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Essential oils (EO) extracted from Achillea filipendulina, Prangos ferulacea,
and Pelargonium graveolens were investigated for their extraction yields and anti-
microbial activity. Aerial parts of the plants were harvested during the flowering or
early flowering stages from different regions of Armenia and subjected to hydro-
distillation using a Clevenger-type apparatus. The yield of essential oils reached
0.5% for A. Filipendulina, approximately 4% for P. Ferulacea and 0.1-0.2%
for P. graveolens. Antimicrobial activity was evaluated using disk-diffusion assays
against a panel of Gram-positive and Gram-negative bacteria, including antibiotic-
resistant Escherichia coli strains, as well as yeast species and presented by their
minimum inhibitory concentration values (MIC). All tested EOs exhibited
bactericidal activity with effective MIC values, although their efficacy was strain
dependent. Among the investigated oils, P. graveolens EO showed the broadest
antimicrobial spectrum, demonstrating strong antibacterial activity and exclusive
anti-yeast effects. Growth kinetics analysis further confirmed the inhibitory impact
of the EOs on both antibiotic-sensitive and resistant E. coli strains, as evidenced by
reduced specific growth rates and prolonged generation times. Overall, these
findings indicate that the studied essential oils, particularly P. graveolens, represent
promising natural antimicrobial agents and warrant further investigation.
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Introduction. The Armenian flora supports a rich tradition of medicinal and
aromatic plant use [1]. Three species were selected with both ethnobotanical signi-
ficance and modern pharmacological interest are Achillea filipendulina (Asteraceae),
Prangos ferulacea (Apiaceae) and Pelargonium graveolens (Geraniaceae) for the
investigation. Although taxonomically distinct, these plants converge in yielding
volatile oils and polyphenolic constituents that underpin antimicrobial, antioxidant
and anti-inflammatory activities [2-4].

According to some investigations the Achillea genus plants are chemically
diverse; A. filipendulina in particular produces a complex mixture of volatile terpe-
noids and non-volatile phenolics. The essential oil (EO) fraction is typically
dominated by monoterpenes and sesquiterpenes (for example, 1,8-cineole, camphor,
borneol, and various germacrenes or chamazulene precursors depending on
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chemotype), while the non-volatile fraction contains flavonoids (apigenin, luteolin
glycosides), phenolic acids (chlorogenic and caffeic acids) and tannins. Alkaloids
are generally low or absent (https://doi.org/10.1080/10412905.2021.1885510).
The relative proportions vary with genotype, phenological stage and environmental
factors (soil, altitude, harvest time). The chemical composition determines the
biological activity of the plant extracts or EO [5-7].

The investigations of Achillea species report a broad range of activities that
can be largely attributed to the synergy of volatiles and phenolics. Antimicrobial
effects against Gram-positive and Gram-negative bacteria, and certain fungal
species, are commonly demonstrated and associated with EO terpenoids and
phenolic compounds. Anti-inflammatory and analgesic activities correlate with
flavonoid and sesquiterpene content, while antioxidant capacity is mainly linked to
phenolic acids and flavonoids [8].

Additional properties reported in related Achillea taxa — wound-healing,
spasmolytic and hepatoprotective activities — make A. filipendulina an interesting
candidate for further bioactivity screening and phytochemical standardization [9].

In Armenia, Achillea species occur naturally in steppe, meadow and
across low to montane elevations (https://ace.aua.am/wp-content/uploads/2020/05/
Expanding_Plant_Species.pdf).

The P. ferulacea (Apiaceae family), produce an essential oil rich in
monoterpenes (often o- and B-pinene, p-cymene, limonene and related hydro-
carbons) and oxygenated terpenoids depending on chemotype [3]. Importantly,
Prangos species are well known for coumarins and furanocoumarins, which
contribute to biological activities but also demand careful toxicological
consideration (phototoxicity) [10].

The investigations on P. ferulacea and other species report antimicrobial and
antifungal activities attributable to EOs; antioxidant effects are linked to
polyphenols; and cytotoxic or enzyme-modulating activities are often traced to
coumarin derivatives [11].

