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Abstract

Background: Flavonoids are among the most important compounds found in plants, since laboratory studies have shown them to be
a daily requirement in human diets due to their various health benefits. Therefore, this study focused on extracting, purifying, and
measuring the antioxidant activity of the flavonoid quercetin, which is widely found in plants and possesses a variety of biological
activities, from different plant sources. Methods: The extraction of quercetin was performed using several methods (chemical, physical,
and enzymatic) and several extraction solutions (water, ethanol, and chloroform) from several plants (spinach, dill, Onion Skin, Pistacia
eurycarpa, sumac, digalkhasab chemri, and leelwi chemri). The alcoholic extract extracted by chemical method was purified and the
content of total flavonoids based on quercetin in all plant extracts was determined using adsorption chromatography on a silica gel column
(100–200 mesh), followed by thin layer chromatography (TLC). TLC and high performance liquid chromatography (HPLC) were used
to assess the purity of quercetin. The ability of quercetin to capture free radicals using 2,2-diphenyl-1-picrylhydrazyl (DPPH) was
compared to that of butylated hydroxytoluene (BHT). Statistical analyses were performed using completely randomized designs (CRD)
for factorial experiments, and the least significant difference (LSD) test was used to calculate the significant differences between the
averages of the coefficients at the 0.05 probability level. Results: The alcoholic Pistacia extract extracted by chemical method yielded
the highest concentration of quercetin (84.037 mg/g). Furthermore, it was found that quercetin purified from Pistacia possessed strong
antioxidant activity, and its antioxidant activity increased with increased concentration. Conclusions: Pistacia eurycarpa showed the
highest quercetin content among the assessed plants. Moreover, solvents played a major role in extracting plant components due to the
high polarity of flavonoids. Quercetin purified using a silica gel column demonstrated antioxidant activity.
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1. Introduction
Flavonoids are among the most important compounds

found in plants due to their various health benefits. In-
deed, laboratory studies have shown them to be a daily
requirement in human diets due to their antioxidant, anti-
cancer, and cardiovascular-protective properties, as well as
antibacterial, antifungal, and antiviral activity; this has, in
turn, highlighted the importance of using flavonoids in nu-
tritional processes as well as therapeutically [1]. Flavonoids
are compounds that result from the secondary metabolism
of plants, and cannot be produced by animals. They are
responsible for the color and flavor characteristics of food
plants and have many functions related to growth phys-
iology. Based on the composition of these compounds,
they can be classified into six main categories: flavanols,
flavones, flavanones, flavanols, isoflavones, and antho-
cyanidins [2].

The flavanols comprise one of the most prominent
classes of flavonoids and are found in fruits and vegeta-
bles. Among the flavanols is quercetin (3, 5, 7, 3′, 4′-
pentahydroxyflavone). The name “quercetin” is derived
from the Latin word “Quercetum”, which means “oak for-

est”. Chemically, quercetin is composed of three benzene
rings and five hydroxyl groups. It is a yellow powder that is
insoluble in cold water but soluble in hot water and alcohol.
Quercetin is widely found in plants, including in foods such
as apples, berries, grapes, onions, green tea, and tomatoes,
as well as in many nuts, flowers, seeds, bark, and leaves.
It is also present in some medicinal plants, such as Ginkgo
biloba [3,4]. As a biologically active substance, quercetin is
used as a dietary supplement that may be beneficial against
a variety of ailments due to its cardiovascular-protective,
anticancer, antineoplastic, antiulcer, neurological, antialler-
gic, antiviral, antiinflammatory, antidiabetic, and hypoten-
sive properties [5,6]. The compound has received much at-
tention recently due to its natural antioxidant activity and
the high availability of the raw material from which it is
extracted [7]. Several methods have been used to extract
quercetin, including soaking, filtration, thermal digestion,
Soxhlet, ultrasonic extraction, microwave extractions, and
extraction using enzymes [8,9].

The genus Pistacia, which belongs to the order Sapin-
dales and the Anacardiaceae family, contains 11 species.
This native tropical and subtropical Asian genus has nutri-
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tional and medicinal importance because it contains pheno-
lic compounds, terpenoids, monoterpenes, flavonoids, al-
kaloids, saponins, fatty acids, and sterols, for which it has
recently gained scientific attention [10]. Pistacia eurycarpa
is a perennial tree with a height of 4 to 10 meters. It grows
naturally and, at maturity, produces small fruits the size of
a lentil or slightly larger, with a blue or pinkish-red color.
The fruit is considered an edible nut and is also used in the
production of oil and soap. This species is among the ma-
jor tree species that grow in the mountainous regions of Iraq
[11,12].

This study aimed to extract and estimate the quantity
of quercetin from a selection of plants. It also investigated
more than onemethod of extracting quercetin andmore than
one extraction solution to obtain the best method and the
best extraction solution in terms of extracted quercetin con-
tent. The study indicated that Pistacia eurycarpa had the
highest quercetin content among the studied plants. This
is the first study in the world to show the importance of
this plant, which is affordable and available in abundance
in northern Iraq and in other regions of the world, with re-
gard to exploiting it to obtain quercetin. The present study
presents the first part of a master’s thesis project, which
involved the extraction of quercetin. The second part of
the thesis, which will be published in another study, will
demonstrate the importance of quercetin in the field of food
science due to its antioxidant and antimicrobial properties,
as it demonstrably increased the shelf-life of food.

