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Abstract: Flavonoids are bioactive polyphenolic compounds known for their antioxidant, anti-inflammatory,
and antimicrobial properties. Although widely distributed in plants, parsley (Petroselinum crispum) is
highlighted for its high flavonoid content, which is recognized as the dominant class of secondary metabolites
compared to other constituents such as essential oils and pigments, making it a strong candidate for
pharmaceutical applications. This review aimed to evaluate and compare various extraction methods used to
isolate flavonoids from parsley leaves. A systematic literature search was conducted through Google Scholar,
Scopus, and PubMed for articles published between 2014 and 2024 using keywords “flavonoid,” “parsley
leaves,” and “extraction method.” Inclusion criteria comprised full-text original articles in English or
Indonesian reporting extraction methods and total flavonoid content; reviews and incomplete studies were
excluded. Among the methods reviewed, Ultrasonic-Assisted Extraction (UAE) proved most effective. When
normalized to 1 g/minute, UAE yielded 0.312 mg/g of total flavonoids, demonstrating higher efficiency in
terms of extraction yield and time. UAE utilizes acoustic cavitation to enhance solvent penetration and mass
transfer, improving yield while preserving compound integrity. Ethanol was identified as the optimal solvent
due to its polarity and compatibility with flavonoid structures. In conclusion, UAE with ethanol presents a
promising strategy for efficient flavonoid extraction from parsley in pharmaceutical and nutraceutical

applications.
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1. INTRODUCTION

Flavonoids are a diverse group of polyphenolic compounds known for their potent
antioxidant, anti-inflammatory, and antimicrobial properties [1]. These bioactive molecules are
widely present in various medicinal plants and have gained increasing attention in recent years as
potential natural alternatives to synthetic drugs. However, their application is often hindered by
chemical instability when exposed to heat, light, or extreme pH, which can lead to degradation
during processing and reduce their therapeutic efficacy [2]. Therefore, selecting an appropriate
extraction method is essential to ensure the optimal yield and preservation of flavonoid compounds
in plant-based formulations.

One plant that has emerged as a promising source of flavonoids is parsley (Petroselinum
crispum) [3]. Parsley has demonstrated antibacterial activity, including against Escherichia coli, a major

causative agent of diarrheal diseases, particularly in developing countries [4]. In Indonesia, diarrhea
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remains a significant public health issue, with a prevalence of 6.8% in 2018, making it one of the
leading causes of morbidity, especially in children under five years old [5]. The search for effective,
natural antibacterial agents is therefore critical. Parsley has long been used traditionally across
various cultures as a medicinal herb, passed down from generation to generation, particularly for
digestive disorders, urinary tract infections, and as a general health tonic [6]. These
ethnopharmacological uses support its potential as a natural antibacterial agent, making it relevant
for further scientific investigation.

Parsley is herbaceous plant that contains various bioactive compounds with important
pharmacological properties [7]. Among these, flavonoids such as apigenin, luteolin, and kaempferol
represent the dominant class of secondary metabolites, with total flavonoid content reported to reach
approximately 1,435 mg QE per 100 g dry leaves, a level significantly higher than that of pigments or
essential oils [8]. These flavonoids are well known for their strong antioxidant and antibacterial
activity against pathogenic bacteria such as Pseudomonas aeruginosa. It also contains coumarins,
terpenoids, and phenolic acids like caffeic acid and ferulic acid, that contribute to its anti-
inflammatory and antimicrobial effects [9]. In addition, parsley is rich in essential oils, including
myristicin and apiol, which have been shown to possess antispasmodic and antibacterial effects [10].
Other notable components include carotenoids, chlorophyll, and important vitamins such as vitamin
C and vitamin K, that further support its antioxidant and health-promoting properties [11]. These
diverse compounds make parsley a highly valuable medicinal plant with potential for various
therapeutic applications, including as a natural antibacterial agent whose mechanism involves
damaging the bacterial cell membrane and inhibiting microbial growth [12]. With this wide range of
active constituents, parsley presents a promising candidate for further exploration in therapeutic
development, particularly through the optimization of extraction techniques to isolate its key
bioactive compounds.

The primary flavonoids in parsley not only contribute to its broad pharmacological effects
but are also chemically sensitive. Due to their sensitivity to heat, light, and pH fluctuations,
flavonoids may degrade during processing, resulting in reduced extract yield and efficacy [13].
Therefore, selecting an appropriate extraction method is essential to maximize the yield, preserve
compound stability, and enhance biological efficacy of the resulting extracts.

