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The present study investigates the phytochemical composition, vitamin content,
and bioactive properties of Cucurbita pepo leaves, alongside their application in
the green synthesis of silver nanoparticles (AgNPs). Ethanolic and acetone extracts
of Cucurbita pepo leaves were analyzed for their total phenolic and flavonoid
content, revealing significant antioxidant and metal-chelating activities, with
ethanol proving to be the superior solvent. Chromatographic and
spectrophotometric analyses identified a diverse profile of phenolic compounds and
vitamins, including ascorbic acid and a-tocopherol. The green synthesis of AgNPs
was achieved using these extracts, with nanoparticles characterized by UV-Vis,
SEM, EDX, and XRD techniques, confirming their stability and crystalline
structure. The synthesized AgNPs exhibited promising antibacterial activity against
both Gram-positive (Staphylococcus aureus) and Gram-negative (Escherichia coli)
bacteria, outperforming the crude extracts. This study highlights Cucurbita pepo
leaves as a rich source of natural antioxidants, vitamins, and bioactive compounds

with potential applications in nanotechnology with antimicrobial therapies.

1. Introduction

Plants have served as a cornerstone in traditional
medicine, providing a source of natural compounds with
pharmacological properties beneficial for human health
[1, 2]. Among these, Cucurbita pepo, commonly known as
pumpkin, holds significant attention due to its rich
phytochemical profile [3]. Historically utilized in various
cultural practices and traditional medicine, Cucurbita pepo
is widely regarded for its nutritional and therapeutic
benefits [4]. Both the seeds and flesh of Cucurbita pepo
have been the subject of extensive research, highlighting
their antioxidant, anti-inflammatory, and antimicrobial
properties [5, 6].

However, its leaves are often overlooked despite their
potential bioactive compounds, which may offer similar
or even enhanced benefits [7]. The antioxidant properties
of plant-based compounds are of particular interest in
pharmacology and nutrition [8], as they play a crucial role
in mitigating oxidative stress a contributor to various

chronic diseases [9], including cardiovascular disease
[10], cancer [11], and neurodegenerative disorders [9].
Oxidative stress results from an imbalance between free
radicals and antioxidants in the body [12],

leading to cellular damage [13]. Phytochemicals,
including phenolic acids and flavonoids, act as natural
antioxidants by scavenging free radicals and offering a
defense against oxidative damage [14]. Cucurbita pepo
leaves are expected to contain significant amounts of
these phytochemicals, making them promising
candidates for antioxidant applications [15, 16].
Furthermore, phenolic compounds not only contribute to
antioxidant capacity but also exhibit anti-inflammatory
and antimicrobial activities, which may enhance the
therapeutic potential of Cucurbita pepo leaves [17]. In
addition to antioxidants, plant extracts have been
recognized for their antimicrobial properties, providing a
natural alternative to synthetic antimicrobial agents [18].

This is especially relevant given the increasing global
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concern over antibiotic resistance [19], which has
accelerated the search for alternative solutions to combat
microbial infections [20]. Plant-derived antimicrobials,
particularly those from medicinal plants, have shown
efficacy against various pathogens, offering a sustainable
and potentially less harmful solution to microbial
infections [21]. Beyond their antioxidant and
antimicrobial properties, plant leaves contain a range of
vitamins, both water- and fat-soluble, that contribute to
their health benefits [22]. Vitamins play essential roles in
various biological processes, including immune function
[23], skin health [24], and cellular repair [25]. The
presence of water-soluble vitamins, such as vitamin C,
and fat-soluble vitamins, such as vitamin E, further
enhances the value of Cucurbita pepo as a source of
nutrition and potential therapeutic applications [26]. The
analysis of these vitamins is carried out using advanced
analytical techniques, including high-performance liquid
chromatography (HPLC), which enables precise
identification and quantification of bioactive compounds
[27]. In addition to HPLC, infrared (IR) spectroscopy
[28] and other spectrophotometric methods [29] provide
comprehensive insights into the phytochemical profile of
the extracts, allowing for a detailed evaluation of their
bioactive composition [30].

In recent years, the green synthesis of nanoparticles
using plant extracts has emerged as an environmentally
friendly approach to nanomaterial production [31].
Traditional methods of synthesizing silver nanoparticles
often involve hazardous chemicals, posing risks to both
the environment and human health [32]. Green synthesis,
on the other hand, utilizes plant-based reducing agents,
offering a sustainable and safer alternative [33]. The
study of green-synthesized silver nanoparticles holds
promise for applications in various fields, including
medicine [34], agriculture [35], and environmental
science [36], due to their unique properties and reduced
environmental impact [37].

The aim of this study is to investigate the phytochemical
composition, vitamin content, and bioactive properties of
Cucurbita pepo leaves, with a specific focus on their
antioxidant and antibacterial potential. Additionally, the study
seeks to utilize these leaf extracts for the eco-friendly green
synthesis and characterization of silver nanoparticles (AgNPs)
and evaluate their effectiveness as antimicrobial agents.
Through this research, the study aims to highlight the
therapeutic and technological potential of Cucurbita pepo
leaves in developing natural bioactive formulations and
nanotechnology-based solutions for health and environmental
applications.

