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ABSTRACT: Achillea species are known for their healing properties since ancient times. There is extensive literature
on their pharmacological action due to their bioactive compounds. The present study aimed to investigate the
antioxidant and antimicrobial effects of hydroalcoholic extracts from the inflorescences and leaves of the species
Achillea crithmifolia Waldst. and Kit., A. grandifolia Friv. and A. millefolium L. The phytochemical profiles of all
extracts were evaluated both by NMR spectroscopy and LC-MS analysis, and the results were consistent with the
spectrophotometrically determined total phenolic (TP: 125.42–191.98mg/g) and total flavonoid (TF: 47.34–180.02 mg/g)
contents. All the extracts were tested for their antioxidant activity using DPPH and ABTS•+ radical scavenging assay,
as well as ferrous ion chelating ability and reducing power tests. All the extracts showed moderate antioxidant activity,
compared to the reference substance BHT. Additionally, the antibacterial activity of the extracts was evaluated against
major food-borne pathogens, showing moderate antimicrobial effects.
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1 Introduction

Plants are the source of specialty materials such as biocides, colorants, dyes, essential oils, medications,
and cosmetics. The majority of medicinal and aromatic plant (MAP) species are still harvested from the
wild, while many are grown for such industrial purposes. Farmers have the possibility to grow these
crops because of the requirement for sustainable industrial product sources and the preservation of plant
biodiversity [1]. The usage of medicinal and aromatic plants (MAPs) is expanding across industries, from
cosmetics to medicine, thus influencing a variety of market trends. By carefully evaluating these parameters,
potential producers can identify promising MAPs for cultivation that support sustainable practices and
contribute to the expansion of the specialty industrial materials sector [2]. Based on a variety of species and
a broad range of potencies, the Asteraceae (Compositae) family is the largest blooming family of traditional
Mediterranean herbal medicines. Named for the Greek hero Achilles, who reportedly employed the plant
to treat battle wounds, Achillea ranks among the most biologically active genera in the Asteraceae family.
There are about a hundred species in the genus Achillea that are found growing all over the world [3]. In
Greece, according to the website “Flora of Greece”, genus Achillea counts 29 different species [4].
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In the food, beverage, and pharmaceutical sectors, bioactive plant extracts are used for various purposes,
such as producing functional foods and supplements or extending the shelf life of products, thereby
supporting low costs and high consumer acceptance in terms of chemical and microbiological safety [5].
Achillea millefolium L. (common yarrow) is one of the oldest widely used medicinal herbs not only in
European traditional medicine but worldwide [6]. The aerial parts of the above-mentioned plant are mostly
used to heal wounds, gastrointestinal issues, skin conditions, liver conditions, and are mild sedatives,
among other things. In Germany, Poland, and Spain, products containing substances for the herbal tea
of A. millefolium have been on the market for more than thirty years, according to EMA [7]. Preclinical
research suggests that yarrow has hepatoprotective, antipathogenic, and anxiolytic properties, and has the
potential to re well-tolerated [8]. According to the recent study, yarrow infusions and yarrow subcritical
water extracts have been successfully used as substrate for fermentation of Kombucha in order to produce
the famous beverage in an alternative way [9].

Recent years have seen a rise in research on the dermatological qualities of Achillea species, with
A. millefolium being the most extensively researched and utilized member of the genus. Strong scientific
evidence suggests that other yarrow species may also be abundant sources of compounds significant for
cosmetic application, including anti-inflammatory, wound-healing, skin-calming and rejuvenating qualities.

Although A. millefolium extracts remain the most prominent yarrow components in cosmetic products,
accumulating evidence indicates that other Achillea species also demonstrate valuable biological properties
for dermatological and cosmetic use. Given the widespread global distribution of these plants, extracts from
various Achillea species may be readily accessible and serve as valuable active ingredients in cosmetics and
medicinal ointments for acne treatment [10,11].

Building upon the existing scientific literature on Achillea spp., the present study investigates the
antioxidant capacity and antimicrobial efficacy of extracts derived from three distinct species, alongside
a comprehensive characterization of their chemical constituents. This multifaceted approach aims to
evaluate the potential of these extracts for integration into various industrial applications, particularly
within cosmetology, functional foods, and natural product formulations, where safe and effective bioactive
ingredients are increasingly in demand.

As A. millefolium is already well-established in global medicinal, food, and cosmetic markets due to its
broad spectrum of biological activities, it serves as an important benchmark. Conducting a comparative
assessment of A. grandifolia and A. crithmifolia against this widely utilized species provides meaningful
insight into their relative strengths, unique phytochemical signatures, and potential functional advantages.
Through this comparison, the study seeks not only to broaden the understanding of chemical diversity
within the genus but also to identify promising alternative species that could diversify raw material sources,
support sustainable harvesting strategies, and expand the portfolio of Achillea-based ingredients available
for industrial exploitation.

