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Abstract: The aim of our study was to evaluate and compare the antioxidant and antimicrobial activity of aque-
ous, methanol and chloroform extracts of leaves of Allium ursinum (A. ursinum). Total phenol (TPC) and
flavonoid (TFC) content in extracts and antioxidant activity using DPPH (1,1- diphenyl-2-picrylhydrazyl) assay
were determined spectrophotometrically. /n vitro antimicrobial activity was tested by the microdilution method.
The highest TPC and TFC were observed for chloroform extract. The extracts showed different degrees of
antimicrobial activity. The intensity of antimicrobial action varied depending on the group of microorganisms
and the type of extracts. Our results demonstrated a rational basis for the traditional uses of A. ursinum in alle-
viation of oxidative stress and against various pathogenic microorganisms.
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Allium ursinum L. (A. ursinum, family Ama-
ryllidaceae), better known under the name of wild
garlic, ramson or bear’s garlic is a perennial herba-
ceous plant. It naturally grows in fens and marshes
of Europe and Asia (1-3). Increasingly, popular in
European kitchen A. ursinum can be used as a salad,
spice or vegetable since all parts of the plant are edi-
ble. Throughout history leaves, bulbs and the aerial
part of this plant species have been used in tradi-
tional medicine as therapeutic and prophylactic
agents (4-6).

Numerous biologically active compounds
enable this plant species to be implemented in the
healing of various conditions for years. The most
common are sulfur compounds which are consid-
ered to largely contribute to the pharmacological
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activity and from which originates a characteristic
smell and taste (7). In addition to a significant pres-
ence of phenols, flavonoids, there are in a lesser
extent other steroidal glycosides, amino acids, fatty
acids, lecithin, essential oil (4, 8, 9). The afore-
mentioned bioactive compounds can be exploited
and used in the form of various extracts. Experi-
mental investigations indicate the efficiency of the
application A. ursinum in prevention and treatment
of many diseases such as cardiovascular diseases,
cancer, obesity, diabetes, disorders of the gastroin-
testinal tract, elevated cholesterol level, as well as
the inflammatory diseases (10-14).

It’s been known that the applied extraction
method and extraction solvent may substantially
affect the quality and concentration of targeted com-
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pounds, thus affecting the overall biological effects
of the obtained extract. Antimicrobial and antioxi-
dant effects of A. ursinum extracts have been
demonstrated, however, the information in this field
is still lacking. Moreover, the true impact of solvents
of different polarity on the potential of A. ursinum
extracts against different microorganisms and oxida-
tive stress has still to be understood (15-17).
Extraction solvent should be selected based on the
compounds targeted by the process, based on its
selectivity, safety, cost, and availability (18, 19).

Therefore the aim of our study was to evaluate
and compare the antioxidant and antimicrobial
activity of aqueous, methanol and chloroform
extract of A. ursinum leaves.

MATERIALS AND METHODS

Plant material and extract preparation

Fresh A. ursinum L. leaves (25 g) were collect-
ed in May from mountain Bukulja (44°17°55 N;
20°31°45 E). All plant samples were free of external
damages, hand-selected, and chopped before analy-
sis. Identification of plant material was performed at
the Department of Biology, Faculty of Science in
Kragujevac and botanical garden of Department of
Biology, Faculty of Natural Sciences, University of
Belgrade. Pulverized plant material was extracted
with an appropriate solvent (water, methanol and
chloroform; 500 mL) by heat reflux extraction (2 h).
The reflux extraction involves mixing plant materi-
al with a suitable solvent in a ratio of 1 : 20 to the
boiling temperature of the solvent. The thus-
obtained extracts were evaporated under reduced
pressure to constant weight. All dried extracts were
weighed to determine the extraction yield and kept
at 4°C prior to experimental studies (20). The yield
of extracts: water, methanol and chloroform were
4.15 g, 4.20 g and 4.27 g respectively.

