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Background: Flavonoids are natural bioactive constituents in many plants. Fisetin (3,3",4',7-
tetrahydroxyflavone), is a known key flavonoid found naturally in tomatoes, it has gathered interest
worldwide for its potential prevention of chronic diseases.

Aim: Using simple and low-cost methods for the extraction, identification, and measurement of the
concentration of naturally occurring fisetin in tomatoes.

Article History Method: Two solvent mixtures were used for the extraction of fisetin, methanol/water (80:20) v/v
iiig:izzﬁ cl);'ggégig and ethanol/water (50:50) v/v, followed by the measurement the total contents of phenols and
Published: 11.04.2026 flavonoids, in addition to the analysis of fisetin via thin-layer chromatography (TLC) and high-

performance liquid chromatography (HPLC).

Results: The contents in the methanol extract (ME) and ethanol extract (EE) were 5.15g and 2.65g,
respectively. Although there was no significant difference (p>0.05) in total phenolic content
between the two extracts, total flavonoid content was found to be significantly increased in EE
(p<0.05). The presence of fisetin in the sample was confirmed by TLC, while HPLC showed higher
values in EE (4.40 mg/g) than in ME (3.18 mg/g).

Conclusion: Ethanol is a more effective solvent for fisetin extraction, providing a simple and low-
cost approach for recovering a good amount of fisetin from tomato.
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Introduction

Naturally bioactive secondary metabolites, such as flavonoids, are
substantially responsible for the health benefits in plants, which
have long been essential sources of medicine. These naturally
occurring polyphenolic chemicals are extensively dispersed and
support human health in addition to plant defense and coloration
[1,2]. A crop of global importance, tomatoes (Solanum
lycopersicum) are especially abundant in phytochemicals such as
flavonoids, carotenoids, and vitamins. Crucially, it has been found
that around 98% of the fruit's total polyphenolic content is present
in the tomato peels, which makes them a useful part of the tomato
for study on functional foods and even bioactive materials [3]. A
lot of peel (which is a plentiful, affordable, and sustainable raw
material for the recovery of bioactive compounds) is produced in
the processing of tomatoes to make juices, sauces, and pastes. This
is particularly significant when discussing the important value of
food waste [4]. Recent research in the literature suggests that the
antioxidant, anti-inflammatory, antibacterial, and possibly anti-
cancer properties of flavonoids derived from tomato peels may
give them the ability to treat some chronic diseases and increase
nutritional value [5-7].

Fisetin (3,3',4',7-tetrahydroxyflavone), a bioactive flavonoid family
member, is found naturally in various fruits and vegetables,
including tomatoes. Like other flavonoids, it has strong
antioxidant, anti-inflammatory, neuroprotective, and anticancer
characteristics. Furthermore, fisetin is defined by a C6-C3-C6
chain and numerous (OH") atoms, and has gained growing interest
in its potential as a treatment [8]. In addition, fisetin has recently
gained global interest for the potential ability to prevent chronic
diseases such as cancer, some neurological diseases, and a possible
positive effect on metabolic syndromes. However, due to its quite
low natural abundance and the complexity of phytochemical
combinations, the process of its extraction and quantification from
plants may need strong analytical procedures [3,8].

According to previous studies, many identification and extraction
methods for the isolation of flavonoids from plant matrices have
been employed, these may include solvent extraction, ultrasonic-
assisted extraction, and supercritical fluid extraction. These
methods are often followed by several purification steps, such as
column chromatography and solid-phase extraction [9-11].
Although a wide range of polyphenolic compounds can be
recovered by these approaches, likely, they require multiple
additional steps for purification, the addition of large volumes of
organic solvents, and processing times are often long, which limit
their efficiency and reproducibility [12,13]. Among the developed
methods for active plant™ compounds isolation and identification,
high-performance liquid chromatography (HPLC) and thin-layer
chromatography (TLC) have emerged as simpler, very reliable, and
precise techniques for the separation and quantification of
flavonoids, including fisetin [14,15].

The chromatographic method (HPLC) is important for the
extraction, separation, and quantification of fisetin, which is
frequently subjected to multi-step purification techniques [15].
Similar to HPLC, TLC is a useful, less resource-intensive
technique that is mainly used to compare and track fractions
obtained during initial purification steps such as primary silica-gel
column chromatography. By evaluating their composition, TLC
helps to guide the overall extraction and purification procedure of
many important plants compounds specially the flavonoids [15].
Even though tomatoes are known to contain flavonoids [16], there
is still little specific studies on how to extract, separate, and
measure fisetin from tomatoes. In order to provide both qualitative
and quantitative insights, the current study aims to extract fisetin
from tomato and detect it using TLC and HPLC techniques.