2. Materials and Methods

2.1. Plant material and extraction

Cucurbita pepo leaves were harvested in October
2023 from the village of Shekhan, near the city of Soran
in the Kurdistan Region of Iraq. The leaves were shade-
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dried and then ground into a fine powder for extraction.
To identify the bioactive components, a conventional
maceration extraction method was employed, using
ethanol and acetone as solvents.

2.1.1. Maceration at room and high temperature

A total 0 20.00 g of dried, ground leaves and fruits of
Cucurbita pepo was extracted separately with 200 ml of
ethanol and 200 ml of acetone, using conventional
maceration. Each solvent extraction was performed for
24 hours, once at room temperature and once at elevated
temperature. After extraction, the residue was removed
by filtration. The filtrates were then concentrated by
mixing and evaporating at 40 °C under 150 mbar pressure
with a rotary evaporator. The extracts were completely
dried in a vacuum oven and stored at 4-6 °C [38, 39, 40,
41].

2.2. Phytochemical study

Sample preparations involved dissolving 0.05 g of
dried extracts in 5.0 mL of ethanol and 5.0 mL of acetone,
followed by agitation for 30 minutes at room temperature
in a water bath. These prepared solutions were then used
to evaluate the antioxidant content of the samples.

2.2.1. Determination of total phenol content

The total phenolic content (TPC) in plant extracts was
determined using the Folin-Ciocalteu colorimetric
technique [42, 43]. A stock solution of gallic acid was
prepared by dissolving 0.005 g of gallic acid in 5.0 mL of
methanol and stirring in a water bath at room temperature
for 30 minutes, followed by serial dilutions to create
various concentrations. For the assay, 0.5 mL of each
sample or standard was combined with 1.5 mL of distilled
water and 0.25 mL of Folin-Ciocalteu reagent (1:1 with
methanol). After vortexing for 5 minutes, 1.5 mL of 10%
Na2COs solution was added, and the mixture was
incubated in the dark for 1 hour at room temperature.
Absorbance was measured at 760 nm using a UV-Vis
spectrophotometer. A calibration curve was constructed
using gallic acid at concentrations of (2.5, 5, 10, 20, 50,
100, and 150 ppm). The phenol contents are expressed as
gallic acid equivalents per mg (mg GAE/g) of extract.

2.2.2. Determination of total flavonoid content

A standard calibration curve for total flavonoid
content was generated using quercetin [44]. The stock
solution of quercetin was prepared by dissolving 0.005 g
of quercetin in 5.0 mL of methanol, followed by
continuous stirring in a water bath at room temperature
for 30 minutes. Serial dilutions in methanol were then
used to prepare standard solutions with concentrations of
(1, 5, 10, 20, 50, and 100 ppm). For the assay, 0.5 mL of
each diluted quercetin standard or sample extract was
mixed with 0.6 mL of 10% aluminum chloride, 0.1 mL of
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IM sodium acetate trihydrate (CHsCOONa-3H:0), and
2.7 mL of methanol. The mixture was thoroughly mixed
and incubated at room temperature for 60 minutes.
Absorbance was measured at 420 nm [45], with results
expressed as mg QE/g dw (milligrams of quercetin
equivalents per gram of dry weight).

2.3. Ferric reducing antioxidant power (FRAP) assay

The Ferric Reducing Antioxidant Power (FRAP)
assay was conducted to measure the antioxidant capacity
of extracts, based on their ability to reduce potassium
ferricyanide [46]. In this assay, 0.5 ml of the sample or
standard solution (quercetin) was mixed with 2.5 ml of
1% potassium ferricyanide (KsFe(CN)s) and 2.5 ml of 0.2
M phosphate buffer (pH 6.6) in test tubes. The mixture
was incubated for 30 minutes at 50 °C to allow
ferricyanide [Fe(CN)s]*~ to be reduced to ferrocyanide
[Fe(CN)s]*. After incubation, 2.5 ml of 10% (w/v)
trichloroacetic acid (C:HCl:02) was added to halt the
reaction, followed by centrifugation at 3000 rpm for 10
minutes. Subsequently, 2.5 ml of the supernatant was
mixed with 2.5 ml of distilled water and 0.5 ml of 0.1%
FeCls (ferric chloride) solution. A standard calibration
curve was prepared using quercetin concentrations (15,
30, 50, 100, 150, 200, 300, 400, and 500 ppm) in
methanol (0.005 g quercetin in 5 ml methanol).
Absorbance was measured at 700 nm, and results were
expressed as mg of quercetin equivalents per gram of dry
weight (mg QE/g dw).

2.4. Metal chelating capacity (MCC) assay

The Metal Chelating Capacity (MCC) assay was
conducted using a modified phenanthroline method to
assess the chelating activity of the sample. In test tubes,
0.5 ml of the sample or standard solution (iron (II)
sulfate) was combined with 2.5 ml of distilled water, 1 ml
of FeCls (ferric chloride), and 1 ml of phenanthroline. An
additional 5.4 ml of distilled water was then added to the
mixture. After thorough vortexing, the test tubes were
incubated in the dark for 20 minutes. The results are
expressed as iron (II) sulfate equivalents on a dry weight
basis (mg Fe®**/g dw). A standard calibration curve was
prepared using iron(II) sulfate (0.02 g FeSO4:7H20 in 20
ml distilled water) with concentrations ranging from (10,
20, 50, 100, 150, and 200 ppm). Absorbance was
measured at 510 nm using a UV-Vis spectrophotometer,
and the results were reported as mg Fe*" equivalents per
gram of dry weight (mg Fe**/g dw) [47].