Chemicals

1,1-Diphenyl-2-picryl-hydrazyl-hydrate
(DPPH), Folin—Ciocalteu reagent, (%)-catechin,
were purchased from Sigma (Sigma— Aldrich
GmbH, Sternheim, Germany). Gallic acid was pur-
chased from Sigma (Sigma, St. Luis, 91 MO, USA).
All other chemicals and reagents were of analytical
reagent grade.

Determination of the total phenolic (TPC) con-
tent

Determination of the total phenols was per-
formed by the previously reported method (21). The
total phenol value was expressed as mg of gallic

acid equivalents (GAE) per gram of dry weight
(dw).

Determination of the total flavonoid (TFC) con-
tent

The content of flavonoids was calculated by
aluminum chloride colorimetric method (21). Total
flavonoid content was expressed as mg of quercetin
equivalents (QE) per g of dw.

Analysis of individual
(HPLC-MS/MS)

Extracts were diluted with 50% methanol to
obtain three concentrations of 20.0, 2.0 and 0.2
mg/mL. Fifteen working standards, ranging from
1.53 ng/mL to 25.0-10° ng/mL, were prepared by
serial 1 : 1 dilutions of a standard mixture with a
mixture of distilled water and methanol (1 : 1).
Samples and standards were analyzed using Series
high-performance liquid chromatograph (Agilent
Technologies 1200) coupled with Triple Quad tan-
dem mass spectrometer with electrospray ion source
(Agilent Technologies 6410A).

Five microlitres were injected into the system,
and compounds were separated on Zorbax Eclipse
XDB-C18 (50 mm x 4.6 mm, 1.8 um) rapid resolu-
tion column held at 50°C. Mobile phase consisting
of 0.05% aqueous formic acid (A) and methanol (B)
was delivered at flow rate of 1 mL/min in gradient
mode (0 min 30% B, 6 min 70% B, 9 min 100% B,
12 min 100% B, re-equilibration time 3 min). Eluted
components were detected by MS, using the ion
source parameters as follows: nebulization gas (N2)
pressure 50 psi, drying gas (N2) flow 10 L/min and
temperature 350°C, capillary voltage 4 kV, negative
polarity. Data were acquired in dynamic SRM
mode. For all the compounds, peak areas were deter-
mined using Agilent MassHunter Workstation
Software — Qualitative Analysis (ver. B.03.01).
Calibration curves were plotted and samples’ con-
centrations calculated using the Microsoft Excel
software.

phenol compounds

Evaluation of antioxidant activity

Antioxidant potential of extracts was deter-
mined using previously adapted assays for 96-well
microplates related to free radical scavenging abili-
ty towards DPPH (1,1-diphenyl-2-picrylhydrazyl)
(22). Ten microliters of each A. ursinum extract in
series of concentrations (0.125-16 mg/mL), were
added to 100 pL of 90 ymol/L DPPH solution in
methanol, and the mixture was diluted with addi-
tional 190 pL of methanol. In controls, the 10 pL of
the sample was substituted with water (for A.
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ursinum aqueous extract), 50% methanol (for A.
ursinum methanol extract) or DMSO (for A. ursinum
chloroform extract). Measurements of absorbance
were read at 515 nm after 1 h. All samples and the
control were made in triplicate. The percentage of
inhibition achieved by different concentrations of
samples was calculated by using the following equa-
tion: I (%) = (A, — A)/A, x 100, where A, was the
absorbance of the control reaction and A was the
absorbance of the examined samples, both corrected
for the value of the corresponding blank probes.
Corresponding inhibition-concentration curves were
drawn using Origin software, version 8.0 and ICs,
values (concentration of extract that inhibited
DPPH* formation by 50%) were determined. For
each assay final result was expressed as the mean +
standard deviation (SD) of three measurements.

In vitro antimicrobial assay
Test substances

The tested extracts were dissolved in DMSO
and then diluted into a nutrient liquid medium to
achieve a concentration of 10%. Dimethyl sulfoxide
(DMSO) was purchased from Acros Organics
(NewlJersey, USA). Resazurin was obtained from
Alfa Aesar GmbH & Co. (KG, Karlsruhe, Germa-
ny). An antibiotic, doxycycline (Galenika A.D.,
Belgrade), was dissolved in a nutrient liquid medi-
um, a Mueller—Hinton broth (Torlak, Belgrade),
while antimycotic, fluconazole (Pfizer Inc., USA)
was dissolved in Sabouraud dextrose broth (Torlak,
Belgrade).