2. Materials and Methods
2.1 Devices and Materials

Many devices and materials were used to complete
the requirements of this study, including Power Sonic-405
(DAIHAN LABTECH(LTD), Namyangju-si, South Ko-
rea), Soxhlet apparatus (Daihan scientific, Wonju, South
Korea), High performance liquid chromatography (HPLC)
(Sykam, Eresing, Germany), and Spectrophotometer (Jen-
way, Germany). We also used many Materials includ-
ing Quercetin (manufactured by the American company
Microingredients), 2,2-diphenyl-1-picrylhydrazyl (DPPH)
(manufactured by Sigma-aldrich, Steinheim, Germany),
Snailase enzyme (manufactured by Solarbio, Beijing,
China).

2.2 Plants Used in the Study
Table 1 (Ref. [12–18]) shows all the plants used in the

study, their cultivation areas, and harvest periods.

2.3 Sample Preparation
Fresh plants were obtained at the time of their harvest

and availability in the markets, such as spinach, dill, and
chemri (digalkhasab chemri, and leelwi chemri). Theywere
then cleaned and washed, and the pits and funnels were re-
moved from the chemri. After that, they were dried in the
sun. As for the dry plant matter, such as onion peels, sumac,
and Pistacia eurycarpa, which are available throughout the

year in markets, these were purchased and then individu-
ally ground into a fine powder using an electric grinder.
The powder was then stored in sterile glass containers with
airtight seals and kept in a freezer until used in the experi-
ments.

2.4 Quercetin Extraction Methods
2.4.1 Chemical Method Using the Soxhlet (SE) Apparatus

Quercetin was extracted from the plants under study
using the Soxhlet apparatus according to the method of
Sharifi et al. [9], with some modifications. Extraction was
performed in a ratio of 1:75 w/mL (the individual plant mat-
ter under study:the solvent, which was ethanol, chloroform,
and water separately). Two grams of plant powder was
placed in the filter paper, then it was wrapped and placed
in the designated place for the sample in the Soxhlet de-
vice. 150 mL of solvent was added to the beaker of the
device and left for 5 hours. After that, the extracts were
concentrated under low pressure using a rotary evaporator
at a temperature of 40 °C and stored at 4 °C.

2.4.2 Physical Method Using an Ultrasound Device
Quercetin was extracted from the plant samples un-

der study according to the method of Sharifi et al. [9],
with some modifications. The extraction was performed
in a ratio of 1:20 w/mL (the individual plant matter under
study:the solvent, which was ethanol, chloroform, and wa-
ter separately). Two grams of the plant sample was weighed
and added to 40 mL of solvent, then placed in an ultrasonic
device at 40 KHz (Daihan Labtech - Korea) for 10 minutes
at 25 °C, after which the extracts were filtered using a piece
of cloth followed by filter paper. The extracts were then
concentrated using an evaporator at 40 °C and stored at 4
°C.

2.4.3 Enzymatic Method Using Snailase
Quercetin was extracted using the enzyme snailase ac-

cording to the method of Wang et al. [8], with some modi-
fication. Five grams of the plant sample was mixed with 20
mL of water (pH 5 using 0.02 M citric acid), then 1.5 g of
the enzyme was added, after which the mixture was left for
12 hours at 50 °C, then placed in a water bath at 80 °C for
20 minutes to stop the activity of the enzyme. Finally, the
mixture was dried at 60 °C to remove the water.

2.5 Estimation of Total Flavonoids
The content of total flavonoids was estimated using

the aluminum chloride method with quercetin as a standard
according to the method followed by Dewanto et al. [19].
First, 0.1 mL of the extracts was mixed with 0.9 mL of dis-
tilled water in test tubes, after which 75 µL of NaNO2 (5%)
was added. After 6 minutes, 150 µL of aqueous aluminum
chloride (AlCl3ꞏ5H2O 10%) was added and left for 5 min-
utes, then 0.5 mL of NaOH (1 M) was added. Next, 2.5 mL
of distilled water was added and shaken well, immediately
after which the absorbance was measured at a wavelength
of 510 nm using a spectrophotometer.
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Table 1. Plants used in the study, their cultivation areas, and harvest periods.
Common name Scientific name Region Harvest period Reference

Spinach Spinacea oleracea It is found throughout Iraq, Iran, Kazakhstan, Turkey, Turkmenistan
and Uzbekistan.

It is an annual plant that is grown frommid-August
to mid-November, and the harvest is usually 8–10
weeks after planting.

[13,14]

Onion Skin Allium cepa TheUnited States, China, India, Egypt, Brazil, and in Iraq, the onion
crop is grown in the central and northern regions of Iraq, especially
in the Nineveh and Anbar governorates.

The plants mature after about 1–1.5months and are
available in the market all year round.

[15]

Dill graveolens Anethum Its original homeland is southwest Asia and Europe. The first mowing takes place about two months
after planting, and the next mowing takes place
monthly, and the harvest stops until the plants be-
gin to flower.

[16]

Pistacia eurycarpa Pistacia eurycarpa It is spread in Central Asia and is distributed across southern Eu-
rope (the Mediterranean region), western and northern Africa, Cen-
tral Asia, Central America and the Middle East, as its distribution
is concentrated in the Middle East, especially in the Kurdistan re-
gion of Iraq, where it is located between northeastern Iraq, southern
Turkey, northeastern Syria, and western Iran.

