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ABSTRACT

Objective: Linden (Tilia spp.) is an important plant resource with a wide range of uses, from
traditional medicine to modern industrial applications, due to its phytochemical content rich in
phenolic compounds, flavonoids, essential oils, and mucilage. In recent years, the increasing
demand for natural and functional ingredients has brought linden to the forefront as a strategic
raw material for the development of value-added products in the cosmetic, health, and food
industries. In this context, it is of great importance to reveal the biological activity potential of
linden using scientific methods.

Methods: In this study, the phenolic and flavonoid composition of linden extracts was
examined in detail using HPLC-DAD analysis. According to the analysis results, the presence
of biologically active compounds such as ascorbic acid, gallic acid, protocatechuic acid,
catechin, p-coumaric acid, ferulic acid, rutin, naringin, and quercetin was detected.

Results: The chromatographic data obtained show that linden has a phytochemical profile with
a multi-component and strong antioxidant capacity. When HPLC-DAD results were evaluated,
it was observed that ascorbic acid and gallic acid eluted at high intensity at early retention times,
while ferulic acid, rutin, and naringin were identified as dominant compounds in the middle
retention region. Flavonoids such as quercetin, which exhibit delayed elution, represent the
phenolic fraction with low to medium polarity. The co-occurrence of these compounds and their
synergistic effects support the free radical scavenging, anti-inflammatory, and cell-protective
properties of linden extracts, offering potential benefits particularly for preventing oxidative
stress-based skin aging and chronic diseases.

Conclusion: The phytochemical profile and biological activity data presented indicate that
linden is a suitable plant raw material for anti-aging soothing formulations in cosmetic products,
herbal teas in the health sector, functional supplements, and antioxidant-rich functional products
in the food industry. In this context, evaluating linden as standardized extracts can significantly
contribute to the development of natural, reliable, sustainable, and value-added products.
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INTRODUCTION

Due to increasing awareness of healthy living,
concerns about synthetic additives, and the
spread of sustainable production approaches,
interest in naturally derived bioactive
compounds has increased significantly in
recent years. In this context, medicinal and
aromatic plants are considered strategic raw
materials for the development of functional
and value-added products in the cosmetics,
health, and food industries. Plant extracts with
antioxidant, anti-inflammatory, and
antimicrobial properties are used, especially
in preservative and supportive product

formulations. Linden (7ilia spp.) is an
important medicinal plant widely found in the
flora of Europe and Anatolia and has been
used in traditional medicine for many
year'.The flower, leaf, and bark parts of the
plant are valued in folk medicine for their
soothing, diaphoretic, and mildly sedative
effects on different morphological parts of the
plant. Current scientific studies show that
beyond this traditional use, linden has high
potential for modern industrial applications
due to its rich phytochemical content®3. The
functional properties of the plant extracts
largely stem from the phenolic and flavonoid
compounds they contain. The results of the
HPLC-DAD analysis used in this study show
that biologically active compounds such as

ascorbic acid, gallic acid, protocatechuic acid,
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catechin, p-coumaric acid, ferulic acid, rutin,
naringin, and quercetin are present in linden
extracts. These compounds play a significant
role in reducing oxidative stress with strong
free radical scavenging effects and contribute
to preventing cellular damage. Phenolic acids
and flavonoids have a protective effect against
reactive oxygen species, which play a role in
skin  aging, inflammation, and the
development of chronic diseases. Compounds
found in lemons, such as ferulic acid, rutin,
and quercetin, are known to be valuable for
cosmetic  applications, particularly  for
supporting skin barrier function by reducing
oxidative damage caused by UV rays®.
Similarly, the antioxidant and antimicrobial
activities of flavonoids such as naringin and
catechin support the use of lemon in health
functional food products. In this context, the
detailed elucidation of the phytochemical
composition of linden (7ilia spp.) and its
correlation with biological activities is of
great importance in terms of value-added
product development processes. This study
addresses the potential of linden to be
evaluated in the cosmetic, health, and food
sectors based on HPLC-DAD data; and aims
to provide a scientific framework for the
integration of natural, reliable, and sustainable
plant-based raw materials into industrial

applications.