Test microorganisms

The antimicrobial activity of A. wursinum
extracts was tested against 20 microorganisms. The
experiment involved 10 strains of pathogenic bacte-
ria, including six standard strains and four clinical
isolates. Also, seven mold species and three yeast
species were tested, including five standard strains
and five isolates from food and nature. All clinical
isolates were a generous gift from the Institute of
Public Health, Kragujevac. The other microorgan-
isms were provided from the collection held by the
Microbiology Laboratory Faculty of Science,
University of Kragujevac.

Suspension preparation

The bacterial suspensions were prepared by the
direct colony method. The turbidity of the initial
suspension was adjusted using a densitometer
(DEN-1, BioSan, Latvia). When adjusted to the tur-
bidity of the 0.5 McFarland’s standard (23) the bac-
teria suspension contains about 10* colony forming

units (CFU)/mL and the suspension of yeast con-
tains 10° CFU/mL. Ten-fold dilutions of the initial
suspension were additionally prepared into sterile
0.85% saline. Bacterial inoculi were obtained from
bacterial cultures incubated for 24 h at 37°C on
Miiller-Hinton agar substrate and brought up by
dilution according to the 0.5 McFarland standard to
approximately 10° CFU/mL. Suspensions of fungal
spores were prepared from fresh mature (3-to 7-day-
old) cultures that grew at 30°C on PDA (Potato
Dextrose Agar). Spores were rinsed with sterile dis-
tilled water, used to determine turbidity spectropho-
tometrically at 530 nm, and then further diluted to
approximately 10°CFU/mL according to the proce-
dure recommended by NCCLS (24).

Microdilution method

Antimicrobial activity was tested by determin-
ing the minimum inhibitory concentrations (MIC)
and minimum microbicidal concentration (MMC)
using the microdilution plate method with resazurin
(25). The 96-well plates were prepared by dispens-
ing 100 pL of nutrient broth, Mueller—Hinton broth
for bacteria and Sabouraud dextrose broth for fungi,
into each well. A 100 pL aliquot from the stock solu-
tion of the tested extracts (with a concentration of 10
mg/mL) was added into the first row of the plate.
Then, twofold serial dilutions were performed by
using a multichannel pipette. The obtained concen-
tration range was from 5 to 0.078 mg/mL. The
method is described in detail in the reported paper
(26).

Doxycycline and fluconazole were used as a
positive control. 10% DMSO (as solvent control
test) was recorded not to inhibit the growth of
microorganisms. Each test included growth control
and sterility control. All the tests were performed in
duplicate and the MICs were constant. Minimum
microbicidal concentrations were determined by
plating 10 pL of samples from wells where no indi-
cator color change or no mycelia growth was recor-
ded on nutrient agar medium. At the end of the incu-
bation period, the lowest concentration with no
growth (no colony) was defined as the minimum
microbicidal concentration.

Statistical analysis

IBM SPSS Statistics 20.0 for Windows was
used for statistical analysis of the antioxidant activ-
ity of extracts. Descriptive statistics were used to
calculate the arithmetic mean with dispersion meas-
ures (standard deviation SD and standard error SE).
Data were expressed as mean * standard error (SE).
Shapiro—Wilk test was used to check the distribution
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of data. Data were analyzed using a one-way analy-
sis of variance (ANOVA) and the post hoc
Bonferroni test for multiple comparisons. Values of
p < 0.05 were considered to be statistically signifi-
cant, while values of p < 0.01 were considered to be
highly significant.