Various extraction techniques have been developed to extract active compounds from plants,
including conventional methods such as Maceration and Soxhlet, as well as modern methods such as
Microwave-Assisted Extraction (MAE) and Ultrasound-Assisted Extraction (UAE) [14]. Choosing the
right extraction method can increase the yield of active compounds, as well as streamline the use of
solvents and shorten the extraction time.

According to research conducted by Moni et al. (2021), it is said that parsley leaf extract has
a significant antibacterial effect against Gram-positive and Gram-negative bacteria, with effectiveness
depending on the extraction method, type of solvent used, and extract concentration. Therefore,
optimizing the extraction method is an important step to obtain maximum antibacterial content from
parsley leaves [15].

Based on this background, the researcher aims to collect the latest research that has been done
regarding flavonoid extraction methods in parsley leaves (Petroselinum crispum) in order to obtain
more optimum extract results. These results are expected to contribute to the development of more

effective extraction methods and solvent selection strategies in the extraction process of flavonoids
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in parsley leaves (Petroselinum crispum) that are more applicable to the pharmaceutical industry,

especially in the development of natural antibacterial agents.

2. MATERIALS AND METHODS

The methods used in this study were collected from various literature sources. This literature
review was carried out using a systematic and targeted approach to collect relevant studies
concerning the extraction and identification of flavonoid compounds from parsley leaves
(Petroselinum crispum). The sources of data were obtained from multiple digital scientific databases,
namely Google Scholar, PubMed, Scopus, and Google Search, covering studies published between
2014 and 2024. The search process utilized specific combinations of keywords, including “flavonoid
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extraction,” “parsley leaves,” “Petroselinum crispum,” and “total flavonoid content,” to locate the most
relevant and recent publications.

The selection of studies followed a set of eligibility criteria. The inclusion criteria applied in
this review encompassed original research articles written in either English or Indonesian, available
in full-text format, and containing clear and complete information regarding the methods of
flavonoid extraction or the quantification of total flavonoid content from parsley leaves. In contrast,
the exclusion criteria consisted of review articles, conference abstracts, editorials, opinion papers, and
any publications that did not focus on flavonoid extraction or lacked adequate methodological
details.

Each article retrieved was screened first by reviewing its title and abstract. Those deemed
potentially relevant were then read in full to determine their inclusion in the review. The final pool
of selected articles was analyzed descriptively, focusing on the extraction techniques used, solvent
types, and the outcomes related to flavonoid yield or biological activity. Since the number of Scopus-
indexed articles specifically addressing this topic was limited, additional credible literature from
sources indexed in Google Scholar and SINTA (Science and Technology Index) was included to
provide a more comprehensive perspective, particularly reflecting research from Asian contexts

where parsley-based traditional medicine is commonly studied.

3. RESULTS AND DISCUSSION
Based on the search results from various literature sources, a total of 37 scientific articles were

7

initially identified using keywords such as “flavonoid extraction,” “parsley leaves,” “Petroselinum
crispum,” and “total flavonoid content.” After applying the predefined inclusion and exclusion
criteria, 11 articles were selected for in depth review. These selected articles fulfilled all eligibility
requirements, including providing complete data on flavonoid extraction methods and quantification
from parsley leaves (Petroselinum crispum).

The reviewed articles employed various extraction techniques and solvents to isolate
flavonoid compounds, including Maceration, Soxhlet, Ultrasound-Assisted Extraction (UAE), and
Microwave-Assisted Extraction (MAE). As illustrated in figure 1, out of the 11 reviewed articles, 3
(27%) utilized maceration, 3 (27%) employed Soxhlet extraction, 4 (37%) applied UAE, and 1 (9%)

used the MAE technique.
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Figure 1. Classification of 11 Selected Articles

3.1. Maceration
The maceration method is a traditional extraction method that utilizes the process of

immersing simplisia powder in a solvent or liquid extractor without heating [16]. The working
principle of maceration is through the process of immersing the sample with a solvent for a
predetermined duration. The soaking process will cause the breakdown of cell walls due to pressure
differences, causing secondary metabolites to dissolve [17]. The flow of solvent into the cell will cause

the protoplasm to swell and the target compound to dissolve according to its solubility [18].