Harvesting the fruits of Pistacia eurycarpa trees
located in northern Iraq begins in the fall.

[12]

Sumac Rhus coriaria It is distributed in North America and temperate regions of Asia, the
Mediterranean basin and Africa.

A perennial tree whose fruits, which are lentil-like
berries, are harvested at the end of August.

[17]

DigalkhasabChemri, and
Leelwi Chemri

Phoenix dactylifera L It originated in Mesopotamia (Iraq) and from there it spread widely
in the Arabian Peninsula, North Africa and the Middle East.

Date palm fruits change from the basil stage to the
chemri stage during the month of June.

[18]

Table 2. Quercetin extraction results using Soxhlet, ultrasound, and enzymatic methods.
Plants Extraction solution

Soxhlet method Ultrasound method
Enzymatic method

Water Ethanol Chloroform Water Ethanol Chloroform

Spinach 11.296 ± 14.600 57.901 ± 7.900 19.691 ± 2.200 14.197 ± 10.000 39.814 ± 23.600 21.419 ± 23.100 12.2330 ± 20.000
Dill 9.629 ± 11.300 45.938 ± 11.900 25.679 ± 4.500 39.44 ± 34.500 45.617 ± 9.800 39.012 ± 6.500 16.8890 ± 24.100
Onion Skin 10.061 ± 13.000 34.938 ± 12.700 17.53 ± 11.200 24.69 ± 15.500 48.222 ± 35.000 34.074 ± 11.200 16.4550 ± 9.900
Sumac 12.53 ± 12.300 61.728 ± 3.550 43.567 ± 34.550 13.58 ± 9.900 58.827 ± 2.500 41.728 ± 2.200 18.6280 ± 30.000
Pistacia eurycarpa 24.629 ± 22.200 84.037 ± 13.800 67.148 ± 21.200 21.481 ± 22.200 53.777 ± 12.100 36.851 ± 45.200 30.8630 ± 11.100
Digalkhasad chemri 4.259 ± 3.200 54.469 ± 6.400 37.32 ± 1.082 12.086 ± 12.000 29.629 ± 8.800 18.148 ± 41.561 10.6790 ± 15.200
Leelwi chemri 3.271 ± 14.200 51.232 ± 7.700 40.172 ± 32.100 10.691 ± 4.400 37.098 ± 24.500 27.037 ± 12.300 13.4250 ± 42.500
The date presented are mean ± SD.3
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2.6 Standard Curve
A standard solution of quercetin was prepared accord-

ing to the content of flavonoids in plant extracts at differ-
ent concentrations (20–140 mg/mL). The absorbance was
measured at a wavelength of 510 nm, and the content of
flavonoids was calculated based on the graphical relation-
ship between the concentration of quercetin and the ab-
sorbance.

2.7 Purification of Quercetin
2.7.1 Adsorption Chromatography

Quercetin was purified using adsorption chromatog-
raphy. For the adsorbent column preparation, a separation
column with dimensions of 50 cm × 1 cm was used, and
a previously reported method [20] was used to prepare the
separation column, where 20 g of silica gel (100–200 mesh)
was mixed with a mixture of solvents (toluene:ethyl ac-
etate:formic acid) in a ratio of 5:4:0.2, respectively. Af-
ter that, the column was filled with the mixture (taking into
account the presence of 0.5 mL of solvent mixture [mobile
phase] on top of the silica gel [stationary phase]), then 5 mL
of the alcoholic extract of Pistacia eurycarpa was added to
the column and the flow rate was regulated by 5 mL/min.

2.7.2 Thin Layer Chromatography (TLC)
The thin layer chromatography technique was used to

identify the tubes containing quercetin obtained from the
adsorption column, according to a previous method [20].
Ready-made silica gel aluminum sheets (20 × 20) were
used. For the mobile phase, a mixture of toluene:ethyl ac-
etate:formic acid was used in a ratio of 0.2:4:5, respectively.
The plate was placed in a glass jar, then the content of the
tubes and pure quercetin was added after being dissolved in
ethanol at a ratio of 10:1 in the form of droplets on the plate
using capillary tubes for 20–30 minutes. Upon completion
of the separation process, the plate was dried. After that, a
UV device was used to detect the separated spots, and after
verifying the locations, the value of the relative flow rate
(Rf) was determined using the following equation:

Rf =
Distance traveled by the compound with the solvent

Distance traveled by the solvent
(1)

2.7.3 High Performance Liquid Chromatography (HPLC)
The purity and concentration of quercetin extracted

from the Pistacia eurycarpawere diagnosed and confirmed
in comparisonwith standard quercetin using aHPLC device
at the Ministry of Science and Technology - University of
Baghdad/Environment and Water Department laboratories,
according to a previously described method [21].

2.8 Measurement of Antioxidant Activity

The antioxidant activity of both standard and pu-
rified quercetin was estimated using the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical capture method [22], with
some modifications. The method included preparing sev-
eral concentrations (5, 10, 15 mg/mL) using water once and
ethanol again by mixing 2 mL of different concentrations
with 2mL of (DPPH) solution concentration of 0.1mMpre-
pared in methanol, while the control sample was prepared
bymixing 2mL of distilled water instead of the sample. Af-
ter that, the industrial antioxidant butylated hydroxytoluene
(BHT) was used for comparison. This was prepared at a
concentration of 0.01 mg/mL in methanol and kept in the
dark at a temperature of 25 °C for 30 minutes, after which
the absorbance was measured at a wavelength of 517 nm
according to the following equation:

% of antioxidant activity = [(Ac−As)÷Ac]× 100 (2)

where Ac is the control reaction absorbance and As is the
testing specimen absorbance.