P. ferulacea is native to the Caucasus Region and typically occupies
calcareous slopes, open rocky places and montane meadows. In Armenia it is most
likely encountered in foothill to subalpine zones, where soil is well drained and often
limestone-derived [12].

P. graveolens (geranium) is primarily valued for its EO — geranium oil, which
is rich in oxygenated monoterpenes. The oil commonly contains high proportions of
citronellol and geraniol, with ancillary amounts of linalool, citronellyl formate,
isomenthone, and various esters and aldehydes. Non-volatile constituents include
tannins and small amounts of flavonoids. The precise oil profile varies widely with
cultivar and growth conditions; commercial geranium oil chemotypes are often
selected for elevated citronellol/geraniol ratios [13].

Geranium oil exhibits antimicrobial, anti-inflammatory, and insect-repellent
properties. Citronellol and geraniol contribute to broad-spectrum antibacterial and
antifungal actions, while antioxidant activity is moderate and typically associated
with minor phenolic components. Topical preparations can show wound-healing and
anti-inflammatory effects; systemic uses require careful formulation to avoid skin
irritation [14].
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The aim of the present research was to investigate some features of
antibiotic activity of the EO extracted from A. filipendulina, P. ferulacea
and P. graveolens against different Gram-positive and Gram-negative bacteria
as well as some yeasts.

Materials and Methods.

Plant Material Collection and Essential Oil Extraction. Achillea filipendulina
Lam. plants were harvested from the Vayots Dzor Province of Armenia (Noravank
gorge) at 1770 m above sea level, in May-June, during the early flowering period.

Prangos ferulacea L. Lindl plants were harvested from the territory of
Yerevan (Armenia) at 850-1000 m above sea level, in May—June, during the early
flowering period.

Pelagonium graveolens L'Hér plants were harvested from Armavir Province
of Armenia (v. Nor Kesaria) at 900-950 m above sea level, in May, during the
flowering period.

EO has been extracted from the freshly collected aerial parts of the plant via
the traditional hydro-distillation method. The oil was extracted using Clevenger-type
apparatus as described before % [15].

Disk-diffusion Antimicrobial Activity Assay, Investigated Strains and
Growth Conditions. The antimicrobial activity of A. filipendulina, P. ferulacea and
P. graveolens EO was evaluated using the agar disk-diffusion method [5, 15]. Sterile
cellulose disks (6 mm in diameter) were impregnated with EO concentrations ranging
from 3.4 to 100 ug/mL, diluted in 96% ethanol. Ethanol served also as the negative
control, kanamycin (50 ug/mL) was also used as a negative control to assess
resistance, while tetracycline (15 ug/mL) was served as a positive control.
The inhibition zone diameters were measured after 24 h of incubation at 37°C.
For these cells from one colony were transferred to the liquid medium and grown
overnight at 37°C. An overnight culture obtained after 24 h was inoculated in MP
liquid media (peptone — 20 g/L, glucose — 2 g/L, NaCl — 5 g/L, K;HPO4 — 2 g/L,
pH 7.5). For the agar disk-diffusion method the media was supplemented with agar
(17 g/L). The test panel included both Gram-negative and Gram-positive bacterial
strains (Escherichia coli K-12, kanamycin-resistant E. coli pARG-25 (carry a high-
copy-cloning plasmid, which has a KanR cassette, providing resistance to
kanamycin), ampicillin-resistant E. coli DH5a-pUC18 (carry a low-copy-cloning
pUC18 plasmid, providing resistance to ampicillin), Bacillus subtilis WT-A17,
Staphylococcus aureus WDC 5233) as well as yeast species (Debaryomyces hansenii
WDC M104 and Candida guilliermondii NP-4). The microbial strains were
purchased from the Depository center of Scientific and Production Center
“Armbiotechnology” of the National Academy of Sciences of Armenia.
Antimicrobial efficacy was expressed in terms of minimal inhibitory concentration
(MIC) values.