RESULTS

Determination of the total phenolic (TPC) and
total flavonoid content (TFC)

Quantitative phytochemical analysis of major
compounds found in extracts from A. ursinum leaves
is presented in Table 1. The highest TPC was
observed in the chloroform extract (60.47 £ 5.95 mg
gallic acid equivalents/g of dw) while the lowest in
the methanol extract (33.29 % 3.13 mg gallic acid
equivalents/g of dw). The chloroform extract also
shows the highest TFC value (34.76 = 1.31 mg
quercetin equivalents/g of dw) compared to

Table 1. Total phenol and flavonoid content of A. ursinum extracts.

methanol (6.86 + 0.10 mg quercetin equivalents/g of
dw) and aqueous (3.34 + 0.05 mg quercetin equiva-
lents/g of dw) extract.

Analysis of individual phenol compounds
(HPLC-MS/MS)

Results of the HPLC-MS / MS analysis of
these extracts indicate the presence of a number of
different bioactive compounds presented in Table 2.
Major phenolics present in all extracts are kaempfer-
ol 3-O-Gl, kaemferol and ferulic acid.

Antioxidant activity

DPPH assay applied in our study is one of the
most commonly used methods for determining
antioxidant capacity in vitro (22). Our results are
presented in Table 3. These results indicate that the
highest DPPH activity and lowest IC50, which cor-
responds to the strongest antioxidant activity, was
found in the case of methanol extract. On the con-

Aqueous extract

Methanol extract Chloroform extract

Total phenolics

(mg gallic acid equivalents/g of dw) * 34.55 £3.49 33.29+£3.13 60.47 £ 5.95 @
Total flavonoids
(mg quercetin equivalents/g of dw) * 3.34 £ 0.05 6.86 £0.10 a 3476 £ 1.31 =

Values are presented as mean value + SD of three measurements; “statistical significance at the level of p < 0.01 in incomparison to aque-
ous extract. "statistical significance at the level of p < 0.01 in comparison to methanol extract.

Table 2. Quantitative and qualitative analysis of individual compounds found in A. ursinum extracts expressed as pg/g of dry extract.

A. ursinum A. ursinum A. ursinum
aqueous extract methanol extract chloroform extract
p-coumaric acid 18.79 = 1.69 9.92 £0.89 2.22 £0.20
Ferulic acid 12.59 + 1.26 7.55+0.76 33.88+3.9
Kaempferol 10.20 £ 0.71 6.75 £ 0.47 38.70 £2.71
Kaempferol 3-O-Glc 10 £ 42 376 £ 15 10+£0.4
Ursolic acid 1.13£0.01 1.57 £0.01 12.80 + 0.08

Table 3. DPPH free radical scavenging activity of the A. ursinum extracts (AU).

Aqueous extract

Methanol extract

Chloroform extract

DPPH
IC,, values (png/mL) *

154.25 £ 3.50

111.04 £7.69*

391.79 £ 33.01%

Values are presented as mean value £ SD of three measurements. “statistical significance at the level of p < 0.05 in comparison to aqueous
extract; “statistical significance at the level of p < 0.01 in comparison to aqueous extract; "statistical significance at the level of p < 0.01

in comparison to methanol extract.
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Table 4. Antibacterial activity of aqueous, methanol and chloroform extracts of A. ursinum.

Type of extracts Aqueous Methanol Chloroform Doxycycline
extract extract extract
Species MIC MMC MIC | MMC | MIC | MMC MIC | MMC
Staphylococcus aureus 5 5 5 5 2.5 2.5 0.448 | 7.81
S. aureus ATCC 25923 >5 >5 >5 >5 5 >5 022 | 375
Bacillus cereus 5 >5 5 >5 2.5 2.5 0.977 | 7.81
Bacillus subtilis >5 >5 >5 >5 5 5 0.112 | 1.953
B. subtilis ATCC 6633 2.5 5 1.25 2.5 0.313 | 0.625 1.953 | 31.25
Escherichia coli ATCC 25922 >5 >5 >5 >5 >5 >5 15.63 | 31.25
Proteus mirabilis ATCC 12453 >5 >5 >5 >5 5 >5 15.63 | 62.5
Pseudomonas aeruginosa ATCC 27853 >5 >5 >5 >5 >5 >5 62.5 125
Cronobacter sakazakii ATCC 29544 >5 >5 >5 >5 >5 >5 / /
Salmonella enterica >5 >5 >5 >5 >5 >5 15.63 | 31.25

'MIC and *"MMC values - means inhibitory activity and microbicidal activity; for plant extracts are given as mg/mL; for antibiotic are given

as pg/mL.

