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Abstract:

Introduction. More attention has been paid in recent decades to extracts and essential oils from various plants as natural antioxidant
sources due to their positive effects on food oxidation reactions. Our study aimed to compare the antioxidant activity of aqueous
and alcoholic extracts from Salvia leriifolia L. and Linum usitalissmum L.The extracts were subjected to a pulsed electric field with
intensities of zero (without pretreatment), 3 and 6 kV-cm™, and a constant pulse number of 30. For this purpose, parameters such as
total phenolic compounds and antioxidant activity were investigated by DPPH and TEAC methods.

Results and discussion. Our results showed that a higher intensity of a pulsed electric field pretreatment and the use of an alcoholic
solvent significantly raised total phenolic compounds in the extracts and their antioxidant activity at a 95% confidence level. We found
significant effects of the plant source (Linum usitalissmum and Salvia leriifolia), pretreatment (pulse electric field at intensities of 0.3
and 6 kV-cm™), and a solvent (aqueous and alcohol) on the extracts’ antioxidant activity (P < 0.05). In addition, there was a significant
correlation between the results of the DPPH and the TEAC antioxidant activities (P <0.01 and » = 0.932).

Conclusion. The total antioxidant activity (based on both TEAC and DPPH methods) and total phenolic compounds extracted from
Salvia leriifolia were higher than those from Linum usitalissmum (P < 0.05). Based on the results, the extract obtained from Salvia
leriifolia with an alcoholic solvent and a pulsed electric field pretreatment (at 6 kV-cm™ and 30 pulses) was selected as possessing
desired antioxidant properties.
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INTRODUCTION

Lipid oxidation is one of the major chemical
changes that occur during food processing, storage, and
preparation. Lipid molecules are rapidly oxidized in the
presence of oxygen, especially in the case of unsaturated
fatty acids [1]. Antioxidants are widely used today to
reduce the rate of oxidation reaction of fats in foods.

Antioxidants are molecules or compounds that
act against free radicals which damage to molecules,
resulting in the loss of their function. Antioxidants
provide a primary defense against such oxidative
degradations [2]. In industrial processes, synthetic
antioxidants — such as butyl hydroxy toluene and butyl
hydroxy anisol — are mainly used to increase the food’s

shelf life. In this regard, nutritionists have found that these
compounds can have adverse effects on the body [3].

Therefore, it is necessary to use strong antioxidants
with lower toxicity and greater efficacy. In recent
decades, natural antioxidants have drawn the attention of
food researchers due to their safety in food formulation.
These are extracts and essential oils of various plants
that produce positive effects on nutrient oxidation
reactions.

Pre-extraction seed treatment is one of the most
essential steps to ensure high quality extraction. One
of the treatment methods is the use of a pulsed electric
field. It is an important non-thermal method of treating
foodstuffs by placing them in a chamber between two
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electrodes and subjecting to high-voltage pulses for
a short time. A pulsed electric field focuses mainly on
the microscopic scale so that pores are created in the
cell membrane, accelerating the exit of intercellular
compounds. This process preserves qualitative,
nutritional, and energy consumption properties, as well
as increases productivity in food production [4].

Most importantly, a pulsed electric field destroys
the cell wall and its membrane and increases the mass
transfer rate. Indeed, when a living cell is affected by
such a field, the cell wall and its membrane are naturally
damaged. The inside material is easily removed and
the surrounding material enters the cell, resulting in its
destruction. With increased permeability of plant and
animal cells, their intracellular material is extracted
more easily and quickly. Therefore, this treatment can
be used as a pre-processing step in the extraction of
valuable cellular materials [5, 6].

Salvia leriifolia L. is one of the plants that contain
antioxidant compounds. It is a native species of
Lamiaceae family to Khorasan and Semnan provinces,
Iran [7]. It grows in cold and semi-arid or arid regions at
altitudes between 900 and 1650 meters, with an average
rainfall of 80 mm. A special shape of its leathery leaves,
especially white villi on both sides, and a wide growth
on the surface of the soil make this plant resistant to
harsh winter winds or severe heat [8].