2.9 Statistical Analysis

Statistical analysis of the data was conducted using
completely randomized designs (CRD) for factorial exper-
iments, and the least significant difference (LSD) test was
used to calculate the significant differences between the av-
erages of the coefficients at the 0.05 probability level using
SPSS version 26 (IBM SPSS statistics, Chicago, IL, USA).

3. Results and Discussion
3.1 Extraction

Plant extracts obtained from a wide range of plants
are of great importance as they contain many biologically
active compounds. These resources have received much
scientific interest due to their positive effects on health,
demonstrating nutritional, economic, and medicinal impor-
tance. These extracts can be sourced from fruits, vegeta-
bles, medicinal herbs, spices, and so forth, and their con-
sumption is closely linked to improving the health of the
digestive system and reducing the risk of many diseases,
as there is an inverse relationship between the consump-
tion of fruits and vegetables and many diseases. There-
fore, choosing an effective extraction method and the ap-
propriate extraction solution to ensure the optimal concen-
tration and high performance are obtained is the most im-
portant step in the extraction of these products [23,24]. In
the present study, quercetin was extracted and quantified
from the plants under study based on the standard curve
shown in Fig. 1.

Figs. 2,3 show the extraction of quercetin from plants
(spinach, dill, Onion Skin, sumac, Pistacia eurycarpa,
digalkhasab chemri, and leelwi chemri) by the chemical
method (Soxhlet) and the physical method (ultrasound), re-
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Fig. 1. Standard curve for determination of flavonoids.

spectively, using three extraction solutions (water, ethanol,
and chloroform). The results of the statistical analysis (p<
0.05) show that there were significant differences among all
plants and all extraction solutions in terms of their quercetin
content. It was found that the best extraction solution in
both methods and for all plants was ethanol, then chloro-
form, followed by water, and this was attributed to the po-
larity of quercetin, which makes it soluble in ethanol and
chloroform and slightly soluble in water [25].

These results agree with those of Awang et al. [26],
who extracted quercetin from the leaves of the Melas-
toma malabathricum plant with Soxhlet using three extrac-
tion solutions (ethanol, ethyl acetate, and hexane), finding
that ethanol was the best extraction solution. The present
study’s results also agree with the findings of Sharifi et
al. [9], who extracted quercetin from the leaves of radish
(Raphanus sativus) using a variety of extraction solutions
and methods, reporting that ethanol was better than chlo-
roform and than water in extracting quercetin. In addition,
our results agreedwith those of Sambandam et al. [20], who
extracted quercetin from the leaves of the fenugreek plant
(Trigonella foenum-graecum) by soaking for 48 hours using
ethanol, hexane, and ethyl acetate, also finding that ethanol
was the best solution for extraction.

It is clear from the results in Fig. 2 that the con-
centration of quercetin extracted from the plants using the
chemical method ranged from 3.271–84.037 mg/g, and that
Pistacia eurycarpa yielded the highest concentration of
quercetin, which was 84.037 mg/g. On the other hand,
Fig. 3 shows that the concentration of quercetin extracted
from plants using the physical method ranged from 10.691–
58.827 mg/g, and that sumac yielded the highest concen-
tration of quercetin (58.827 mg/g), which was close to the
concentration found by Khanam and Anis [27] when they
extracted quercetin from the golden trumpet plant, Alla-
manda cathartica, using ultrasound (51.39 mg/g). The
present study’s concentration was also higher than that ob-
tained by Jin et al. [28] when they extracted quercetin
from onion peels using ultrasound under different condi-
tions of ethanol concentration, wave intensity, and time pe-
riod, which ranged between 1.74–4.34 mg/g.

Also more than what Jang et al. [29] obtained when
extracting onion peels using ultrasound technology using
aqueous ethanol and under specific conditions such as 59%
ethanol and the extraction temperature 49 °C, which led
to obtaining a total quercetin content of 11.08 mg/g of dry
weight of onion solid waste. And less than what Wei et al.
[30] found when they carried out the extraction process of
flavonoids, especially quercetin, from the leaves and bark
of the Abies nephrolepis plant, with the help of ultrasound
technology and by determining the optimal conditions for
the extraction process in terms of temperature, frequency,
and time. The total yield of quercetin reached 69.59 mg/g.

Fig. 4 shows the extraction of quercetin from plants
under study using the enzymatic method. Enzymes are bio-
logical catalysts that accelerate chemical reactions in liv-
ing organisms [31] and are considered one of the mod-
ern methods increasingly used to extract active ingredients
from natural products such as plants. The plant cell wall is
a dense structure consisting of polysaccharides and proteins
that can prevent the release of active ingredients from the
plant. Therefore, enzymes can be used to facilitate the re-
lease of these ingredients, as they work to break down the
structure of the cell wall and thus accelerate the disintegra-
tion of the active ingredients in plant cells. This contributes
to the dissolution of the active ingredients, which improves
the extraction efficiency [32], as has been demonstrated for
the enzyme snailase.