Materials and Methods

Tomato Powder Preparation

Tomatoes were washed, sliced, de-seeded, and dried naturally in
the dark at room temperature. Then, the dry pieces were ground to
form a fine powder. This powder was subjected to defatting by the
maceration process with hexane overnight. After that, the
previously macerated powder was collected and air-dried for 48
hrs. The resulting powder (defatted) was the one used in this study
for further extractions [17].

Crude Extraction Preparation

Two separate samples, weighing 10 g each, of the defatted powder
were used for extraction with two different solvent systems by the
maceration process. First, methanol extract (ME): the first sample
was macerated with a methanol: water (80:20, v/v) mixture.
Second, ethanol extract (EE): the second sample was macerated
with an ethanol: water (50:50, v/v) mixture, and the maceration
extraction process was carried out over three days. Following
extraction, the mixtures were filtered, and the resulting materials
were allowed to air dry at room temperature in the dark by using
petri dishes. This step yielded the crude extracts of ME and EE
[15].

Liquid-Liquid Extraction

For further extraction and purification of the less polar flavonoids,
each crude sample was dissolved in a small amount of water first.
Then, each aqueous solution was mixed with 1:1 ratio (v/v) of
ethyl acetate using a separator funnel. The mixture was then
strongly and repeatedly shaken and allowed to separate into two
layers. The ethyl acetate organic layer, containing less-polar
compounds, such as fisetin, was collected and dried at room
temperature to gain the final samples for analysis [15].

Qualitative Analysis of Phytochemical Constituents

An initial qualitative analysis of phytochemicals was conducted on
the ethyl acetate fractions of the ME and EE to establish the
presence of key secondary metabolites (polyphenols and
flavonoids). The tests were carried out as in (Table 1).
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Table 1. Qualitative screening methods for flavonoids and polyphenolic compounds [18]

Secondary Metabolite

Test Performed

Procedure and Indication

Shinoda test (magnesium-

A small amount of the extract was dissolved in ethanol, and a few

Flavonoids o . pieces of magnesium ribbon were added, followed by the addition
hydrochloric acid reduction) L
of concentrated hydrochloric acid.
Flavonoids Lead acetate test The extract solution was treated with lead acetate solution of 10%.

A solution of the extract was treated with a few drops of 5%

Polyphenols/Tannins Ferric chloride test

ferric chloride solution.

The Quantitative Analysis of Phenolic Compounds in Tomato
Extract

The Folin-Ciocalteu (FC) colorimetric assay was used in this study
for the determination of the total phenolic content (TPC) of the ME
and EE. First, working solutions of both ME and EE were prepared
at a concentration of 100 mg/mL. 1 mL of the sample was mixed
with 1 mL of FC’s reagent. After 3 min of reaction time, saturated
sodium carbonate was added (1mL), and the solution volume was
adjusted to 10 mL with the addition of distilled water. Then, the
solution mixture was incubated for 90 minutes in the dark.
Furthermore, standard solutions of gallic acid (GA) were prepared
in different gradual concentrations ranging from 0.01-2.00 mg/mL.
For calibration curve creation. The absorbance of all prepared
solutions was measured against the blank using a UV-Vis
spectrophotometer at 765 nm. Results were expressed as GA
equivalents (GAE) per 1 g of dry extract [19].

The Quantitative Analysis of Flavonoid Content in Tomato
Extract

The total flavonoid content (TFC) of the ME and EE samples was
determined using a modified sodium nitrite-aluminum chloride
method [19]. Solutions of both ME and EE were prepared at a
concentration of 2 mg/mL. First, 0.5 mL of the sample extract is
mixed with 0.3 mL of 5% sodium nitrite solution. After 5 min, 0.3
mL of 10% aluminum chloride was added to the mixture.
Following that, by 6 min, 2 mL of 1 M sodium hydroxide was also
added to the solution. Then, the volume was made up to 5 mL with
distilled water. Quercetin was used as a standard for calibration by
preparing various concentrations (0.05-2) mg/mL. The absorbance
of all prepared solutions was measured against the blank with a
UV-Vis spectrophotometer at 510 nm. The TFC was expressed as
mg of quercetin equivalent (QE) per 1 g of extract.