Table 1. Results of the Maceration Method Review

Preparation Instrument Result Reference
4 g parsley leaf powder with ~ Spectrophotometer
100 mL ethanol 80% for 2 UV-Vis with A= Total flavonoids: 61.18 mg/g [19]
hours 415.0 nm
. Spectrophotometer .
2 g parsley leaf powder with . Total flavonoids: 0.0021
100 mL water for 48 hour UV-Vis with A= mg/ [20]
waterfor=e ot 4150 nm §'8
ley 1 i
oL el 504 warer SPECHOpPhotometr
. ° UV-Vis with A= Total flavonoids: 8.82 mg/g [21]
mixture (50:50 v/v) for 2
330.0 nm
hours

Based on the data in Table 1, difference in treatment or solvent variation has a major influence
on the yield of the extract. Solvent selection based on its polarity is very important, where solvents
with appropriate polarity will attract more compounds. In accordance with the principle of “like
dissolves like”, where polar compounds will dissolve in solvents that are polar and vice versa.
Flavonoids are polar compounds that will dissolve more easily in polar solvents [22]. The highest
total flavonoid yield, reaching 61.18 mg/g, was obtained using 80% ethanol with a relatively short
maceration time of 2 hours. This result may be attributed to several supporting factors, such as the
larger sample mass (4 g), sufficient solvent volume (100 mL), and the use of ethanol, which possesses

optimal polarity for extracting flavonoid compounds.
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Compared to another solvent such as water, ethanol has a greater ability to attract flavonoids
because it is more polar and suitable for dissolving amphiphilic compounds, such as flavonoids that
contain both lipophilic aromatic rings and polar hydroxyl groups [23]. On the other hand, the use of
water as a single solvent yielded the lowest flavonoid content, only 0.0021 mg/g, indicating its limited
ability to extract less polar flavonoid components. Meanwhile, the ethanol water mixtures in a 50:50
ratio produced moderate flavonoid yields (8.82 mg/g), suggesting that dilution of ethanol may reduce

extraction effectiveness due to changes in solvent polarity and decreased compound solubility [24].

3.2. Soxhlet

The soxhlet method is one of the conventional or traditional extraction techniques. This
method is known for its ability to produce larger amounts of extract using less solvent and extraction
duration [25]. The soxhlet method allows the sample to be extracted maximally because the extraction
process is carried out repeatedly [26]. The working principle starts with placing the sample in a
cellulose thimble positioned over a boiling solvent. When the solvent evaporates and condenses,
droplets fall onto the sample, dissolving the active compounds within. The solution then flows back
into the boiling solvent below, creating an extraction cycle that continues to repeat for several hours
[27].

Table 2. Results of the Soxhlet Method Review

Preparation Instrument Result Reference
20 g parsley leaf powder with Spectrophotometer Total flavonoids: 18.51 [28]
250 mL ethanol 70% for 6 UV-Vis with A=280.0 mg/g
hours nm
20 g parsley leaf powder with Spectrophotometer Total flavonoids: 20.4 [29]
250 mL ethanol 70% for 24 UV-Vis with A=280.0 mg/g
hours nm
200 g parsley leaf powder with ~ Spectrophotometer Total flavonoids: 2.80 [30]
440 mL acetone - water UV-Vis with A=415.0 mg/g
mixture (9:13 v/v) for 10 hours nm

Based on the data in Table 2, the method of soxhlet with variations in extraction time gives
different results on flavonoid content. The ethanol solvent treatment for 6 hours produced total
flavonoids of 18.51 mg/g and treatment with ethanol for 24 hours produced total flavonoids of 20.4
mg/g. Treatment with a longer duration gives a greater total flavonoids result. Longer extraction
duration can provide more opportunities for solvents to penetrate into plant tissues, increase cell wall
permeability, and diffusion of flavonoid compounds into the solvent [31].

In contrast, the use of an acetone water mixture (9:13 v/v) with a larger solvent volume of
440 mL resulted in a much lower flavonoid yield of 2.80 mg/g. Despite the increased volume and
relatively long extraction time (10 hours), the solvent's lower polarity limited its ability to dissolve
flavonoid compounds effectively [32]. Acetone, although miscible with water, is less polar than
ethanol and less compatible with the amphiphilic nature of flavonoids, especially glycosylated types
that are more polar. Additionally, excessive solvent volume does not always correlate with higher

yield if the solvent is not chemically suited to the target compound [33].

