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Taraxacum ofcinale, popularly known as dandelion, is a well-known traditional medicinal plant with essential biological activities
due to its biologically active substances and polyphenolic compounds.Te current study aims to profle the bioactive components,
phytochemicals, antioxidant, antibacterial, and hemolytic activity from dandelion leaves in diferent solvents. Te bioactive
compounds of dandelion were appraised using HPLC. Total phenolic and total favonoids contents were documented in dandelion
leaves. Antioxidants (SOD, POD, and CAT), protease, α-amylase, and hemolytic activities were measured using a spectro-
photometer. Microbial (antibacterial and antifungal) inhibition assays were performed. Te chemical compounds documented in
leaves were quercetin, cafeic acid, gallic acid, vanillic acid, ferulic acid, coumaric acid, sinapinic acid, chlorogenic acid, cinnamic
acid, and syringic acid. Additionally, phytochemical analysis of dandelion revealed the existence of alkaloids, favonoids, saponins,
favonoids, terpenoids, and quniones in diferent solvents. Te total phenolic (41± 0.021mg GAE/g) and total favonoids
(17.5± 0.029mg RUE/g) determined were maximum in leaves aqueous extract. Radical scavenging activity (DPPH) signifcantly
varied in all solvents with maximum in ethanol (41%–48%). Protease (40%± 0.002%) and α-amylase (37%± 0.016%) showed
activity in ethanol fraction. Peak zone of inhibition (ZOI mm) in Escherichia coli (14 + 1.69) and Pseudomonas aeruginosa
(14 + 1.55) was noticeable in ethanol solvent, likewise Staphylococcus aureus (13 + 1.24) and S. pneumonia (15 + 1.08) showed
maximum ZOI impact exerted by aqueous extract. Additionally, aqueous extract showed peak inhibitory efect against fungal
pathogens Aspergillus fumigatus (15± 0.81), Aspergillus favus (15± 0.75), and Aspergillus niger (12 + 1.24). Maximum hemolytic
activity was documented by ethyl acetate (0.857 + 0.002), whereas minimum was exhibited by n-hexane (0.30 + 0.008) fraction.
Our fndings indicate that dandelion extracts and chemicals have the potential to be used for the alleviation of diseases caused by
bacteria and fungal pathogens. Efective dandelion extracts could be used as a natural ingredient in the creation of future
pharmaceutical products.

Keywords: antioxidants; dandelion; DPPH; hemolytic; phytochemicals

Wiley
Journal of Chemistry
Volume 2025, Article ID 4385247, 22 pages
https://doi.org/10.1155/joch/4385247

https://orcid.org/0000-0002-8724-5566
https://orcid.org/0000-0001-8458-7459
https://orcid.org/0000-0002-1165-8305
https://orcid.org/0000-0002-5229-6216
https://orcid.org/0000-0003-4417-7126
https://orcid.org/0000-0003-3480-718X
mailto:dr.mbhossain@sau.edu.bd
https://creativecommons.org/licenses/by/4.0/


1. Introduction

According to the World Health Organization (WHO), most
of global population accounting for 80% of global pop-
ulation utilize herbal medicines alongside conventional
pharmaceuticals for basic healthcare purposes [1]. Herbal
medicines have undergone rigorous testing and have been
demonstrated to be efective as well as secure, with broad
cultural acceptance and fewer adverse efects compared to
contemporary pharmaceutical medications. Te use of
products derived from various herbs and plants are typically
seen as safe owing to their multifunctional healing agents
and bioactive substances. As per the Food and Agriculture
Organization (FAO) investigation, in 2021, medicinal and
aromatic plants were cultivated on 12.7 million hectares
worldwide [2]. Biochemical approaches like HPLC pre-
viously has been employed for estimation of vitamin C
(ascorbic acid), essential oil (eugenol), tannin (gallic acid),
cinnamic acids (cafeic acid, syringic acid, p-coumaric acid,
sinapic acid, and ferulic acid), and favonoids (catechin,
rutin, myricetin, quercetin, apigenin, and kaempferol) in
diferent herbal plants [3, 4].

Te genus Taraxacum, often known as dandelion,
consists of more than three hundred species [5]. Te Tar-
axacum genus is actively grown and abundantly distributed
in various parts of Asia, including China, North Korea,
Mongolia, and Russia [6]. Previous studies have reported
antioxidant and antimicrobial properties of T. ofcinale
from Europe, China, and North America. However, varia-
tions in phytochemical composition can arise due to geo-
graphical and climatic factors, meaning locally grown plants
may difer signifcantly. Importantly, there is no compre-
hensive published study from Pakistan that integrates
phytochemical profling, antioxidant enzyme activities,
hydrolase assays, radical scavenging, and hemolytic efects in
one systematic analysis. Our work therefore addresses this
knowledge gap and contributes region-specifc insights.

Te plant exhibits growth in temperate locations across
the globe, encompassing various habitats such as lawns,
roadsides, disturbed banks and coastlines of streams, as well
as other regions characterized by damp soils. Dandelion
(Taraxacum genus) has been extensively employed in tra-
ditional medicine, folk medicines, and substitution therapies
across several cultures for the treatment of a wide range of
diseases [7].

Te literature highlights the traditional applications of
dandelion, which include its utilization as a therapeutic
intervention for various ailments such as kidney diseases,
diabetes, bacterial infections, diuretics disorders, hepatic and
renal dysfunctions, as well as its potential as an anti-
infammatory substance [8]. Polyphenols, specifcally
hydroxycinnamic acid derivatives (HCAs) and favonoids
(apigenin and luteolin derivatives), are present in the leaves
and fowers of dandelion plants [9–11]. Te aforementioned
entities have robust antioxidant and hypocholesterolemic
features. HCAs have been found to elicit antiradical and
protective properties against oxidative processes [11]. On the
other hand, favonoids have been observed to impede the
generation of reactive oxygen species (ROS) and nitrogen by

suppressing the production of NO synthase and COX-2
proteins [12, 13]. Dandelion roots also contain signifcant
amounts of inulin [14, 15]. Inulin is a natural polysaccharide
that belongs to the category of fructans, which are dietary
fbers. Additionally, this particular plant serves as a signif-
cant reservoir of essential vitamins (A, C, E, K, and B) as well
as minerals [15, 16].Te literature has revealed several major
medicinal uses of T. ofcinale, including diuretic action and
the treatment of hepatic problems [17], as antiviral [18],
antibacterial [19], antioxidant [20], anti-infammatory [21],
antidiabetic [22], and anticancerous [23].

Prior studies validate the advantageous impact of a nu-
trient-rich diet and antioxidant compounds on human well-
being. Nevertheless, various factors such as climate, and soil
conditions, potentially afect biosynthesis and accumulation
of plant secondary metabolites [24, 25]. Te purpose of this
work was to investigate the phytochemicals in indigenously
grown dandelion (T. ofcinale) leaves in various solvent
systems and to ascertain the bioactive compounds of
T. ofcinale. Additionally, the objective of this study was to
explore the antioxidants, hydrolases, radical scavenging
(DPPH), antimicrobial (antibacterial, antifungal), and he-
molytic activity present in various extracts of T. ofcinale.
Our research will provide insights into phytochemical,
bioactive components (polyphenolics) profle, and medici-
nal potential of the native T. ofcinale plant cultivated in
Pakistan.

2. Materials and Methods

2.1. Chemicals. n-Hexane (≥ 98%), chloroform (≥ 99.8%),
ethyl acetate (≥ 99.5%), ethanol (≥ 99.5%), methanol
(≥ 99.8%), acetone (≥ 99.5%), acetonitrile (≥ 99.9%),
phosphoric acid (≥ 99.0%), acetic acid (≥ 99%), water, gallic
acid (ACS reagent grade, ≥ 98.0%, powder), benzoic acid
(ACS reagent grade, ≥ 99.5%, crystalline), rutin (90%),
ascorbic acid (≥ 99%, powder), Folin & Ciocalteu’s phenol
reagent, vanillin (99%), quercetin (≥ 95%), silica gel (230–
400 mesh, extent of labeling: ∼2.5% loading, matrix active
group, ∼8% functionalized) and sea sand (quality level 200).
All of the compounds listed above were analytical grade and
purchased from Sigma Aldrich Ltd (Sigma Aldrich Chemie
GmbH, Germany).

