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Abstract: Free radicals are highly reactive atoms with unpaired electrons, produced by factors like radiation,
pollution, and poor diet, causing oxidative stress and cell damage. Antioxidants counteract these effects, with
natural ones like flavonoids being safer than synthetic types. Quercetin, a flavonoid found in various plants,
has strong antioxidant, anti-inflammatory, and anticancer properties due to its hydroxyl groups. This review
compiles recent studies on plants containing quercetin, isolation methods, and analytical instruments used in
the process. Research was sourced from Google Scholar and PubMed, focusing on Scopus, SINTA, and Google
Scholar-indexed journals from 2014-2024. Articles selected were in English or Indonesian, had full-text access,
and reported total quercetin content. Quercetin is found in tamarind, basil, guava, and moringa leaves,
cabbage, Dutch Eggplant Peel, red beans, propolis, Fenugreek Seeds, Melastoma sanguineum Sims fruits, Flos
Sophorae Immaturus, and mangkokan. Isolation techniques include maceration, Soxhlet, Ultrasound-Assisted
Extraction (UAE), Microwave-Assisted Extraction (MAE), and a combination of both (MUAE), with ethanol,
acetone, and methanol commonly used as solvents. For quantifying quercetin, instruments like High-
Performance Liquid Chromatography (HPLC), UV-Vis Spectrophotometry, and Mass Spectrometry (MS) are
employed. Among the reviewed methods, UAE, MAE, and MUAE stand out as the most eco-friendly and

efficient for quercetin extraction, making them ideal for sustainable natural product research.
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1. INTRODUCTION

Free radicals are molecules, atoms, or groups of atoms that contain one or more unpaired
electrons which increases their reactivity [1]. Amin et al. (2013) state that free radicals may arise from
complex chemical processes occurring in the body, environmental pollutants, radiation, dangerous
chemicals, toxins, and consumption of fast foods or foods deep-fried at high temperatures [2]. Free
radicals are capable of damaging cells through destruction of proteins which disrupts enzyme
activity as well as harming nucleic acids like DNA, leading to potential cell mutations. This leads to
abnormal, uncontrolled growth and development of cells which may ultimately result in cell death
[1]. While the human body possesses mechanisms to neutralize free radicals, having insufficient
antioxidants or excessive amounts of free radicals produced can cause oxidative stress [3].

Compounds that are able to remove, clean and resist the effects of free radicals are termed as
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antioxidants. Molecules capable of modulating or deactivating free radical species within the
organism are known as antioxidants [4]. The action of antioxidants is to stabilize free radicals by
giving electrons which are deficient to free radicals to avert chain reactions that would lead to the
generation of more free radicals. In addition, antioxidants are important in ensuring that the
oxidation reaction does not proceed further in the body [5].

The human body naturally does not possess antioxidant reserves. Therefore, under
conditions of chronic exposure to abundant quantities of free radicals, an external (exogenous) supply
of antioxidants is necessary [6]. This demand can be satisfied by ingestion of synthetic antioxidants
which are readily available in stores. However, some synthetic antioxidants such as BHA (Butyl
Hydroxy Anisol), BHT (Butyl Hydroxy Toluen), PG (Propyl Galate) and TBHQ (Tert-Butyl
Hydroquinone) are already known to have carcinogenic properties [6]. Hence, it is advisable to use
natural antioxidants. Hidroxyl element bonded with carbon on aromatic ring of flavonoids enable
capturing free radicals making it effective as antioxidant. It captures free radicals effectively and
donates a single hydrogen atom to stabilize peroxy radicals [7]. Quercetin is a flavonoid with active
compounds present in various plants. Quercetin is also effective in treating hyperglycemia as well as
serving as an anti-inflammatory, antioxidant, and has anticancer properties. Its phenolic hydroxy
group endows it with strong antioxidant properties yielding a high degree of efficiency in combating
free radicals [7]. This activity is further enhanced by its conjugated ring system and the presence of
multiple hydroxyl groups, particularly at positions 3, 5, 7, 3, and 4/, which allow for effective electron
delocalization and hydrogen atom donation key mechanisms in neutralizing reactive oxygen species
[8].