Various studies have reported therapeutic properties
of Salvia leriifolia. For example, its aqueous and
alcoholic root extracts have neuroprotective properties
against topical anemia in the rat brain [9]. The analgesic
and sedative activity of Salvia leriifolia leaf extract
in the amount of 500 mg/kg is comparable to that of
diazepam in the amount of 5 mg/kg [8]. In treating
chronic inflammation, the plant’s extract is similar to
diclofenac [10]. Its aqueous and alcoholic leaf extracts
were found to prevent gastric ulcers in rats similarly to
Sucralfate [11].

In addition, the plant’s root and leaf extracts
showed considerable antimicrobial activity [9]. They
also have strong antioxidant properties that prevent
the oxidation of oils. This property is competitive
with that of antioxidants commonly used in the food
industry, such as butylated hydroxy toluene and alpha-
tocopherol. It is due to the presence of a secondary
metabolite of chalcones, called butin, in this plant.
Finally, Salvia leriifolia is of industrial importance. In
this regard, researchers have found that its seeds contain
26% yellow oil, with a very low peroxide index and a
high antioxidant index, which increases its shelf life
compared to other oils [12].

Another plant with antioxidant properties is Linum
usitalissmum L. It is a one-year-old plant of Linaceae
family that grows in bushes. This plant has over 200
species but only Linum usitalissmum has economic
importance. In addition, its seeds have several powerful
antioxidants, including lignans. 100 g of Linum

187

usitalissmum contains about 9.2 mg of vitamin E, mainly
in the form of gamatocopherol [13].

The most common method for extracting compounds
from plant tissues uses aqueous and ethanol solvents.
Therefore, we aimed to evaluate effects of an electrical
pulse pre-treatment and to compare the aqueous and
alcoholic extracts of Linum usitalissmum and Salvia
leriifolia seeds.

STUDY OBJECTS AND METHODS

Preparation of raw materials. For this study, Linum
usitalissmum L. seeds and Salvia leriifolia L. aerial
limbs, leaves, and stems were obtained from a certified
apothecary. We also used chemicals produced by Merck
(Germany).

Extraction of aqueous and alcohol extracts
from Linum usitalissmum and Salvia leriifolia seeds
pretreated with a pulsed electric field. Initially,
Linum usitalissmum and Salvia leriifolia seeds were
cleaned and the external materials and impurities were
separated and dried in an oven at 45°C. The samples
were powdered in a household mill (Fama Model Cs,
Germany) and passed through a 40-mesh sieve. Finally,
they were packed in air- and water-proof packages and
kept in a freezer at —18°C until further experiments
to preserve the extract’s antioxidant and functional
properties.

The aqueous and alcoholic extracts were made using
the Kabiri and Seyyedlangi method [14, 15]. For this,
the prepared powders were mixed with a water solvent
(aqueous extract) or 80% methanol (alcoholic extract) at
the ratio of 50:1.

Subsequently, to apply a pulsed electric field
pretreatment, each of the extracts was subjected
to an alternating electric field with zero (without
pretreatment), 3, and 6 kV-cm™' intensity and a constant
pulse number of 30 (Table 1). The linear electric current
in this device is transmitted to a series of capacitors and
the energy stored in the capacitors is discharged to the
chamber containing two electrodes with a pulse switch.
The discharge chamber is made of Plexiglass 1 and the
distance between the two electrodes is 4 cm. These
waves were applied to facilitate the extraction.