2 Material and Methods
2.1 Plant Material

In the present study, the aerial parts of wild populations of Achillea crithmifolia Waldst. & Kit. (ACFW
and ACLW), A. grandifolia (AGFW and AGLW), and A. millefolium L. (AMLW) were collected from Mount
Menoikio (Eastern Macedonia and Thrace, Greece) during the summer of 2015. All plant specimens were
taxonomically identified, and the material was separated into leaves and inflorescences before drying. A
voucher specimen has been deposited at the School of Pharmacy, Aristotle University of Thessaloniki
(Greece) under Nos. Lazari D. 7512, Lazari D. 7513 and Lazari D. 7514. The cultivated plant material of



Phyton-Int J Exp Bot. 2026;95(1):3 3

Achillea millefolium L. was obtained from the culture of two different locations, one from Agio Pnevma
Serres (Central Macedonia, Greece) [AMFC] and the other from Heraklion (Crete, Greece) [AMLC].

2.2 Preparation of the Extracts

For each species, three separate extractions were performed, each using 1 g of plant material. In each
extraction, the sample was treated with 50 mL of a methanol–water solvent mixture (70:30 v/v) at room
temperature. Ultrasonic-assisted extraction was carried out in a controlled bath for 30 min for each of the
three extraction cycles.

2.3 Nuclear Magnetic Resonance (NMR)

The 1H NMR spectra were recorded on an Agilent DD2 500 spectrometer operating at 500.1 MHz.
For each sample, approximately 0.7 mL of methanol-d4 (CD3OD) was used as the NMR solvent to ensure
complete dissolution of the analyte and to provide a stable deuterium lock. Chemical shifts are reported in
δ (ppm) relative to TMS (3.31 ppm for CD3OD).

2.4 HPLC-PDA-MS Analysis of the Samples

The analytical measurements were conducted using an LC-PDA-MS Thermo Finnigan system,
consisting of an LC Pump Plus, Autosampler, and Surveyor PDA Plus Detector, interfaced with an ESI
MSQ Plus mass spectrometer (Thermo Finnigan, MA, USA) and operated via Xcalibur software. The mass
spectrometer was operated in negative ionization mode over an m/z range of 100–1000. The gas temperature
was set to 350◦C, with a nitrogen flow rate of 10 L/min, and the capillary voltage was maintained at 3000 V.
The cone voltage was set at 75 V. Chromatographic separation was achieved using a Thermo Hypersil Gold
RP-C18 column (5 µm, 100 mm × 4.6 mm; Thermo Fisher Scientific, Waltham, MA, USA) maintained at
30◦C. The mobile phase consisted of H2O containing 0.05% formic acid (pH 2.8–3.0) (A) and acetonitrile (B)
at a flow rate of 1.0 mL/min. Sample analysis was performed using the following gradien: 0–8 min, 87%
A; 8–40 min, 40–45 min, to 87% A and 45–50 min, 87% A. A volume of 10 µL was injected. The UV–vis
spectra were obtained across the 220–600 nm range, while chromatographic detection was carried out at
280 nm [12].

2.5 Chemicals and Instruments

All solvents (methanol, ethanol, DMSO), compounds (gallic acid, rutin, NaHCO3, AlCl3, FeSO4, FeCl3,
K4[Fe(CN)6]), 2,2-diphenyl-1-picrylhydrazyl, butylated hydroxytoluene, 2,2′-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid), ferrozine, ethylenediaminetetraacetic acid disodium salt, trichloroacetic acid, erythromycin,
nystatin, and resazurin) and reagents Folin-Ciocalteu reagent, used for the determination of the antimicrobial
and antioxidant activities of extracts were purchased from Sigma-Aldrich (Steinheim, Germany). Sterilized
96-well micro test plates U-bottom were purchased from Ratiolab, Dreieich, Germany. Nutrient mediums
for the cultivation of microorganisms and performing antimicrobial tests were obtained from the Institute
“Torlak”, Belgrade, Serbia. Spectrophotometric measurements were performed on a UV/Vis double beam
spectrophotometer Halo DB-20S (Dynamica GmbH, Dietikon, Switzerland).

