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ABSTRACT:

Achillea ageratifolia subsp. serbica is a poorly investigated endemic of the Balkan
area and there are almost no data about the potential application of this plant.
The purpose of this study was the investigation of the phytochemical composi-
tion, antioxidant, antimicrobial, and antibiofilm activity of its water, acetone, and
ethyl acetate extracts. The phenolic composition and flavonoids were established
using high-performance liquid chromatography with photodiode array detection
(HPLC-PDA) analysis, while the chemical composition of the ethyl acetate extracts
of the aerial parts of the plant was investigated by gas chromatography-mass spec-
trometry (GC and GC-MS). Antioxidant and antimicrobial activity, as well as the
inhibition ability of biofilm formation on Staphylococcus aureus ATCC 25923 and
Pseudomonas aeruginosa ATCC 27853 biofilms, were also investigated. The total
phenolic content ranged from 18.61 mgGAE/g to 43.78 mgGAE/g of extract. The
total flavonoid content ranged from 10.79 mgRUE/g to 34.02 mgRUE/g. The ace-
tone and ethyl acetate extracts of the aerial parts contained chlorogenic acid, myri-
cetin, apigenin, and luteolin. Analysis of the volatile specialized metabolites in the
ethyl acetate extract of the aerial parts allowed for the identification of thirty-two
constituents. The highest antioxidant activity was detected in the water extract of
the aerial parts of the plant (IC_ = 641.06 pg/ml) and in the ethyl acetate extract of
the root (IC, = 675.33 pg/ml). Bacillus subtilis and S. aureus showed higher sen-
sitivity to the tested extracts, while the antifungal activity of the marked extracts
was significant. All extracts showed a moderate inhibitory effect on the ability of
biofilm formation of P. aeruginosa ATCC 27853, while only the ethyl acetate inflo-
rescence extract showed an effect on the biofilm formation of P. aeruginosa ATCC
27853. The tested extracts showed the potential for further investigation and possi-
ble application as biofungicides.
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INTRODUCTION

An endemic of the Balkan Peninsula, Achillea agerat-
ifolia subsp. serbica (Nyman) Heimerl belongs to the
Asteraceae family. The genus Achillea is widespread
through Europe, temperate areas of Asia, and North
America (SIMONETTI 1990). Many studies indicate the
wide application of bioactive components isolated from
the representatives of the genus Achillea (TUBEROSO et
al. 2009; SAEIDNIA et al. 2011; MOHAMMADHOSSEINI et
al. 2017). The medicinal properties of the plant are re-
lated to the presence of specialized metabolites, such
as flavonoids, phenolic acids, coumarins, terpenoids,
and sterols (SAEIDNIA et al. 2011). Apigenin, luteolin,
and quercetin are the most frequently identified flavo-
noids (TuBEROSO et al. 2009), while Achillea millefo-
lium L. is the most studied plant species of the genus
Achillea, used in folk medicine (FIERASCU et al. 2015;
GEORGIEVA ef al. 2015; SHAH & PEETHAMBARAN 2017;
ABOU BAKER 2020). Phenolic acids, flavonoids, tan-
nins, sesquiterpenes, and lactones are just some of the
compounds isolated from A. millefolium, which are
related to anti-inflammatory activity (SHAH & PEETH-
AMBARAN 2017). Achillea millefolium is well-known for
its usage in pharmacy and medicine, but other species
that belong to this genus have been poorly investigated.
St et al. (2006) indicated that plant extracts of Achillea
clavennae L., A. holosericea Sm., A. lingulata Waldst.
& Kit., and A. millefolium have a wide spectrum of
antibacterial activity against Staphylococcus aureus,
Escherichia coli, Klebsiella pneumoniae, Pseudomonas
aeruginosa, and Salmonella enteritidis and antifungal
activity against Aspergillus niger and Candida albicans.

Achillea ageratifolia subsp. serbica is a poorly inves-
tigated species. According to the rulebook on the dec-
laration and protection of protected and strictly pro-
tected wild species of plants, animals, and fungi (SGRS
2010-2016), this plant species is protected in Serbia. So
far, there are scarce data on the medicinal properties
of the plant. MLADENOVI¢ & RapuLovi¢ (2017) iden-
tified over 300 compounds accounting for 95.5-97.2%
of the essential oils obtained from the dry parts of A.
ageratifolia subsp. serbica. In terms of bioactive me-
tabolites, so far, it has been shown that A. ageratifolia
subsp. serbica is rich in flavonoids, especially 6-hy-
droxykaempferol 3,6-dimethyl ether and hispidulin
(VALANT-VETSCHERA & WOLLENWEBER 2001).

Based on the fact that there is almost no scientif-
ic data related to the biological activity of this plant,
the aim of the study was the evaluation of the chemi-
cal composition of the different types of extracts made
from the aerial parts of the plant, as well as from the
inflorescence and the root separately. The goal of the
research was also to determine the antioxidant, antimi-
crobial and antibiofilm activity of the mentioned plant
extracts in order to investigate their potential usage.

