’O
Agrobiodivers Improv Nutr Health Life Qual, 10, 2026(1): 215-224

g S, Agrobiodiversity for Improving
%‘ Nutrition, Health and Life Quality

Research Article OPEN () AccEss

Seasonal Variation of Lavandula angustifolia Mill.
Antioxidant Capacity

Liudmyla Svydenko!, Eva IvaniSova?, Andrii Svydenko3, Olena Vergun**, Oksana Shymanska*

Institute of Climate Smart Agriculture of the National Academy of Agrarian Sciences of Ukraine,
Department of Introduction and Selection of Rare Fruit, Ornamental and Aromatic Plants, Odesa, Ukraine
2Slovak University of Agriculture in Nitra, Faculty of Biotechnology and Food Sciences,
Institute of Food Sciences, Nitra, Slovak Republic
*Institute of Climate Smart Agriculture of the National Academy of Agrarian Sciences of Ukraine,
Department of Geographic Information Technologies, Management and Economic Research, Odesa, Ukraine
*M.M. Gryshko National Botanical Garden of the National Academy of Sciences of Ukraine,
Department of Cultural Flora, Kyiv, Ukraine

Liudmyla Svydenko: https://orcid.org/0000-0002-4043-9240
Eva IvaniSova: https://orcid.org/0000-0001-5193-2957

Andrii Svydenko: https://doi.org/0000-7143-4872

Olena Vergun: https://orcid.org/0000-0003-2924-1580
Oksana Shymanska: https://orcid.org/0000-0001-8482-5883

Article Details:
BY NG Received: 2026-04-16

Accepted: 2026-05-14
Available online: 2026-05-31

DOLI: https://doi.org/10.15414 /ainhlq.2026.0016

Lavandula angustifolia Mill. is one of the most widely used medicinal and aromatic plants, known for its diverse
biological activities attributed to its secondary metabolites. The present study aimed to evaluate the total polyphenol
content (TPC), total flavonoid content (TFC), total phenolic acid content (TPAC), as well as antioxidant activity
determined by the DPPH radical scavenging assay (FRSA) and molybdenum-reducing power (MRP) in ethanol
extracts of different plant parts of L. angustifolia during the vegetation period. Plant material was collected from
experimental fields of the Institute of Climate Smart Agriculture of the National Academy of Agrarian Sciences of
Ukraine during 2024-2025. The ethanol extracts exhibited considerable variation depending on growth stages
and plant organs. Specifically, TPC ranged from 22.02 to 80.84 mg GAE-g?, TFC from 10.27 to 36.18 mg QE-g?,
TPAC from 4.61 to 39.04 mg CAE-g?', MRP from 26.97 to 172.94 mg TE-g*, and FRSA from 3.64 to 9.20 mg TE-g.
The highest levels of phenolic compounds and antioxidant activity were observed in bud extracts, indicating that
the budding stage is the most favorable period for harvesting biologically active raw material. Strong correlations
between phenolic content and antioxidant activity further confirmed the key role of polyphenols in the antioxidant
potential of L. angustifolia extracts. Overall, the obtained results suggest that bud-derived material of L. angustifolia
represents a promising source for pharmacological and breeding applications. These findings also provide a basis
for further biochemical investigations of Lavandula species across different stages of vegetation.
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Introduction

The phytochemical composition of plants depends on
environmental factors and harvest time (Liebelt et al.,
2019). Seasonal peculiarities affected the accumulation
of various polyphenol groups in the plant raw material
of medicinal plants (Soni et al., 2015).

Plants from the genus Lavandula L. are one of the most
widespread aromatic essential oil plants in the world.
They are used as medicinal (Radulescu et al, 2017),
cosmetic, culinary, ornamental plants (Haban et
al, 2023), and include approximately 40 species
distributed across the Mediterranean region, North
Africa, and Southwest Asia (Perovi¢ et al, 2024).
The most commonly used species in this genus is
L. angustifolia Mill., which is widely cultivated in many
countries worldwide (Kajjari et al., 2022).

L. angustifolia herbs are characterized by antioxidant
(Robu et al,, 2012), antimicrobial (Jianu et al,, 2013;
Bogatyrova et al, 2024), antiproliferative (NikSi¢ et
al, 2017), neuroprotective (Radulescu et al, 2017),
anticancer (Aboalhaija et al, 2022), and neurologic
(Batiha et al., 2023) activities.