Evaluation of antioxidant properties of Linum
usitalissmum and Salvia leriifolia aqueous and
alcoholic extracts. Total phenolic compounds. The
amount of total phenolic compounds was measured by
the Folin-Ciocalteu method according to Oardoz et al.
[16]. For this purpose, 10 g of extracts was first extracted
with 200 mL of methanol for 24 h at room temperature
using a magnetic stirrer. The extract was filtered with
Whatman Paper No. 1 and the sediment was extracted
again under the same conditions. The solvent was then
removed by a vacuum evaporator at less than 40°C and
concentrated as far as possible. Then, 0.5 mL of the
extract was mixed with 2.5 mL of 0.2N Folin-Ciocalteu
reagent and 2 mL of 7.5% sodium carbonate solution.
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Table 1 Treatments investigated in the study

Treatment Intensity of pulsed Herbal source  Extraction
code electric field pre- method
treatment, kV-cm™

1 0 Linum aqueous
2 usitatissimum  alcoholic
3 3 aqueous
4 alcoholic
5 6 aqueous
6 alcoholic
7 0 Salvia leriifolia aqueous
8 alcoholic
9 3 aqueous
10 alcoholic
11 6 aqueous
12 alcoholic

The mixture was kept at room temperature for 120
min. The absorbance rate of the solution was then read
by a spectrophotometer at 760 nm. The total content of
phenolic compounds was expressed in mg/g of extract
using the line equation drawn on the basis of gallic acid.
The calibration curve was plotted as follows.

Different concentrations of gallic acid were first
prepared and 0.5 mL of each was mixed with 2.5 mL
of 10% Folin-Ciocalteu reagent (v/v) and 2 mL of 7.5%
sodium carbonate for half to 8 min (w/v). The samples
were stored at room temperature for 30 minutes and then
absorbed at 760 nm [17]. Distilled water was used as a
control.

Antioxidant activity by DPPH method. To extract
antioxidant compounds, 10 g of aqueous and alcoholic
extracts with 100 mL methanol was stirred with a
magnetic stirrer at a speed of 100 rpm at 25°C for 24 h
and finally filtered with Whatman filter paper. The
solution was then transferred to a freezing dryer for
methanol removal and, finally, the dried extract was
stored at —20°C [18]. The antioxidant activity of the
samples was further evaluated by the method of Brand
Williams et al. [19]. 3.9 mL of DPPH stock was poured
into the cell and read by a spectrophotometer at 515 nm.
Then, 0.1 mL of each extract was added to the DPPH
stock solution and after 90 minutes of incubation, the
absorbance of the samples was read at 515 nm. The
inhibition percentage of DPPH radical was calculated
using Egs. (1) and (2).

(%)= 100 x (4,-4)/4, )
where 4 is control absorption and 4  is sample absorption.

The results were then expressed as IC, (the amount
of antioxidant required to reach 50% of the initial DPPH
concentration). To draw a standard curve, we used a
Trolox solution with a concentration of 1000—100 pmol.
First, the percentage of radical neutralization activity
was obtained for each sample. Then, we calculated the
antioxidant activity of the samples using a standard
curve in umol of Trolox per gram dry weight (umol/g).
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Antioxidant activity by TEAC" method. To extract
antioxidant compounds, 10 g of the milled sample with
100 mL of methanol was mixed with a magnetic stirrer
at 100 rpm and 25°C for 24 h and then filtered with a
Whatman filter. Then, the methanol was transferred to a
freezing dryer and, finally, the dried extract was stored
at —20°C [18]. The antioxidant activity of the samples
was further evaluated by the method of Yu ef al. [20].

First, we made an aqueous solution of ABTS!" at
a concentration of 1 mM to prepare the radical ABTS.
Potassium persulfate was then added to this solution to
reach a final concentration of 2.45 mM. The resulting
solution was incubated at room temperature and
darkness for 2 h. During this time, the ABTS molecule
produced the ABTSe" cation radical. Then, 4 pL of the
samples was taken with a Peptide and mixed with 4 mL
of the ABTS<" solution in the cell. Its absorption at a
734 nm wavelength was verified at 6 min after mixing
(for 30 s). A standard curve was plotted, corresponding
to the reaction of 40 pL of Trolox (at concentrations of
50, 100, 250, 500, 750, and 1000 uM) to 4 mL of the
ABTSe" solution. The inhibition percentage of ABTSe"
of the samples was calculated according to Eq. (2). Also,
the ABTSe" radical inhibition activity was expressed
based on the standard Trolox curve as the Trolox
solution equivalent antioxidant capacity (mM TEAC).