MATERIAL AND METHODS

Plant material and preparation of extracts. All of the
plant samples of A. ageratifolia subsp. serbica were col-
lected in May 2017, during the flowering season. The
plant material was collected from the Kablar Mountain
in Central Serbia, at 889 m above sea level. Determination
was based on Gaji¢ (1974) and RICHARDSON (1976). The
voucher specimens are deposited in the Herbarium of the
Institute of Botany and Botanical Garden “Jevremovac”,
University of Belgrade - Faculty of Biology (BEOU) under
accession number 17448.

The collected plant material was air-dried in darkness
at an ambient temperature. The dried, aerial plant mate-
rial was extracted by maceration with water, acetone, and
ethyl acetate. The inflorescence and the root were extract-
ed by maceration with ethyl acetate. Briefly, 25 g of plant
material was soaked in 125 ml of solvent. Maceration of
the aerial plant material, as well as the inflorescence and
the root, was carried out three times, at room tempera-
ture, using fresh solvent every 24 hours. The obtained
filtrates were evaporated to dryness using a rotary evap-
orator at 40°C. The obtained extracts were kept in sterile
sample tubes and stored at -20°C until use.

Determination of total phenolic and flavonoid content.
The total phenolic content was determined using the Fo-
lin-Ciocalteu method (WooTTON-BEARD et al. 2011) and
expressed as milligram of gallic acid equivalents per gram
of extract (mgGAE/g of extract). The aluminum chloride
method (QUETTIER-DELEU et al. 2000) was used to de-
termine the total flavonoid content, which was expressed
as milligram of rutin equivalents per gram of extract
(mgRUE/g of extract).

HPLC equipment and chromatographic analysis of
phenolic compounds: RP-HPLC analysis. Phenolic acids
and flavonoids in the acetone and ethyl acetate extracts
from the aerial parts of A. ageratifolia subsp. serbica were
identified by comparing the retention times and UV-Vis
absorption spectra of unknown peaks with co-injection
reference standards. The identified compounds were
confirmed by spiking the sample with the standard com-
pound and monitoring the changes in the peak shape
and spectral characteristics. Both extracts were analyzed
in triplicate and the data are reported as the mean + SD.
The method was described in detail in MiHAILOVIC et al.
(2019).

GC-FID and GC-MS analyses. The chemical composi-
tion of the ethyl acetate extracts isolated from the aerial
parts of A. ageratifolia subsp. serbica was investigated
by GC and GC-MS analysis. The GC-MS analyses were
performed in triplicate on a Hewlett-Packard 6890N gas
chromatograph equipped with a DB-5MS phenyl methyl
siloxane capillary column (30 m x 0.25 mm, film thick-
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ness 0.25 um, Agilent Technologies, USA) and coupled
with a 5975C mass selective detector from the same com-
pany. The injector and interface were operated at 250 and
320°C, respectively. The oven temperature was raised
from 70 to 315°C at a heating rate of 5°C/min and then
isothermally held for 10 min. Helium was used as the car-
rier gas at 1.0 ml/min. The samples (5 pl of the extract
solution in diethyl ether) were injected in a pulsed split
mode (split ratio 40:1). The MS conditions were as follows:
ionization energy 70 eV, acquisition mass range 35-700
amu, and scan time 0.34 s. GC-FID analysis was carried
out under the same experimental conditions using the
same column as described for the GC-MS analysis.

The extract constituents were identified by comparing
their linear retention indices determined relative to the
retention times of C8-C34 n-alkanes on the DB-5MS col-
umn (VAN DEN DooL & KraTz 1963) with those reported
in the literature (ApAMs 2007), and through a compar-
ison of their mass spectra with those from a number of
commercial and in-house MS libraries (NIST11, Wiley06,
MassFinder and Adams) by the application of AMDIS
software (DTRA/NIST 2002). Also, a homemade MS li-
brary with the spectra corresponding to pure substances
was used, and finally, wherever possible, the identification
was achieved by co-injection with an authentic sample.
The percentage composition was computed from the GC-
FID peak areas without the use of correction factors.

Determination of antioxidant activity (DPPH assay).
The ability of the plant extract to scavenge DPPH free rad-
icals was assessed using the method described by Taxao
et al. (1994). Ascorbic acid (vitamin C) was used as a pos-
itive control. The experiment was performed in triplicate.
Based on the obtained results, the percentage inhibition
of DPPH radicals and the IC, value were determined. The
percentage of inhibition was calculated using the follow-
ing equation:

% inhibition = ((A_ - A

)/A  )x 100

sample: control

where A was the absorbance of the control sample and
ASample the absorbance of the extract. The IC,  value is the ef-
fective concentration at which 50% of DPPH radicals were
scavenged. It was obtained from the graph of scavenging
activity (%) versus concentration of samples, described in

detail in VAsIC et al. (2012).