The plant raw material from these plants is
distinguished by its valuable biochemical composition,
regardless of the region where it is grown. Among
volatile components in leaf extracts were identified
limonene, m-cymene, eucalyptol, 3-carene, p-cymene,
and camphene, whereas the flower extracts were rich
in ocimene isomers, linalyl acetate, B-caryophyllene,

Figure 1

Lavandula angustifolia Mill. at the flowering stage

limonene, myrcene, linalool, etc. (Betlej et al,
2024). Inflorescence extracts characterized by
the presence of phenolics such as rosmarinic acid
(2.52-10.82 mg-g ), ferulic acid glucoside (2.94-8.67
mg-g1), caffeic acid (1.70-3.10 mg-g'), morin
(1.02-13.63 mg-g'), coumarin (1.01-5.97 mg-g?),
and herniarin (1.05-8.02 mg-g') (Dobros et al,
2022). The essential oil of L. angustifolia is a valuable
plant raw material that is used in medicine, especially
in dentistry (Kajjari et al, 2022) and contains as
main components caryophyllene (24.1%), beta-
phellandrene (16%), and eucalyptol (15.6%), while
the essential oil of Lavandula x intermedia contains
camphor (32.7%) and eucalyptol (26.9%) (Jianu,
2013). The essential oil of this species exhibited
anticancer (Gezici, 2018), antifungal (Slimani et al,,
2022), antioxidant, and antimicrobial activities, and
the main components were linalool, linalyl acetate,
p-cymene, a-campholenal, and terpinen-4-ol (Bogdan
etal, 2021; Slimani et al., 2022).

Industrial distillation for the production of essential
oils generates significant amounts of solid waste
that may also contain biologically active compounds.
The L. angustifolia wastes obtained by the steam
distillation exhibited higher flavonoid content
(3.72 mg-g* DW) than those obtained by CO_-extraction
(2.91 mg-g* DW) and are a potential antioxidant source
(Slavov et al., 2018).

It should be noted that only a limited number of
researchers have compared the antioxidant activities
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and phenolic content of the investigated plant parts
during the vegetation period.

This study aimed to investigate the seasonal variation
in different polyphenol compounds and the antioxidant
activity of the plant raw material extracts of L.
angustifolia, which is important for determining
the availability of polyphenols for pharmacological
purposes. Also, seasonal fluctuations in polyphenol
accumulation across various plant parts can be used
in breeding work.

Material and Methodology

Plant material

Lavandula angustifolia plants were collected from
the experimental fields of the Institute of Climate
Smart Agriculture of the National Academy of Agrarian
Sciences of Ukraine (“Martienko” farm, Okny village,
Podilskyi District, Odesa Oblast, Ukraine). The study
region is characterized by a temperate continental
climate with hot, dry summers and mild winters with
low snowfall. The average annual temperature ranges
from -5 °C in January to +21 °C in July. The soil of
the experimental site is classified as typical chernozem
with a humus content of 5.2% in the arable layer.

Plant material was collected seasonally during
the vegetation period from healthy plants of the same
age and at comparable developmental stages.
The aerial parts of the plants were harvested, air-dried
atroom temperature under shaded and well-ventilated
conditions until constant weight, and subsequently
ground to a fine powder. The powdered material was
stored in airtight containers at room temperature until
analysis.

Chemicals

All chemicals were analytical grade and purchased
from Reachem (Slovakia) and Sigma-Aldrich (USA).

Sample preparation

Dried powdered plant material (0.2 g) was extracted
with 20 mL of 80% ethanol for 2 h at room temperature
under continuous shaking. The extracts were
centrifuged at 4,000 x g for 10 min using a Rotofix
32 A centrifuge (Hettich, Germany). The obtained
supernatants were used for determination of total
polyphenol, flavonoid, and phenolic acid contents, as
well as antioxidant activity assays.

