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Abstract

Increasing the shelf life of foods is one of the most important trends in food biotechnology. Extracts of aromatic plants have
natural antioxidants and antimicrobial properties that can extend the shelf life of food. This study aims to improve the
extraction efficiency of extracts from rosemary and a mixture of black cumin and oregano. It was found that the highest
value of antioxidant activity (96.78%) was when extracts were obtained from rosemary using ultrasound-assisted enzymatic
extraction according to the following parameters: (45°C-30min the dose of the mixture of enzymes cellulase + pectinase: 0.5
g in the ratio 1:1, processing mode 22.5kHz, power 400watts), also it was observed that the highest content of total phenols
(148.56mg GAE/gram) and flavonoids (37.45mg QE/gram), was when extracts were obtained from rosemary, a mixture of
herbs (black cumin and oregano), respectively according to the following parameters: (55°C-30min - the dose of the mixture
of enzymes cellulase + pectinase: 0.5 g in the ratio 1:1, processing mode 22.5kHz, power 400watts). The results obtained
confirm the high potential of using this technology in the food industry.

Keywords: Plant Extracts; Rosemary; Oregano; Black Cumin; Antioxidant Activity; Total Phenolic Content; Total Flavonoid

Content
Abbreviations: BMI: Body Mass Index; GAE: Gallic Acid 1-picrylhydrazyl; ANOVA: Analysis of Variance; LSD: Least
Equivalents; QE: Quercetin Equivalents; DPPH: 2,2-diphenyl- Squared Difference.
Environmentally Friendly Approaches for Extraction from Plant Material through the View of the Ann Adv Biomed Sci

Ultrasound-Assisted Enzymatic Extraction Operating Conditions


https://medwinpublishers.com/AABSc
https://portal.issn.org/resource/ISSN/2641-9459#
https://medwinpublishers.com/
https://doi.org/10.23880/aabsc-16000223

Introduction

Consumer demand for low-processed and healthier
food products has led to the search for an alternative to
replace or reduce synthetic food additives with natural ones.
Aromatic plants have been researched for being natural food
preservatives and antioxidants to extend the shelflife of foods
[1]. They contribute to food safety due to their antioxidant
and anti-biofilm properties [2]. These potential food safety
features and the growing demand for natural food additives
have generated interest in their use, especially in traditional
meat, dairy and bakery products, which will provide them
with added value and increase competitiveness in the market

[3].

Aromatic plants are well known for their antioxidant and
antimicrobial properties preventing food degradation and
alteration as they are rich in phenolic commonly referred to
as polyphenols, and flavonoid substances, which are natural
components of plants and herbs [4-7].

Antioxidants were originally defined as “substrates,
in small amounts, capable of preventing or significantly
slowing down the oxidation of easily oxidisable nutrients
such as fats” [8]. Consequently, there is growing interest in
expanding the range of plant antioxidants that can be used as
food ingredients to prevent food oxidation [9].

Polyphenols are an extensive class of chemical
compounds containing several phenolic groups in their
molecules. These are secondary metabolites of plants or
organic compounds synthesized by them. They are called
secondary because they do not participate in the growth,
development or reproduction of a plant. Their role is to
protect against ultraviolet radiation and the influence of
pathogens [10].

The biological role of polyphenols is related to their
ability interact with activated oxygen metabolites, converting
them into inactive forms. Thus, polyphenols have antioxidant
properties and are considered as promising non - toxic drugs
[11].

Flavonoids have pronounced anti-allergic, anti-
carcinogenic, anti-inflammatory and antiviral properties.
Flavonoids, unlike phenolic antioxidants (tocopherols), in
addition to direct anti-radical action, are able to bind metal
ions with variable valence (transition metals), forming stable
chelate complexes. It is known that the formation of such
complexes of flavonoids with transition metal ions leads to
the inhibition of free radical processes. Due to their chelating
properties, flavonoids entering the body with food are able
to influence the ionic (metal) balance and oxidative status of
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cells and tissues [12].

Many studies have focused on optimizing extraction
parameters such as solvent type, solvent-to-solid ratio,
particle size, extraction temperature, and extraction time
in order to increase the extraction yield [13]. However, the
main disadvantages of these methods are: high consumption
of organic solvents or water, the cost of energy required
separating the solute; extraction of unwanted components,
possible degradation of thermo sensitive compounds such as
carotenoids.

