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Abstract

Introduction: Licorice is one of the most important medicinal plants in the world. This plant has been used in the
world for more than 2000 years and is applied in various industries including pharmaceutical, food and tobacco
industries. Iran is one of the best regions in the world in terms of medicinal plants. The roots of the licorice plant are
widely used in the food and pharmaceutical industries. These roots are strong natural sweeteners, about 50-170 times
sweeter than sucrose. The value of this plant is related to its chemical components. Glycyrrhizin is the most abundant
component of this plant and is present in licorice in the form of potassium or calcium salt of glycyrrhizic acid and is
considered as an indicator of licorice quality. In recent years, novel extraction methods with different energy sources
have been proposed for improving extraction efficiency. Higher extraction efficiencies can be achieved by using
microwave, ultrasonic and high pressure methods. In the ultrasonic extraction method, the extraction rate increases due
to the presence of cavitation. The cavities formed in the solvent grow and then collapse rapidly, releasing a large
amount of energy that increases the local temperature and pressure. Therefore, the solvent penetrates more into the plant
cell material and the contents of the plant cells are released into the solvent medium. Also, physical effects such as
liquid circulation and turbulence produced by cavitation help to increase the contact surface between the solvent and the
plant particles and lead to more solvent penetration into the plant matrix.

Materials and Methods: The aim of this study is to statistically investigate the effect of particle size and licorice
root diameter on the rate of glycyrrhizic acid extraction using ultrasonic. The full factorial experimental design method
and response surface methodology have been used to determine the levels of the parameters and to model the responses,
respectively. Independent variables included particle size of licorice root at three levels (35-60, 60-120, > 120 mesh)
and licorice root diameter is at three levels (1-2, 2-3, >3 cm). Total extract and glycyrrhizinic acid yield are considered
as response variables. The solvent used was ammonia and the analysis of glycyrrhizic acid in the extract was performed
by HPLC method. The licorice root used in this research was from Bojnourd region. Monoammonium glycyrrhizic acid
(99.5%) was purchased as an HPLC standard from Sigma and ammonia from Merck. The method of glycyrrhizic acid
extraction from licorice root was based on the British Pharmacopoeia method in this research.

Result and Discussion: The results showed that regarding the response glycyrrhizic acid yield, the parameter
licorice root diameter had a significant effect on the response, but the particle size parameter had no significant effect.
Also, two parameters had interaction. Based on the modeling results of the extraction process, the optimal conditions
for obtaining the maximum total extract of licorice root included particle size, 125 pm (120 mesh) and licorice root
diameter, 3.28 cm, which leaded to 68.16 wt% total extract. The optimal response conditions for glycyrrhizic acid yield
from licorice root included particle size, (120 mesh) and licorice root diameter, 2.72 cm, which leaded to the extraction
of 6.02 wt%glycyrrhizic acid from the root. Also, a comparison was performed between glycyrrhizic acid extraction
from licorice in ultrasonic bath and ultrasonic probe. The results showed that the amount of glycyrrhizic acid extraction
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was similar and was equal to 5.5 wt%. The effect of particle size distribution has also been investigated. According to
the results in ultrasonic extraction, particle size distribution had a positive effect on extraction.

According to the results of this research, the parameter of licorice root diameter had a significant effect on the
response of glycyrrhizic acid yield and with decreasing licorice root diameter, the amount of glycyrrhizic acid
extraction increased. Also, the efficiency obtained by extraction method in ultrasonic bath is compared with ultrasonic
probe. It can be concluded that glycyrrhizic acid extraction from licorice with using ultrasonic is an effective method for
extraction.

Keywords: Licorice, Ultrasonic, Glycyrrhizic acid, Response Surface Methodology
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Table 2- The values of independent variables used to design experiments and experimental results of dependent variables
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Number Particle size (mesh)  Diameter of licorice root (cm) 9 . L '3
Total extract (Wt%o) glycyrrhizic acid yield (wt%o)

1 60 25 61.68 5.5

2 120 15 40.49 5.1

3 35 15 54.95 5.1

4 60 35 54.10 2.9

5 60 15 58.87 5.5

6 35 25 59.73 5.5

7 120 35 67.02 5.5

8 120 25 65.84 5.5

9 35 35 52.33 2.5
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Table 3— The analysis of variance for the reduced quadratic model with interactions on the total extract response

Ol el @i Sla o ggoime &3l a3 Olupe (il Fylade Pyl
Source Sum of Squares df Mean Square F-value  P-value
Model Jso 455.82 4 113.96 7.35 0.0395
i 4.12 1 4.12 027  0.6334
A-Particle size (mesh)
(o ils) ol (ot paed duly b 107.34 1 107.34 6.93  0.0581
B-diameter of licorice root (cm)
AB 269.24 1 269.24 17.38  0.0140
B/2 121.39 1 121.39 7.83 0.0489
Residual suiloadl 61.98 4 15.49
Sum of Squares JS' e yo £g0x0 517.80 8
Standard Deviation >, &1 oo 3.94
C.V. % Ol ppds oy yud 6.88
23S sty slad slags e Egoome 54561
PRESS
R? 0.8803
Mean  uibe 57.2235
Adeq Precision S5 cds 8.3628
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Table 4- The analysis of variance for reduced quadratic model with interactions on glycyrrhizic acid yield response

ICHPORE S W9 Ol o Ea050 il an,d Olaye (Wwlbe  F yludo P ,lade
Source Sum of Squares df Mean Square F-value P-value
Model Juo 10.48 4 2.62 9.96 0.0234
A-Particle size (mesh) (_yiwe) 5,3 oIl 1.61 1 1.61 6.11 0.0687
(50 (Blus) Glat (ot e i S 2.78 1 2.78 10.56 0.0314
B-diameter of licorice root (cm)
AB 2.75 1 2.75 10.48 0.0318
BA2 2.28 1 2.28 8.66 0.0423
Residual suilesdl 1.05 4 0.26
Sum of Squares JS' il yo ggoxe 11.53 8
Standard Deviation 3 )bl 1 ool 0.51
C.V. % Ol pi u yud 10.71
o oty (SUS (SLR p0 Egocme 11.35
PRESS
R? 0.9088
Mean  u&Kikeo 4.7889

Adeq Precision 85 cds 9.3426
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Table 5- The models coefficients for total extract and glycyrrhizic acid yield responses in real and coded state

(P39 2o y) 5 0,las (39 240 13) S 32 ol sl (2331
Total extract (wWt%o) (wWt%) glycyrrhizic acid yield
s13a5Coded SlgReal s13a5Coded ~lgReal
62.5279 38.0392 5.5691 3.3876
Particle size (mesh) (_yio) 2,5 511 * 0.8058 -0.4506 0.5036 -0.0356
(50 5ls) ol ot el ) S 4.2859 28.6847 -0.6892 3.1720
Diameter of licorice root (cm)
(o siles) Ol 0 yed iy BB sl pta) 03 0jlil e g g 0.1878 0.8073 0.0190
Particle size (mesh) *Diameter of licorice root (cm)
7ANN . - & ]
200k Gl b -7.7908 -7.7908 -1.0667 -1.0667
diameter of licorice root"2 (cm”2)
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Fig. 2. Normal plot of residuals (a) Total extract response (b) Glycyrrhizic acid yield response
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Fig. 3. The residuals against the predicted (a) Total extract response (b) Glycyrrhizic acid yield response
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Fig. 4. The predicted against the actual values (a) Total extract response (b) Glycyrrhizic acid yield response
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Fig. 6. The effect of licorice root diameter (a) Total extract response (b) Glycyrrhizic acid yield response
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Table 6- The range of independent and dependent variables for optimizing total extract and glycyrrhizic acid yield responses
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Table 7- The predicted optimal conditions for total extract response
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Number  Particle size (mesh) diameter of licorice root (cm) Total extract (wt%o) Desirability
1 120 3.29 68.16 0.97
2 120 3.31 68.16 0.97
3 120 3.17 68.05 0.97
4 35 2.26 62.16 0.76
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Table 8- The predicted optimal conditions for glycyrrhizic acid yield response

8l (o) 2,3 o3l (o be) et (ot and audisy S8 (359 2a253) S0 2 pomlS sl (2351 Caprgllane
Number  Particle size (mesh)  diameter of licorice root (cm) glycyrrhizic acid yield (wt%o) Desirability
1 118.36 2.72 6.02 1
2 116.90 2.56 6.04 1
3 119.88 2.62 6.07 1
4 115.58 2.48 6.02 1
5 116.33 2.46 6.03 1
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Fig. 10. The comparison of glycyrrhizic acid extraction from licorice root using ultrasonic bath (with licorice particle size
distribution) and ultrasonic probe (with licorice particle size distribution)
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Abstract

Introduction: Increasing demand for various quality food products with health-related properties has caused many
efforts to be made in producing such products. Cereal industry is among major industries with the potential of attracting
people’s attention in this regard. However, staling and lack of fiber and other nutritients in flour is a problem with the
products of this industry. Mung bean belongs to Fabaceae family. Mung bean has 7.91% water content, 24.08% protein
content, 1.55% fat content, 2.87% ash content, 2.20% fiber content, and 25.73% starch content. In addition, Mung bean
has bioactive compounds like tannin, phytic acid, flavonoid, phenolic acid, and other organic acids. This bean is
cultivated in Asia, Australia, New Zealand, and Africa.

Materials and Methods: In this study, mung bean powder was used in the formulation of sponge cake. The
ingredients used in the formula were flour, cake liquid oil, sugar, fresh eggs, dry milk powder, baking powder, whey
protein, vanilla and water. Mung bean flour replacied wheat flour by 0, 25, 50, 75, 100% in the sponge cake formula.
The traditional sponge cake formula in this study was adopted from the work of Ataei Nukabadi and Hojjatoleslamy
(2017). Sugar and oil were mixed for 5 min; the eggs were then added and mixed on the speed 3 setting for 5 min. The
sifted powder materials and mung powder were gradually added into the mixer on speed 3 setting for 5 min. For each
cake, 58- 60 g of cake batter was poured into a cake pan (50 g) and baked at 250- 280°C for 20 min in preheated oven.
The cakes were allowed to cool for 1 hour and then the cooled cakes were packed in poly propylene bags at room
temperature before performing physicochemical and sensory evaluation. Chemical evaluation including moisture
content, crude protein, ash, crud fat, density, wet gluten, were measured on the sponge cakes according to their
standards. Texture profile analysis (TPA) of the cake samples from the midsection of the cakes was carried out using a
texture analyzer on the first and thirtieth day of storage and Hardness, cohesiveness, cut, punch and springeness were
also measured. Hunter Lab and a*, b*, L*, AE was used for color measurements of samples. The hedonic scale is a
unique scale providing both reliable and valid results for sensory evaluation. A 5 point hedonic scale was applied to
determine the degree of overall acceptance of the sponge cakes. Twenty semi- trained panelists received five samples
and were asked to rate the samples based on degree of preference on a five- point hedonic scale (one: extremely dislike,
two: dislike, three: neither like nor dislike, four: like, five: extremely like). The panelists received samples from the
midsection of the cakes which had been held at room temperature. Each measurement was an average value of 3
replicates. The experimental data were subjected to an analysis of variance (ANOVA) for a completely random design
using a statistical analysis system. Duncan's multiple range test was used to determine the differences among means at
significance level of 0.05.
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Result and Discussion: The results showed that hardness, punch, density, ash and protein increased as the level of
mung bean powder increased, whereas springiness, moisture content, fat and gluten decreased. There was no significant
difference between the samples in measuring the cohesiveness in the first and thirtieth day. Color measurements showed
that crumb a* increased and b*, L*reverse trend was observed. The value of AE shown sponge cake contained 25%
mung had the least difference with the control sample. In sensory evaluation, 25% sample was selected as an acceptable
cake formula by the panelists, based on texture, taste, odor and color. The results shown, it is possible to produce
sponge cake with different percentages of replacing wheat flour by mung bean powder. Increasing mung powder up to
50% does not have any significant effect on texture and organoleptic properties.

Key word: Mung flour, Sponge cakes, Hardness, Springiness, Cohesiveness
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Table 1- Investigating the effect of different percentages of replacing flour with wheat powder on the density, moisture, ash,
and gluten of treated plants.
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Table 2- Investigating the effect of replacing wheat flour with mung bean powder on the textural characteristics of sponge

cake.
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Table 3- Studying the effect of replacing wheat flour with mung bean powder on the color characteristics of the treatments.
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Table 4- study of the effect of replacing wheat flour with mung bean powder on the sensory characteristics of the treatments
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Abstract

Introduction: Shirazi thyme is a perennial herbaceous plant related to Lamiaceae family growing in central and
southern regions of Iran. This study aimed to assess chemical composition, bioactive functional groups, antioxidant
potential, total phenol, and total flavonoids of Shirazi thyme essential oil (STEO) and also to evaluate its cell toxicity
effect against the colorectal cancer cell line (HT29).

Materials and Methods: The chemical composition of STEO was identified by gas chromatography-
mass spectrometry. The bioactive functional groups of STEO were measured by Fourier transform infrared at spectra
range of 500- 4000 cm™*. The total phenol and total flavonoids of STEO were determined by folin- ciocalteu and aluminum
chloride colorimetric method, respectively. MMT method was performed to measure the cell toxicity of STEO against
the colorectal cancer cell line (HT29). The cells were cultured on DMEM high glucose medium supplemented with 10%
fetal bovine serum and penicillin/streptomycin and incubated at 37°C with 95% relative humidity and 5% CO;
concentration. The antioxidant activity of STEO was evaluated by DPPH and ABTS free radicals scavenging assays.
Duncan test at 5% probability and SPSS software (version 18) was performed to compare the means of obtained results.

Results and Discussion: Based on GC/MS spectrometry, a total of 29 constituents were identified and quantified in
the STEO representing more than 99% of total constituents. Thymol with 39.3% and Carvacrol with 30% were the most
constituents of STEO. The other major compound of STEO were Benzene (8.52%), y-Terpinene (5.27%), and
Caryophyllene (2.97%). The presence of peak at a wavelength of 320- 1000 cm™* demonstrates O-C bound that could be
related to organic compounds such as alcohols, carboxylic acids, esters, and ethers. The peaks occurred at spectral range
between 2800- 3000 cm* (particularly at 2869.6 up to 2960.8 cm!) are related to the stretching mode of C-H bounds and
are mostly associated with alcoholic compounds in the essence. The amount of total phenol and flavonoids of STEO were
64.05 mg gallic acid equivalent/g and 11.68 mg quercetin equivalent/g, respectively. Results obtained from antioxidant
activity of STEO with DPPH and ABTS free radicals scavenging showed that by increasing of STEO, the inhibition level
of free radicals was enhanced. The inhibition percent of free radicals by using DPPH and ABTS at 1000 ppm concentration
were 63.69% and 64.33%, respectively. The cell toxicity results of different STEO concentrations against the cell line
HT29 revealed that survival of HT29 cells at 1, 3.125, 6.25, 12.5, 25, 50, 100 and 200 ppm of STEO were 100, 70.15,
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61.19, 59.33, 38.83, 25.68, 20.65 and 12.2%. According to the results of this study, as the concentration of STEO
increased, its effect on the cell line HT29 enhanced and the cell percentage viability decreased. Some antioxidant activity
of STEO could be interrelated to its phenolic compounds. Based on the results of antioxidant activity, the amount of total
phenol and flavonoids and the effect of STEO on cell toxicity against the cell line HT29, it seems that the use of STEO
is applicable in the pharmaceutical and food industries.

Keywords: Shirazi thyme essential oil, Cell toxicity, Antioxidant activity, HT29 cell viability.
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Fig. 1. Chromatogram of Shirazi thyme essential oil (horizontal axis of time (minutes) and vertical axis of frequency).
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Table 1- Chemical composition of Shirazi thyme essential oil

5 5lowi oD JSuid luS 5 (a8B) (5,1550 oo o yd

NO. Compounds of constituent Retention time (minutes)  Percentage
1 a-thujene 6.75 0.13
2 a-pinene 6.95 1.46
3 Camphene 7.33 0.08
4 B-pinene 8.12 0.27
5 3-octanone 8.48 0.14
6 B-myrcene 8.56 0.63
7 Phellandrene 8.92 0.11
8 3-carene 9.31 1.05
9 Benzene 9.64 8.52
10 Limonene 9.70 0.57
11 Eucalyptol 9.78 0.51
12 y-terpinene 10.64 5.27
13 a-terpinolene 11.41 0.08
14 Linalool 11.85 151
15 a-terpineol 15.11 0.58
16 Thymol 17.67 30
17 Carvacrol 18.21 39.3
18 Phenol, 2-methyl-5-(1-methylethyl) 19.11 1.21
19 Caryophyllene 20.73 2.97
20 1H-Cyclopropa[a]naphthalene 20.87 0.12
21 Selina-3,7(11)-diene 21.05 0.12
22 Aromadendrene 21.19 1.65
23 B-selinene 21.26 0.12
24 a-humulene 21.52 0.21
25 Alloaromadendrene 21.69 0.18
26 Junipene 22.37 0.19
27 Ledene 22.55 1.05
28 Spathulenol 24.58 1.11
29 Naphthalene 24.71 1.28
& 99.21
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Abstract

Introduction Sumac, due to its phenolic compounds, strong anti-oxidant strength and anti-coagulation, can be
considered as one of the most popular additives in the food industry. The aim of this study was to investigate the
synergistic effect of sumac and phosphatidylethanolamine on the chemical properties of mayonnaise.