The results of the statistical analysis (p< 0.05) for the
present study showed that there were significant differences
among all the plants used in terms of their quercetin content.
It is noted from Fig. 4 that Pistacia eurycarpa yielded the
highest concentration of quercetin (30.864 mg/g), while di-
galkhasab chemri yielded the lowest concentration (10.679
mg/g). These results were higher than the results ob-
tained by Manzoor et al. [7] when extracting quercetin
by the enzymatic method (using cellulose, xylanase, and
β-glucosidase) from the leaves of the guava plant (Psid-
ium guajava), where the concentration of quercetin reached
2.589 mg/g.

We conclude that the best of the three methods used in
extracting quercetin is the chemical method. This method
has many major advantages, including that it is possible
to manipulate temperature to increase the extraction of
medium to low-soluble compounds using this technology,
and that it does not require filtration after completing the
extraction process [33,34].

These results agreed with Zhang et al. [35] who found
that the Soxhlet method was the best method for extract-
ing quercetin from the stems of the Euonymus alatus plant,
as it produced the highest concentration of quercetin com-
pared to ultrasound and microwave methods. The results in
Table 2 also showed that the best-quercetin-yielding plant
was Pistacia eurycarpa, so it was chosen to complete the
subsequent purification steps to obtain pure quercetin.

5

https://www.imrpress.com


Fig. 2. Concentration of quercetin extracted from plants using the chemical method (Soxhlet).

Fig. 3. Concentration of quercetin extracted from plants using the physical method (ultrasound).
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Fig. 4. Concentration of quercetin extracted from plants using the enzymatic method.

Fig. 5. Chromatogram of purified quercetin from Pistacia eurycarpa using high performance liquid chromatography (HPLC).

3.2 Purification of Quercetin
3.2.1 Adsorption Chromatography

The process of separation and purification of quercetin
from the alcoholic extract ofPistacia eurycarpawas carried
out using an adsorption column containing silica gel (100–
200 mesh). Thirty tubes were collected from this process,
each tube containing 3 mL of purified quercetin, then the
tubes containing quercetin were identified using TLC.

3.2.2 Thin Layer Chromatography (TLC)
Pure quercetin was determined in the tubes obtained

from the adsorption column using TLC by comparing the Rf

of the material spot in each tube with the Rf of the standard
quercetin spot. Random tubes were chosen and the pro-
cess was repeated until the tubes containing pure quercetin
were identified, which were tube Nos. 10–15 (6 tubes), and
compared to standard quercetin, which was shown using an
ultraviolet lamp. The Rf value of the separated spots from
tubes containing pure quercetin ranged between 0.63–0.64
and the materials was a luminous pale yellow in compari-
son with the standard Rf of quercetin, which was 0.64 and
also a luminous yellow color.

7
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Fig. 6. Chromatogram of alcoholic extract of Pistacia eurycarpa using high performance liquid chromatography (HPLC).

Fig. 7. Standard quercetin chromatogram using high performance liquid chromatography (HPLC).

3.2.3 High Performance Liquid Chromatography (HPLC)
Fig. 5 shows the chromatogram of quercetin purified

from Pistacia eurycarpa using HPLC. The figure illustrates
that the retention time was 7.95, while the concentration
reached 272 parts per million (ppm). On the other hand,
Fig. 6 is the chromatogram of the alcoholic extract of Pista-
cia eurycarpa using HPLC, for which the retention time
was 7.93 and the concentration was 370 ppm. Fig. 7 is
the standard quercetin chromatogram, which had a reten-
tion time of 7.90.

3.3 Antioxidant Activity (Measurement of Antioxidant
Activity DPPH)

Natural antioxidants have gained increasing attention
recently due to their essential roles in maintaining human
health and preventing and treating various diseases by pre-
venting oxidation chain reactions [36].

Figs. 8,9 show the results of the antioxidant activity as-
say of quercetin to capture free radicals using DPPH com-
pared to BHT, which involved using different concentra-
tions (5, 10, 15 mg/mL) of purified and standard quercetin
dissolved in hot water and ethanol, respectively. For pu-
rified and standard quercetin dissolved in hot water, this

8
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Fig. 8. Antioxidant activity 2,2-diphenyl-1-picrylhydrazyl (DPPH) of quercetin dissolved in hot water.

Fig. 9. Antioxidant activity 2,2-diphenyl-1-picrylhydrazyl (DPPH) of quercetin dissolved in ethanol.

reached 70%, 79%, and 86% and 80%, 86%, and 92%,
respectively. As for purified and standard quercetin dis-
solved in ethanol, it reached 66%, 75.1%, and 82.3% and

71.3%, 79.1%, and 86.9%, respectively, compared to BHT
(98%). The antioxidant activity of quercetin is due to its
structure, which contains hydroxyl groups capable of giving

9
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an electron to the free radical and converting it into stable
products—the higher the hydroxyl number, the greater the
antioxidant activity—and the double bond C2 = C3 in the
C ring, which contains a hydroxyl group attached to carbon
3, preventing oxidation and resulting in strong antioxidant
activity by quercetin [37,38].

We also noted from Figs. 8,9 that the antioxidant ac-
tivity of standard quercetin was higher than that of purified
quercetin, and that antioxidant activity increased with in-
creasing quercetin concentration. This agreed with previ-
ous estimations [39] of the antioxidant activity DPPH for
different concentrations of quercetin.

