigp Cullad
oS’ gy ZMD gl e Ol BT ciy g cutS o
Mo 4y g oyl ABlas (48> Ve e 1)+°C (slod j3) douS
skl $7SL 55wy Sy 3 e 55 Lglske 12)
4 VeAcfuiml clale b glabai &ygods g Sie Vo kil
G3las dla jhd el FA 5 YE L )3 5 adlal BT oy g Lava
.(Pant et al., 2015) ui (5 ,u5s;lul

1l b (gilodty ) 1pmeB b ol g0 (g kS
Ogpilpwge b (10> Y=F) Glackle b (S5 n diged pesS
g il (eo>/ 02> Ao 3 V) Vo xV A cfu/ml ggls b ST
YO+ g (35 tlw ax 2 FO L Y+) led o3gae jd (g)li5 a5 S
(celo Y& B VY) Sloj odgiome )3 yuesw .l plowl aidsy )d 90
lod 10 4885 VO Cdods Av oo TPM 590 b e 9 €8 )5 iy
GO9S Y0 S L (g @le b Jod pile oS olo e > ¥
bug baiges aobl 5 5 ub oxiluy 510 4 ol pH g oad ykd
Ningbo Dscientz Technology Co, Ltd,) (solessl SSis
o) (eIl 5 (9,50 25 9ol 5 0a5 K25 (China
sty gel 9 plsl bjlos g9 (o] (SaSslel DPPH IS,
A5 o)

Sofon @S w0 Cdld 29 Mo (g0
pbol (Aguilar et al., 2017) g, b souS” dlbuS obds 3lg)0um
byt (e MLdp] syl osSsSshdlin] Slas Sl A
Poo cutSlame g9y S 5| sy pabipindS igtnsise
2 005 3,0 (g p)S ke Vo 6ud (gilo b BT e
Ver g ad el psie Jse cuiSlase g Sie A4
g aslsl Veocfuml clale b SbysSh omlwow il Sie
pbol celuw V¥ dody ol 5 b doyd YV (glod j0 (5 84l )
UV-VIS jiogidg xSl olSiwd lawgs o dloul &yglS yliue 9 i
odlizwl L (BMG Labtech Co, SPECTROstar Nano, USA)

U8 diges a5 oiles jrogil Fer zoe Job 3 Cuby)Sue
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Og SaSslal 9 DPPH G, (Sais)lee @508 L bls)|
cbile (B) ol 5l & Jgi 0 P odse polie 4 dngs b al
5 (0loj ps> 0l5) B? o g ol5) A Slaite (C) g
Orzzen (P<el) g boime (g Ll gy ols) C2
b ol g (Sauselal g DPPH JISGol) (SaiiS)le )5 dlal,
oy Gl g ped a2y Ojpar Jiiwe (b IS e
adly Jao gm Adlb oo JAYAY 5 (JAYFA (o pay (Siuen
Wiy Dyse sl yaaie aiely pd wlyuss S5l as)d AY 5 AY !
LS o Cund ¥ g ) dblee 1 5 A8 Caogi )
@ odd Gdops (nln (JWbcuw) Clogad ISk
s it sl JySlgn iy 5 I byl Lo 5
YU dgime ol » edle (AbdRashid et al., 2022)
Jaly (SuS lae )8 il o Siilog)| g (b (slotuslgial
15 gy s my Liulil |y ool g LSKiSelsl g DPPH
PHy )l abee)s ploj we dod slajial)hy a4 jrasd Lo
glod GRIFILDY ga) IS 4 drgi b o)l (S Lo 4l
JSooly Jlee) (anST 8l )08 dgy e b jrass oy s
o e ey 8l Gal38l (o] o SaiSsle! 5 DPPH
olej Wde g g 3,8 Slw as > YV > DPPH o, Sas
Dy el YA oloj o 4 basye o)l Jlade oS 5 el Y
72055 3 d el Y e g0 0 (SasSelal @,a8 b byl
Huang) o,Ken g Silgn ol covty [ SauSelal )i o i
Sl cdld e 49518 Ld a5 wn,ST )5S (etal., 2011
2 S W6 YL (slod 5 A8l o ya35 0)93 Jsb )3 GlanuS]
S e deoys il el ity lasnST 5T ol
M 9 boSan sda jgrie il (8L Slyi e DPPH I,
(Limetal,, b Sslog,l g s ol51 (claslyial ¢ bz,
a5V SaSelal ©ys5 b ok o)k (sl 2019)
olil o Joly S o Jas (0 5 08 odimd e
9 oMl ldanly SYgase 4 5 03,8 <8l bty I 098
(Zhuetal., 2008) Lo o Jas j b (o

FuSB g eBen (e Caghy Ol ilosd OLS S
e 1008 Al Ll od edyl V Jgdn 3 pl aouS dlluS
o 38 o ol gile il gy el pre gite oS
Al 5l ey gl o Bl Jyae oS dls ik
ool 1A Camian 3 ugp aie lgisdy Wlg o ST Cawl douiS
2> Moy g L VVIY AluS gy e bt & drg b gl
(Onsaard et al., 2010) ., Ken ¢ 3)luds) ol cavss VE/Y
FuSB AYVINY oy X105 1) souS dbuS gy e
G oy Hlde 55)S ()55 L VIAY 1y cugby Jlade o /L BIYY
o Oglite Cio )3 Sy Wby Elyl 4 dia dbxs
lon g ol byl B, (S olse 4 1o 4l oS 5 0l
etal, 2011) o)l Siww 4 by oloj 5 (Sdw) doye
.(Nweke

& pebivle puslwl iy cld g5l n CYlad
oS gy ol BT iy beome 3 g lSAE b,
b )5 18 2Ll 2y9e sl TA 5 VY loj (b > douS
Y55 colu FA L g yio ke VWAY gl colis YE 55 (ilas dla
Celo FA L ploj cuddS b oS ol olis gl el Cowdy yio uo
dly Sl (< 1-0) oo sino yobas 005 sl Gilass dlla s
il Slgie urkiho ushaol & cusl oyl srimdslis &
2 S el 126 B ) s aske clgied |y 28 i
2 OSan ge plysa oY 5l liie lawgs oad ploxl ingh
slod o cuiS celio VY I Gy a8 wd oolatwl [T iy g5 baro
488 15 ) jteke VY Gilad dlla e 5,8 ol 43 TV
(Pantsg; uelils upluol &g bwgi 5555 w3l 155 >
aS ol i agw opl ey ead dbe! et al., 2015)
Sl 9 039 2V (Sedgan Clld (Ll Skl upll
@ (ot Ban b oS g gy Cua b 6SL
A5l S|l 5 29,500 25 ol 5V b iy

Clled g CBE 5 b oloj WU
DPPH I3, S48 oo cllad 51 Juols zults 2 il gl
5wl odd o3ygl ¥ Jgan ol e SasSelal @l

P 2o A (o bosd OluS 5 i - Joua
Table 1- The results of the chemical composition of raw sesame meal

Cogb, S w2 o9
Moisture (%) Ash (%) Fat (%) Protein (%)
9.54+0.05 6.25+0.1 16.2+0.17 27.7+1.7
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Table 2- Effect of temperature, time and substrate concentration variables on antioxidant and antimicrobial properties of
sesame protein hydrolysate.