3.3. Ultrasonic Assisted Extraction (UAE)
The Ultrasonic Assisted Extraction (UAE) method is a modern extraction technique. This

method utilizes ultrasonic waves to enhance the extraction process of target compounds [34]. The
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basic principle of the UAE extraction method lies in the cavitational effects that occur on plant cell
walls and membranes. The process involves high amplitudes that enhance the penetration of the

solvent into the cell membrane, thereby accelerating the mass transfer rate. This, the extraction

process produces optimal yields and residual solvent levels that comply with standards [35].

Table 3. Results of the Ultrasonic Assisted Extraction Method Review

Preparation Instrument Result Reference
4 g parsley leaf powder with 100  Spectrophotometer Total flavonoids: 37.48 [19]
mL ethanol 80% at 40°C for 30 UV-Vis with A= 415.0 mg/g
minutes, 60 kHz frequency and nm
400 W power.

4 ley leaf ith Total fl ids: 9.4 2
0.4 g parsley leaf powder wit Spectrophotometer otal flavonoids: 9.48 [28]
10 mL ethanol 70% at 80°C for 8 L mg/g

, UV-Vis with A= 280.0
minutes, 20 kHz frequency and

nm

500 W power.
0.6 g parsley leaf powder with 6 Total flavonoids: 0.0248
mL ethanol 80% mixture at 70°C mg/g
for 25 minutes, 40 kHz
frequency and 75 W power.
0.6 g parsley leaf powder 6 mL Total flavonoids: 0.0153

. . Spectrophotometer 36]
with ethanol 80% mixture at UV-Vis with A= 280.0 mg/g
25°C for 25 minutes, 40 kHz m ’
frequency and 75 W power.
0.6 g parsley leaf powder with 6 Total flavonoids: 0.0210
mL ethanol 80% mixture at 70°C mg/g
for 25 minutes, 20 kHz
frequency and 75 W power.
1 g parsley leaf powder with 10 Spectrophotometer Total flavonoids: 4.7 [37]
mL ethanol 80% at 40°C for 30 UV-Vis with A= 337.0 mg/g

minutes, 40 kHz frequency and

nm

90 W power.

The temperature used during the extraction process can affect the extraction results. Based
on the data obtained in Table 3, the temperature treatment of 75°C on a sample of 0.6 g with a
frequency of 40 kHz produced total flavonoids of 0.0248 mg/g, while the lower temperature treatment
of 25°C under the same conditions yielded only 0.0153 mg/g. This demonstrates that temperature
affects both solubility and compound stability. Flavonoids are compounds that tend to be unstable at
high temperatures [38]. Extraction temperatures that are too high can cause flavonoid degradation
through the process of breaking molecular chains and oxidation reactions [39]. This process triggers
the oxidation of hydroxyl groups in the flavonoid structure, which eventually forms volatile
compounds. Therefore, optimizing the appropriate temperature for the extraction process is very
important to maintain the stability and effectiveness of the flavonoid compounds produced [40].

In another case, a treatment at 80 °C using 0.4 g sample and 20 kHz frequency produced a
considerably higher yield of 9.48 mg/g. Meanwhile, an extraction at 40 °C yielded 4.7 mg/g. This
indicates that the effect of temperature is also influenced by other interacting parameters such as
frequency, solvent composition, and sample to solvent ratio. The frequency of ultrasonic waves used
will affect the cavitation intensity, the frequency treatment of 40 kHz at 70°C with 0.6 g sample gave
the best result of 0.0248 mg/g, while the frequency of 20 kHz at 70°C with 0.6 g sample only produced
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0.0210 mg/g flavonoids. The frequency of ultrasonic waves is directly proportional to cavitation
intensity, which disrupts plant cell walls, enlarges pores, and enhances the release of bioactive
compounds like flavonoids. This effect improves mass transfer, accelerates diffusion into the solvent,
and increases extraction yield [41]. In addition, the ratio of simplisia to solvent is another critical
factor influencing extraction yield. A higher solvent volume promotes better solubility and prevents
saturation, allowing greater migration of flavonoids into the solvent. However, if the solvent volume
is excessively large, it may reduce the concentration gradient and thereby lower the driving force for
diffusion [42].

