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Abstract

This study comparatively evaluated the bioactive properties of Philadelphus coronarius leaf and flower extracts, focusing on phenolic composition,
antioxidant capacity, and enzyme inhibitory activities. Plant materials were collected, dried, powdered, and extracted using 80% ethanol via
ultrasound-assisted extraction. Total phenolic content (TPC), total flavonoid content (TFC), and antioxidant activities (ABTS, DPPH, and FRAP
assays) were determined, along with a-glucosidase and acetylcholinesterase inhibitory activities. The leaf extract exhibited significantly higher
phenolic and flavonoid contents (4082.81 mg GAE/100 g DW and 3444.17 mg CE/100 g DW, respectively) compared to the flower extract (1864.06
mg GAE/100 g DW and 869.17 mg CE/100 g DW). Similarly, the antioxidant capacities (DPPH, ABTS, and FRAP values) of the leaf extract were
found to be significantly higher than those of the flower extract. In enzyme inhibition studies, the leaf extract demonstrated stronger a-glucosidase
inhibitory activity (ICso: 0.0211 mg/mL) than the flower extract (ICso: 0.0523 mg/mL). In contrast, acetylcholinesterase inhibition was similar for
both extracts. Overall, the findings indicate that P. coronarius leaves possess a strong bioactive potential, particularly in terms of phenolic
compounds, antioxidant capacity, and a-glucosidase inhibitory activity. Therefore, the leaf part of this species may be considered a promising

natural source of antioxidants and functional bioactive compounds.
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1. Introduction

Plants are recognized as valuable sources of bioactive
compounds and secondary metabolites, serving as the
basis for numerous commercial drugs as well as
traditional herbal remedies. Medicinal plants are notable
for their chemical constituents, which exhibit a wide
range of biological activities that may contribute to
human health through pharmaceutical and food
applications. Moreover,
possess considerable economic value for the fragrance,
agrochemical, and cosmetic industries [1,2]. Owing to
their diverse therapeutic properties, plant-derived
bioactive compounds have attracted increasing scientific
and industrial interest in recent years [3,4].

these natural compounds

Philadelphus coronarius (P. coronarius), a member of the
family Hydrangeaceae within the order Cornales, is one
of the plant species with promising but still insufficiently
explored biological potential [5]. Several members of the
Hydrangeaceae family have been reported to exhibit
antimicrobial, anti-inflammatory, hepatoprotective, and

antidiabetic activities [6-9]. However, compared with
other representatives of this family, P. coronarius has
received relatively limited scientific attention, and
available data regarding its chemical composition and
pharmacological properties remain scarce. Nevertheless,
the species has been widely used in traditional medicine
Previous
revealed the

for the treatment of various ailments.
phytochemical investigations
presence of flavonoids, triterpenes, coumarins, and
phenolic acids in P. coronarius, suggesting that this plant
may represent a noteworthy source of biologically active
constituents [10].

Commonly known as sweet mock orange, P.
coronarius L. has been cultivated worldwide as an
ornamental shrub in parks, landscapes, and home
gardens since the sixteenth century. Owing to the
pleasant fragrance of its flowers, which resembles that of
Jasminum officinale L., the plant is widely referred to as
“false jasmine” in folk usage. Although the genus

have
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Philadelphus L. comprises a considerable diversity of
species, only a limited number are widely cultivated
because of their ecological plasticity, adaptability to
different environmental conditions, and ornamental
value. Among these, P. coronarius, P. microphyllus, P.
schrenkii, and P. caucasicus are the most prominent taxa
[11]. From a biogeographical perspective, P. coronarius is
native to the North Caucasus, Transcaucasia, and
Tiirkiye and has subsequently been introduced into
various parts of Europe, Asia, and North America.
Although it is often compared with J. officinale because of
their similar floral scent, the two species belong to
different botanical families and differ considerably in
their taxonomic and phytochemical characteristics. The
ornamental value, traditional use, and phytochemical
profile of P. coronarius collectively highlight its potential
as a natural source of bioactive compounds. However,
comprehensive studies investigating its biological
properties remain limited [10,11].

Therefore, the present study aimed to comparatively
evaluate the bioactive potential of leaf and flower
extracts of P. coronarius by determining their total
phenolic content, total flavonoid content, antioxidant
activity, a-glucosidase inhibitory activity,
acetylcholinesterase inhibitory activity.

and

2. Materials and methods

2.1. Chemicals and reagents

All chemicals, solvents, and reagents were procured
from Merck (Darmstadt, Germany) or Sigma-Aldrich (St.
Louis, USA).

2.2. Plant materials and extraction

The P. coronarius flowers and leaves used in this study
were collected from two different trees on the
Giimiishane University campus in late April 2025.
(Fig. 1). The coordinates of the location of Philadelphus
coronarius are 40°26" 14.8" N 39:31' 00.8"” E. The plant
material was identified and authenticated by Prof. Dr.
Nevzat Batan, and a voucher specimen (P. coronarius L.,
KTUB 1593) has been deposited in the KTUB Herbarium.