2.2. SampleCollection. Mature plants of indigenously grown
T. ofcinale (G.H. Weber ex Wiggers) (Voucher
PU.IAGS.806) were procured from herbarium, Institute of
Agricultural Sciences (IAGS), University of the Punjab,
Lahore Pakistan (N 31° 30′ 4.3236″, E 74° 18′ 5.4684″) and
further botanical and morphological features were au-
thenticated and confrmed by Botany Department, Uni-
versity of Education, Lahore under supervision of Prof. Dr.
Muhammad Naveed Shahid. To ensure the removal of any
dust particles or pollutants, the mature leaves of the har-
vested dandelion plants were subjected to a thorough rinsing
process using running water, followed by several washings
with distilled water.Te washed leaves were stored and dried
at 25°C–27°C for a duration of 10 days in the dark. During
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this time, they were regularly monitored to prevent the
growth of fungi or bacterial contamination. Te leaves were
subjected to air drying in a dark environment, followed by
being subjected to a hot air oven (IG-HAO Series, iGene
Labserve Pvt. Ltd, India) set at 40°C for a duration of 6–
7 days, until their mass become constant. Te constant
weighted plants were ground into a fne powder using
a pristine grinder. Te powder was passed through a stain-
less-steel sieve (mesh size ≤ 1.0mm), packed in sealed PA
bags to ensure uniform particle size for extraction.

2.3. Preparation of Extract. Te polyphenolics and favonoids
in leaves were identifed by employing six polar solvents,
including butanol, chloroform, ethanol, ethyl acetate, hexane,
and aqueous (distilled) water. Te choice of six solvents
(butanol, chloroform, ethanol, ethyl acetate, hexane, aqueous)
was based on their polarity index values, enabling extraction
of a broad range of polar and nonpolar compounds. Prep-
aration of extracts was done at room temperature.

In order to prepare the extracts, 30 g of powder was
soaked in 270mL of each solvent individually. Te conical
fasks were then incubated at a temperature of 37°C with
shaking at 120 rpm for 60min. Te mixture was then left for
48 h. Subsequently, the extracts were fltered usingWhatman
N 1 flter paper, followed by condensation under decreased
pressure using a rotatory evaporator (RAPIDVAP N2,
Labconco, USA). Finally, the samples were stored at
a temperature of − 20°C until the subsequent analysis.

2.4. Chromatographic Analysis. Te samples were analyzed
using the RP HPLC technique using Shimadzu VP HPLC
System (SpectraLab Scientifc Inc.; USA). Chromatography
conditions were as follows: detector: UV detector, detection
wavelength: 280 nm, columns: Luna C18 columns
(250mm× 4.6× 5 µm), mobile phase: methanol:phosphate
bufer� 25:75, velocity of fow: 0.7mL/min, column tem-
perature: 40°C, injection volume: 20 μL, linear gradient
mobile phase containing solvent A (solvents), solvent B
(acetonitrile), and solvent C (5% formic acid in water, v/v).

2.5. Preparation of Standard and Sample Solutions. For
HPLC analysis, a standard solution of gallic acid, quercetin,
cinnamic acid, syringic acid, sinapinic acid, coumaric acid,
ferulic acid, vanillic acid, and cafeic acid was prepared in
aqueous (0.25mg/mL). Te sample solution for analysis was
prepared by dissolving 1mg of extract in 1mL of aqueous.
Both the standard and sample solutions were fltered
through Whatman NYL 0.45mm syringe flter. To ensure
the purity and consistency of samples (fractions) and
standards, the compounds were dissolved in aqueous and
fltered through a 0.45mm syringe flter. Te responses were
measured as peak areas (%) versus concentration (ppm).

2.6. HPLC Method Validation (Linearity, Repeatability, Re-
producibility, and Accuracy). Te HPLC method was vali-
dated through intraday and interday analysis of precision
and accuracy according to the International Conference on

Harmonization (ICH) guidelines [26]. Linearity was ob-
tained after receiving a peak of external standard at six
concentrations (0.1, 1, 5, 10, 15, 20, and 25 g/mL), injected
20 times simultaneously at an automatic sample injection
valve temperature of 19°C-20°C. Appropriate dilutions of
these standard stock solutions were included, and the means
of these received peak areas were averaged to obtain a plotted
linear regression. To assess the repeatability and re-
producibility of the developed method, precision was
evaluated using intra- and interday variability measure-
ments [26]. Intra- and interday precision values were
expressed as the percentage of relative standard deviation (%
RSD) of retention time and peak area. Te precision eval-
uation was run at intermediate concentrations (0.1, 1, 5, 10,
15, 20, and 25 g/mL) for 10 consecutive runs.

To improve the accuracy of the method, three concen-
trations of 14 synergistic compounds identifed in the ex-
tracts were prepared and added to dandelion extracts and
incubated at room temperature (23°C–25°C) for 24 h. Te
extracts were then analyzed using the HPLC-DAD method
as described, and each run was repeated 10 times. Te ex-
traction recovery value of each compound was calculated as
a percentage of concentration of the compound spiked into
a pulverized plant matrix obtained after extraction over that
of an equivalent amount without extraction.

Phenolic acids and metabolites in samples were iden-
tifed and quantifed by comparison of retention time and
UV spectra with that of authentic compounds. Te pro-
cedure was optimized to resolve a mixture of the following
phenolic acids: cafeic acid, cinnamic acid, phenolic acid,
gallic acid, syringic acid, quercetin, vanillic acid, chlorogenic
acid, ferulic acid, sinapinic acid, M-coumaric acid, P-
coumaric acid, and benzoic acid.

2.7. Determination of Limit of Detection (LOD) and Limit of
Quantifcation (LOQ) Values. LOD and LOQ are the two
analytical performance parameters that were used to de-
scribe the smallest concentration of analyte that can be
accurately measured by an analytical procedure. Tree times
the ratio of peak height (signal) to baseline noise (S/N) gives
LOD value and 10 times of the same ratio gives LOQ value.
Te LOD and LOQ data obtained for 280–330 nm was
calculated for identifed volatile compounds and standards
(gallic acid, quercetin, cinnamic acid, syringic acid, sinapinic
acid, coumaric acid, ferulic acid, vanillic acid, and cafeic
acid). To obtain accurate results, before calculations, the
standards mixture was run multiple times in the HPLC
system.

Area, concentration (ppm) and retention time (min) of
identifed compounds were imported into Microsoft Excel.
Regression equation (slope and intercept), regression co-
efcient (R2), ANOVA, standard error of intercept (SE),
standard deviation (SD) of intercept, and LOD and LOQ of
detected phenolic compounds in fractions of T. ofcinale
were computed in Microsoft Excel (Ver 2019). Confdence
interval for ANOVAwas set at 95%.Te LOD and LOQwere
calculated from the calibration curve according to equations
(1) and (2) [26].
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LOD � 3.3 ×
σ

S (A)
, (1)

LOQ � 10 ×
σ

S (B)
, (2)

where σ � SD of blank and S� angular coefcient in linear
regression.

2.7.1. Cluster Heatmap Analysis. Hierarchical clustering was
applied to compound concentrations and areas using R to
identify groups of low- and high-abundance compounds.
Clustering was performed using Euclidean distance and
complete linkage. Heatmaps visualized compound abun-
dance across replicates, highlighting reproducibility and
relative abundance patterns.