3.4. Microwave Assisted Extraction (MAE)
The Microwave-Assisted Extraction (MAE) method is a modern extraction technique that

uses microwave energy to accelerate the extraction process of soluble materials in plants selectively
[43]. MAE has the advantage of utilizing microwave radiation, where the solvent will heat up faster,
making electromagnetic waves able to penetrate the simplisia cell wall and evenly excite water and

fat molecules, so as to increase the effectiveness of extraction [44].

Table 4. Results of the Microwave Assisted Extraction Method Review

Preparation Instrument Result Reference
0.6 g parsley leaf powder with Total flavonoids: 6.977
ethanol 80% for 12 minutes at mg/g
60°C with 800 W power. Spectrophotometer UV-

. L : [45]

0.6 g parsley leaf powder with  Vis with A=510.0 nm Total flavonoids: 6.322
ethanol 80% for 6 minutes at mg/g
60°C with 800 W power.

Based on the data from Table 4, the treatment of 60°C for 6 minutes with 800 W power and
60°C for 12 minutes with 800 E power showed differences in total flavonoid yield, namely 6.977 mg/g
and 6.322 mg/g. It can be seen that longer extraction conditions do not always result in higher
flavonoid content. This can occur due to thermal degradation, where the heat generated by
microwaves can cause damage to the flavonoid structure, especially if the extraction lasts too long.
The sensitivity of flavonoids as bioactive compounds to heat can cause oxidation, hydrolysis, or

changes in chemical structure, which reduces their effectiveness [46].

3.5. Most Effective Treatment

Each extraction method reviewed in this study was selected based on the most optimized
treatment conditions reported in the respective articles. These conditions, such as extraction time,
solvent volume, temperature, and equipment-specific parameters were considered the most suitable
within the context of each method. Their effectiveness was reflected in the relatively high total
flavonoid content they produced under those conditions. For example, on table 3, UAE showed the
best performance using a combination of optimized variables that supported higher mass transfer
efficiency. The selection of these particular data points aimed to represent the peak potential of each

technique, providing a fair basis for method comparison.
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Table 5. Review Results of the Most Effective Treatment of Each Parsley Leaf Extraction Method
Result
Method Preparation Instrument According 1g/1 Reference
to Source minute
Maceration 4 g parsley leaf Spectrophotometer Total Total [19]
powder with 100 UV-Vis with A= flavonoids: flavonoids:
mL ethanol 80% 415.0 nm 61.18 mg/g  0.127 mg/g
for 2 hours
Soxhlet 20 g parsley leaf Spectrophotometer Total Total [29]
powder with 250 UV-Vis with A= flavonoids: flavonoids:
mL ethanol 70% 280.0 nm 20.4mg/g  0.0007 mg/g
for 24 hours
Ultrasonic 4 g parsley leaf Spectrophotometer Total Total [19]
Assisted powder with 100 UV-Vis with A= flavonoids: flavonoids:
Extraction mL ethanol 80% 415.0 nm 37.48 mg/g  0.312 mg/g
(UAE) at 40°C for 30
minutes, 60 kHz
frequency  and
400 W power.
Microwave- 0.6 g parsley leaf Spectrophotometer Total Total [45]
Assisted powder with UV-Vis with A= flavonoids: flavonoids:
Extraction ethanol 80% for 510.0 nm 6.977 mg/g  0.268 mg/g
(MAE) 12 minutes at

60°C with 800 W
power.

Based on the data obtained from Table 5. The most effective method used to extract flavonoid
compounds from parsley (Petroselinum crispum) leaves is the Ultrasonic-Assisted Extraction (UAE)
method. The UAE method is more effective in utilizing extraction materials and achieving higher
flavonoid yields than conventional methods, such as maceration, soxhlet, or Microwave-Assisted
Extraction (UAE). UAE utilizes ultrasonic energy to increase solvent penetration into the cell
membrane, thereby accelerating the mass transfer rate of the target compounds, namely flavonoids
[36].

The ultrasonic wave energy in UAE is able to create pressure that causes the breakdown of
cell walls more effectively and makes it easier for bioactive compounds such as flavonoids to dissolve
into the solvent. This makes the UAE method not only faster but also reduces solvent usage compared
to other methods. The short extraction process can also help minimize the risk of degradation of
flavonoid compounds, which are known to be susceptible to heat and oxidation [40].