Because of these reasons, quercetin isolation methods from various plants shall be explored.
Conducting a literature review will provide elucidate in which plants quercetin is present, the several
methods of isolation, and the instruments that are employed in isolating quercetin from numerous
plant samples. It is hoped provide a foundation for other researchers for furthering their research on

methodologies for quercetin isolation from assorted plant samples.

2. MATERIALS AND METHODS

The review was prepared using the databases Google Scholar and PubMed. The journals
utilized are listed in Scopus, Science and Technology Index (SINTA), and Google Scholar. This review
incorporated journals published from 2014 to 2024. The two keywords used in searching the journals
were quercetin and the isolation technique. Some criteria for inclusion and exclusion were defined
for the journal selection process.

Some of the inclusion criteria for the literature search were articles published in either English
or Indonesian, as well as articles that reported complete results for total quercetin. The articles which
did not have all relevant sections were the exclusion criteria. After analysis, the selected journals were
integrated into one summary that provided methods of isolation that could be used along with the
relevant detection tools. The selection of journals used in this study was based on the limited number
of publications directly listed in the Scopus database, especially those discussing natural compounds
such as quercetin. Given that this topic has not been widely published in Scopus journals, a search
was conducted of Scopus-indexed journals to ensure their scientific quality, validity, and relevance.
Despite these limitations, the selected journals still address relevant topics and are sourced from
reliable publications, particularly those focusing on natural compounds commonly used in Asia, such

as quercetin. Figure 1 shows the overall process of the study.
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Figure 1. Flowchart of the Literature Review Process

3. RESULTS AND DISCUSSION

Quercetin is a widely utilized flavonoid in traditional and modern medicine that can be easily
obtained, since it can be extracted from various parts of many different plants. These include the
leaves of tamarind, basil, guava, and moringa, as well as cabbage, Dutch eggplant, red beans,
propolis, fenugreek seeds, Melastoma sanguineum Sims fruits, Flos Sophorae Immaturus, and
mangkokan flowers.

From 40 retrieved journals where “quercetin” and “isolation method” were used as
keywords, 17 journals met the criteria of containing results regarding quercetin levels. The articles
responded to the question of how to isolate quercetin by using a number of methods and solvents,
including maceration, soxhlet, UAE (Ultrasonic Assisted Extraction), MAE (Microwave Assisted
Extraction), and MUAE (Microwave-Ultrasound Assisted Extraction). A total of 17 articles were
reviewed, 6 of them were using the maceration method, 3 applied the soxhlet method, 3 more used
UAE, 3 others used MAE, and 2 of them used the MUAE method.

The utilized samples for maceration method were tamarind leaves, basil leaves, and guava
leaves. Extraction can be done using solvents like n-hexane or ethanol in varying concentrations as
can be seen in table 1 below. A spectrophotometric determination of quercetin content was performed
on the extracts of 5 samples with the remaining sample being analyzed on HPLC (High Performance

Liquid Chromatography).
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In these 3 journals listed below, utilized the soxhlet method. The samples used were Dutch

Eggplant peel, red bean, and propolis. The extraction process as well as calculation of quercetin

concentration from the extracts by using appropriate solvents was done with ethanol in different

concentrations, acetone, distilled water, and methanol. Quercetin levels were also calculated by UV-

Vis Spectrophotometer and HPLC.
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With Ultrasound Assisted Extraction (UAE), extraction of quercetin was done on Fenugreek

Seeds, cabbages, and Melastoma sanguineum Sims fruits. This method used a wide range of solvents

that included n-hexane, dichloromethane (DCM), MeOH, methanol, water, and ethanol. Level results

were obtained by analysis using UHPLC-DAD (Ultra High-Performance Liquid Chromatography

with Diode Array Detector), HPLC and LC-MS instruments.
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Quercetin can be obtained using Microwave Assisted Extraction (MAE) where Deep Eutectic

Solvents (DES), Ionic Liquid (IL), and acetone were used as solvents. The quercetin content in the
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sample was calculated using HPLC which was performed on the extracted sample which included

red bean, Flos Sophorae Immaturus, and mangkokan.
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The extraction of quercetin was also carried out using propolis and moringa leaves. Two

other articles approached the subject using the Microwave-Ultrasound Assisted Extraction (MUAE)
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technique. Quantitative extraction of quercetin was performed applying HPLC after the extraction

process, in which methanol and ethanol along with water were used for solvent.