After the flowers and leaves of the harvested plant
were separated from the stems, they were spread out on
filter paper and left to stand in a laboratory setting for 4
days. Then they were left to dry in an oven at 40°C for 2
days. The dried samples were ground into a powder
using a metal blender. For extraction, 1 g was weighed
from each portion, and 10 mL of solvent (80% ethanol)
was added. The samples were extracted in an ultrasonic
bath at 30°C for 20 minutes. Afterwards, the sample was
placed in a centrifuge and centrifuged at 5°C for 10
minutes at 5000 rpm to clarify the solution. The final
volume of the extracts was adjusted to 10 mL [12]. The
resulting samples were stored at -18°C for analysis.
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Figure 1. Flowers and leaves of Philadelphus coronarius

2.3. Total phenolic content determination

The total phenolic content of the samples was
determined by the Folin—Ciocalteu method. The method
[13]
applied with minor modifications by

developed by Slinkard and Singleton and
previously
Ilyasoglu and Zemzemoglu [14] was used. First, 100 pL
of extract was mixed with 500 uL of Folin—Ciocalteu
reagent and incubated for 5 minutes. Then, 400 pL of
sodium carbonate solution (1 M) was added, and the
mixture was kept in the dark for 1 hour. The absorbance
of the reaction mixture was measured at 760 nm using a
UV-Vis spectrophotometer (Shimadzu UV-1800, Japan).
Results were expressed as mg gallic acid equivalent per
100 g of DW (mg GAE/100 g DW).

2.4. Total flavonoid content determination

The total flavonoid content of the samples was
determined by a colorimetric (aluminum chloride)
method. According to this method, 250 pL of extract was
diluted with 1.25 mL of pure water and then mixed with
75 uL of sodium nitrite solution (5%). After waiting 6
minutes in the dark, 150 pL of aluminum chloride
solution (10%) was added, and the mixture was allowed
to stand for another 5 minutes. Finally, 1M NaOH and
275 pL of pure water were added and mixed using a
vortex mixer. Subsequently, the absorbance of the
reaction mixture was measured at 510 nm using a
spectrophotometer [15]. Results were expressed as mg
catechin equivalent per 100 g of DW (mg CE/100 g DW).

2.5. Antioxidant activity assays

2.5.1. ABTS ** radical scavenging assay

The method developed by Re et al. [16] and applied with
minor modifications by Arslan Burnaz and Aktiirk [17]
was used in this study. A stable 2,2’-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS**) radical
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cation solution was prepared one day in advance by
mixing 7 mM ABTS radical solution and 2.45 mM
potassium persulfate solution in pure water. The
solution was left in the dark for 16 hours. The following
day, the solution absorbance was adjusted to 0.70 (+0.02)
units at 734 nm. For the analysis, 50 pL of the extract was
mixed with 1.95 mL of the ABTS** solution. The mixture
was left to stand in the
Subsequently, the absorbances of the reaction mixtures
were measured at 734 nm using a spectrophotometer.
Trolox was used as a standard antioxidant (positive

dark for 20 minutes.

control), and the results were expressed as mmol Trolox
equivalent per 100 g of DW (mmol TE/100 g DW).

2.5.2. DPPHe radical scavenging assay

The method developed by Brand-Williams et al. [18] and
previously applied with minor modifications by
Ilyasoglu and Burnaz [19] was used. 50 uL of extract was
mixed with 1.45 mL of 2,2-diphenyl-1-picrylhydrazyl
radical (60 uM DPPHe) solution. After an incubation in
the dark for 1 hour, the absorbance of the reaction
515 nm wusing a
spectrophotometer. Trolox was used as a standard
antioxidant (positive control), and the results were
expressed as mmol TE/100 g DW.

mixture was measured at

2.5.3. FRAP (ferric reducing antioxidant power) assay

The FRAP method, developed by Benzie and Strain [20]
and previously applied with minor modifications by
Burnaz [21], was used. The working FRAP reagent
solution was prepared by mixing 10 mM TPTZ (in 40
mM HCI), 20 mM iron chloride, and 300 mM sodium
acetate buffer solutions in a 1:1:10 ratio. Then, 50 uL of
sample was added to 1.95 mL of the working FRAP
solution, mixed thoroughly, and incubated in the dark
for 20 minutes. The absorbance of the reaction mixture
was measured at 595 nm using a spectrophotometer.
Trolox was used as a standard antioxidant (positive
control), and results were expressed as mmol TE/100 g
DW.

2.6. Enzyme inhibitory assays

2.6.1. a-Glucosidase inhibition assay of extracts

The a-glucosidase (from Saccharomyces cerevisiae)
inhibition assay was conducted according to the
published method with minor modifications [22]. The a-
glucosidase and p-nitrophenyl-D-glycopyranoside (p-
NPG) solutions were prepared with phosphate buffer
(0.1 M, pH 6.9). First, 730 uL distilled water and 200 pL
phosphate buffer were transferred to a quartz cuvette.
Then, 20 uL of enzyme and sample solutions were
added, respectively. Finally, 50 uL of p-NPG was added
and mixed. Enzyme activity absorbance was measured
at 405 nm at 0 and 3 minutes. For the control test cuvette,
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measurements were made by ensuring all pipetting
except the sample (100% activity). This analysis was
performed on at least 5 different volumes of the sample.
Enzyme activity (%) - absorbance graphs were drawn,
and inhibition concentration 50% (ICs0) values were
calculated. As a positive control, acarbose was used in
the assay, and its inhibitory effect was measured under
the same conditions as the samples.

2.6.2. Acetylcholinesterase inhibition assay of extracts

The cholinesterase inhibition assay was performed by an
already established method reported by Ellman et al.
with minor modifications [23].