2.6 Determination of Total Phenolic Content

The method outlined by Singleton et al. [13] was used to determine the total phenolic content in
extracts. To prepare the reaction mixture, Folin-Ciocalteu reagent (2.5 mL; diluted 10-fold) and NaHCO3
(1 mL, 7.5%) were added to 0.5 mL of the extracts’ solutions in methanol (0.5 mg/mL). The absorbance was
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measured at 765 nm after a 15-min incubation period at 45◦C. The total phenol content was calculated
using the mean of three separate analyses and reported as mg of gallic acid equivalents per g of extract (mg
GAE/g extract).

2.7 Determination of Flavonoid Content

The method described by Brighente et al. [14] was used to determine the total flavonoid content. After
incubating 1 mL of 2% AlCl3 solution in methanol and the same volume of a plant extract solution in
methanol (0.5 mg/mL) for an hour at room temperature, the absorbance was measured at 415 nm. The total
flavonoid content was reported as the mean value of three separate analyses and expressed in mg of rutin
equivalents per g extract (mg RUE/g extract).

2.8 Determination of DPPH Free-Radical Scavenging Activity

To determine the extracts’ capacity to scavenge DPPH radicals, 1 mL of DPPH (2,2-diphenyl-1-
picrylhydrazyl) solution (80 µg/mL) prepared in methanol was added to 1 mL of different concentrations of
extract solution in methanol. The absorbance was measured at 517 nm after 30 min of mixture incubation at
room temperature [15]. As a reference antioxidant, butylated hydroxytoluene (BHT) was employed. Three
separate analyses of every sample were conducted. The percentage of DPPH radical scavenging activity of
extracts and BHT was calculated using the following equation:

% inhibition =
𝐴𝑐 − 𝐴𝑠

𝐴𝑐
× 100

The absorbance of the control solution is Ac (without extracts or standard solutions), while the
absorbance of the extract solution with DPPH is As. The sigmoidal dose-response curve plotting the
percentage of scavenging against the extract concentration (mg/mL) allowed for the calculation of the
concentration of extracts that provided 50% scavenging (IC50).

2.9 ABTS•+ Scavenging Assay

For the determination of ABTS•+ scavenging activity of extracts, 16 h before experiments, ABTS radical
cation (ABTS•+) solution was prepared. For that purpose, equal volumes of 7 mM ABTS (2,2′-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid)) ethanol solution and 2.45 mM potassium persulfate aqueous solution
were mixed and left to stand at room temperature protected from light. After 16 h, the solution of generated
ABTS•+ was diluted with ethanol to obtain an absorbance of 0.700 ± 0.005 at 734 nm. In a series of double
dilutions of the extracts (0.2 mL) and BHT as a standard compound, ABTS•+ solution (1.8 mL) was added
and allowed to react for 30 min at room temperature [16]. After measuring the absorbance at 734 nm, the
radical scavenging activity was calculated using the equation described in the DPPH method and displayed
as an IC50 value.

2.10 Measurement of Ferrous Ion Chelating Ability

The method for determining the capacity of extracts to chelate Fe2+ ions was based on monitoring the
decrease of the formation complex of Fe2+ ions with ferrozine, which manifests as a decrease in absorbance
at 562 nm. In this reaction, 1 mL of 0.125 mM FeSO4 was added to 1 mL of various concentrations of
methanolic solutions of extracts or ethylenediaminetetraacetic acid disodium salt (EDTA) solutions, followed
by the addition of 1.0 mL of 0.3125 mM ferrozine solution and left for 10 min prior to the measurement of
absorbance at 562 nm [17]. The percentage of chelating capacity of extracts and corresponding IC50 values
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for extracts and EDTA were determined in comparison to the control (without test sample). The sample’s
capacity to chelate ferrous ions was determined in the same way as described for the DPPH method.

2.11 Measurement of Reducing Power

Different extract concentrations (2.5 mL) made in distilled water were combined with the same amount
of 0.2 M sodium phosphate buffer (pH 6.6) and 1% potassium ferricyanide solution. After 20 min of
incubation at 50◦C, the mixture was treated with 2.5 mL of 10% trichloroacetic acid (w/v). The samples were
then centrifuged at 1000 rpm for 8 min, and the top layer (5 mL) was combined with 1 mL of FeCl3 (0.1%)
solution [18]. Following that, the absorbance at 700 nm was measured, and the results were displayed as
mg of ascorbic acid per gram of extract.