slos
Treatment A B C Y1 Y2 Y3 Y4 Ys Ys
1 375 24 4 60.4 0989 553 428 588 488
2 375 3.818 4 105 0.241 5.6 6.3 10 12.3
3 45 36 6 556 0.786 50 408 522 455
4 45 12 2 253 0533 126 136 11.8 10.6
5 375 24 7.363 58.6 0943 54 42.02 56 49
6 375 24 4 60.8 082 56.8 408 57 47.3
7 375 24 4 61 0978 526 445 556 47
8 375 44181 4 50.3 0.844 503 36.2 534 456
9 375 24 4 625 0972 55 399 597 36
10 375 24 0.636 26 0506 189 254 2233 156
11 30 36 6 548 0.707 475 32 4328 4238
12 375 24 4 588 0.962 58.2 388 46.63 46.6
13 45 12 6 286 0582 208 186 1254 84
14 24.886 24 4 423 0479 302 244 2868 332
15 375 24 4 458 0.963 42.6 45 56.14 43
16 30 12 2 158 0376 8.6 128 1085 84
17 30 36 2 50.2 0.674 46 23 454  38.8
18 50.113 24 4 409 0445 399 366 409 30.6
19 30 12 6 188 0.395 197 118 892 107
20 45 36 2 488 0.768 40.7 334 499 39.6

S8 lae) Y3 ol e (SaisSelsl @)08) Y2 (a0 DPPH JIosl, (S8 lae) Y1 (103 dytaangur cale) C (el (yloj) B (31,5 5lo 43 )3 dod) A

(30> i peizmipdy parntypiads” (S3S o) YO (30> ¢ tifptpise byt (S48 )lan) Y5 (30 oM (S8 o) YA (803 oghyg] o5 phslics]
A (temperature,¢) B (time, hour) C (substrate concentration, %) Y1 (DPPH radical scavenging, %) Y2 (reducing power), Y3 (S.
aureus inhibition, %) Y4 (E. coli inhibition, %) Y5 (L. monocytogenes inhibition, %) Y6 (C. perfringens inhibition, %)

SoS LS (g5 slg e > iliee (Sagwly (il yly JIUT i Y Jgoe
Table 3- The results of the analysis of variance for different responses in sesame meal hydrolysis

Responses Reducing S. aureus . L. monocytogenes C. perfringens
DPPH power inhibition E. coli inhibition inhibition
s;\gig 8 S e mfl'i';'on Uy (S0 oo SISk
O SHSslal  usTpTahilis/ S e Higwsise po9ntt pels”
Variables DPPH Jil, . Wi/ e
o2l osiys! i
P-value (P »as)
Model 0.0002 17.13 <0.0001 <0.0001 0.0004 0.0016
A:temperature 0.5194 0.7041 0.4210 0.0042 0.2158 0.9728
B:time <0.0001 79.42 <0.0001 <0.0001 <0.0001 <0.0001
C:concentration 0.0142 16.15 0.0024 0.0037 0.0856 0.0385
AB 0.3131 0.2165 0.6517 0.2654 0.7001 0.8689
AC 0.8965 0.0833 0.7788 0.6641 0.7573 0.9051
BC 0.7910 0.2507 0.6274 0.2359 0.9523 0.6547
A2 0.0077 18.19 0.0017 0.0003 0.0025 0.0190
B2 0.0002 34.25 0.0002 < 0.0001 0.0011 0.0078
c2 0.0098 15.62 0.0027 0.0018 0.0084 0.0215
Lack of fit 0.3937 1.28 0.3967 0.1431 0.0579 0.0742
R? 0.9196 0.9095 0.9391 0.9588 0.9109 0.8781
AdjustedR? 0.8472 0.8281 0.8843 0.9218 0.8306 0.7684

(ol ped oilg) B? (lod pos o)lg) AZ (il g loj lize 51) BC (cdale g Lod Jlio j3) AC ((loj g Led ilite 51) AB (I tansge cdale) C ((loj) B led) A
(U35l pae LasLs) Lack of fit (clale pg> lg5) C2
A (temperature), B (time), C (substrate concentration), AB (interaction of temperature and time), AC (interaction of temperature and

concentration), BC (interaction of time and concentration), A% (square of temperature), B? (squared of time), C? (squared of
concentration), Lack of fit



V¥ 50,37 b oylocs oY+ als eyl ol (I @obio g pole sleiungly 4 i OOY

DPPH scavenging (%)

DPPH Jiyal, SuiiS ,leo
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Reducing power
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Fig. 1. a: The effect of temperature and fermentation time on DPPH radical scavenging activity, b: The effect
of temperature and fermentation time on the reducing power
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AR g |y (w390
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Sybp i WU lej ke g (P<e/40) edgr > dxe
Fiskwgige byt (SAS ke Sl p 0 dblre il (S8 )le
IVEAY (Siwsed copo b g uizdisiy padiuds (SaiS e
3 Olpess JS 51 AVE awdly Jae da dP<e/+0) b9 5 e
dl).g 5 aolro u)‘);l.u xS g.o.:..o}: ‘) W2 D90 dlib)w.o dld
b gy udzeipdyn porcbpianls” (SIS o
(¥)

R
0.98AB+ 0.61AC-

(¥)
HLipsl  SaSle 5= 42.10+3.46A+  8.98B+
3.54C+1.45AB+ 0.55AC+ 1.55 BC- 4.98AZ 8.25B%-
3.85C2

(%)

Sistawsige by  SaS,ke gl = 55.79+2.82A+
16.08B+4.07C+1.10AB+ 0.88AC+ 0.17B- 8.34A%-
9.44B2- 6.8C?

i/ 955 alslin]
53.45+1.36A+14.47B+ 6.52C-
1.06BC- 6.74A2- 9.25B2- 6.24C?

()
DPPH J&eal, S8 lgo CyaB=
58.20+1.19A+13.75B+5.31C-
2.48AB+0.31AC+0.63BC-5.79A%-9.7B?-5.5C?