New efficient extraction processes need to be identified
and developed to extract the natural substances present
in plants. Recently, ultrasonic extraction [14] microwave
extraction [15], supercritical fluid extraction [16], enzyme
assisted extraction, and high pressure extraction have been
successfully used in many studies to extract natural products.

Enzyme assisted extraction is considered a promising,
greener alternative to traditional extraction methods.
Therefore, extraction with enzymes allows the release of
phenolic compounds, making them more easily extractable,
increasing their extraction rate, selectivity, and yield.

Today, to improve the yield of extracts, the combined use
of enzymes with ultrasonic treatment, microwave extraction
and supercritical fluid is used. The ultrasonic wave can
improve the ability of the enzyme, at the same time, it
promotes uniform distribution of the enzyme [17].

The aromatic plants that have been used in this study are
rosemary, black cumin, and oregano. They are widely used
as a condiment, and their taste and smell are highly valued
throughout the world in cooking. In addition, these plant have
antimicrobial and antioxidant properties. The antimicrobial
properties of these aromatic plants can be successfully used
to prevent spoilage processes and the growth of pathogenic
bacteria in dairy products, including cheeses [18].

Rosemaryisinhigh demandinthe food industry duetoits
excellent sensory properties [19]. Itis a widely used flavoring
food ingredient and is known as a traditional medicinal plant
for its beneficial properties such as antibacterial, anti-alcohol
and anti-rheumatic. Italso contains the highest concentration
of phenolic compounds therefore it is considered a natural
source of phenolic compounds [20].

Black cumin seeds contain non-volatile essential oils,
alkaloids, proteins and saponins. The highest biological
activity was attributed to the main component of the essential
oil - thymoquinone (24.5-57%), as well as p-cymene
(10.7-40.3%), a-thuene (1.9-8.2%), carvacrol (2.2-4.5%),
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4-terpineol (1.9-4.5%).

Some studies have shown that oregano has the highest
total antioxidant capacity and has the highest phenol
content compared to some other herbs such as thyme, sage,
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rosemary, mint, and sweet basil [21]. Table 1 shows the
content of antioxidant activity, total phenolic, and flavonoid
content in rosemary, cumin, and oregano extracts depending
on different references.

Type Of Herbal Antioxidant Activity Total Phenolic Content (mg Total Flavonoid Content (mg
Extract (%) GAE/g) QE/g)
Rosemary 81.29 137.3 11.89
Cumin 52.47 27.11 2.82
Oregano 85 67.8 31.6

Table 1: The content of antioxidant activity, total phenolic, and flavonoid content in rosemary, cumin, and oregano extracts

depending on different references [22-24].

Thus, the main objective of this research is to study
the content of antioxidants, polyphenols, and flavonoids
in various aromatic plants and to determine the optimal
extraction conditions for obtaining and further using the
extract in the food industry.

Materials and Methods

Materials

Dried grinded leaves (rosemary-oregano), dried black
cumin seeds were obtained from alocal market in Russia. The
total phenolic content and the radical scavenging activity of

the plant extracts were determined by Folin-Ciocalteu (2N)
reagent (Sigma-Aldrich, China), and scavenging of DPPH
(2,2-diphenyl-1- picrylhydrazyl) (Sigma-Aldrich, China) ,
respectively. To determine the total flavonoid content was
used quercetin (Sigma-Aldrich, China), other chemicals
that have been used for experiments: Gallic acid (Sigma-
Aldrich, China), Na2CO3 solution (20%), AICL3 solution
(10%), NaOH (1N), all these chemicals were purchased
from (Microbiobrom, Russia). Enzymes that have been
used: cellulase (5000 U g-1), pectinase (1000 U g-1) were
purchased from (Sigma-Aldrich, China). The equipment that
was used in this work is shown in (Figure 1).

Figure 1: Laboratory equipment that was used in the research.

Extraction Procedures

Enzyme-assisted extraction: Aqueous samples of plant
extracts were prepared from rosemary, as well as from a
composition of herbs (cumin + oregano) in a ratio (1:1) in
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a dry form, where 10 g of these herbs were placed in an
Erlenmeyer flask with a stopper, then 100 cm3 of a buffer
solution (pH 4.01) was added to adjust the pH, and a given
amount from a mixture of enzymes (cellulase and pectinase)
in different doses (0.3-0.4-0.5g) for 10g of extracts ) in a ratio
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(1:1), enzymatic hydrolysis was carried out at a constant
temperature (50°C) for an hour.