2.7.2. Solvent–Compound Relationship Analysis. Circular
chord diagrams were constructed in R (circlize package) to
visualize the connectivity between solvents and compounds.
Chord color gradients represented concentration levels, and
chord thickness corresponded to chromatographic area,
allowing assessment of solvent-specifc enrichment of
phenolic metabolites.

2.8. Phytochemical Analysis, Total Phenolic Content (TPC),
and Total Flavonoid Content (TFC). Te Wagner’s test was
used to identify alkaloids in plant extracts [27]. Te presence
of favonoids was determined using the alkaline reagent test
[28]. Foaming test [29] was used to detect saponins. Ter-
penoids were tested by combining 3mL of extract with 2mL
of CHCl3 in a test tube [30]. Fehling solution was employed
to determine the presence of glycosides [31]. Tree drops of
concentrated H2SO4 were added to 3mL of extract; a red
coloration indicates the presence of steroids.Te tannins test
was performed by adding 10% of freshly prepared KOH to
3mL of the extract in Mn (OH)2 and observing for a dirty
white precipitate, which confrmed the presence of
tannins [32].

Te TPC of the extracts was determined using the Folin
Ciocalteu technique [33]. Gallic acid was utilized as the
reference, and TPCwasmeasured as milligrams of gallic acid
equivalents per gram of extract (mg GAE/g). Te TFC of the
extracts was determined using the aluminum chloride
method reported by Quettier-Deleu et al. [34]. Rutin was
utilized as the standard, and favonoid contents were rep-
resented as milligram of rutin equivalents (RUE) per gram of
extract (RUE/g of extract).

2.9. DPPH Radical Scavenging Activity. Te DPPH (2,2-
diphenyl-1-picrylhydrazyl) approach was employed to
measure antioxidant capacity. Te obtained DPPH stock
solution with a concentration 0.5mM or 200 μg/mL was
used. Te free radical scavenging activity of DPPH was
measured at 517 nm [35]. DPPH radical scavenging activity
was measured for each extract type at concentrations of 50,
100, 150, and 200 μL/mL. Two-way ANOVA in R tested the

efects of extract type, concentration, and their interaction.
Post hoc comparisons were performed using Tukey’s and
Fisher’s LSD tests to identify signifcant diferences among
extract–concentration groups.

2.10. Antioxidants and Hydrolases. Te activity of super-
oxide dismutase (SOD) was measured using the method
published by Marklund and Marklund [36]. Catalase (CAT)
activity was measured using the extract, as described by Aebi
[37].Te activity of peroxidase (POD) was determined using
a guaiacol reaction, which involved the oxidation of guaiacol
extract [38]. Ascorbic acid was used as standard. Te pro-
tease activity was determined using the approach given by
Abd-El Khalek et al. [39]. Te amount of tyrosine released
from the fltrate was determined using a spectrophotometer
at 280-nm wavelength.Te α-amylase activity of T. ofcinale
extracts following the methodology reported by Bhutkar and
Bhise [40] at 530-nm wavelength. Te experiments were
conducted at least three times. Activities of SOD, POD, and
CAT enzymes were measured at the same extract concen-
trations. Data visualization included bar plots with
mean± SD and error bars for replicate consistency.

2.11. Antibacterial Assay. Te Gram-positive and Gram-
negative bacterial strains in this study were procured
from Microbial/Pathogen section, Microbiology De-
partment, University of Central Punjab, Lahore.Te test was
performed on four common pathogenic bacteria: Gram-
positive S. aureus (ATCC 25175), S. pneumoniae (ATCC
49619), Gram-negative E. coli (ATCC 2592), and Gram-
negative P. aeruginosa ATCC (27853). Te disc difusion
method [41] was used to assess antibacterial activity. A 0.2-
mL volume of the test bacterial isolate’s standard inoculums
(107 CFU/mL) was dispersed on Mueller Hinton Agar
(MHA) using a sterilized glass rod spreader and allowed to
dry. Plant extracts (1200 μg/mL) were added to each well and
left for 1 h at room temperature to difuse into the medium
before being incubated at 37°C for 24 h. Ciprofoxacin
(1.2mg/mL) was employed as a reference antibiotic (positive
control) for all bacterial strains. DMSO was utilized as
a negative control. Te inhibition zone (ZOI) was assessed
after 24 h and documented for all extracts and ciprofoxacin.
Te experiments were carried out in triplicate for each
bacterial strain, and the fnal results were provided as the
mean ZOI.

2.12. Antifungal Assay. Te fungal spp in this study were
obtained from Microbial/Pathogen section, Microbiology
Department, University of Central Punjab, Lahore Anti-
fungal activity was tested on three common Aspergillus
strains:A. niger (ATCC 16888),A. favus (ATCC 16872), and
A. fumigatus (ATCC 28282). Potato dextrose agar (PDA)
medium (Oxoid) was prepared according to the manufac-
turer’s instructions. Te plant extracts’ antifungal activity
was determined using Surapuram et al. (2014) [42] method.
Te fungal sample was diluted to 108 CFU/mL. Te anti-
fungal activity values for each extract treatment were
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expressed as the mean of the ZOI (mm) in triplicate. Te
diameters of ZOI were measured along fungicide fucona-
zole as positive control. Negative control (DMSO) plates
deployed contained no plant extracts.

2.13. Hemolytic Assay. Te hemolytic activity of plant ex-
tracts was determined in fat-bottom, 96-well dishes
according to Lozano et al. [43]. Te positive control solution
(100 μL) was used for hemolysis: 1% (v/v) Triton X-114

(Sigma-Aldrich Chemical Co., Saint Louis, MO, USA), 1%
(v/v) saponin (Sigma Aldrich Chemical Co., Saint Louis,
MO, USA), both in PBS solution. In all replicates, an equal
quantity of DMSO-PBS was added; 200 μL of plant extracts
and compounds were prepared; and then 1:2 serial dilutions
were made for 5.0mg/mL. Te optical density (OD) was
quantifed at 540-nm wavelength. Te hemolytic activity for
each sample was computed in triplicate.

Hemolytic activity � OD sample − ODnegative control

ODpositive control − ODnegative control.
(3)

2.14. StatisticalAnalysis andConsiderations. All experiments
were done in triplicate. Te statistical analysis was carried
out using GraphPad Prism program. p values< 0.05 were
considered statistically signifcant. Te data were presented
as mean and SD. Post hoc and Tukey tests were conducted in
R program. Replicate measurements were used to ensure
reproducibility. Signifcance thresholds were set at p< 0.05.
Fold-changes and trends across concentrations were cal-
culated to interpret dose-dependent responses.

3. Results

3.1. Phytochemical Analysis. Key phenolic compounds were
identifed in the diferent extracts of dandelion. Our study
reported common bioactive compounds like gallic acid,
quercetin (4.22, 2.91min) (Figure 1(a)), (4.25, 2.94min)
(Figure 1(b)), (4.28, 2.90min) (Figure 1(e)), (4.14, 2.86min)
(Figure 1(f )) in butanol, chloroform, aqueous and n-hexane,
respectively (Table 1). Sinapinic acid (26.407min)
(Figure 1(c)), (26.66min) (Figure 1(d)), (25.90min)
(Figure 1(e)), (25.76min) (Figure 1(f)) was reported in
ethanol, ethyl acetate, aqueous, and hexane fractions, re-
spectively (Table 1). Likewise, syringic acid (16.52min)
(Figure 1(c)), (16.08min) (Figure 1(d)), (16.11min)
(Figure 1(e)) was reported in ethanol, ethyl acetate, and
aqueous extracts, respectively (Table 1). Butanol and chlo-
roform showed the presence of cinnamic acid (24.79min)
(Figure 1(a)) (25.52min) (Figure 1(b)), respectively. Butanol
and ethanol revealed the incidence of cafeic acid (12.52min)
(Figure 1(a)), (12.66min) (Figure 1(c)) (Table 1). Coumaric
acid was reported in ethanol (20.38min) (Figure 1(c)) and
ethyl acetate (18.21min) (Figure 1(d)).