Determination of Bacterial Growth Parameters. The generation succeeding
factor (G), the specific growth rate (x) of bacteria, and the cell doubling time were
determined by bacterial growth in liquid media, and measuring the density
of the solution by using the DEN-1 McFarland Densitometer (“Biosan”, Latvia).
The u was calculated by the following formula:
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InN, —InN;
= tp—t
where In N, -1n N; — logarithmic difference of doubled optical reading, t, — t; —
difference between doubling time. The cell doubling time was determined by the
In2/u equation [16].

Chemicals and also and reagents were obtained from “Sigma-Aldrich Co.
Ltd.” (Taufkirchen, Germany), “Carl Roth GmbH & Co. KG” (Karlsruhe, Germany),
and “VWR International” (Pennsylvania, USA).

Experimental data represent the mean + standard deviation (SD) from three
biologically independent replicates.

Results and Discussion. According to our results, the average yield of the
A. filipendulina essential oils was 0.5%, meanwhile the same parameter for the
P. ferulaceae was calculated to be around 4%. Scientific literature state that these
results exceeded the any previously documented data for these plant species [17, 18].
For instance, Bagherifar et al. (2019) documented the data of 10 Prangos species,
where the maximal yield of EO for immature seed and leaf samples were 3.0 + 0.16%
and 0.79 + 0.03%, respectively [18]. Literature suggests also that A. filipendulina
EO yields vary by plant part and developmental stage, with reported values ranging
from 0.11% for stems to 0.77% for leaves, and 0.22% to 0.78% for total aerial parts
during different growth phases [19] and average yield was 0.1-0.2%.

The optimal yield can be influenced by environmental factors and collection
time, with 100% flowering often showing higher yields and favorable components
for essential oil production.

Antibacterial Activity. The increased multidrug resistance of bacterial strains
led to the increased severity of diseases caused by them. Moreover, the ability of
bacteria to form biofilm-associated drug resistance has further increased the bacterial
infections [20]. In addition, usage of antibacterial agents at higher doses may cause
toxicity in humans. In this regard, plant extracts and EOs are potential candidates as
antimicrobial agents [15, 20]. The present investigation revealed that the most potent
EO is one extracted from P. graveolens, against which all tested microbial species
expressed the rather high sensitivity in disc-diffusion test (see Table).

The MIC values of A. filipendulina, P. graveolens, and P. ferulacea EOs
against the selected microbial strains

A.filipendulina | P.graveolens | P.ferulacea
Bacterial strains MIC values, ug-mL™*?
E. coli K-12 25 25 25
E. coli pARG-25 25 25 25
E. coli DH5a-pUC18 100 25 25
S. aureus WDC5233 25 100 -
B. subtilis WT-A17 25 25 50
C. guilliermondii NP-4 - 25 -
Deb. hansenii WDC M104 50 25 —

Overall, all three EOs exhibited comparable activity against E. coli K-12
and E. coli pARG-25 with MIC values of 25 ug-mL'. However, against E. coli
DH5a-pUC18, A. filipendulina EO showed reduced efficacy (MIC = 100 ug-mL™),
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while P. graveolens and P. ferulacea EOs maintained higher inhibitory activity
at 25 ug-mL™!, suggesting possible plasmid-related resistance mechanisms affecting
susceptibility. Among Gram-positive bacteria, A. filipendulina EO demonstrated
suppressing activity against S. aureus (MIC = 25 ug-mL™") (Fig. 1), whereas
P. graveolens EO was less effective (MIC = 100 ug-mL™") and P. ferulacea EO
showed no detectable activity. In contrast, both A. filipendulina and P. graveolens
EOs were equally effective against B. subtilis (MIC = 25 ug-mL™"). Notably,
P. graveolens EO was the only extract exhibiting anti-yeast activity, effectively
inhibiting C. guilliermondii and D. hansenii with MIC values of 25 ug-mL™', whereas
A. filipendulina EO showed weaker activity against D. hansenii (MIC =50 ug-mL™).
Collectively, these findings suggest that P. graveolens EO possesses the broadest
antimicrobial spectrum, including antifungal effects.

Fig. 1. The influence of different concentrations
of A. filipendulina EO on S. aureus WDC5233.