(")

ool s LSaSlal ¢,08= 0.945+0.033A+0.15B+0.062C-
0.021AB+0.001AC-0.002BC-0.161A%0.132B-0.068C?
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Vo Jote 53 0dd oy 6Sen (2955 22 1) Jolbs s
i o ¥ Jodn ;5 ond S uibyly 5JUT @ asg b el ol
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s (o iin | Ky o b osygl posS3Sohii S35 oo
by &8 dgr JAFY  Stuod cops g ped do)d Gjgody
oL daly sloyite p Jitwo slapiia 136 )3 1y Jue gs
DBl pas padlS (398 I3 gae ¥ Jodo & e gi b (iomen 0>
P Ol Wlg o (B ojlil 4 Jae &S sl lis (p>+/-0)
5 Ssod oy & dg8 LY dlales .S Capogi 1y aodly polao
b Sl )13 390 Fusl (sl cul S (sl g
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Lo cdld bossd gyt slacnisy (Pane et al., 2017)
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sl Jsbo S5 (sloJsSls05,5 b tiSlany 3o L 5 Jobo
Jlasl JLosay ((Taniguchi et al., 2016) w,0 o jl (29,500
0N Ry R sl lid 4 095w lansy
9 ol Jobo B> dlge s doms )3 5 clid (So)lSy
Syo ok 055 Caled 3 9 sk p)gi sl Pl pas
B3 g £ (b

sy (Vermaetal, 2017) o)Kea g by awS 3b
b st Hasen dyd Cusl (See (g oloj alox ) Jitua
oS0 15 slasty (ol ol ey Gl il es 4 dta
el adgl Jlslo 5> aiel clossul (655518 oo 5 g5 Loy
Ot 25938 < lbgin S Wl sl (slaspul Db o s
2o el w3 (oo G (5] 9 et (Cn 3 (st
Sl (ooten Jolge 5 (S il g S o Wl i (09)Sue
)8 o 5l ool sty slrosds jdgyan Jb o g oS
Gy @YU Jewils 09,5 Lite b gy oolamsl oy
Jolbs s sl .(Pokoraetal, 2013) 5 (g)bv s
SIS o 5 S dbS oxd ok oSy (Y Jse)
e p)S 68l & Cons Cute )5 slagg S ade (gl
P ol & WS IS e b ol (e L)
Py 9 Cute p)S Slas Sl (pw g)Sue 1o GlS 5 4 Comlis
A32) Jols Joho by, oS5 5 MBlo 4 olie |y e
- Lopez) sl cows (ol 0)lged g (> slie by g (oD giw
5 hsawd )5 clie 2959 (Romero et al, 2015
ol Cenglie o )5 slais Sl ok 0)lgad 13 syl yged
Lee ) ol o3l LIl agsSao 15 Sl 5wl 5 1, e,
(& Nguyen, 2015

J&aly SuiSle @ byp mli idae  xiw,lis]
s 55 allius] S 3S Yoo el gy SaSslsl 08 DPPH
iy podieals” ijgigise byt (oLl ushygl
N3l g lgn dige bulpd sl ol o3yl ¥ Jgun 0
FIN cdale g cels YoloA oloj ol )8 ol a3 YA/FA (glod
Oy b olbodd jdgyie bylud cpl Cot AS e o)
) g baalpd )3 b g STl g (9,50 10 el
2oy SYIOY DPPH ISl (SaiS loe €08 (Jio Lawgs o
osSs gl (S8 oo ¢+ 10 ol gy SuiSslal @i

)

iy pad il S5 e g 44.93- 0.07A+
13.5B+ 4.84C+ 0.45AB- 0.32AC+ 1.22BC- 5.52A%
6.5B% 5.38C

(95w 455 Jro (sdaie (sla)eSh & el 0l 138
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s Juody &8l el S )he dop cele ¥Y
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woke HsSB jo Lo (L & Wang, 2021) 39 B pae (59,0
295 b il Jushal 450 (gl 4 L3l o yra3s AR] 5
9 D=V S5 ) el (gyie oms Yl glod 5 jrass ¥ IS5 4y
9 Ly (SuSle p ) bed g clale 13 Wy, oS €Y
chale Gl g led (Al L ams oo (U uizsd oot inls
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.(Jemil et al., 2014)
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o) 0gse b byl 4 4ases L L(Trang et al., 2018)
ol (See laodd Jgyn (09)5we 1S 1 8 adlas
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A8l kvl pophst

2 el lasal Cute b Gk 5l (29550 Lo slaiy
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Introduction
Fruits have a limited harvest season, and the amount of their waste is significant. Drying extends the shelf
life of food, and the infrared dryer reduces the time and cost of the drying process. In this study, the effect of
sonication at different powers and temperatures along with edible coating with xanthan and wild sage seed gums
on the drying process of cornelian cherry by an infrared dryer was investigated.

Material and Methods

Solutions of xanthan and wild sage seed gums were used for coating of fresh cornelian cherry. Xanthan gum
powder (food grade) was purchased from FuFeng Co. (China). Wild sage seed gum was extracted and used in
powder form after drying and grinding to prepare the gum solution. In this study, various concentration of gums
solutions (xanthan and wild sage seed) were first prepared in a graduated glass beaker and placed in an ultrasonic
bath (Backer vCLEAN1-L6, Iran). The fruits were immersed in the gum solutions (inside the beakers) and
sonicated for 5 min (40 kH). Infrared dryer with an infrared radiation source (250 W, near-infrared (NIR), Noor
Lamp Company, Iran) was used for drying samples. The distance of samples from the radiation lamp was 10 cm.
After each pretreatment (sonication and coating), the samples were dried, until reaching a constant weight. The
mass changes of samples were recorded using a Lutron GM-300p digital balance (Taiwan). The rehydration tests
were conducted with a water bath (R.J42, Pars Azma Co., Iran). Dried samples were weighed and immersed for
30 minutes in distillated water in a 200 ml glass beaker at 50°C. Then, the extra moisture was drained for 30 s
and the samples were re-weighed. The rehydration ratio values (%) of dried samples were determined as the ratio
of the final weight of rehydrated samples over the dried samples weight x 100. The color of the cornelian cherry
was calculated by determining the lightness (L™) and chromaticity (redness (a*) and yellowness (b*)), and was
measured using a scanner (Hp Scanjet 300, China) and Image J software (V.1.42e, USA). The Folin-Ciocalteu
(Folin-Ciocalteu's phenolics reagent, Sigma-Aldrich, USA) method was followed for measuring the total
phenolics content of dried cornelian cherry. The absorbance of samples (765 nm, UV-VIS spectrophotometer,
XD-7500, Lovibond, Germany) was compared with the Gallic acid standard curve. The results were expressed as
mg GAE/g dry matter. Effect of applied power by the ultrasonic device at three levels of 0, 75, and 150 W and
the effect of temperature at three levels of 20°C, 40°C, and 60°C on the rehydration and total color difference
index of dried cornelian cherry were investigated. Also, the effect of coating with xanthan and wild sage seed
gums on preserving phenolic compounds, antioxidant activity, and sensory properties of the product was
evaluated.

©2024 The author(s). This is an open access article distributed under Creative Commons
Ev Attribution 4.0 International License (CC BY 4.0).
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Results and Discussion

The average drying time of uncoated cornelian cherry, coated with xanthan gum, and wild sage gum was 62
min, 48.7 min, and 48.4 min, respectively. The examined treatments in this research did not have a significant
effect on rehydration change of the dried product. Ultrasonic pretreatment at both 75 and 150 W powers had a
decreasing effect on the color changes, which indicates improvement of color and prevention of color change
and decrease in desirability. The effect of coating on color changes was also investigated, and the amount of
color changes in the uncoated, coated with xanthan gum and wild sage seed gum samples was equal to 26.71,
26.02, and 31.36, and there was no significant difference between them (p>0.05). Using wild sage seed gum
preserved more of phenolic and antioxidant compounds. The total phenolics content of fresh cornelian cherry,
and dried samples including market, without coating, coated with xanthan gum, and coated with wild sage seed
gum was 23.0, 4.7, 0.8, 9.8, and 12.1 mg gallic acid/g, respectively. The market sample had a significant
difference with other dried samples dried by infrared (p<0.05). The sample from the market had the least DPPH
radical scavenging activity (p<0.05). The market sample scored as the lowest sensory evaluation and had a
significant difference with all samples in all sensory attributes (p<0.05).