First, a 20 mM Tris-HCl (Trizma; pH 7.5) buffer was
prepared to dilute the enzyme. Additionally, 1 M Tris-
HCl (Trizma; pH 8.0) buffer, 5,5'-dithiobis-2-
nitrobenzoic acid (DTNB, substrate),
acetylthiocholine iodide (substrate) solutions were
prepared to be used in the analysis.

and

For the analysis, the following were added to the quartz
cuvette in sequence: 780 puL pure water, 100 pL 1M buffer
(pH 8.0), 50 uL DTNB, 20 uL enzyme, and the sample
(extract/inhibitor). Finally, 50 pL of acetylthiocholine
iodide (substrate) was added, the cuvette was closed,
and the cuvette was inverted. Enzyme activity
absorbance was measured at 412 nm at 0 and 5 minutes.
For the control test cuvette, measurements were made by
ensuring all pipetting except the sample (100% activity).
This analysis was performed on at least 5 different
volumes of the sample. Enzyme activity (%) - absorbance
graphs were drawn and inhibition concentration 50%
(ICs0) values were calculated. As a positive control,
galantamine hydrobromide (Galantamine HBr) was
used in the assay, and its inhibitory effect was measured
under the same conditions as the samples.

2.7.Data analysis

Data were analyzed by using one-way analysis of
variance (ANOVA) followed by Duncan's multiple
range test for enzyme inhibitory activity assays
involving multiple groups, while an independent
samples t-test was used for antioxidant activity analyses
comparing leaf and flower extracts. SPSS version 25.0
statistical software was used for these analyses. All
assays were performed in triplicate, and the results were
standard deviation (SD).
Statistical significance was defined as p <0.05.

expressed as the mean *

3. Results and discussion

Total phenolic content (TPC), total flavonoid content
(TFC), and antioxidant capacities (DPPH, ABTS, and
FRAP) of different parts (flower and leaf) of the P.
coronarius plant are presented in Table 1. The results
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demonstrated that different parts of P. coronarius
differed significantly in their bioactive compound
content and antioxidant capacity. Among the tested
plant parts, the leaf extract exhibited consistently higher
values than the flower extract for all evaluated
parameters. The total phenolic content of the leaf extract
was determined to be 4082.81 mg GAE/100 g DW,
whereas the corresponding value for the flower extract
was 1864.06 mg GAE/100 g DW. Similarly, the total
flavonoid content was markedly higher in the leaf
extract (3444.17 mg CE/100 g DW) than in the flower
extract (869.17 mg CE/100 g DW). These findings
indicate that the leaf extract constitutes a richer source of
phenolic and flavonoid compounds compared with the
flower extract. The antioxidant activity results were also
consistent with the phenolic and flavonoid contents. The
DPPH radical scavenging activity of the leaf extract was
determined as 332.72 mmol TE/100 g DW, which was
significantly higher than the value measured for the
flower extract (90.72 mmol TE/100 g DW) (p < 0.05).
Likewise, the ABTS radical scavenging capacity was
28.71 mmol TE/100 g DW in the leaf extract and 7.00
mmol TE/100 g DW in the flower extract. Examination of
the FRAP results also showed that the leaf extract had a
higher reducing power, with a value of 18.14 mmol
TE/100 g DW, compared to the flower extract (5.02 mmol
TE/100 g DW). The differences among the means
indicated by different letters in the table were found to
be statistically significant (p < 0.05).

Overall, the P. coronarius leaf extract was shown to be
superior to the flower extract in terms of both total
phenolic and flavonoid compound contents as well as
antioxidant activity values. This suggests that the leaf
part of the plant may serve as a more potent natural
source of antioxidant compounds. Pet6 et al. (2022)
investigated the antioxidant capacity of the leaf and
flower parts of P. coronarius and reported that the DPPH
radical scavenging inhibition of the flower extract (92.24
+ 10.09%) was numerically higher than that of the leaf
extract (86.63 + 6.49%), although this difference was not
statistically significant [6]. In contrast, the ABTS (40.54 +
9.77 mmol TE/g DW), FRAP (164.62 + 52.75 umol TE/g),
and CUPRAC (423.35 + 71.07 umol TE/mL) values were
found to be significantly higher in the flower extract than
in the leaf extract. For the leaf samples, these values were
determined as 18.37 + 4.73 mmol TE/g DW, 77.97 + 46.01
pumol TE/g, and 222.42 + 21.04 umol TE/mL, respectively.

Turk J Anal Chem, 8(2), 2026, 122-128

In the same study, total polyphenol and flavonoid
contents were also evaluated; the total polyphenol
content was 59.31 + 4.36 mg GAE/100 g in the leaves and
54.83 + 9.74 mg GAE/100 g in the flowers. Likewise, the
flavonoid content was reported as 1.97 + 1.49 mg QE/100
g in the leaves and 1.91 + 0.82 mg QE/100 g in the flowers,
and no statistically significant difference was observed
between the leaf and flower samples for -either
parameter. The
present study and the findings reported by Pet6 et al. [6]
are likely attributable to multiple interacting factors

differences observed between the

rather than a single cause. Although lyophilization may
improved preservation of phenolic
compounds and thus influence measured antioxidant
activity, methodological differences such as extraction
solvent type, solvent polarity, extraction conditions

contribute to

(time, and and
analytical variability between assays are also expected to
play a significant role. In addition, environmental and

biological factors, including geographical origin, soil

temperature, solid-liquid ratio),

composition, climatic conditions, and the developmental
stage of the plant material at harvest, can substantially
affect the biosynthesis and accumulation of secondary
metabolites. Furthermore, differences in organ-specific
metabolite distribution and stress-related metabolic
responses may explain the higher antioxidant activity
observed in leaves in the present study compared to the
higher activity reported in flowers by Peto et al. (2022).
Taken together, these findings suggest that antioxidant
capacity in P. coronarius is highly dependent on both
intrinsic biological factors and extrinsic experimental
conditions.