After enzymatic hydrolysis, the samples were filtered.

After filtration through gauze, the filtrate (buffer solution)
was removed, and the filter residue was collected for the
next experiment. Distilled water (200cm?®) was added to
the fermented plant mass, then the samples were placed
in a water bath (at 45-55°C) and kept for 10 to 30minutes.
Samples were filtered and cooled to (20°C), antioxidant
activity, total phenolic content, and total flavonoid content
were determined. After determining the optimal extraction
conditions (temperature, extraction time, enzyme dose),
these parameters were used for enzymatic ultrasonic
extraction.
Ultrasound-assisted enzymatic extraction: Obtaining
extracts using this method consists of 2 main steps: enzymatic
hydrolysis and sonication. First, enzymatic hydrolysis was
carried out, where 10 g of plant herbs were placed in an
Erlenmeyer flask with a stopper, then 100 ml of a buffer
solution (pH 4.01) were successively added to adjust the pH,
and a given amount from a mixture of enzymes (cellulase
and pectinase: 0.5g) in the ratio (1:1), enzymatic hydrolysis
was carried out at a constant temperature (50°C) for an hour.
The samples were then filtered, the filtrate (buffer solution)
was removed, and the filter residue was collected for the next
experiment. Then the fermented plant mass was placed in a
glass container and poured with distilled water (500 cm3,
water temperature 45-55°C), extraction was carried outusing
an ultrasonic generator (M-10). Processing parameters: 22.5
kHz, with a power of 400 watts, sonication time (30 min), the
amount of enzymes (0.5 g for 10 g of extracts), antioxidant
activity, total phenolic content, and total flavonoid content
were determined in the prepared samples.
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Determination of Antioxidant Activity (The
DPPH radical scavenging activity)

The DPPH radical scavenging activity was evaluated
according to the slightly modified procedure described by
[25] 1ml of diluted extract (1ml of leaf extract was taken, and
diluted to 10 ml with distilled water) was added to 4 ml of a
DPPH solution (0,1mM in ethanol).

The reaction mixture was then shaken vigorously and
left to stand in the dark at room temperature for 30 min. The
absorbance was measured at 517nm. The ability to scavenge
DPPH radicals was calculated by the following equation:

DPPH radical scavenging activity (%) = [(Abs control-Abs
sample)] / (Abs control)] x 100

Where, Abs control is the absorbance of DPPH radical+
solvent; Abs sample is the absorbance of DPPH radical +
sample extract.

Determination of Total Phenolic Content (Folin-
Ciocalteu Assay)

The total phenolic content was determined using the
Folin-Ciocalteu reagent [26]. To 100ul of the diluted extract
was added 1.58cm? of distilled water and 100ul of the Folin-
Ciocalteu reagent, left for 8 min at room temperature. Then
300pl Na2CO3 (20%) was added. Samples were incubated in
a water bath for 40min at 40°C. Absorbance was measured
at (765nm), Gallic acid dilutions (0-450mg/L) were used as
standards for calibration, and the results were expressed
as mg of Gallic acid equivalents per g of plant extract. The
principle of Folin-Ciocalteu method is shown in (Figure 2).

Figure 2: Principle of Folin-Ciocalteu method [40].

Determination of Total Flavonoid Content

The total flavonoid content was determined by
aluminium chloride colorimetric assay adapted from Zhishen
with some modification [27]. 1ml of each diluted sample or
quercetin is mixed with 3ml of distilled water. After stirring,
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0.3ml sodium nitrite solution (5%) is added and the mixture
is stirred well. After 5minutes, 0.2ml of aluminum chloride
solution (10%) is added, and then after 5minutes, 0.5ml of
sodium hydroxide (1N) is added to the mixture. The samples
were mixed and incubated for 40min at room temperature
in a dark place. The method is based on the color change of

Copyright© Suchkov S, etal.

the Ultrasound-Assisted Enzymatic Extraction Operating Conditions. Ann Adv Biomed Sci 2024, 7(1): 000223.


https://medwinpublishers.com/AABSc

Annals of Advanced Biomedical Sciences

aromatic ring bearing a catechol group with Al (1II) which is dilutions (0-6pg/mL) were used as standards for calibration.
an orange complex and will turn pink-red when NaOH added. The total flavonoid content was expressed as mg quercetin
Then the absorbance was measured at 415nm, quercetin equivalents (QE) per g of plant extract (Figure 3).

