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Abstract

Studied is the antibacterial activity of methanol extracts and acetone exudates from the Bulgarian 
plants Achillea clypeolata, Artemisia annua, A. campestris, A. santonicum, A.  lerchiana, Micromeria dal-
matica, Origanum vulgare subsp. hitrum, Salvia sclarea, Salvia officinalis, Tanacetum parthenium, and 
Thymus yankae on the model pathogenic bacteria Pseudomonas aeruginosa, Escherichia coli, and Bacillus 
subtilis. Results from the experiments show that both, the methanol extracts and the acetone exudates re-
veal predominantly bactericidal activity. It was concluded that they can be used for generaion of novel and 
effective antimicrobials.
Keywords: antibacterial activity, methanol extract, acetone exudate, Bulgarian plants, Pseudomonas aeru-
ginosa, Escherichia coli, Bacillus subtilis
Резюме

Изследвана е антибактериалната активност на метанолови екстракти и ацетонови ексудати от 
българските растения Achillea clypeolata, Artemisia annua, A. campestris, A. santonicum, A. lerchiana, 
Micromeria dalmatica, Origanum vulgare subsp. hitrum, Salvia sclarea, Salvia officinalis, Tanacetum 
parthenium and Thymus yankae върху трите моделни щама патогенни бактерии Pseudomonas aeru-
ginosa, Еscherichia coli и Bacillus subtilis. Получените резултати показват, че както метаноловите 
екстракти, така и ацетоновите ексудати имат изразена предимно бактерицидна активност. Направен 
е извод, че те биха могли да представляват интерес за създаването на нови и ефективни препарати 
с антибактериална активност.

* Corresponding author: blaga@microbio.bas.bg

Introduction
The growing number of pathogenic micro-

organisms resistant to conventional antibiotics and 
antimicrobial drug therapy is an increasingly seri-
ous health problem. In recent years significant ef-
forts are focused on prospecting new effective ther-
apeutics to deal with multidrug-resistant pathogens. 
Researchers are now looking for new natural com-
pounds with antibacterial activity or focusing their 
efforts on the synthesis of derivatives of the already 
known pharmacophores (Tsirogianni et al., 2021). 
In this, the pharmaceutical products used today are 
either plant-derived natural products or their deriv-
atives (Vuong, 2021).

Bulgarian flora is famous for its richness of 
species with medicinal properties. Some of them 
are used for years and are approved by official med-
icine, others have limited use by local populations. 
However, a large part of plant diversity remains not 

studied enough despite the intensive and continu-
ous search for new sources of bioactive substances 
to conquer infectious diseases and antimicrobial 
resistance (Ríos and Recio, 2005). Among medic-
inal plants, the large family of Asteraceae is rich 
in species with proven strong antibacterial activity 
(Chiavari-Frederico et al., 2020; Trinh et al., 2020).

In the present study, unexplored species tax-
onomically closed to plants with proven antimi-
crobial activity from Asteraceae were selected for 
testing their antimicrobial activity. Two types of ex-
tracts from the selected species were tested, acetone 
exudates which are rich in non-polar compounds, 
and methanol extracts, which contain mostly polar 
ones. Results obtained in the study were discussed 
from the point of view of the type of action of the 
tested extracts as antibacterial agents (bacteriostat-
ic or bacteriocidic) against three model Gram (+) 
and Gram (-) pathogenic bacteria: Bacillus subtilis 
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(adopted as a model organism for pathogenic mi-
crobes such as Staphylococcus aureus for labora-
tory studies), Pseudomonas aeruginosa (important 
opportunistic pathogen, highly resistant to a large 
number antimicrobials), Escherichia coli (inhabits 
the gastrointestinal tract of humans and causes in 
some circumstances severe gastro-intestinal or uri-
nary infections).
Materials and Methods
Microorganisms

The strains P. aeruginosa NBIMCC 1390, E. 
coli K12, and B. subtilis 168 (Culture Collection of 
Institute of Microbiology) were used in this study. 
The cultures were maintained at 4ºC on Bacto agar 
(Difco) slants and were transferred monthly.
Culture Media and Growth Conditions

The bacterial strains were grown overnight in 
Mueller Hinton Broth (MHB) (HiMedia), at 37°C 
with agitation at 200 rpm.
Preparation of the standardized inoculum

The inocula were prepared in accordance 
with the Clinical Laboratory Standards Institute 
recommendation. The OD600 value was adjusted to 
the equivalent of 108 CFU ml−1. The viability graph 
was used to calculate the actual number of colo-
ny-forming units for each microorganism.
Plant material and preparation of the extracts and 
exudates

Plant material was collected from natural lo-
calities of the studied species (Achillea clypeolata 
Sm., A. annua L., A. campestris L., A. santonicum 
L., A. lerchiana L., Micromeria dalmatica Benth., 
Origanum vulgare subsp. hitrum Ietswaart., S. 
sclarea L., Salvia officinalis L., Tanacetum parthe-
nium (L.) Sch. Bip. and Thymus yankae L.).