Original Article
DOI: https://doi.org/10.66251/ncn4fs46

The significance of this study lies in the
scientific demonstration that the linden (7ilia
spp.) plant, due to its rich phenolic and
flavonoid content, holds value not only for

traditional uses but also for modern industrial
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functional food products due to their

antioxidant, anti-inflammatory, and
antimicrobial properties. The findings provide
a solid scientific foundation for integrating

natural, reliable, and sustainable plant sources

applications. The bioactive compounds into  industrial product development
identified via HPLC-DAD analysis support processes.

the potential for use in cosmetic, health, and
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Figure 1. Countries Using Linden (Tilia spp.) Plants in Cosmetics, Food, and Health (webofsience)

Linden (Tilia spp.) extracts stand out as a
valuable raw material for cosmetic and
dermocosmetic products due to their rich
content of phenolic and flavonoid compounds.
Compounds such as ferulic acid, rutin,
quercetin, and naringin, identified by HPLC-
DAD analysis, exhibit antioxidant effects on
the skin, reducing oxidative damage caused
by free radicals and contributing to delaying

the signs of aging5. Furthermore, the anti-
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inflammatory and soothing properties of
linden extracts make them an effective natural
ingredient in the care of sensitive, irritated
skin. In cosmetic formulations, linden can be
integrated into products such as anti-aging
creams, face masks, toners, and serums.
Thanks to its phenolic and flavonoid profile,
it both supports skin barrier function and
increases moisture retention capacity5,6. In

addition, the increasing consumer demand for
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natural herbal ingredients supports the use of
linden extracts as a sustainable and reliable
alternative in dermocosmetic products7. In

this context, linden is a strategic raw material
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in functional and value-added product

development strategies in the cosmetics and

dermocosmetic sectors.
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Figure 2. Keywords Used in Studies on the Linden (Tilia spp.) Plant in the Cosmetics, Food, and Health Fields

(Web of Science)

Linden (Tilia spp.) has significant potential
for the development of functional products in
the food sector due to its rich phytochemical
profile in terms of phenolic and flavonoid
compounds. Compounds such as ascorbic
acid, gallic acid, ferulic acid, rutin, naringin,
and quercetin, identified by HPLC-DAD
analyses,

exhibit strong antioxidant and

antimicrobial properties, enhancing the

oxidative stability of food products™S. These
properties support the use of linden in
functional beverages, herbal teas, smoothies,
natural formulations.

and flavoring

Furthermore, phenolic compounds enhance

36

the biological wvalue of food products,

providing a health-promoting function.
Linden extracts can be considered a strategic
raw material to meet the increasing consumer
demand for natural and plant-based functional
ingredients. Components with antioxidant
capacity and biological activity can delay
oxidative deterioration in functional foods
while also contributing to supporting the
immune system and reducing the risk of
chronic diseases’. In this context, linden

stands out as a sustainable and reliable source

in the food sector for the development of
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functional products that both support

consumer health and create added value.

METHODS

Plant Material and Extraction

The linden (7ilia spp.) flowers used in this
study were harvested from trees growing on
the Sehit Biilent Yurtseven Campus of Igdir
University. After cleaning the collected plant
material from foreign matter, it was brought to
the Igdir University Research Laboratory
Application and Research Center (ALUM)

and dried in the shade, protected from direct

sunlight. After the drying process

was

Collection
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completed, the plant material was ground to
homogenize it. For the extraction of phenolic
compounds, 40 g of the ground sample was
used; a solvent system consisting of a mixture
of ethanol (96%) and pure water (80:20, v/v)
was preferred to ensure the effective
dissolution  of

Accordingly, 320 mL of ethanol and 80 mL of

bioactive  compounds.
pure water were used in the extraction
process'®. The extraction process was carried
out with the help of an ultrasonic bath, and the

obtained extracts were filtered with filter

paper.