Antimicrobial activity. The antimicrobial activity of the
tested extracts was tested against 10 strains of bacteria (5
strains of Gram-positive bacteria: Bacillus pumilus NCTC
8241, Bacillus subtilis ATCC 6633, Staphylococcus aureus
ATCC 25923 and clinical isolates of Bacillus subtilis and
Staphylococcus aureus; 5 strains of Gram-negative bac-
teria: Pseudomonas aeruginosa ATCC 27853, Proteus
mirabilis ATCC 12453, Escherichia coli ATCC 25922,
and clinical isolates of Salmonella enterica and Escheri-

chia coli; and 2 strains of yeast: Candida albicans ATCC
10231 and clinical isolate Rhodotorula mucilaginosa). All
clinical isolates were a generous gift from the Institute of
Public Health, Kragujevac. The other microorganisms
were provided from a collection held by the Microbiology
Laboratory, Faculty of Science, University of Kragujevac.
The suspensions of microorganisms were prepared by the
direct colony method. The turbidity of the initial suspen-
sion was adjusted using a 0.5 McFarland densitometer
(DEN-1, BioSan, Latvia). The initial bacterial and yeast
suspensions were additionally diluted in 1:100 and 1:1000
ratio in sterile 0.85% saline.

The antimicrobial activity was tested by determin-
ing the minimum inhibitory concentration (MIC) and
the minimum microbicidal concentration (MMC) using
the microdilution method with resazurin (SARKER et al.
2007). The stock concentration of the tested plant extracts
was 10000 pg/ml. Twofold serial dilutions of plant ex-
tracts were made in sterile 96-well plates containing Mu-
eller-Hinton broth for bacteria and Sabouraud dextrose
broth for yeast. The tested concentration range was from
5000 to 39 ug/ml. Doxycycline and fluconazole, dissolved
in a nutrient liquid medium, were used as positive con-
trols. Stock solutions of crude extracts obtained by dis-
solving in 10% DMSO were used as negative controls.
Each test included growth control and sterility control.
All tests were performed in duplicate.

Antibiofilm activity. The antibiofilm activity on S. au-
reus ATCC 6538 and P. aeruginosa ATCC 27853 was test-
ed with the method described in O’TooLE et al. (2000).
In 96-well microtiter plates 100 ul of TBS (tryptone soy
broth) broth was added. 100 pl of the tested extract was
added into the first row of the plates, with an initial con-
centration of 10000 pg/ml, and serial two-fold dilutions
were made down to 80 pg/ml. Subsequently, 10 pl of bacte-
rial suspension (0.5 McFarland) was added into each well.
The microtiter plates were then incubated for 48 hours at
37°C. The rest of the experiment was done as described in
MuruzoviC et al. (2016).

The difference in the procedure of measuring the effect
on the formed biofilm is that varying concentrations of
the extract were added to the microtiter plates with the
biofilm formation of the tested bacteria. The results were
expressed as biofilm inhibitory concentration, (BIC, ), de-
fined as the lowest concentration of extract that showed
50% inhibition on the biofilm formation (CHAIEB et al.
2011). All tests were performed in duplicate and BIC, jwas
calculated. Tetracycline was used as a positive control.

Data analysis. All data were presented as means + standard
deviations where appropriate, using Microsoft Excel (Red-
mond, Washington, DC, USA). The paired-samples t-test
was used to compare the content of phenols and flavonoids
in different types of extracts. The data were analyzed using
SPSS version 20 software (SPSS Inc., Chicago, IL, USA).
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RESULTS

The highest percentage of extraction yield was recorded
from the water extract of the aerial parts of A. ageratifo-
lia subsp. serbica (16.16%), while the lowest was obtained
from the ethyl acetate extract of the root (0.95%). It could
be concluded that the extraction yield was solvent-de-
pendent.

The total phenol and flavonoid content in the tested ex-
tracts. Specialized plant metabolites are soluble in differ-
ent solvents, and this was the criteria for selecting the wa-
ter, acetone and ethyl acetate for the extraction of phenols
and flavonoids.

The highest content of total phenolic compounds
was obtained in the acetone extract from the aerial parts
(43.78 mgGAE/g), while the lowest content was meas-
ured in the water extract from the aerial parts (18.61 mg
GAE/g) (Table 1).

The highest flavonoid content was obtained in the ace-
tone extract from the aerial parts (34.02 mgRUE/g), while
the lowest content was obtained in the ethyl acetate ex-
tract of the root (10.79 mgRUE/g) (Table 1). Generally, the
highest phenol and flavonoid content was measured in the
acetone extract from the aerial parts of the plant (43.78
mgGAR/g and 34.02 mgRUE/g).

RP-HPLC analysis of the extracts. Based on the results
of the HPLC analysis, both the acetone and ethyl acetate
extracts of the aerial parts of A. ageratifolia subsp. serbica
shared a similar phenolic composition containing chloro-
genic acid, myricetin, apigenin, and luteolin (Figs. 1, 2). The
main difference in their phenolic composition was that caf-
feic acid was identified in the ethyl acetate extract only.