From available literature, 17 scientific articles published were available using various
Maceration is a process for obtaining specific compounds from a mixture or a solid by

methods such as maceration, soxhlet, Ultrasonic Assisted Extraction (UAE), Microwave Assisted

Extraction (MAE), and Microwave-Ultrasound Assisted Extraction (MUAE).
for a predetermined amount of time [24]. Because this method does not involve heating, it preserves

soaking the material in an appropriate solvent [23]. Crushed samples are placed in an organic solvent
the integrity of natural materials, making it cost-effective and simple [24]. Plant sample soaking

3.1. Maceration
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disrupts cells due to pressure differentials, and the cytoplasmic secondary metabolites move into the
organic solvent. Their efficiency improves with lengthened soaking periods [24][25]. During
maceration, different ethanol concentrations (60%, 70%, 80%, and 90%) have the potential to affect
quercetin concentration in the extract [15]. Greater amounts of quercetin are obtained from higher
concentrations of ethanol [9]. Compounds from tamarind, basil, and guava leaves can be extracted
using the maceration method with solvents such as ethanol and n-hexane [26]. As shown in Table 1,
the quercetin concentration in the extract of tamarind leaves was lower with 70% ethanol than with
96% ethanol, which was 31.26 mg/g [10]. This difference occurs due to the higher water composition
in 70% ethanol compared to 96% ethanol. Quercetin is a polar flavonoid with low solubility in water
but higher solubility in alcohol and organic solvents [27]. Therefore, quercetin extraction is
maximized with higher ethanol concentration due to less water content in the solvent [10].
Additionally, the efficiency of quercetin extraction is influenced by the dielectric constant of the
solvent [28]. Solvents with lower dielectric constants, such as high-concentration ethanol, are less
polar and better suited for dissolving moderately polar compounds like quercetin. As the ethanol
concentration increases, the solvent becomes less polar, enhancing quercetin's solubility and

facilitating more efficient extraction during maceration [29].

3.2. Soxhlet

The Soxhlet method involves a fresh solvent extraction process which requires specialized
machinery through which systematic extraction with a particular volume of solvent can be carried
out under rotary cooling [30]. The Soxhlet method is useful when samples are sensitive to direct
heating [31]. Quercetin is not highly resistant to heat, it undergoes significant degradation when
heated, especially under weakly basic and oxidative conditions [32]. The study conducted by
Buchner et al., 2006, shows that quercetin's concentration decreases markedly during thermal
treatment, with complete degradation observed after around 240 minutes under certain conditions
[33]. Additionally, heat reduces it's antioxidant activity, indicating that quercetin is sensitive to
thermal processing. However, it does produce some stable degradation products with residual
antioxidant activity, such as protocatechuic acid, suggesting that while it is thermally labile, some
activity-related compounds can persist after heating [33]. Soxhlet technique is applicable to propolis,
red beans and Dutch eggplant peel. With an extraction time of 5-6 hours and the optimal temperature
range is 60-90°C. Higher temperatures during the extraction increase the efficacy by allowing better
solvent access to the pores of the plant material, thus enhancing mass transfer [34]. Extraction time
significantly impacts the results in Soxhlet extraction. Longer extraction periods seem to favor higher
yield results as is evident in Table 2. For example, quercetin content was measured at 24.6 mg/g when
red beans were extracted for 6 hours [16]. The increase in extraction time allows the maximum
exposure of the solvent to the raw material, which leads to better solvent access to the cells and

enhanced compound removal [35].