To obtain methanol extracts the air-dried 
powdered plant material was extracted with meth-
anol for 24 hours at room temperature. After filtra-
tion, the organic solution was evaporated, and the 
dry extract was stored at 4°C.

To obtain acetone exudates the air-dried plant 
material (not powdered) was rinsed for 10 min 
with acetone at room temperature to dissolve the 
lipophilic components accumulated on the surface. 
After evaporation of the acetone, the residues were 
subjected to further analysis.
Gas chromatography-Mass spectrometry (GC/MS) 
analysis

The methanol extracts and acetone exudates 
were analyzed for their components by GC/MS. The 
spectra were recorded on a Thermo GC equipped 

with a Focus DSQ II mass detector coupled with an 
HP-5MS capillary column (30 m × 0.25 mm i.d., 
0.25 µm film thicknesses). The chromatographic 
conditions were described recently by Berkov and 
co-authors (Berkov et al., 2021).
Determination of the minimum inhibitory 
concentration (MIC) 

MIC of the plant extracts/exudates was per-
formed by Resazurin-based Microtitre Dilution As-
say. Resazurin was prepared at 0.02% and sterilized 
0.22 µm filter Millipor. The reagent was stored at 
4°C and used a maximum of 2 weeks after prepa-
ration.
Determination of the minimum biocidal 
concentration (MBC) 

MBC was accomplished by directly plating 
contents of wells with MIC or higher than the MIC 
value on inhibitors-free MHB agar plates. The con-
centration of inhibitors when there was no colony 
growth was taken as the MBC.
Preparation of 96 well-plates for testing reagents

Reagents were dissolved in 10% dimeth-
yl sulfoxide. The first row of the plate was filled 
with 100 µl of tested plant extracts. All the wells 
of plates were filled with 50 µl MHB. The tested 
concentrations of the different substances were 
achieved through double serial dilutions by starting 
transferring 50 µl test material from the first row to 
the subsequent wells in the next row of the same 
column. Resazurin solution at an amount of 30 µl 
was added to each well. A volume of 10 µl from 
bacterial suspension was added finally to each well 
to achieve a final concentration of 5×106 CFU/mL. 
The plates were incubated in a temperature-con-
trolled incubator at 37°C for 24 h. On completion 
of the incubation, the concentration of extracts in 
columns with no color change was taken as the 
MIC value.

Three controls were used in the experiment: 
(a) bacteria + MHB + resazurin; (b) respective plant 
extract in serial dilution + MHB + indicator) and 
(c) bacteria + MHB. All the experiments were per-
formed in triplicates and the average values were 
calculated for the MIC. The tested concentrations 
of methanol extracts and acetone exudates achieved 
through double serial dilutions were between 3 – 
0.025 mg.ml−1.
Results

As seen from Table 1, presenting the data on 
the antibacterial activity of the methanol extracts, 
the MIC values for P. aeruginosa were in the range 
from 0.05 mg ml-1 to 0.4 mg.ml-1, for E. coli – from 
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0.2 to 1.5 mg ml-1 and for B. subtilis – from 0.05 to 
0.4 mg.ml-1. The determined MBC for the differ-
ent extracts were between 0.1 and 1.5 mg.ml-1 for P. 
aeruginosa, between 0.75 and 3 mg.ml-1 for E. coli, 
and between 0.1 and 3 mg.ml-1 for B. subtilis.

As seen in Table 2, presenting the data on the 
antibacterial activity of the acetone exudates, the 
registered MICs of acetone exudates were in a wide 
concentration range: for P. aeruginosa – from 0.025 
to 0.75 mg ml-1 and for E. coli and B. subtilis – from 
0.025 to 0.4 mg.ml-1.

The GC-MS analyses (data not presented) 
showed that acetone exudates are rich of monoter-
penes - carvacrol (O. vulgare subsp. hirtum); diter-
penes - sclareol (S. sclarea), carnosol (S. officina-
lis); sesquiterpenes - artemisinic acid, arteannuin b 
(A. annua); coumarins - scoparone (A. campestris); 
sesquiterpene lactones (A. lerchiana) and flavonoid 

aglycones (A. santonicum, A. lerchiana).
The methanol contained in general mostly 

polar compounds. Mono- and disaccharides were 
detected as abundant, phenolic and organic acids, 
and polyols were also identified.
Discussion

Antimicrobial agents are usually regarded as 
bactericidal ones when the MBC/MIC ratio is less 
than 4 or equal. When this ratio is greater than 4 
the respective agent is usually considered to have a 
bacteriostatic effect (Venkateswarulu et al., 2019). 
On the basis of the results we received, the MBC/
MIC ratios calculated for the model strains suggest-
ed that most of the tested substances are agents with 
a bactericidal action (Table 1 and Table 2).