2.5. Chromatographic of
compounds in extracts

analysis phenolic

The phenolic composition of different extracts was
analyzed by HPLC, following the method of Rodriguez
Delgado et al. [48] with some modifications. Before
injection, samples were filtered through a 0.45 pum
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Millipore membrane filter, with an injection volume of
50 pL. Separation was achieved using an ODS Hypersil
5 pm column (250%4 mm), protected by a LiChrospher
100 RP-18 guard column (5 pm, 4x4 mm). The mobile
phase consisted of two solvents: solvent A (methanol-
acetic acid-water, 10:2:88 v/v) and solvent B (methanol-
acetic acid-water, 90:2:8 v/v), applied in a programmed
gradient. Each sample was analyzed in duplicate.
Compounds were identified by comparing the retention
time and UV-Vis spectra with those of standards.
Quantification was performed through external
calibration using standards [49].

2.6. Determination of vitamins

2.6.1. Determination of vitamin C and MDA

The levels of malondialdehyde (MDA) and vitamin C
were determined following the procedures of Karatepe
[50]. The liquid-treated samples were first agitated with a
syringe to ensure a uniform mixture. To each sample
extract, 1 mL of 0.5 M HClO4 was added to precipitate
proteins and release MDA bound to amino groups and
other compounds, along with 0.5 mL of distilled water,
and mixed briefly using a vortex mixer. The samples were
then centrifuged for 5 minutes, and the supernatant was
collected. A 20 uL aliquot of this supernatant was
injected into the HPLC instrument. The mobile phase
consisted of 17.5% methanol and 85.5% potassium
phosphate buffer (30 mM, pH 3.6) (v/v).

2.6.2. Determination of vitamin B and pB-carotene

The liquid-soluble vitamins in the sample extracts
were analyzed according to the procedures of Catignani
and Bieri [51]. For each sample, 100 uL of extract was
combined with 200 pL of ethanol, a 99:1 ratio of H2SOs,
and 100 pL of distilled water in a test tube to precipitate
proteins. The samples were mixed and centrifuged at
4500 rpm for 5 minutes. After centrifugation, 100 puL of
n-hexane containing 0.05% BHT was added to extract the
lipid-soluble vitamins. This mixture was again mixed and
centrifuged, and the resulting hexane layer was
transferred to a separate test tube. An additional 100 puL
of n-hexane was added to the remaining sample, mixed,
centrifuged, and combined with the previous hexane
layer. The hexane layer was then evaporated under
nitrogen gas, and the residue was dissolved in 50 pL of
methanol, 25 pL of acetonitrile, and 25 pL of chloroform.
Finally, 20 pL of this solution was injected into the HPLC
instrument. The mobile phase consisted of methanol,
acetonitrile, and chloroform in a 47:42:11 ratio (v/v).

2.7. Green synthesis and characterization of AgNPs
from extracts

Silver nanoparticles (AgNPs) were synthesized using
ethanol and acetone extracts of Cucurbita pepo leaves. A 1
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mM aqueous solution of silver nitrate (AgNOs) was
prepared. Then, 300 mg of each extract (ethanol or
acetone) was dissolved in a small amount of the
corresponding solvent and diluted to a final volume of
100 ml with water.

To initiate the reaction, 60 ml of the prepared
Cucurbita pepo extract solution was mixed with 10 ml of
the silver nitrate solution. The mixture was kept at room
temperature to allow the synthesis reaction to proceed
[52].

The bioreduction of AgNOs was confirmed by
scanning the UV-Vis spectra of the reaction mixture,
which showed an absorption maximum within the
wavelength range of 200-700 nm, using a Thermo
Scientific UV spectrophotometer. Additionally, the
bioreduced reaction mixture was analyzed by scanning
electron microscopy (SEM) using a JEOL Model JFC-
1600.

2.8. Antimicrobial activity of extracts, and AgNPs

The antibacterial potential of the ethanol and acetone
extracts, along with the synthesized AgNPs, was
evaluated at varying concentrations of (150, 250, 350 mg)
using the well diffusion method against various bacteria
Staphylococcus aureus (G+) and Escherichia coli (G-)
bacteria [53].

2.9. Infrared spectroscopy (IR) analysis of extracts,
and AgNPs

Infrared Spectroscopy (IR) was employed to analyze
the acetone and ethanol extracts of Cucurbita pepo leaves
as well as the synthesized silver nanoparticles (AgNPs).
The IR spectra were recorded within the wavelength
range of 4000 to 500 cm™. This analysis aimed to identify
the functional groups present in the plant extracts and
confirm their role in reducing and stabilizing the AgNPs
[54].

3. Results and Discussion

The extraction of 20 g of Cucurbita pepo leaf material
with ethanol and acetone yielded 1.304 g and 0.746 g of
dry residue, respectively. The percentage yields were
calculated as 6.53% for the ethanolic extract and 3.73%
for the acetone extract.