The results also agreed with Tian et al. [40]
who demonstrated the antioxidant activity of a group
of flavonoids, namely quercetin, apigenin, luteolin, and
kaempferol, against DPPH radicals, showing that these
compounds exerted stronger antioxidant activity than BHT,
with the order of DPPH radical scavenging activity as fol-
lows: quercetin > luteolin > kaempferol > apigenin.

These results were similar to what Geetha et al. [39]
found when estimating the antioxidant activity of both
quercetin and ascorbic acid. The results showed that
quercetin has a significant effect in scavenging free radi-
cals, reaching 71.94%. It also showed that the effectiveness
of quercetin is two times higher than ascorbic acid.

The results of the present study also came close to the
findings of Diao et al. [41], where the antioxidant activ-
ity of quercetin reached 93% when estimating the activity
of DPPH radical capture, indicating the high activity that
quercetin possesses against free radicals. Furthermore, the
results show that the antioxidant activity of quercetin dis-
solved in hot water was higher than that dissolved in ethanol
for all concentrations and for both extraction types (puri-
fied and standard). The solubility of quercetin in water in-
creases with increasing temperature. This is because the
rise in temperature leads to an increase in the kinetic en-
ergy of the quercetin molecules and their release from the
attractive forces that keep them together, and this in turn
leads to their dissolution in water [42].

4. Conclusions
In this work, quercetin was extracted from differ-

ent plants using different solvents and different methods.
Pistacia eurycarpa, was the best plant in terms of its high
quercetin content. It was also found that solvents play
a major role in extracting plant components, and because
of the high polarity of quercetin, which is due to its
structure that contains hydroxyl groups, ethanol gave the
highest concentration of quercetin extracted from plants,
which ranged between 34.938–84.037 mg/g in the chem-
ical method (Soxhlet) and between 29.629–58.827 mg/g in
the physical method (ultrasound), then chloroform, which
ranged between 17.53–67.148mg/g in the chemical method
(Soxhlet) and between 18.148–41.728 mg/gm in the phys-
ical method (ultrasonic waves) and was poorly soluble in

water, as it ranged from 4.259–24.629 mg/gm in the chem-
icalmethod (Soxhlet) and 10.691–29.44mg/gm in the phys-
ical method (ultrasonic waves). As for the Enzymatic
method, the concentration of quercetin reached 10.679–
30.864 mg/gm, and the presence of ethanol and tempera-
tures in the chemical method (Soxhlet) led to an increase in
the concentration of quercetin extracted from plants. Pista-
cia eurycarpa plant gave the highest concentration, which
was to 84.037 mg/gm. Quercetin purified using a silica gel
column achieved antioxidant activity, and this antioxidant
activity increased with increasing quercetin concentration.
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1-picrylhydrazyl; BHT, butylated hydroxytoluene.

Availability of Data and Materials
The raw date used and/or analyzed during the current

study are available from the corresponding author on rea-
sonable request.

Author Contributions
SHB and ZKAY designed the research study. SHB

performed the research. SGAS provided help and advice on
all experiments. ZKAY analyzed the data. SHB, ZKAI and
SGAS wrote the manuscript. All authors contributed to ed-
itorial changes in the manuscript. All authors read and ap-
proved the final manuscript. All authors have participated
sufficiently in the work and agreed to be accountable for all
aspects of the work.

Ethics Approval and Consent to Participate
Spinach (Spina Oleracea) leaves were obtained from

the local markets of Basrah Governorate in Iraq. Onions
(Allium cepa) orange peels were obtained from the local
markets of Basrah Governorate in Iraq. Dill (Anethum
graveolens) leaves were obtained from the local markets of
Basrah Governorate in Iraq. Sumac (Rhus coriaria) fruits
were obtained from the local markets of Dohuk Gover-
norate in northern Iraq in dried form, as the sumac tree is
widely cultivated in the northern region of Iraq. Pistacia
(Pistacia eurycarpa) were obtained from the local markets
of Dohuk Governorate in northern Iraq. Chemri (Phoenix
dactylifera L.) the date palm, were obtained from the local
markets of Basrah Governorate in Iraq.

Acknowledgment
Not applicable.

Funding
This research received no external funding.

10

https://www.imrpress.com


Conflict of Interest
The authors declare no conflict of interest.

References
[1] Carmela G, GiovannaG. Flavonoids from Plants to Foods: From

Green Extraction to Healthy Food Ingredient. Molecules. 2022;
27: 2633.

[2] Dias MC, Pinto DCGA, Silva AMS. Plant Flavonoids: Chem-
ical Characteristics and Biological Activity. Molecules. 2021;
26: 5377.

[3] Yang D, Wang T, Long M, Li P. Quercetin: Its Main Phar-
macological Activity and Potential Application in Clinical
Medicine. Oxidative Medicine and Cellular Longevity. 2020;
2020: 8825387.

[4] Anand David AV, Arulmoli R, Parasuraman S. Overviews of Bi-
ological Importance of Quercetin: A Bioactive Flavonoid. Phar-
macognosy Reviews. 2016; 10: 84–89.

[5] Karrat A, Palacios-Santander JM, Amine A, Cubillana-Aguilera
L. A novel magnetic molecularly imprinted polymer for selec-
tive extraction and determination of quercetin in plant samples.
Analytica Chimica Acta. 2022; 1203: 339709.