Total polyphenol content (TPC)

The total polyphenol content was determined using
the Folin-Ciocalteu method according to Singleton and
Rossi (1965). Briefly, 0.1 mL of plant extract was mixed
with 0.1 mL of Folin-Ciocalteu reagent, 1.0 mL of 20%
sodium carbonate solution, and 8.8 mL of distilled
water. After incubation for 30 min in darkness at room
temperature, the absorbance was measured at 765 nm
using a Jenway 6405 UV/Vis spectrophotometer
(England). Gallic acid was used as the calibration
standard (25-250 mg-L'; R* = 0.996), and the results
were expressed as mg gallic acid equivalents per g dry
weight (mg GAE-g*' DW).

Total flavonoid content (TFC)

The total flavonoid content was determined according
to the modified method of Shafii et al. (2002). An
aliquot of 0.5 mL of extract was mixed with 0.1 mL
of 10% ethanolic aluminum chloride solution, 0.1 mL
of 1 M sodium acetate, and 4.3 mL of distilled water.
The reaction mixture was incubated in the dark at
room temperature for 30 min, and the absorbance
was measured at 415 nm. Quercetin was used as
the calibration standard (0.01-0.5 mg-L!; R* = 0.997),
and the results were expressed as pg quercetin
equivalents per g dry weight (mg QE-g* DW).

Total phenolic acid content (TPAC)

Total phenolic acid content was determined according
to Arvay et al. (2017). Briefly, 0.5 mL of plant extract
was mixed with 0.5 mL of 0.5 M hydrochloric acid, 0.5
mL of Arnova reagent, 0.5 mL of 1 M sodium hydroxide,
and 0.5 mL of distilled water. The absorbance was
measured at 490 nm using a Jenway 6405 UV/Vis
spectrophotometer (England). Caffeic acid served as
the calibration standard (1-200 mg-L!; R* = 0.999),
and the results were expressed as mg caffeic acid
equivalents per g dry weight (mg CAE-g* DW).

Free radical scavenging assay (FRSA)

The free radical-scavenging activity was evaluated
using the DPPH assay as described by Sanchez-Moreno
et al. (1998). A volume of 0.5 mL of extract was mixed
with 3.6 mL of freshly prepared DPPH solution (0.025 g
DPPH in 100 mL ethanol). The reaction mixture was
incubated in the dark at room temperature for 30 min,
and the absorbance was measured at 515 nm. Trolox
was used as the calibration standard (10-100 mg-L%;
R? = 0.988), and the results were expressed as mg
Trolox equivalents per g dry weight (mg TE-g* DW).
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Molybdenum reducing power (MRP)

The reducing power of the extracts was determined
using the phosphomolybdenum method described by
Prieto et al. (1999) with slight modifications. A reaction
mixture consisting of 1.0 mL of extract, 2.8 mL of 0.1 M
monopotassium phosphate, 6.0 mL of 1 M sulfuric
acid, 0.4 mL of 0.1 M ammonium heptamolybdate,
and 0.8 mL of distilled water was incubated at 90 °C
for 120 min. After rapid cooling to room temperature,
the absorbance was measured at 700 nm using
a Jenway 6405 UV/Vis spectrophotometer (England).
Trolox was used as the calibration standard
(10-1,000 mg-LY; R? = 0.998), and the results were
expressed as mg Trolox equivalents per g dry weight

(mg TE-g'* DW).

Statistical analysis

All analyses were performed in triplicate, and
the results are presented as mean # standard deviation
(SD). Statistical analysis was conducted using one-way
analysis of variance (ANOVA), followed by the Tukey-
Kramer post hoc test to determine significant
differences among means at p <0.05.

Results and Discussion

Polyphenols are natural secondary metabolites, water-
soluble compounds widely distributed in plant raw
materials, including flavonoids and phenolic acids,
that exhibit antioxidant, antifungal, antimicrobial, anti-

inflammatory, and anticancer activities (Saad et al,
2025). They play an important role in stress-tolerance
mechanisms (Rao and Zheng, 2025). Flavonoids, as
well as phenolic acids, are a large class of polyphenols
with numerous pharmacological activities and are
used to treat various diseases (Pinto et al., 2021).
Additionally, these compounds play an important role
as antistress agents, and their presence gives flowers
and fruits their colors (Xu and Wang, 2025). Monitoring
the accumulation of polyphenolic compounds,
flavonoids, and phenolic acids during vegetation can
help optimize extraction conditions for subsequent
biochemical and pharmacological studies (Staveckiené
etal, 2023; Andonova et al.,, 2024).