Sharopov et al. (2020) reported that the antioxidant
capacity of P. x purpureomaculatus varied markedly
depending on both the plant part and the extraction
method [24]. In their study, methanolic stem extracts
exhibited the strongest radical-scavenging activity,
showing lower DPPH ICs (89.4 + 1.2 ug/mL) and ABTS
ICs0 (50.1 £ 0.6 pg/mL) values than methanolic leaf
extracts (125.3 = 1.0 and 111.6 + 2.4 pug/mL, respectively)
and the essential oil obtained from leaves (4830.1 + 5.5
and 3218.7 + 4.0 pg/mL, respectively). A similar trend
was observed in the FRAP assay, where methanolic stem
and leaf extracts showed considerably higher reducing
power (236.4 + 0.5 and 227.1 + 1.4 mM FeSO4/mg extract,
respectively) than the leaf essential oil (74.8 + 0.8 mM
FeSO4/mg extract) [24].

Table 1. Total phenolic/flavonoid contents and antioxidant capacities of different parts of P. coronarius

Plant Parts TPC TFC DPPH ABTS FRAP

mg GAE /100g DW mg CE/100g DW mmol TE/100g DW  mmol TE/100g DW  mmol TE/100g DW
Flower 1864.06+11.05 869.17+7.22 90.72+0.91 7.00+0.08 5.02+0.09
Leaf 4082.81*+11.05 3444.17*+26.02 332.72*+8.06 28.71*+0.58 18.14%+0.33

* indicates significant difference at p < 0.05. Statistical analysis was carried out between the leaf and the flower by performing a t-test. + standard

deviation.
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Table 2. ICso values of the ethanolic P. coronarius extracts for the
analyzed enzymes*

Inhibition of
acetylcholinesterase*
ICs0 (mg/mL)

Inhibition of a-
glucosidase*
ICs0 (mg/mL)

Samples/Standards

P. coronarius flower

0.05232+0.0019 0.12862+0.0029
extract
P. coronarius leaf 0.0211°+0.0003 0.1345%£0.0068
extract
Acarbose 0.0081<£0.0002 ns
Galantamine HBr ns 0.0012b+0.00003

The assays were done in triplicate, and results were expressed as mean
+ standard deviation (n=3). Means within the same column followed by
different superscript letters are significantly different (p < 0.05)
according to post-hoc Duncan’s multiple range test. ns: not studied.

These findings indicate that antioxidant performance is
strongly influenced by both the extraction solvent and
the plant matrix and suggest that polar methanolic
extracts contain compounds with greater radical-
scavenging and reducing potential than the
corresponding essential oil fraction.

In a study conducted by Ivkovi¢ et al., the anti-aging
potential of 17 different flower petal extracts was
evaluated wusing a multidisciplinary bioanalytical
approach. Within this context, petals of Philadelphus
pubescens were also included. The results indicated that
the DPPH radical scavenging activity of this plant was
105+8 umol TE/g, while the ABTS activity was 88+3 pumol
TE/g. In addition, the total phenolic content was
reported as 20+1 mg GAE/g, and the total flavonoid
content as 52 mg rutin equivalents/g [25].

Similarly, in a study carried out by Maslennikov et

the polyphenol content and water-soluble
antioxidant capacity of several shrub species grown in
different functional zones of Kaliningrad were
investigated. According to their findings, the total
phenolic content of Philadelphus coronarius ranged
between 22.41+2.19 and 23.45+2.28 mg/g, while the
water-soluble antioxidant content ranged from 6.82+0.64
to 7.54+0.72 mg/g [26].

The ICsy values obtained from a-glucosidase and

al,,

acetylcholinesterase inhibition assays of the ethanolic
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extracts of P. coronarius are presented in Table 2. These
results provide a comparative overview of the inhibitory
potential of the different plant parts against the analyzed
enzymes.

According to the one-way ANOVA followed by
Duncan’s multiple range test, all samples showed
statistically significant differences in a-glucosidase
inhibitory activity (p < 0.05). Acarbose exhibited the
lowest ICsy value (0.0081 mg/mL), indicating the
strongest inhibitory activity, followed by the leaf extract
(0.0211 mg/mL) and the flower extract (0.0523 mg/mL).
The results demonstrate that the leaf extract possesses
significantly higher inhibitory potential than the flower
extract, although both were less active than the standard
drug. Since lower ICs, values correspond to higher
enzyme inhibition, the observed activity ranking was
acarbose > leaf > flower. This suggests that the bioactive
constituents responsible for a-glucosidase inhibition are
more concentrated or more effective in the leaf matrix
compared to the flower.

The coefficients of determination (R?) ranged from
0.9916 to 0.9974. Enzyme activity (%) graphs of samples
and positive control acarbose are shown in Fig. 2. The
inclusion of acarbose allows direct comparison of
samples” inhibitory effects against a standard a-
glucosidase inhibitor.