Figure 3: Formation of flavonoid complex with AICI3 [40].

Figure 4: Schematic diagram of the research steps.

Statistical Analysis Results and Discussion

In this study, all experiments were performed in triplicate The Effect of The Dose of Enzymes on The
for each sample, and all the results were expressed as mean Properties of The Extract

+ SD. The results were statistically evaluated using ANOVA,

at the level of significance (P < 0.05) and the Least Squared After preparing aqueous plant extracts of rosemary

Difference (LSD) was calculated. at (45°C, 10min) with different doses of enzymes, the
antioxidant activity, total phenolic, and flavonoid content
were determined for these samples. Experimental results are
shown in (Table 2).

Gemirile Enzyme | Antioxidant activity Total phenolic content (mg Total flavonoid content (mg
dose (g) (%) GAE/g) QE/g)
1 (rosemary) 0.3 79.79 £ 0.12¢ 59.42 + 0.23¢ 6.43 +0.1°
2 (rosemary) 0.4 85.75 +0.22° 79.22 +0.33° 11.56 £ 0.14°
3 (rosemay) 0.5 89.63 + 0.15° 82.35 + 0.42 14.68+ 0.22

Table 2: Effect of the dose of enzymes on antioxidant activity, total phenolic, and flavonoid content for rosemary extracts (45°C,
10min).
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All values are mean + standard deviation of three replicates.
a-c Means within a column with different letters are
significantly different.

The results show that with an increase in the dose of the
enzyme from 0.3g to 0.5g per 10g of extract, the antioxidant
activity, total content of phenols, and flavonoids of the extracts
increase by 9.84%, 22.93mg GAE/g, and 8.25mg QE/g,
respectively. The values of these indicators when extracts are
obtained by adding 0.3g of enzymes are significantly lower
than the values, when extracts are obtained by adding 0.5 g
of enzymes (p < 0.05). With an increase in the dose of the
enzyme, the reaction rate will also increase since a larger
number of enzyme molecules will collide with the substrate
molecule [29].

The best values of antioxidant activity, total content
of phenols, and flavonoids were obtained by adding a
combination of cellulase and pectinase enzymes at a dosage
of 0.5g. This is consistent with what [30] observed when
studying the effect of enzymatic ultrasonic extraction on the
extractyield from Keji Beling leaves (Strobilanthes crispus). In
this study, an increase in enzyme concentration up to 50mg/g,

Annals of Advanced Biomedical Sciences

led to an increase in the extract yield and antioxidant activity.
It was also found that an increase in enzyme concentration
led to an increase in the total content of polyphenols, reaching
74.45mg GAE/g at an enzyme concentration of 2%v/w in the
experiment on black tea leaf extraction conducted by [31].
Thus, based on the literature and research, an enzyme dose
of 0.5g was chosen for obtaining extracts using enzymes, as
using too much enzyme will become ineffective for conducting
the enzymatic reaction since, at a certain concentration, the
enzyme becomes saturated, and increasing the concentration
will have no effect on the rate of product formation, as the
substrate is not a limiting factor [30].

The Effect of Extraction Conditions Using
Enzymes on The Antioxidant Activity of Extracts

After determining the optimal dose of the enzyme,
rosemary extracts were prepared, where 0.5g of enzymes
(cellulase + pectinase) were added to 10g of rosemary in
a ratio (1:1) and studied at (45-55 °C), extraction time
(10-30minutes). The results of measuring the antioxidant
activity of these extracts are shown in (Figure 5).

Figure 5: Antioxidant activity of rosemary extracts at different parameters, with the addition (0.5g) of enzymes (cellulase and
pectinase). All values are mean + standard deviation of three replicates.

The results shown in Figure 5 demonstrate that the
antioxidant activity of the extracts increases with the increase
in extraction time, as the values of antioxidant activity are
significantly different when the extraction time is increased
from 10 to 30 minutes (p < 0.05). Hence, a prolonged
exposure of the sample in the solvent allowed sufficient time
for the desired compounds to migrate into the solvent.