All the identified phenolic compounds were found in
higher amounts in the acetone extract than in the ethyl ac-
etate extract, with the exception of caffeic acid, which was

Table 1. The total phenol and flavonoid content.
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Fig. 1. HPLC chromatogram of the acetone extract from the aerial
parts of Achillea ageratifolia subsp. serbica (1-chlorogenic acid,
2-myricetin, 3-apigenin, 4-luteolin).
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Fig. 2. HPLC chromatogram of the ethyl acetate extract from the
aerial parts of Achillea ageratifolia subsp. serbica (1-chlorogenic
acid, 2-caffeic acid, 3-myricetin, 4-apigenin, 5-luteolin).

Ordinal Phenols* Flavonoids* C*
number Type of extracts (mgGAE/g (mgRUE/g 50
(ug/ml)
of extracts of extract) of extracts)
1 Aerial parts — water 18.61 £ 1.99* 10.90 + 0.74° 641.06 + 2.40
2 Aerial parts — acetone 43.78 £ 4.88¢ 34.02 £ 6.52¢ 732.07 + 6.47
3 Aerial parts - ethyl acetate 28.67 + 1.59° 27.86 + 0.47¢ 988.78 +2.80
4 Inflorescence - ethyl acetate 30.11 +2.94f 29.31 £ 1.29f 825.60 * 2.60
5 Root - ethyl acetate 33.00 + 4.698 10.79 + 1.07" 675.33 +2.21
6 Ascorbic acid (vitamin C) / 5+2.64

*mean value + standard deviation; different letters indicate significant differences between the mean values of phenols and flavonoids for

different extract types
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found in the ethyl acetate extract only (Table 2). The domi-
nant component in both extracts was luteolin, with a high-
er content (9.663 mg/g DW) in the acetone extract than
in the ethyl acetate extract (9.109 mg/g DW). Flavonoid
apigenin was found in the acetone extract at a concentra-
tion of 1.500 mg/g DW, while in the ethyl acetate extract
it presented at 1.162 mg/g DW. Flavonoid myricetin was
also present in both extracts, but with a four times higher
concentration in the acetone extract. The acetone extract
contained a higher amount of chlorogenic acid than the
ethyl acetate extract (1.249 and 0.398 mg/g DW, respec-
tively), while an inconsiderable amount of caffeic acid was
found in the ethyl acetate extract only (Table 2).

GC-FID and GC-MS analyses. A detailed chemical com-
positional analysis of the metabolites in the ethyl acetate
extract of the dry aerial parts of A. ageratifolia subsp. serbi-
ca allowed for the identification of thirty-two compounds,
accounting for almost 80% of the peak areas in the gas
chromatogram (Table 3). The volatile fraction of the ex-
tract was dominated by common wax constituents. The
n-alkanes comprised more than half of the composition,
with nonacosane (37.3%) and hentriacontane (9.8%) as
the most abundant. The n-alkane distribution followed the
usual pattern found in higher plants (tracheophytes) — of
high carbon preference index (CPI) with odd-numbered
carbon dominance centered at n-C, of a Gaussian-like
curve (RADULOVIC et al. 2012).

The analysis also showed the presence of steroid com-
pounds with a stigmastane nucleus and of triterpenes
widespread in terrestrial plants — stigmasta-5,22-dien-3p-
ol (stigmasterol, 1.0%), stigmast-5-en-3B-ol (B-sitosterol,
3.4%) and a-amyrin (2.9%).

Antioxidant activity of the extracts. The highest anti-
oxidant activity was detected in the water extract from
the aerial parts of the plant (IC, = 641.06 pg/ml) and
the ethyl acetate extract of the root (IC, = 675.33 pg/ml)

(Table 1). The lowest activity was detected for the ethyl
acetate extract from the aerial parts of the plant (IC =
988.78 ug/ml). Compared to the positive control (vita-
min C IC, = 5 pg/ml), the tested extract showed limited
antioxidant activity.

Antimicrobial activity. The intensity of the antibacteri-
al activity of the tested extracts depended on the species
of bacteria and the type of extract (Table 4). The values
of MIC and MBC were in the range from 39 pg/ml to >5
000 ug/ml. Gram-positive bacteria showed higher sen-
sitivity to the tested extracts than Gram-negative bacte-
ria. Clinical isolates of B. subtilis and S. aureus, as well
as S. aureus ATCC 25923 were sensitive to the tested
extracts (MIC 39-156 pg/ml, MBC 39-317 pg/ml), with
the exception of the water extract from the aerial parts.
The ethyl acetate extract of the root showed the highest
effect on B. subtilis (MIC 39 pg/ml), while the acetone
extract from the aerial parts showed the same effect on
both B. subtilis and S. aureus. The ethyl acetate extracts
of the inflorescence and root showed an inhibitory effect
on S. aureus and S. aureus ATCC 25923 (MIC from 78
to 156 pug/ml). The acetone extract from the aerial parts
of the plant exhibited an effect on certain Gram-neg-
ative bacteria. For E. coli ATCC 25922, the MIC value
was 156 pg/ml, while for E. coli and S. enterica, MIC
was 317 pg/ml