Statistical design and analysis of results. The
results of our study were evaluated with SPSS 16
software.

To extract the essential oil, we used a completely
randomized design with a three-factor arrangement.
In particular, the three factors were a plant source
(Salvia leriifolia and Linum usitalissmum), a type of
pretreatment (pulsed electric field at the intensity of zero
(no pretreatment), 3 and 6 kV-cm™), and a type of solvent
(aqueous and alcoholic).

The samples were obtained in three replications
and the means were compared by the Duncan test at a
significant level of 5% (P < 0.05). Finally, Excel software
was used to plot the diagrams.

AA%=[4 /A 100 @)

where 4,, . is the absorption of a control sample without
the active compound and 4 is the absorption of a sam-

— X
blank A.s-ample blank]

sample

ple containing a distilled extract).

RESULTS AND DISCUSSION

Total phenolic compounds. Fig.1 presents
independent effects of the factors, Fig. 2 shows their
binary effect, while Table 3 indicates the interaction
between the three factors in their effect on the content
of phenolic compounds in the extracts. We found that
a higher intensity of a pulsed electric field and the use
of an alcoholic solvent significantly increased total

! Trolox equivalent antioxidant capacity
11'2,2’-Azino-Bis(3-ethylbenzothiazoline-6-Sulphonic Acid)
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Figure 1 Independent effects of herbal source (a), pre-
treatment (b), and solvent type (c) on total phenolic compounds
(P<0.05)

phenolic compounds at a 95% confidence level. On the
other hand, the content of total phenolic compounds was
higher in the Salvia leriifolia L. extract, compared to
Linum usitalissmum L. (P < 0.05).

Various factors, such as plant variety, harvest area,
and harvest time, appear to affect the content of phenolic
compounds. Different studies have found different
amounts of total phenolic compounds in the Salvia
leriifolia plant. For example, Hamrouni-Sellami ez al.,
Ahmadi et al., Najafi et al., Abadi et al., and Bahadori
et al. reported total phenolic compounds of 0.399—
2.37, 40.47-61.32, 11.28-23.88, 12.68—83.85, and 17.3—
294.9 mg of gallic acid per gram of extract, respectively
[21-25]. In our study, this value reached 33.24-63.98
mg of gallic acid per gram of extract, depending on
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Figure 2 Binary effects of herbal source and pre-treatment (a),
herbal source and solvent (b), and pre-treatment and solvent (c)
on total phenolic compounds (P < 0.05)

Table 2 Interaction between herbal source, pre-treatment,
and solvent type in their effects on total phenolic compounds

Herbal Type of  Intensity of pulsed  Total phenolic
source solvent  electric field pre- compounds (mg
treatment, kV-cm™  of galic acid/g)
Linum aqueous 0 428 +£0.21¢
usitatis-  alcoholic 8.11 +£0.54¢
simum aqueous 3 5.33+£0.37¢
alcoholic 8.49+£0.181°
aqueous 6 5.73 £0.33¢
alcoholic 10.37 £ 0.81°¢
Salvia aqueous 0 33.24+0.37°
leriifolia  alcoholic 51.75 £1.63
aqueous 3 38.63 +0.76"
alcoholic 54.81 +1.30%
aqueous 6 44.19 £ 0.63°
alcoholic 6398 +1.11*
P <0.05
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Figure 3 Independent effects of herbal source (a), pre-
treatment (b), and solvent type (c) on antioxidant activity by
DPPH method (P < 0.05)

the solvent type and the use of a pulsed electric field
pretreatment.

Total phenolic compounds in Linum usitalissmum
oilseed have been reported by Oomabh et al., Brodowska
et al., and Russo and Reggiani at 8—10 mg of caffeic
acid per gram of extract), 0.988 mg of catechin per gram
of extract, and 4.64-9.40 mg caffeic acid per gram of
extract, respectively [26-28]. In our study, their amount
ranged from 4.28 to 10.37 mg gallic acid per gram of
extract, depending on the solvent type and the use of a
pulsed electric field pretreatment.