Thisresultisinagreement with the work of who observed
the same trend when studying the effect of extraction time on
the antioxidant activity of fresh Bulgarian Melissa officinalis
L, where the best value of antioxidant activity was achieved
at 30min [32], moreover, it was found that the antioxidant
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activity increases at a temperature of 45°C compared to 55
°C when extracts with the addition of enzymes are obtained;
this could be due to the decomposition of the antioxidant
compounds associated with the phenolic compounds.
Therefore, this temperature (45°C) was chosen for obtaining
extracts using enzymatic ultrasonic extraction to determine
their antioxidant activity.

Total Phenolic Content in Extracts, Obtained
Using Enzyme-Assisted Extraction

After determining the optimal dose of the enzyme,
rosemary extracts were prepared, where 0.5 g of enzymes
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(cellulase + pectinase) were added to 10g of rosemary in a
ratio (1:1) and studied at (45-55 °C), extraction time (10-30

Annals of Advanced Biomedical Sciences

minutes). The results of measuring the total phenolic content
of these extracts are shown in (Figure 6).

Figure 6: Total phenolic content of rosemary extracts at different parameters, with the addition (0.5g) of enzymes (cellulase
+ pectinase). All values are mean # standard deviation of three replicates.

The results presented in Figure 6 show that the total
phenolic content of the extracts increases with increasing
extraction time from 10 to 30 minutes. This is consistent
with what was previously obtained, moreover, it was found
that the total phenolic content increases at a temperature
of 55°C compared to a temperature of 45°C when obtaining
extracts using enzymes, where the values of the total
phenolic content ranged from 85,75 to 116,97 (mg GAE/g)
at a temperature of 55°C , which is higher than the values
obtained at a temperature of 45°C. The total phenolic content
increases with an increase in the extraction temperature
due to a decrease in the viscosity of the solvent; as well as
enhancement of mass transfer and solvent penetration into
the plant matrix [33].

Compared to previous studies on the influence of
temperature on polyphenolic compounds from different
plants during extraction, it was observed that an increase
in temperature leads to a decrease in the value of
antioxidant activity, and this explains that the highest value
of antioxidant activity was at 45°C, in contrast to the total
phenolic content, whose value increased at 55°C compared
to 45°C [34]. This result is in agreement with the recent
work by [35] who observed the same effect when extracting
phenolic compounds from banana peel extracts using
enzyme-assisted extraction, where it was observed that the
suitable temperature obtained for maximum extractability of
phenolic compounds was 55°C. Therefore, this temperature
(55°C) was chosen for obtaining extracts using enzymatic
ultrasonic extraction to determine the total phenolic content
of the other extracts.

Suchkov S, et al. Environmentally Friendly Approaches for Extraction from Plant Material through the View of

Total Flavonoid Content in Extracts, Obtained
Using Enzyme-Assisted Extraction

After determining the antioxidant activity, and the total
phenolic content of rosemary extracts prepared by adding
the optimal enzyme dose (0.5g) (cellulase + pectinase in ratio
(1:1)) at 45-55°C, extraction time (10-30 minutes) The total
flavonoid content was also determined for these samples.
The results of measuring the total flavonoid content of these
extracts are shown in (Figure 7).

The results in Figure 7 show that the total flavonoid
content of the extracts increases with increasing extraction
time. This is consistent with what has been achieved
previously; moreover, it has been found that the total
flavonoid content is increased at a temperature of 55°C
compared to 45°C when extracts are obtained using enzymes.
The values of total flavonoid content when extracts are
obtained at a temperature of 55 °C are significantly higher
than the values when extracts are obtained at a temperature
of 45°C (p < 0.05).

According to previous studies, the total content of
flavonoids increases with increasing temperature because
high temperatures cause a decrease in viscosity and surface
tension, which ensures better penetration of the solvent into
the sample matrix. In addition, it increases molecular motion
by accelerating the mass transfer of intracellular bioactive
compounds from the plant matrix [36] This is consistent
with what was obtained by who found that the optimal
temperature for enzyme-assisted extraction and purification
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of flavonoids from Pinus koraiensis is 55°C [37]. Therefore,
this temperature of 55°C was chosen for obtaining extracts
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using enzymatic ultrasonic extraction to determine the total
flavonoid content in the extracts.