Materials and Methods: In this research Sumac extract with 0.5,1 and 1.5 % and phosphatidyl ethanol amine with
0.01, 0.04 and 0.08 were used as native preservative. After extraction of sumac and evaluation of sumac extraction yield,
total phenol and free radical inhibition test (DPPH) and Sensory evaluation were performed. Mayonnaise sauce analysis
including peroxide index, Totox index, and acidity index were determined in production day, 1st, 2nd and 3rd month. The
analysis was done by using completely randomized blocks design in 0.05 level and data were analyzed by two way
Analysis variance (ANOVA) and SPSS software.

Results and Discussion: The results showed that with increasing the use of sumac extract and
phosphatidylethanolamine extract, the peroxide and Tutox indices decreased significantly compared to the control
(p=0.05) Also, increasing the level of sumac extract in mayonnaise formulation, significantly increased the acidity index
of mayonnaise treatments (p=>0.05). In treatments with higher levels of phosphatidylethanolamine, the increase in acidity
of mayonnaise treatments was associated with less intensity during storage (p>0.05). In the study of sensory properties,
it was observed that with increasing the level of sumac extract, the amount of sensory content of the treatments was less
on the day of production. Increasing the use of sumac extract the texture and color scores of mayonnaise treatments were
significantly decreased (p>0.05). In general, storage time showed a significant increase in the increasing of all mayonnaise
indices (p=>0.05). Finally, the treatment of 1% sumac extract and 0.08% phosphatidyl ethanolamine was selected as the
optimal combination. According to the obtained results, mayonnaise containing sumac extract can be introduced to the
market as a natural and new functional product, because sumac plant has phenolic compounds, strong antioxidant power
and antimicrobial properties. It can be used as one of the additives in the food industry.

Keywords: Mayonnaise sauce, Sumac extract, Phosphatidyl ethanol amine, Chemical properties.
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Fig. 1. Comparison of average peroxide index of mayonnaise treatments based on treatment interactions * holding time.
Capital letters indicate the difference between the holding days at the 5% confidence level.
The lowercase letters indicate the difference between the treatments at the 5% confidence level.
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Fig. 2. Comparison of the average acidity index of mayonnaise treatments based on the interaction effects of
the treatment *holding time
Capital letters indicate the difference between the storage days at the 5% confidence level.
The lowercase letters indicate the difference between the treatments at the 5% confidence level.
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Fig. 3. Comparison of the average Tutox index of mayonnaise treatments based on the interaction effects of
the treatment * holding time.
Capital letters indicate the difference between the storage days at the 5% confidence level.
The lowercase letters indicate the difference between the treatments at the 5% confidence level.
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Fig. 4. Comparison of average scent index scores of mayonnaise treatments based on the interaction of the treatment *
holding time.
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Abstract

Introduction: Microwave-assisted extraction (MAE) is one of the newest techniques for extracting essential oils from
medicinal plants. Microwave waves penetrate into plant cells and affect the polar molecules, causing heat to build up
inside the plant tissue, destroying the cells and releasing the active ingredients. Although in terms of essential oil
extraction efficiency, MAE method is slightly higher than Clevenger, but in terms of energy consumption, process time
and amount of solvent consumed has an inherent advantage over the Clevenger method. In this study, the aim is to evaluate
the quantity and quality of rosemary essential oil in the developed microwave extraction system and process optimization
in this system.

Materials and Methods: Rosemary plant (Rosmarinus officinalis L.) with 200 g used for each experiment. In this
study, a microwave-assisted essential oil extraction system was developed. The system consisted of a home microwave,
a distillation condenser, a cold-water source and a pump. In this study, the response surface methodology (RSM) used in
the form of a central composite design with 13 treatments. The effect of two independent variables including power in
the range of 300 to 900 watts and time in the range of 5 to 35 minutes on the efficiency of essential oil as dependent
variables was investigated. To evaluate the quality of the extracted essential oil and compare it with Clevenger treatment,
GC-Mass analysis was done using an Agilent technology apparatus (Agilent 7990B, USA).

Results and Discussion: A quadratic model was proposed for modelling of extraction efficiency and it was able to
model with the values of R?, Adj R? and Pred R?, which were 0.9521, 0.9180 and 0.574, respectively. The "Pred R?" of
0.547 is not as close to the "Adj R?" of 0.9180 as one might normally expect. The difference is more than 0.2. This may
indicate a large block effect or a possible problem with the proposed model and/or data. Things to be considered for model
modification are model reduction and response transformation. Results of ANOVA showed that only the linear terms of
time, power and quadratic power of time are significant. The normal probability plot showed the normal distribution of
errors observed in the experimental design space. The actual measured values R? of the extracting efficiency from the
experiments versus the values R? predicted by the model indicated that this model could estimate the extracting efficiency
with a correlation coefficient of 0.746. Box-Cox plot demonstrated for obtaining better results, the data of the amount of
essential oil efficiency should be transferred to the power of 0.68 by the power function and the new model should be
fitted to the data. Therefore, based on the Box-Cox diagram and the transfer of response data to the power space, as well
as the use of a step-by-step method to remove meaningless terms from the model, the proposed model is as shown in
equation 6. The results of the new model shows that the Pred R? increased from 0.5574 to 0.8644, which indicates an
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improvement in the performance of the new model. Alpha-pinene, camphene, borneol, camphor, cineole, and
caryophyllene were the predominant compounds of the essential oil. In 300 and 600-watt treatments with a time of 35
minutes, the amount of dominant compounds of essential oil is slightly higher than Clevenger. However, in the power of
900 watts, due to the increase in temperature, some compounds have been destroyed and the extraction level of some
compounds has decreased drastically, and in contrast, the level of caryophyllene was increased to 23.595 %, which
indicates a sharp increase in its value at 900 watts. On the other hand, the components of alphapenine, camphor and
cineole have the highest medicinal value, which according to Table 8, the highest values for these compounds have been
extracted in 300 watt treatment. At the higher microwave power, due to the decomposition of the compounds, the amount
of extraction of these compounds was significantly reduced. Also, at 300 watts, the extraction efficiency of these
compounds was higher than that of Clevenger, which shows the ability of the MAE method in extracting essential oils
from medicinal plants.

The results showed that the amount and quality of essential oil in the MAE with power of 300 and 600 watts was
almost the same as Clevenger in most compounds. Essential oil compounds are degraded at 900 watts, so it is
recommended not to use maximum power in the experiments. However, if the goal is to extract the highest amount of
cariophylene, verbenone and cariophylene oxide in the extracted essential oil, higher power can be used.

Keywords: Essential oil, extraction Time, Response surface method, Microwave, Rosemary.
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Table 1- Levels of independent variables and coded using RSM

variable coded level
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symbol variable

900 600 300

35 20 5

lod gy
A Power (w)
W) oly
Time (min)
(min) ob;

ol 8351 (55031051 =Y Jgua
Table 2- Extraction Efficiency

Treatment Number.

Extractlo? efficiency Tlme Power“ u‘:\-lb}i a,Lo.«.S
(%) bl 2334 (min) gl (W) glys

0 5 300 1
0.3 35 300 2
0.25 20 600 3
0.27 20 600 4
0.25 20 600 5
0.37 35 900 6
0.05 5 900 7
0.35 35 600 8
0.35 20 900 9
0.07 5 600 10
0.22 20 600 11
0.15 20 300 12
0.25 20 600 13
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Table 3- Results of fitted models
Model
Std. dev  R? Rzadj R%pre J.\n
Linear
0.048 0.8719 0.8463 0.7257 b
0.050 0.8719 0.8293 0.3815 2FI
Proposed Quadratic
s dlggudens 0.034 0.9521 0.9180 0.5574 g3 4
il Jlaie s ol g g 1 uily g 42528 i —€ Sy
Table 4- Results of ANOVA
P-value  F-value Meansquares Sum of squares Degree of freedom
Olup Wb Oluye ggene $dljl aa
<0.0001 69.33+ 0.25 0.74 3 Jse Model
0.014 *18.29 0.06 0.06 1 Power -A
<0.0001 165.27* 0.54 0.54 1 Time -B
0.98 0 0.000 0.000 1 A*B
0.45 0.64n.s 3.62e-3 3.62e-3 1 A?
0.043 24.42~* 0.088 0.088 1 B?
9.021e-4 3.906e-3 4 s Error
0.79 12 Js Total
e pe ™ oy 0 Jlein] daws )3 (g5l dxe * doyd V Jleis ] e 3 (g5 xe **
g99,50ke 55 A ((lo)d s ) Suilwl e35L R o doles o (R) =0.51+0.1A+ 0.31B + 0.000A B — (¥)
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L )3 odls LSSy (Gl =Y JS) Jlog Jlais] lsges
SHSy x4 Gl (JSS pl g b s e Gl 1) Je
ine & s LSS1,, cpl 5,8 oanlia ly (g5l Jto (slalks s
S5 3 el lailofl (2 e il s o alls o g5
3 liglejl 5l il 035b oni (g pSojlal ads polis (o V)

0.036A% — 0.11B?

(R) = —0.4433 + (8.16 * 10~*Power) + (0)

(0.0403Time) — (2.4710 2Power * Time) —
(4.0231077Power?) — (4.94 * 10~*Time?)
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Table 5- Experimental model results for extraction efficinacy

Value Parameter
e ol
0.037 Std. Dev.
10.98 % CV
0.9590 R?
0.9454 R? agj
0.8864 R2 pred
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Table 6- Optimization conditions
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Table 7- Results of optimization of rosemary essential oil extraction by RSM with desirability of each treatments
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Abstract

Introduction: Yogurt contains valuable compounds, some of which enter yogurt whey and if discarded, remains
unused. Yogurt whey has a high nutritional value due to its high quality biological proteins which can be a good source
of bioactive peptides. Bioactive peptides are food-derived peptides that are small in size and usually consist of 3- 20
amino acids. These peptides are considered as functional ingredients. Bioactive peptides have antioxidants and
antimicrobial properties. The aim of this study was to investigate the effect of adding bioactive peptide derived from
enzymatic hydrolysis of yogurt whey on physicochemical, sensory and microbial properties of doogh during storage.

Materials and Methods: In this study, peptide derived from tryptic hydrolysis of yogurt whey protein fractionated
by RP- HPLC was used. Minimum inhibitory concentration (MIC) and Minimum bactericidal concentration (MBC) of
this peptide were determined against Staphylococcus aureus and Escherichia coli. This peptide was incorporated to
heated doogh at concentrations of 12, 20, 24, 40, 48, and 80 mg/mL. Moreover, doogh samples were inoculated with
10® CFU/mL Staphylococcus aureus and Escherichia coli. Doogh samples were stored for two months. During 60 days
storage, bacterial count, pH, acidity, ABTS radical cation inhibitory activity and sensory properties (taste, odor, texture,
color and overall acceptance) of doogh samples were studied.

Results and Discussion: The MIC of yogurt whey peptide against Staphylococcus aureus and Escherichia coli was
12.2 and 24.4 mg/mL, respectively. Moreover, the MBC of yogurt whey peptide against Staphylococcus aureus and
Escherichia coli was 12.2 and 48.8 mg/mL, respectively. Addition of this peptide to doogh showed that during storage
period, the Staphylococcus aureus and Escherichia coli counts, pH and ABTS cation radical inhibitory activity of the
samples were significantly decreased, but acidity was increased (p<0.05). The peptide of yogurt whey showed good
antioxidant and antibacterial activities in doogh samples. By increasing the level of peptide in samples, the ABTS cation
radical inhibitory activity was significantly increased (p<0.05). During storage, the control sample (without bioactive
peptide) showed the highest reduction in antioxidant activity and the lowest reduction was related to the sample
containing 48.8 mg/mL bioactive peptide. The ABTS cation radical inhibitory activity of the control sample and sample
containing 48.8 mg/mL bioactive peptide was 9.72 and 3.66 Unit/mL, respectively on the 60" day. By increasing the
levels of bioactive peptide, pathogenic bacteria counts were decreased (p<0.05). The sample containing the highest
level of peptide (48.8 mg/mL) was free of Staphylococcus aureus and E. coli on the 20" day of storage. The control
sample and samples containing 12.2 and 24.4 mg/mL bioactive peptide were free of these pathogenic bacteria on the
60" and 40™ days, respectively. The highest rate of acidity and pH changes was related to the control sample and
sample containing 48.8 mg/mL bioactive peptide had the lowest changes during storage. The acidity of control sample
and sample containing 48.8 mg/mL bioactive peptide was 0.68 and 0.56% lactic acid, respectively on the 60" day.The
results of sensory evaluation showed that in the control sample and sample containing the lowest level of peptide (12.2
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mg/mL), the score of sensory characteristics decreased during the storage period, however, the use of the highest level
of yogurt whey peptide (48.8 mg/mL) in the doogh formulation was able to reduce the rate of loss of sensory properties
and maintain product quality over time. The sample containing 48.8 mg/mL bioactive peptide had the highest score of
overall acceptability. Finally, the concentration of 48.8 ppm peptide can be considered as the best level to enrich the
doogh in terms of physicochemical, microbial and sensory properties. Therefore, it is concluded that bioactive peptide
derived from yogurt whey can be used as a natural antioxidant and antimicrobial agent in fermented dairy products like
doogh.

Keywords: Bioactive Peptide, Doogh, Antioxidant Activity, Antibacterial Effect, Shelf Life.