2.12 Determination of Minimal Inhibitory Concentration (MIC)

The minimal concentrations of Achillea hydroalcoholic extracts that inhibit (MIC) the growth of
different bacterial and fungal species were determined according to the recommendations of the Clinical
and Laboratory Standards Institute (CLSI) [19–21]. The antimicrobial potential of extracts was tested on
three gram-positive (G+) bacteria (Enterococcus faecalis ATCC 29212, Staphylococcus aureus ATCC 25923, and
Bacillus subtilis ATCC6633), four gram-negative bacteria (Pseudomonas aeruginosa ATCC 10145, Salmonella
typhimurium ATCC 14028, Escherichia coli ATCC 25922, and Klebsiella pneumoniae ATCC 70063), the
yeast Candida albicans ATCC 10231, and molds Aspergillus brasiliensis ATCC 16404, Fusarium oxysporum
FSB 91, Alternaria alternata FSB 51, Doratomyces stemonitis FSB 41, Trichoderma longibrachiatum FSB
13, Trichoderma harzianum FSB 12, Penicillium canescens FSB 24, Penicillium chrysogenum FSB 22. The
fungal species with FSB numbers are isolated from biological samples and obtained from the Laboratory for
Microbiology, Department of Biology and Ecology, Faculty of Science, University of Kragujevac, Serbia.
All microorganisms used in the experiments for the determination of MIC were freshly cultured 24–48 h
before the experiment.

For the determination of MIC for extract samples, the microdilution assay was employed using
sterile 96-well microtiter plates. The used extracts concentrations were from 5 to 0.039 mg/mL while
standards (erythromycin and nystatin) concentrations were from 40 to 0.3125 µg/mL microorganism
inocula were adjusted to a concentration of roughly 1.0 × 106 CFU/mL for bacteria [20] and yeast [19]
and 1.0 × 104 CFU/mL for fungi [21]. The lowest concentration of extract at which there was no bacterial
growth after 24 h at 37◦C, or fungal growth after 48 h at 28◦C, represented MIC. Resazurin color change
was an indicator of bacterial growth, while fungal growth was observed visually.

2.13 Statistical Analysis

The results are presented as the mean of three independent measurements ± standard deviation. The
OriginPro8 software (OriginLab, Northampton, MA, USA) was used for the calculation of the IC50 value,
the concentration of the extract that reduces the concentration of free radicals by 50%, in the determination
of the antioxidant activity of samples. Statistical analysis was performed using OriginPro 8 software. Data
were analyzed by one-way analysis of variance (ANOVA), followed by Tukey’s post hoc test, and differences
were considered statistically significant at p < 0.05. Statistical comparisons were carried out by comparing
the obtained values among samples within the same experimental set.
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3 Results
3.1 Phenolic Content of Achillea spp. Extract
3.1.1 Total Phenolic and Flavonoid Content of Achillea spp. Extracts

Achillea species are well known as plants rich in phenolic compounds, especially distinguished by
their high content of flavonoids [22,23]. Fig. 1 showed that all studied Achillea spp. possess high total
phenolic content (TPC) between 125.42 and 191.98 mg of GAE per gram of dry extract. Also, the results
showed that most of the measured amount of phenolics consists of flavonoids (Fig. 1). The extracts obtained
from plant leaves contained higher total phenolic content in comparison with inflorescence extracts, while
the inflorescence extracts were richer in total flavonoid content (TFC) in comparison with leaves extracts.
Among the studied extracts, wild A. milefolium, A. grandifolia, and A. crithmifolia leaves extracts contained
the highest total phenolic content (191.98, 187.08, and 180.34 mg GAE/g extract, respectively). The highest
total flavonoid content was recorded in wild A. crithmifolia inflorescences (ACFW) extract (180.62 mg
RUE/g extract). The extract of cultivated A. milefolium leaves (AMLC) possessed lower TPC and TFC in
comparison with the extract from wild-growing A. milefolium (AMLW). However, the extract obtained
from cultivated A. millefolium inflorescences (AMFC) was richer in TPC content compared with the extract
of wild-growing A. grandifolia, while the TFC was almost the same in these two extracts (110.31 and 110.99
RUE/g extract, respectively).
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Figure 1: Total phenolic and flavonoid contents of cultivated A. milefoliun inflorescences (AMFC), wild A. grandifolia
inflorescences (AGFW), wild A. grandifolia leaves (AGLW), wild A. crithmifolia inflorescences (ACFW), wild A.
crithmifolia leaves (ACLW), wild A. milefolium leaves (AMLW), and cultivated A. milefolium leaves (AMLC) extract.
GAE—gallic acid equivalents; RUE—rutin equivalents; d.e.—dry extract; Results are mean values ± SD from three
experiments. Values for the same group of compounds with different letters are significantly different (p < 0.05).
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3.1.2 NMR Analysis of Phenolics and Flavonoids Achillea spp. Extract

The 1H-NMR spectra of all extracts Figs. 2 and 3, revealed a complex phenolic profile, as all extracts
were found to contain both glycosylated and non-glycosylated forms of phenolic acids and flavonoids:
trans-caffeic acid and its derivatives were identified by the presence of a characteristic pair of trans-olefinic
proton signals at 7.57 and 6.30 ppm (d, J = 16.0 Hz), whereas signals that corresponded to ABX systems and
other aromatic protons (at 7.66–6.19 ppm) indicated the presence of other phenolic acids and flavonoids.
Signals between 5.55 and 3.15 ppm were assigned to sugar protons. The study of the 1H-NMR spectra
also revealed differences between the species. The main difference is between A. grandifolia (both for
inflorescense and leaves) and all the other samples in δ region 2.40–3.00 ppm (see Figs. 2 and 3).