-

o

Figure 7: Total flavonoid content of rosemary extracts at different parameters, with the addition (0.5g) of enzymes (cellulase
+ pectinase). All values are mean # standard deviation of three replicates.

J

Antioxidant Activity, Total Phenolic, and
Flavonoid Content in Extracts, Obtained Using
Enzymes, Enzymatic Ultrasonic Extraction

The optimal extraction conditions (temperature,
extraction time, and enzyme dosage) were determined for
obtaining extracts using enzymes. Subsequently, further
research was focused on obtaining extracts from rosemary
and a mixture of herbs (cumin and oregano) using enzymatic
ultrasonic extraction with a processing mode of 22.5 kHz and
a power of 400watts. The antioxidant activity, total phenolic,

and flavonoid content of these extracts are presented in Table
3. Extracts from the mixture of herbs (cumin and oregano)
were prepared under the optimal extraction conditions
determined earlier: extraction time 30minutes, extraction
temperature 45°C (for determining the antioxidant activity),
55°C (for determining total phenolic, and flavonoid content),
enzyme dosage 0.5 g (cellulase + pectinase). The antioxidant
activity, total phenolic and flavonoid content of these extracts
obtained using enzymes and enzymatic ultrasonic extraction
are shown in (Table 3).

Extraction method
Type of herbal extract Extract properties - - - - -
Enzyme- assisted extraction | Enzymatic ultrasonic extraction
Antioxidant activity (%) 95.63 £ 0.35° 96.78 + 0.18°
Rosemary Total phenolic content
116.97 £ 0.19° 148.56 £ 0.23?
(mg GAE/g)
Antioxidant activity
89.21+0.29b 94.25 £ 0.30a
(%)
) Total phenolic content
Cumin + Oregano 91.31+0.37b 134.34 £ 0.44a
(mg GAE/g)
Total flavonoid content
31.68 £ 0.25b 37.45+0.20a
(mg QE/g)

Table 3: Antioxidant activity, total phenolic, and flavonoid content of extracts (rosemary, cumin + oregano using enzymes, and

enzymatic ultrasonic extraction).
All values are mean * standard deviation of three replicates.

a-b Means within a row with different letters are significantly different.
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The results presented in Table 3 show that antioxidant
activity increases when extracts are obtained using
enzymatic ultrasonic extraction compared to when these
extracts are obtained using only enzymes. According to
research, ultrasound treatment gives the highest yield of
certain polyphenols that act as antioxidants [38]. The best
antioxidant activity value (96.78%) was observed when
extracts from rosemary were obtained using ultrasonic
enzymatic extraction under the following conditions: 45°C
for 30 min); processing mode: 22.5 kHz; power: 400watts.

This corresponds to the results obtained by who studied
the enzymatic ultrasonic extraction method and its effect
on the extract yield from Keji Beling leaves (Strobilanthes
crispus), where it was found that the introduction of the
UAE and EAE methods is best suited for the degradation
of the plant cell wall, which also increases the extract yield
and antioxidant activity of the extracts [39]. Compared to
other studies, when optimizing the ultrasonic extraction of
phenolic compounds, antioxidants, and rosmarinic acid from
perilla leaves, it was established that the optimal conditions
for ultrasonic extraction are: temperature (54°C), time
(55min), processing mode: (400watts, 50kHz). At these
conditions, the maximum values of antioxidant activity
were 73.35% [40]. In another study, when investigating
the effect of ultrasound power and time on the efficiency of
extraction and the content of carnosic and rosmarinic acids
(polyphenolic compounds) in extracts from rosemary, it was
found that increasing the ultrasound power from 150 to
250watts and the extraction time from 10 to 30 minutes can
increase the yield of compounds (carnosic and rosmarinic
acids) [41].