Iranian Food Science and Technology

2 11
Research Journal ’g@; o
b, S AAGA

Vol. 18, No. 2, June. July. 2022, p. 249- 263 e

Olnl @18d @l g pole Gleiirgy 4 pid
YFA-VSY. 0 1F) o ols )5 ¥ o leds A ol

S S Sny 2 cwle OF o5 g 51 ol Jlb s Aty 03931 1 )

e
Foal) o g8 K9l =T 5 Ab Olades —* ol 5 Olgd ) = o0 S Aot

VEC /Y 3 s Gt

VEe DAY b

LRV

gren 3l Jols sty g 95 (A5 o Shy » Cusle O el sgpam I Jol Jub s sty 0938 S oy pimgl ol 5 Ban
WYIY) g ol dilie slacdale .cd,8 51,8 oolitul dy90 g 0ad (sjo 4 sja) & RP-HPLC I oslitul b 45 ¢y i b canle Ol (g
5 osiss) esSaSpliili elois Sty IV CFUMML 4515wty ol cogySeossd 51 oyt psbaieds 33,8 L3] £95 4 (FA/A M@/mL 5 YY/¥
ABTS 0558 JBo3l) Jlaee caizond PH (5 bl 9 osys) usSspbhiliv) (b pSb o losd o)l gy £ (b b gl £93 0 (57 Lyl
(61055 0y b a5 ly ol gl u5)S bl 95 sladigel Lws ol 4 (2, 2-azZiNobis-3-ethylbenzothiazoline-6-sulfonic acid)
C8ly palS (5lxsme psboas badiged 4l ;3 ABTS ()55lS” JW03l e o PH pdlie « (L5 budipd) 9 pughyyl opSp5phsloo] sl ySL dlass
b aS gpobts o> s E9d (sladiges )3 095 obySbas 9 SlanST 5T slacdld cale T 5l Jools g 0,8 Iy il 331 answl Jg (P<-/-0)
Sty g (VL gl slesd SPe/+0) el EalS Tl slacs pSTh ledd 5 T3] 63 ne gk JIS03, sl dadiges )3 diin daw (ol

wlols C;l.u d,Jo » ,\.:[QJ bos ‘) J}\a.?bo M.S 9 odl> u“.tblf d)IA.QS) 0y9 ujo ‘) (o> &L&:L;)Jg cal [ wu‘y &9.) u}«.w\/yc)B Bel Cawlo
4 25 e Cusle O sar3l sdgyaem 5l Lol sty culpls 08 CLl E95 (il i e g it it ol |y s A MOImL clale
235 315 oolitl 3,90 E93 wiile i) SV g )3 anb (09,Suers g ST 3l ele lgie

J:S_w""‘\_;ﬁj.\,._wl\‘—\“ )‘l;\.fwdé_%}hjl,édu.xﬁxﬁ Adoddo

53,55 305] e w0l b b g mopl bwg &5 Jloj U akilonss
o= Lyl s an dasiy ol e olT STl s Jlab e
s Calses S50s 00 cled ()l ¢ by Slpogas
s Hlth odimyials ¢ sl ol el ¢ el S o0
AGYei ) sl e (13 JgyudS saimdials g 09)Seers colled
Athmani et al., 2015; Tang et al., and Danquah, 2012
(2015;
@l GrosS eSS lsisdn (29)Sers slasiiy wjg el
xS ol i slgo slud 5 (Sogll 5l a8 ALl o g 390 (]
S o cdablone 13 | Lo cglnigylons Jilie 5 oyl 5l g 03,8
Voo U) Jledcus; duin g9 i (Shayesteh et al., 2014)
Cdld (g a5 (g5 S0l g GeslS sl b (el ol
S ySL il Loy Sm 1 93b Sl i 3 Fhe (29)Seeis

At dipel (slasgnl I ol cla g ¢ Jldcun; (slassiy

aol L3l ;0 9390 dinel (slasuwl plo 4 Juase a5 Sloj b g
Harnedy and ) s slo o (8L Jlsdyue &jgods il (g
i 9 (Sl d sl catsal (lassl (u3lIS jLis] 5> Ll ]

2 5 edglyd Ly 1Sles ©lS 5 lgiear calple il ]
o= (Sampath Kumar et al., 2011) sy o 48,5 , Lo

(2l mlio g pole 09,5 (ldliwl 5 sl (8> (ool Cuipa =¥ 4 ¥
ol ecmelyg ool 3131 o1l dauiy — el 5
Al ealid Ol (sod odinn g cond oBlimgy loliwl Y
(Email: rjpourahmad @yah00.CoM : Jgus i g — %)
DOI: 10.22067/IFSTRJ.2021.70916.1059


mailto:rjpourahmad@yahoo.com
https://dx.doi.org/10.22067/ifstrj.2021.70916.1059

Vo) 15 —018,5 Y oled A Al oyl pl (213 @lus g pole sloiidgls 4ol YOY

b g, 9 dlge
oo o 31 Jlad Cunnyj iy (55l

Cuslo G PH csle Ol (g0 (sloliz sl 03,5 5 (2!
Folod 1 N0+ +Xg 90 L 5ot il cosd cunle Ol (opip
Ol B9 e 8,5 )5 adBy Yo ke 4 3,5 ke an )y
a3 Y L > (Merck, Germany) (s y w3l bwg coslo
(a8lG]) Sl yan as fgyium aids ¥+ loj ¢ 3,5 b
059 wlal y (Yoo A) )lSan g Salami g suo conds Ao
Lol 8lio ojluil o5 (55 ol y2ldl gl (slalie bawgs JoSUse
b gjlabiz g GedlolS ¥ g 0 Ve SasS 4 S)yh il s
5 Il ol 551 (B]) iy s slogseas] 3
Ol 3 dols gl oy p & dagi b g BAD pw)yp (295500
Sl Glpiea 0=V KD (JaSlge (459 039400 b (ygpS)5 cal> yo
SLaogaSlE (il sjo 4 cj2) SSE G A5 SIS

plxl C18 Sl 92w (c5, » (Knauer, Germany) HPLC
5 eIl olys 1§l gty Lol oS
St ol @l wyp g b g BAD )y (29)Seeds
Cr (g 5 (SeeS1 Tl polgs Yl b Jlb

W0,8 sl 40 4y 2438

E95 s iwoslel
il ax e glod D o> Aoy VD yud f90 Mg Can
A FY Gloo U G 0 0305wl 4880 0 Cis &y 0l )
55555 ) ol il dod ) 3 5 00 3 318
25 4 (oSl 895 305 (Sopeld bl 55Y 5 ushidpars
)8 Blw 4o yd FY lod o (618l )8 030 )8 a8l 635 5iwls
A e 9 GBS Do Siiyed 423 W bl 4 () U
A Lol Sed doyd +/Y g Ol do > B+ lade s0d W Canle
VO e a oS 5l A 0 YF lod jo Joame i dls o )
3,5 (Bl 4> W (slod B (138 3y oo 9 45 052yl 458
a5 a8 alslwl ¢ xSUy ¢ (Anonymous, 2008) c.s 3 plol
4y S, PTCC 1330 £ by 1/ g PTCC 1112 yugs)s/
Ay ca i Clale ¥ g 00d 8LV CRU/ML (e
B35 & (55 ato MIC (s §| g il () Jb
s> JUsb Cennj i (9381 (g el digel S AL

Sy 2B Ko X o gy 2 29y slagyse] D «b)S

2 i Lacoill g ogymg Lozl iep)S g Csiap S
Hancock and Sahl, ) wleass ealy oyluis calises cale @lllas
5 08I | 9,5 ladiy el 5l (S 95T 5 (2006
Ao Juolb pud oy S T9

Gk sl as cowl Casecidin-1 s Shod s i opdsl
dialipnl 31 ] o sty Gy 5 b 3518 081 o 3T g yn
9 LTl a Sy g g o Joli 1) VAN LS VD
5503 3] S LIS S o lon gl usSpSolle]
Ol sl G 5 gty 03 LS gy I gnie oty
oy 0 29,500 e g Cowl diel del WY =YY ol az
Higigie byl fiian (555554 piol s poglys] g sS phdlil
Korhonen and Marnila, ) a»s o i udl S/ Ll 4
B L alte Slusl ml colled sl wsd 35 0m sloctisy
Sloo ddes )0 g o ity opl 5l atien (g5t oyl
Mora et al., 2014 Rao et al., 2012) 55 o odliiwl ool olie
s9bas sl el ()l slaaiy 3,Skes o9 (ab;
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9 (p<’/‘0) ..\_ob)f olawl Aoy JL.«:-‘ c\a_w Jr u_<.;|.>

Clilée Jilas 9 (MIC) SuiS ke chilé Jilo
Cuwlo Of 51 Jols st (MBC) S wiuieS

Hlas > cwle O I Jols Jud cun 1o MIC polio
9 WYIY. moimL o say (L Laiy 1 o yusdyol wsSsS alisliw/

5 lordsSesd Lol rzmen (85 ol Eg> sladisas
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Ol aiy 99331 b g (0/AVLOg CFU/ML) ws cély (Jd s
g g> 1 (hiop)S 58k ol Gholad dag] o (al3él 5 cuslo
(S 45 (55 (Pe/-0) il (malS ()b e pobo 4
YAA mgmL ol sless & boape 5oy ool 3 (A b ol Slass
Uiylemd ¢ gyl0255 0y90 b (¥/V-Log CFU/ML) 55— 0y
S5 G5 288 (6o ien sy Lyl S 5 IS Lt
SLajlosd > qpinad jo) > ald jlag 3 &5 gysboay (p<+/-0)
R Joy > M e 2 p)S e VYT 9 WV zshaw (55l
e Sloy Lol wiaanss Gy 53 Ao FAA MO/IML zglaws (g9l Jloss )3 o
JL connj s
2 50 3 usygl wsSp el Jlie )3 cslo O I ol
Lol 000,85 (asuine ¥ Jgis
Al 1 3 11 95 g ) 535
g culo Ol aty (39380 ¢ (8/ASLOG CFU/ML) cusls |y uglys/
ass jlo gine (1l &) e g3 sladiges > bl aw 33l
s (a8 (Pe/+0) )5 iy sl 53 6 58L
Sol e @ barye Slo) Wl sl 5oy 55 wsig/ usTsplisli
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Table 1- Escherichia coli count in doogh samples during storage

SR oo ko
During Storage Treatment
60 40 20 1
0.00£0.00P2  1.46+0.15%* 4.48+0.05B2 5.92+0.0342 (wwing 93L8) w2l g9
Control sample
0.00£0.00¢*  0.00+£0.00¢>  277+0.12B>  548+0.054° A VY/Y mg/mL gols €43
Doogh containing 12.2 mg/mL
peptide
0.00£0.00¢*  0.00+£0.00¢*  1.80+0.0458¢ 5.00+ 0.05A¢ Sy YE/E MO/ML g9l &9
Doogh containing 24.4 mg/mL
peptide
0.00+0.008%  0.00+0.008°  0.00+0.008¢  4.10+0.17A¢

S EA/A MG/ML gols §43

Doogh containing 48.8 mg/mL
peptide
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Table 2- Staphylococcus aureus count in doogh samples during storage

SIS oo Lo
During Storage Treatment
60 40 20 1
0.00+0.00°2  1.69+0.09¢® 3.46+0.152  5.86+0.0942 (A 23) sals g3
Control sample
0.00+0.00°*  0.36+0.10¢"  2.63£0.065"  5.40+0.17"  \zy VY/¥ mg/mL ol g4
Doogh containing 12.2
mg/mL peptide
0.00£0.00¢%  0.00+0.00¢¢  1.84+0.06B¢  4.77£0.07A¢ Sl YE/€ mg/mL gls 45
Doogh containing 24.4
mg/mL peptide
0.00+0.008@  0.00+0.008¢  0.00+0.008¢  3.85+0.1329 4z, £A/A mg/mL Lol E9

Doogh containing 48.8
mg/mL peptide
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1 Postacidification
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B3 g )ol BLod | b sty i Lo zobaas cols
@j9) Fe SRS 0)95 (o (P +0) 13,5 el (g3 sixe
S5l sl 939 oLl 4 baype (6)155 0)53 (b PH &y
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Fig. 1. pH values of doogh samples during storage
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Fig. 2. Acidity values (percentage in terms of lactic acid) of doogh samples during storage
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Sl 5l slaclad )b g w0 )18 (520 3 1y 005
.(Sarmadi and Ismail, 2010) Lb o il33l

WU (Vo)) ol LSen g KUMAr bawg odd pbool suiss
0PleS e B 59 Slidg i i lisee sl
@l 9 485 )8 ey 590 32 CbS gmdgel Sl 3l
ST 5T Eled w0jg 5 ool 90 b oS 3l ol dlols
zokw Liuli8l b (Kumar et al., 2016) cdl yials bjlas 4l
ABTS 5ss5LS JIS6), lae b oslitl 350 (slaclzlgy i
Oedgel | y2eS 0 lem o (e (gl a8 @0 4
el Jl> ol L g BHT (g3 a5l g5l
s 55> ylas DPPH 3lj1 JIS63], oo o FRAP _Sausslo]
ol sles L aliie b b (85lS Clidg)dm aoyd +f+F
A5 )15 (st s 3
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Sl clsd 09, £ (65 090 (b 3,5 saalie ba)les
Bl el gyl e jo b 93 slayles alS Sl S
2 9 dald jleg 4 bgye o ShalS Cad ity g (P<+/-0)
s > JLSoaly (SaiiSlae el 5V 55 Siloyll A1 5,
o (WYY Unit/mL) a5 )3 sl ity YA/A mg/mL ¢4l >
(Y/55 UNitmL) 39— aals aSges an baoye o o)ljue o yieS
(¥ Jses)
slaclidgyian 3 ol Slee g () Slacdld (IS oba
iy 4y Jan 3l g5 4 aly (ool g (g
L ool s el ol b ols gy bulyis 5 iy
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Fig. 3. ABTS cation radical inhibitory activity (Unit/mL) of doogh samples during storage
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diged Uy Slilitel 5650k oy ey i 5 3l S
bld jl Jedcu 5 sladiy calisw zolaw (g9l (slajlos o dali
LV gy 5l (P> /+0) 103,55 saalie (sl gime 33 (5Ll
aS casl Lials gy 4 byles ST S5, oliliel (6,055 £+
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Table 3- Texture scores of doogh samples during storage

SRS e B lowd
During Storage Treatment
60 40 20 1
3.43+£0.27 ¢¢ 4,00+ 0.00 B¢ 5.00+£0.00A2 5,00+ 0.00 A2 (g A3L8) 9L 93
Control sample
4.14+0.18C%  471+0.24 B 5.00£0.004% 5,00+ 0.00 A2 A VY/Y mg/mL gols €43
Doogh containing 12.2
mg/mL peptide
4.00£0.008°  4.14+£0.3478%  500+0.00%*  5.00+0.00%% iy YE/€ mg/imL sl g3
Doogh containing 24.4
mg/mL peptide
4.14+0.18B%  457+0.28 B 5.00+£ 0.00A2 5,00+ 0.00 A2

Doogh containing 48.8
mg/mL peptide

il ge oy B laebl mdaw j3 ju0lie b e BB dgag pis Sily i3y jo 50 wlie S5 (Y B> S JBlas 295 g3
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Table 4- Taste scores of doogh samples during storage

SRS e B lowd
During Storage Treatment
60 40 20 1
3.00£0.00P°¢ 3.43+0.18%°  4.29+0.24B2  4.86+0.18A2 [EWWPRRT| ) JRE ey N
Control sample
3.57+0.28%"  4.14+0.18%2  4.43+0.2852 500£0.00"*  .xy VY/Y mg/mL Sob g3
Doogh containing 12.2
mg/mL peptide
4.00£0.00A%  4.00£0.004*  4.14+0.184%  4,14+0.18AP A YE/E mg/mL ol €95
Doogh containing 24.4
mg/mL peptide
3.86+£0.187%®  4,00+0.00"*  4.00+0.00A°  4.00+0.00A°

S EA/A Mg/ML gols §93

Doogh containing 48.8
mg/mL peptide

bl oo 203 B lisebol i 50 ol (s 5 gime MR 3gag pas Sl rd) b 3 wlie i WY B S S8l dgn g
Wl oo oy O luabl pdaw )3 0lke b xe BB dgag pas Kby st o )0 lde So oS Y Bys S JBlas dgn g



YOU oo 3T g ou 3 ol Jlad Com ) duig (399331 ST oy 2 /3y K0 g (o0 55

SIS 8590 (b £93 Lrdiged Ky ljliel -0 Jgun
Table 5- Color scores of doogh samples during storage
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Table 6- Odor scores of doogh samples during storage
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Table 7- Overall acceptance scores of doogh samples during storage
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Abstract

Introduction: Button mushroom (Agaricus bisporus L.) is one of the most popular and widely consumed edible
mushrooms that is grown all over the world. However, button mushrooms have a short shelf life of about 3 to 4 days
after harvest and lose their commercial value within a few days due to browning of the tissue, water loss, aging and
microbial attack. Tissue browning is caused by the activity of polyphenol oxidase (PPO) in plastids on phenolic
compounds in the vacuoles as a substrate. Therefore, enzymatic browning is intensified by the loss of membrane
integrity due to aging and tissue deterioration and as a result of physical connection between the enzyme and the
substrate. The use of some techniques such as the chemicals and physical treatments gives promising results in delaying
Browning and increasing the shelf life of edible mushrooms. Cinnamic acid (CA) is an organic acid that occurs
naturally in plants and has low toxicity and a wide range of biological activities. Cinnamic acid and its derivatives are
widely used in food industry. This compound acts as an inhibitor of polyphenol oxidase activity. On the other hand,
cinnamic acid in low concentration has been proposed as an activator of the antioxidant system and its positive effects
on reducing the effects of environmental stresses in various plants have been proven in several experiments. Therefore,
in the present study, the effect of cinnamic acid treatment on reducing the browning of the tissue and maintaining the
quality of white button mushrooms in the post-harvest period has been investigated.

Materials and Methods: Treatments included exogenous application of cinnamic acid at four levels (control, 100,
200 and 400 uM trans cinnamic acid) and storage time at five times (0, 4, 8, 12 and 16 days after storage). Cinnamic
acid treatment at the mentioned concentrations was applied by top application 24 hours before mushroom harvest.
Distilled water was used for control treatment. At the time of picking, infected, very large and small mushrooms were
removed and the same mushrooms with a cap diameter of 40 to 45 mm were collected for each experimental treatment.
After harvesting, the mushrooms were placed in a polyethylene box covered with cellophane and after weighing, they
were transferred to an incubator at 4°C. In the post-harvest period, different traits were measured with a four day
interva.