Conclusion
From the panelist’s point of view, the sample coated with wild sage seed gum was the best sample, and the
highest score for sensory parameters and overall acceptance was associated with this sample.

Keywords: Antioxidant, Color change, Phenolic compounds, Sensory evaluation, Wild sage seed gum
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Fig. 1. Effect of coating on the drying time of cornelian cherry
Data are shown as mean + standard deviation (N = 3). Different letters above the columns indicate significant difference (p<0.05)
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Fig. 2. Effect of ultrasonic power and temperature on rehydration of uncoated cornelian cherry
Data are shown as mean + standard deviation (N = 3). Same letters above the columns indicate no significant difference between
means (p>0.05)
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Fig. 3. Effect of ultrasonic power and temperature on rehydration of cornelian cherry coated with xanthan gum
Data are shown as mean + standard deviation (N = 3). Same letters above the columns indicate no significant difference between
means (p>0.05)
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Fig. 4. Effect of ultrasonic power and temperature on rehydration of cornelian cherry coated with wild sage seed gum
Data are shown as mean + standard deviation (N = 3). Different letters above the columns indicate significant difference (p<0.05)
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Fig. 5. Effect of ultrasound power on total color difference of uncoated cornelian cherry
Data are shown as mean + standard deviation (N = 3). Different letters above the columns indicate significant difference (p<0.05)
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Fig. 6. Effect of ultrasound temperature on total color difference of uncoated cornelian cherry
Data are shown as mean + standard deviation (N = 3). Same letters above the columns indicate no significant difference between
means (p>0.05)
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Introduction

Edible oils constitutes a chief component of human diets in our daily life to supply essential fatty acids,
energy, and nutrients to human. The nutritional value of edible oils varies depending on the type of oil,
processing methods, extraction techniques, and storage conditions. Generally, edible oils are high in
triacylglycerols with minor compositions. The presence of high amount of unsaturated fatty acids in the structure
of triacylglycerol leads to a reduced shelf life of oils. This is associated to the undesired lipid oxidation that
occurs when unsaturated fatty acids are exposed to light, oxygen, and heat. This is a major concern in food
industry as it might result in undesired food quality deterioration involving reduction of nutritional components
and off-flavors. The demand for nutritious and healthy animal and vegetable oils has been increased with a
growth in population and economic progress. Therefore, researches for functional and nutritious edible oils has
gained world attention on the technology to process edible oils. The use of ultrasound as a new technology in
food processes is increasing due to its potential for changing materials and processing speed. This technique
displays several advantages over conventional techniques in terms of time, energy consumption, and higher
output. Ultrasonic processing is used in the food industry for numerous processes on high lipid containing food
products in cutting, cooking, homogenization/emulsification, and microbial inactivation. The aim of this study
was to investigate the effect of ultrasound time (0, 20, 40 and 60 min) on physicochemical properties of corn oil,
soybean oil and kilka fish oil.

Materials and Methods

Commercial kilka fish oil, corn oil and soybean oilwere purchased from local market. All of the chemicals
and reagents used were analytical reagent grade. Each oil was poured at 250 ml Beaker and then treated with an
ultrasonic probe at a frequency of 20 kHz for a specified period of time. Qil chemical and physical properties
such as acid value (mg/g), peroxide value (meq O2/kg), oxidative stability index (h), thiobarbituric acid value
(mg/kg), conjugated diene value (%), fatty acid composition, fourier transform infrared (FTIR) spectroscopy and
color parameters (L*, a*, b* and AE) were determined. Data analysis was done using SPSS software and
completely random design.

Results and Discussion
The results of this study showed that with increasing the duration of ultrasound, acid value, peroxide value,
TBA value and conjugate diene value, increased and the induction period decreased. On the other hand,
ultrasound treatment led to increase palmitic acid, stearic acid, oleic acid, saturated fatty acids (SFA) and
monounsaturated fatty acid (MUFA), and decrease linoleic acid, linoleic acid (and palmitoleic acid,
eicosapentaenoic acid and docosahexaenoic acid in kilka fish oil), polyunsaturated fatty acid (PUFA),
polyunsaturated fatty acid/saturated fatty acids (PUSFA/SFA), unsaturated fatty acid/saturated fatty acids
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(USFAJ/SFA), Cox value in corn, soybean, and kilka fish oils. Ultrasound did not change the fourier transform
infrared spectroscopy but did change some color parameters. Sonication caused an increase in L* (more
lightness) of corn oil, a decrease in a* (more greenness) of soybean oil, an increase in b* (more yellowness) of
corn and soybean oils, and a decrease in AE compared to control samples. Probably, ultrasound causes
destruction and isomerization of the double bands of pigments and as a result changes in color indices.
According to the results of this study, ultrasound treatment accelerated the oxidation and degradation of oils and
as a result, changed some of the physicochemical properties of the oil, which varied according to the type of oil.

Keywords: Corn, Fish, Oil, Soybean, Ultrasound
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2 gl d b b osd slog s (ale g bgw <03 (59, digel
YEO =50+ CM™ 50 dae dlels )3 di8d o 5 Vo (Ve loj o
5 bgw «yd) y£g) Dged du ya Cuwl oad 03l i V S o
2 JoSse S ela b))l AU IR s cbo)lg (Lale
C-O-C L, C-0O wgy i wlisles)l) WY V.28 cm?t sy
5—CHs o (slnog, S JS_s ) C-H Wgy oS clils)))
C=0 Jis)S 05,5 <Lils)l) W¥A cm? asl ((-CHz oyl
em? sles g ((Lodmmd byl (iusS Ll ) sy L)
oylite iiS @il )] jouis oaindLis Yo Q5 YAYY YAQY
5, g siwl > —CHs J».m ‘_g\.am”f J&w 4 C-H Lo
(Valand et al., 2020) -y daso 5,35 Gllas .ol L 245
Jod g 435 0lsS zge dae abely 3 (oo 1y S s yge sk
195 03 (2o g bgw ()3 (2g) w2 ) e b yge 28
ISt a oyline oS sl st cos VISY 4 Vo458 em?
slaailie 4350 5| ol mls o als (id cilise sladils
iged dow y b J3Sge i olils)l 5 IR Lab asl Lol
Jha IR (oo lajly Slogran 3929 (lo g bgw )3 (469,
st 2yl {C=0) Syt ) (liosss (5L canlis