3.2. Abundance of Compounds Using Cluster Heatmap
Analysis. Hierarchical clustering of the quantifed com-
pounds based on concentration and chromatographic area
across three replicates revealed two distinct clusters (Fig-
ure 2). Cluster A (upper dendrogram) predominantly in-
cluded low-abundance compounds, with concentration
values ranging from 0.07 to 8.66 and area values from 0.1 to
8.63. Notable compounds in this cluster were Vanillic_-
Chloroform, Syringic_Ethylacetate, Syringic_Butanol,

Cinnamic_Chloroform, Sinapinic_Ethanol, Gallic_Hexane,
Syringic_Aqueous, Coumaric_Ethylacetate, Gallic_Ethanol,
Gallic_Butanol, Gallic_Ethylacetate, Quercetin_Hexane,
Quercetin_Butanol, Quercetin_Aqueous, Gallic_Aqueous,
Quercetin_Chloroform, Cafeic_Butanol, and Gallic_-
Chloroform. Cluster B (lower dendrogram) comprised
higher-abundance compounds with concentrations from 2.25
to 22.28 and area values from 6.4 to 23.6, including Cafei-
c_Ethanol, Sinapinic_Ethylacetate, Coumaric_Ethanol,
Syringic_Ethanol, Sinapinic_Aqueous, Cinnamic_Butanol,
Chlorogenic_Ethanol, Sinapinic_Hexane, Phenolic_Butanol,
Ferulic_Ethylacetate, Benzoic_Hexane, and Ferulic_Ethanol.

Replicate measurements demonstrated high re-
producibility. Concentration replicates were highly consis-
tent, for example, Vanillic_Chloroform (8.14–8.15) and
Phenolic_Butanol (21.23–22.26). Area replicates also showed
minimal variation, though some compounds displayed
slightly higher variability, such as Gallic_Chloroform (1.1–
1.4) and Cafeic_Ethanol (12.65–12.67). Among the com-
pounds, Phenolic_Butanol (21.23–22.26), Ferulic_Ethanol
(19.68–19.58), and Benzoic_Hexane (15.13–15.23) exhibited
the highest concentrations, while Gallic_Ethanol (0.07),
Quercetin_Hexane (0.18–0.19), and Gallic_Aqueous (0.11–
0.13) showed the lowest. Similarly, Sinapinic_Aqueous
(23.4–23.5), Phenolic_Butanol (14.1–15.5), and Chlor-
ogenic_Ethanol (15.0–15.02) had the largest areas, whereas
Gallic_Ethanol (4.14–4.15), Quercetin_Butanol (0.1–0.2), and
Quercetin_Aqueous (0.1–0.2) had the smallest.

Tese results indicate that Cluster A compounds rep-
resent minor constituents, while Cluster B compounds are
major contributors to the chemical profle. Te hierarchical
clustering efectively discriminates compounds based on
combined concentration and area, and the low variability
between replicates supports the robustness and precision of
the analytical measurements.

3.3. Multivariate Analysis of Solvent–Compound
Relationships. Te circular chord diagram (Figure 3) depicts
the connectivity between solvent fractions (left half ) and
phenolic/secondary metabolites (right half) based on con-
centration (Conc_mean) and chromatographic area
(Area_mean). Each solvent or compound is represented as
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Figure 1: Continued.
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Figure 1: (a) HPLC analysis of butanol fraction of T. ofcinale leaves, (b) HPLC analysis of chloroform fraction of T. ofcinale leaves, (c)
HPLC analysis of ethanol fraction of T. ofcinale leaves, (d) HPLC analysis of ethyl acetate fraction of T. ofcinale leaves, (e) HPLC analysis
of aqueous fraction of T. ofcinale leaves, and (f) HPLC analysis of n-hexane fraction of T. ofcinale leaves.

Journal of Chemistry 7



a segment on the circle, with chords linking solvents to the
compounds they solubilized. Te color gradient of chords
represents concentration categories (yellow� low, pur-
ple� high), while the thickness of chords refects chro-
matographic area (thin� low area, thick� high area). Polar
solvents such as ethanol, butanol, and chloroform display
the highest connectivity, forming thick, dark chords with
compounds including syringic acid, cafeic acid, coumaric
acid, and quercetin, indicating both high concentration and
high area abundance. Ethanol, in particular, shows broad
associations, suggesting its efciency in extracting diverse
high-abundance phenolics. In contrast, aqueous and hexane
fractions exhibit fewer and thinner linkages, primarily with
gallic acid, quercetin, and cinnamic acid, which correspond
to low-abundance compounds. Ethyl acetate shows an in-
termediate pattern, capturing both moderate and high-
abundance phenolics.

Notably, compounds such as gallic acid, quercetin, and
vanillic acid demonstrate multiple solvent linkages but with
thin, lighter chords, reinforcing their classifcation as minor

constituents. Conversely, ferulic acid, cafeic acid, and
sinapinic acid are predominantly enriched in ethanol and
butanol, marked by thick, dark chords, confrming their
status as major contributors to the phytochemical profle.
Te structural layout reveals distinct solvent–compound
specifcity, highlighting solvent polarity as a determinant of
metabolite recovery. Overall, this chord diagram comple-
ments the hierarchical clustering results by visually mapping
how each solvent fraction selectively enriches specifc
phenolics, emphasizing ethanol and butanol as the most
efective for extracting high-abundance bioactive com-
pounds, whereas aqueous and hexane extracts primarily
recover trace-level metabolites.

3.4. Phenolic Acid Standards. Tirteen analyzed major
phenolic acids, cafeic acid, cinnamic acid, phenolic acid,
gallic acid, syringic acid, quercetin, vanillic acid, chlorogenic
acid, ferulic acid, sinapinic acid, M-coumaric acid, P-
coumaric acid, and benzoic acid, were resolved under the

Table 1: HPLC analysis of n-butanol, chloroform, ethanol, ethyl acetate, aqueous, and n-hexane fraction from T. ofcinale.

Fractions/compound name Molecular formula Retention time (min) Area (%) Concentration (ppm)
n-Butanol
Cafeic acid C9H8O4 12.52 0.9 0.7848
Cinnamic acid C9H8O2 24.79 18.9 13.1515
Phenolic acid C6H5OH 21.97 15.5 22.2565
Gallic acid C7H6O5 4.22 2 1.4024
Syringic acid C9H10O5 16.95 11.7 5.8369
Quercetin C15H10O7 2.91 0.2 0.1788
Chloroform
Cinnamic acid C9H8O2 25.52 7.4 6.1451
Gallic acid C7H6O5 4.25 1 0.8306
Quercetin C15H10O7 2.94 1 0.1141
Vanillic acid C8H8O4 13.15 5.6 8.1508
Ethanol
Cafeic acid C9H8O4 12.66 12.6 4.2845
Chlorogenic acid C16H18O9 15.01 15.0 11.1036
Gallic acid C7H6O5 4.14 4.1 0.0653
Ferulic acid C10H10O4 22.06 6.9 19.5768
Sinapinic acid C11H12O5 26.40 8.6 4.4049
M-Coumaric acid C9H8O3 20.38 20.3 3.2164
Syringic acid C9H10O5 16.52 16.5 2.3440
Ethyl acetate
Gallic acid C7H6O5 4.08 0.4 0.2796
Syringic acid C9H10O5 16.08 10.2 5.2386
P-Coumaric acid C9H8O3 18.21 5.8 1.5409
Ferulic acid C10H10O4 21.82 19.2 21.2156
Sinapinic acid C11H12O5 26.66 14.4 3.8483
Aqueous
Quercetin C15H10O7 2.90 0.1 0.1014
Gallic acid C7H6O5 4.28 0.1 0.1022
Syringic acid C9H10O5 16.11 6.3 3.4441
Sinapinic acid C11H12O5 25.90 23.6 6.6591
n-Hexane
Quercetin C15H10O7 2.86 0.3 0.3071
Gallic acid C7H6O5 4.14 3.5 2.8296
Benzoic acid C7H6O2 14.18 6.5 15.2324
Sinapinic acid C11H12O5 25.76 15.6 12.1291
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chromatographic conditions described (Figure 4). Calibra-
tion curves of all analytes routinely yielded regression co-
efcients 0.75 or better except sinapinic acid (Table 2).