Results and Discussion: The results showed that by increasing storage time, the activity of polyphenol oxidase and
peroxidase increased and consequently the browning of the tissue also had an increasing trend. Also, with increasing
storage time, weight loss percentage, hydrogen peroxide and malondialdehyde increased and total phenol and total
antioxidant capacity were decreased. The use of cinnamic acid treatment in all three concentrations (100, 200 and 400
uM) reduced the activity of peroxidase and polyphenol oxidase activities and reduced tissue browning. The application
of cinnamic acid also improved the quality traits of edible mushrooms such as total phenol, total antioxidant capacity
and visual quality index. These findings suggest that application of cinnamic acid, especially at a concentration of 400
UM, could have the potential of inhibiting tissue browning and thus maintaining the mushrooms quality at the
postharvest period.

Keywords: Antioxidant capacity, Polyphenol oxidase, Tissue browning, Total phenol, Weight loss.
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** and * indicate significant at the 0.01 and 0.05 of probability levels, respectively, and ns indicates non- significant.

—— Control

100uM CA

*

200uM CA

400pM CA

Storage time (Days)

8

12

16

SRS liseo s yle; 10 (51aoSS Z B (9 LRl woyd w1 (CA) suw! Sl 51— JSWS
A ,SS w3kl Blyool sniad lis (gges (sladlie
Fig. 1. Effect of cinnamic acid (CA) on the weight loss of button mushrooms at different storage times.
The vertical bars represent the standard deviation of three replications.



Y£4a w9 Gl !l Solioaw 0 9,8 S/ 1) Kon 9 L1 52

0)95 0 2B ol cuiS ()b e il VE 9 VY A o, obos il b oas ol plis blie ol xSke dulio

e b sl Kol clale aw ya cusliS by il b cdl oSy 2,6 ol cuas o, U o)l
sl Jg dly ey gy 1 ey 093 )0 )88 cudS bis (g g 8l Sl () ne yobar )6 (6l cuis o 5l b Js
(Y JS8) 2e o> lajlas Gl 585 Ve 95 Yo 2 Sl Soliws Jlod sy pIVF g 50 355 jlake (pyieS &

—— Control 100uM CA 200pM CA 400uM CA
45

N w
1 w w1
i

Visual quality (Score)

N

15

0 4 8 12 16
Storage time (Days)

IS e sl 53 (140Sd B g a5 CuS (adld 1 (CA) ! ol 51— JSU5
A )|).§3' duw .\)L\jt;.:l «_él).'m'l o.\.:.a:JQLf;j $d908 sbaleo

Fig. 2. Effect of cinnamic acid (CA) on the visual quality of button mushrooms at different storage times.
The vertical bars represent the standard deviation of three replications.
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Fig. 3. Effect of cinnamic acid (CA) on the browning index of button mushrooms at different storage times.
The vertical bars represent the standard deviation of three replications.
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Fig. 4. Effect of cinnamic acid (CA) on the hydrogen peroxide of button mushrooms at different storage times.
The vertical bars represent the standard deviation of three replications.
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Fig. 5. Effect of cinnamic acid (CA) on the malondialdehyde content of button mushrooms at different storage times.
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Fig. 6. Effect of cinnamic acid (CA) on the total phenol content of button mushrooms at different storage times.

The vertical bars represent the standard deviation of three replications.



1Fe) 5i —010,5 (Y ojloss IA ol ()l pl (2108 b g pole Gleidgfs au s YVY

S)leg den (V JS0) <ol el )l gme psboar oIV o)
Ol aals 4 o 1y IS STl byl sl Sinlinw
WoagSue Frodul Seobiw Hlo 3 il opjin 5 wob
W osels 4 cans 1) J5 ShuaST o1 cud)l oS b saalie

(A JSs) ol Lasl58l as g

80
70

Antioxidant activity (%)

JS (g1 5
2wl Kool g by Lol @3l laas a8 oy lis gl
Ay ad bine 5 Slansl Bl el a0 Sy o
() o) 2 Jsdne o cpl  dl Solinws xloj hlize
a1 b b 48 s s loj (Lbeol 3] pSileo dumlic
B ol 5l o g oy (ol3dl 0g, Liolojl pA 5o, b (slaeSs g6

a a
b
c
60 d
50
40
30
20
10
0
0 4 8 12 16

Storage time (Days)

&40 7,8 FlawnST 5T Cllad o 6,lqi ilisee byl j 3T -V IS5
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Abstract

Introduction: Phenolic compounds are known as a base of many functional foods due to their antioxidant properties
and salutary effects. Phenolic compounds mainly found in plant sources. Agricultural wastes are one of the cheapest
sources for getting phenolic compounds. Pistachio is considered one of the most important agricultural products in Iran.
Study on the different parts of solid wastes generated from pistachio processing is worthy due to containing valuable
compounds. On the other hand, using novel techniques such as supercritical CO2, subcritical water, pulsed electric fields,
etc., have gained more attention in the past few years. These technologies do not have side effects on the raw materials
and final products; do not use chemical solvents such as hexane, methanol, acetonitrile, etc., in comparison to traditional
extraction methods with the long time needed and using chemical solvents with hazardous effect on consumers. In this
study, the subcritical water extraction method as a green technology was used for the extraction of phenolic compounds
from pistachio hull using y response surface methodology.

Materials and Methods: In this study antioxidant properties of phenolic compounds extracted from pistachio hull by
subcritical water fluid were evaluated. The extraction process is done at 120— 180 Celsius degree, pressure 10— 50 bar
and ratio 1:10- 1:30 (sample to solvent) by using the subcritical water fluid method. The total phenolic compound,
flavonoid compounds, reduction power, radical scavenging, and stability power of soybean edible oil were determined
for each treatment. The stability power of extracts in soybean measured with rancimat test at 110 Celsius degree and
airflow of 20 litter per minute. Comparison and statistical analysis for optimization of results accomplished using response
surface methodology (RSM) by design expert software 7.0.0 version. After optimization, the results for optimum
treatment were compared with BHT, ascorbic acid, and alpha-tocopherol. This comparison was done for reduction power,
stability power, and radical scavenging ability.

Results and Discussion: The results showed that the total phenolic compounds changed from 7671.43 to 8903.57 mg
Gallic acid equivalent per 100 g dry matter. Reduction power increased by increasing temperature from 120 to 150 Celsius
degree and after that decreased. The effect of pressure on the phenolic compounds wasn’t remarkable. The amount of
flavonoid compound was between 142.87 and 290.21 mg equivalent catechin per 100 g dry material. The most effective
parameter among investigated parameters (temperature, pressure, and ratio), was temperature. The pressure of extraction
in subcritical water extractions did not have any significant effect and every change in laboratory results was very small.
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The best results were observed at 147 Celsius degrees, pressure 10 bar, and 1:19 ratio. In these optimum conditions, the
amount of total phenolic compounds, total flavonoid compounds, stability power, radical scavenging power, and reduction
power was 2497.8 mg gallic acid per 100 g dry material, 267.99 mg flavonoid compounds catechin equivalent per 100 g
dry material, 7.44 h, 1370.77 ppm, and 362.94 ppm respectively. Reduction and stability power with radical scavenging
ability of pistachio hull extracts were very near to BHT as well as a synthetic antioxidant. Results showed that the extracts
obtained from pistachio hull by subcritical water had high amount of phenolic compounds and had the same antioxidant
properties as the synthetic antioxidant BHT.

Keyword: Subcritical water, Pistachio Hull, Novel technologies, agricultural wastes, flavonoid compounds, stability
power.
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Table 3- Statistical characteristics of selected models for the values of TPC, reducing power, stability power, radical scavenging

ability, and total flavonoid compounds of extracts
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Fig. 1. Interaction of temperature-pressure (a), temperature-mixing ratio (b) and pressure-mixing ratio (c) on the TPC of
pistachio hull extracts by subcritical water.
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Fig. 2. Interaction of temperature-pressure (a), temperature-mixing ratio (b) and pressure-mixing ratio (c) parameters on the
reduction power of extracts from pistachio hull by subcritical water.
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Fig. 5. Interaction of temperature-mixing ratio (a), pressure-mixing ratio (b) and pressure-temperature (c) on the total
flavonoid content extracted from pistachio hull by subcritical water.
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Abstract

Introduction: Nowadays, various methods have been developed to transfer and improve the absorption of lipophilic
compounds in food in the form of coating. Colloidal emulsion-based systems are widely used in commercial systems.
Chia seed oil is an oil rich in unsaturated fatty acids, especially omega 3 and omega 6, which can be used as the oily phase
of nanoemulsions. The aim of this study was to investigate the fatty acid composition of chia seed oil and the effect of oil
to water ratio and emulsifier on the properties of nanoemulsions of this oil.

Materials and Methods: Clean chia seeds were purchased as a pack from Zistfa Company and all other chemicals
were purchased from Marack, Pars Shimi and Dr. Majelli companies. By using the oil set machine, the seeds were treated
by cold pressing method and oil extraction efficiency was calculated .Gas chromatography (GC) was used to identify and
measure the fatty acid composition of chia seed oil. In this study, nanoemulsions were produced in three levels of oil to
water (20%, 35% and 50%) and in three levels of oil emulsifier (5%, 10% and 15%).To produce nanoemulsions, the
aforementioned ratios were first calculated and determined .Then, Weigh the tweens 20 and 80 with chia seed oil and
water and mix the emulsifiers with the chia seed oil on the stirrer. Then a mixture of 20 and 80 tweens and oil was added
dropwise to the weighed distilled water. The mixture was stirred gently by a magnet. After this step, the mixture is placed
in the refrigerator to reduce its temperature. After this time, it was placed in an ice bucket and placed in an ultrasonic
homogenizer for 9 minutes at a power of 300 watts to form nanoemulsions. Then, the properties of nanoemulsions
including particle size and distribution, coating efficiency and antioxidant properties were evaluated. Vasco model DLS
(Dynamic light scattering) was used for the particle size. The particle size of nanoemulsions was determined by this device
using dynamic light diffraction method. DPPH method was used to measure the antioxidant activity of oils and
nanoemulsions and the antioxidant activity was calculated by using the formula. To evaluate the efficiency of coating of
nanoemulsions, the amount of surface oil and total oil was measured and the efficiency was calculated by using the
formula. The release rate of nanoemulsions was evaluated for 7 weeks. The tests were performed in three replications.
Experimental data were analyzed in a completely randomized design with factorial test and Duncan test was used to
compare the mean data. Software (Excel, 2010) was used to draw the graphs

Results and Discussion: According to the results obtained in this study, it can be said that chia seed oil contains a
high percentage of unsaturated fatty acids and has a very high level of antioxidant properties (88.43%), which has
antioxidant properties in the structure of nanoemulsions. Oil is better preserved in water. Other results showed that with
increasing oil content of nanoemulsions, particle size, antioxidant properties and release increased and the coating
efficiency decreased. Also, by increasing the ratio of emulsifier to oil in nanoemulsions, the coating efficiency and
antioxidant properties increase and the particle size and release decreases. In the results obtained from these tests, the
minimum particle size was 14.08 nm and the highest coating efficiency was 96.40%. The antioxidant activity of the
samples was evaluated in the range of 5.61% to 21.43%. Also, the average release of samples at the end of 7 weeks of the
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study reached nearly 18%. During storage, the treatments were quite stable for five months, which could be due to the
low particle size and low release of samples. Considering the mentioned advantages, using nanoemulsions of this oil is a
suitable option for enriching beverages.

Keywords: Nanoemulsion, Chia seed oil, Emulsifier, Antioxidant activity.
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Table 1- Comparison of fatty acid composition of chia seed oil
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Table 2- Treatments and related codes
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Table 3- Particle size of nanoemulsions
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Fig. 1. Effect of oil and SOR interaction on the coating efficiency of nanoemulsions.
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Abstract

Introduction: Doughnuts are fried foods that absorb significant amounts of oil, and commercial doughnuts made
from wheat flour typically contain 24 to 26 percent oil. Fresh doughnut is soft and has a pleasant taste and aroma. One
of the main ways to enrich bakery products is to mix wheat flour with other flours. Triticale has a higher percentage of
protein compared to wheat, rice, corn, rye and oats and is in good condition in terms of essential amino acids. Lysine in
triticale is higher than wheat and less than rye. Also triticale has the same amount of vitamins as wheat. The positive
properties of gums extracted from native seeds such as basil can be used to reduce oil absorption and improve shelf- life
of fried bakery products. Basil seeds are soaked in water due to the presence of polysaccharides, the outer pericarp
swells and turns into a gelatinous substance. Green cardamom with scientific name of Elettaria cardamomum belongs
to Zingiberaceae family. Cardamom is one of the most widely used aromatic condiments in some foods, breads, sweets,
especially jams. 23 compounds have been identified in green cardamom essential oil, the highest composition (31.53%)
belonging to Eucalyptol. Therefore, in this study, enrichment the wheat flour of fried fermented doughnuts by replacing
part of wheat flour with triticale flour, reducing oil absorption by using basil seed gum and improving antioxidant and
sensory properties and reducing fungal activity in the presence of green cardamom essential oil were investigated.

Material and Methods: In the first part of this research, Triticale flour at 0, 15 and 30% and Basil seed gum at 0,
0.50 and 1% were used to improve the quality and decrease oil absorption of fermented doughnut. Control doughnut
formulation had 500 g wheat flour, 20 g milk powder, 4 g salt, 80 g oil, 12 g baker’s yeast, 80 g sugar, 500 ml water,
100 g egg and 1 g vanilla, 1.5 % guar gum and 0.5 % xanthan gum. Moisture, specific volume, porosity, firmness, crust
color and oil absorption were evaluated. To study the effect of processing parameters on crust color components of
doughnut, the RGB color space images were converted to L"a"h space. For determination of doughnut porosity using
image analysis, the color images were first gray scaled and then thresholded using isodata algorithm. The porosity was
measured from the ratio of white to the total numbers of pixels. Results were reported as the average of three
replications. In the second part of this research, Cardamomum essential oil at 0, 50, 100, 150 and 200 ppm were used to
improve antioxidant and sensory properties and decrease microbial contamination of doughnut. . In order to assess
significant differences among samples, a complete randomized design of triplicate analyses of samples was performed
using the Mini-Tab17. Tukey’s new multiple range tests were used to study the statistical differences of the means with
95% confidence.

Result and Discussion: The results of the first part showed that the sample contained 15% triticale flour and 0.50%
gum with the highest specific volume (3.4 cm3g™) and porosity (0.81) and the lowest firmness after one week of storage
(11.91 N) and was introduced as the best example of the first part. Also, the results of oil absorption showed a decrease
of 29.83% in the selected sample (0.17 g/g dry matter) compared to the control sample (0.24 g/g dry matter). The
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moisture content of the mentioned sample was 21.09% one week after production and L", a* and b" of crust color was
55.27, 8.86 and 11.91, respectively. Brightness and redness of this sample was more than the control. The results of
second part showed that cardamom essential oil had antioxidant activity in all concentrations. Also, the results indicated
the concentrations of more than 50 ppm of cardamom essential oil can be considered as an antifungal agent and inhibit
positive growth in doughnut. The microbial load of samples containing 100, 150 and 200 ppm had 3.97, 3.81 and 2.94
log cfu g* after 15 days of production, respectively. The microbial load of these samples was 51.05, 53.03 and 63.75%
less than the sample without essential oil (10.11 log cfu g2). Finally, the results of sensory evaluation showed that the
sample containing 15% triticale flour, 0.50% basil seed gum and 100 ppm cardamom essential oil had the highest
overall acceptance score and this sample is introduced as the best sample of this study.