'S 9S aae g pldlpns 4 plosl eSS Ot G
9V o > gl Jlesl (b (ale g )3 bgw slapséy,
odalin Lo ey iy (sladuw] wyp 50 Gl i odby ol ¥
Syl Al 2oy FAVE) Slgid sl 33 59, 55 &5 05
Syl Sl 5 (4o ) WY+ ) Soally sl (a0 YY/OY)
Sl (1o yd OV/AY) Slgid sl g 25y )3 5 (Aoyd Y/ +)
Silgid sl g (o AF+) Siiadly sl (1o yd YOIV ) Sl
Sl (3o > YEIFY) gl sl e plo (9, 13 g (duoyd /YY)
DHA (30> /7)) Sedgiall dwl (4o ys WA« ) Szl
bl Slghd oy i (Ao)d VIV) EPA 5 (o) V/OY)
L oldas adllas 5yg0 sladiged sl o plaidl s |,
Naseri et al., 2013; Kim et al., 2010;) 55  piizxo Yo
el yd colas (Najafi et al., 2012; Nosratpour et al., 2017
Sidgrd ol « Slgid sl Syl sl (S ol sl (Szally
hl g (89 cudls 3529 (o g Lgw ()5 slaseg) o
Sigi dwl (Sl sl (SG ] dl e oyt
S by 9 SsS sue o USFAISFA PUFA/SFA PUFA
s (535 B, b 51 3ay USFA 5 Ll aasl oyt (s
5 SFA sl i s DHA EPA S giall 4l S zally
D91 o D90 ey plo jl il (ale (b29) ;> MUFA
2lo 5 bigw <)) lagsy) cuS 5y Gl yp oS O Gl gl
2 Oyl Jlasl dids £+ 5l s 45 cjobay iS50
el Syl sl Sy sl (e g 9 )3 slaits,
(33l iRl i Selsid el 5 Sl sl Sl
Sgl sl (e (plo 585 > Bl (R Gl il
EPA 3 DHA (S gl sl «Soginally dl cSoitally gl
Bl halS g pials (ials (il lall Gl e s
St s e il bl 4 o5y Al sk
oyl Sl 5 e 5 ool slagyss) st 3l 58]
oy 9 (bt Lo (led o sl 9ee 9 (mglS 500)
Gy iy 3 (oter Jolo Loy Cueludlind g cunl ataly
Al .(Johnson & Decker, 2015) 33,5 o Coguzs yisluS]
gy s 9 99 bl Ly ey Sl sl 5 Sl
slajasls Wl o 1 by oYL eluilue slaas > l8go
USFA/SFA PUFA/SFA USFAT PUFA
Ay JLE 5l cou 1y uSsS sasls ¢ MUFA/PUFA
Wyl yp ey ote ol 31 b Sl al 5 Sgid sl
55 0SsS ,aslis o USFA PUFA 1) a3 3 55 4 Jg3 S,
el e (LT 4 &S Cal Lno oy gl aizbly talS

1- Cox value
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— Jite (sloog S JS5 & C-H) Sl 5 (C-H) Syl (C=O)
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sleca b pox o slacalud o baglas sb ol 1y by,
I Baies 45 503 03y Cas 35 5 slin] Gilisee oS 5 4 IR
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(Rohman & Man, 2010) 4o 5 ek, .(Jamwal et al., 2020

Al o o> g gy )0 pre linl b yuudS 65wl )

il (S158 S0 g) gmalinnsST SBOALS 5 Gyl b T ) Jga
Table 1- Effect of ultrasound on the oxidation indices of different edible oils

o) Q-lo)‘ d-f-:-“' das .\WSI,.' das Wl o,.,: TBA s 59:;..9 ol ¢

oil Time Acid value Peroxide value Ind_uctlon TBA number anjugated
(min) (mg/g) (meq O2/kg) period (h) (mg/kg) diene (%)

) Control 0.29+0.04 f 321+0.25¢e 20.15+0.01a 0.09 +0.00 f 0.24+0.01i

Corn 20 0.31+0.05e 345+050e 19.14+0.00b 0.17+0.10f 031+0.01¢g

40 0.33+0.05d 11.31+042a 18.80+0.00c 042+046c 1.32+0.00d

60 0.34+0.06 d 7.39+054c 18.40+0.02d 048+0.00c 1.15+0.00e

gus Control  0.27+0.00 g 244 +051f 1414 +0.00 e 0.19+0.00f 0.19+0.00]

Soybean 20 0.29+0.01f 299+049f 13.49+0.01f 0.24+0.01e 0.24+0.00 i

40 0.32+0.01d 3.67+0.25¢ 12.87+0.01¢ 0.30+0.03d 0.28+0.00h

60 0.34+0.02d 4.99+0.00d 12.65+0.00 h 0.38+0.06 ¢ 0.39+£0.00 f

ol Control 232+£0.02c 246 +£049f 1.13+£0.021i 0.64+0.00b 6.53+0.04b

Fish 20 2.38+0.01b 4.30+0.57d 0.75+0.02 1.12+£0.35b 6.53+0.00c

40 242 +0.00a 9.95+0.97b 0.55+0.03 k 144 +0.52 a 6.62 £0.03 b

60 245+0.00a 11.93+0.01a 0.44+£0.01k 1.62+0.50 a 6.81+0.05a

Soysi)biss Aol dae = TBA e #

(P < 10) sl Hlo pize BB 2959 pas oIS ¢ygitw yo 5D dldie S5 55 By >

* TBA number = Thiobarbituric acid number

* Similar lowercase letters in each column indicate the absence of significant differences (p<0.05).

il STy sBrtey wp Sl cuS 5y Ggolyd pit Y Jgua
Table 2- The effect of ultrasound on the composition of fatty acids of different edible oils

95 e by 2l
Oil Corn Soybean Fish
Time (min)
. 0 20 40 60 0 20 40 0 20 40 60
olej
Fatty acid
@yl
C 16:0 12,00 1257 1281 1293 9.40 1047 10.30 11.00 18.00 18.04 18.15 18.32
Cc16:1 921 920 870 844
C18:.0 210 2.08 232 243 385 387 387 432 190 214 212 213
cis1 3351 3386 3575 35.73 2520 25.36 26.14 26.62 26.42 2713 27.84 28.33
Cc18:2 49.74 4891 4759 47.66 51.80 50.88 50.02 49.68 823 801 759 6.86
c18:3 131 112 080 0.62 513 476 443 3.95 215 201 190 1.72
C 20:5 (EPA) 720 6.61 6.25 588
C 22:6 (DHA) 751 643 598 536
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Table 3- Effect of ultrasound on the fatty acid indices of different edible oils

o9, oy Lo 2l
Oil Corn Soybean Fish
Time (min) 0 20 40 60 0 20 40 60 0 20 40 60
olej
SFA 1471 1535 1560 15.87 1432 1531 15.18 16.34 23.70 25.02 2516 25.71
MUFA 3371 3387 3585 35.85 2528 2544 2622 26.71 35.63 36.33 3654 36.77
PUFA 51.05 50.03 4839 48.28 56.93 55.64 54.45 53.63 2959 27.61 26.21 24.27
USFA 84.76 83.90 84.24 84.13 82.21 81.08 80.67 80.34 65.22 63.94 62.75 61.04
PUFA/SFA 347 326 310 304 398 363 359 3.28 125 110 1.04 094
USFA/SFA 576 547 540 5.30 574 530 531 492 275 256 249 237
Cox value 574 562 543 5.40 6.70 6.52 6.37 6.24 1.58 1.53 1.47 1.36

elilpe o dul = USFA glusly i Oy sl = PUFA ¢lile S o jn ol = MUFA ¢lusl O apl = SFA =