Etanol

Extraction

Filtration

Figure 3. Lime Tree (7ilia spp.) Analysis Stages Diagram
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Prior to analysis, the extracts were passed
through a membrane filter with a pore
diameter of 0.45 pm to completely remove
particulate matter; the resulting extracts were
stored in a refrigerator at +4 °C until analysis
to maintain the stability of the bioactive
compounds

HPLC-DAD Analysis Conditions

Analysis of phenolic and flavonoid compounds
was performed using a reverse-phase high-
performance liquid chromatography (HPLC)
system and a diode array detector (DAD).
Separation was achieved on a C18 column (250 x
4.6 mm, 5 um). Mobile phase A was defined as
pure water containing 0.1% formic acid, and
mobile phase B as acetonitrile, and a gradient
elution program was applied. The flow rate was set
to 1.0 mL/min, and the injection volume to 20 pL.
Detection was performed at wavelengths of 280—
300 nm for phenolic acids and 340-370 nm for

flavonoids'°.

Identification of Compounds

Identification of phenolic and flavonoid
compounds in linden (7ilia spp.) extracts was
performed using high-performance liquid
chromatography-diode array detector (HPLC-
DAD). During the analysis, extracts were
separated on a C18 reversed-phase column,
and gradient elution of formic acid-water with
acetonitrile was applied as the mobile phase.
Detection wavelengths were selected as 280—

300 nm for phenolic acids and 340-370 nm
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for flavonoids. Individual compounds were
identified by comparing the retention times
and UV spectra of the peaks with commercial
standards; this approach allows for reliable
determination of both polyphenol class
compounds and flavonoid diversity''. In the
identification process, hydrophilic phenolic
acids such as ascorbic acid, gallic acid, and
protocatechic acid were observed in the early
retention times; In the medium retention
zones, flavonoid and phenolic compounds
such as catechin, ferulic acid, rutin, and
naringin were predominantly eluted, while
flavonols such as quercetin, which showed
later retention, represented the low-to-
medium polar fraction. The co-existence of
high

antioxidant capacity of linden extracts and

these compounds supports the
also strengthens their potential for use in
functional food, dermocosmetic, and health
products. Analytical results provide a reliable
basis for the preparation of standard linden
extracts in value-added product development
processes'?.

RESULTS

HPLC-DAD analyses revealed the presence
of numerous phenolic acids and flavonoid
compounds in linden (7ilia spp.) extracts,
primarily  ascorbic acid, gallic acid,
protocatechyl acid, catechin, p-coumaric acid,
ferulic acid, rutin, naringin, neohesperidin,

and quercetin. The elution of ascorbic acid
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and gallic acid during early retention times

indicates that this extract contains a

hydrophilic fraction with strong antioxidant
capacity. These compounds are known to play

a critical role in reducing oxidative stress,
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scavenging properties®!®. The obtained
chromatographic profile reveals that linden
has a multi-component phytochemical
structure and contains biologically active

components in different polarity ranges.

particularly through their free radical
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Figure 4. Lime Tree (7ilia spp.) Phenolic and Flavonoid Chromatogram HPLC-DAD

The chromatogram shows that numerous
phenolic acids and flavonoid compounds were
successfully separated from the linden (7ilia
spp.) extract by HPLC-DAD analysis. The
high-intensity peaks of ascorbic acid
(approximately 3.9 min) and gallic acid
(approximately 4.4 min) during the early
retention times indicate that the extract
contains a hydrophilic fraction with strong
antioxidant capacity. Following this, phenolic