3.3. Ultrasonic Assisted Extraction (UAE)

UAE is recognized as an eco-friendly extraction technique for bioactive compounds, as it
avoids toxic chemical solvents and additives, employs non-toxic natural components, and offers a
sustainable extraction approach [36]. When ultrasonic waves travel through a matrix, they generate
alternating compression and rarefaction waves, which can propagate through solid, liquid, or

gaseous phases, displacing molecules from their original positions [36]. UAE commonly utilizes
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solvent blends like methanol-water or ethanol-water to extract compounds from plants such as
Fenugreek Seeds, cabbage, and Melastoma sanguineum Sims fruits. The analysis is performed using
HPLC and Liquid Chromatography-Tandem Mass Spectrometry. The HPLC system typically
employs a C18 column with mobile phases such as 0.5% formic acid in water, ethanol, water
containing 0.2% trifluoroacetic acid (TFA), and pure methanol. In UAE, extraction efficiency is
influenced by time and the liquid-solid ratio increasing the ratio leads to a rapid rise in yield [37].
However, a drawback of UAE is the potential degradation of active compounds due to ultrasonic
waves [38]. The degradation reaction of flavonoids was significantly influenced by the kind of solvent
and the temperature applied [39]. Meanwhile, variables like the height of the liquid, the duration of
pulses, and the duty cycle influenced how fast the degradation occurred, but did not alter the
reaction's characteristics. As the temperature rise, the rate at which quercetin degraded declined [40].
As shown in Table 3, varying the solvent concentration for quercetin extraction from cabbage affects
the quercetin levels in the extract. A methanol:water (60:40) solvent yielded the highest quercetin
content at 1378.9 pg/mL [19], indicating that 60% methanol effectively penetrates the cabbage cell
wall and maximizes quercetin dissolution. In a study conducted by Kumar, 2014, also found that
using 60% ethanol for 60 minutes produced lower quercetin levels compared to a 40 minutes
extraction, with the latter yielding 1378.9 ug/mL (Table 2) [19]. Prolonging sonication time did not
increase quercetin content instead, it negatively impacted extraction by degrading quercetin into 3,4-
dihydroxyphenyl acetic acid and subsequently 3-hydroxyphenylacetic acid. This breakdown

mechanism may reduce quercetin's bioactivity [19].

3.4. Microwave Assisted Extraction (MAE)

MAE is a technique that uses microwaves to rapidly and efficiently heat solvents, enabling
faster selective extraction [41]. Research indicates that MAE improves the efficiency and effectiveness
of extracting active compounds from various spices, herbs, and fruits [41]. This method offers benefits
such as shorter extraction times, reduced solvent usage, and a high extraction yield, with results
comparable to traditional methods like maceration and soxhlet [42]. However, microwave irradiation
has the potential to speed up chemical reactions or transformations of certain desired secondary
metabolites, and additional factors involved in microwave-assisted extraction such as elevated
extraction pressure can alter the chemical composition of the targeted substances [43]. These effects
may lead to a decrease in extraction yield. In addition, the efficiency of microwave extraction may be
significantly reduced if the target compounds or solvents are nonpolar, or if the solvent has very high
viscosity [44]. When performing MAE, several extraction conditions must be optimized, as they
influence how microwaves interact with the material [45]. Key factors include the solvent system,
solvent-to-material ratio, microwave power, temperature, irradiation time, contact surface area, and
stirring [21]. The extraction solvent and it's concentration must possess a specific polarity to
efficiently absorb microwaves for heating. The solvent selection should depend on the solubility of
the flavonoids [46]. For instance, ethyl acetate is preferred for highly alkylated flavonoids, whereas
more polar flavonoids (e.g., those with hydroxyl groups or sugars) are typically extracted using polar
solvents like water, ethanol, or acetone [21][47]. In the MAE extraction method, red beans, Flos
Sophorae Immaturus, and Nothopanax scutellarium were analyzed using HPLC. Quercetin was
extracted from red beans using 60% acetone, yielding an extract with 35.8 mg/g of quercetin (Table
4). These findings demonstrate that acetone (polarity index: 5.1) is an appropriate solvent since

quercetin, being a polar flavonoid dissolves well in polar solvents. Generally, higher microwave
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power improves flavonoid extraction yield. This occurs because the system absorbs more microwave
energy at greater power levels, leading to more thorough cell rupture and the full release of
flavonoids [16][21]. As shown in Table 4, red bean quercetin extracted at 800W yields a higher
concentration (35.8 mg/g) compared to 640W. However, exceeding an optimal power level reduces
extraction efficiency [17][48]. The decline is attributed to quercetin degradation and solvent loss

caused by excessive heat and power [17].