Table 5. Antifungal activity of aqueous, methanol and chloroform extracts of A. ursinum.

Type Aqueous Methanol Chloroform
of extracts extract extract extract Fluconazole

Species MIC MMC MIC MMC MIC MMC MIC MMC
Rhodotorula mucilaginosa 5 5 2.5 5 >5 >5 31.25 500
Saccharomyces boulardii >5 >5 >5 >5 0.625 5 7.81 31.25
Candida albicans ATCC 10231 5 >5 >5 5 >5 31.25 62.5
Penicillium expansum >5 >5 5 >5 >5 >5 / /
P. chrysogenum 5 >5 5 >5 >5 >5 1000 1000
P. italicum 2.5 >5 25 >5 5 >5 250 500
Trichoderma viridae ATCC 13233 5 >5 5 >5 2.5 5 500 1000
Aspergillus flavus ATCC 9170 >5 >5 >5 >5 0.625 2.5 500 500
A. fumigatus ATTC 204305 >5 >5 5 >5 2.5 5 1000 1000
A. niger ATCC 16404 5 >5 >5 0.313 2.5 1000 1000

'MIC and "MMC values - means inhibitory activity and microbicidal activity; for plant extracts are given as mg/mL; for antimycotic are

given as pg/mL.

trary, the minimum antioxidant potential was
revealed for chloroform extract.

In vitro antimicrobial activity

The results of in vitro antimicrobial activity of
extracts against 20 strains of bacteria and fungi, with
control results, were determined by microdilution
method. The results are presented in Tables 4 and 5.
It was observed that the growth of microorganisms
was not inhibited by 10% DMSO. Generally, the
extracts showed different degrees of antimicrobial

activity. The intensity of antimicrobial action varied
depending on the group of microorganism, and the
type of extracts. MICs and MMCs values were in
range from 0.313 to > 5 mg/mL. Among the tested
substances the most significant activity showed
chloroform extract, both on Gram-positive bacteria
and filamentous fungi. The same extract showed
better antifungal activity than the positive control
(MIC - 0.313 mg/mL on A. niger ATCC 16404).
Among bacteria, B. subtilis ATCC 6633 showed the
highest sensitivity to the tested extracts. The tested
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extracts showed the lowest antimicrobial activity on
the Gram-negative bacteria (MICs were mostly > 5
mg/mL).

DISCUSSION AND CONCLUSION

There is evidence suggesting that solvent
polarity strongly affects the concentration of S-con-
taining compounds and pharmacological activity of
A. ursinum extract (27, 28). However, the difference
between total phenol and flavonoid content as well
as antimicrobial and antioxidant activity of water,
methanol and chloroform extracts of A. ursinum has
not been fully clarified so far. Previously conducted
studies referring to phytochemical and pharmaco-
logical profile of A. ursinum were mostly oriented
on the extraction of this plant species on room tem-
perature, while we applied extraction under reflux
for obtaining extract. Since storing of A. ursinum
over time slightly induces a loss in sulfur-containing
volatile bioactive molecules, but not in phenolic
compounds, the findings of our research reflect the
potential for using ramsons during the whole year,
not only in blooming period. Therefore, we assessed
total phenol and flavonoid concentration, anti-oxi-
dant and antimicrobial potential of the aqueous,
methanol and chloroform extracts derived from the
leaves of this plant species using heat reflux extrac-
tion.