The studies showed that the amount of extracted
phenolic compounds increased with a higher intensity
of a pulsed electric field, reaching their maximum at a
6 kV-cm™ pre-treatment. Schroeder et al. attributed this
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Figure 4 Binary effects of herbal source and pre-treatment (a),
herbal source and solvent type (b), and pre-treatment

and solvent type (c) on antioxidant activity by DPPH method
(P<0.05)

to the electrical degradation of cells and their increased
permeability due to the use of a pulsed electric field [29].
In this regard, Bozinou et al. investigated the extraction
of phenolic compounds and antioxidant activity of
dried oak leaves with a 7 kV-em™ pulse electric field
pretreatment [30]. They stated that the highest amount of
phenolic compounds was obtained with a pulse time of
20 ms, a pulsing duration of 40 min, and a pulse interval
of 100 ms.

Liu et al. examined the enhancement of extracted
phenolic compounds in onion pre-treated with a
pulsed electric field [31]. They stated that the optimum
conditions for this purpose were a pulsed electric field
of 2.5 kV, 90 pulses, and a temperature of 45°C. In
these conditions, the amounts of extracted phenolic
and flavonoid compounds were 86.82 mg of gallic
acid per 100 g and 37.58 mg of quencherine per 100 g,
respectively. These values were 2.2 times and 2.7 times
as high as those in the control samples, respectively.
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Table 3 Interaction between herbal source, pre-treatment,
and solvent type in their effects on antioxidant activity by
DPPH method

Herbal Solvent Intensity of pulsed DPPHIC,,
source type electric field pre- pg/mL
treatment, kV-cm™
Linum aqueous 0 312.51 +£12.10°
usitatis-  alcoholic 220.22 + 8.06"
simum aqueous 3 304.31 +£10.11*
alcoholic 207.63 £12.10°
aqueous 6 267.81 £5.81®
alcoholic 157.32 £4.16™
Salvia aqueous 0 41.38+3.17°
leriifolia  alcoholic 33.54 +2.87¢
aqueous 3 40.14 + 1.36°
alcoholic 31.67 £2.23¢
aqueous 6 3691 £5.17¢
alcoholic 2528 £1.10°
P<0.05

Antioxidant activity by DPPH method. Fig. 3
presents independent effects of the agents, Fig. 4
shows their binary effects, and Table 3 indicates their
interaction in relation to the antioxidant activity of the
extracts derived with the DPPH method. As we can see,
their antioxidant activity significantly increased, at a
95% confidence level, with a higher intensity of a pulsed
electric field and the use of an alcoholic solvent. At the
same time, we found that the antioxidant activity of
Salvia leriifolia extracts was higher than that of Linum
usitalissmum (P < 0.05).

The content of phenolic compounds is not an
accurate measure of antioxidant activity. Since the
Folin-Ciocalteu reagent nonspecifically reacts with
phenolic and other compounds, such as organic acids,
sugars are also able to reduce this reagent. Therefore, it
is also necessary to measure antioxidant activity in other
ways, for example, by the DPPH method, which we used
in our study [32].

Phenolic compounds donated hydrogen or electron to
the groups exposed to oxidation [33]. Thus, the content
of phenolic compounds can be used as an important
indicator of antioxidant activity. As noted above, various
factors, such as plant variety, harvest area, and harvest
time, appear to affect the amount of phenolic compounds
and, subsequently, antioxidant activity.

In our study, the antioxidant activity of extracts
(IC,) from Salvia leriifolia plant extracted by the
DPPH method ranged between 25.28 and 41.38 pg/mL,
depending on the type of solvent and the intensity of a
pulsed electric field.