3.5. Phytochemical Profle. Table 3 provides an overview of
the phytochemical features of the T. ofcinale being exam-
ined. Te secondary metabolites in dandelion were found to
be more in the aqueous, ethyl acetate, ethanol, and chloro-
form extracts compared to the butanol and hexane extracts
(Table 3). All fractions of T. ofcinale exhibited the presence
of alkaloids. All fractions illustrated the absence of coumarins
and tannins. Te phytochemical profles of chloroform,
ethanol, and ethyl acetate exhibited echoes. Te hexane and
butanol fractions did not include the majority of phyto-
chemicals that were reported in our investigation (Table 3).

Te TPC (mg GAE/g) in aqueous extract was maximum
(41±0.021) followed by ethanol (32±0.013), ethyl acetate
(30± 0.032), butanol (28±0.007), chloroform (23±0.010), and
hexane (18±0.014). Signifcant diferences were reported
among TPC (p< 0.05). TFC (mg RUE/g) were reported
maximum in aqueous extract (17.5±0.029) followed by butanol
(9.2±0.018), ethanol (8.5±0.022), ethyl acetate (8.0±0.040),
chloroform (6.1±0.019), and hexane (2.7±0.024) (Table 4).

3.6. DPPH Radical Scavenging Activity

3.6.1. DPPH Radical Scavenging Activity Comparison.
Te antioxidant capacity of dandelion was assessed by
employing the radical scavenging, which evaluates its ability
to scavenge free radicals. Aqueous, n-hexane, and ethyl
acetate fractions inhibited radical scavenging by 21%–25%,
14%–17%, and 20%–24%, respectively, at varying doses from
50 to 200 μg/mL (Table 5). Chloroform, ethanol, and n-
butanol reported DPPH inhibition activity of 18%–19%,
41%–48%, and 19%–20%, respectively, at varying extract
concentration (Table 5). SD values for experiments per-
formed for all fractions in triplicates each ranged from 0.001
to 0.005. All the fractions in our study showed varying
inhibition activity in difer bent fractions. n-Butanol,
chloroform, and hexane showed no similar diferences
among varying concentrations of extracts (p< 0.05). Ethanol
and ethyl acetate depicted higher radical scavenging activity
at low concentrations and vice versa, while aqueous, hexane,
chloroform, and butanol displayed peak radical scavenging
activity at maximum concentration (Figure 5).

Te two-way ANOVA revealed highly signifcant efects
of extract type, concentration, and their interaction on
DPPH radical scavenging activity as results of all analysis are
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Figure 2: Hierarchical clustering of the quantifed compounds based on concentration and chromatographic area of fractions of T. ofcinale leaves.
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mentioned in Supporting File 1. Specifcally, there was
a highly signifcant main efect of extract type [F (6, 56)�

774046.770, p< 0.0001)], indicating that the diferent frac-
tions exhibited distinct levels of antioxidant activity. Con-
centration also exerted a signifcant infuence [F (3, 56)�

24210.702, p< 0.0001)], suggesting that radical scavenging
activity varied with increasing concentration. Moreover, the
interaction efect between extract type and concentration
was highly signifcant [F (18, 56)� 33464.582, p< 0.0001)],
implying that the efect of concentration difered across the
various extracts. Together, these fndings establish that both
extract composition and dosage play crucial roles in de-
termining antioxidant efciency.

3.6.2. Tukey’s HSD Post Hoc Test Interpretation. Post hoc
comparisons using Tukey’s HSD demonstrated multiple
signifcant diferences among the extract–concentration
groups. For instance, the aqueous fraction at 100 μL/mL
difered signifcantly from its own values at 150 μL/mL
(mean diference� 1.00, p< 0.001) and 200 μL/mL (mean

diference� 3.00, p< 0.001). Strong diferences were also
observed between aqueous and chloroform extracts at the
same concentrations, as well as between aqueous and the
control (ascorbic acid). Furthermore, ethanol fractions at all
concentrations were signifcantly higher in radical scav-
enging activity compared with aqueous, chloroform, ethyl
acetate, and n-hexane fractions (p< 0.001). Te control
(ascorbic acid) consistently exhibited signifcantly greater
scavenging activity compared to most plant fractions, except
for ethanol, which approached the control values at higher
concentrations.

3.6.3. Fisher’s LSD Test Interpretation. Te Fisher’s LSD test
confrmed and further highlighted the magnitude of dif-
ferences among extracts. Te most striking contrasts were
observed between ethanol fractions and control (ascorbic
acid) at diferent concentrations. For example, ethanol at
50 μL/mL showed signifcantly lower scavenging activity
than the control at 200 μL/mL (diference� − 2.00,
t� − 496.83, p< 0.0001), while ethanol at 200 μL/mL was also
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signifcantly lower than the control at 200 μL/mL (difer-
ence� − 9.00, t� − 2238.73, p< 0.0001). Within ethanol
fractions themselves, large signifcant diferences were ob-
served between lower and higher concentrations, such as
ethanol 200 μL/mL versus ethanol 50 μL/mL (difer-
ence� − 7.00, p< 0.0001). Tese fndings indicate that eth-
anol fractions exhibit strong, concentration-dependent
antioxidant potential but still remain below the potency of
the standard ascorbic acid.

3.7. Antioxidants and Hydrolases. Our study results eluci-
dated that SOD activity (%) measured was minimum
(20 + 0.5) at 50-µL quantity in aqueous extract as compared
to increased aqueous extract quantity which exhibited in-
creased (25 + 0.5 to 35 + 0.5) SOD activity (Figure 6, Sup-
porting fle 2). Te peak POD activity (33 + 0.6) was
measured in maximum aqueous extract quantity (200 μL),
while POD activity declines successively with reduced dose
of aqueous extract. Peak (35 + 0.7) CAT activity was mea-
sured in 200 μL, while CAT activity declines with increased
aqueous extract quantity (Figure 6). Signifcant diferences
were computed for protease and α-amylase activity
(p< 0.05) among diferent extracts. Maximum protease (%)
and α-amylase (%) activity was reported in ethanol
(40 + 0.002, 37 + 0.016) followed by n-butanol (35 + 0.001,
35 + 0.001), chloroform (34 + 0.001, 32 + 0.012), aqueous
(33 + 0.005, 31 + 0.009), ethyl acetate (30 + 0.001, 29 + 0.001),
and hexane (28 + 0.002, 25 + 0.002) (Figure 7).

3.8. Antimicrobial Activity (Antibacterial and Antifungal)

3.8.1. Antimicrobial Activity (Antibacterial and Antifungal
Means Comparison). Te present fndings indicate that

extracts derived from dandelion leaves exhibit inhibitory
efects on the growth of both Gram-positive and Gram-
negative bacteria. Te inhibitory activity (ZOI, mm) of
chloroform and aqueous solutions turned out to be com-
parable across Gram-negative bacteria. However, ethanol
exhibited the most inhibition activity (14 + 1.69) and hexane
displayed the minimal inhibition activity
(10 + 2.49–11 + 0.81) on the tested E.coli strain. Te in-
hibitory efect of chloroform (12 + 1.24) and ethyl acetate
(12 + 1.24) fractions on P. aeruginosa has been found to be
similar (Figure 8). Our study found that aqueous (14 + 0.80)
had the strongest inhibitory impact against gram-positive
bacteria S. pneumonia and S. aureus, while hexane extract
demonstrated minimal inhibition in both S. pneumonia and
S. aureus (Figure 8). Aqueous extract exhibited most in-
hibitory (mm) impact on A. fumigatus, A. favus (15 + 0.81),
as well as A. niger (12 + 1.24), whereas chloroform fraction
had the least inhibitory action in A. fumigatus (6 + 0.81),
A. favus (3 + 0.81), and A. niger (2 + 0.81) (Figure 9). In
A. fumigatus, butanol and ethyl acetate extracts unveiled
comparable inhibition efects with no noticeable diferences,
whereas ethanol and ethyl acetate fractions showed same
inhibition efects in A. niger (Figure 9).