The MIC and MFC values for the tested yeasts were
in the range from 156 pg/ml to 5 000 pg/ml (Table 4).
Rhodotorula mucilaginosa showed sensitivity to the
ethyl acetate extract from the aerial parts and the root
of the plant (MIC 156 pg/ml), while C. albicans ATCC
10231 was sensitive to the ethyl acetate extract of the
inflorescence and root (MIC 317 pg/ml). When compar-
ing the results with the positive control, the ethyl ace-
tate extract from the aerial parts, the inflorescence, and
the root, as well as the acetone extract from the aerial
parts of the plant showed noticeable antifungal activity.

Table 2. The composition of the ethyl acetate extract from the aerial parts of Achillea ageratifolia subsp. serbica.

Compound t (min) Concentration’

Aerial parts (acetone) Aerial parts (ethyl acetate)
Chlorogenic acid 13.00 1.249 £ 0.04° 0.398 + 0.008°
Caffeic acid 13.58 - 0.346 + 0.008
Myricetin 19.62 2.297 + 0.06¢ 0.501 + 0.009¢
Apigenin 20.42 1.500 + 0.06° 1.162 + 0.05
Luteolin 21.30 9.663 + 0.108 9.109 + 0.11"

*mean value (mg/g dry extract) + standard deviation; different letters indicate significant differences between the mean values of phenols

and flavonoids for different extract types
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Table 3. The phenolic composition of the aerial parts of Achillea ageratifolia subsp. serbica.

RI calc.? Compound Content [%]® Identification Method
801 Hexanal T RLMS,Co-GC
1040 Lavender lactone T RL,MS
1148 Camphor 1.4 RILMS,Co-GC
1168 Borneol T RIMS,Co-GC
1288 Bornyl acetate T RIMS,Co-GC
1587 Caryophyllene oxide T RI,MS,Co-GC
1592 1-Hexadecene T RIL,MS
1792 1-Octadecene T RIL,MS
1845 Hexahydrofarnesyl acetone 0.5 RI,MS
1966 Hexadecanoic acid 2.9 RIL,MS,Co-GC
1993 1-Eicosene 0.6 RIL,MS
2137 (Z,2)-9,12-Octadecadienoic acid 1.2 RI,MS,Co-GC
2143 (Z)-9-Octadecenoic acid 1.8 RIL,MS,Co-GC
2245 Unidentified component 3.9
2300 Tricosane T RI,MS,Co-GC
2327 Unidentified component 2.1
2337 Unidentified component 2.0
2353 5-Methyl-5-(4,8,12-trimethyltridecyl) T RIL,MS

dihydro-2(3H)-furanone
2400 Tetracosane T RI,MS,Co-GC
2410 Eicosanyl acetate 0.7 RILMS
2500 Pentacosane 1.0 RI,MS,Co-GC
2529 Unidentified component 2.5
2554 Unidentified component 1.1
2600 Hexacosane T RLMS,Co-GC
2612 Docosyl acetate 1.1 RILMS
2618 Unidentified component 1.3
2700 Heptacosane 4.6 RLMS,Co-GC
2800 Octacosane 1.3 RI,MS,Co-GC
2813 Tetracosyl acetate 0.4 RILMS
2862 Unidentified component 1.8
2900 Nonacosane 37.3 RI,MS,Co-GC
3000 Triacontane 1.0 RI,MS,Co-GC
3100 Hentriacontane 9.8 RLMS,Co-GC
3141 a-Tocopherol T RI,MS,Co-GC
3157 Sesamin 3.5 RLMS
3211 Octacosyl acetate 1.4 RILMS
3255 Stigmasta-5,22-dien-33-ol 1.0 RILMS,Co-GC
3304 Stigmast-5-en-3f-ol 3.4 RILMS,Co-GC
3360 a-Amyrin 2.9 RI,MS
Identified 77.8
Unidentified (>1%) 14.7
Total 92.5

2 Linear retention indices experimentally determined on the DB-5MS column; " values are mean values from three individual analyses; RI —
retention indices matching with literature data; MS — mass spectra matching; Co-GC — co-injection with pure reference compound; < MS,
70eV, 230 °C: RI 2245, m/z (rel. int.): 133 (12), 105(19), 93(15), 91(20), 79(22), 71(24), 67(15), 55(16), 43(100), 41(16); RI 2327, m/z (rel. int.):
244 (19), 120(15), 105(14), 97(14), 91(29), 77(21), 67(14), 43(100), 41(22), 39(14); RI 2337, m/z (rel. int.): 148(34), 121(25), 120(95), 91(74),
92(40), 77(32), 67(22), 43(100), 41(25), 39(23); RI 2529, m/z (rel. int.): 165(41), 164(71), 150(43), 98(100), 70(50), 69(49), 67(43), 66(77),
55(82), 41(85); RI 2554, m/z (rel. int.): 164(19), 150(100), 98(23), 81(51), 70(28), 66(27), 67(21), 55(37), 43(41), 41(37); RI 2618, m/z (rel.
int.): 152(94), 124(42), 113(100), 98(51), 81(53), 70(47), 68(42), 67(63), 43(54), 41(70); RI 2862, m/z (rel. int.): 91(54), 85(49), 77(19), 70(22),
57(95), 56(20), 55(41), 43(100), 42(20), 41(56); t — Trace amounts (<0.05%).
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Table 4. The antibacterial and antifungal activity of the Achillea ageratifolia subsp. serbica extracts.