Keywords: Doughnut, Oil content, Basil seed gum, Triticale flour, Antioxidant.
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Triticale Wheat
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0 0 100
0.50 0 100
1 0 100
0 15 85
0 30 70
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1 15 85
0.50 30 70
1 30 70
@93 ;1 Second Phase
Green cardamom essential oil (ppm) Treatment
(elistist) o Jo ! e

0 (Control 1)

0 (Control 2)
50
100
150

200

The sample contains 100% wheat flour and

does not contain basil gum
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*** The best doughnuts sample in the first phase is selected based on the least firmness of the texture and oil content and the highest
amount of porosity and specific volume.
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Table 2- Effect of triticale flour and basil seed gum on doughnuts moisture in three time periods of 2 hours, 3 days and one

week after production

(e y5) cugb, Moisture (%)

W, Loy Treatments

won Sy 1 week 59,¥ 3 days celw ¥ 2 hours
15.41+ 0.93¢ 16.95+ 0.51°¢ 19.33+ 0.55¢ Control (100% wheat flour- no triticale flour and gum)
(Gowo 9 WSy 45 5,1 W8 — oS 3,1 o yd Vo v ) sl
16.27+ 0.76° 19.99+ 1.43« 22.57+0.72% 100% wheat flour+ 0.50% gum
Gowo 20y3 ¢ [0+ +o08 3, Moy Voo
20.89+ 1.03° 22.85+ 0.17° 23.97+ 0.32 100% wheat flour+ 1% gum
Gowo 2o )3 Y +oE 3, o yd Voo
15.68+ 1.09¢ 19.11+ 1.09% 21.83+0.15¢ 85% wheat flour+ 15% triticale flour
A0 5 3,1 o y3 10+ 5,1 o 3 A0
11.25+0.91¢ 15.06+ 1.13 18.96+ 0.72¢ 70% wheat flour+ 30% triticale flour
A0 5 3, o3 Yo +008 5,1 o yd Ve
21.01+ 1.02° 24.63+ 0.29% 25.10+ 0.75 85% wheat flour+ 15% triticale flour+ 0.50 gum
Gowo + [0+ +A 5 5,1 w0 yd 10 +0uE 5,] oy A0
24,12+ 1.122 26.12+1.132 26.90+ 0.612 85% wheat flour+ 15% triticale flour+ 1% gum
Gowo 2o y3 ) + A 45 5,1 wo 3 10 +euiS 3,1 o yd A0
16.52+ 0.76° 19.25+ 1.12¢% 22.46% 0.24% 70% wheat flour+ 30% triticale flour+ 0.50 gum
Gowo + 00+ 15 3, o 3 Yo +ouS 3,1 w3 Ve
17.89+ 1.19° 22.13+ 1.04% 23.81+ 0.83%¢ 70% wheat flour+ 30% triticale flour+ 1% gum

Gowo 2o 3 ) + A 5 0,1 ao 3 Ve +ouE 5, ao 3 Ve

515 gyl dme glis P<O.05 grdaws p3 (gjlol Jlas 5l gt yo p3 ailie g y>
Similar letters in each column are not statistically significant at the level of P <0.05.
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Control 0.5% basil 1% basil 15% ftriticale 30% triticale 15% ftriticale 15% triticale 30% triticale 30% triticale

gum gum flour
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Fig. 2. Effect of triticale flour and basil seed gum on the oil content of doughnuts
Similar letters are not statistically significant at the level of P <0.0
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Fig. 3. The effect of triticale flour and basil seed gum on the porosity of doughnuts
Similar letters are not statistically significant at the level of P <0.05
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Fig. 4. Effect of triticale flour and basil seed gum on the specific volume of produced doughnuts
Similar letters are not statistically significant at the level of P <0.05
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Table 3- The effect of triticale flour and basil seed gum on the firmness of doughnuts texturein three time periods of 2 hours,
3 days and one week after production

Wlgd Cdl  Jéw doughnuts texture firmness (Newton)

,los Treatments

(&5 99)

aaa Sy 1 week 39,7 3 days celw ¥ 2 hours
19.58 +0.85° 10.83 +1.26% 7.22 £0.71°  Control (100% wheat flour- no triticale flour and gum)
(&owo 9 A 45 3,1 W88 — oS 3 wuo pd Y+ +) ol
12.23 +1.12¢ 10.67 +1.04bc 8.91 +0.79 100% wheat flour+ 0.50% gum
é.mo M)b 0/00 ‘h@&f b)i .\.o)b Yoo
14.41 +0.92¢% 12.71 +1.25° 11.13 +0.79° 100% wheat flour+ 1% gum
oo Mo y3 Y +ouE 3, oy Ve e
2259 +1.172 17.34 £1.122 9.04 +0.812 85% wheat flour+ 15% triticale flour
A 5 3,1 Mo yd 10 +ouiF 3,1 wo 3 A0
11.91 +1.02¢ 19.83 +1.362 15.63 +1.65? 70% wheat flour+ 30% triticale flour
W 5 0,1 ao 3 Yo +0ui8 5,1 wo 3 Ve
17.28 +1.05%¢ 8.36 +1.18° 6.78 +£0.39° 85% wheat flour+ 15% triticale flour+ 0.50 gum
.W +/0« +4]Kﬂ2_1)3 b)i Moy Vo +‘a.\.'§ J)i M)bAo
25.09 +1.132 10.33 +0.57%¢ 7.19 £0.61°¢ 85% wheat flour+ 15% triticale flour+ 1% gum
oo 2o 3 Y + A 45 5,1 ao 13 10 008 5,1 wo 3 A0
19.18 +0.98° 13.08 £1.12° 11.40 £0.94° 70% wheat flour+ 30% triticale flour+ 0.50 % gum
Gowo +[00 1A 5 3, o yd o + oS 3,1 w3 Ve
15.43 £0.68° 12.48 +1.09° 7.17 £0.77°¢ 70% wheat flour+ 30% triticale flour+ 1% gum

owo w0y Y + A 5 0,1 wo 3 Yo +ouiS 5,1 wo d Ve

)l gl gme iglas P<0.05 pdaws L;)Lai S 5l gt s 50 dlie gy
Similar letters in each column are not statistically significant at the level of P <0.05.
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(2017
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V0 paiS 3, Mo yd AD (gols diged MBS o LS guls a5 jghailen
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s> > &5 L8l falS jogate w9 Cujd g (Shwgn
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28l dge ol (0 9 8L (S B Wulp (b Cugb) oS
255 5 ol lages Sl gy 4 (V0)) o] Kan 5 Fazeli
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L bagelS g hn 3,8 5)158 -laa=e -l (Fazeli et al., 2019)

(L'a’b) wlgs diwsy () sWalie p ooy, ails fowo 5 ks 35 3,1 51 -€ Jgo
Table 4- The effect of triticale flour and basil seed gum on the color components of doughnuts crust (L * a * b)

Olgd diwgy S, swadlze Doughnuts crust color components

W ,Low Treatments

b* a L*
21.89+3.01* 12.38+1.03°  50.81+1.75° Control (1009 wheat flour- no triticale flour and gum)
(oo 9 V55 5,1 W3l — oS 5,1 ao > Yo o) ol
21.64+0.582 8.22+0.52¢ 51.24+0.67%® 100% wheat flour+ 0.50% gum
oo Moy ¢[00 +oniE 3, a0 d Ve
21.77+0.902 6.06+0.96° 50.75+0.99° 100% wheat flour+ 1% gum
oo 10,3 Y +oE 3, Moy Ve e
21.29+1.74°  16.03+1.03" 54.34+1.29% 85% wheat flour+ 15% triticale flour
A 5 3,1 wo )3 10 +0ui8 3,1 w3 A0
21.41+1.122 19.33£0.45%  44.92+1.16° 70% wheat flour+ 30% triticale flour
A 5 3, a3 Ve +0uS 5,1 woyd Ve
21.68+1.99° 13.19+0.19¢° 55.27+£1.772 85% wheat flour+ 15% triticale flour+ 0.50 gum
G ¢[00+ 55 5,1 Mo yd 10 +puiS 3,1 w03 AO
20.97+2.08%  10.87+0.56¢ 53.98+1.09% 85% wheat flour+ 15% triticale flour+ 1% gum
Gowo o yd ) + A 5 3,] wo )3 10 +0uiS 3,1 w3 A0
21.09+£1.712 13.11+0.45°  46.03+0.87° 70% wheat flour+ 30% triticale flour+ 0.50 gum

20.53+1.01%  11.08+1.19%  4559+2.61°

Gowo ¢[00+ 5T 5,0 a0 yd Yo + 008 3, oy Ve
70% wheat flour+ 30% triticale flour+ 1% gum
Gowo 20y Y + A 7 3,1 o 3 e + oS 5,1 wo pd Ve

5585 (gl gixe @glis P<0.05 aaws ;5 (g lol i I gt o 5 i g
Similar letters in each column are not statistically significant at the level of P <0.05.
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Different concentrations of cardamom essential oil (PPM)
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Fig. 5. The effect of different levels of cardamom essential oil on the antioxidant activity of produced doughnuts.
Similar letters are not statistically significant at the level of P <0.05
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log cfu g o 1 (65100 yloj e (b (sogi (SBCILgY yodke o SuS il 3o B (uilu] Ciglitie zgbaw 51 -0 Joua
Table 5- The effect of different levels of cardamom essential oil on the growth of mold and yeast in doughnuts produced
during storage according to log cfu g-1

(595) &y ko Shelf life (days)

,lo.s Treatments

6 3 0
5.94+0.34% 3.49+1.17° - Control 1 (no triticale flour-basil gum and cardamom essential oil)
(U2 bl 5 oylxs y &owo — A%y a,i A8L) S wald
3.97+0.66°  3.12+0.29° - Control 2 (15% triticale flour and 0.50% basil gum)
(o) &owo w0 > +[0+ o Ay 7 3,1 ao > 10) 95 wals
2.45%1.24%  2.31+0.06% - 15% triticale flour+ 0.50% gum+ 50 ppm essential oil
bl ol (o1 (2 0 +Rowo Mo yd ¢[00 +AlS T 3] o yd VO
2.19+0.11° 1.08+0.27°¢ - 15% triticale flour + 0.50% gum + 100 ppm essential oil
ol ol o g Vo e o o yd ¢[00+l 4T 5,1 woyd VO
- - - 15% triticale flour + 0.50% gum +150 ppm essential oil
oWl ol o 2 10+ +Rowo o yd +/0e +4]M,3 b)i KW SR L)
- - - 15% triticale flour + 0.50% gum + 200 ppm essential oil
oWl ol o 2 Yo r +Rowo Moy +/0e +4]M,3 b)i KW SR L)
(395) 551 3ko; Shelf life (days) & ,loy Treatments
15 12 9
8.11+0.74® 6.82+0.04% 6.26+0.278 Control 1 (no triticale flour-basil gum and cardamom essential oil)
(o il 5 oy drowo — Sk 5 3,1 A818) S s
7.85£0.37% 6.76+1.19% 5.95+1.042 Control 2 (15% triticale flour and 0.50% basil gum)
(o) &owo w0 > +[0+ o A 7 3,1 ao > 10) 95 walls
6.73+0.15* 5.21+0.16* 3.10+0.07° 15% triticale flour+ 0.50% gum+ 50 ppm essential oil
bl ol o o1 0% +dous duoyd ¢ [0+ +dS 7 3,] wod Y0
3.97+0.26° 3.07+0.09° 3.01+1.12° 15% triticale flour+ 0.50% gum+ 100 ppm essential oil
awilw! ,alh#@ Yoo +&owo Mo yd v[oe +AI 5 .:)i o0 Vo
3.81+0.70°  3.43+1.4°  1.44+0.06° 15% triticale flour+ 0.50% gum+ 150 ppm essential oil
ol ol 9 2 Y0+ +Rowo oy +/0e +4ll$§g,3 b)i KW SR L)
2.94+0.61° 2.05+0.34° 1.17+1.02° 159% triticale flour+ 0.50% gum+ 200 ppm essential oil

ol ol o g Voo +dow o yd ¢[00+l 45 5,1 woyd V0

55 ()b e caglis P<0.05 g 55 (5Ll

3 5 ()l ploj & bgupe) iy 53 e B9

Similar letters in each column (related to storage time) were not statistically significant at the level of P <0.05.
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Fig. 5. The effect of different levels of cardamom essential oil on the overall acceptance score of produced doughnuts
Similar letters are not statistically significant at the level of P <0.05
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Table 6- The effect of different levels of cardamom essential oil on the sensory properties of produced doughnuts

Sensory properties
> B Sy

Treatments
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Porosity Crust Form and shape
SS9 S s SS9 08
3.40+0.81° 4.20£0.712 4.40+ 0.562 Control 1 (no triticale flour-basil gum and cardamom
essential oil)
(il g ol ) frono iy 3 3,1 48) S sl
4.60£ 0.622 4.20+ 0.662 4,60+ 0.622 Control 2 (15% triticale flour and 0.50% basil gum)
(Ot y owo duo pd ¢[00 o WIS 5 3,1 o yd 10) 93 wald
443+ 0.772 4,60+ 0.742 4.20£0.712 15% triticale flour+ 0.50% gum+ 50 ppm essential oil
ol 0l o o1 0% +owo dwoyd + /04 +dIKS 5 3,1 dwo 3 Y0
443+ 0.772 4,23+ 0.822 437+ 0.672 15% triticale flour+ 0.50% gum+ 100 ppm essential oil
ol ol o g Vo e Hhowo o yd ¢[00 1l 4T 5T woyd VO
4.20£0.712 4.43£0.772 4.40+0.722 15% triticale flour+ 0.50% gum+ 150 ppm essential oil
ol ol o 2 Y0+ o o yd ¢[00 +allS 4T 5,1 woyd VO
4.40+ 0.562 4.20+0.712 4.30£0.772 15% triticale flour+ 0.50% gum+ 200 ppm essential oil

ol ol o 2 Voo +iow Juoyd ¢[00+l 45 5,1 woyd V0

Sensory properties Treatments
o> S SR Lo
Odor and taste Chewiness Firmness and
850 9 2 O Skl softness
Al (0 g AW
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ol ol o g Yoo +dow o yd ¢[00+l 45 5,1 o yd V0

)85 (gl gixe oglis P<0.05 aaws 45 (g jlol Jlas I gt o 5 i gy
Similar letters in each column are not statistically significant at the level of P <0.05.
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Abstract

Introduction: Bread has a major role in the diet of people in Iran. One of the important factors affecting the quality
of bread is the quality of wheat flour protein called gluten. Gluten is the principal structure forming elements of most
baked products, contributing to the elasticity, cohesiveness and viscosity characteristics of the dough. Thus, gluten
substantially control the quality of wheat flour based products. Due to the importance of the role of gluten and the
requirement for improving the flour quality, providing a simple, economical, and efficient method to improve the technical
quality of wheat and bread is also an important and controversial challenge. Oxidizing agents are generally added to the
wheat flour to accelerate the natural maturing and the flour becomes paler and yields dough with improved baking
properties. However, increasing concern about their adverse effects has highlighted the need for the development of
alternative oxidants. Atmospheric cold plasma (ACP) is an emerging advanced oxidation process which has recently
drawn considerable interest from food scientists. Therefore, the objective of this study was to investigate the effect of
non-thermal plasma treatments on the properties of wheat flour.

Materials and Methods: For this purpose, medium wheat flour was prepared from local silages and treated with ACP
at 25V for 0, 2, 4, 6, 8 and 10 min. Chemical composition of flour samples (moisture content, protein and ash) were
determined using standard methods (AACC, 2002). Color properties, damaged starch water soluble index, wet gluten,
gluten index, zeleny and falling number values, water and oil absorption capacities, swelling power and solubility of
wheat flour samples were also measured.

Results and Discussion: The results obtained from the measurement of properties for the treated and untreated flour
showed that the water and oil absorptions, swelling power, and solubility, wet gluten, gluten index, Zeleny number and
whiteness increased significantly with increasing time, while the pH, moisture content, b * and a * indices, were decreased
by plasma treatment. In addition, the results showed that ACP conditions have a significant effect on functional properties
that can be created floursand products with various characteristics. The results showed that plasma treatment affected the
gluten index and wet gluten and techno functional properties of wheat flour. Overall, this study demonstrated that non-
thermal plasma is a quick, efficient way to improve the technological properties of wheat flour, as an alternative to
chemical oxidants.
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Table 1- The effect of different time of cold plasma treatment on physicochemical properties of wheat flour
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Fig. 1. Effect of plasma treatment duration on water and oil absorption capacity of wheat flour
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Abstract

Introduction: Virgin olive oil has high oxidative stability due to its special compounds, including large amounts of
monounsaturated fatty acids (MUFASs) and a wide range of natural antioxidants. However, virgin olive oil is easily
oxidized due to the presence of polyunsaturated fatty acids (PUFAs), mainly linoleic and linolenic acids. Lipid
oxidation is the main cause of poor food quality; for this reason, the use of antioxidants is essential to prevent the onset
and progression of oxidative damage and increase the shelf life of oils and fats. Because lipid oxidation occurs
following a complex set of processes and no antioxidant alone can stop all the oxidation steps and keep oxygen away, a
mixture of antioxidants can be used to create a synergistic effect. Spirulina is a dry biomass of Artrhrospira platensis
cyanobacteria. Flavonoids, p-carotene, vitamin A and a- -tocopherol in spirulina are largely involved in the high
antioxidant activity of this microalgae. The Moringa oleifera plant belongs to the Moringaceae family, the genus
Moringa and the species Oleifera. This plant is considered as a high-potency natural antioxidant because it is rich in
tocopherols, carotenoids, vitamin C, flavonoids and phenolic compounds. Therefore, the aim of this study was to
investigate the synergistic and symbiotic effect of spirulina and M. oleifera extracts as natural antioxidants to increase
the oxidation stability and shelf life of virgin olive oil.