3.1.3 LC-MS on Achillea spp. Extract

The results of qualitative analysis of dried hydroalcoholic extracts of the examined plant material from
the leaves and inflorescence of Achillea spp. are presented in Table 1, and the LC-MS chromatograms are
shown in Figs. 4 and 5. Based on the fragmentation patterns and retention times, two acyl quinic acids and
eight flavonoids were the most predominant identified compounds in the examined extracts.

One peak at m/z 515 [M-H]− afforded prominent ions at m/z 353 and m/z 191, indicating the subsequent
losses of caffeoyl moiety reveal the presence of a dicaffeoyl quinic acid. Another peak with a retention
time tR = 7.34 min gave [M-H]− ion at m/z 353 (C16H17O9) [caffeoylquinic acid –H]− with product ions m/z
191. (C7H11O6) [quinic acid-H]− and m/z 135 (C8H7O2) [caffeic acid –H–CO2]− indicate the presence of
3-caffeoyl quinic acid [24].

Figure 2: 1H-NMR spectra of all the hydroalcoholic extracts derived from the leaves of Achillea spp. X axis ppm, Y
axis intention 0–200 (CD3OD, 500 MHz).
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Figure 3: 1H-NMR spectra of all the hydroalcoholic extracts derived from the inflorescence of Achillea spp. X axis
ppm, Y axis intention 0–200 (CD3OD, 500 MHz).

In the negative ion mode, flavonoids deprotonate readily to provide the ion [M-H]−. Moreover, by
breaking glycosidic bonds, flavone O-glycoside mostly loses the sugar group. Flavonoids’ parent nucleus
loses the CO group and it is also vulnerable to RDA cracking [25]. So luteolin was identified with a molecular
ion peak at m/z 285, which fragmented to an ion at m/z 133 and apigenin with a molecular ion peak at m/z
269, which is fragmented to an ion at m/z 117. Luteolin glucoside, having 162 amu higher molecular weight
than luteolin, demonstrated [M-H]− value at m/z 447 and the product ion at m/z 285 representing luteolin
aglycone through the absence of a glucoside moiety [26]. In the chromatograms, ions can be observed that
indicate the presence of two apigenin O-glycosylated compounds in the examined extracts, along with the
apigenin aglycone. The apigenin-7-O-glycoside, with a molecular ion at m/z 431 and a fragment ion at m/z
269 resulting from the loss of a hexose moiety [27], and an apigenin diglycoside (rhamnoside–hexoside) with
a molecular ion at m/z 577 and a fragment ion at m/z 269, suggest that the two sugar residues (rhamnose
and hexose) are linked to each other through the same oxygen atom.

Table 1: Predominant secondary metabolites in the studied Achillea extracts by HPLC-PDA-MS.

Retention Time (min) m/z Fragments Identification Reference

3.69 608.99 462.95, 300.84, 158.87, 137.00 Quercetin-Ox-hexoside-Oy rhamnoside [28]
4.28 609.02 301.00, 179.06, 137.04 Quercetin O-rutinoside [28]
5.36 476.94 300.99, 179.05, 150.98, 120.47 Quercetin glucuronide [29]
6.44 446.96 284.97, 158.90, 133.04 Luteolin 7 O-glucoside [26]
8.78 353.07 191.08, 179.0, 160.0, 135.0 Chlorogenic acid [26]
8.87 577.04 269.01, 137.00 Apigenin O-rutinoside [30]
10.88 431.00 267.93 Apigenin 7 O-glucoside [26]
12.14 514.98 353.09, 191.07, 179.08 Dicaffeoyl quinic [26]
16.85 285.01 133.05 Luteolin [26]
20.69 268.99 117.00 Apigenin [26]
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Peaks 7, 8 and 9 (Figs. 4 and 5) were identified as quercetin derivatives owing to the product ion
observed at around m/z 301 and UV spectra (λmax around 350–357 nm) [28]. Peaks 8 and 9 (m/z 609.1
[M-H]−) were identified as two di-O-glycosyl isomers. Compound 8 is identified as a quercetin rutinoside
due to the absence of the daughter ion with m/z 462.95, which appears in the case of compound 9. The
presence of this ion in compound 9 indicates that the two glycosides (rhamnose and hexose) are attached to
different oxygen atoms.