Compared to maceration and soxhlet methods that require hours or days of extraction time,
UAE only takes minutes to provide more optimal results [47]. Based on the number of samples of
maceration and UAE methods in Table 5, the UAE method can produce more total flavonoids than
the maceration method if the duration is equalized, namely UAE can produce 37.48 mg/g of total
flavonoids. This is because UAE utilizes ultrasonic which can increase plant cell permeability and
have an impact on increasing the levels of bioactive compounds [48].

When compared with the MAE method in Table 5. The MAE method with a duration of 12
minutes produces total flavonoids of 6.977 mg/g, less than the UAE method which produces total

flavonoids of 37.48 mg/g with a duration of 30 minutes. If the amount of solvent and duration are
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equalized, the MAE method will produce a total flavonoid 0.268 mg/g with 1 g sample and 1 minute
duration, which is lower than the UAE method that can produce a total flavonoid content of 0.312
mg/g. This is due to the different extraction mechanisms used. UAE utilizes ultrasonic waves to create
cavitation that produces high pressure waves, so that cell walls break more easily and the release of
active compounds is maximized [41]. In addition, UAE works at a lower temperature than MAE
which can accelerate extraction by direct heating through microwave radiation, excessive heat can
cause degradation of flavonoid compounds, so the total amount of flavonoids obtained is less than
UAE [49].

The effectiveness of the UAE method is also influenced by several interacting parameters,
including ethanol concentration, extraction temperature, ultrasonic frequency, and applied power
[50]. The use of 80% ethanol provides an optimal polarity balance, enabling better solubility of both
hydrophilic and lipophilic flavonoid structures [51]. A moderate temperature of 40 °C helps prevent
thermal degradation of sensitive flavonoid compounds while maintaining sufficient energy for
effective mass transfer. Furthermore, the application of a 60 kHz ultrasonic frequency combined with
400 W power enhances cavitation intensity, increases solvent penetration, disrupts cell walls, and
accelerates the release of intracellular flavonoids [52]. These synergistic factors contribute to the high
yield of flavonoids observed under UAE conditions and emphasize the importance of optimizing
each parameter in the extraction process.

In addition, the use of the type of solvent can also greatly affect the extraction results. Based
on the data above, ethanol is the most effective solvent for extracting flavonoids from parsley leaves.
This is due to the characteristics of ethanol which is polar, has a lipophilic aromatic ring structure,
and hydroxyl (-OH) groups that are able to form hydrogen bonds with flavonoid compounds [53]. In
the most optimal treatment (UAE), a simplisia-to-solvent ratio of 1:25 (4 g parsley leaf powder with
100 mL of 80% ethanol) was used, which effectively supported the dissolution and migration of
flavonoid compounds. This balanced ratio ensures sufficient solvent availability for solubilizing
target compounds without excessively diluting the extract, contributing to the high extraction yield
observed. These characteristics make ethanol have a good ability to dissolve phenolic compounds,
including flavonoids [24].

This review acknowledges several limitations. Primarily, the method comparisons are drawn
from secondary sources, each potentially utilizing varied experimental setups, such as differences in
sample origin, particle size, storage conditions, and analytical techniques a factor that may influence
the reliability of direct comparisons. Furthermore, some articles lacked complete reporting on key
variables like solvent volume, extraction temperature, and the ratio between plant material and
solvent, thereby hindering a fully standardized evaluation. Therefore, future studies with controlled
experimental designs are recommended to validate the most effective extraction method, solvent

type, and ratio for isolating flavonoids from parsley leaves.

4. CONCLUSION

Ultrasound-assisted extraction (UAE) emerges as a highly effective technique for isolating
flavonoid compounds from Petroselinum crispum (parsley) due to its efficiency in both time and
solvent utilization. Among the evaluated methods, UAE applied to 4 g of parsley powder using
100 mL of 80% ethanol (1:25 ratio) resulted in the highest total flavonoid yield of 37.48 mg/g within
30 minutes, which corresponds to 0.312 mg/g per gram per minute. This extraction ratio effectively

balanced solvent availability and concentration gradient, thus optimizing diffusion and preventing
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over-dilution. Ethanol was identified as the most suitable solvent owing to its polar nature and strong

interaction with flavonoid molecules. Accordingly, the UAE method combined with ethanol under

optimal conditions represents the most promising approach for maximizing flavonoid extraction,

making it highly applicable in the development of pharmaceutical and functional products.
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