The acetylcholinesterase inhibitory activities of the
samples are also summarized in Table 2. The ICso value
for galantamine HBr, used as a positive control, was
determined to be 0.0012 mg/mL. This low value indicates

that galantamine HBr is a potential acetylcholinesterase
inhibitor and confirms the accuracy of the method.
Statistical analysis revealed that galantamine HBr
showed a significantly lower ICs value compared to the
plant extracts (p < 0.05), confirming its strong inhibitory
potency as a standard compound. In contrast, the ICs,
values of the flower (0.1286 mg/mL) and leaf (0.1345
mg/mL) extracts were statistically similar (p > 0.05), as
indicated by the same grouping letter. These findings
indicate that both extracts exhibit

120 120
=100e-32.69
100 @ y =100e-87.97x > 100 @ y = 100e-13.75x > 100 @ y Ree 39916 X
£ R2=0.9956 = R?=0.9974 = R
2 80 2 8 o~ g 80
g ‘® < o, < L4
o 60 g 60 g 60
£ 3 . 3 ?-
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P. coronarius flower concentration P. coronarius leaf concentration
Acarbose (mg/mL) (mg/mL) (mg/mL)

Figure 2. Dose-response curves of a-glucosidase inhibition by acarbose and P. coronarius flower and leaf extracts
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Figure 3. Dose-response curves of acetylcholinesterase inhibition by galantamine HBr and P. coronarius flower and leaf extracts

moderate and comparable acetylcholinesterase
inhibitory activity, but their effectiveness is considerably
lower than that of galantamine. The lack of significant
difference between the plant parts suggests a similar
distribution of bioactive compounds responsible for

acetylcholinesterase inhibition.

The coefficients of determination (R?) ranged from
0.9906 to 0.9939. Enzyme activity (%) graphs of samples
and positive control galantamine HBr are shown in
Fig. 3. The inclusion of galantamine HBr allows direct
comparison of samples’ inhibitory effects against a
standard acetylcholinesterase inhibitor.

In contrast to the limited number of studies focusing
mainly on the and
antioxidant properties of P.coronarius, the present study
provides a more comprehensive biological evaluation by
both a-glucosidase

acetylcholinesterase inhibitory activities. To the best of

phytochemical composition

investigating and
our knowledge, this is among the first reports
addressing enzyme-targeted bioactivity in this species,
thereby extending its potential relevance beyond
antioxidant capacity to
neuroprotective perspectives.

include antidiabetic and

4. Conclusion

In conclusion, the present study demonstrated that the
bioactive potential of Philadelphus coronarius varied
markedly depending on the plant part analyzed. Among
the tested samples, the leaf extract exhibited significantly
higher total phenolic content, total flavonoid content,
and antioxidant activity than the flower extract,
indicating that the leaves constitute a richer source of
antioxidant phytochemicals. The consistently higher
DPPH, ABTS, and FRAP values observed in the leaf
extract further support its stronger radical-scavenging
and reducing capacity. In addition, the leaf extract
showed greater a-glucosidase inhibitory activity than
the flower extract, suggesting a more pronounced
potential for modulating carbohydrate-hydrolyzing
enzymes.

This study extends the current knowledge on P.
coronarius by demonstrating its potential a-glucosidase
and acetylcholinesterase inhibitory activities, suggesting
possible antidiabetic and neuroprotective relevance
beyond its previously reported antioxidant properties.

In contrast, both plant parts exhibited comparable
acetylcholinesterase inhibitory activity, indicating a
similar distribution of compounds responsible for this
effect. Overall, these findings suggest that P. coronarius,
particularly its leaves, may serve as a promising natural
source of bioactive compounds with antioxidant and
enzyme inhibitory properties. The results also highlight
the importance of plant part selection when evaluating
the functional and pharmacological potential of
medicinal and ornamental species. Since the observed
activities may be influenced by extraction conditions and
the qualitative composition of phytochemicals, further
studies focusing on the isolation and characterization of
individual bioactive constituents are warranted. Such
investigations better
understanding of the mechanisms underlying the
biological activities of P. coronarius and support its
possible utilization in pharmaceutical, nutraceutical, and

functional food applications.

would contribute to a

Conflict of Interest
The authors declare no conflict of interest.

Author Contributions

Nesibe Arslan Burnaz: Conceptualization,
methodology, investigation, formal analysis, data
curation, writing - original draft preparation,

visualization, supervision, and approval of the final
manuscript.

Tuba Eda Arpa Zemzemoglu: Conceptualization,
methodology, investigation, writing — original draft
preparation, writing — review and editing, and approval
of the final manuscript.

127



Arpa Zemzemoglu and Arslan Burnaz

Use of Generative Al

The authors declare that generative artificial intelligence
(AI) tools were used solely for language editing,
grammar improvement, and enhancement of
manuscript readability. All scientific content, data
analysis, interpretation of results, and conclusions were
developed and verified by the authors. The authors take
full responsibility for the accuracy and integrity of the
manuscript.

Data Availability

The datasets generated and analyzed during the current
study are available from the corresponding author upon
reasonable request.

References

[1] B.A. Rasool Hassan, Medicinal plants (importance and uses),
Pharm Anal Acta, 3, 2012, e139.

[2] Y. Li, D. Kong, Y. Fu, M.R. Sussman, H. Wu, The effect of
developmental and environmental factors on secondary
metabolites in medicinal plants, Plant Physiol Biochem, 148, 2020,
80-89.

[3] M. Ekor, The growing use of herbal medicines: Issues relating to
adverse reactions and challenges in monitoring safety, Front
Pharmacol, 4, 2013, 177.

[4] A. Karimi, M. Majlesi, M. Rafieian-Kopaei, Herbal versus
synthetic drugs; beliefs and facts, ] Nephropharmacol, 4, 2015, 27-
30.

[5] L. Hufford, Hydrangeaceae, Flowering Plants Dicotyledons:
Celastrales, Oxalidales, Rosales, Cornales, Ericales, 2004, Berlin,

Springer.
[6] A. Pet8, D. Késa, A. Haimhoffer, D. Nemes, P. Fehér, Z. Ujhelyi,
I. Bacskay, Topical dosage formulation of lyophilized

Philadelphus coronarius L. leaf and flower: antimicrobial,
antioxidant and anti-inflammatory assessment of the plant,
Molecules, 27, 2022, 2652.