We also investigated various sources of antioxidant
activity (IC,) in Linum usitalissmum. This value was
reported by Brodowska et al. and Alachaher ef al. to
reach 299.00 and 220.05 pg/mL of extract, respectively
[27, 34]. In our study, the amount of total phenolic
compounds extracted from Linum usitalissmum varied
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Figure 5 Independent effects of herbal source (a), pre-
treatment (b), and solvent type (c) on antioxidant activity by
TEAC method (P < 0.05)

from 157.37 to 312.51 pg/mL, depending on the solvent
type and the use of a pulsed electric field pretreatment.
On the other hand, we found that the extracts’
antioxidant activity increased with a higher pulsed
electric field intensity. The highest values were observed
in the samples with a 6 kV-cm™' pretreatment. This was
quite predictable from the measurement of total phenolic
compounds, whose content also increased with a higher
intensity of the applied electric field. In this regard,
Bozinou et al. investigated the extraction of phenolic
compounds and antioxidant activity of dried oak leaves
with a 7 kV-em™ pulse electric field pretreatment
[30]. They stated that the antioxidant activity was
proportional to the content of total phenolic compounds:
the higher the amount of phenolic compounds, the
higher the antioxidant activity. In their study, phenolic
compounds were highest with a pulse time of 20 ms,
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Figure 6 Binary effects of herbal source and pre-treatment
(@), herbal source and solvent type (b), and pre-treatment and
solvent type (c) on antioxidant activity by TEAC method
(P<0.05)

a pulsing duration of 40 min, and a pulse interval of
100 ms. Under these conditions, the sample’s antioxidant
activity was maximum.

Liu et al studied the enhancement of extracted
phenolic compounds in onion subjected to a pulsed
electric field [31]. They stated that the optimum
conditions for this purpose were a pulsed electric field
of 2.5 kV, 90 pulses, and a temperature of 45°C. The
researchers also found that the extract’s antioxidant
activity increased with a higher pulse electric field
intensity and a larger number of pulses applied.
Their finding also proved the correlation between
the antioxidant activity and the amount of phenolic
compounds.

Lopez Giral et al. also investigated a pulsed electric
field pretreatment to improve the extraction of phenolic
compounds from three different grape varieties
(Graciano, Tempranillo, and Grenache) during two
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Table 4 Interaction between herbal source, pre-treatment,
and solvent type in their effects on antioxidant activity by
TEAC method

Herbal  Solvent Intensity of pulsed TEAC (micro-
source  type electric field pre-  mole Trolox per g
treatment, kV-cm™' dry herb weight)
Linum  aqueous 0 0.89+0.18¢
usitatis- alcoholic 12.44+0.21¢
simum  aqueous 3 1.32+£0.01°
alcoholic 13.96 + 1.45¢
aqueous 6 6.92 +0.07°
alcoholic 21.48 +1.23¢
Salvia  aqueous 0 108.54 + 2.82%
leriifolia alcoholic 188.59 £ 2.37%
aqueous 3 132.43 £ 1.06°
alcoholic 196.93 +2.24%
aqueous 6 156.76 + 1.14°
alcoholic 23587 +2.87*
P <0.05

production periods [35]. The pretreatment conditions
included a pulsed electric field of 7.4 kV-em™', a pulse
width of 20 ms, and a frequency of 400 Hz. They stated
that using a pulsed electric field increased the color
intensity, total phenol index, anthocyanin index, and
total antioxidant power. These researchers therefore
introduced a pulsed electric field pretreatment as a
suitable technology for extracting phenolic compounds.
However, they acknowledged that the ability of the
method depended on the type of grape and the initial
amount of phenolic compounds.

Similarly, Minussi et al. demonstrated a positive
relationship between antioxidant power and the content
of total polyphenolic compounds in grape juice,
particularly compounds such as gallic acid, catechin,
and epi-catechin [36].

Antioxidant activity by TEAC  method.
Independent, binary, and combined effects of the agents
on the antioxidant activity of the extracts extracted
with the Trolox method are presented in Fig. 5, Fig. 6,
and Table 4. As observed, a higher intensity of a pulsed
electric field pretreatment and the use of an alcoholic
solvent significantly increased the TEAC number of the
extracts at a 95% confidence level. On the other hand,
the number of TEAC extracts of Salvia leriifolia was
higher than that of Linum usitalissmum (P < 0.05).