The MIC values determined are acceptable as effective, and the action of EO
in this study was evaluated as bactericidal.
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Fig. 2. The growth curves of E. coli K-12 (a) and kanamycin resistant E. coli pARG-25 (b) under the
treatment with A. filipendulina, P. graveolens, and P. ferulacea EOs. Control is the growing curve of
untreated bacteria.

The further investigation of EOs were carried out using their MIC values.
According to our results, the investigated EOs expressed highly suppressive influence
on two the specific growth Kkinetics of two selected bacterial strains — E. coli K-12
and E. coli pARG-25 (Fig. 2). The selection of this bacterial strains based on out
own results, according which all three EOs expresses the equal influence on them
(see Table).
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The values of calculated growth rate constants («) and generation time (G)
were also calculated for E. coli K-12 and E. coli pARG-25 treated with EOs (to=0
and t=1 h). The values of u for untreated control cells as well as treated with
P. ferulacea, A. filipendulina, and P. graveolens EOs were 0.472, 0.456, 0.42, and
0.39 h™!, respectively, for E. coli K-12. The mean generation time G for the same
variants were 1.47. 1.52, 1.65, and 1.78 h, respectively. For the kanamycin-resistant
E. coli pARG-25 cells in the same conditions the « values were 0.65, 0.434, 0.452,
0.198 h™! for untreated control and treated with P. ferulacea, A. filipendulina, and
P. graveolens EOs, respectively. G values were 1.06638, 1.597113, 1.533511,
3.500743 h, respectively.

Conclusion. The presented study demonstrates that the essential oils of
A. filipendulina, P. graveolens, and P. ferulacea exhibit notable antimicrobial
activity together with comparatively high extraction yields. All tested essential oils
showed bactericidal effects with effective MIC values, although their activity was
strain dependent. Among them, P. graveolens essential oil displayed the broadest
antimicrobial spectrum, including pronounced antibacterial and anti-yeast activity.
Growth kinetics analyses further confirmed the inhibitory effects of the essential oils
on both antibiotic-sensitive and resistant E. coli strains. Overall, these findings
highlight the potential of the investigated essential oils, particularly P. graveolens,
as promising natural antimicrobial agents warranting further study.

This study was done in Department of Biochemistry, Microbiology and
Biotechnology and Research Institute of Biology, Yerevan State University.
The plant samples are available in the Department of Restoration and Conservation,
Institute of Ancient Manuscripts, Matenadaran, Yerevan, Armenia.
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Achillea filipendulina, Prangos ferulacea L Pelargonium graveolens
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Uwnwugyud tptpuynintph wpnuwnpnnuijutnipynibp A. filipendulina-h hwdwp
hwuty t 0,5%-h, P. ferulacea-h hudwp' dnnwynpuwtiu 4%-h, P. graveolens-h’
0,1-0,2%-h: <wljuiwbptughtt wmpynipyniop qwhwnyty L ujujunuljuht
nhonighntt dbpnnny gpud-npujub b gpud-puguuwut dwaptitph dh
owipp pudptiph Gundwdp, Ghpunyu hwjuphnnhy-nhdwgynia E. coli ynuwd-
ttiph, hyybu twl npny pdnpuubiitiph L wpynibpbbipp Gipuywgyly th
npubg ijuqugnyb wpgljulnn nbghtmpughuyh wpdtipitinny (LW4): Annp
thnpawpuod Gebpuwynintipp gniguptinly G hwjudwinbughtt wmhynignid’
huy nputg wpynibuytimnieniin uhjud tp dwbpth mundhg: Mrundbw-
uhpqwd tpbpuwnintph wppnid P. graveolens-h tptpuyninp gnigwptipt) k
wikiuuy b hwluiwipbuyhtt uytiupp” gnigupbipng nidtin hwjupwyntiphuy
b hwluwhidnpuubjuyhtt wyumhynipnit: Wah Jhbttmhiuyh Jbpnionipiniop
htimwquynmd hwumwnty E Gpbpuynintinh wipgbjuynn wgntigniggniin hbsuytu
E. coli hmjuphnunhy-qquynit, wybwtiu £ Juynib ymwdttph Ypw, hish dwuho
b Jyuynid wéh mbuwupun wpugnipjud fugnudp b jpyiogunmipiui
dudwbwlyp: Chnhwbnip wndwdp, wyju wpynibpbtipp gnyg G wwhu, np
niuntdtwuhpyud tptpuynintipp, dwubwynpuwtiu P. graveolens-p, Gtipluywug-
tnid G0 fununnidtiwhg piwjutt hwjudwipbughtt yniptp b ywhwbenid G
htimwqu htimugnunipynib:

JI. 1O0. MAPT'APSH

CPABHUTEJIbBHASL OLHEHKA AHTMMHWKPOBHOI'O TIOTEHLIMAJIA
3OUPHBIX MACEJT ACHILLEA FILIPENDULINA, PRANGOS FERULACEA
U PELARGONIUM GRAVEOLENS

beun uccnenoBansl ddupHbie Macna (OM), usBnedeHnoie u3 Achillea
filipendulina, Prangos ferulacea u Pelargonium graveolens, na npenmer ux anTu-
MHKpOOHO# akTHBHOCTH. Haa3eMHbIe YyacTu pacTeHuit coOupanu B mepuo/l 1BeTe-
HHUS B Pa3IMYHBIX pPErHoHaX ApPMEHHHM W TIOJABEPraid THIAPOAMCTHLUISILIUN C
UCIIOJIb30BaHueM amnmapara tuna KieseHmkepa. Boixos ahupHbIX Macen JocTura
0,5% ms A. Filipendulina, mpubnusutensao 4% ams P. Ferulacea u 0,1-0,2% st
P. graveolens. AHTUMHKPOOHYIO aKTHBHOCTb OLCHHBAIH C MOMOIIBIO JIHCK-
1 GYy3HOHHOTO aHalIW3a MPOTHB psifa TPAMIIOJIOKHUTEIBHBIX M TPaMOTPHIA-
TENBHBIX OaKTEpHii, BKIIFOYasl yCTONUMBBIC K aHTHOMOTHKAaM mTamMmbl Escherichia
coli, a Tarke BHIBI IPOXOKSH, W TMPEJCTABISUIM 3HAUCHHUS MHUHUMAIbHOM
nHTHOupytomen koHnentpannu (MHUK). Bee nmporectupoBannbie 3upHBIE Macia
NPOSIBISIA OaKTEPHUIIUIHYI0 aKTHBHOCTh ¢ d(dextrBHbIME 3HaueHusiMu MUK,
XOTS MX S(QQPEKTUBHOCTh 3aBUCeNa OT mramma. Cpeau HCCIeTOBaHHBIX Macel
a¢upHoe Macio P. graveolens mokasano camplii ITUPOKUI aHTUMUKPOOHBIH CIIEKTP,
HPOJICMOHCTPHPOBAB CHIBHYIO aHTHOAKTEPUAIbHYI0 aKTUBHOCTH Y TIPOTHBOJIPOK-
)KEeBOEe JIeHCTBUE. AHAIN3 KHHETHKH POCTa JIOMOJHUTEIBHO MOITBEP/IHI HHTHOM-
pyoliiee AeicTBrE IPHUPHBIX Maces KaKk Ha 4yBCTBHTEIIbHbIC, TAK M HA YCTOWYHBBIC
K aHTHOMOTHKaM mrammbl E. COli, 0 4eM CBHIETENBCTBYET CHIKEHHE YICIbHOM
CKOPOCTH pOCTa M yBEIWYCHHE BPEMEHH TIeHepaluu. B memoM, 3TH pe3yiabTaThl
NOKa3bIBAIOT, 4YTO W3YyYeHHbIe J(HpHbIE Macia, ocobeHno P. graveolens,
SIBJISIOTCS TIEPCHEKTUBHBIMU TPUPOJHBIMUA HPOTHBOMHUKPOOHBIMH CPEICTBAMU U
3aCITy’)KUBAIOT JaIbHEHIIEro N3yYeHHUsI.