 

Figure 4: Base peak chromatogram of the inflorescences’ extracts from Achillea spp. in the negative mode
(1: luteolin-O-hexoside, 2: chlorogenic acid, 3: apigenin-O-hexoside, 4: dicaffeoylquinid acid, 5: luteolin, 6: apigenin,
7: quercetin-O-glucuronide, 8: quercetin Ox-rhamnoside-Oy-hexoside, 9: quercetin O-rutinoside, 10: apigenin-O-
(rhamnoside-hexoside).

Figure 5: Base peak chromatogram of the leaves’ extracts from Achillea spp. in the negative mode (2: chlorogenic
acid, 4: dicaffeoylquinid acid, 7: quercetin-O-glucuronide, 8: quercetin Ox-rhamnoside-Oy-hexoside).
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3.2 Antioxidant Activity of Achillea spp. Extracts

All studied Achillea hydroalcoholic extracts showed strong antioxidant activity across different assays.
(Table 2). In the neutralization of DPPH radicals, all extracts were effective to scavenge 50% of free radicals
a concentration below 100 µg/mL, while IC50 values for extracts in ABTS∙+ scavenging activity were
between 81.24 to 132.85 µg/mL. IC50 values for the synthetic antioxidant in these two methods were about
20 µg/mL. The highest DPPH scavenging activity (IC50 44.93 g/mL) was demonstrated by wild A. milefolium
leaves [extract with the highest TPC] followed by wild A. crithmifolia leaves, cultivated A. milefolium
inflorescences, and cultivated A. milefolium leaves extracts. Regarding the ABTS∙+ method, the highest
potential to neutralize free radicals was shown by wild A. crithmifolia leaves and wild A. milefolium leaves
extracts with similar IC50 values (81.24 and 85.57 µg/mL, respectively). Although the IC50 values of the
examined extracts were significantly higher compared to BHT, these extracts may be considered as natural
antioxidants with high scavenging potential, suggesting that they contain various compounds with strong
antioxidant activity.

The metal chelating activity assay was used to determine the capacity of Achillea spp. hydroalcoholic
extracts to bind and thus disable the pro-oxidant metal ions from participating in reactions that may
generate free radicals, such as hydroxy radicals [31,32]. The results showed that almost all studied extracts
may chelate 50% of Fe2+ in concentrations below 1 mg/mL, except wild A. grandifolia leaves extract, where
no IC50 value below 2 mg/mL was recorded (Table 2). The results for chelating ability suggest that these
extracts have high metal chelating properties, considering that EDTA, used as one of the most powerful
chelating agents, had IC50 24.65 µg/mL. Contrary, wild A. grandifolia inflorescences and wild A. crithmifolia
inflorescences extracts possessed IC50 values of 119.69 and 131.51 µg/mL, respectively. Also, the highest
metal chelating activity was shown by extracts with the highest TFC. According to Craft et al. [33], among
phytochemicals, flavonoids and their derivatives possess the most powerful metal chelating properties. The
ability of extracts to reduce, donating an electron, some oxidants such as free radicals and metal ions was
also determined. Both wild A. grandifolia and A. milefolium inflorescences extracts showed the highest
reducing power, indicating that 1 g of AGFW and AMFC extracts possess reducing power similar to 244.18
and 232.76 mg of ascorbic acid, respectively (Table 2). These results demonstrated that Achillea extracts,
with the highest potential to reduce the Fe3+, had approximately 25% of the reducing power of ascorbic acid.

Table 2: Antioxidant potential of Achillea spp. hydroalcoholic extracts.

Samples
IC50 µg/mL Reducing Power

(mg AA/g) Extracts)DPPH• ABTS•+ Metal Chelating

AMFC 65.82 ± 3.39b 126.07 ± 5.41a 232.86 ± 36.00d 232.76 ± 5.75a
AGFW 86.88 ± 2.89a 132.85 ± 2.39a 119.69 ± 8.55e 244.18 ± 12.59a
AGLW 80.88 ± 1.96a 111.37 ± 6.70b >2000a 172.45 ± 6.35b
ACFW 86.78 ± 2.15a 107.81 ± 5.93b 131.51 ± 1.57e 126.86 ± 6.63c
ACLW 63.19 ± 2.27b 81.24 ± 4.35c 258.76 ± 0.60d 90.36 ± 2.45d
AMLW 44.93 ± 1.31c 85.57 ± 0.41c 593.46 ± 28.38b 106.92 ± 0.54c
AMLC 77.41 ± 0.21a 122.76 ± 8.52a 349.71 ± 34.28c 81.02 ± 2.78d

Standards
BHT 19.49 ± 1.36d 20.27 ± 1.83d - -
EDTA - - 24.65 ± 2.31f -

Values for the same column with different letters are significantly different (p < 0.05).