The content of phenolic compounds in Lavandula
angustifolia extracts significantly depended on both
the vegetation stage and the analyzed plant part
(Figure 2). The highest values of total polyphenol
content (TPC), total flavonoid content (TFC), and
total phenolic acid content (TPAC) were detected at
the budding stage. In contrast, the lowest accumulation
of TPCand TPAC was observed in fruit extracts collected
during the fruiting stage, whereas the minimum TFC
was determined in flower extracts at the flowering
stage.

The investigated extracts exhibited considerable
variability in the accumulation of bioactive
compounds. TPC ranged from 22.02 to 80.84 mg
GAE-g?, TFC from 10.27 to 36.18 mg QE-g?, and TPAC
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Figure2  The total polyphenol, flavonoid, and phenolic acid content of Lavandula angustifolia Mill. extracts: TPC - total

polyphenol content; TFC - total flavonoid content; TPAC - total phenolic acid content; S - sprouting; BB - buds,
budding; LB - leaves, budding; AGPB - above-ground part, budding; FF - flowers, flowering; LF - leaves, flowering;
AGPF - above-ground part, flowering; FFr - fruits, fruiting; LFr - leaves, fruiting; AGPFr - above-ground part,

fruiting
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from 4.61 to 39.04 mg CAE-g". Leaf extracts showed
the highest TPC and TPAC values during the fruiting
stage, while maximal TFC was recorded at the budding
stage. In the above-ground plant parts, the highest TPC,
TFC,and TPAC values were observed during the fruiting,
budding, and flowering stages, respectively.

The obtained results confirm that the accumulation of
phenolic compounds in lavender is strongly influenced
by ontogenetic development and plant organ specificity.
Similar observations have been reported for Lavandula
species, in which polyphenol accumulation varies
with plant part, genotype, extraction procedure, and
vegetation stage (Blazekovi¢ et al., 2010; Détar et al,,
2020; Popoviciu and Panaitescu, 2021; Mykhailenko
et al, 2025; Doubi et al, 2026). The increased
accumulation of phenolic compounds during
the budding stage may be associated with intensified
secondary metabolism and enhanced biosynthesis of
protective phytochemicals before flowering.

Our results are generally consistent with the findings of
Blazekovic¢ et al. (2010), who reported the highest TPC,
TFC, and TPAC values in leaf extracts of L. angustifolia
and Lavandula x intermedia. Similarly, the present
study demonstrated that leaf tissues accumulated
substantial amounts of phenolic compounds compared
with reproductive organs.

Aboalhaija et al. (2022) reported wide variations
in phenolic composition depending on extraction
solvent, with TPC ranging from 14.43 to 204.87 mg
GAE-g?! and TFC from 3.20 to 100.77 mg QE-g? in
L. angustifolia extracts. The ethanol extract in their
study contained 82.90 mg GAE-g* of TPC, which is very
close to the maximal value obtained in the present
study for bud extracts (80.84 mg GAE-g'). However,
the TFC reported by these authors (50.22 mg QE-g?)
exceeded the highest value determined in our samples
(36.18 mg QE-g!). Such discrepancies may be due to
differences in environmental conditions, plant origin,
extraction protocols, and the developmental stage of
the analyzed material.

The flower extracts analyzed in this study contained
41.73 mg GAE-g! of TPC and 10.27 mg QE-g* of TFC.
These values are generally higher than those reported
for Polish L. angustifolia inflorescences by Dobros et
al. (2022), where TPC ranged from 14.88 to 32.82 mg
GAE-g! depending on the extraction method. Likewise,
Betlej et al. (2024) reported lower TPC values in flower
(9.70-15.84 mg GAE-g!) and leaf extracts (16.95-
24.49 mg GAE-g1), indicating that the Ukrainian-grown
lavender investigated in the present study may possess
enhanced phenolic accumulation potential.