3.8.2. Antimicrobial Dose–Response Relationship
(Antibacterial and Antifungal)

3.8.2.1. Antibacterial Activity. Te antibacterial dose–
response evaluation of T. ofcinale fractions demonstrated
signifcant diferences in inhibitory potential across tested
strains (ANOVA, p< 0.05). Te aqueous fraction exhibited
the strongest inhibition, producing a zone of inhibition
(ZOI) of 15mm against S. pneumoniae, followed by ethanol
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Table 3: Phytochemical analysis of diferent extracts of T. ofcinale.

Phytochemical tests
Phytochemicals in T. ofcinale

n-butanol Chloroform Ethanol Ethyl acetate n-Hexane Aqueous
Alkaloids + + + + + +
Coumarins − − − − − −

Flavonoids − + + + + +
Tannins − − − − − −

Terpenoids + + + + − +
Saponins − + + + − +
Quinones − + + + + +
Note: +� present, − � not present.

Table 4: Total phenolic and total favonoids contents of diferent extracts of T. ofcinale.

Fractions Total phenolic (mg GAE/g)
(Mean ± SD)

Total favonoids (mg RUE/g)
(Mean± SD)

n-Butanol 28± 0.007 9.2± 0.018
Chloroform 23± 0.010 6.1± 0.019
Ethanol 32± 0.013 8.5± 0.022
Ethyl acetate 30± 0.032 8.0± 0.040
Aqueous 41± 0.021 17.5± 0.029
n-Hexane 18± 0.014 2.7± 0.024

Table 5: DPPH radical scavenging activity in fractions of T. ofcinale leaf fractions.

Extracts Concentrations (μL/mL) Radical scavenging efect (%)
(Mean± S.D)

n-Butanol

200 20± 0.005
150 20± 0.002
100 19± 0.002
50 19± 0.001

Chloroform

200 19± 0.002
150 19± 0.002
100 19± 0.001
50 18± 0.001

Ethanol

200 41± 0.003
150 43± 0.002
100 46± 0.002
50 48± 0.001

Ethyl acetate

200 20± 0.002
150 21± 0.002
100 22± 0.005
50 24± 0.001

n-Hexane

200 17± 0.005
150 17± 0.002
100 16± 0.002
50 14± 0.23

Aqueous

200 25± 0.002
150 23± 0.002
100 22± 0.001
50 21± 0.002

Control (Ascorbic acid)

200 49± 0.002
150 45± 0.001
100 34± 0.002
50 24± 0.003
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with ZOIs of 14mm against both E. coli and S. pneumoniae.
Tese responses were statistically higher (p< 0.05) com-
pared to n-butanol, chloroform, ethyl acetate, and n-hexane,
which showed moderate activity in the range of 10–
13mm.As expected, the positive control ciprofoxacin dis-
played the highest antibacterial efect across all strains
(20–25mm; p< 0.001). Te dose–response curves with SE
bars (Figure 10) confrmed reproducibility and highlighted
the superior activity of aqueous and ethanol fractions
compared to other solvent extracts.

3.8.2.2. Antifungal Activity. Te antifungal dose–response
analysis also revealed signifcant variability among fractions

(ANOVA, p< 0.05). Te aqueous and ethanol fractions
showed the strongest inhibitory efects, particularly against
A. fumigatus and A. favus (up to 15mm and 13mm, re-
spectively), with efects that were statistically higher than
those of chloroform and n-hexane fractions (p< 0.01). Ethyl
acetate and n-butanol demonstrated intermediate activity
(8–12mm), while chloroform exhibited the weakest anti-
fungal response, with inhibition zones as low as 2mm
against A. niger. Te standard control fuconazole consis-
tently produced the highest antifungal activity (15–20mm;
p< 0.001). Te plotted dose–response curves with error bars
(Figure 11) further validated the statistical reliability of the
results, confrming aqueous and ethanol fractions as the
most promising antifungal candidates.

3.9. Hemolytic Activity. Our results revealed signifcant
(p< 0.05) diferences across extraction systems. Te he-
molytic activity of dandelion leaf extracts ranged between
0.30 and 0.85 (30%–85%). Hemolytic activity of various
extraction systems, including n-butanol, hexane, chloro-
form, ethyl acetate, and aqueous was 0.44 + 0.003 (44%),
0.30 + 0.011 (30%), 0.75 + 0.01 (75%), 0.85 + 0.002 (85%),
and 0.60 + 0.001 (60%), respectively (Figure 12). In contrast
to other dandelion leaf extracts, ethyl acetate (85%) dem-
onstrated the most hemolytic activity, while hexane
(30 + 0.011%) showcased the least activity (Figure 12).

4. Discussion

Te curative benefts of traditional medicinal plants are
contingent upon the specifc compounds present inside
them [44]. Over the past several decades, investigators have
adeptly isolated the bioactive compounds in dandelion due
to its excellent pharmacological efects. According to Fan
et al. [45], the biological activity of the substance is impacted
by a multitude of complex chemical constituents, mostly
including phenolic compounds, favonoids, sphingolipids,
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triterpenoids, sterols, coumarins, and others. Polyphenolic
compounds are ubiquitous in several plant species.

Numerous phenolic compounds with potential activity
have been extracted from various species within the Tar-
axacum genus [10, 46]. Quercetin, gallic acid, cafeic acid,
syringic acid, vanillic acid, chlorogenic acid, coumaric acid,
ferulic acid, sinapinic acid, benzoic acid, and cinnamic acid
were efectively determined through several extraction
techniques, as reported in our study [45]. Tese compounds
have been uncovered for antioxidative and

immunostimulant activities. Such phenolics have been
documented earlier [10, 46, 47]. Te present investigation
determined comparable profles of secondary metabolites in
ethyl acetate [48], aqueous [49], chloroform and hexane [31],
and ethanol [50] extracts, which align substantially with
previous investigations. Certain substances found in plant
extracts can be ascribed to physiological and biosynthetic
responses, as well as the environmental factors [51]. Fur-
thermore, the absence of compounds in the n-hexane extract
of T. ofcinale in our study could be attributed to the sol-
vent’s low polarity, which hampered extraction [52, 53]. As
a result, it is possible to deduce that the observed variances
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were mostly caused by the solvents’ incompatible polarity
indices. Consistent with previous studies [54–56], our study
indicated that ascorbic acid, gallic acid, cinnamic acids
(cafeic acid, syringic acid, p-coumaric acid, sinapic acid, and
ferulic acid), and favonoids (catechin, rutin, quercetin) and
their derivatives have hydroxyl group substitutions that are
associated with their protective potential. Flavonoids, for
instance, had been demonstrated to increase antihemolytic
protection due to their chemical structure and well-known
liposolubility increased antioxidant capacity [57].