acids such as protocatechylic acid,

hydroxybenzoic acid, and vanillic acid were
observed to elute in the low-to-medium
retention regions. While peaks for p-coumaric
acid, rutin, and ferulic acid became prominent
in the middle region, intense signals from
flavonoids such as naringin, neohesperidin,
and quercetin were observed in the later
retention times. The quercetin peak, observed
particularly at approximately 38.7 minutes,
suggests that the extract is rich in low-to-
This  multi-

medium polar flavonols.
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component chromatographic profile reveals
that linden possesses a broad phenolic
spectrum and that its antioxidant, anti-
inflammatory, and cell-protective potential

extends to both hydrophilic and lipophilic

KYMJ /2026;1(1): 34-39

fractions, supporting the plant's potential as a
potent phytochemical source for value-added
product development in the cosmetic, health,

and functional food sectors.

Table 1: Phenolic and flavonoid compounds of linden (Tilia spp.) ethanol extract determined by HPLC.

RetTime Type Area (MAU-S) Amt/ Amount Name
[Min] Area ING/UL]

3.390 VB 1.42314e-2 1.42314e-2 28.26913 Ascorbic acid

4.311 \AY 2149.25586 6.46920¢e-2 139.03965 Gallic Acid

5.733 VB 165.18214 4.97556e-2 5.84547 Protocatechuic acid

6.417 BV 56.12614 4.97556e-2 2.79259 Catechin

8.603 \A% 213.06624 4.16574e-2 8.87579 Hydroxybenzoic acid

9.722 VB 162.17264 2.48759¢-2 4.03419 Vanillic acid

10.320 BB 19.58216 3.03617¢-2 5.94548¢-1 Gentisic acid

17.391 \'A% 81.93633 6.79718e-3 5.56936e-1 p-Coumaric acid

19.010 BV 45.09513 3.77560e-2 1.70261 Rutin

20.110 \AY 73.18573 2.97224e-2 2.17525 Ferulik acid

27.360 BV 57.60483 5.12304¢-2 295112 Naringin

28.431 VB 256.04654 3.15119¢-2 8.06852 o-Coumaric acid

29.500 BV 82.51116 8.03505e-2 6.62981 Neohesperidin

30.936 BV 4.32998 1.13797¢-2 4.92740e-2 Coumarin

32.399 - - - - Resveratrol

34.780 BV 68.78664 2.70474e-2 1.86050 Quercetin

35.462 - - - - trans-Cinnamic acid

36.732 - - - - Hesperidin

38.786 BV 330.88345 1.02193e-1 33.81408 Alizarin

40.769 - - - - Flavon
DISCUSSION oxidative stress suppressive  potential.

As shown in Table 1, analysis of HPLC-DAD
data reveals that numerous phenolic acid and
flavonoid compounds were separated and
quantitatively determined in linden (Tilia
spp.) extract at different retention times. In
particular, gallic acid (Rt: 4.31 min; 139.04
ng/ul) was one of the compounds detected in
the highest amounts, highlighting the extract's
strong hydrophilic antioxidant character. This
is followed by early elution of phenolic acids
such as ascorbic acid (28.27 ng/uL) and
acid, linden's

protocatechic supporting

36

Catechin, p-coumaric acid, rutin, and ferulic
acid, identified in the medium retention zones,
stand out as compounds that enhance the
functional diversity of the extract and are
associated with antioxidant, anti-
inflammatory, and skin-protective effects.
Naringin, neohesperidin, and quercetin, which
exhibit later elution, represent the flavonoid-
dominant fraction; the presence of quercetin
in particular strengthens the biological value
of linden in health and cosmetic applications.