Phyton-Int J Exp Bot. 2026;95(1):3 11

3.3 Antimicrobial Activity of Achillea spp. Hydroalcoholic Extracts

Scientific research on the antimicrobial potential of Achillea plants has been mainly focused on their
essential oils; therefore, scarce information is available concerning the antimicrobial activity of their
extracts. Based on the results shown in Table 3, it is observed that different extracts of A. grandifolia,
A. crithmifolia, and A. milefolium did not show inhibitory activity against most of the used bacteria and
fungi in concentrations up to 5 mg/mL. The activity of the AGLW extract against E. faecalis, S. typhimurium,
and the fungus T. harzianum, with MIC values of 1.25 mg/mL may be highlighted. As well as the activity of
AMLW extract against the fungi T. lougibrachiatum, T. harzianum, and P. chrysogenum (MIC 1.25 mg/mL).
Interestingly, T. harzianum was susceptible to almost all tested extracts (MIC 1.25 mg/mL) except the ACFW
extract, which showed more prominent activity against T. lougibrachiatum. In general, both Trichoderma
species showed the highest sensitivity to all tested extracts. All obtained MIC values for the studied extracts
may suggest that wild A. grandifolia leaves extract possesses a slightly higher antimicrobial potential with
MIC values > 5 mg/mL for the highest number of microorganisms compared with other studied extracts.

Table 3: Antimicrobial potential of Achillea spp. hydroalcoholic extracts.

Microorganisms MIC (mg/mL)
AMFC AGFW AGLW ACFW ACLW AMLW AMLC Antibiotica/Antimycoticb

E. faecalis >5 5 1.25 5 2.5 5 5 2.5
B. subtilis >5 >5 2.5 5 >5 >5 5 2.5
S. aureus 2.5 1.25 2.5 >5 2.5 2.5 5 0.625

P. aeruginosa >5 >5 >5 5 >5 >5 >5 >40
S. typhimurium 5 5 1.25 5 2.5 5 5 0.625

E. coli 5 2.5 2.5 >5 2.5 5 5 0.625
K. pneumoniae >5 5 5 >5 >5 >5 >5 <0.3125
C. albicans >5 >5 5 >5 5 >5 5 2.5

A. brasiliensis >5 >5 >5 >5 >5 >5 >5 10
F. oxysporum >5 >5 >5 >5 >5 >5 >5 5
A. alternata 5 >5 >5 >5 >5 >5 >5 5
D. stemonitis >5 >5 >5 >5 >5 >5 >5 5

T. lougibrachiatum 2.5 2.5 2.5 1.25 2.5 1.25 2.5 5
T. harzianum 1.25 1.25 1.25 5 1.25 1.25 1.25 5
P. canescens 5 5 5 5 5 5 5 5

P. chrysogenum 5 5 2.5 5 2.5 1.25 2.5 5
aErythromycin was used as an antibiotic, and bnystatin as the antimycotic.

4 Discussion

Numerous investigations have focused on the phytochemical screening of certain categories of
secondary metabolites in various species of the genus Achillea [34–37]. The obtained results from the
quantification of phenolic compounds in hydroalcoholic extracts suggest that all three wild Achillea
species possess very similar total phenolic content in their leaves. Inflorescence extracts are scarce in total
phenolic content compared with the corresponding leaves extracts but contain significantly higher flavonoid
amounts. As it concerns the flowers of A. grandifolia these results are in contrast to those presented by
Taşkın et al. [38] in which the flower extract contains the highest amount of phenolic compounds. Although
similar values for phenolic and flavonoid content in the methanolic extract of wild A. grandifolia and
A. crithmifolia were obtained by Stanković et al. [39]. However, in that study, A. crithmifolia possessed
higher TPC in the above-ground part compared with A. grandifolia, while both plants’ extracts from our
study contained similar TFC. These distinctions in phenolic content may be conditioned by the different
methods of extraction and the different localities where plants grow. A study conducted with Achillea
species from Turkey showed that A. milefolium flower infusion had the highest total phenolic and flavonoid
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contents compared with A. grandifolia and A. crithmifolia infusions [40]. According to a study published
by Radušiene et al. [41], phenolic acids and flavonoids are the most abundant phenolic compounds in 70%
methanol extracts of inflorescences and leaves of A. milefolium populations from Turkey and Lithuania.
They concluded that A. milefolium inflorescences and leaves contain high quantities of chlorogenic acid
and 3,5-O-dicaffeoylquinic acid, with the highest content of these compounds in leaves. Meanwhile, the
highest amount of different flavonoids was observed in A. milefolium inflorescences with luteolin, apigenin,
and their derivatives as dominant compounds [41].