Type of extracts /positive controls Aerial parts Aerial parts Aerial parts Inflorescence Root Doxycicline /
(water) (acetone) (ethyl acetate)  (ethyl acetate) (ethyl acetate) = Fluconazole
Species MIC® MMC" MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC
B. pumilus NTCC 8241 >5000 >5000 2500 5000 1250 1250 2500 2500 5000 5000 0.112 7.81
B. subtilis 156 156 39 39 39 78 156 156 39 39 0.112 1.953
B. subtilis ATCC 6633 >5000 >5000 317 2500 5000 5000 5000 >5000 >5000 >5000 1.953 31.25
S. aureus >5000 >5000 39 39 156 317 156 317 78 156 0.448 7.81
S. aureus ATCC 25923 5000 5000 156 156 156 317 156 317 78 156 0.224 3.75
P. aeruginosa ATCC 27853 >5000 >5000 2500 >5000 2500 5000 5000 >5000 5000 >5000 @ 62.5 125
P. mirabilis ATCC 12453 2500 >5000 2500 5000 2500 5000 5000 5000 5000 5000 15.625 62.5
E. coli >5000 >5000 317 5000 5000 5000 >5000 >5000 >5000 >5000 7.81 15.63
E. coli ATCC 25922 >5000 >5000 156 2500 5000 5000 5000 >5000 >5000 >5000 15.625 31.25
S. enterica >5000 >5000 317 5000 5000 5000 5000 >5000 >5000 >5000 15.625 31.25
R. mucilaginosa 2500 5000 625 2500 156 1250 625 5000 156 2500 62.5 1000
C. albicans ATCC 10231 5000 5000 625 1250 625 625 317 2500 317 1250  31.25 1000

*minimal inhibitory concentration (MIC) and minimal microbiocidal concentration (MMC). The values are given in pg/ml

Antibiofilm activity. The results of in vitro antibiofilm
activity indicated that the tested extracts of A. ageratifolia
subsp. serbica showed no effect on the biofilm formation
ability of S. aureus ATCC 25923 (BIC, over 10000 ug/ml).
The exception was the ethyl acetate extract from the aerial
parts of the plant, with BIC,_ at 1770.7 ug/ml, thus mark-
ing the highest score in the research of antibiofilm activ-
ity. All the tested extracts showed an inhibitory effect on
the biofilm formation of P. aeruginosa ATCC 27853 (BIC,
from 2304.75 pg/ml to 3232.8 pg/ml). Only the ethyl ac-
etate extract of the inflorescence exhibited an effect on
the formed biofilm of P. aeruginosa ATCC 27853 (BIC,,
at 9170.85 pg/ml). Tetracycline (positive control) showed
activity on the biofilm formation of S. aureus ATCC 25923
(BIC,, at 250 ug/ml) and on P. aeruginosa ATCC 27853
(BIC,, at 156 pg/ml).

DISCUSSION

In this study, the chemical composition, antioxidant activ-
ity, and antimicrobial properties of different A. ageratifolia
subsp. serbica extracts were analyzed for the first time. In
addition, the in vitro activity of A. ageratifolia subsp. serbi-
ca extracts on the biofilm formation and formed biofilm of
S. aureus ATCC 25923 and P. aeruginosa ATCC 27853 was
also examined for the first time.

The total phenolic and flavonoid content investigated
in the methanolic extract of Achillea wilhelmsii C. Koch

indicated that the total phenolic content was 37.4 mg-
GA/g, while the total flavonoid content was 2.5 mgRU/g
(FatHI ef al. 2011). Our results indicate that the total phe-
nolic and flavonoid content in the acetone extract from
the aerial parts of A. ageratifolia subsp. serbica was higher
than the methanolic extract of A. wilhelmsii. Also, the total
phenolic content in all the extracts from the aerial parts
of A. ageratifolia subsp. serbica was lower than the total
phenolic content in the methanolic extracts of the aerial
parts of Achillea coarctata Poir., Achillea kotschyi Boiss.,
and Achillea lycaonica Boiss. et Heldr. (AGAR et al. 2015).
The reason for these differences may be found in the solu-
bility of the investigated content or in the different habitats
of the investigated species.