3.1. Polyphenolic compounds

Phenolic and flavonoid compounds are well-
recognized for their extensive health benefits, including
antiviral, anti-allergic, antiplatelet, anti-inflammatory,
anticancer, and antioxidant properties [55].

In this study, the ethanol extract of Cucurbita pepo
leaves demonstrated a significantly higher phytochemical
content compared to the acetone extract, as shown in
(Table 1), highlighting the superior extraction efficiency
of ethanol. The total phenolic content (TPC) in the
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ethanol extract (10.043 mg GAE/g) was markedly higher
than in the acetone extract (2.878 mg GAE/g),
underscoring the strong antioxidant activity of phenolic
compounds. Similarly, the total flavonoid content (TFC)
in the ethanol extract (5.28 mg QE/g) surpassed that of
the acetone extract (2.42 mg QE/g), confirming ethanol's
efficiency in isolating flavonoids, another key class of
antioxidant compounds.

These findings align with previous reports of C. pepo
leaf extracts prepared with ethyl acetate, a solvent known
for its flavonoid extraction capacity, which yielded TPC
and TFC values 0f 32.6 = 0.17 mg GAE/g and 80.5 = 0.02
mg RUE/g, respectively [56].

However, the lower TPC and TFC observed in this
study could be attributed to differences in solvents and
experimental conditions. Phenolic and flavonoid content
variations across solvents are likely due to their high
solubility in polar solvents like ethanol and aqueous
solutions, while less polar solvents like acetone exhibit
lower extraction efficiency [57].

The elevated levels of phenolics and flavonoids in the
ethanol extract enhance its functional and antioxidant
potential, supporting ethanol as a superior solvent for
bioactive compound extraction.

3.2. Antioxidant activities

Improved extraction of phenolic and flavonoid
compounds enhances the reducing properties of the
extract, a key indicator of antioxidant activity. The
antioxidant capacity of these compounds arises from their
redox properties, enabling them to neutralize free
radicals, quench reactive oxygen species, and decompose
peroxides. The Fe(Ill) reduction assay measures electron-
donating activity, a crucial mechanism of antioxidant
function [58, 59].

The ethanol extract exhibited a significantly higher
ferric reducing antioxidant power (FRAP) of 43.45 mg
QE/g compared to 12.1 mg QE/g for the acetone extract
(Table 1), reflecting its robust reducing ability. Previous
studies on C. pepo fruit extracts using water-organic
solvent mixtures reported exceptionally high FRAP
values (4295.8-5164.2 pmol Fe(Il)/g of dry sample). In
contrast, this study's ethanol extract of C. pepo leaves,
while demonstrating superior antioxidant capacity
compared to acetone, exhibited relatively weaker
reducing activity.

This suggests that the plant part (leaves vs. fruit) and
its phytochemical composition may influence antioxidant
efficiency.

Metal chelating activity (MCC) of various pumpkin
cultivars, including C. pepo, underscores the role of
antioxidants in mitigating oxidative stress by chelating
metal ions like iron. Iron chelation inhibits the Fenton
reaction, preventing hydroxyl radical formation that
disrupts redox balance [60].

The ethanol extract of C. pepo leaves showed



Chem Rev Lett 9 (2026) 122-135

significantly higher MCC (569.69 mg Fe*!/g) compared
to the acetone extract (330 mg Fe*'/g) (Table 1).

These results are consistent with previous studies
showing that pumpkin extracts possess notable iron
chelating activity, with methanol-water mixtures being
particularly effective, as observed in cultivars like
‘Casperita’ (12056.12 pg EDTA/100 g dm) and
‘Delicata’ (11081.85 pg EDTA/100 g dm). Even water
extracts showed moderate activity, such as in ‘Butterkin’
(8169.37 pg EDTA/100 g dm), emphasizing solvent
choice as a determinant of chelating efficiency.

The superior performance of the ethanol extract in this
study highlights its effectiveness in extracting bioactive
compounds with strong metal-binding properties,
mitigating metal-catalyzed oxidative damage. These
findings reinforce ethanol's utility as a solvent and the
antioxidant potential of C. pepo leaf extracts as a valuable
source of natural chelating agents.

3.3. Phenolic profile analysis

The chromatographic analysis of phenolic compounds
in Cucurbita pepo leaf extracts was conducted using
HPLC, with the results presented for the standard
compounds, acetone extract and ethanol extract. The
phenolic profile of the Cucurbita pepo leaf extracts
showed a wide range of phenolic acids and flavonoids,
which are well-known for their antioxidant and health-
promoting properties.

In (Table 2), the standard compounds showed high
recovery rates, with values ranging from 93% to 99%,
confirming the reliability and accuracy of the HPLC
method used. The concentrations of each compound in
the standard solution were consistent with the expected

values, which is crucial for comparing the extracts.

For the acetone extract (Table 3), notable compounds
included rutin, p-coumaric acid, luteolin, and caffeic acid,
with concentrations of 30.26 pg/mL, 36.56 ng/mL, 54.12
pg/mL, and 99.39 pg/mL, respectively. The higher
concentration of luteolin and caffeic acid in the acetone
extract suggests that acetone is a more effective solvent
for extracting flavonoids and phenolic acids that have
antioxidant properties.