3.5. Microwave-Ultrasound Assisted Extraction

MUAE is a method that employs both microwave and ultrasonic waves to enhance the
transfer of compounds from solid materials into solvents [49]. The underlying concept of MUAE is
that the synergistic effect of microwaves and ultrasonic waves can boost both the extraction efficiency
and the final yield. In this method, propolis is processed using HPLC with a C18 column for analysis.
Key factors such as microwave power, extraction duration, and ultrasonic temperature greatly
influence the extraction outcome. According to Heidari et al. (2019), as illustrated in Table 5, applying
300W microwave power yielded an extract with 44.53% quercetin, which was higher than the results
obtained at 100W [17]. However, exceeding 300W led to a reduction in quercetin content, likely due
to structural degradation of quercetin and solvent evaporation under high temperatures and power
[17]. Another critical factor is the microwave exposure time. As seen in Table 5, extending the
microwave time to 2.5 minutes resulted in lower quercetin content (5.71%) compared to 1.5 minutes.
Prolonged extraction time appears to degrade quercetin and reduce the solid-to-solvent ratio, leading
to diminished extraction efficiency [17]. The temperature during ultrasonication can also affect
extraction outcomes. Higher ultrasonic temperatures result in lower extraction yields. For instance,
Table 5 shows that a temperature of 70°C produces a quercetin content of 13.34%, which is lower than
that obtained at 40°C. This decrease may be attributed to the diminished sonochemical effect of
bubble formation near the solvent’s boiling point. At this stage, the bubbles fail to produce sufficient
shear force to break down the cell structure [17][50]. From the explanation of the 5 quercetin
extraction methods presented earlier, we can determine the assessment parameters of each method.
For the maceration method, key parameters are solvent concentration, soaking duration, and stirring,
with higher ethanol concentration increasing quercetin yield. In the soxhlet method, temperature,
solvent type, and extraction time are crucial, with longer times and higher temperatures improving
yield. For UAE, solvent concentration, sonication time, and temperature are important, with optimal
conditions directly affecting yield. In MAE, microwave power, solvent-to-sample ratio, extraction
time, and temperature influence yield, though excessive power may degrade quercetin at very high
power. Lastly, for MUAE, microwave power, ultrasound duration, temperature, and solvent

concentration are critical, with high power and optimized ultrasound time yielding the best results.

4. CONCLUSION

Quercetin is a flavonoid present in a wide range of plant samples, including fruits (e.g.,
apples, berries), vegetables (e.g., onions, tomatoes, cabbages), seeds, leaves, and medicinal plants like
Ginkgo biloba and Hypericum perforatum. It's widespread occurrence in common plants makes it
easily accessible from natural sources. Several methods can be utilized for the isolation of quercetin
from these plant materials. Maceration, Soxhlet extraction, Ultrasonic Assisted Extraction (UAE),
Microwave Assisted Extraction (MAE), and Microwave-Ultrasound Assisted Extraction (MUAE)

method can be used for the extraction of quercetin. To detect and quantify quercetin levels, analytical
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instruments such as High Performance Liquid Chromatography (HPLC), Spectrophotometry, and
Mass Spectrometry are commonly used. Together, these methods and instruments enable effective
extraction and precise quantification of quercetin from various plant samples.

The review systematically compares traditional methods (maceration, soxhlet) with modern
techniques (UAE, MAE, MUAE), offering insights into their effectiveness in quercetin extraction. This
helps researchers choose the most suitable method based on their specific needs, such as yield, time,
or solvent usage. It also underscores the drawbacks of certain methods, such as the high solvent
consumption in Soxhlet extraction or the potential for compound degradation in UAE due to
prolonged sonication. It also highlights greener alternatives like UAE and MAE, which reduce
solvent use and energy consumption. Among the reviewed methods, UAE, MAE, and MUAE emerge
as the most environmentally responsible and technically efficient for quercetin extraction, ideal for

those aiming to implement sustainable practices in natural product research.
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