Previous research also showed the high antioxidant potential of Achillea species [42]. The methanolic
extract ofA. grandifolia andA. crithmifolia from Serbia showed similar antioxidant activity in different methods,
but A. crithmifolia possessed slightly higher potential to neutralize DPPH and ABTS∙+ radicals, as well as
reducing power [38]. In our study antioxidant activity of these two species was similar; however, in some
methods, A. grandifolia demonstrated higher antioxidant potential compared with A. crithmifolia. The IC50
value for the methanolic extract of A. milefolium leaves collected in Pakistan [43] was 72.33 µg/mL for DPPH
scavenging activity, which is similar to the IC50 values for cultivated A. milefolium leaves extract from our
study, while the extract of wild A. milefolium leaves demonstrated significantly higher antioxidant potential
(IC50 44.93 µg/mL). According to Konyalioglu and Karamenderes [40], among Achillea species from Turkey,
A. milefolium infusion possessed the highest free radical scavenging activity, while A. grandifolia infusion had
slightly lower activity, followed by A. crithmifolia, which is in accordance with the results obtained in our
research. Considering the results obtained for phenolic quantification in the extracts and their antioxidant
potential, the extracts with the highest TPC exhibited the greatest radical scavenging activity, while those
with the highest TFC demonstrated the strongest metal chelating ability. According to Craft et al. [33], among
phytochemicals, flavonoids and their derivatives possess the most potent metal chelating properties.

The antibacterial properties of Achillea species and their associated extracts have been extensively
evaluated over the last two decades [44,45]. The extracts of A. grandifolia and A. crithmifolia in our study
showed higher antibacterial activity compared with the antimicrobial activities of methanolic extracts of
the aerial parts of the same plants published by Stanković et al. [39]. The mentioned study showed that
the extract of A. grandifolia was the most effective against P. aeruginosa (isolated from sputum) and E.
coli (isolated from the wound) with MIC values from 12.5 to 50 mg/mL [39]. The studies conducted by
Frey & Meyers46] confirmed the antibacterial activity of the aqueous extract of A. millefolium against
S. typhimurium and S. aureus, with a higher zone of inhibition recorded against gram-positive S. aureus
(9.6 mm) [46]. A recent study about the antimicrobial potential of A. millefolium showed that its 80%
ethanolic and methanolic extracts displayed antimicrobial activity against some pathogenic bacterial species
and C. albicans with MIC values in the range of 2.4 to 1.6 mg/mL [47].

This study has several limitations. Because the analysis focused mainly on phenolic compounds, it does
not capture the full metabolomic diversity of the samples and was not intended to provide an integrated
view of biochemical–antioxidant relationships. Environmental and seasonal factors were not systematically
controlled, and reliance on a single analytical method further narrows the scope. Finally, the limited sample
size may reduce the generalizability of the findings.

5 Conclusions

The preliminary phytochemical characterization of the extracts from the studied Achillea species
revealed variability in their composition and bioactivity. Total phenolic and flavonoid compounds were
found to be present in significant amounts in all extracts. According to the results of phenolic component
measurements in the hydroalcoholic extracts, the total phenolic content in the leaves of all three wild
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Achillea species was very similar. In comparison with the corresponding leaf extracts, the inflorescence
extracts showed lower total phenolic content but substantially higher flavonoid levels. Overall, no significant
differences were observed among the examined Achillea species regarding their phytochemical composition,
antioxidant capacity, and antimicrobial activity. The bioactivity profiles of A. grandifolia and A. crithmifolia
closely paralleled those recorded for the widely used A. millefolium, a species well recognized for
its therapeutic and industrial applications. The close similarity across these metrics underscores the
potential of A. grandifolia and A. crithmifolia as valuable alternative sources of bioactive compounds.
Consequently, these species may be considered promising candidates for broader utilization in international
food, cosmetic, and pharmaceutical industries—particularly in formulations where A. millefolium is
traditionally employed. Their comparable phytochemical richness, coupled with potential advantages
related to availability, cultivation, or regional biodiversity management, further highlights their relevance
for future biotechnological and commercial exploitation.
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