* SFA = saturated fatty acid, MUFA = monounsaturated fatty acid, PUFA = polyunsaturated fatty acid, USFA = unsaturated fatty
acid

Corn-control J,8 &b

185 4

165 4

145 4

Corn-20 min Ultraound Sigelpdalds Ye Db
Corn-40 min Ultraound Cigelyd alds €0 )3

Corn-60 min Ultraound Cigeslyd alds e &3

Soybean-control J=5 Lgw

125 4

105 4

85 A

45

Soybean-20 min Ultraound Sigelpdalds Yo Lgw

Soybean-40 min Ultraound Sgelpdalds £+ Lgw

Soybean-60 min Ultraound igelpdalds s Lgw

Fish-control J,=5 _ale

Fish-20 min Ultraound Sgelydaidz e 2l

Fish-40 min Ultraound ogolydalds £+ Ll

Fish-60 min Ultraound <gelyd aldss Ll

1000 2000 3000

4000

Wavenumbers (cm-1)

o g Ligw €3 Gy, FTIR (gygSuwg Sl 51 ogolyd il - JSS
Fig. 1. Effect of ultrasound on FTIR spectroscopy of corn, soybean and fish oils

Xuetal, ) e o odlatwl Ll 5l ale Slidss 5 g aib
S re BB a2 o i Sgolyd Sloj sles covi 1) ale
9 (P<~/~(b) J_:.))f odalin U.QLA 9 L9_m 0_6—9) dl_mdb’yw JLl
gy Gaolyd calizee glalo o ) gloedls ol
488y e Caolyd yd gy 50 ¥ e cily 3l
©golyd bgw (29) ) (WAY) cpyieS S8 5 (VP/4R) cpynden

o us*—‘wf J“—“’93 as coul uh‘" b* gar > c_sis) wlad
SLaS, Gogi sl 9 VAV Jlo 3 (CIEY) 95 oy, (Mol
5y Jae ol 33285 )5 0l 550 wiar Lawgs oanlie LB
A% (5o B AR @ (Ve U o o) ol 0aiS olo LF
FIVe (=W edgaom0 5 (ol D% c60,5 #0%) DY 5 (a0

1- International commission of lllumination
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Table 4- Effect of ultrasound on the color indices of different edible oils

. ) Ny sl
‘}c.” . ‘:’b)_ Color indicators
Oil Time (min) L a b AE
Control 1299+0.00e -1.04+£0.15e 0.99+0.33e 0.74x0.07c
I 20 1438+050c -0.80+0.05d 1.09+0.08d 0.59+0.16c
Corn 40 16.09+0.24a -090+024d 144+001c 0.36+0.13e
60 1526 £0.63b -1.04+052e 144+006c 090+0.16b
Control 1472+0.02c -049+04la 121+017d 0.67+0.14c
b guo 20 15.05+0.15b -0.71+058d 1.12+0.09d 0.65+0.16¢
Soybean 40 1355+0.04d -0.79+0.07d 1.61+072b 092+0.14b
60 13.58+0.60d -094+0.34d 1.62+021b 0.66+0.09¢c
Control 1382+1.14d -125+0.02e 3.01+009a 1.12%0.16a
ol 20 1581+0.010b 0.35+02la 131+0.08c 059+0.07c
Fish 40 1299+0.26e 0.07+0.22b 1.75+0.19b 0.37+0.28¢e
60 1243+0.04f -048+0.33c 366+0.67a 0.51+£0.09d

W ‘_J/L;J))' o) LS b* o ol (308 0 dimd L5 AF ( slidg) oyl L* %

(P < 1+0) Canl Hlo pize BB 2959 pas 0B ¢ygiw B 1D dldie S5 By >
* L* indicates brightness, a* indicates redness/greenness, b* indicates yellowness/blueness.
* Similar lowercase letters in each column indicate the absence of significant differences (P<0.05).

2 sl 0dd gy (©golp Gloj a5 i) S0 ©)g0;
48 Sy il S Ao g WL L pite ay i b oS Jls
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Introduction

Cheese is a term that encompasses a diverse group of fermented dairy products produced globally, available
in a variety of flavors, textures, and shapes. It is rich in proteins, minerals, and vitamins, all contributing to its
high nutritional value. Among these, brined ultrafiltered cheeses are soft cheeses that undergo their ripening
process in brine. In recent times, this type of cheese has gained popularity, securing a significant consumer
market in our country. Food hydrocolloids, comprising polysaccharides and proteins, are extensively utilized in
the food, and biomedical industries. They function as thickening agents, forming gels with controlled
functionality and specific physical properties. Additionally, they act as stabilizers in various dispersions and
serve as carriers for bioactive compounds. Many hydrocolloids, such as whey proteins or dietary fibers, also
possess health-promoting properties and can provide essential nutrients necessary for maintaining human
biological activity. Beyond their nutritional benefits, food hydrocolloids find applications in advanced materials
like food packaging, biomedical materials, biopolymers, polymer electrolytes, mineral nanoparticle synthesis,
and organic pollutant removal. Natural hydrocolloids are typically non-toxic and environmentally friendly. They
are made naturally from plants, animals, algae, or microorganisms. They are employed to enhance the
physicochemical, structural, rheological, and sensory properties of dairy products. Persian gum, derived from the
almond tree (Amygdalus scoparia Spach), is one such natural hydrocolloid commonly used as an herbal remedy
in Iran. It is commercially available in various colors, shapes, and sizes. Its low cost, availability,
biodegradability, and capability to substitute stabilizers and emulsifiers have increased its utilization in the food
and pharmaceutical industries.

Materials and Methods

After being received and initially cooled, raw cow milk underwent pasteurization and was stored for the
ultrafiltration process. Persian gum (PG) was incrementally incorporated into a specific quantity of warm
retentate and thoroughly blended. This mixture was then combined with the remaining retentate to produce
retentates with PG concentrations of 0.03%, 0.05%, and 0.1%. These mixtures were then subjected to
homogenization and pasteurization. Following these processes, the retentate was cooled to a temperature range
of 35-40°C. It was then poured into containers for coagulation, to which microbial rennet and a starter culture
comprising Lactobacillus lactis subsp. lactis, Lactococcus lactis subsp. cremoris, and Streptococcus
thermophilus were added. After roughly 6 hours, once the curd pH dropped to 5.1, a 12% brine solution was
introduced into the container. Finally, the containers were sealed and placed in a 4°C cold storage for microbial,
physicochemical, and sensory evaluations over a 90-day storage period. Statistical analysis was conducted using
the Minitab software (version 16.2.0.0 for Windows, Minitab Inc., Coventry, United Kingdom) at a 95%
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confidence level.