In (Table 4), the ethanol extract showed an even
greater concentration of certain compounds, particularly
caffeic acid (119.31 pg/mL) and luteolin (68.08 pg/mL),
which were significantly higher than in the acetone
extract.

This suggests that ethanol is an even better solvent for
extracting these bioactive compounds from Cucurbita
pepo leaves. The ethanol and acetone extract showed a
high recovery rate, ranging from 93% to 101%,
confirming the consistency and reliability of the
extraction processes.

The presence of various phenolic compounds, such as
gallic acid, catechin, and quercetin, in both extracts
further supports the idea that Cucurbita pepo leaves are
rich in bioactive compounds with potential health
benefits, including antioxidant and anti-inflammatory
properties. These compounds have been linked to the
reduction of oxidative stress and the prevention of various
chronic diseases.

HPLC Chromatogram visually demonstrate the
presence of phenolic compounds in the extracts, with
distinct peaks corresponding to various compounds, thus
confirming the successful extraction of bioactive
phenolics from Cucurbita pepo leaves (Figure 1).

Table 1 Phytochemical composition and antioxidant capacities of Cucurbita pepo leaf extracts in acetone and ethanol: total
phenolic and flavonoid content, FRAP, and metal chelating capacity.

Extract TPC (mg GAE/g) TFC (mg QE/g) FRAP (mg QE/g) MCC (mg Fe*/g)
Cucurbita pepo leaf acetone extract 2.8787+0.5 2.4240.08 12.1+0.0578 330+0.578
Cucurbita pepo leaf ethanol extract 10.043+0.06 5.28+0.824 43.45+£0.07 569.69+0.635

Table 2. HPLC chromatogram of standard phenolic compounds (concentration and recovery data).

Peak IDs RT (min) Peak area (%) Recovery (%) Concentration (ug/mL)
Gallic acid 3.43 7.907545 95 20.00+0.00
p-hydroxybenzoic acid 4.05 6.224513 98 20.00+0.00
Catechin 431 5.947688 97 20.00+0.00
Epicatechin 5.26 7.52604 96 20.00+0.00
Rutin 7.21 7.558384 93 20.00+0.00
m-Coumaric acid 10.18 7.919092 99 20.00+0.00
Myricetin 11.59 8.025663 97 20.00+0.00
Quercetin 13.71 7.185664 96 20.00+0.00
Caffeic acid 14.23 6.860155 96 20.00+0.00
Luteolin 14.45 5.944195 99 20.00+0.00
Chlorogenic acid 15.19 7.28173 94 20.00+0.00
Apigenin 16.28 7.748684 97 20.00+0.00
Kaempferol 18.11 6.732013 93 20.00+0.00
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Table 3. HPLC chromatogram of phenolic compounds in Cucurbita pepo leaf acetone extract.

Peak IDs RT (min) Peak area (%) Recovery (%) Concentration(ng/mL)
Gallic acid 3.44 8.424523 97 18.31865
P-OH-Benzoic Acid 4.04 5.035609 97 10.94965
Catechin 431 4.327198 99 4.704624
Epicatechin 5.25 5.001701 96 5.437959
Rutin 7.21 9.277162 98 30.259
p-Coumaric acid 10.18 11.20793 101 36.55651
Myricetin 11.59 5.57547 100 12.12354
Quercetin 13.71 4.369238 98 4.750331
Caffeic acid 14.22 18.28351 100 99.39116
Luteolin 14.45 12.44411 101 54.11801
Chlorogenic acid 15.20 4.426333 97 4.812406
Apigenin 16.28 7.307602 100 15.88997
Kaempferol 18.11 4.319618 98 4.696383
Table 4. HPLC chromatogram of phenolic compounds in Cucurbita pepo leaf ethanol extract.

Peak IDs RT (min) Peak area (%) Recovery (%) Concentration(ng/mL)
Gallic acid 3.44 8.997929 97 22.64372
P-OH-Benzoic Acid 4.04 4.609335 97 11.59961
Catechin 431 4.048156 99 5.093688
Epicatechin 5.25 4.573398 96 5.754587
Rutin 7.21 9.597769 98 36.22986
p-Coumaric acid 10.18 9.690237 101 36.57891
Myricetin 11.59 6.158977 100 15.49936
Quercetin 13.71 3.898782 98 4.905736
Caffeic acid 14.22 18.9648 100 119.3145
Luteolin 14.45 13.52583 101 68.07678
Chlorogenic acid 15.20 4.25421 97 5.35296
Apigenin 16.28 7.295847 100 18.36035
Kaempferol 18.11 4.384734 98 5.517196
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Fig. 1. HPLC chromatogram for acetone and ethanol leaf extracts