Thin-Layer Chromatography (TLC)

TLC was conducted in this study to qualitatively confirm the
existence of fisetin in the ME and EE by comparing its retention
factor (Rf) to the Rf of a known pure fisetin standard.

1. Preparation of Stationary Phase

The sample separation was conducted on a plate consisting of
Silica Gel 60 F,5, with dimensions of 20x20 cm. To ensure an
optimum separation and activity of the plate, it was pre-activated
by first drying, then heated in an oven at 120 °C for 20 minutes,
then allowed to cool down prior to use. Finally, an accurate
baseline for samples and a solvent front line was drawn on the
activated plate [20].

2. Preparation of Mobile Phase

The mobile phase system was adjusted specifically for the
detection of fisetin, consisting of a four-component mixture of
solvents, ethyl acetate: methanol: water: toluene in a volumetric
ratio (10:1.5:1.3:0.2). This solvent system was moved into the TLC
developing chamber for saturation with its vapors before the plate
was immersed in it [21].

3. Sample Application

Four separate samples (2 of ME and 2 of EE) were carefully drawn
into the baseline by using a capillary tube. Furthermore, the fisetin
standard (2 mg/mL) was also applied to the samples for
comparison. After application, the plate was left for a few minutes
to ensure the evaporation of the spotting solvent completely before
beginning the separation process [20].

4. Sample Detection

Following development, the plates were removed from the TLC
chamber, air-dried completely, and the separated spots of sample
and standard were visualized under UV light at 254 nm. The R; for
the resolved spots was calculated as described by Pandey et al.
[22], using the formula [21]:

__ the distance traveled by the compound spot

distance traveled by the solvent

Quantitative Determination by High-Performance Liquid
Chromatography (HPLC)

The concentration of fisetin in the prepared tomato extracts was
accurately quantified using a SYKAM Liquid Chromatograph
(Germany) by following the manufacturer’s guidelines.

1. Instrumentation and Column

In this analysis, The Chromatograph was equipped with a sample
injector, quaternary gradient pump, a column oven, and a UV-Vis
detector. The process of compound separation from the prepared
solutions was completed on a C-18 ODS reverse-phase column
(Nucleodur 250 x 4.6 mm i.d., 5 um, Macherey Nagel) [23].

2. Standard and Sample Preparation

Before analysis, the standard solution of fisetin was prepared at a
concentration of 1 mg/L. The analytical run (RP-HPLC) included
the injection of the fisetin standard for the detection of its retention
time (RT). Then, extracted samples were injected for
quantification. The injection volume used for all samples was 20 ul
[23].
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3. Chromatographic Conditions

The isocratic elution method (the mobile phase should remain
fixed throughout the entire separation process) was used for the
separation of fisetin under the following optimal conditions:
mobile phase: consisted of a solution mixture of acetonitrile (A)
and 0.2 M orthophosphoric acid (B) in a fixed 30:70 (v/v) ratio,
flow rate: constant at 1 mL/min, detection wavelength: fisetin was
detected and quantified at 362 nm, and column oven temperature
30°C[23].

4. Quantification

Fisetin's initial identification in the crude extract was confirmed by
the comparison of its RT to that of a pure, known fisetin standard.
After the identification, the concentration of fisetin was
quantitatively measured by a calibration curve (plotting the known
pure fisetin concentration range (5-1000 pg/mL) against the
resulting peaks detected after HPLC analysis). The graph was then
used directly to find the unknown fisetin concentration present in
both EE and ME [23].

Statistical Analysis

Data in this research are presented as the mean. Student T-tests
were conducted by utilizing the SPSS program to assess the results
from the quantitative analysis of TPC and TFC. Differences were
considered statistically significant at a p-value that is < 0.05.

Results
Crude Extraction Yields

The yield extracted from 10g tomato powder using the two hydro-
organic solvent systems of the ME and EE was expressed as dry
mass weight. Weights and their corresponding percentages are
expressed in (Table 2). The ME has resulted in a higher yield
(5.15 g) when compared to the EE (2.56 g).

Table 2. Summary of extracts, their dry mass weights, and
percentages

Quantitative Determination of Total Phenolic Compounds

In the ME, the TPC was estimated by the calibration equation
derived from the GA standard and it was estimated to 1.5467 mg
GAE/g, while the TPC in the EE was 1.9333 mg GAE/g. Statistical
analysis showed no significant difference (p > 0.05) between the
extracts.