Results and Discussion

Based on the obtained results, during the storage period, no microbial spoilage (including coliforms, molds,
and yeasts) was observed in the control and gum-containing samples. The ash content (%), gumminess (N),
chewiness (Nmm), adhesiveness (Ns), and fracturability (N) of the samples increased initially up to day 45 and
then decreased. The acidity (% lactic acid) of the samples continuously increased during the storage period,
while the amount of fat (%) of samples showed a decreasing trend. An increase in gum concentration led to a
significant decrease (p<0.05) in the acidity (167.22 to 123.11 %), gumminess (8.35 to 1.30 N) and chewiness
(216.19 to 38.83 Nmm) of the samples, while the ash content (3.69 to 3.92 %) and cheese adhesiveness (0.66 to
0.80 Ns) increased significantly (p<0.05). Regarding sensory properties, color and appearance, and aroma scores
of the cheeses were not significantly affected by the storage time. The interaction effect of time and gum
concentration did not create a significant difference in texture and flavor scores, while their single effects were
significant (p<0.05). Overall acceptance of the samples was only significantly affected by the gum concentration
(p<0.05), and the interaction effect of time and concentration did not significantly affect the overall acceptance
score. Finally, the cheese containing 0.5% gum received the highest sensory score compared to other samples,
while the cheese containing 0.1% gum received the lowest sensory score. Considering the positive effect of
Persian gum on various cheese properties, especially texture improvement, its utilization in industrial cheese
production, as well as investigating its combined effects with other hydrocolloids, is recommended.

Keywords: Brined cheese, Persian gum, Storage period, Ultrafiltration
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Introduction

Scientific evidence is mounting that synthetic chemicals used as food additives may have harmful impacts
on health and the biological system and cause many diseases and damages to the human body. Also, many
consumers are concerned about the use of artificial ingredients to maintain the quality and safety of foods.
Therefore, the use of natural preservatives and food preservation methods based on natural compounds have
attracted the attention of researchers. Edible films and coatings are useful materials, mainly produced from
biodegradable polymers including polysaccharides (gums), proteins, and lipids, and are commonly used for the
shelf life extension of foods. The primary edible films /coatings are promising alternative methods to preserve,
and retard the adverse chemical reactions and microbial growth. They also can act as a carrier of antimicrobials,
antioxidant substances, and other additives. Sage seed gum (SSG) is a water-soluble polysaccharide obtained
from Sage (Salvia macrosiphon). It is an environmentally-friendly biodegradable material that can form high-
viscosity aqueous solution and exhibit pseudoplastic behavior. Essential oils (EOs) are volatile and aromatic oily
liquids extracted from various plants. Most of the EOs have antimicrobial and antioxidant activities due to their
phenolic compounds, terpenes and terpenoids. A promising technique is incorporating EOs into coating solutions
as active film/coating to extend the shelf life of food products. Bay leaf (Laurus nobilis) is an aromatic evergreen
tree or large shrub with green, glabrous leaves. It is used as a flavoring agent and an essential ingredient in food
preparation. Bay leaf has received much attention due to its antimicrobial, antioxidant, anti-inflammatory and
immune system stimulating properties. Hence, the aim of the present study was to evaluate the antimicrobial and
antioxidant properties of SSG coating incorporated with different concentrations of bay leaf EO (BLEO) and its
nanoemulsion (BLNEO).

Materials and Methods

The active packaging was produced based on the gum of sage seed containing BLEO and BLNEO. After
preparing the EO from bay leaves, their corresponding NEO was produced and the characterization of
nanoparticles was evaluated in terms of droplet size, polydispersity index (PDI) and zeta potentials. Then, the
antimicrobial and antioxidant properties of BLEO and BLNEO were compared. After that, SSG coatings were
prepared with 1.5% and 3% BLEO and their corresponding NEO forms. Subsequently, the antioxidant (DPPH
and ABTS) and antimicrobial (against Bacillus cereus, and Staphylococcus aureus, Pseudomonas aeruginosa,
and Escherichia coli) properties of the produced films were investigated.

Results and Discussion
Gas chromatography-mass spectrometry (GC-MS) identified 1,8-Cineole and a- Terpinyl acetate as the
major components of BLEO. The BLNEO exhibited a droplet size of approximately 92.4 nm and a zeta potential
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of -45.1 mV. In comparison to the control and SSG, it was found that the group comprising EO and NEO
significantly (p<0.05) showed superior free radical scavenging capacity. SSG-3% BLNEO had the highest
DPPH inhibition percentage (69.54%). According to the results, EO at the nanoscale can scavenge more free
radicals than EO (p<0.05). Antimicrobial inhibition zone of different treatments against selected gram positive
and gram negative bacteria showed that all bacteria were strongly inhibited after the addition of BLEO into the
SSG. Moreover, data revealed that the growth of the studied pathogens was completely inhibited in a dose-
dependent manner (p<0.05). SSG-BLNEO exhibited better antimicrobial activity than SSG-BLEO coating and
its antimicrobial activity was significantly enhanced by increasing BLNEO concentration (p<0.05). This
phenomenon is attributed to the protective role of encapsulation and the slow release of EO from the coating
matrix, resulting in enhanced antimicrobial activity. Nanoemulsions, owing to their small droplet size and high
surface area, offer superior efficacy compared to conventional emulsions. Consequently, the gradual release of
essential oils from nanoemulsion-based edible coatings contributes to their enhanced antimicrobial performance.

Conclusion
These findings suggest that the SSG-BLNEO edible active coating possesses promising applications as an
antimicrobial and antioxidant agent for food packaging applications.

Keywords: Antioxidant properties, Bay leaf essential oil, Nanoemulsion, Sage seed gum
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Table 1- Compositions of essential oil of bay leaves

0 yLowd 1955 b N - . 5y
Corrjpound ‘sléet:lﬁ:j[i‘:n ’ N stloosd %S,.’ pu 4l M‘(;‘I’QW‘:;;ht
number Time (min) ame of chemical compound Area % (amu)
1 5.663 a —Pinene 2.617 136.125
2 6.619 Sabinene 5.197 136.125
3 6.776 B — pinene 2.006 136.125
4 8.309 1,8-Cineole 32.309 154.136
5 10.087 LINALOOL L 4.808 154.136
6 12.483 L-4-terpineneol 2.083 154.136
7 12.955 a— TERPINEOL 2.826 154.136
8 15.974 & -terpinyl acetate 2.295 198.162
9 17.058 a- Terpinyl acetate 28.061 196.146
10 17.338 Phenol, 2-methoxy-3-(2-propenyl)- 2.845 164.084
11 17.991 p— ELEMENE 1.884 204.188
12 18.504 Methyleugenol 4.919 178.099
13 18.859 Caryophyllene 2.199 204.188
14 5.663 cis-a-Bisabolene 0.957 204.188
15 6.619 Caryophyllene oxide 2.487 220.183
7.beta.-(1-hydroxy-1-methylethyl)-
16 6.776 4a.beta.-methyl-la.beta.- 2.507 222.198

decahydrocyclopropa[d]naphthalene
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Table 2- Physical properties of bay leaf essential oil nanoemulsion

Parameter
ol ol 92.4
Particle size (nm) '
Z-average (mV)
PDI 0.1
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.(Maghsoodlou et al., 2015)
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Fig. 1. Evaluation of antimicrobial effects of essential oil and nanoemulsion of bay leaf essential oil
o gime BB simd i Ciglite (p5Y 55 Bgy> sl Hloss o )3 Cilisee sla s S (o (P<e/+0) Yo me BB sniad lis ciglite (5Y o oS g >