3.4. Vitamin profile

Vitamins in plant extracts are essential for overall
health, offering benefits such as enhanced immunity,
improved skin health, and increased energy production.
Their natural synergy with antioxidants and
phytonutrients boosts absorption and provides added
protection against oxidative stress and chronic diseases
[61]. An analysis of water-soluble vitamins in Cucurbita
pepo leaf extracts revealed variations between acetone
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and ethanol as extraction solvents (Table 5). Ethanol
extracts had higher concentrations of ascorbic acid (119.3
ug/100g) compared to acetone extracts (98.8 ug/100g),
suggesting that ethanol’s solvent properties are more
effective for vitamin C extraction. Other vitamins, such
as thiamine, niacin, and riboflavin, also showed higher
concentrations in ethanol extracts, further supporting its
efficiency for extracting hydrophilic compounds. For fat-
soluble vitamins and oxidative stress markers (Table 6),



Chem Rev Lett 9 (2026) 122-135

both extracts contained significant amounts of o-
tocopherol, but ethanol extracts demonstrated a higher
concentration (2.35 mg/g) compared to acetone extracts
(1.23 mg/g), highlighting ethanol's effectiveness in
extracting this potent antioxidant. Similarly, carotenoid
content was higher in ethanol extracts (701.1 pg/g) than
in acetone (598.9 pg/g). Interestingly, both extracts
contained malondialdehyde (MDA), a marker of
oxidative stress, with slightly higher levels in the acetone
extract (55.1 nmol/g) compared to ethanol (48.8 nmol/g),
indicating acetone might extract more compounds
associated with oxidative damage. Despite limited
research on the vitamin content of Cucurbita pepo leaves,
studies on its seeds and pulp provide additional insights.
Srbinoska et al., reported high tocopherol content in
Cucurbita pepo seeds (117.81 mg/kg), underscoring their
richness in vitamin E [62]. Similarly, Kulczynski and
Gramza-Michatowska, found significant amounts of
vitamin C (41.98-82.89 mg/100g dry mass), thiamine
(0.15-0.72 mg/100g dry mass), and tocopherols,
including alpha-tocopherol (1.69-6.44 mg/100g dry
mass) and gamma-tocopherol (0.68-8.07 mg/100g dry

Table 5. Water-soluble vitamin content in Cucurbita

mass), in Cucurbita pepo pulp [63]. Together, these
findings illustrate the diverse vitamin content across
different parts of the plant, with seeds, pulp, and leaves
serving as particularly nutrient-dense sources.

The HPLC chromatograms in (Figure 2 and 3) further
illustrate the clear distinctions between the extracts.
These figures confirm the presence and concentration of
the various compounds, further supporting the
interpretation that ethanol is a more effective solvent for
extracting vitamins and antioxidants from Cucurbita
pepo leaves.

3.5. Green
analysis

silver nanoparticle fabrication and

Silver nanoparticles (AgNPs) were synthesized using
ethanol and acetone extracts of Cucurbita pepo leaves
with a 1 mM AgNOs solution. The reaction was
confirmed by UV-Vis spectroscopy, and the
nanoparticles were characterized using SEM, Energy
Dispersive X-ray Spectroscopy (EDX), X-ray Diffraction
(XRD) analysis, and band gap studies.

pepo leaf extracts (acetone and ethanol extracts).

Extracts Ascorbic Acid Thiamine Niacin Pantothenic Acid Folic Acid Biotin Riboflavin
(ng/100g) (ng/100g)  (ng/100g) (ng/100g) (ng/100g)  (ng/100g) (ng/100g)

Acetone extract 98.84296 5.576174  3.39262 11.43109 18.50854 4.540683 3843111

Ethanolic extract 119.2979 8.247419  3.775547 15.22078 23.833552  6.078905  47.97897

Table 6. Fat-soluble vitamin and MDA content in Cucurbita pepo leaf extracts (acetone and ethanol extracts).

Extracts Retinyl acetate Cholecalciferol a-tocopherol Carotenoids MDA
(mg/g) (mg/g) (mg/g) (ng/g) (nmol /g)
Acetone extract 0.401979 ND 1.226534 598.8846217 55.09788625
Ethanolic extract 0.551245 ND 2.352267 701.0750967 48.75511792
* ND = not detected.
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Fig. 2. HPLC chromatograms of water-soluble vitamins in Cucurbita pepo leaf extracts: (a) acetone, (b) ethanol extracts.
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Fig. 3. HPLC chromatograms of fat-soluble vitamins in Cucurbita pepo leaf extracts: (a) acetone, (b) ethanol extracts.
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Silver nanoparticles (AgNPs) are widely used in
biotechnology and biomedical fields. Traditional
chemical and physical synthesis methods often involve
toxic chemicals, posing risks to living organisms. To
address this, green chemistry-based biological methods
have been developed, utilizing resources such as bacteria,
fungi, enzymes, and plant extracts [64]. Green synthesis
of AgNPs involves three key steps: selecting a solvent
medium, an environmentally friendly reducing agent, and
non-toxic stabilizing substances. Among these methods,
plant extract-based synthesis is preferred for its
simplicity, elimination of cell culture maintenance, and
scalability for large-scale production [64, 65].

3.5.1. SEM and FESEM of synthesized AgNPs

The field emission scanning electron microscope
(FESEM) image of biogenically synthesized AgNPs
revealed a mixture of small spherical nanoparticles along
with larger triangular and elliptical silver nanoparticles,
consistent with the results obtained from scanning
electron microscopy (SEM) analysis (Figure 4).