Dandelion leaves and fowers are rich in polyphenols,
particularly HCAs and favonoids [10, 11]. Tey are known

to possess excellent antioxidant and hypocholesterolemic
characteristics. HCAs have antioxidative and curative efects
[10], whereas favonoids limit the production of ROS and
nitrogen by blocking NO synthase and COX-2 protein ex-
pression [13]. Polyphenols identifed in our study encom-
passing cafeic acid, gallic acid, ferulic acid, and syringic acid
acts as antioxidative properties [58, 59], cinnamic acid as
antidiabetic [60], quercetin as antioxidative [45], chloro-
genic acid as antioxidant, anti-infammatory, antibacterial,
antiviral, hypoglycemic, lipid-lowering, anticardiovascular,
antimutagenic, anticancer, immunomodulatory [61], sina-
pinic acid as antidepressant [62], vanillic acid as anti-
oxidative [59] and immunostimulant capabilities [45], M-
coumaric acid as anti-infammatory, bacteriostatic [45], P-
coumaric as anti-infammatory, and antioxidative
qualities [63].

Our results showed that water had the highest TPC,
followed by ethyl acetate and ethanol. Previous in-
vestigations found that ethanol has the highest TPC, fol-
lowed by aqueous [63]. While our aqueous extract showed
the highest TPC, other studies have reported ethanol as
superior. Tis discrepancy may arise due to soil composition
and climatic variation in Pakistan, which can alter phenolic
biosynthesis. Tus, our fndings highlight the infuence of
geographical origin on phytochemistry.

It also implies that water and ethyl acetate are the pri-
mary conduits of phenolic-based compounds, as previously
reported [58], which may potentially account for their
comparatively strong antioxidant activity. Te aqueous
extract entailed twofold more TFC than the ethyl acetate
extract. Previous research cited the highest TFC in the
aqueous extract of dandelion [64]. Te quantity of TFC in
dandelion ethyl acetate extract assessed by Ghaima et al. [65]
was closely comparable to that reported in our in-
vestigations.Te shift in TPC and TFC concentrations could
be explained by solvent polarity. As the solvent polarity
decreases, the extraction process impedes, eventually
infuencing the chemical processes [51] thereby afecting the
concertation. Table 4 shows that the ethanol extracts of
dandelion leaves have more formidable antioxidant activity
(radical scavenging) values than previous results [66].
Previous investigations uncovered increased radical scav-
enging activity in ethyl acetate extracts of dandelion leaves
[58]. Tere have been no studies conducted on radical
scavenging activity in dandelion in concentration-specifc
manner. Tis shows that ethyl acetate contains considerable
amounts of phenolic compounds, which could account for
its relatively high antioxidant activity [55]. Our study’s
aqueous extract stated less radical scavenging activity in
leaves than ethanol, which is consistent with previous re-
search [67]. Radical scavenging activity difered based on
many factors, including the plant part, the solvent deployed,
and the duration of extraction.

Plants exhibit antioxidant protection enzyme systems,
such as SOD, CAT, and POD [68]. Te present investigation
determined a statistically signifcant increase (p< 0.05) in
the aqueous dandelion leaf extract.Tere is a lack of research
detailing the AOX capabilities of dandelion enzymes in both
polar and nonpolar solvents. Te presence of one or more
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phytochemical components of dandelion has been ac-
countable for the observed antioxidant activity in aqueous
extract [69]. Ethanol extract followed by n-butanol, show-
cased the most pertinent inhibitory efect against protease
and β-amylase. Tis elevated α-amylase activity seen in
dandelion has been credited to the containment of phenolic
substances, dietary polyphenols [70], and favonoids [71].

Research on antibacterial and antifungal aspects in both
developing and developed countries primarily focuses on
alleviating the need for afordable new pharmaceuticals or
products derived from traditional medicine. Te ethanol
extract exhibited a signifcant ZOI followed by ethyl acetate
fraction against both Gram-negative (E. coli, P. aeruginosa)
bacteria. Tis fnding aligns with prior research conducted
by Qiao and Sun [72]. Tis antibacterial activity could be
explained by the considerable amount of favonoids and
phenolic acids present in these fractions [72]. Te dandelion
stem, leaves, and root extracts contain polyphenolics in-
cluding chlorogenic acid and cafeic acid, which demon-
strated bactericidal activity owing to its cellular membrane-
breaking efcacy [73, 74]. Among the Gram-positive
(S. aureus, S. pneumonia) detected, aqueous extract has
been shown to be more efective in thwarting the growth of
bacteria, followed by ethyl acetate extract. According to
Ionescu et al. [75], polar chemicals have an increased ca-
pacity for inhibiting microbial growth than nonpolar
compounds. As a result, the fndings of the relevant study,
which uncovered that polar plant extracts had a stronger
antibacterial impact than nonpolar solvent extracts, are
unanimously agreed with earlier reports [76]. Some re-
searchers have speculated that the antibacterial action im-
plied by plant extracts may be due to secondary metabolites
[77, 78]. Studies on the antibacterial mechanism of natural
alkaloids show that they can disrupt the bacterial cell
membrane [79], afect the DNA function [80], and inhibit
protein synthesis [81].

Our research focused on the Aspergillus species, which
are among the most frequent fungal ailments worldwide.
Aspergillus infection arises by Aspergillus spp. and has been
believed to cause human infections. Aspergillus fumigatus is
the primary species inducing infection in humans and the
leading cause mortality among infected people. Neverthe-
less, it has been documented that nonfumigatus species of
Aspergillus, such as A. favus and A. niger, can also induce
aspergillosis. Te preliminary antifungal activity analysis
results indicate that the aqueous extract demonstrated the
highest ZOI activity across all Aspergillus species examined
in our study. Conversely, the chloroform extract exhibited
the lowest activity. Tere is lack of information about the
antifungal inhibitory activity of dandelion leaves extract in
Aspergillus species.

In this study, we found that dandelion extracts include
polyphenols (active compounds) such as coumaric acid,
ferulic acid, quercetin, gallic acid, cinnamic acid, syringic
acid, and cafeic acid. In our work, dandelion extracts
inhibited mycelial growth and exhibited fungistatic action.
Dandelion active compounds are capable of destroying
fungal cell membranes, elevating cell membrane perme-
ability, macromolecule leakage, and, eventually, disrupting

cell metabolism. Tis shows that dandelion active compo-
nents or polyphenolics may suppress fungal growth by
disrupting the cell wall and cell membranes, resulting in
mycelial growth inhibition [82, 83]. Polyphenols may dis-
rupt the glycosidic link of (1,3)-β-d-glucan in fungal cell
walls, slowing growth or causing cell death. Te inhibiting
impact of certain plant species on fungi and bacteria is
primarily attributable to favonoids as reported earlier [84].
Te antimicrobial efects observed likely result from syn-
ergistic actions of quercetin, gallic acid, and cafeic acid,
which are known to disrupt microbial membranes, inhibit
nucleic acid synthesis, and chelate essential metal ions.
Flavonoids may also interfere with bacterial quorum sens-
ing, while polyphenols disrupt fungal cell walls by targeting
β-glucans.

A highly polar solvent like aqueous may extract nu-
merous polyphenol chemicals from plants and vice versa,
which may explain the apparent link between polyphenolics
and antifungal activity. Te antifungal activity observed in
the chemical analysis may be attributed, in part, to the
presence of polyphenol chemicals, which are typically the
primary antifungal agents found in most plant extracts. In
summary, current research indicates that the antifungal
activity mechanism is quite intricate, necessitating further
in-depth investigations to fully understand this mechanism.
Currently, as far as we know, there have been no detailed
research conducted regarding the antifungal properties of
polyphenolics against fungal species.