Quantitative Analysis of Total Flavonoid Content

In contrast, the TFC showed a clear difference between extracts.
The ME recorded 13.9233 mg QE/g, whereas the EE resulted in
47.6867 mg QE/g, indicating a significant difference (p< 0.05),
with the ethanol extract showing the higher flavonoid
concentration.The total phenolic and flavonoid contents of the ME
and EE are summarized below in (Table 4).

Table 4. Quantitative summary of total phenolic and flavonoid
contents in methanol and ethanol extracts

Samole Total Phenolic Total Flavonoid
i Content (mg GAE/g) | Content (mg QE/g)
Methanol
Extract (ME) 1.5467 13.9233
Ethanol Extract

Qualitative Analysis by Thin-Layer Chromatography.

TLC analysis confirmed the presence of the fisetin bands in both
extracts with nearly the same retention factors for the extracts and
standard fisetin. The results are summarized in (Table 5).

Table 5. Thin-layer Chromatography Retention Factor (Rf)
Comparison of Fisetin Standard and Tomato Extracts MF and EF

Extract Name Dry Mass weight Percentage

Methanol Extract (ME) 5159 51.5%

Ethanol Extract (EE) 2.65¢ 26.5%

Qualitative Analysis of Phytochemicals

The preliminary qualitative screening was performed on the
methanol and ethanol extracts in order to confirm the general class
that fisetin belongs to. The results are presented in (Table 3).

Table 3. Qualitative Phytochemical Analysis of Tomato Extracts

Sample Retention Factor (Rf) Value
Fisetin Standard 0.87
Methanol Extract (MF) 0.889
Ethanol Extract (EF) 0.889

Test Name Observations

Shinoda Test +++ (pink color)

Lead Acetate Test + (Yellow precipitate)

Ferric Chloride Test +++ (blockish-green color)

(+++) = abundant, (+) = trace presence

Both the MF and the EF analysis resulted in a prominent
component with a 0.889 Rf value that was highly comparable to
the Rf value of the fisetin standard used in this study (0.87),
therefore, there was a confirmation of the presence of fisetin in
these tomato extracts. As demonstrated in (Fig. 1).
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Fig. 1. Thin Layer Chromatography Profile of Fisetin Standard and other Tomato Extracts. F, fisetin standard; EF, ethanol extract; ES, ethanol
extract (2™ sample); MF, methanol extract; MS, methanol extract (2™ sample)

Quantitative  Analysis of  High-Performance Liquid
Chromatography

The quantitative HPLC test was used in this study to determine the
fisetin content in the ethyl acetate fractions of the tomato extracts.

Fisetin was identified by its characteristic RT and further quantified
by its peak area using the specified detection wavelength of
362 nm. The pure fisetin standard Rt was registered at (5.08

minutes), as illustrated in (Fig. 2). The watery methanolic fisetin
(MF) showed a peak nearly matching RT to that of standard fisetin
at (5.05 minutes), as shown in (Fig. 3). This confirmed the
presence of the fisetin compound. Similarly, the watery ethanolic
fisetin (EF) displayed a peak exactly matching the Rt of the fisetin
standard (5.08 minutes), therefore, validating the presence of
fisetin in both extracts, as shown in (Fig. 4).

[mA]

12

1.0

5.08

0.8

0.6

Absorption

04

0.2

2

Fisetin Standard

10 12 14
[min.]

Fig. 2. HPLC Spectrum of fisetin standard. The detection was monitored at 362 nm
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Fig. 3. HPLC spectrum of methanol extract, the detection was monitored at 362 nm
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Fig, 4. HPLC Spectrum of Ethanol Extract. The detection was monitored at 362 nm

Fisetin Concentration

The fisetin quantification using HPLC was based on a calibration
curve prepared from different concentrations of the pure standard
fisetin solutions. The concentrations range (5 to 1000 pg/mL) were
used to attain their respective peak area (mAU), as illustrated in
(Table 6). The calibration curve was constructed based on this data,
as shown in (Fig. 5), which assisted in the calculation of fisetin
concentrations in the unknown extracted samples. A strong linear
correlation was demonstrated between concentration and peak area
in the constructed calibration curve, which confirms the accuracy
of the used quantification method in this study. Based on this
analysis, the EF contained a higher fisetin concentration of 4.40
mg/g of dry extract, whereas the MF showed a slightly lower
concentration of 3.18 mg/g.