[6] Sachithanandam V, Parthiban A, Lalitha P, Muthukumaran J,
Jain M, Elumalai D, et al. Biological evaluation of gallic acid
and quercetin derived from Ceriops tagal: insights from exten-
sive in vitro and in silico studies. Journal of Biomolecular Struc-
ture & Dynamics. 2022; 40: 1490–1502.

[7] Manzoor MF, Hussain A, Sameen A, Sahar A, Khan S, Siddique
R, et al. Novel extraction, rapid assessment and bioavailability
improvement of quercetin: A review. Ultrasonics Sonochem-
istry. 2021; 78: 105686.

[8] Wang L, Wu Y, Liu Y, Wu Z. Complex Enzyme-Assisted Ex-
traction Releases Antioxidative Phenolic Compositions from
Guava Leaves. Molecules. 2017; 22: 1648.

[9] Sharifi N, Mahernia S, Amanlou M. Comparison of different
methods in quercetin extraction from leaves of Raphanus sativus
L. Pharmaceutical Sciences. 2016; 23: 59–65.

[10] Rauf A, Patel S, Uddin G, Siddiqui BS, Ahmad B, Muhammad
N, et al. Phytochemical, ethnomedicinal uses and pharmacolog-
ical profile of genus Pistacia. Biomedicine & Pharmacotherapy.
2017; 86: 393–404.

[11] Kafkas E, KurkcuogluM, Kafkas S, Baser KHC. Analysis of the
fatty oil of Pistacia eurycarpa nuts by gas chromatography/mass
spectrometry. Chemistry of Natural Compounds. 2007; 43: 313–
314.

[12] HamadAmin BA, Khwarahm, NR. Mapping Impacts of Climate
Change on the Distributions of Two Endemic Tree Species under
Socioeconomic Pathway Scenarios (SSP). Sustainability. 2023;
15: 5469.

[13] Eaton C. Year-roundmanagement of high tunnel production sys-
tems: spinach and tomato [Doctoral dissertation]. University of
New Hampshire: Durham, New Hampshire. 2016

[14] Al-Temimi AA, Al-Hilifi SA, Al-Mossawi AEB. An investiga-
tion on glutathione derived from spinach and red cabbage leaves
and their effects of adding to meat patties. Saudi Journal of Bi-
ological Sciences. 2023; 30: 103632.

[15] Hermize FB. Effect of sowing dates and planting density on the
infestation of onion maggot (Delia alliaria Fonseca) in onion
(Allium cepa L.) crops. Journal of Experimental Biology and
Agricultural Sciences. 2015; 3: 202–206.

[16] Khoshvaghti H, Hoseini M, Baser-Kouchehbagh S. Does prim-
ing improve dill (Anethum graveolens) seed germination and
yield? International Journal of Biosciences. 2013; 3: 126–131.

[17] Khoshkharam M, Shahrajabian MH, Sun WL, Cheng Q. Sumac
(Rhus coriaria L.) a spice and medicinal plant-a mini review.
Amazonian Journal of Plant Research. 2020; 4: 517–523.

[18] Gantait S, El-Dawayati MM, Panigrahi J, Labrooy C, Verma SK.
The retrospect and prospect of the applications of biotechnology
in Phoenix dactylifera L. AppliedMicrobiology and Biotechnol-
ogy. 2018; 102: 8229–8259.

[19] Dewanto V, Wu X, Adom KK, Liu RH. Thermal processing en-
hances the nutritional value of tomatoes by increasing total an-
tioxidant activity. Journal of Agricultural and Food Chemistry.
2002; 50: 3010-3014.

[20] Sambandam B, Thiyagarajan D, Ayyaswamy A, Raman P. Ex-
traction and isolation of flavonoid quercetin from the leaves of
Trigonella foenum-graecum and their anti-oxidant activity. In-
ternational Journal of Pharmacy and Pharmaceutical Sciences.
2016; 8: 120–124.

[21] Radovanović B, Mladenović J, Radovanović A, Pavlović R,
Nikolić V. Phenolic composition, antioxidant, antimicrobial and
cytotoxic activites of Allium porrum L.(Serbia) extracts. Journal
of Food and Nutrition Research. 2015; 3: 564–569.

[22] Zhu K, Zhou H, Qian, H. Antioxidant and free radical-
scavenging activities of wheat germ protein hydrolysates
(WGPH) prepared with alcalase. Process Biochemistry. 2006;
41: 1296–1302.

[23] Zhang Y, Cai P, Cheng G, Zhang Y. A brief review of phenolic
compounds identified from plants: Their extraction, analysis,
and biological activity. Natural Product Communications. 2022;
17.

[24] Yahia EM, García-Solís P, Celis MEM. Contribution of fruits
and vegetables to human nutrition and health. In Posthar-
vest physiology and biochemistry of fruits and vegetables (pp.
19–45). Woodhead Publishing: Cambridge, Cambridgeshire,
United Kingdom. 2019.

[25] Zhu Y, Yu J, Jiao C, Tong J, Zhang L, Chang Y, et al. Optimiza-
tion of quercetin extraction method inDendrobium officinale by
response surface methodology. Heliyon. 2019; 5: e02374.

[26] Awang MA, Aziz R, Sarmidi MR, Abdullah L, Yong P, Musa
N. Comparison of different solvents on the extraction of Melas-
toma malabathricum leaves using soxhlet extraction method.
Der Pharmacia Lettre. 2017; 8: 153–157.