Materials and Methods: To prepare the extracts of s. platensis and M. oleifera plant, both plants were dried in the
shade at 30°C for 24 hours in the presence of air, then ground into a powder. Then, 5 g of s. platensis and M. oleifera
powders were extracted with two solvent of ethanol (96%) and methanol. Antioxidant activity was evaluated by
measuring the effect of free radical scavenging of ethanolic extracts of Algae Spirulina and Acacia on the synthetic
radical DPPH. Determination of total phenol and flavonoid content of all extracts was performed using Folin-Ciocalteu
reagent and aluminum chloride colorimetric method, respectively. Polyphenolic compounds of the extracts were
identified by HPLC. Extracts were added separately (1000 ppm each) and in combination (500 ppm each) to 100g of
virgin olive oil and a sample containing the synthetic antioxidant TBHQ and a sample of virgin olive oil were
considered as control. Peroxide index, refractive index and color evaluation (L*, a*, b*) of virgin olive oil samples were
measured. Statistical analysis was performed using SPSS software version 19 and the results were expressed as mean +
standard deviation.

Results and Discussion: Based on the results obtained from ethanolic and methanolic s. platensis extracts, the
highest amount of total phenol in ethanolic extract was equal to 67.19+4.5 mg GA/g and the highest amount of
flavonoids in methanolic extract was equal to 12/1+40/267 mg QU/g. In the study of the content of total phenol and
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flavonoids in ethanolic and methanolic extracts of M. oleifera plant, there was the highest levels of total phenols and
flavonoids in ethanolic extracts of this plant, respectively, 43.43+0.71 mg GA/g and 23.78+1.57 mg QU/g. The results
showed that the active compounds in the extracts of S. platensis and M. oleifera are polyphenolic compounds of
rosmarinic acid, catechin, quercetin, vanillin, hesperidin, hesperetin. Changes in peroxide value from the time of
production and addition of the extract for 8 hours at 2 hour intervals were investigated. According to the results, the
lowest amount of peroxide value (0.38+0.005 meq O2/kg) was related to the sample containing M. oleifera extract at the
third storage time. The highest amount of peroxide value was observed in the control and the sample containing TBHQ
in the range of 15 meq Oz/kg. Generally, Changes in peroxide value were reduced significantly in the 3 samples
containing the extract compared to the control sample and the sample containing TBHQ (p<0.05). The presence of
extracts in virgin olive oil reduced the parameters of L*a*b*, but the sample containing S. platensis extract was no
significant difference from the control sample (p >0.05). According to the results of peroxide index of samples
containing extracts, it can be stated that by recognizing the antioxidant effects of S. platensis and M. oleifera extract,
they can be used for industrial use and replacement with synthetic antioxidants.

Keywords: Virgin olive oil, Spirulina platensis, Moringa oleifera, Synergitic, Antagonistic, Antioxidant.
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Table 1- Specifications of extra virgin olive oil before treatment
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Table 2—- Results of physicochemical properties of spirulina algae and leaves of Moringa oleifera before extraction
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Table 3- The samples studied in the research

Treatment Antioxidant content (ppm) Composition of samples
o (PPM) lapunss 51 (31340 Waiges oS
VOO Virgin olive ail
SO 059y
VOO+ S 1000 Virgin olive oil+ spirulina extract
P g ! Sl 0t S0 (1905 o9
VOO+ M 1000 Virgin olive oil+ M.oleifera extract
.0 . e & .
E138 ol S o ylact S0 g0 5 f9,
VOO+ Sp+ M (500+ 500) 1000 Virgin olive oil+ spirulina extract+ M.oleifera extract
. .0 . qE e . .
P E38 ol Sy 8 kac +Udg ! Sl 0)las+ S5 (4505 €9,
Virgin olive oil+ TBHQ
VOO+ TBHQ 1000

TBHQ+ S o902 of9)

OV ;0 UV-VIS jiogidg iSeuwl bwg bdiges lo o o b
dnoloee ) abasl,y 5 eolitwl b Sl ol cud b s cold jiegil
VIS

doy>= (Asample— Asample blank) / Acontral) X 100 (V)
58 g

(Cans wiges +DPPH Jolo) cans diges o :Asample

(DPPH Jgloo (54 4ig0d) 4iges o Asample blank

(#5393 3% DPPH gbrs) 10L5 43903 ol Ao

J&aly aoyd B+ Jloe sl ojlac 5L5 3590 cdale L 1C50
e 2oyl 3 ojlas clale Jas a0 )3, 5JU1 L DPPH
2535 duwl>e

o las JS Jgid e cyuesd
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9y cnl 32 20y el (VoY) (e 5 ZhaNg g, bl
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sy, Cute JpS lesay TBHQ ciliseo slacd, yiulg Sie
DPPH Jslis Jgoxo sty oo Voo ol 5154 o 4y e
ol Lush Sa 2 455 J1 593 5 Sl o 3 iglol 1 8L
O diwSd el g 0dgy sy 4 DPPH Jgles 15 000,8
oo sl San Voo 5l 05 8, 5 5 (DPPH Joloxo (o0
W23,5 ool e S leisdy M e Sue Voo g DPPH
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sns] SIE il S e Las alsleo ) odlizl |y g a5 <1,
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Table 4- Gradient program used to measure polyphenolic compounds of extracts

Time (min) Flow rate (mL.min) Mobile phase A (methanol) Mobile phase B (1% formic acid)
(a883) gloj (B3 )3 i o) b2 oy (Jglio) A S 2o 58 () !l S0 3) B S yoio 56
Primary time
adsl olo; 1 10 90
10 1 25 75
20 1 60 40
30 1 70 30
40 1 70 30

059 Srddee YO+ (slodhow yuw plo oyl 53 onis odlel (L]
@ (Y Y Cond) p 3l g desl Szl bgloe 2 Lo Yo g0
3,5 LAl ] sy 2t ke 1D g 5 g3
AiBllS 05en ygd AdBd ) Sde 4 |y odel Cuwd 4 Jolxe
oy olad Ay g 03,8 Lal ol 4y e O 1) e Yo g
o )5 bl Jolore 1 o] S5y 6 a8 03g38) o] 4 atwliss
e 2 S5y ) o 3B oy oY e Slilgugs |
15,5 dlxe ¥ dlaly gollao auSly sae 31 5 g cuily aoll

{(Iran, 2018)
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Table 5- Antioxidant properties of methanolic and ethanolic extracts of Spirulina

Abundance Antioxidant properties
ol 2 oS 51 Olno g

Methanolic extract of Spirulina platensis

1C50 (mg/ml)

(3 o 2 05 o) 1C50
Total phenol* (mg GA/g of spirulina)
32.35£ 123 (Gdg sl @5 51 dguiloSIIS Jolso 0,5 o) * S Joi
Total Flavonoid* (mg QE/g of spirulina)

267.4+1.12 . s " = . T
® (Wl 05 2 (i 555 J3lae 0,5 (o) * S Auigigo
Ethanolic extract of Spirulina platensis
1C50 (mg/ml)
8452.75

(sl ko 2 0,5 Slue) 1C50
Total phenol* (mg GA/g of spirulina)
67.19x 457 (Wdg ! 05 1 el I Jolno 0,5 oe) * S J5id
Total Flavonoid* (mg QE/g of spirulina)

103.06+ 4.91 (U ol 0,5 32 (oot 558 Jolao 05 lao) S aigingls

ol 04 (5,155 1S5 90 53 (Hlre Gl yzl . Sko) sy Wnodly
# Data were reported in terms of (mean + standard deviation) in two replications.

(Moringa oleifera) & ;5 ol8 Jailil 5 Joilio o lac (olumnST T Sluogas - Joda
Table 6- Antioxidant properties of methanolic and ethanolic extracts of Moringa oleifera

Abundance Antioxidant properties
Sl 1 5 o gus
Methanolic extract of Moringa oleifera
b0l Jgilio ojlas
1C50 (mg/ml)

(3 ko 2 5 o) 1C50
Total phenol* (mg GA/g of M.oleifera)

+ . e = = = . ..
3648+ 0.08 (135 055 52 sl I Jolno 0,5 sh) *JS Jgid
14174 0.07 Total Flavonoid* (mg QE/g of M.oleifera)

s (2135 £55 5 o 355 J3lo 0,5 Juo) * S 33 gigoWd

Ethanolic extract of Moringa oleifera
CiE oS Jebloslac
146982 1C50 (mg/ml)
(3 o 2 5 o) 1C50

43.43+ 0.71 Total phenol* (mg GA/g of M.oleifera)

ek (2555 05 2 Sl SYE Jsleo 05 o) *JS Jgid

Total Flavonoid* (mg QE/g of M.oleifera)

23.78+ 1.57

(£235 55 32 oo 355 Jolao 05 o) *JS Adgigold

sl o 5,55 )1)SS 95 3 (Hlre Byl £ 1 Sko) sy laodly
% Data were reported in terms of (mean + standard deviation) in two replications
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Fig. 1. Standard curve by DPPH method (gallic acid)
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Fig. 2. Standard curve of total phenolic compounds of spirulina platensis based on gallic acid
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Fig. 3. Standard curve of flavonoid compounds of spirulina platensis based on quercetin
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Wang et al., ) cwl s pbsl ab (5 @iy, Sy
5 ol Sy ¢ Jlte yobay (Onsare & Arora, 20152017
355993 VF Jolas Jols Loals 5 gt (sli 81 50 00 ey
booher Vbl QLB L gl HS5lys elSius b
» (Makita et al., 2016) >o (UHPLC) o> (rwtb
FPle o)las )3 ASgigeMs 5 5 Joib chale e il adllae
59 YF/\Y mg/g QE 4 Y&/¥A mg/g GAE cwipa )58 olS
chale 4. (V++Y) Becker 4 Siddhuraju  asdllas > oS
SIS 5l 2oy Ar Jgilie o)las 1> ASgiggdo 5 JS Sgid
5y VF/-¥ mglg QE 4 WY mg/lg GAE wyja
WsigaMd lie b jlade ol &S (Siddhuraju & Becker, 2003)
2ok Suid @l Sy dge iy Jlgen pils adllas
odd (6pS0slac celo A=Y+ e 4 (Fee M) O L &S i
mg/g 4 ¥/0A mg/g GAE . pdy W3g959Mé ¢ JS b (slyls
» wolws oyl (Sreelatha & Padma, 2009) »s Y/Y QE
Cusl (S )55 olS oS ) o Jgid g adgigeMs (slyie
Sy sk g G900 e Uhy) (S E98 came A3y > 4
eV chl wilge Jgbl oo s Jsbie en e S) sl
P S gl Jpbl Jaiss glsnl | SJgs 5 a59599306
g o 03litl (51038 5oy oy 5T 2l Pl sl 5o
Canl o Sl gy g ooy Ui |y asee slas Jgilie 1
(M’hiri et al., 2015)

NI TROEI R
LgLEO)La.C FRRERw L;:Lwl.w: ;gvjy.@ uL.aS); = CJLJ
Sl 5 Aoy g g9 Jold )55 olS g Lpuenanti L ] Sl



YOO g Wyl Sul> 05lae (siwped 9 (28l Sluoguad (o) /()]0 g 0315 385 £

T35 0L 9 Udg sl Sl (o, Lias 53 00l (Ll SJgid S8 35 050 9 95 -V 9o
Table 7- Type and percentage of phenolic compounds identified in S. platensis and M. oleifera extracts
The amount of compounds (mg/lit)

Phenolic compounds (3 2 055 o) LS 35 50 Retention time (min)
SWgid S 5 M. oleifera extract S. platensis extract (ai35) (5 35L b
Lo el ojlas il Uy el 0 )bas
ow2ss Catechin 12.98 ND 8.3
O 395 Quercetin 2.04 ND 21.6
oty Vanilin 0.42 ND 135
O e Hesperedin 3.50 ND 18.5
Oy Hesperetin 6.37 ND 22.4
Rosmarinic acid
sl S o, 5.79 4.62 19.2

# ND= Not Detected

£l 15

Fogpl ¥Y e zoo Job )3 (rusaundidy Ly s/ 0 s diged HPLC 01,5559 ,S - £ JSWo
Fig.4. HPLC chromatogram of Spirulina Platensis extract sample at 320 nm

1l ]

sl Y'Y zg0 Job ;3 &35 oL o lac aiged HPLC ol Sgileg,S -0 S
Fig.5. HPLC chromatogram of Moringa oleifera extract sample at 320 nm
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Table 8- Comparison of phenolic compounds detected in Spirulina platensis extract in different studies with the present study

Spirulina platensis extract
L g ] Sl 5, las

phenolic amount of Reference
compounds compounds .
Sdgd bS5 S ol &
Catechin 584.53 Seghiri et al., 2019
o ND yobs adlllas current study
llic acid 396 De Souza et al., 2015
Ga o2 213 Seghiri et al., 2019
el S ND ol adllas current study
Quercetin 0.04 Seghiri et al., 2019
Croinnt 3395 ND ol asllas current study
Vanilin 16.24 Seghiri et al., 2019
oely ND ol asllas current study
Rosmarinic 0.18 Seghiri et al., 2019
acid
Sl Sty lo, 5.79 ol adlle current study
Caffeic acid 347 De Souza et al., 2015
] S8 ND o> adlle current study
Salicylic acid 54 De Souza et al., 2015
o] Salunnnd Lo ND ol aalllas current study
~ Trans- 0.08 Seghiri et al., 2019
Cinnamic acid 35 De Souza et al., 2015
Spoligus— ol 3
! ND ol adlle current study

yols andllao b cilises Wladlao )3 &) 567005 o bac 43 suud lwld SJgid OluS 357 a0 duglile -4 Joua
Table 9- Comparison of phenolic compounds detected in Moringa oleifera extract in different studies with the present study
Moringa oleifera extract

Ey38 oS o)lbas
phenolic amount of Reference
compounds compounds .
SIHOLSy  ObSH olpe &
) 10.08 Oyeniran et al., 2020
Catechin
s 1298 current study
ol adlllas
534.4 Verma et al., 2009
Gallic acid 83.59 Oyeniran et al., 2020
] SJE current study
ND ol aalllae
807 Verma et al., 2009
Quercetin 92.73 Oyeniran et al., 2020
Ot 3395 204 current study
: ol adlllas
Vanilin current study
bl 0.42 ol adllas

Hesperedin 3.50 current study
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R ol adlllas
Hesperetin current study
355y 6.37 ol adllas
Rosg;?ginic 570 current study
Al S 5l . ol adllas
Chlorogenic 488.5 Verma et al., 2009
acid 57.24 Oyeniran et al., 2020
Sl Sig 5 ND yobs adlae
189.1 Verma et al., 2009
Ellagic acid 45.83 Oyeniran et al., 2020
Sl S 31 current study
ND ol adlllan
497.6 Verma et al., 2009
Kaempferol 58.15 Oyeniran et al., 2020
Jgols current study
ND ol adlllan
190 Verma et al., 2009
Rutin 17.05 Oyeniran et al., 2020
ws current stud
ar9) ND ‘ y
ol dadllas
L 10.47 Oyeniran et al., 2020
Caf'cle';i:{? current study
el S ND oo adlllas
Ferulic acid 128.2 Verma et al., 2009
en: l;ja . current study
Sl Sulg A ND ol adllas

d9dee b Toleba 5 ' 0ljsls slaoys LS > o cul
wshol Syl Sy )k, L(Petersen & Simmonds, 2003)
slie » paasy Jlie 0958l dlge lgeds &S Cul (g)b,
Jes b o] S0 @lpl g 43,3 1,3 oslatul 3y90 (glail e
Martinez-Tome et al., ) col oad o3 coms (SlasT 1
6 oS Hhe S lasd Sl e ! Sii)lj, (2001
31l ]l > bbb 5 g NO g aeaSTpgu (gl jiin
B oS ooy las byl Hlee (slapulSo (S s o s STy
Qi et ) cusl iy Ggpdhysind Jloo 2Ll 2 e s>
[al., 2005
S Wi Glagl glacdplie SUgs 5 559N OlS 5
Sgbe Wy e o Lld 4 gl 3 LS L
cllad wilodls )15 2 ol (sblie el e
; Lalas & Tsaknis, Karageorgou et al., 2017) _sluwsST 1