10

Table 6. Concentrations and peak areas used in the calibration
curve of fisetin

Fisetin Concentration (ug/mL) Peak Area (mAU)
1000 25364.4
500 13343.193
100 2170.674
50 905.333
10 220.613
5 74.317
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Fig. 5. Standard calibration curve of fisetin

Discussion

Throughout history, natural plants have been an important source
of many bioactive compounds, which were used worldwide as
medication. The identification and extraction of such plant
constituents have been instrumental in the discovery of novel
pharmaceutical resources [24]. Fisetin is a naturally occurring
flavonoid that is normally found in various vegetables and fruits,
due to its outstanding biological activities, it has attracted
significant research interest globally due to possessing range of
health benefits [15]. The process of extracting phenolic compounds
from plants is usually challenging because many factors can affect
the amount of the final yield and the sample integrity. The amount
of the extract is dependent on many factors, such as the solvent of
extraction, time duration, heat application, the utilized methods,
level of maturity of the plant used, etc. [25]. To avoid any obstacle
during this research, and to ensure maximum, unharmed
composition, fresh tomatoes were utilized, and high heat was
avoided during processing.

The selection of a solvent system with the optimal extraction
efficiency is critical in this study to maximize the yield of the
chemically diverse group of polyphenols [26]. Organic solvents,
including methanol and ethanol, and their aqueous mixtures, are
used in many studies for the extraction of plants. Their high
polarity allows them to solubilize many compounds, including
flavonoids [27]. Furthermore, water molecules has the ability to
enhance polyphenols diffusion through plant tissues, and the
swelling impact of water on plant tissues increases the surface area
required for interaction, which leads to efficient extraction in the
used aqueous solutions [2]. Accordingly, this study used an
aqueous-organic mixture of solutions for extraction. Two hydro-
organic systems were used methanol in water (80:20, v/v) and
ethanol in water (50:50, v/v) to compare their extracting efficacy.
Although both alcohols are considered polar, nevertheless,
methanol is slightly more polar (0.762) than ethanol (0.654) [9,27].
This slight difference in polarity might lead to differences in
extraction efficacy for a specific compound [26].

In this study, fisetin was successfully extracted from tomato
powder using room-temperature maceration with methanol and
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ethanol solvent systems. Since maceration is a mild technique of
extraction that operates without applying heat, it minimizes the
damage of thermal degradation for sensitive flavonoids such as
fisetin [28]. Utilizing ethyl acetate (organic solvent) for LLE was
highly effective in fisetin extraction because the latter is an
aglycone flavonoid, and highly alkylated aglycones show a
preference for organic solvents [16,29]. Furthermore, a previous
work by Kim Huh, supports our method, which demonstrated that
ethyl acetate has the highest ability to recover less-polar flavonoids
among various solvent fractions tested [15]. The tomato TPC
analysis demonstrated no statistically significant difference
between the ME and the EE in this research. The lack of a
statistically significant difference (p>0.05) in TPC between the
used aqueous extracts can be mainly explained by the polarity
resemblance of the aqueous systems. Methanol and ethanol are
polar organic solvents that are used for the extraction of
polyphenols, which are themselves polar because of their
hydroxylated aromatic chemistry [30,31]. While the polarity of
pure methanol is originally slightly higher than that of pure
ethanol, the addition of water as cosolvent decreases this marginal
difference, enhances their polarity, and facilitates the extraction of
molecules that are soluble in both components [27,32]. Therefore,
the overall extraction efficiency for the general pool of phenolics
becomes statistically comparable.

A previous study by Boonkasem et al., in which a comparative
analysis of TPC from different tomato varieties showed that hydro-
alcoholic forms of methanol and ethanol produced similar
extraction efficiencies [33]. These findings support the present
results. Furthermore, the findings of another previous study by
Sultana et al. [30], are consistent with our current results, showing
that the use of methanol and ethanol in their aqueous forms did not
result in significant values in TPC for several plant materials. In
contrast, TFC showed a significant increase in the EE (p<0.05)
when compared to ME. The current finding is in agreement with
results published in a study by Mohammed et al. [26]. This
outcome can be clarified by the selective solubility of flavonoid
subclasses. Flavonoids in nature can widely vary in their polarity
depending on the presence or absence of glycoside groups [34].
The moderate polarity of ethanol makes it more effective in the
solubilization of the less-polar aglycones and glycosides content in
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flavonoid, while methanol tends to solubilize more polar phenolic
acids and lower-molecular-weight compounds. Therefore, the
current study concludes that ethanol shows better flavonoid
selectivity for extraction, leading to a higher TFC. The TLC test
successfully confirmed the existence of fisetin in both extracts. The
fisetin Rf values in both the methanol (0.889) and ethanol (0.889)
extracts were almost identical to the Rf of the fisetin standard
(0.87). The Rf value of a compound under specific conditions
serves as a valuable aid to identity [35]. This approach is consistent
with other research that used TLC to confirm fisetin's presence in
various plants [15]. To the best of our knowledge, this is the first
report on the detection of fisetin using TLC in tomato extracts. In
the present study, fisetin was successfully identified in both
methanol and ethanol extracts through comparison of RT with that
of the pre-prepared standard fisetin. The standard exhibited an RT
of 5.08 minutes, while the MF and EF showed peaks at 5.05 and
5.08 minutes, respectively. The near-identical RT values of extracts
confirmed the presence of fisetin in both of them.