In contrast, some studies demonstrated substantially
higher phenolic concentrations than those obtained
in our work. For example, Gadouche et al. (2025)
reported 125.28 mg GAE-g! DW of TPC in ethanol
extracts of Algerian Lavandula dentata, suggesting
that species-specific characteristics and ecological
conditions strongly influence secondary metabolite
biosynthesis. Similarly, Slimani et al. (2022) observed
elevated TPC (67.97 mg GAE-g!) and particularly high
TFC values (53.58 mg QE-g!) in aqueous extracts of
L. angustifolia.

The differences among published data may also be
explained by solvent polarity and extraction efficiency.
Although ethanol is considered an effective and
environmentally safe solvent for phenolic extraction,
several studies have demonstrated that aqueous and
methanolic extracts may yield higher concentrations of
certain phenoliccompounds. Tali¢etal. (2023) reported
the highest TPC in water extracts (45.30 mg GAE-g™),
followed by ethanol extracts (14.40 mg GAE-g?') and
ethyl acetate extracts (8.50 mg GAE-g?). Therefore,
solvent selection remains a key factor in the recovery
of antioxidant compounds from lavender biomass.
Overall, the obtained results indicate that the budding
stage represents the most favorable developmental
phase for the accumulation of antioxidant phenolics
in L. angustifolia.

The antioxidant activity of plant extracts is generally
associated with the concentration of phenolic
compounds, particularly polyphenols and flavonoids,
which can scavenge free radicals and reduce oxidizing
agents. In the present study, the antioxidant potential of
L. angustifolia extracts was evaluated using the DPPH
free radical scavenging assay (FRSA) and molybdenum-
reducing power assay (MRP) at different vegetation
stages (Figure 3).

The obtained results demonstrated significant seasonal
and organ-specific variation in antioxidant activity.
MRP values of ethanol extracts ranged from 26.97
to 172.94 mg TE-g?, while FRSA values varied from
3.64 to 9.20 mg TE-g! during vegetation. The highest
antioxidant activity was generally observed during
the budding stage. Specifically, maximal MRP was
detected in bud extracts, whereas the highest FRSA
was recorded in extracts of the above-ground plant
parts collected at budding. In contrast, the lowest FRSA
values were determined in bud extracts, while minimal
MRP values were observed in above-ground parts at
the fruiting stage.
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Leaf extracts exhibited distinct seasonal patterns of
antioxidant activity. The highest MRP values were
observed during flowering, whereas FRSA reached its
maximum at the fruiting stage. These differences may
be associated with changes in the biosynthesis and
distribution of antioxidant metabolites during plant
ontogenesis. Increased antioxidant activity during
budding and flowering stages likely reflects intensified
metabolic processes and enhanced accumulation
of protective phytochemicals during active plant
development.

The obtained results are in agreement with previous
studies indicating a strong relationship between
phenolic composition and antioxidant capacity
in medicinal plants (Dontha, 2016; Untea et al., 2018).
Since phenolic compounds act as hydrogen or electron
donors, higher TPC and TFC values observed during
budding may explain the elevated antioxidant activity
detected in the corresponding extracts.

Comparison with literature data demonstrated both
similarities and differences depending on species,
extraction conditions, and environmental factors.
Carvalhoetal.(2025) reported considerably higher MRP
values for Lavandula viridis extracts (438.83 mg TE-g?)
than those obtained in the present study (maximum
172.94 mg TE-g!). This discrepancy may be attributed
to interspecific variability, ecological conditions,
extraction efficiency, and differences in phytochemical
composition between Lavandula species.

Comparable antioxidant activity values were reported
for other members of the Lamiaceae family. Svydenko
et al. (2022) demonstrated that MRP values in Salvia
species ranged from 56.25 to 218.67 mg TE.g!
depending on developmental stage, with maximal
activity observed in leaf extracts during flowering.
These findings are partially consistent with the present
study, where leaf extracts of L. angustifolia also
exhibited elevated reducing power at the flowering
stage.

Overall, the present results confirm that antioxidant
activity in L. angustifolia is strongly influenced by
vegetation stage and plant organ. The budding stage
appeared to be the most favorable period for obtaining
extracts with high antioxidant potential.