To our knowledge, there are no available data about
the phenolic composition of A. ageratifolia subsp. serbi-
ca. The ethyl acetate extract of the best known and most
investigated Achillea species, A. millefolium, showed the
presence of some common constituents: chlorogenic acid
(1.45 mg/g DW), caffeic acid (0.02 mg/g DW), and api-
genin (1.03 mg/g DW) (ABou Baker 2020). Compared
with the A. ageratifolia subsp. serbica extract, the A. mille-
folium extract possessed a higher content of chlorogenic
acid, while the amounts of caffeic acid and apigenin were
significantly lower.

AFSHARI et al. (2018) tested methanolic extracts of dif-
ferent Achillea species, e.g. A. santolina L., A. millefolium,
A. aucheri Boiss., A. nobilis L., A. filipendulina Lam., and
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A. pachycephala Rech.f. The common constituents found
in all the tested extracts were chlorogenic acid, caffeic
acid, luteolin, and apigenin. The ethyl acetate extract of
A. ageratifolia subsp. serbica contained a higher amount
of chlorogenic acid (0.398 mg/g DW) than the A. sant-
olina (38.22 mg/100 ¢ DW) and A. millefolium extracts
(2.84 mg/100 g DW), but lower than the A. aucheri (84.56
mg/100 g DW), A. nobilis (105.17 mg/100 g DW), A. fil-
ipendulina (124.23 mg/100 g DW), and A. pachycepha-
la (112.88 mg/100 g DW) extracts. The concentration of
chlorogenic acid in the acetone extract of A. ageratifolia
subsp. serbica (1.249 mg/g DW) was significantly high-
er compared with all the Achillea species tested in the
above-mentioned paper. Caffeic acid was found in sig-
nificantly lower concentrations in the Achillea species
reported by AFsSHARI et al. (2018) compared with the A.
ageratifolia subsp. serbica ethyl acetate extract, with the
exception of A. millefolium, where it was slightly high-
er (41.99 mg/100 g DW). The most significant difference
among all the tested Achillea species can be observed in
the content of the flavonoids apigenin and luteolin. A
comparison of the phenolic composition of the A. agerat-
ifolia subsp. serbica ethyl acetate and the acetone extracts
from Achillea species examined by AFSHARI et al. (2018),
showed that only the A. filipendulina methanolic extract
contained a similar amount of apigenin (151.50 mg/g
DW), while all the other species possessed significantly
(up to 12-fold) lower amounts. The dominant component
found in the A. ageratifolia subsp. serbica ethyl acetate
and acetone extracts, luteolin (9.109 and 9.663 mg/g DW,
respectively), was significantly higher compared with all
the tested Achillea species: A. santolina (6.17 mg/100 g
DW), A. millefolium (24.77 mg/100 g DW), A. aucheri
(0.53 mg/100 g DW), A. nobilis (25.88 mg/100 g DW), A.
filipendulina (2.74 mg/100 g DW), and A. pachycephala
(56.11 mg/100 g DW), thus suggesting that A. ageratifolia
subsp. serbica may be a significant source of flavonoids.

The analysis of A. ageratifolia subsp. serbica could be
important in understanding its potential biological activi-
ties and possible pharmaceutical usage. The n-alkane dis-
tribution followed the usual pattern found in higher plants
(tracheophytes) - of high carbon preference index (CPI)
with odd-numbered carbon dominance centered at n-C,,
of a Gaussian-like curve (RADULOVIC ef al. 2012). Further,
the presence of steroid compounds with a stigmastane nu-
cleus and of triterpenes, widespread in terrestrial plants,
was also detected (HERNANDEZ VAZQUEZ et al. 2012; VAL-
ITOVA et al. 2016).

FaTHI et al. (2011) investigated and demonstrated the
antioxidant activity of the methanolic extract of A. wil-
helmsii (IC, = 58.9 + 2.7 ug/ml). AGAR et al. (2015) re-
searched the antioxidant activity of methanolic extracts of
A. coarctata, A. kotschyi, and A. lycaonica grown in Turkey,
suggesting the strong radical scavenging activity of this
plant species. In the aforementioned study by AFSHARI et
al. (2018), the IC, values in the samples ranged from 365.5

ug/ml (A. pachycephala) to 854.1 pg/ml (A. millefolium).
Comparing the activities of the investigated plant extracts,
it can be seen that the extracts of A. ageratifolia subsp. ser-
bica showed moderate antioxidant activity. However, some
extracts of A. ageratifolia subsp. serbica showed higher an-
tioxidant activity than the methanolic extract of A. millefo-
lium from the study by AFSHARI et al. (2018).

Some researchers have shown that extracts from the
aerial parts of the following plants: A. clavennae, A. ho-
losericea, A. lingulata and A. millefolium, exhibit a wide
spectrum of antimicrobial activity related to certain
bacteria (S. aureus, E. coli, K. pneumoniae, P. aeruginosa
and S. enteritidis) and fungi (Aspergillus niger and C. al-
bicans) (StojaNoVvIC et al. 2005; S1 et al. 2006). MOHAM-
MADI-SICHANI et al. (2011) demonstated the inhibitory
effects of the methanolic extract from the aerial parts of
A. wilhelmsii on the growth of S. aureus, B. cereus, E. coli
and P. aeroginosa (MIC values from 6.25 to 25 mg/ml).
F1ERASCU et al. (2015) showed the very important in vit-
ro antifungal activity of the hydroalcoholic extract of A.
millefolium, which is in correlation with the results from
A. ageratifolia subsp. serbica.