1 Boraginaceae
2 Lamiacea

lositins 45 Wik J1 clocaS 5 o alS 4l eyl

Mis) adsl Glacpbi & Cund ovmy ohesd 3L
Al e Wligyaps sk (S5 el el a5 (el (sladonl
O et der el Silejy 5 laadgigge da il
2 &S Cuwl Joid sl LS 5 SO ol S lojy distwd laeuS
9 005 Joo Cldlas g op8has pugngis g olS
Petersen ) asb oo 15,65 5 oYU Sl sl Lolgs 5l miocan
S oh Glesa sl Sy jles, (& Simmonds, 2003
390 ol B Sl ol Jbbay g ond Cguoms ogilly
Sl 22 s ol byl o S ol ol aB)S)))8 dag
By ol wine )0 @y dex I gylen Il Gley
Petersen & Simmonds, ) 3gu co odlitwl aST ¢ ©lpis i
S1T ol b g S5 Sy el Sl (2003
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<l Vanilla planifolia ol &y > aub jsbas (CsHsOs)
Ois b Jed wluS s s 51 (Walton et al., 2003) sgi 0
ol |y (9Ssens 5 Sl cools il o8 Joge
Iy ehie slge 605l laicds oolatwl Juwilty gy0pl 5l A
seSL ply o edle ol (Davidson & Naidu, 2000) syl
9038 Jee (Ble p)S g Cute p)S (oS Slge dlud ol
baoxe 5 0500 0)92 53 Wyesee 9 LSS ply 53 4 0l ooly (L
(Fitzgerald et al., 2003) ol p3e 2Eiolojl A,

s )3 & Sl (GjoSlS WgiggMe S (s ppud
Tirkey et ) cosl samwy Ol @ cuS 5 ol Sl 5T 51 sasie
o1 88l oy IS 3l dls JoSJse ol (al., 2005
2 80 el ol 5 a8 oo plose Al glanjeSlS 505 51,
o o Silepals s JSe 5 (S el e 5 col
i g M 4 s ST B bl S jsboay 20,8
5 (St ol )lsls SVl gl 5 JouS5)dn slog,S
ewgdy Py lablee jzas (Ghorbani et al., 2016)
oo slol ol 3 5 01 S8 AT claJIS0l, 0,8 st
Pradeep et al., ) ol oas o3ls L o 3l pt (sl lannST 5]
clablee > cpdy s a5 Wladl s lddse wgMeads (2008
48 Gl 022 3o (]S A S B0 GgmelizeSTy Sl opgjoed
danogty 03 15 3amS1 N S JIG3)) Hlee e 4 Vias!
(Bonina et al., 1996) cuol uaulyd b

Sy Ol yd (om0 52

Voo Jads j0 €9y ladised ;o aeuSTy due Ols ol
osbas (95380 5 Mg loj 5l STy dae Gl Caol o 1)
b illes 00,5 wyp Celw ¥V Joolgd 0 cels A loj code &
Meq ) swSly dde Gliee pyieS Vo Jods 3 oids &) mls
S3l> Lged 9 Wald diges 3 1Sy e (P O IS
25,5 saalie Y0 meq O2/Kg 3445w ;3 TBHQ

alyl (Lin et al,, 2018) Jké Cuwj slaidsgaMs « (2002
bSbas (Bamagous et al., 2018) obois 5 (yisu el
ol 0as yo)l58 (Guillén-Roman et al., 2018) b pwiis o
sladsdh opn » (V008) hea 5 Verma
oS Sy ojas ;> HPLC buwg oad plul Sluws] sl
S gl (gols olS pl ojlas &S WS e F)58
asgioed 5 (Sdgpp o SVl «Sja)ls sl SJE)
. (Verma et al., 2009) casl (059 5 cmiw5eS ¢ Jg,20lS)
S Sy & boye Yool Job oSy Glanslal cld
8 dbwlgy 5B OlS ol b e gl Sasils
0oL 3gyien oaiSshial Lol o plyisar 395 (SuuSilal
I gk Goo ol 5l 5 05 Jos iy o30S 00 b L
Caols ) badggoM es ygmlinST ladnl s plool
Oapaslis ol g 55llas wins (oldlus (g Seens
loadgiggde o pimte 3l 5 Ml Bl og loiasls sl e
-l el a5l el s g il digsie slede
Dalluge & Nelson, ) cwl &YB 4osE ol Sluws]
e Gy 5l peols & canl ol ol b yiaed (2000
53 909 @l 5l DNA g5lanst cawl ials ¢ o051 cla 501,
(Ishii et al, 2008) xS o (cpSols otdeanl (sla ol
-l S plgsa eyosls wleals L b yiegh wgMea
3 s el g 95lanST ol Yoo b (598 Glaas]
B> o Cogli Bo)b I 35 g WS o0 55 sl (Bl 0O
wlgice Oren Sedie (Bl Cliblre cage Jluuslul
1y M1 8l ol cllab o o35nl sloplanslnl olie
ool cul o )35 (Senanayake, 2013) was i3l
b bowdly Glans1 il b (b hanSIisl S plsea
g g Johw 31 sla JIG8), xeos LialS Cage g ool i3l
Jelge 51 51 gle glans] ool lulpd ialS b men
Crespy & Williamson, ) 258 0 bpgigegyS (595 ljoies
5 G glio oy 4 (Jyb SLS 5 e 5l (2004
dadlin S g Y- wSgnet b odily Lol od lglys

"R Gs; Oy swaiged (Meq O2/KY) spus Ty 308 il yudS Wigy oy =Y+ Joi
Table 10- Evaluation of the trend of changes in peroxide index (meq Oz/kg) of virgin olive oil sampless

Sample
Storage time con_tair_ling
(hr.) Control sample spirulina
SIS W diges extract
(celw) Syl aiged

w,w' b)w

Sample Sample
containing containing Sample
Moringa spirulina and containing
extract Moringa extract TBHQ
Sobs Wges  ojlas gols diges S Wiged
. s aE . TBHQ
E38 o)las T35 9 Udg pups!
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First time

Jol ylo; 9.48+ (.13  3.89+ 0.065*
Second time c oA
33 oo 12.01+ 0.13* 3.95+0.025
Third time B B
oo lo; 13.10+ 0.14* 1.98 £0.005
Fourth time A o
oyl ob; 15.72+0.12 1.18 £0.005
Fifth time A .
iy 3le 15.65+ 0.2 0.79 £0.005

1.19+ 0.00°A 1.97+0.00°A 9.53 +£0.045%°
1.97+0.015°4  1.91+0.005%® 12.04 +0.05%¢
0.38+ 0.005%¢ 0.78 £0.01°P 13.02 +£0.12%
1.18+0.005®  0.78 +0.005°° 15.76 £0.16%
1.19+0.005"®  1.16 +0.015°C 15.38 £0.16%

.Data are reported in terms of (meanz standard error) in two replications s .cul sas ()5 41,55 93 )5 (5 )5kl sllas F ko) Cones o nodls

el odly o 5 SSIS (ygeil bl s (P<To/+0) loline BB pas oaimd yLis g o 5> dlie (A-D) 55 gy g ciudy pa p3 aliie (B-0) S g8 by et

#%The similar small letters (a-d) in each row and the similar capital letters (A-D) in each column indicate no significant difference

(p <0.05) based on Duncan's test between data.

CuSi & bgrye Sy a8 W oly 0 K Jless!
A5 49l SlSs 4 gl has g baSlygyne 5 wsly
i il amd Al bawlis o bosS daasdl
Lk (Dehlei et al., 2016) cusl azaly JUos 4 |y dpuTy gt
seSyy e Y+ +A) hlSan 5 Tabeelowss oad &) s)liS
e ol ST slaagal g (lalS (13953 b g )
Slgan asdls yl 53 odol sy @l b )15 cal o5 wb
(Tabee et al., 2008) 5>
iy Lyl > rolo SloplanSI Bl ) S
€ onalizg <0315 coilisin S < Jadgils crig 5t o Wl wile
I lesSed &S5 ohaga 5 Silgid Sy (o LS 5 (g 8655
il g 3031 (la SIS0l Jlae st slo S om 2 b
(Samad et al., 2007) 5jlul oo ;b & 1) ymolinnsT 01,3 oyl
aS ol L ol g baylyid 50 STy dae Gl mlo
oylas (gob> sladiges 4y Cuns TBHQ (gols diges g dalis diges
SIgbl OlSy 4wy bl Gl gy cep b
S35 ol 5o Wyl oo 5 &5 oS olas 1> 35290
Cad b b oojlas gols sladiges 3 pmlinns] Cas iy ialS
hSen o MOrsy )1y euditune bls)l luS 5 ol GlawsT sl
A8l I3 5 aelins] oo & 535 S (V19
o ) (A5 Ble 420 YO o> )3 jo, YVO b) ysnj oo,
9250 Wl o)l £V eS| 5T el 5 J55 Slsims
by oblgi ooyl ply (Morsy et al., 2019) cuwl 9 diges 4
by omolienS] oy slagisly Copin 5 2lul ol
oluSy opl dems Uy 4 bies Lgymwl o £)58 ol o)las
S 5 bl 4 o1d ply eladlas o (Sed bk ) .cu
5 2lS loojlas 3 39250 o] il Y gamo 5 gy Jleb

ol &S Wl ol 1y asTy sae (liel colog ojl pl b
(p<e/+0) cusly (gl gre BMB] Jol o) 4 s il58l
Olej 2 Gldsine ials (aLS (clao)las (gol> (19, sladiges
ol (i bojlas (938 Jsl loj 4 Cuns )l SbL
Obb oles y0 oylac (gols dges aw ya &S Jbb pl b {(p<+/+d)
Sdiges (p>+/+0) wisly KuSH b (g)b gxe OS] (5SS
S9b wged g Wb Lged b 6)leS bl oloj )3 0ylas ol
s g aald Jles (P</+0) wasl (gl bxe M TBHQ
Gjles b5 0 1Sy dae Jlude o 5YL )l TBHQ (g4l
& sze Y RN b yloj olod jd (xub dhdl%ﬁ‘uﬁi Sob>
TBHQ (s5l> a903 9 salis diges ¢ Jocpl b.(p <+/+0) 5> 3959
e Vol STy sae ol )l (SLL slaplej 5
2 g b pogns Jol 4y 2 51) p S5 > 20uly, S
YL Cuoglio oiad L yol oyl a5 cdls oI5y (dlaids oyl
S SlaghsIiml e GomlinnS] ply 3 5o ggnj 089,
Keramat & Golmakani, ) cuwl ool cusluilye alaw o
Sds 5y slaoylas 3938l b &S ol o] 5l Sk mls (2016
Do 50 AeSly Hlde (o 505 o9y 4 8155 ol 5 Ly
2 ATy dde 9wl tals Jald dged 4 Cans aoylas o>
oS ol e Lildl Blie 0 (syide Cwglie byjles oyl
OleSy 4 lge 1) bojlas 3958 51, STy el
S s aojlas 1 3390 uluSTas LS ple 5 SJgid
|y comnl i (oiluSTas Cools il b Kb olS s
Cad J L SJgd b GluS g 5l 48gy eslawsT glul
DS 3l odel ) Sl o)y ©pgots (ifgsen w3l S ol

A‘,fu.a d)fﬁb O?ﬁ“"b’ﬁ"“sl Lglo):.?d)’ L;Lmui;:fb
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(sy pldw SlaS 5 50 Lwly cped jd (sladllas o iy lis
S50 a9y 5 (033 “VVA) dl Siizjloy el S8l
Iy Gaimpd O3l 5t (duoyd —VOMA) 2wl 28 5 sl

.(Hajimehdipoor et al., 2014) wlosl> )lis

ConSl g b Ol i (o 32

Wodsis 0 50 g ey CusS ups Ol b
Consid o b Ol s oS REN ul.m: @Lu Cowl 04 o313 uL‘*’
Soyp Boylas 19938 5 Cawl d)lsliwl 03gaze ;5 ajloy plas jo
sl 2318 Lite 43l 556l

Sonam & ) &S’ e 2wl oljelen @il il Calisee (aub Y gae
(Guleria, 2017
(YV¥) oo 9 Hajimehdipoor zls b sillae (yuizen
Sl e W5939g Mo 9 (Jgid SluS 5 5l (B i b g 93 ) ool
booms il |y alsblen ol Sl 4 g Sl sl ol
g el I (Gbgy Sy & cwl S5 4 Y (gl
Orw 355 g (39 edpmsl Syl el SBE ol Sy o)
aS Jo )b gl obaw S 5 4 cans i 2l Blen ]
5 ol odis sdmliie (¢ miwped S oS zua byl oUgs cuS )y )
Sjonn Sl A9 o AP 5 Jeb OS5 (Sp S

RO (9 L9 CunSl Cu pd Ol Mgy (owy =YY Jgo
Table 11- Investigation of the trend of changes in the refractive index of virgin olive oil samples

Standard range (1446)  Abundance Treatments
(YE£7) 5,1kt 03gux0 gl yd slow
14677 Control sample
: Al diged
Sample containing spirulina extract
14579 Ul el 0,28 Sl g
Sample containing Moringa extract
1.4677- 1.4705 1.4678 £235 oylas g5l wiges
Sample containing spirulina and
1.4678 Moringa extract
8535 9 Wyl 0 las ggl> aigod
14677 Sample containing TBHQ

TBHQ s9l> digos

aS 5oy 0ylliwl e3gdze )3 (g CanSll o b Loy Ay SO
(Keramat et al., 2014) 5 )5 Slgan pwols jimgs b

(L, a*, b*) S5y Ol (o) 2

5 an b% g @ ¥ ol 5 S5y s oy gl
GIIF Y oz )3 550 Ggj 0fay 4 (B laeslas (13959
B (obs) + 5l g 0392 (195 3 (2lidigy Jhme L el el oas
ol e (i) Vo »

olS oylas (59l w905 ;> L* yiel )l oad )] ol & 4295 L
Cuily 2gmg Jald dged A Cuwd (gbbxe Rl 56
9l Hged g Uyl o)las (gol> sadiges b (g (p<+/-0)
o bine OS] TBHQ (ol diges g ojlac g,m bogloke
tbe ayd b 3w oy 0y SOl 8% Lasls (p>+/+0) cudly
odimd i ke el g 50,8 (S5, saimd L @F Cute dlael
Wged > A% yuahl oad Sl @l 4 A2l il o )
e ol P bojlas bl (gols w90 5 £))5 ojlas (55l

) 1y g ol sl o ps it b g s,
5 BoEsy wedl s g Cagr sl Gl (Shy ol W
A8 S cope 2pS (e B odlitl )90 o
293968 Gsmliyegial g Gomeligyie yla b iiSly iy
38 0y plS] jasuis lp mimes ol Wie ey,
pae cde lan Wl olwl cply g o odlitnl Cunsld (oo
05 45 05 ole omr ) Baisel (g 3 CuSd copd
033 05 s D )lbiwl liwe 3l 5ol s 40 weuSTy il
d ) ol ol odbline digel oS copd line 1> (6yu®
bl Wi CwSS cupl p e Jelgs | Cuslidl g )l
5 Loy S Ol g Jl o dle Cusd oo
loig) Cunsid opd Sl (2305000 0T S oo
9 ShBipe 42 o il 5 Job (Jege (g 5l (b
Nichols & ) cwl byl zedje 4 (clakign lime

s Keramat  lawg 43,5 &0 adlllae (Sanderson, 2003

0595 OF9y » by bl Bl sy 4 &S (VYY) ) Ken
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82y) pials o jlas bl (ol diged VY oo zls & do g
Cunl 423l Laiges plo & Comd ) Gg) 09y 2 S
(p<-+/-0)

ol oaad L &S (p<e/+0) ol L adiges ple 4 Cod (54

Wbl ol diges 93 cul 13 S g5 oFe) e ) &
L oS ol () =Vee B (3y5) #Ve e 51 D% el )l odgaee .ol

TR OgR G (Eey Gaiges (L*, 8%, 0%) ) OlpmdS Wgy (o2 -V Josa
Table 12- Investigation of color change trends (L *, a *, b *) of virgin olive oil samples

Sample -
Sample L Sample containing
) containing containing spirulina and Sample
Colorindex ~ Control sample  gpjirylina extract Motrmgta Moringa extract containing
) sl Sl digei Las cols digos e raf: . Las cols digos TBHQ
MRS IR gl diges PSS LR sl wiseTBHQ
Uadg yrs! &35 o bas SILERCI T
L* 57.86+ 1.05 56.57+ 1.74%® 53.00+ 1.25° 54.29+ 1.12% 56.71+ 0.80%
a* -5.00+0.00P -4.71+0.42° -2.29+0.282 -2.00+ 0.522 -4.29+ 0.36°
b* 37.29+1.682 35.29+1.39% 30.00+ 4.952 18.43+ 1.39P 30.71+ 2.232
AE 0 8.05+ 1.63° 16.10+ 2,112 19.99+ 1.682 8.40+ 1.97°

.Data are reported in terms of (meanz standard error) in two replications # .cusl oad (5155 )1,S5 95 5 (3,l0kl slas £ 1, Kke) sy lodls #
sl modly o 5S5I ygeil bl o (P<Ko/+0) laline BB pac odimd s iy ya p> wlie (8-D) Ko g8 g ot
=% The similar small letters (a-d) in each row indicate no significant difference (p <0.05) based on Duncan's test between data.