According to the literature data, the organosul-
fur compounds (OSCs) and non-volatile S-alk(en)yl
cysteine sulfoxides (ACSO) are known to possess
numerous bioactive properties characteristic for
Allium genus. However, it’s been found that these
compounds are thermally labile and capable of
undergoing heat-induced non-enzymatic transfor-
mations. Results of previous studies showed that
prolonging the thermal treatment to 20 or 30 min
decreased their concentrations of allyl polysulfides
(29-31). The highest TPC and TFC in this investiga-
tion were observed in the chloroform extract.
Previous research showed that methanolic extracts
had a higher value of TPC compared to water, how-
ever, in our study, there was no difference between
the TPC content of these two types of extracts (27).
It has been previously noticed that locality from
which plant material is collected affects the chemi-
cal composition and antioxidant activity of ethanolic
extract of A. wrsinum (32). However, extraction
under reflux has an advantage toward ultrasonic
extraction applied in that study, since degradation of
some bioactive compounds might occur during son-
ication (33). Besides the method of extraction, our
results strongly confirm that the extraction solvent

affects the phenolic content. The amount of pheno-
lic compounds in the extracts to a large extent beside
the solvent depends on the polarity of the extraction
mode (34). The important factor that affects the con-
centration of active components is harvest time (2,
35, 36).

The polarity of the solvent used for extraction
directly affects not only the quantity of TF but also
the composition of flavonoids and other polypheno-
lic compounds (37). The solubility of biomolecules
varies depending on the polarity of the solvent, thus
explaining the different qualitative and quantitative
composition of examined extracts. Factors that
mostly affect the solubility of polyphenols are their
molecular size, the presence and position of
hydroxyl groups and the length of hydrocarbon
chains (38).

In our study, we used DPPH method in order to
determine the antioxidant effect of A. wursinum
extracts. DPPH method is a useful and reliable tool
for estimating free-radical scavenging activity of
phenolic compounds (22). The highest activity was
observed for methanol extract, followed by the
aqueous extract. The high antioxidant potential of
our extracts was partially influenced by the extrac-
tion on elevated temperature since it has been
reported that an increase in extraction temperature
leads to a decrease in IC50. Moreover, literature
data suggest that alcoholic extracts possess better
antioxidant activity compared to the aqueous ones
(39). On the other hand, water extract was found to
have higher DPPH radical scavenging activity than
70% ethanol extract, probably due to the presence of
more polar (poly) phenolic compounds with
stronger antioxidant activity (40). Interestingly
A. ursinum water extract has an antioxidant capacity
lasting for several hours. As such, after 24h, the
antioxidant capacity of an A. ursinum extract pre-
pared by homogenization of the bulbs in distilled
water is decreased. Ramson’s bulbs are a poor
source of polyphenols and their antioxidant activity
is associated with the presence of other compounds
(41). Additionally, it has been suggested earlier that
80% methanol was more effective extraction solvent
for A. wrsinum in comparison to ethanol (42).
According to the literature data, we may hypothe-
size that presence of flavonoid constituents mostly
contribute to the antioxidative potential of A.
ursinum extract (43). While a correlation between
antioxidant activity and phenol content of
A. ursinum has been suggested previously, our re-
sults indicate the highest phenol content of chloroform
and antioxidant capacity of methanol extract (44). It
is been proposed that all plant organs of Allium
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species exhibit antioxidant properties. Furthermore,
it is well evidenced that the highest antioxidant
activity of leaves of A. ursinum is a result of high
antioxidant enzyme activities, involving catalase
(CAT) and glutathione peroxidase (GPx). In fact
,CAT and GPX reduce H,0, and other organic per-
oxides thus protecting cell proteins and membranes
against oxidation (40). When an antioxidant finds
itself in a complex environment it reacts depending
on their chemical nature, which results in different
numerical values of the results. The values obtained
can be often in a weak correlation and therefore it is
necessary to carry out more tests to be assessed with
certainty antioxidant ability of the test substance or
extract (40).

The intensity of antimicrobial action varied
depending on the group of microorganism, and the
type of extracts. Among the tested substances the
most significant activity showed chloroform extract,
both on Gram-positive bacteria and filamentous
fungi. Our results are partially consistent with other
studies. As well as our research the results of antimi-
crobial screening of the A. ursinum pressurized-lig-
uid extract against the broad range tested microor-
ganisms did not show any significant activity.
Higher activities were obtained towards S. aureus
and A. niger (36). Other studies showed that the
antimicrobial effects of A. ursinum depend mostly
on the pathogenic species and the type of plant
extract (39-41). It was confirmed that both ethanolic
and hydromethanolic extract of A. ursinum exhibit-
ed certain antioxidant and strong antimicrobial
activity against S. enteritidis, E. coli, P. mirabilis and
E. faecalis) (46).