[7]1 D.B. Myung, ].H. Lee, H.S. Han, K.Y. Lee, H.S. Ahn, Y.K. Shin,
K.T. Lee, Oral intake of Hydrangea serrata (Thunb.) Ser. leaves
extract improves wrinkles, hydration, elasticity, texture, and
roughness in human skin: A randomized, double-blind, placebo-
controlled study, Nutrients, 12, 2020, 1588.

[8] J. Shi, CJ. Li, J.Z. Yang, ]J. Ma, Y. Li, H. Chen, D.M. Zhang,
Monoterpenes from the leaves of Hydrangea paniculata and their
hepatoprotective activities, ] Asian Nat Prod Res, 17, 2015, 512-
518.

[9] S. Nakamura, H. Matsuda, M. Yoshikawa, Search for antidiabetic
constituents of medicinal food, Yakugaku Zasshi, 131, 2011, 909-
915.

[10] J. Klecakova, V. Chobot, L. Jahodaf, 1. Laakso, P. Vichova,
Antiradical activity of petals of Philadelphus coronarius L., Cent
Eur J Public Health, 12, 2004, 39-40.

[11] A.Raal, T.Ilina, A. Kovalyova, O. Koshovyi, Volatile compounds
in distillates and hexane extracts from the flowers of Philadelphus
coronarius and Jasminum officinale, SciRise Pharm Sci, 6, 2024,
37-46.

[12] W. Wang, J. Jung, E. Tomasino, Y. Zhao, Optimization of solvent
and ultrasound-assisted extraction for different anthocyanin rich
fruit and their effects on anthocyanin compositions, LWT-Food
Sci Technol, 72, 2016, 229-238.

[13] K. Slinkard, V.L. Singleton, Total phenol analysis: automation and
comparison with manual methods, Am ] Enol Viticult, 28, 1977,
49-55.

Turk J Anal Chem, 8(2), 2026, 122-128

[14] H.llyasoglu, T.E. Arpa Zemzemoglu, Effect of brewing conditions
on sensorial and antioxidant properties of linden tea, ] Culin Sci
Technol, 21, 2021, 546-557.

[15] V. Dewanto, W. Xianzhong, K.K. Adom, R.H. Liu, Thermal
processing enhances the nutritional value of tomatoes by
increasing total antioxidant activity, ] Agric Food Chem, 50, 2002,
3010-3014.

[16] R.Re, N. Pellegrini, A. Proteggente, A. Pannala, M. Yang, C. Rice-
Evans, Antioxidant activity applying an improved ABTS radical
cation decolorization assay, Free Radic Biol Med, 26, 1999, 1231-
1237.

[17] B.K. Aktiirk, N. Arslan Burnaz, Phenolic profiles, mineral
compositions, and solvent-driven antioxidant potentials of two
Robinia species, Chem Biodivers, 22, 2025, e00547.

[18] W. Brand-Williams, M.E. Cuvelier, C. Berset, Use of a free radical
method to evaluate antioxidant activity, LWT-Food Sci Technol,
28,1995, 25-30.

[19] H.llyasoglu, N.A. Burnaz, Effect of domestic cooking methods on
antioxidant capacity of fresh and frozen kale, Int ] Food Prop, 18,
2015, 1298-1305.

[20] LF.F. Benzie, J.J. Strain, The ferric reducing ability of plasma
(FRAP) as a measure of “antioxidant power”: The FRAP assay,
Anal Biochem, 239, 1996, 70-76.

[21] N.A. Burnaz, Evaluation of ultrasonication and agitation
extraction methods at different conditions on the phenolic
composition and antioxidant activities of Mammillaria prolifera,
Indian J Pharm Sci, 83, 2021, 963-973.

[22] C.Tan, Q. Wang, C. Luo, S. Chen, Q. Li, P. Li, Yeast a-glucosidase
inhibitory phenolic compounds isolated from Gynura medica
leaf, Int ] Mol Sci, 14, 2013, 2551-2558.

[23] G.L. Ellman, K.D. Courtney, V. Andres, R.M. Featherstone, A new
and rapid colorimetric determination of acetylcholinesterase
activity, Biochem Pharmacol, 7, 1961, 88-95.

[24] F. Sharopov, P. Satyal, M. Wink, The chemical composition and
biological activities of essential oil from the leaves of Philadelphus
x purpureomaculatus lemoine, Pharm Chem J, 54, 2020, 386-388.

[25] P.V. Maslennikov, G.N. Chupakhina, L.N. Skrypnik, P.V.
Feduraev, A.S. Melnik, The contribution of polyphenols to plant
resistance to Pb soil pollution, Int ] Environ Stud, 75, 2018, 719-
731.

[26] D. Ivkovi¢, M. Sencanski, M. Novkovi¢, J. Stojkovi¢-Filipovi¢, J.
Trifkovi¢, P. Ristivojevi¢, M. Krsti¢ Ristivojevi¢, Multidisciplinary
bioanalytical approach to assess the anti-aging properties of
flower petals—a promising sustainable cosmetic ingredient,
Plants, 14, 2025, 2869.