The obtained data are consistent with those of previous
studies on the correlation between polyphenols and
the antioxidant activity of extracts from plants of
the family Lamiaceae (Stagos et al, 2012; Yu et al,,
2021). In our study, a very strong correlation was found
between MRP and TPC, TFC,and TPAC (r=0.867-0.997)
at the budding stage, whereas FRSA demonstrated
a strong negative relation (r = -0.863-0.998) (Table 1).
However, in our study, very strong correlations were
found between all investigated parameters and MRP
(r = 0.960-0.986). The same results were found for
FRSA related to TPC, TFC, and TPAC (r = 0.873-0.974)
at the fruiting stage. In contrast, negative correlations
were found between FRSA and TPC, and between FRSA
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Figure 3

The molybdenum-reducing power and free radical scavenging activity of Lavandula angustifolia Mill. extracts

(mg TE-g'1): MRP - molybdenum-reducing power; FRSA - free radical scavenging activity; S - sprouting; BB -
buds, budding; LB - leaves, budding; AGPB - above-ground part, budding; FF - flowers, flowering; LF - leaves,
flowering; AGPF - above-ground part, flowering; FFr - fruits, fruiting; LFr - leaves, fruiting; AGPFr - above-ground

part, fruiting.

Slovak University of Agriculture in Nitra
www.uniag.sk

-220 -

ISSN 2585-8246


http://www.uniag.sk

Agrobiodivers Improv Nutr Health Life Qual, 10, 2026(1): 215-224

Table 1 The correlation between the investigated parameters of Lavandula angustifolia Mill.
Parameters TPC TFC TPAC MRP FRSA
Budding
TPC 1.000
TFC 0.923** 1.000
TPAC 0.979** 0.825* 1.000
MRP 0.992** 0.867* 0.997** 1.000
FRSA -0.991** -0.863* -0.998** -0.998** 1.000
Flowering
TPC 1.000
TFC 0.581 1.000
TPAC 0.274 -0.624 1.000
MRP 0.655 0.996** -0.547 1.000
FRSA -0.569 -0.998** 0.635 -0.994** 1.000
Fruiting
TPC 1.000
TFC 0.997** 1.000
TPAC 0.999** 0.993** 1.000
MRP 0.971** 0.986** 0.960** 1.000
FRSA 0.891 0.924** 0.873* 0.974** 1.000

Notes: TPC - total polyphenol content; TFC - total flavonoid content; TPAC - total phenolic acid content; MRP - molybdenum-reducing power; FRSA -
free radical scavenging activity; ** - correlation is significant at the level of 0.01; * - correlation is significant at the level of 0.05

and TFC, at the flowering stage. Also, MRP is strongly
correlated with TFC and with TPC in this period.

The FRSA of L. angustifolia extracts was strongly
correlated with TPAC in the study by Wierdak-
Nurzynska and Zawislak (2016), which was similar to
our results obtained at the fruiting stage. Both FRSA
and TPC, as well as FRSA and TFC, demonstrated a very
strong correlation of 0.881 in the study of Marovska et
al. (2023).

Conclusions

The obtained results demonstrate that L. angustifolia
is a valuable source of polyphenolic compounds with
pronounced antioxidant activity. The total polyphenol,
total flavonoid, and total phenolic acid contents, as
well as antioxidant activity of ethanol extracts, were
strongly influenced by the growth stage and plant
organ. The highest accumulation of TPC, TFC, and
TPAC, accompanied by the strongest antioxidant
activity (MRP and FRSA), was observed at the budding
stage. These parameters showed strong positive
correlations, indicating that phenolic compounds are
the main contributors to the antioxidant potential of
the investigated extracts. In particular, bud extracts of L.
angustifolia can be considered the most promising raw
material for further pharmacologicaland phytochemical

studies due to their consistently high bioactive
compound content. Leaf extracts demonstrated
a more stage-dependent profile. They exhibited higher
TPC and TPAC values at the fruiting stage, while TFC
reached its maximum at the budding stage. This
suggests that leaves may serve as an alternative source
of antioxidant compounds, although their activity is
more variable depending on the developmental phase.
Overall, the results confirm that the optimal harvesting
period for obtaining antioxidant-rich L. angustifolia
biomass is the budding stage. The observed seasonal
and organ-specific differences should be taken into
account in the selection of plant material for medicinal,
nutraceutical, and breeding purposes. The obtained
data provide a useful basis for further biochemical and
pharmacological investigations of Lavandula species
across different vegetation stages.
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