The analysis of the results demonstrated that 
the tested, methanol extracts and acetone exudates 

Table 1. Antibacterial activity of the methanol extracts

Methanol  
extracts from

P. aeruginosa 1390 E. coli K16 B. subtilis 168

MIC MBC
MBC/
MIC

MIC MBC
MBC/
MIC

MIC MBC
MBC/
MIC

A.clypeolata 0.20 0.20 1.0 0.75 3.00 4.00 0.40 3.00 7.50
A. annua 0.10 0.40 4.0 0.75 3.00 4.00 0.20 0.75 3.75
A.campestris 0.10 0.20 2.0 0.40 1.50 3.75 0.20 0.75 3.75
A.lerchiana 0.20 1.50 7.5 0.40 1.50 3.75 0.20 0.75 3.75
A. santonicum 0.05 0.20 4.0 0.20 1.50 7.50 0.05 0.10 2.00
M. dalmatica 0.40 0.40 1.0 1.50 3.00 2.00 0.75 0.75 1.00
O. vulgare hirtum 0.05 0.10 2.0 0.20 0.75 3.75 0.20 0.75 3.75
S. officinalis 0.05 0.20 4.0 0.20 1.50 7.50 0.10 0.20 2.00
S. sclarea 0.40 0.75 1.9 0.20 1.50 7.50 0.10 0.40 4.00
T. partenium 0.40 0.40 1.0 0.75 1.50 2.00 0.20 0.40 2.00
T. jankae 0.20 0.40 2.0 0.75 1.50 2.00 0.20 0.20 1.00

MIC - mg ml-1; MBC - mg ml-1

Table 2. Antibacterial activity of the acetone exudates

Acetone  
exudates from

P. aeruginosa 1390 E. coli K16 B. subtilis 168

MIC MBC
MBC/
MIC

MIC MBC
MBC/
MIC

MIC MBC
MBC/
MIC

A. annua 0.2 0.75 3.75 0.1 0.4 4 0.2 0.4 2

A. campestris 0.4 1 2.5 0.1 0.2 2 0.4 0.75 1.9

A. lerchiana 0.2 1 5 0.1 0.4 4 0.4 0.75 1.9

A. santonicum 0.2 0.75 3.75 0.1 0.4 4 0.1 0.75 7.5

S. officinalis 0.025 0.1 4 0.025 0.1 4 0.025 0.2 8

S. sclarea 0.05 0.2 4 0.025 0.4 16 0.025 0.2 8

T. partenium 0.75 1 1.3 0.4 0.4 1 0.4 1.5 3.75

MIC, mg ml-1; MBC, mg ml-1
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revealed predominantly bactericidal activity while 
the bacteriostatic one is less manifested. The meth-
anol extract and acetone exudate from A. lerchiana 
showed bacteriostatic action against P. aerugino-
sa 1390, while their action against the other two 
strains the action was bactericidal.

The action of the methanol extracts from A. 
santonicum, S. officinalis and S. sclarea on the E. 
coli K16 was bacteriostatic while only the acetone 
exudate from S. sclarea revealed a bacteriostatic 
effect on the same bacteria. However, the same ex-
tracts have bactericidal action against P. aeruginosa 
1390. The difference in the action of the tested sam-
ples against E. coli and P. aeruginosa was proba-
bly due to the differences in their surface structure 
composition. Although both strains are Gram-neg-
ative bacteria, their inner and outer membrane li-
pid ratios differ. Moreover, the porins in the outer 
membrane also differ.  The lack of members of the 
general porin in P. aeruginosa and the relatively 
limited expression of other porins results in a gen-
erally low outer membrane permeability. (Tamber 
and Hancock, 2004.). A possible explanation for 
the observed results could be that the tested bac-
tericidal extracts and exudates provoke changes in 
the outer membrane composition of P. aeruginosa 
leading to increased membrane permeability.

The methanol extract from A. clypeolata has 
a bacteriostatic effect only on B. subtilis 168 and in 
this case, we can conclude that the test substance 
has a selective effect on the model Gram (-) strains. 
The same selectivity was found also in the action 
of the acetone exudates from A. santonicum and 
S. officinalis. The observed bacteriostatic action is 
probably due to the lack of sporicidal effect of these 
extracts. The B. subtilis spore coat is a multilay-
ered protective structure composed of more than 70 
different proteins. The spores exhibit extraordinary 
resistance properties (McKenney et al., 2013).

Both the methanol extracts and acetone ex-
udates were found to have a complex multi-com-
ponent composition. Common for both, methanol 
extracts and acetone exudates is the presence of 
terpenes, polyols, and phenolic acids and we are 
inclined to conclude that each of these compounds 
individually and/or in combination allows for their 
antimicrobial activity.

In conclusion, tested in the present study 
methanol extracts and acetone exudates revealed 

predominantly bactericidal activity while the bac-
teriostatic one was less manifested. In this context, 
we are inclined to suggest further studies on the ex-
tracts and exudates which revealed a pronounced 
bactericidal effect aiming at the generation of novel 
and effective antimicrobials.
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