It is known that plant extracts can inhibit the biofilm
formation of P aeruginosa ATCC 27853 and S. aureus
ATCC 25923 (PERUMAL & MAHMUD 2013; MURUZOVIC et
al. 2016). There are some data about the effects of Achillea
ageratum L. essential oil on the biofilm formation of C. al-
bicans (BIC 60% was 9 ug/ml) (VAVALA et al. 2009). How-
ever, the antibiofilm activity of extracts of A. ageratifolia
subsp. serbica has not been investigated to date.

CONCLUSION

Based on the results obtained in this research, it may be
concluded that the tested extracts of A. ageratifolia sub-
sp. serbica are important sources of specialized metabo-
lites, especially chlorogenic acid, myricetin, apigenin and
luteolin. Thirty-two compounds were identified using
GC-FID and GC-MS analyses. However, the antioxidant
activity of the tested extracts was moderate. The antibac-
terial activity of the tested extracts was shown against B.
subtilis and S. aureus, and the antifungal activity of the
extracts was significant. The tested extracts showed mod-
erate antibiofilm activity on the biofilm formation ability.
Based on the results, it could be concluded that the tested
extracts of A. ageratifolia subsp. serbica may be a signifi-
cant source of flavonoids, which is important due to their
high biological importance and proven health benefits.
Also, the marked extracts showed a potential for appli-
cation as biofungicides. Since the collection of this spe-
cies from natural habitats is not allowed in our country,
collection and potential usage should be based on plants
cultivated in nurseries, and not on those collected from
the wild. The additional effects of A. ageratifolia subsp.
serbica extracts and their fine mechanisms of action will
be disclosed in future studies.
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Fitohemijski sastav i bioloska aktivnost razlic¢itih vrsta ektrakata
Achillea ageratifolia subsp. serbica

Ivana D. RADOJEVIC, Mirjana 7. GRUjOViC, Ljiljana R. Comié¢, Milan S. Dekié, Gorica T. DJELié i
Nevena R. MiHAiLOViE

Achillea ageratifolia subsp. serbica je endemit sa podruéja Balkana koji je slabo istrazen i gotovo da nema podataka o potencijalnoj primeni
ove biljke. Svrha ove studije bila je istrazivanje fitohemijskog sastava kao i antioksidativne, antimikrobne i antibiofilm aktivnosti vodenog,
acetonskog i etil acetatnog ekstrakta spomenute biljke. Sastav fenola i flavonoida je utvrden kori$¢enjem HPLC-PDA analize, dok je hem-
ijski sastav etil acetatnog ekstrakta nadzemnog dela biljke istrazen korid¢enjem GC i GC-MS. Ispitivana je antioksidativna i antimikrobna
aktivnost, kao i inhibicija inhibicija sposobnosti formiranja i uticaj na formirani biofilm Staphilococcus aureus ATCC 25923 i Pseudomonas
aeruginosa ATCC 27853.Ukupni sadrzaj fenola kretao se u rasponu od 18,61 mgGAE/g ekstrakta do 43,78 mgGAE/g ekstrakta. Ukupni sa-
drzaj flavonoida kretao se u rasponu od 10,79 mgRUE/g ekstrakta do 34,02 mgRUE/g ekstrakta. Acetonski i etil acetatatni ekstrakti nadzem-
nog dela biljke sadrze hlorogenu kiselinu, miricetin, apigenin i luteolin. Analiza isparljivih sekundarnih metabolita etil acetatnog ekstrakta
nadzemnog dela biljke omogucila je identifikaciju trideset i dva sastojka. Najbolju antioksidativnu aktivnost pokazao je vodeni ekstrakt
nadzemnog dela biljke (IC,; = 641,06 ug/ml) i etil acetatatni ekstrakt korena (IC,, = 675,33 ug/ml). Bacillus subtilis i S. aureus su pokazali
osetljivost na testirane ekstrakte, dok je antifungalna aktivnost svih ekstrakata bila zna¢ajna. Ekstrakti su pokazali umeren inhibitorni efekat
na sposobnost formiranja biofilma P. aeruginosa ATCC 27853, dok je samo etil acetatni ekstrakt biljne cvasti pokazao uticaj na formirani
biofilm P. aeruginosa ATCC 27853. Testirani ekstrakti pokazali su potencijal za dalje ispitivanje i potencijalnu primenu kao biofungicidi.

Kljuéne reci: antimikrobna aktivnost, antibiofilm aktivnost, antioksidativno delovanje, fenoli, flavonoidi, Asteraceae
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