(Voo9) ohlen 5 Ayadi adlas > a3l 1S Ggj 9y )
S8 Ogh) Ofey ladiges > LFA*D* S5, sl el ples
OialS Jals diged 4 Cons (awbgr Sleg)l LS ojlac cols
oblS l GluS 5 Gple & 1) yux opl cde oliize ol bl
5 B30 Cod gmslyule il (b0 (st o) 4 Seileg)]
«SJgid OluS 5 J ol 1l5 0 SlS 5 ol & 13,8 ol
{(Ayadi et al., 2009) asb b yuilol g b laws 5T daasliSs,
e aallao O'.’.l 2 yh @\QM ol aslllas b ldies Q.;.I CJLJ
0F9) b Slhogad o)y 4 90 (Ee) Ky (o)
oolas §) b JawS| 5l 9 ooe58l & byl ) oy
» J.;b}":a EWSWE g SU &j) Lgl)l.) .)95 as C))lf °“15 9 L.:Jﬁ).:“ul
9 UK e Jl Jpaxe Cglhe sl g e Cluogad
P sl dds 4 Bk Il (als Jpame giiuy)lil
Gpao 5l g cal (I Sy sty ofg) spl Closas

855 )18 bl )90 Slogas

5 4
Sbolas ;3 39290 (b Sl dlge Slgly3 pil adlllas >
2,58 oLS o (Spirulina platensis)  juwid Ly pn] Sl 55
Jes 3l JKaly sloosiS e olgieas (Moringa oleifera)
olyed (Jspey Wil JS ladsid j chablne cax b g 038
B dp oS os ofs 2 b oSl

WS S 0325 9y 2l & Lyl ojlas (139331

3,55 byl (S5 clayielyl plos o sald diges b1y (gl bxe
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Abstract

Introduction: White tea is a new ingredient in a wide range of phenolic, antioxidant and antimicrobial compounds.
The most important catechins in white tea are epicatechin, epigallocatechin, epicatechin- 3- galate, and
epigallocatechin- 3- galate, which are flavonol gallates. The concentration of these phenolic compounds in white tea is
higher than green tea. Sesame seed oil, which is produced by cold pressing method, has a great ability to preserve
antioxidant compounds. Significant oxidative stability of sesame oil is due to the presence of lignan non-soapy
substances. Strong antioxidant compounds in sesame seed oil include sesamol, sesamulin (antioxidant precursor),
sesaminol and its isomers. The aim of this study was to investigate the effect of natural antioxidants of sesame oil and
white tea on inhibiting the effect of metals on oxidation of sesame oil.

Materials and Methods: In this study, aqueous extract of white tea was extracted and sesame oil was produced
using cold press. In the next step, six samples including control sample (sesame oil), sesame oil containing white tea
extract, sesame oil containing white tea extract and 0.1 ppm iron, Sesame oil containing white tea extract and 0.1 ppm
copper, sesame oil with tea and 0.1 ppm zinc extract and sesame oil containing 100 ppm BHT were prepared. In all
samples, aqueous extract of white tea in the amount of 6 mg/ 10 g was added to sesame oil. Total phenol, antioxidant
capacity, power reducing on white tea extract and antioxidant power, peroxide number, oxidation stability and fatty
acids profile were measured. All experiments were performed in a completely randomized design with three
replications and the means were compared with Duncan’s test at the level of (P<0.05). SAS V 9.1 software was used for
statistical analysis of quantitative data.

Results and Discussion: The results showed that the aqueous extract of white tea contained 4.06 (mg gallic acid per
gram of sample) total phenol, 6.00 (ng/ ml) antioxidant capacity 0.020 (mg/ g). Ml) is a reducing power. The reducing
power of BHT antioxidant was 40 times and the antioxidant power of BHT was 14.85 times more than the aqueous
extract of white tea. In the inhibition of free radicals in sesame oil, the aqueous extract of white tea had a significantly
greater effect than the control sample. The iron- containing sample had more oxidation than other samples. In the
inhibition of free radicals in sesame oil, the aqueous extract of white tea had a significantly greater effect than the
control sample. The iron- containing sample had more oxidation than other samples. Rancimat value for samples of
control sesame oil, sesame oil with tea and iron extract, sesame oil with tea and copper extract, sesame oil with tea and
zinc extract, sesame oil with tea extract and sesame oil with synthetic antuioxidant BHT respectively 8.79 4.80, 9.08,
9.35, 9.42 and 9.61 hours were measured. The highest stability was related to the sample of sesame oil and synthetic
antioxidant BHT and the lowest stability was related to the sample of sesame oil with tea and iron extracts. In
comparison with the effect of metals on the oxidation of sesame oil, the addition of iron to sesame oil has increased the
oxidation rate compared to the two other examined metals (copper and zinc). Rare metals increase the oxidation rate of
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edible oils by increasing the production of free radicals from fatty acids or hydroperoxides. The composition of of fatty
acids profile showed that palmitic acid, stearic acid, oleic acid, linoleic acid and linolenic acid were the predominant
fatty acids in sesame oil. In the iron- containing sample, with increasing oxidation rate, the amount of linolenic acid
decreased compared to other samples. The results of the Se index were confirmatory on the results of oxidative stability
index. White tea extract and sesame oil due to their antioxidant and phenolic compounds have been able to inhibit free
radicals and metal peroxidants, especially copper and zinc. Sesame oil extracted by cold pressing is not suitable for
frying due to its low heat resistance, but it can be used in the formulation of salad dressings.

Keywords: Antioxidant, Metal catalyst, Oxidative stability, Sesame oil
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Fig. 1. Antioxidant activity of sesame oil samples containing tea extract and metal peroxidants of iron, copper and zinc
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Different letters show a significant difference at the 5% level. The test was performed in three replications (r: sesame oil sample
(control), rofe: sesame oil with tea and iron extract, rocu: sesame oil with tea and copper extract, rozn: sesame oil with tea and zinc
extract, ro: sesame oil with tea extract, rBHT: sesame oil with BHT).
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Fig. 2. Peroxide number of sesame oil samples containing tea extract and metal peroxidants of iron, copper and zinc after
7 days of storage at room temperature
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Different letters show a significant difference at the 5% level. The test was performed in three replications (r: sesame oil sample
(control), rofe: sesame oil with tea and iron extract, rocu: sesame oil with tea and copper extract, rozn: sesame oil with tea and zinc
extract, ro: sesame oil with tea extract, rBHT: sesame oil with BHT).

QS 0l sl 1 50 39390 b ol (OB g sited Jled s

5,5 635058l s Slilgwas b g e 1y oad Sl wy lade

Sasigy Sy 89y ) 9290 0k gl 0 (sladew]
22 3oy cpl S 355 STy g 03,8 i |y ST g 4



S gl et 8 il 1S g 4 ool 2950
O mow b dxe Ciygods g Gl 0l (69) 9 o O 9> &
Geb ol el ralS Cud 4 1) Cenwdy dde e o))
1 Ceopudy (6l e JBlis 030+ oyles oyl b 3yl
(ISIRI, 5950) il e celol¥ o5 5l asys VVeiclod
Ofsy bdisel 355 adllas  (Y4)4) l)Kea 4 Farmani
ly salesT ololy cplyassle adlaio )3 Spw oy b oddanes douS
&S00S oo g 80,8 )5 Celw VeIV 0/ sdgae
o wethent (35 g g ooy lp 2Pl ey,
xS sl gy alacST gyl J(Farmani et al., 2019) asl
5 B G pan cuslio a5 Cunl sl WY GBS ) o dugs
ol (23]

©9) M8 A Cans ) xS 484, palaST 4 )lul e 18
PRI KVOU J<{ RS - BTG K S SR VOO By R 7Y L S .90
Eord Jl s b aals Lges 4 Cond wxiS 9y 9 Sl 0jlac
SHS)le 76 uly g Cusl 008 (S5l Ggmelinns]
GBSl il gg) g e B9 el 4 Cuns gl
sl 018wy oS |y lil e Wiy e b as]
I i Sloro g 30 o JISosl, iS5 Jlao b il e 2
—4 0 oYb adlkd s o Qm] il gl > amd ialS s
Wl (opp oaiSanS] laghuSly ise J S Olgie
& ey 50 e l3ls dgg (Tynek et al., 2012) sl oas
Oid Sl b asly el pde oniSSya e oMl il s
Eey ialeS] il Sl el aleje 3 (603U
AKDari-) &S o s ol 3 1 Sl ], S
on & Jolie cladse e o4y J(Adergani et al., 2015
2 glite 536 SLS 5 5 dho Sl slas eI LS5
Stite Sl 5 gphipus] oty 5 ool 015 Sl 2055 55,
2 S gl olas Ghusl ol ol b (il olSy
s ol 0392 Siglise (5318 3131 (gl SIS0, Jlae o 4558 89,
sl gy 9 hogy Jelos cde 4y (LS slagdy, » ol
2 st Jolse enl oS udpli b bl 5 i Joloe
Sl Mg o) SacSs (aagS (S Syl L bl
L5 o3 st 5 4k 5555 el el (sloail s Jobo 5o sl
" Silwopdd g sty dlge sl (g9l Sl (Sl L
J(Farzin and Moassesi, 2014) .l

S Shy wyp & (Y0VF) ol Kea o NOEI L(AOCS, 2009)
Ol 35 (pl guls bl 1S 8g) 9 90 (abendsSa s
hord (fg) 9 M (Fg) dged > ATy dae e Sb
Conl 5295 PSS 1 (3T Vg Slihes VAT 9 VTN sy
&9y » (V+)Y) Ogbonna 5 Ukaan .(Noél et al., 2016)
Slogad 5 a9l e xS Al W pland SLS
wagb) gy Ol k00 adllles Ll slaty, S
3 Ll STy dae il olis wb b dylge plug uBigp
&S Ad gpSoilul ey £S5 0 Ylg (Sl VIF-Y adgace
» oYy (Slde ) WS35 5 bl oS 5 gl eles by a5
(Ukaan and Ogbonna; 2013) wxily Jl,8 (e, pySeksS
STy il &S 165, 5,158 (Y4 VY) o) 5 Gouveia
Wb Gf9) PSS > OVlaSIke MR Pl uouS (489,
» odd )8 awSTy oliel olie (Gouveia et al., 2017)
5 (Codex, 2005) (wSas 5)luluwl odgasme p3 o pdls yidgh
5,1 ,1,8 (INSO, 13392) 9, p,55kS 3 o Vlg S| Lo B) )l

el 0ud plgis o singh alie

095 §aigel (Cuomy 1905) (ialeST (5 )0k oloj
9 oo ] G (S lamSTy 5 sl 8 )las (ol xS
$9

Sldises (ehlus] olul loj) Gy hlogp ¥ S0
b 9y 9 ome sl il g bbo slo o)las (ool 2o ids,
bS] Coglio > podl Cuomdy gy 0 D (LI
2 By cuys @) dwlis o () Il o Lo Ly,
e b e & i Cal (64 Sejlul LB ool > b
b Glpear dais ool Job g Wl 0)9d lyicar (gnulius]
sie (Abdel-Razek et al., 2011) 545 oo cypusd 0, guiliuns]
Sl ojlas olyen 4 108 (Eg) ald LS (429, diged Crogus
4 1S o) e g Sl o)las olen 4y 1S g, (ool
5 sl o)las olyen 4 S (189) 59y 5 Sk o)las ol
AV gy BHT (gt oSl ol olan 4 168 o
i b 5ySojlul celo A/SY 4 UEY AN A/-A F/A-
5 BHT (it a1 ol 5 1S ) diged & bgye sl
9 Sl oylas olyen 4 oS (129, diged 4 bgye (HINL (0 5eS
S8 gy LinbeS] p Ol IS dmlio > Cusl ool



Yvy

w9y )l Ceoglie 1 i Sla (o 0 )lae S o ed g 0Ly 153

Sroihn)  odgelie geliw Jald a0uST b oy, 5
O ol ¢l slyogil o Jsielier Jseliu (sl

12.0 14.0 16.0 20.0 22.0 24.0 (microsimens)

8.0 12.0 16.0 200 24.0 280 32.0 (microsimens/s)

= ’
I . Rt
c % =] ‘1
] i ) £
E oy ' I
o & o
5 T ]
_g_ T o e
o
a- q‘ hL3
o -
m T
z 16
E " ARG
c £ - 1
- a 1
he o E b o -
u —
¥ -———————————— & & |
- | 1 T * e 3 ¥ *. 1 (DY £ ! T j j ) i j ' " '
e < .E- 4 oo LI f.o L -
o e
= 0 1.0 20 30 40 51'_0 60 70 80 3.0 10 0 05 1015 20 25 3.035 4 45 50 55
ime . .
@) time  (rofe)
g
3 i
]
.E 28
| .E - Ars
! g ¢
? Ig- T
e o E
e o o ..
S
LT |
o e /
o
e A o~
o 1.9
e o \D.
~
L o Ao =
d —
e o - T T T T T T T T T T T T
' ' ; N ‘I‘ e 't q N T T t. - F ¥ A .- e .-
00 2.0 4.0 6.0 8.0 100 120 14.0 00 10 20 30 40 50 60 70 80 50 10.0 110
time | (rozn) time (rocu)
1 —
3 2 )
b E !
% ' 6 ; :
] 2 %
r' -g- Th.e <
TA.- - q
wy
L2 I 1
e o
fo o &
°_ AL
Y g AT
we o | _ — ]
_— q ~
re _u T T T T T T T T T B -ERE
Al Al T . & B W A ht \ ﬂ . T T Fe .; #e ¥ae hoe LIRS
st o .
00 10 2.0 3.0 4.0 5..D 60 7.0 8.0 50 10.0 P 00 0 20 3.0 40 50 60 7.0 80 90 100
time ({BHT) 2 time (ro)

$95 9 oo (0B G (S ylamST i 9 Gl 8 )las (Sols S (189 (SLrdiged Cuogudy iy —Y JSS
Fig. 3. Rank profile of sesame oil samples containing tea extract and metal peroxidants of iron, copper and zinc
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The test was performed in three replications (r: sesame oil sample (control), rofe: sesame oil with tea and iron extract, rocu:
sesame oil with tea and copper extract, rozn: esesam oil with tea and zinc extract, ro: sesame oil with tea extract, rBHT: sesame oil
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Table 3- Free fatty acid profiles of sesame oil samples containing tea extract and metal peroxidants of iron, copper and zinc

rBHT ro roZn roCu roFe r Fatty Acid
@2 Sl
0.001+11.92 13.22+0.000° 13.56+ 0.005¢  14.70+0.005¢ 14.99+0.000¢  15.20 +0.000 C16:0
2.11+0.0022 1.09 +0.001° 2.06+0.000°¢ 3.50+ 0.001¢ 3.42 +0.000°¢ 2.47 +0.002f C18:0
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44.43+0.001*  43.95+0.005° 42.45+0.005¢  40.63+0.001¢  41.21+0.005° 42.70 +0.000" Cc18:2
0.23+0.0012 0.56+0.000° 0.59+0.000°¢ 0.12+0.000¢ 0.30 +0.005¢ 0.70 +0.000f C18:3
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Different letters show a significant difference at the 1% level. The test was performed in three replications (r: sesame oil sample
(control), rofe: sesame oil with tea and iron extract, rocu: sesame oil with tea and copper extract, rozn: sesame oil with tea and zinc
extract, ro: sesame oil with tea extract, rBHT: sesame oil with BHT). Palmitic acid (C16: 0), stearic acid (C18: 0), oleic acid (C18:
1), linoleic acid (C18: 2), linolenic acid (C18: 3).
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