Unlike our research, one study reported that the
extracts from A. wursinum plants (obtained by the
homogenization in distilled water), inhibited growth
of Candida spp. cells at concentrations ranging from
0.5 to 4.0 mg/mL, while that of adherent cells at
concentrations ranging from 1.0 to > 4.0 mg/mL,
depending on the yeast and plant species (16). This
discrepancy in findings might be explained by usage
of different methods of extraction and consequently
dissimilar chemical composition of the extract. In
fact, in the previous studies, several sulfur com-
pounds were isolated from extract and tested, how-
ever, we aimed to assess the antimicrobial potential
of the whole A. ursinum extract containing a variety
of bioactive flavonoids.

By studying the chemical composition of the
tested extracts, the highest presentation of p-
coumaric acid, ferulic acid and kaempferol and its
derivates is observed. Some research reveals that p-
coumaric acid showed antimicrobial effect only in

cumulation. Low concentration of p-coumaric acid
alone did not exert any zone of inhibition on micro-
bial strains, but this compound in cumulation
showed zone of inhibition on various microbial
strains. Cumulative action of p-coumaric acid at 200
ng was very effective on Bacillus subtilis (47). In
our research, the best antimicrobial activity of all
extracts is at B. subtilis ATCC 6633 (MICs are
0.313-2.5 mg/mL).

It was found that ferulic acid has antimicrobial
activity with MIC/MBC of 100/2500 pg/mL for E.
coli, 100/500 pg/mL P. aeruginosa, and 1100/5000
pg/mL for S. aureus. Ferulic acid led to irreversible
changes in membrane properties through hydropho-
bicity changes (37). The results of some research
demonstrate that ferulic acid has moderate antimi-
crobial activity against Cronobacter sakazakii (MIC
from 2.5 to 5.0 mg/m). As with previous research, it
exerts its antimicrobial action partly by through
causing cell membrane dysfunction and changes in
cellular morphology (49). The crude extracts of
some plants have shown antimicrobial activity on
the set of germs, with MIC values from 16 to 1024
pg/mL. At the same time, kaempferol rhamnoside
derivatives isolated from the same extracts show
antimicrobial activity with MIC values from 1 to
256 pg/mL (50).

The content of ferulic acid in water, methanol
and chloroform extracts is 12.59 + 1.26; 7.55 £ 0.76
and 33.88 £ 3.9 in that order. The content of p-
coumaric acid is 18.79 + 1.69; 9.92 + 0.89 and 2.22
+ 0.20 whilst the content of kaempferol in these
extracts is 10.20 + 0.7; 6.75 £ 0.47; 38.70 £ 2.71.
Our results are in correlation with the antimicrobial
activity of these extracts. The highest contents of
these components were observed in chloroform
extract and accordingly the most significant antimi-
crobial activity showed chloroform extract, both on
Gram-positive bacteria and filamentous fungi. There
was no significant difference between water and
methanol extracts in antimicrobial activity. Unlike
our research, in the study which describes antimi-
crobial activity of methanol and water extract from
Ramsons, methanol extract shows more inhibitory
activity against microbes than water extract and for
the antimicrobial activity of water extract higher
concentration than for methanol extract is necessary
5.

Based on our results we may conclude that the
highest DPPH activity which corresponds to the
strongest antioxidant activity, was found in the case
of methanol extract. On the contrary, the minimum
antioxidant potential was revealed for chloroform
extract. The extracts showed different degrees of
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antimicrobial activity. The intensity of antimicrobial
action varied depending on the group of microor-
ganism, and the type of extracts. The most signifi-
cant activity showed chloroform extract, both on
Gram-positive bacteria and filamentous fungi.

However, further investigations oriented on
isolation and characterization of the present antioxi-
dants and antimicrobial substances in various in
vitro and in vivo tests are certainly necessary to fully
clarify the effects of this plant species and underly-
ing mechanism.
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