These nanoparticles exhibited varying nano-
diameters. The sample synthesized using Cucurbita pepo
leaf extract showed highly agglomerated nanoparticles,
forming large aggregates. In some cases, the
nanoparticles appeared bulked, possibly due to
crosslinking or solvent evaporation during sample
preparation [66].

3.5.2. Energy dispersive x-ray spectroscopy (EDX) of
synthesized AgNPs

Energy Dispersive X-ray (EDX) analysis provided
detailed information about the elemental composition of
the synthesized AgNPs. The analysis revealed strong
signals for silver (77.09%), along with smaller
contributions from carbon (8.8%), oxygen (1.85%), and
sodium (3.24%), with no impurities or additional

elements detected, confirming the high purity of the
nanoparticles (Table 7; Figure 5a). The reduction of
metallic silver was stabilized by alkyl chains, as indicated
by the presence of carbon and oxygen in the EDX
analysis. Additionally, a distinct peak observed near ~3
keV, characteristic of biosynthesized AgNPs [67].

3.5.3. X-ray diffraction analysis (XRD) of synthesized
AgNPs

X-Ray Diffraction (XRD) analysis was performed to
determine the crystal structure of the AgNPs. Four
distinct peaks were observed at 33.7°, 38.1°, 44.43°, and
64.3°, corresponding to the (122), (111), (200), and (220)
lattice planes, respectively, confirming a face-centered
cubic (FCC) structure (Figure 5b).

The high-intensity peaks indicated the polycrystalline
nature of the nanoparticles. The sharp peak at 38.1°
(reflection index (111)) aligns with the values reported by
the Joint Committee on Powder Diffraction Standards,
further confirming the cubic crystalline nature of the
AgNPs. Using the Debye-Scherrer formula, the average
size of the AgNPs was calculated to be 14.32 nm [67].

3.5.4. UV-Visible spectroscopy of synthesized AgNPs

The Surface Plasmon Resonance (SPR) vibration
observed at 424 nm confirms the synthesis of AgNPs, as
illustrated in (Figure 6b). This finding aligns with
previous studies, such as Shankar et al., which reported
AgNPs absorption within the range of 410—440 nm,
attributed to their SPR properties [68].

Additionally, the aqueous leaf extract spectrum
exhibited peaks at 260, 325, and 385 nm, which were
associated with the presence of phytochemicals,
including alkaloids and flavonoids (Figure 6a). These
observations are consistent with reports by Rojas et al.,
who attributed similar absorption peaks to phenolic
groups like alkaloids and flavonoids [69].
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Fig. 4. The SEM micrograph obtained for the synthesized silver nanoparticles.
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Table 7. EDX analysis of synthesized AgNPs (elemental profile).

Element Lines Mass %
Silver L-Serie 77.09488561
Oxygen K-Serie 10.85196855
Carbon K-Serie 8.807118117
Sodium K-Serie 3.246027722
(a) ° (b)
L J g 1
g 15 4
L: - ‘ : . ; ; b 0 10 20 30 40 50 60 70 80

Fig. 5. Analysis of synthesized AgNPs: (a) EDX spectra and elemental profile, (b) XRD pattern.
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Fig. 6. UV—vis spectrum: (a) Extract of Cucurbita pepo leaves, (b) AgNPs synthesized using extract of Cucurbita pepo leaves.

3.5.5. Band gap study of synthesized AgNPs

Using Tauc’s formula, the direct band gap of the
synthesized AgNPs was calculated as 2.57 eV, a value
consistent with previous findings on AgNPs. This low
energy requirement for electron excitation aligns with the
observed optical properties, where significant
contributions stem from transitions at the fundamental
absorption edge [70]. The result not only supports earlier
studies but also highlights the potential of these AgNPs
in applications where efficient photon-electron
interactions are essential (Figure 7).
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Fig. 7. Optical bandgap determination of AgNPs via Tauc
plot.

This agreement between theoretical insights and the
experimental band gap value demonstrates the utility of
synthesized AgNPs in optical and electronic applications.

3.6. Bacterial inhibition potential

Various extracts exhibit different antimicrobial effects
based on their active compounds. Ethanol extract, in
particular, is highly effective against bacteria due to its
ability to efficiently extract phenolic components [71].

A study investigated the antibacterial properties of
ethanol and acetone extracts derived from Cucurbita pepo
leaves against Staphylococcus aureus (Gram-positive)
and Escherichia coli (Gram-negative) at concentrations
of 150 mg/ml, 250 mg/ml, and 350 mg/ml (Figure 8).

The results indicated that the extracts did not produce
any significant inhibition zones. These findings are
consistent with those of Break et al., who also reported
that extracts from mature C. pepo leaves demonstrated no
significant antibacterial activity against either bacterium
[17].

Notably, silver nanoparticles (AgNPs) synthesized
from these extracts exhibited clear antibacterial activity,
with inhibition zones of 11 mm for E. coli and 14 mm for
S. aureus. At a concentration of 250 mg/ml, similar
antimicrobial resistance was observed, with AgNPs
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maintaining inhibition zones of 11 mm and 14 mm
against E. coli and S. aureus, respectively.

At the highest concentration of 350 mg/ml, the
extracts continued to inhibit both E. coli and S. aureus,
with AgNPs showing slightly larger inhibition zones of
12 mm for E. coli while maintaining a 14 mm zone for S.
aureus (Table 8).