[27] Khanam MN, Anis M. Organogenesis and efficient in vitro
plantlet regeneration from nodal segments of Allamanda cathar-
tica L. using TDZ and ultrasound assisted extraction of
quercetin. Plant Cell, Tissue and Organ Culture (PCTOC). 2018;
134: 241–250.

[28] Jin EY, Lim S, Kim SO, Park YS, Jang JK, Chung MS, et al.
Optimization of various extraction methods for quercetin from
onion skin using response surface methodology. Food Science
and Biotechnology. 2011; 20: 1727–1733.

[29] Jang M, Asnin L, Nile SH, Keum YS, Kim HY, Park SW.
Ultrasound-assisted 422 extraction of quercetin from onion solid
wastes. International Journal of Food Science & Technology.
2013; 48: 246–252.

[30] Wei M, Zhao R, Peng X, Feng C, Gu H, Yang L. Ultrasound-
Assisted Extraction of Taxifolin, Diosmin, and Quercetin from
Abies nephrolepis (Trautv.) Maxim: Kinetic and Thermody-
namic Characteristics. Molecules. 2020; 25: 1401.

[31] Alhasani HAW, Al-Younis ZK. Extraction, purification and
characterization of transglutaminase from some plants. IOP
Conference Series: Earth and Environmental Science. 2021;
910: 012061.

[32] Ma XD, Zhang XG, Guo SJ, Ma GY, LiuWJ,Wang N, et al. Ap-
plication of enzyme-assisted extraction of baicalin from Scutel-
laria baicalensis Georgi. Preparative Biochemistry & Biotech-
nology. 2021; 51: 241–251.

[33] Fagbemi KO, Aina DA, Olajuyigbe OO. Soxhlet Extraction ver-
sus Hydrodistillation Using the Clevenger Apparatus: A Com-
parative Study on the Extraction of a Volatile Compound from
Tamarindus indica Seeds. TheScientificWorldJournal. 2021;
2021: 5961586.

11

https://www.imrpress.com


[34] López-Bascón MA, De Castro ML. Soxhlet extraction. Liquid-
phase extraction (pp. 327–354). Elsevier: Amsterdam. 2020.

[35] Zhang F, Yang Y, Su P, Guo Z. Microwave-assisted extraction of
rutin and quercetin from the stalks of Euonymus alatus (Thunb.)
Sieb. Phytochemical Analysis. 2009; 20: 33–37.

[36] Munteanu IG, Apetrei C. Analytical Methods Used in Deter-
mining Antioxidant Activity: A Review. International Journal
of Molecular Sciences. 2021; 22: 3380.

[37] ZengY, Song J, ZhangM,WangH, ZhangY, SuoH. Comparison
of In Vitro and In Vivo Antioxidant Activities of Six Flavonoids
with Similar Structures. Antioxidants. 2020; 9: 732.

[38] Muthusamy B, Shanmugam G. Analysis of flavonoid content,
antioxidant, antimicrobial and antibiofilm activity of in vitro
hairy root extract of radish (Raphanus sativus L.). Plant Cell,
Tissue and Organ Culture (PCTOC). 2020; 140: 619–633.

[39] Geetha T, Malhotra V, Chopra K, Kaur IP. Antimutagenic and
antioxidant/prooxidant activity of quercetin. Indian Journal of
Experimental Biology. 2005; 43: 61–67.

[40] Tian C, LiuX, ChangY,WangR, Lv T, Cui C, et al. Investigation
of the anti-inflammatory and antioxidant activities of luteolin,
kaempferol, apigenin and quercetin. South African Journal of
Botany. 2021; 137: 257–264.

[41] Diao Y, Yu X, Zhang C, Jing Y. Quercetin-grafted chitosan pre-
pared by free radical grafting: characterization and evaluation of
antioxidant and antibacterial properties. Journal of Food Science
and Technology. 2020; 57: 2259–2268.

[42] Setyawan D, Febrianti S, Zainul A, Sari R. PEG 8000 increases
solubility and dissolution rate of quercetin in solid dispersion
system. Marmara Journal of Pharmaceutical Sciences. 2017; 22:
259–266.

12

https://www.imrpress.com

	1. Introduction 
	2. Materials and Methods
	2.1 Devices and Materials
	2.2 Plants Used in the Study
	2.3 Sample Preparation
	2.4 Quercetin Extraction Methods
	2.4.1 Chemical Method Using the Soxhlet (SE) Apparatus
	2.4.2 Physical Method Using an Ultrasound Device
	2.4.3 Enzymatic Method Using Snailase

	2.5 Estimation of Total Flavonoids
	2.6 Standard Curve
	2.7 Purification of Quercetin
	2.7.1 Adsorption Chromatography
	2.7.2 Thin Layer Chromatography (TLC)
	2.7.3 High Performance Liquid Chromatography (HPLC)

	2.8 Measurement of Antioxidant Activity
	2.9 Statistical Analysis

	3. Results and Discussion
	3.1 Extraction
	3.2 Purification of Quercetin
	3.2.1 Adsorption Chromatography
	3.2.2 Thin Layer Chromatography (TLC)
	3.2.3 High Performance Liquid Chromatography (HPLC)

	3.3 Antioxidant Activity (Measurement of Antioxidant Activity DPPH)

	4. Conclusions
	Abbreviations
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