The quantification of fisetin was based on a calibration curve,
which was derived from standard pure fisetin solutions. It
demonstrated a strong linear correlation between concentration and
peak area, which confirmed the accuracy of the analytical method.
The EF resulted in a higher fisetin concentration (4.40 mg/g) when
compared to the MF (3.18 mg/g). This difference can be explained
by the principle of “like dissolves like”, when the target
compound’s polarity is close to the solvent, it tends to extract it
more efficiently [2]. Fisetin is moderately polar with poor aqueous
solubility (<1 mg/mL); therefore, it is more soluble in agueous
ethanol, which has an optimal balance regarding polarity and
formation of hydrophobic interactions [36,37]. Tissue swelling
caused by ethanol could facilitate better solvent penetration,
therefore enhancing the crossing of fisetin from plant cells into the
solvent [2,31]. Several studies, such as those by Sultana et al. [30]
and Do et al. [32], also demonstrated that ethanol-based systems
generally yield higher flavonoid concentrations compared to
methanol, supporting the findings of this study.

Conclusion

In this study, simple and efficient extraction methods were
successfully applied to obtain fisetin from tomato powder, showing
that a good amount of yield of this important flavonoid can be
obtained from a small and inexpensive plant source, tomato.
Fisetin presence in both ME and EE were confirmed qualitatively
through TLC and quantitatively by HPLC, showing higher amounts
in ethanol.

Conflicts of Interest

The authors declare that they have no conflicts of interest related to
this study.

Funding
Not applicable.
Authors’ contributions

Conceptualization: Rafeef A. Abdul-Jabar, methodology: Rafeef A.
Abdul-Jabar , software: Ahmed N. Abood , validation: Rafeef A.
Abdul-Jabar & Ahmed N. Abood , formal analysis: Rafeef A.
Abdul-Jabar , investigation: Ahmed Abbas Almaliki, resources:
Ahmed Abbas Almaliki, data curation: Ahmed Abbas Almaliki,
project administration: Rafeef A. Abdul-Jabar & Ahmed N. Abood,

12

funding acquisition: not applicable. visualization: Ahmed Abbas
Almaliki, supervision: Rafeef A. Abdul-Jabar & Ahmed N. Abood,
writing-original draft: Ahmed Abbas Almaliki, writing-review &
editing: Rafeef A. Abdul-Jabar & Ahmed N. Abood.

Acknowledgments

This research originated from a master of science thesis presented
to the Department of Clinical and Laboratory Sciences at the
College of Pharmacy, Basrah University. The authors are thankful
to the college for their support throughout the study.

References

[1] Zahra, M., Abrahamse, H., & George, B. P. (2024).
Flavonoids: Antioxidant Powerhouses and Their Role in
Nanomedicine. Antioxidants, 13(8), 922.

[2] Zaki Al-Jaberi, A. M., Al-Fadal, S. A. M., Abdul-Jalil, T.
Z., & Al-Wafi, H. (2023). HPLC Isolation of Rutin,
Hesperidin and Quercetin from Ruta Chalepensis Extract
Growing in Irag. Pharmacognosy Journal, 15(4), 606—611.

[3] Abbasi-Parizad, P., De Nisi, P., Adani, F., Pepé Sciarria, T,
Squillace, P., Scarafoni, A., et al. (2020). Antioxidant and
Anti-Inflammatory Activities of the Crude Extracts of Raw
and Fermented Tomato Pomace and Their Correlations
with Aglycate-Polyphenols. Antioxidants, 9(2), 179.

[4] Casey Nairenge, M. M., Ikechukwu, M., Cheikhyoussef,
N., Hussein, A. A, & Cheikhyoussef, A. (2025).
Phytochemicals from Tomato (Solanum lycopersicum L.)
By-Products. In Bioactive Phytochemicals in By-Products
from Bulb, Flower and Fruit Vegetables (pp. 329-346).