These results are consistent with a previous study by
Roy et al. [72], which reported inhibition zones of 11.43
+ 2.15 mm for pumpkin nanoparticles against S. aureus
[73]. Ethanol extract remains particularly effective
against bacteria due to its phenolic content (Amin et al.,
2017).

3.7. Infrared characterization of extracts and AgNPs

Infrared spectroscopy is a valuable tool for identifying
functional groups attached to the flavonoid molecule's
core structure. Molecules absorb infrared radiation
through transitions between specific energy levels,
particularly vibrational energy levels within the 4000 to
500 cm™ range.

This absorption causes chemical bonds to stretch and
bend, and an IR spectrophotometer measures these
absorptions, as shown in (Figure 9), with results in

(a) /a—ﬁ"-*‘mﬁ\

(Table 9). Strong bands between 4000-3000 cm™ and
3550-3200 cm™ indicate hydroxyl group vibrations,
signaling the presence of polyphenolic compounds.

The band at 2000-1650 cm™ corresponds to the
stretching vibrations of C-H bending within a conjugated
double bond system, typical of aromatic compounds.
These findings align with results from ignition tests.
Additionally, the band between 1275-1200 cm™ indicates
the presence of a dialkyl ether group (C-O-C bridge),
suggesting an aromatic ether compound [74, 75].

Analysis of individual extracts revealed that ethanol is
generally a more effective solvent due to the C=0 groups
in the extract components.

Stability testing of the nanoparticles showed them to
be stable for over four weeks, with no notable wavelength
shift, likely due to antioxidant phytochemicals adhering
to the nanoparticles' surfaces and preventing degradation.
Figure 9 displays FT-IR signals of silver nanoparticles
(AgNPs) synthesized from Cucurbita pepo plant extract,
with major vibrations at approximately 3550 cm™ (OH)
[70], 1745 cm™ (C=0) [76], and 1435-1575 cm™ (C=C
aromatic ring) [77]. These signals confirm the presence
of plant-derived phytochemicals on the AgNP surfaces,
contributing to their stability and protective qualities.

(b)
L(st)

Fig. 8. Antibacterial activity of AgNPs of Cucurbita pepo leaves at different concentrations (150, 250, 350mg) against (a)
Staphylococcus aureus (G+), (b) Escherichia coli (G-) bacteria.

Table 8. Antibacterial activity of acetone and ethanol extracts and AgNPs of Cucurbita pepo leaves at different concentrations
(150, 250, 350mg) against Staphylococcus aureus (G+) and Escherichia coli (G-) bacteria, with zone of inhibition in mm.

Bacterial Strains Acetone, Ethanol extracts AgNPs
Concentrations (150mg)

E. coli Resistance I1mm

Staphylococcus aureus Resistance 14mm
Concentrations (250mg)

E. coli Resistance I1mm

Staphylococcus aureus Resistance 14mm
Concentrations (350mg)

E. coli Resistance 12mm

Staphylococcus aureus Resistance 14mm
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Fig. 9. FTIR spectrum of Cucurbita pepo leaf extracts: (a) acetone, (b) ethanol, and (¢) AgNps.

Table 9. infrared absorption peaks and its related functional groups of Pig. for Cucurbita pepo leaf extracts (acetone, ethanol,

and AgNps).
Bond frequency ¢cm! Group or class Bond shape Assignment of remark [78]
4000-3000 O-H (M- Sh) Stretching alcohol
3550-3200 O-H stretching Strong, Broad Alcohol
34345-3435 NH Stretching M Amides
3100-3000 C-H stretching M Alkene
2200 -2100 Cc=C Sh Alkynes
2000-1650 C-H bending w Aromatic compound
1725-1705 C=0 stretching S Aliphatic ketone
1500-1400 c-c in ring M Ar c-c stretch
1275-1200 C-O stretching S Alkyl aryl ether
1250-1020 C-N stretching M Amine
1150-1085 C-O stretching S Aliphatic ether
950-910 RCO-OH O-H bend M Carboxylic acid
690-515 C-Br stretching S Halo compound

W: weak, Sh: sharp, M: medium, Br: broad, S: strong.

4. Conclusion

This study demonstrates that Cucurbita pepo leaves
are a valuable source of bioactive compounds, including
phenolics, flavonoids, and essential vitamins, which
contribute to their notable antioxidant properties.
Ethanolic extracts proved superior in extracting these
bioactive compounds compared to acetone extracts,
emphasizing the importance of solvent selection in
maximizing phytochemical yields. The green synthesis of
silver nanoparticles (AgNPs) using these extracts offers
an eco-friendly alternative to conventional nanoparticle
synthesis methods. The synthesized AgNPs exhibited
strong antibacterial activity against Staphylococcus
aureus and Escherichia coli, highlighting their potential
in antimicrobial applications. These findings underscore
the therapeutic and technological potential of Cucurbita
pepo leaves, suggesting their use in developing natural
antioxidant formulations and nanotechnology-based
antimicrobial agents. Future studies could explore scaling
up nanoparticle production and evaluating the
pharmacological applications of these extracts and
AgNPs in vivo.
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