Ll jlogs 93 oy (P<4/+0)

Different small Latin letters indicate significant differences (P<0.05) between different bacteria in each treatment. Different capital
letters indicate significant differences (P<0.05) between two treatments.
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Table 3- Evaluation of antimicrobial effects of essential oil and nanoemulsion of bay leaf essential oil

B. cereus S. aureus P. aeruginosa E. coli
EO
MIC (ug mL1) 4.25+0.10°° 4.75+0.10C 6.75+0.258 7.25+0.20°4
MBC (ug mL™) 5.00+0.1820 5.50+0.30%¢ 7.25+0.20%8 8.00£0.15
NEO
MIC (ug mL1) 2.50+0.099° 3.25+0.094¢ 4.75+0.10%8 5,750.25%
MBC (ug mL1) 3.25+0.20¢®  3.75+0.14C 5.75+0.25¢B 6.25+0.15¢A

Slodd (5155 hxe Bl ool £ Sk Oygody gl
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ool (P<e/+0) Jo me BB dgg 0dimd L Ciydy yb 3 Cgliie Sy Y g >

The results are reported as mean + standard deviation.

Different small Latin letters in each column indicate significant differences (P<0.05).
Different capital letters in each row indicate significant differences (P<0.05).
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Fig. 2. DPPH free radical scavenging activity of Bay leaf essential oil and nanoemulsion
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Different small Latin letters indicate significant differences (P<0.05) between different samples in each concentration. Different
Latin capital letters indicate significant differences (P<0.05) between each sample at different concentrations.

90 -
"EO sNEO =~ BHT
80 - aA
bAlk

70 A B
B8 60 - bBI oy
=]
g
2501
S’
2]
B 30 - aE oD bDI

bEL
20 aG bEI cE
F I cF
10 - b
0 -
0.25 5
Concentration (pgme)
-l

ol axiad ials  SlawwsT 5T @08 o - Y JSW
Fig. 3. Measuring the antioxidant power of reducing iron
I dire BN osimd i Wlite 5V )5 gy anl clalé ja )5 Calisie gladiges (p (P<e/+0) o bime MR osiad jlis olite (5Y Sog8 By
ol Sglite lacdale )3 dgei o o (P<-/40)
Different small Latin letters indicate significant differences (P<0.05) between different samples in each concentration. Different
Latin capital letters indicate significant differences (P<0.05) between each sample at different concentrations.



PAV ol gp0 4ild dmo 5l o ot oled (GiloanST 53T 9 (29 55mnitid Sl 51 5l «y 91 pner g olbolgis

.(Maghsoodlou et al., 2015) uis” fse 1y oo

Pl (Alaseas 0T pol g3 (il
ABTS (303

53 9 Gl Lasiie ¥ S5 jl 45 jshailan ABTS 505l 5
ol gp0 A koo Wiy adtione dlaly SO /Y 9 V0 clale
i3 g 92 S il (grdielal sl W g 92 S il
Yoedale o aS sy i deg ABTS JKGol) Jlos jo bagyl
mls s cowl asb Bl ol ISl 5T @)l sy
A0l Ay Camd (Syidn (S50 51 uwlwl ol Gl ol oL
o> b (S5o3k i Lol o) (il 5 o) 20l
@ chale 93 5o )5 il (g selgls ol whd 4 s il
9 ol 0dlile by a8 ()0 53 sl 03y ilind g0
as ol lis s plool (Alizadeh Amoli et al., 2021) -, Son
b e ile plas > Ly ol (S50 2y 30l 3l
ol clale & dtudly 5l G ogMedy .l 039 YU g5 B
JESaly Bl cools il clals l38 L o porie s A5

Do oo yidday 50 0l

DPPH (4031

Lod MYl a g5 BB jsbas DPPH Jol) jlee cullad
¥ sols gy 4l koo ol (glp Ao y> A & aals ok (olp
b JSa) 28l (nal3dl g2 Sy uilsl gl salsil siopo

L (9 s0ud Bl il (b))
Lo bl gols o ay clapld ob,Slus culd
ez e 3 bl gl gelgil g ill (21 9 V/0) Cilies
2255k gblis Jlad (bl b ord Cbl (58l (2l Sk g
S. B. cereus lac S as, lae a5 bl s obj)l
51 oslatwl el ppo sl E. cOli 4 P. aeruginosa aureus
U 52 S il gamdgoliil 5 el (g5l 50 4 fouo ol
A g b (¥ Joio) cath dallas 5)90 slas Sl (g5, 2 Cute
Hlan @l 4o gy b g pld & A5 jaside s
0 axp slapld )l by g cpl 1 S s g9y 0 sloss il
$3) 2 92 Sy bl gmdgalyl b il lize Saclale ]
E. coli 6581 (s9) y 9 80 oyt o p)5 (sl Sy
ks o Foalie Galsjl cpl 4 avg b (g 5yl 1y a8l a8
AU i 1) Al 32 S il Ggmndgalgl 1Y L olid
al,s! (Sharififar et al., 2007) o )LSon g 48 a5 pb .Cably |y
oagl puilsl sl Joloo St (nS508 (slald b ySlas
Dipiaia ] olisegdpms dloz s ke 575k gy e 1) 55l
9 i poghsol o B8 cpp 50 (i Mgl
il & 16,8 o)l o 100,82 gl oS S sl
slacsSb 3l pise cute p)S bS5y 2 iled gl
s Ll 6,0l S oty Yiais] oS el Lo p,8
18- olas 5 ool cawgd (2 lipl 4 (e p)5 lags S
ol ol eluS s lgicqs a- Terpinyl acetate 4 Cineole
Ol 2529 Wgbioe (2955w A5y Blo & BAD Ao 9 S
aSlBe0 Y @ dles b Alg o g0 Al gewo plid 9y ©loS

o (19 S Ol (b5l € Jgs

Table 4- Evaluation of the antimicrobial effects of the film

S5l ylS 4l
Inhibition Diameter Zone (mm)

Sample B. cereus S. aureus P. aeruginosa E. coli
Control (SSG) ND¢ ND¢ ND¢® ND¢
SSG -1.5%EO 5.92+0.02%A 6.33+0.04% 2.91+0.01% 2.01+0.02¢%8

SSG -3%EO 7.81+0.02¢A 8.05+0.10A 5.44+0.01°8 3.48+0.05¢
SSG -1.5%NEO  19.25+0.13"*  20.79+0.11°4  12.31+0.09"®  10.52+0.12¢
SSG -3%NEO 24,11+0.09%  23.62+0.16*  17.10+0.13®®  14.65+0.21C

25 ooy ais :ND

ol (P<e/00) Jls e BN 335 03 LS gty 50 Cglite SaeS (5Y Bgy>

Gl (P<e/+0) s jixe NS 5529 oimd i sy jo )d Colitio i (Y gy

ND: Not detected.

Different small Latin letters in each column indicate significant differences (P<0.05).
Different capital letters in each row indicate significant differences (P<0.05).
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Different lowercase Latin letters indicate significant differences (P<0.05).
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