[5] Szabo, K., Mitrea, L., Calinoiu, L. F., Teleky, B.-E.,
Martau, G. A., Plamada, D., et al. (2022). Natural
Polyphenol Recovery from Apple-, Cereal-, and Tomato-
Processing By-Products and Related Health-Promoting
Properties. Molecules, 27(22), 7977.

[6] Jiménez Bolafio, D. C., Insuasty, D., Rodriguez Macias, J.
D., & Grande-Tovar, C. D. (2024). Potential Use of Tomato
Peel, a Rich Source of Lycopene, for Cancer Treatment.
Molecules, 29(13), 3079.

[7] Silla, A., Punzo, A., Bonvicini, F., Perillo, M., Malaguti,
M., Lorenzini, A., et al. (2025). Anti-Inflammatory,
Antioxidant and Antibacterial Properties of Tomato Skin
and Pomegranate Peel Extracts: A Sustainable Approach
for Oral Health Care. Antioxidants, 14(1), 54.

[8] Szymczak, J., & Cielecka-Piontek, J. (2023). Fisetin—In
Search of Better Bioavailability—From Macro to Nano
Modifications: A Review. International Journal of
Molecular Sciences, 24(18), 14158.

[9] Nn, A. (2015). A Review on the Extraction Methods Use in
Medicinal Plants, Principle, Strength and Limitation. Med
Aromat Plants (Los Angel), 04(03).

[10] Mustafa, A., & Turner, C. (2011). Pressurized liquid
extraction as a green approach in food and herbal plants
extraction: A review. Analytica Chimica Acta, 703(1), 8—
18.

[11] Chemat, F., Vian, M. A., & Cravotto, G. (2012). Green

Extraction of Natural Products: Concept and Principles.
International Journal of Molecular Sciences, 13(7), 8615-
8627.



ISAR ] Med Pharm Sci; Vol-4, Iss-4, 2026

[12]

[13]

[14]

[15]

(16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Kaufmann, B., & Christen, P. (2002). Recent extraction
techniques for natural products: microwave-assisted
extraction  and  pressurised  solvent  extraction.
Phytochemical Analysis, 13(2), 105-113.

Pan, J., Ai, F., Shao, P., Chen, H., & Gao, H. (2019).
Development  of  polyvinyl  alcohol/B-cyclodextrin
antimicrobial nanofibers for fresh mushroom packaging.
Food Chemistry, 300, 125249.

Stalikas, C. D. (2007). Extraction, separation, and detection
methods for phenolic acids and flavonoids. Journal of
Separation Science, 30(18), 3268-3295.

Kim, S.-H., & Huh, C.-K. (2022). Isolation and
Identification of Fisetin: An Antioxidative Compound
Obtained from Rhus verniciflua Seeds. Molecules, 27(14),
4510.

Dias, M. C., Pinto, D. C. G. A, & Silva, A. M. S. (2021).
Plant Flavonoids: Chemical Characteristics and Biological
Activity. Molecules, 26(17), 5377.

Eslami, E., Carpentieri, S., Pataro, G., & Ferrari, G. (2022).
A Comprehensive Overview of Tomato Processing By-
Product Valorization by Conventional Methods versus
Emerging Technologies. Foods, 12(1), 166.

Hamadnalla, H. (2019). Phytochemical Screening of
Leaves and Roots of Stylochiton Borumensis: A Medicinal
Plant. Earth & Environmental Science Research &
Reviews, 2(1).

Pavithra, K., & Vadivukkarasi, S. (2015). Evaluation of
free radical scavenging activity of various extracts of leaves
from Kedrostis foetidissima (Jacg.) Cogn. Food Science
and Human Wellness, 4(1), 42—-46.

Oraibi, A. I, & Hamad, M. N. (2018). Phytochemical
Investigation of Flavanoid of Calotropis Procera in Iraq,
Isolation and Identification of Rutin, Quercitin and
Kampferol. Journal of Pharmaceutical Sciences and
Research, 10(9), 2407-2411.

Lorthongpanich, N., Mahalapbutr, P., Rungrotmongkol, T.,
Charoenwongpaiboon, T., & Prousoontorn, M. H. (2022).
Fisetin  glycosides  synthesized by  cyclodextrin
glycosyltransferase  from  Paenibacillus sp. RBO1:
characterization, molecular docking, and antioxidant
activity. PeerJ, 10, e13467.