Also, from (Table 3), it can be seen that the total content
of phenols in the extracts increases when these extracts are
obtained using enzymes such as cellulase, pectinase, as these
enzymes are proteins that participate in the breakdown of
compounds and can improve the extraction of polyphenols
from plant materials [42]. The highest value of the total
phenolic content was observed when extracts were obtained
using enzymatic ultrasonic extraction, where there is a
significant difference between the values of the total phenolic
content when obtaining extracts using enzymatic ultrasonic
extraction compared to obtaining these extracts using
only enzymes, where these values increased by (31.59mg
GAE/g), (43.03mg GAE/g) when obtaining extracts from
rosemary, a mixture of herbs (cumin and oregano) using
enzymatic ultrasonic extraction, respectively. Compared to
some studies, it was noted that the optimal conditions for
ultrasonic extraction were found at a frequency of 40 kHz,
a temperature of 40.8°C, and a time of 21.6minutes, which
allowed for the highest content of total phenolic compounds
(130.2mg GAE) to be extracted from date palm [43]. Thus,
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the following extraction conditions were chosen for further
determination of the total content of flavonoids in extracts
obtained using enzymatic ultrasonic extraction: processing
mode (400watts, 22.5kHz), time (30min), temperature
(55°C), enzyme dose (0.5g).

Regarding the total flavonoid content, it can be seen
that the total content of flavonoids in extracts increases
when these extracts are obtained using enzymes. Since the
extraction processes using enzymes are based on the ability
of enzymes to break down the cell wall and hydrolyze the
structural components of plant tissues, thereby promoting
the release of bioactive compounds [44,45] since cellulose
is a key structural component of the cell wall, it can be
expected that enzymatic pretreatment with cellulases will
have a favorable effect on the extraction of flavonoids from
plant material [46]. This has indeed been observed in several
studies on various materials, such as grape seeds [47], plant
leaves [48], sawdust [49] and fruit residues [50].

The best value of the total flavonoid content was
observed when extracts were obtained using enzymatic
ultrasonic extraction. This is consistent with previous
studies where ultrasound treatment gave the highest yield of
some polyphenols and flavonoids, which act as antioxidants
[51]. In recent studies, it has been found that the optimal
temperature for enzymatic ultrasonic extraction of the total
flavonoid content from Acanthopanax senticosus is (53.70°C),
which is in line with the temperature used in this study
(55°C) [52]. Additionally, compared to some studies, it was
found that the maximum flavonoid content was observed
when extracts were obtained from Syzygium cumini (cumin)
seeds using ultrasound extraction according to the following
parameters: time (12min), ultrasound power (125 watts),
temperature (35°C) [53]. In another study, it was found that
the optimal conditions for ultrasound-assisted extraction of
total flavonoids from Jujube (Caenorhabditis elegans) sour
fruit seeds were achieved at a power of 404 watts and a
temperature of 60°C for 60.03minutes [54,55]. Thus, based
on the previous results, the following extraction conditions
were chosen for further experiments when obtaining
extracts using enzymatic ultrasonic extraction: processing
mode (400watts, 22.5kHz), time (30 min), temperature
(55°C), enzyme dose (0.5g).

Conclusions

Based on the results of the study, it can be concluded that
the addition of enzymes in the preparation of extracts had
a positive effect on antioxidant activity, the total phenolic,
and flavonoid content, since the highest values of these
indicators were observed when extracts were obtained using
ultrasound-assisted enzymatic extraction.
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It was found that the highest value of antioxidant activity
(96.78%) was when extracts were obtained from rosemary
using ultrasound-assisted enzymatic extraction according
to the following parameters: (45°C-30min - the dose of the
mixture of enzymes (cellulase + pectinase: 0.5g for 10g of
extracts in the ratio 1:1, processing mode 22.5kHz, power
400watts), also it was observed that the highest content of
total phenols (148.56mg GAE/g) and flavonoids ( 37.45mg
QE /g), was when extracts were obtained from rosemary, a
mixture of herbs (black cumin and oregano), respectively
according to the following parameters: (55°C - 30min - the
dose of the mixture of enzymes cellulase + pectinase: 0.5g in
the ratio 1:1, processing mode 22.5 kHz, power 400watts).

Inthe case of plantleaves, enzymatic extraction combined
with ultrasonic extraction resulted in better quality extracts
compared to extracts obtained with enzymes alone. This
advantage can offset the cost to some extent when scaling
up is the goal, and this greener approach can be seen as a
useful addition to traditional extraction for high value-added
extracts.

The obtained extracts of rosemary, a mixture of herbs,
black cumin, and oregano are an antioxidant-rich material
that can be useful as a natural alternative to synthetic
antioxidants in food and health food products and can be
used in the production of a variety of functional products.

Further studies are ongoing and will be aimed at
studying the formation of the sensory characteristics of
the cheese mass, and determining its storage capacity after
adding these extracts.
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