Furthermore, alizarin (33.81 ng/uL), detected
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in the late retention period, demonstrates the
wide variety of secondary metabolites in the
extract. This quantitative and qualitative
distribution reveals that linden extracts
possess high biological activity potential in
both hydrophilic and low-to-medium polar
fractions, offering a strong phytochemical
profile for value-added product development.
Compounds such as catechin, ferulic acid,
rutin, and naringin, detected in the medium
retention zones, represent key phenolic and
flavonoid groups supporting the functional
potential of linden extracts. The literature
exhibit

indicates that these compounds

antioxidant, anti-inflammatory, and
antimicrobial activities; It is also reported to
support skin barrier functions by reducing
UV-induced oxidative damage*®. In this
respect, linden extracts have high potential for
use as anti-aging soothing active ingredients,
especially in cosmetic and dermocosmetic
formulations. In addition, the presence of rutin
and ferulic acid together contributes to the
increase in antioxidant capacity through a
synergistic effect, strengthening the industrial
value of the extract. Quercetin and other low-
to-medium polar flavonoids, identified at later
retention times, are important components
that complement the biological activity of
linden extracts.

Quercetin's strong

antioxidant, anti-inflammatory, and cell-

protective properties demonstrate that linden

36
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is a phytochemical source suitable not only as
a traditional herbal tea but also for use in
functional food health support products®!*,
These results are consistent with the rich

phenolic profiles of Tilia species reported in
15-17

b

the literature revealing that their
evaluation in the form of standardized extracts
provides a scientific basis for value-added

product development processes.

The findings of this study clearly demonstrate
that the linden (Tilia spp.) plant possesses a
composition rich in phenolic compounds.
Analyses have identified the presence of
phenolic and  flavonoid  compounds,
particularly ascorbic acid, gallic acid, ferulic
acid, rutin, naringin, and quercetin. These
compounds are the primary reason for the
plant’s strong antioxidant properties. Phenolic
compounds neutralize free radicals, thereby
reducing cellular damage and limiting the
effects of oxidative stress. The high
concentration of compounds such as gallic
acid and ascorbic acid indicates that linden
possesses a strong hydrophilic antioxidant
capacity. Additionally, moderately polar
compounds like ferulic acid, rutin, and

naringin enhance the plant’s biological
activity by providing both antioxidant and
anti-inflammatory effects. Flavonoids such as
quercetin, on the other hand, stand out for

their cell-protective effects and constitute
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complementary elements of the phenolic

profile.

The presence of these compounds together
creates a synergistic effect, further enhancing
Linden’s biological value. The results
obtained support the use of plants rich in
phenolic compounds as natural active
ingredients in cosmetic and dermocosmetic
products. In this context, plants like linden
possess significant potential, particularly in
the development of anti-aging and skin-
protective products, thanks to their phenolic

compound content.
CONCLUSIONS

The phenolic and flavonoid profile of Tilia
spp. species revealed by HPLC-DAD analysis
clearly demonstrates the potential of these
species to be transformed into value-added
products in the cosmetic, health, and food
industries. The presence of biologically active
compounds such as ascorbic acid, gallic acid,
ferulic acid, rutin, naringin, and quercetin
demonstrates that the extracts of this plant
exhibit strong antioxidant properties and cell
protection activities. The data obtained show
that Tilia spp. can be used not only
traditionally as an herbal tea but also to
develop value-added products in standardized
extract form. Its diverse biological activities
make it a strategic plant for transforming into
in the

functional value-added products
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cosmetics, dermo-cosmetic, and health food
sectors, but key factors to consider in
industrial applications are standardization,
active ingredient stability, and sustainable raw
material supply. Future studies on the
standardization, bioavailability, and clinical
efficacy of Tilia spp. extracts will make
significant contributions, both scientifically
and industrially, to the development of value-
added products.

According to data from the study, plants
particularly linden (Tilia spp.) offer potent
antioxidant, anti-inflammatory, and cell-
protective effects due to their rich phenolic
and flavonoid content. These biological

activities are leading to the increasing
preference for plant extracts in cosmetic
formulations for

designed anti-aging,

soothing, and skin barrier-strengthening
purposes. Along with the growing demand for
natural and sustainable ingredients, plants will
emerge in the future not merely as alternatives
but as strategic and indispensable raw
materials in the cosmetic industry.
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