Pandey, S., Singh, D., Yadav, J. P., & Verma, A. (2025).
Medicinal ~ Potential of Curcuma caesia Roxb.:
Phytochemical Composition and TLC Profile of
Hydroalcoholic Rhizome Extract. Journal of Drug Delivery
and Therapeutics, 15(6), 41-47.

Kumar, R., Khursheed, R., Awasthi, A., Khurana, N.,
Singh, S. K., et al. (2021). Development and validation of
RP-HPLC method for estimation of fisetin in rat plasma.
South African Journal of Botany, 140, 284—289.

Stromsnes, K., Lagzdina, R., Olaso-Gonzalez, G., Gimeno-
Mallench, L., & Gambini, J. (2021). Pharmacological
Properties of Polyphenols: Bioavailability, Mechanisms of
Action, and Biological Effects in In Vitro Studies, Animal
Models, and Humans. Biomedicines, 9(8), 1074.

Kalauni, S. K., Karki, J., Sharma, M., & Khanal, L. N.
(2024).  Phytochemical  Screening, Evaluation of

13

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[38]

[36]

[37]

Antioxidant and Antidiabetic Activities of Green Tea
Auvailable in Nepal. Prithvi Academic Journal, 7, 9-19.
Mohammed, E. A., Abdalla, I. G., Alfawaz, M. A,
Mohammed, M. A., Al Maiman, S. A., Osman, M. A, et al.
(2022). Effects of Extraction Solvents on the Total Phenolic
Content, Total Flavonoid Content, and Antioxidant Activity
in the Aerial Part of Root Vegetables. Agriculture, 12(11),
1820.

Abubakar, A. R., & Haque, M. (2020). Preparation of
Medicinal Plants: Basic Extraction and Fractionation
Procedures for Experimental Purposes. Journal of
Pharmacy & Bioallied Sciences, 12(1), 1-10.

Wang, J., & Zhao, X.-H. (2016). Degradation kinetics of
fisetin and quercetin in solutions affected by medium pH,
temperature and co-existed proteins. Journal of the Serbian
Chemical Society, 81(3), 243-253.

Mahmud, A. R., Ema, T. I, Siddiquee, M. F.-R., Shahriar,
A., Ahmed, H., Mosfeq-Ul-Hasan, M., et al. (2023).
Natural flavonols: actions, mechanisms, and potential
therapeutic utility for wvarious diseases. Beni Suef
University Journal of Basic and Applied Sciences, 12(1),
47.

Sultana, B., Anwar, F., & Ashraf, M. (2009). Effect of
Extraction Solvent/Technique on the Antioxidant Activity
of Selected Medicinal Plant Extracts. Molecules, 14(6),
2167-2180.

Roopashree, K. M., & Naik, D. (2019). Advanced method
of secondary metabolite extraction and quality analysis.
Journal of Pharmacognosy and Phytochemistry, 8(3),
1829-1842.

Do, Q. D., Angkawijaya, A. E., Tran-Nguyen, P. L.,
Huynh, L. H., Soetaredjo, F. E., Ismadji, S., et al. (2014).
Effect of extraction solvent on total phenol content, total
flavonoid content, and antioxidant activity of Limnophila
aromatica. Journal of Food and Drug Analysis, 22(3), 296—
302.

Boonkasem, P., Sricharoen, P., Techawongstein, S., &
Chanthai, S. (2015). Determination of ascorbic acid and
total phenolics related to the antioxidant activity of some
local tomato (Solanum lycopersicum) varieties. Der Pharma
Chemica, 7(4), 66-70.

Sysak, S., Czarczynska-Goslinska, B., Szyk, P,
Koczorowski, T., Mlynarczyk, D. T., Szczolko, W., et al.
(2023). Metal Nanoparticle-Flavonoid  Connections:
Synthesis, Physicochemical and Biological Properties, as
Well as Potential Applications in Medicine. Nanomaterials,
13(9), 1531.

Maheshwaran, L., Nadarajah, L., Senadeera, S. P. N. N,
Ranaweera, C. B., Chandana, A. K., & Pathirana, R. N.
(2024). Phytochemical Testing Methodologies and
Principles for Preliminary Screening/ Qualitative Testing.
Asian Plant Research Journal, 12(5), 11-38.

Grynkiewicz, G., & Demchuk, O. M. (2019). New
Perspectives for Fisetin. Frontiers in Chemistry, 7, 486634.
Sowa, M., Slepokura, K., & Matczak-Jon, E. (2014).
Improving solubility of fisetin by cocrystallization.
CrystEngComm, 16(46), 10592-10601.