128


https://doi.org/10.4172/2153-2435.1000e139
https://doi.org/10.4172/2153-2435.1000e139
https://doi.org/10.1016/j.plaphy.2020.01.006
https://doi.org/10.1016/j.plaphy.2020.01.006
https://doi.org/10.1016/j.plaphy.2020.01.006
https://doi.org/10.1016/j.plaphy.2020.01.006
https://doi.org/10.3389/fphar.2013.00177
https://doi.org/10.3389/fphar.2013.00177
https://doi.org/10.3389/fphar.2013.00177
https://pmc.ncbi.nlm.nih.gov/articles/PMC5297475/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5297475/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5297475/
https://doi.org/10.3390/molecules27092652
https://doi.org/10.3390/molecules27092652
https://doi.org/10.3390/molecules27092652
https://doi.org/10.3390/molecules27092652
https://doi.org/10.3390/molecules27092652
https://doi.org/10.3390/nu12061588
https://doi.org/10.3390/nu12061588
https://doi.org/10.3390/nu12061588
https://doi.org/10.3390/nu12061588
https://doi.org/10.3390/nu12061588
https://doi.org/10.1080/10286020.2015.1042871
https://doi.org/10.1080/10286020.2015.1042871
https://doi.org/10.1080/10286020.2015.1042871
https://doi.org/10.1080/10286020.2015.1042871
https://doi.org/10.1248/yakushi.131.909
https://doi.org/10.1248/yakushi.131.909
https://doi.org/10.1248/yakushi.131.909
https://pubmed.ncbi.nlm.nih.gov/15141974/
https://pubmed.ncbi.nlm.nih.gov/15141974/
https://pubmed.ncbi.nlm.nih.gov/15141974/
https://doi.org/10.15587/2519-4852.2024.318497
https://doi.org/10.15587/2519-4852.2024.318497
https://doi.org/10.15587/2519-4852.2024.318497
https://doi.org/10.15587/2519-4852.2024.318497
https://doi.org/10.1016/j.lwt.2016.04.041
https://doi.org/10.1016/j.lwt.2016.04.041
https://doi.org/10.1016/j.lwt.2016.04.041
https://doi.org/10.1016/j.lwt.2016.04.041
https://doi.org/10.5344/ajev.1977.28.1.49
https://doi.org/10.5344/ajev.1977.28.1.49
https://doi.org/10.5344/ajev.1977.28.1.49
https://doi.org/10.1080/15428052.2021.1972886
https://doi.org/10.1080/15428052.2021.1972886
https://doi.org/10.1080/15428052.2021.1972886
https://doi.org/10.1021/jf0115589
https://doi.org/10.1021/jf0115589
https://doi.org/10.1021/jf0115589
https://doi.org/10.1021/jf0115589
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1002/cbdv.202500547
https://doi.org/10.1002/cbdv.202500547
https://doi.org/10.1002/cbdv.202500547
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1080/10942912.2014.919317
https://doi.org/10.1080/10942912.2014.919317
https://doi.org/10.1080/10942912.2014.919317
https://doi.org/10.1006/abio.1996.0292
https://doi.org/10.1006/abio.1996.0292
https://doi.org/10.1006/abio.1996.0292
https://doi.org/10.36468/pharmaceutical-sciences.849
https://doi.org/10.36468/pharmaceutical-sciences.849
https://doi.org/10.36468/pharmaceutical-sciences.849
https://doi.org/10.36468/pharmaceutical-sciences.849
https://doi.org/10.3390/ijms14022551
https://doi.org/10.3390/ijms14022551
https://doi.org/10.3390/ijms14022551
https://doi.org/10.1016/0006-2952(61)90145-9
https://doi.org/10.1016/0006-2952(61)90145-9
https://doi.org/10.1016/0006-2952(61)90145-9
https://doi.org/10.1007/s11094-020-02209-8
https://doi.org/10.1007/s11094-020-02209-8
https://doi.org/10.1007/s11094-020-02209-8
https://doi.org/10.1080/00207233.2018.1440816
https://doi.org/10.1080/00207233.2018.1440816
https://doi.org/10.1080/00207233.2018.1440816
https://doi.org/10.1080/00207233.2018.1440816
https://doi.org/10.3390/plants14182869
https://doi.org/10.3390/plants14182869
https://doi.org/10.3390/plants14182869
https://doi.org/10.3390/plants14182869
https://doi.org/10.3390/plants14182869

	Comparative evaluation of bioactive properties of Philadelphus coronarius leaf and flower extracts: Antioxidant and enzyme inhibitory activities
	Abstract
	1. Introduction
	2. Materials and methods
	2.1. Chemicals and reagents
	2.2. Plant materials and extraction
	2.3. Total phenolic content determination
	2.4. Total flavonoid content determination
	2.5. Antioxidant activity assays
	2.5.1. ABTS •+ radical scavenging assay
	2.5.2. DPPH• radical scavenging assay
	2.5.3. FRAP (ferric reducing antioxidant power) assay

	2.6. Enzyme inhibitory assays
	2.6.1. α-Glucosidase inhibition assay of extracts
	2.6.2. Acetylcholinesterase inhibition assay of extracts