Te hemolytic activity assay is a frequently utilized for
assessing the detrimental efects of xenobiotics and envi-
ronmental infuences on red blood cells (RBCs). Te he-
molytic activity was studied to fgure out if the damage to
human erythrocytes might impede the usage of solvents
(extracts) and chemicals derived from dandelion, regardless
of the biological attribute being assessed. To date, there have
been no documented investigations on hemolytic activity of
dandelion extracts. Te ethyl acetate, chloroform, and
aqueous fractions exhibited signifcant hemolytic activity,
which aligned with previous fndings in other plant species
[43]. Furthermore, it has been demonstrated that the ethanol
extract derived from dandelion possesses the ability to
prevent damage and improve the integrity of the erythrocyte
membrane. Tis efect is likely attributed to the elevated
levels of phenolic compounds found in many plant species
[85–87]. While our investigations have stipulated us with
a basic grasp of the nontoxic properties of dandelion ex-
tracts, it is not feasible to draw a conclusive assessment of
their safety. Diferent leaf extracts from medicinal plants
prevent production of nitric oxide radicals and superoxide
anion [3, 4]. Additional investigations are necessary to as-
certain the potential toxicity of dandelion.Te available data
on the hemolytic activity of dandelion is currently scant.
Hence, this study presents the initial documentation of the
antibacterial and hemolytic properties exhibited by leaf
extracts derived from this particular species.

Te antimicrobial activities observed in diferent frac-
tions of T. ofcinale can be attributed to the presence of
phenolic acids and favonoids, which are known to interfere
with microbial physiology through multiple mechanisms.
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Phenolic compounds such as cafeic acid, gallic acid, and
syringic acid can integrate into microbial cell membranes,
disrupting their integrity and altering permeability, which
leads to leakage of intracellular contents. Flavonoids such as
quercetin exert additional efects by binding to bacterial
enzymes like DNA gyrase and topoisomerases, thereby
inhibiting nucleic acid synthesis. Furthermore, several
phytochemicals can chelate essential metal ions required for
microbial growth or induce oxidative stress by promoting
ROS generation, leading to cellular damage. In fungi, these
compounds may additionally interfere with ergosterol
biosynthesis, compromising membrane stability. Collec-
tively, these mechanisms may underlie the dose–response
antimicrobial efects observed in this study, and future work
will focus on direct mechanistic validation using targeted
assays such as membrane permeability, ROS generation, and
enzyme inhibition analyses.

More investigation must be undertaken to explore the
activities of T. ofcinale–derived polyphenolics and favo-
noids. Tis study provides the frst integrated analysis of
phytochemistry, antioxidant enzymes, hydrolases, radical
scavenging, antimicrobial, and hemolytic activities of
T. ofcinale grown in Pakistan. Standard controls (e.g.,
ciprofoxacin, fuconazole, ascorbic acid) were used for
comparative purposes. Although the absence of dose–
response data and mechanistic validation is a limitation, the
results provide novel insights into the bioactive potential of
region-specifc dandelion extracts and lay groundwork for
future pharmacological and mechanistic studies.

5. Conclusion

In conclusion, we demonstrated the bioactive components,
phytochemical screening, TPC and TFC, radical scavenging,
antioxidants, antimicrobial, and hemolytic activity of vari-
ous dandelion leaf extracts. HPLC examination of dandelion
leaf fractions revealed approximately 12 bioactive com-
pounds. Secondary metabolites of dandelion extracts from
leaves included alkaloids, favonoids, saponins, quinones,
and terpenoids in organic fractions. None of the fractions
reported coumarins or tannins.Te aqueous fraction had the
most concentrations of total favonoids and total phenolics.
In comparison to other extracts, the ethanol extract
exhibited superior radical scavenging and hydrolase activity.
Intriguing antibacterial activity against Gram-negative and
Gram-positive pathogenic clinical bacteria is observed in
ethanol and aqueous extracts, respectively. Our fndings
revealed that the water-soluble extract of dandelion had high
antifungal activity against Aspergillus spp. Te current study
unambiguously suggests antioxidants, hydrolases, and an-
tibacterial action due to the broad repertoire of favonoids
and polyphenolic compounds encountered in dandelion
leaves.

Dandelion, a well-known complementary and alterna-
tive medicine, has an array of bioactive components such as
terpenes, favonoids, polyphenolic compounds, phytos-
terols, etc. However, previous research centered mainly on
extracting and identifying active component compounds
from several types of dandelion. To be more specifc,

T. ofcinale is the most widely employed species in com-
plementary and alternative medicine. Furthermore, dan-
delion extracts (G.H. Weber ex Wiggers) possess potent
antimicrobial, antioxidant, and cytotoxic properties. Fur-
thermore, the extracts from leaf tissues endured good
aforementioned actions, providing solid evidence about the
utilization of the traditional medicinal herb as an antibac-
terial and antifungal medicine.

5.1. Study Limitations and Challenges. Te study’s limita-
tions include an emphasis on a single geographic region
(Central Punjab, Pakistan) for the collecting of T. ofcinale
leaves, which may limit the results’ applicability to other
regions. Taraxacum ofcinale species, environmental con-
ditions (soil, cultivation tactics, climate, harvesting, storage,
processing, handling), extraction (analytical) procedures,
solvents, and other characteristics all have an impact on the
fndings, and hence these variables cannot be reliably
standardized. Antimicrobial experiments with more bacte-
rial and fungal species need to be conducted to evaluate
against T. ofcinale fractions. Other in-depth research
employing other solvents and diferent plant tissues is
needed to fully grasp its potential medicinal benefts.We also
highly recommend the structural explication of T. ofcinale
bioactive compounds and their in silico studies against
diferent diseases.

6. Future Perspectives

Te current study provides an overview of the phyto-
chemical composition and bioactivities of indigenously
grown Taraxacum ofcinale leaves. However, the current
study serves as a preliminary basis for the plant’s medicinal
potential. In the future, compound-level validation should
be a priority using LC–MS/MS, GC–MS, FTIR, and NMR
spectroscopy. Tese methods would help identify and
quantify the active metabolites responsible for biological
functions. Also, bioactivity-guided fractionation strategies
should be utilized to isolate individual phenolic and favo-
noid constituents and correlate their molecular structures
with their biological activities.

To unravel the mechanistic underpinnings ofT. ofcinale
bioactivity, future studies should integrate in vitro cell-based
assays targeting oxidative stress pathways, infammatory
mediators, and microbial virulence factors. Investigations
using enzyme inhibition kinetics, receptor–ligand binding
assays, and pathway-specifc molecular markers (e.g., NF-
κB, COX-2, Nrf2, and MAPK signaling cascades) can
provide mechanistic clarity regarding antioxidant and an-
timicrobial modes of action. In addition, by using compu-
tational methods, whether in the Wet Lab or in silico
through molecular docking, molecular dynamics (MD)
simulations, and quantitative structure–activity relationship
(QSAR) studies, the possible dynamics of interaction with
the targeted protein can be identifed.

Equally critical are in vivo evaluations, which remain
indispensable for confrming the pharmacological relevance
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and safety of T. ofcinale–derived bioactives. Research on
the pharmacokinetics, bioavailability, dose–response re-
lations, systemic toxicity, and toxicokinetics in animal
models will inform the therapeutic windows and toxicity.
Chemical and disease tests can provide extra information
about the safety of specifc fractions. Moving from the lab to
real-world use requires following strict rules to ensure its
safe and works.Tis will be necessary for any new treatment.

Furthermore, multiomics integration (metabolomics,
transcriptomics, and proteomics) should be incorporated to
map the molecular networks infuenced by dandelion
phytochemicals, enabling a systems-level understanding of
their biological impact. By using these omics approaches in
combination with network pharmacology, the synergistic
interactions of bioactive compounds and their multitarget
therapeutic efects will be predicted. Examining the phy-
tochemicals of plants grown in diferent areas and using
diferent methods may help us understand which factors
infuence their growth.

Ultimately, integrating in silico, in vitro, and in vivo
methodologies, along with compound-level validation and
mechanistic assays, will enable a holistic elucidation of
Taraxacum ofcinale therapeutic potential. Such compre-
hensive approaches will facilitate the translation of
dandelion-derived bioactives into standardized, evidence-
based phytopharmaceuticals and nutraceutical formula-
tions. Tese eforts will not only reinforce the ethno-
medicinal value of T. ofcinale but also contribute to the
discovery of novel, naturally derived therapeutic agents with
validated pharmacological efcacy and safety for clinical use.
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