As noted earlier, the amount of phenolic compounds
alone is not a precise measure for antioxidant activity.
Since the Folin-Ciocalteu reagent nonspecifically reacts
with phenolic and other compounds such as organic
acids, sugars also can reduce this reagent. Therefore, it is
also necessary to measure antioxidant activity with other
methods [32]. Therefore, we used the Trolox Equivalent
Antioxidant Capacity (TEAC) method to measure
antioxidant activity.

There was a significant correlation between the
values of antioxidant activity measured by the DPPH
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method and the TEAC method (P < 0.01 and » = 0.932).
The Trolox equivalent antioxidant capacity test and
diphenyl picryl hydrazyl are both synthetic free radicals
with similar application. However, the Trolox equivalent
antioxidant potential can be used to measure antioxidant
activity of polar and nonpolar compounds [37].

The ABTSe" cation radical is more active than
the DPPH radical and is therefore widely used in
the measurement of antioxidant activity. In this test,
ABTS oxidation first occurred following the reaction
with potassium persulfate. The ABTSe* cation
radical subsequently reacted with antioxidants or
other hydrogen donating radicals and transformed in
a reduced form [37]. Consequently, the antioxidant
inhibition percentage can be measured by determining
the absorption reduction rate. The radical inhibition
activity in this test was reported based on the Trolox
equivalent antioxidant capacity.

As noted above, various factors (plant variety,
harvest areca and time) appear to affect the amount of
phenolic compounds and, subsequently, antioxidant
activity.

We found that the antioxidant activity of Salvia
leriifolia extracts measured with the TEAC method
ranged between 108.54 and 235.87 umol of Trolox per g
dry plant weight, depending on the type of solvent and
the intensity of pulsed electric field pretreatment.

Some studies evaluated the antioxidant activity of
Linum usitalissmum with the TEAC method. Russo
and Ragiani and Deng et al. reported the value of 560—
860 (for oilseed Linum usitalissmum) and 22 000 pmol
Trolox/g dry weight, respectively [28, 28]. In our study,
the amount of total phenolic compounds extracted from
Linum usitalissmum ranged from 0.89 to 21.48 pmol
Trolox/g dry weight, depending on the solvent type and
the intensity of pulsed electric field pretreatment.

On the other hand, the antioxidant activity of the
extracts increased with a higher pulsed electric field
intensity. A pre-treatment of 6 kV-em™' provided
the highest amount of compounds. This result was
predictable from the measurement of total phenolic
compounds, which also increased with a higher intensity

of the applied electric field. In this regard, Bozinou ef al.
investigated the extraction of phenolic compounds and
antioxidant activity of dried oak leaves by using a pulsed
electric field pretreatment at 7 kV-em™ [30]. They stated
that the level of antioxidant activity was proportional
to the amount of total phenolic compounds, so a higher
content of phenolic compounds increased the antioxidant
activity. In their study, the highest amount of phenolic
compounds was associated with a pulse time of 20 ms,
pulse duration of 40 min, and pulse interval of 100 ms.
Under these conditions, the level of antioxidant activity
was also maximum.

CONCLUSION

Our study aimed to compare the antioxidant activity
of aqueous and alcoholic extracts derived from Salvia
leriifolia L. and Linum usitalissmum L. subjected to a
pulsed electric field at the intensities of zero (without
pre-treatment), 3 and 6 kV-cm™ with a constant pulse of
30. We investigated such parameters as total phenolic
compounds and antioxidant activity. According to our
results, the Salvia leriifolia extract had more phenolic
compounds and higher antioxidant activity than the
Linum usitalissmum extract under the same conditions.

On the other hand, a pulsed electric field
pretreatment and the use of an alcoholic solvent
(methanol) for extraction increased the content of
phenolic compounds and the extract’s antioxidant
activity. In fact, the solubility of phenolic compounds
depended on the type of solvent and their interaction.
Finally, the extract derived from Salvia leriifolia with an
alcoholic solvent and a pulsed electric field pretreatment
(at 6 kV-cm™ with 30 pulses) was selected as possessing
desirable antioxidant properties.
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