	2.7. Data analysis

	3. Results and discussion
	4. Conclusion
	Conflict of Interest
	Author Contributions
	Use of Generative AI
	Data Availability
	References
	[1] B.A. Rasool Hassan, Medicinal plants (importance and uses), Pharm Anal Acta, 3, 2012, e139.
	[2] Y. Li, D. Kong, Y. Fu, M.R. Sussman, H. Wu, The effect of developmental and environmental factors on secondary metabolites in medicinal plants, Plant Physiol Biochem, 148, 2020, 80-89.
	[3] M. Ekor, The growing use of herbal medicines: Issues relating to adverse reactions and challenges in monitoring safety, Front Pharmacol, 4, 2013, 177.
	[4] A. Karimi, M. Majlesi, M. Rafieian-Kopaei, Herbal versus synthetic drugs; beliefs and facts, J Nephropharmacol, 4, 2015, 27-30.
	[5] L. Hufford, Hydrangeaceae, Flowering Plants Dicotyledons: Celastrales, Oxalidales, Rosales, Cornales, Ericales, 2004, Berlin, Springer.
	[6] Á. Pető, D. Kósa, Á. Haimhoffer, D. Nemes, P. Fehér, Z. Ujhelyi, I. Bácskay, Topical dosage formulation of lyophilized Philadelphus coronarius L. leaf and flower: antimicrobial, antioxidant and anti-inflammatory assessment of the plant, Molecules,...
	[7] D.B. Myung, J.H. Lee, H.S. Han, K.Y. Lee, H.S. Ahn, Y.K. Shin, K.T. Lee, Oral intake of Hydrangea serrata (Thunb.) Ser. leaves extract improves wrinkles, hydration, elasticity, texture, and roughness in human skin: A randomized, double-blind, plac...
	[8] J. Shi, C.J. Li, J.Z. Yang, J. Ma, Y. Li, H. Chen, D.M. Zhang, Monoterpenes from the leaves of Hydrangea paniculata and their hepatoprotective activities, J Asian Nat Prod Res, 17, 2015, 512-518.
	[9] S. Nakamura, H. Matsuda, M. Yoshikawa, Search for antidiabetic constituents of medicinal food, Yakugaku Zasshi, 131, 2011, 909-915.
	[10] J. Klečáková, V. Chobot, L. Jahodář, I. Laakso, P. Víchová, Antiradical activity of petals of Philadelphus coronarius L., Cent Eur J Public Health, 12, 2004, 39-40.
	[11] A. Raal, T. Ilina, A. Kovalyova, O. Koshovyi, Volatile compounds in distillates and hexane extracts from the flowers of Philadelphus coronarius and Jasminum officinale, SciRise Pharm Sci, 6, 2024, 37-46.
	[12] W. Wang, J. Jung, E. Tomasino, Y. Zhao, Optimization of solvent and ultrasound-assisted extraction for different anthocyanin rich fruit and their effects on anthocyanin compositions, LWT-Food Sci Technol, 72, 2016, 229-238.
	[13] K. Slinkard, V.L. Singleton, Total phenol analysis: automation and comparison with manual methods, Am J Enol Viticult, 28, 1977, 49-55.
	[14] H. İlyasoğlu, T.E. Arpa Zemzemoğlu, Effect of brewing conditions on sensorial and antioxidant properties of linden tea, J Culin Sci Technol, 21, 2021, 546-557.
	[15] V. Dewanto, W. Xianzhong, K.K. Adom, R.H. Liu, Thermal processing enhances the nutritional value of tomatoes by increasing total antioxidant activity, J Agric Food Chem, 50, 2002, 3010-3014.
	[16] R. Re, N. Pellegrini, A. Proteggente, A. Pannala, M. Yang, C. Rice-Evans, Antioxidant activity applying an improved ABTS radical cation decolorization assay, Free Radic Biol Med, 26, 1999, 1231-1237.
	[17] B.K. Aktürk, N. Arslan Burnaz, Phenolic profiles, mineral compositions, and solvent-driven antioxidant potentials of two Robinia species, Chem Biodivers, 22, 2025, e00547.
	[18] W. Brand-Williams, M.E. Cuvelier, C. Berset, Use of a free radical method to evaluate antioxidant activity, LWT-Food Sci Technol, 28, 1995, 25-30.
	[19] H. İlyasoğlu, N.A. Burnaz, Effect of domestic cooking methods on antioxidant capacity of fresh and frozen kale, Int J Food Prop, 18, 2015, 1298-1305.
	[20] I.F.F. Benzie, J.J. Strain, The ferric reducing ability of plasma (FRAP) as a measure of “antioxidant power”: The FRAP assay, Anal Biochem, 239, 1996, 70-76.
	[21] N.A. Burnaz, Evaluation of ultrasonication and agitation extraction methods at different conditions on the phenolic composition and antioxidant activities of Mammillaria prolifera, Indian J Pharm Sci, 83, 2021, 963-973.
	[22] C. Tan, Q. Wang, C. Luo, S. Chen, Q. Li, P. Li, Yeast α-glucosidase inhibitory phenolic compounds isolated from Gynura medica leaf, Int J Mol Sci, 14, 2013, 2551-2558.
	[23] G.L. Ellman, K.D. Courtney, V. Andres, R.M. Featherstone, A new and rapid colorimetric determination of acetylcholinesterase activity, Biochem Pharmacol, 7, 1961, 88-95.
	[24] F. Sharopov, P. Satyal, M. Wink, The chemical composition and biological activities of essential oil from the leaves of Philadelphus x purpureomaculatus lemoine, Pharm Chem J, 54, 2020, 386-388.
	[25] P.V. Maslennikov, G.N. Chupakhina, L.N. Skrypnik, P.V. Feduraev, A.S. Melnik, The contribution of polyphenols to plant resistance to Pb soil pollution, Int J Environ Stud, 75, 2018, 719-731.
	[26] D. Ivković, M. Senćanski, M. Novković, J. Stojković-Filipović, J. Trifković, P. Ristivojević, M. Krstić Ristivojević, Multidisciplinary bioanalytical approach to assess the anti-aging properties of flower petals—a promising sustainable cosmetic i...


