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Abstract: The aim of this study was to determine antioxidant activity (DPPH and phosphomolyb-
denum method), polyphenols content (total polyphenols, flavonoids, and phenolic acids), mineral
compounds composition (Cu, Zn, Mn, Fe, Cr, Ni, Co, Pb and Cd) and antimicrobial activity (with
disc diffusion method) of medicinal herbs traditionally used in the Slovak republic. The tested
plants belonged to the Primulaceae, Urticaceae, Grossulariaceae, Rosaceae, Lamiaceae, Asteraceae,
Equisetaceae, Tropaeolaceae, and Plantaginaceae families. The highest antioxidant activities were
found in samples of Rosa canina L. (DPPH—29.43 + 0.11 mg TE/g; TE—Trolox equivalent) and
Fragaria vesca L. (phosphomolybdenum method—679.56 + 3.06 mg TE/g), both from the Rosaceae
family. Total polyphenols (determined using the Folin—Ciocélteu-reagent) were most abundant in a
sample of Fragaria vesca L.—124.51 £ 5.05 mg GAE/g (GAE—gallic acid equivalent), total flavonoids
(determined using the aluminum chloride method)—in a sample of Primula veris L.—48.35 & 3.77 mg
QE/g (QE—quercetin equivalent), and total phenolic acids (determined using Arnova reagent)—in a
sample of Thymus serpyllum L.—102.31 £ 2.89 mg CAE/g (CAE—caffeic acid equivalent). Regarding
mineral compounds composition, samples of Fragaria vesca L. and Thymus serpyllum L. showed the
highest levels of iron. In samples of Calendula officinalis L. and Trapaeolum majus L., the highest
amounts of zinc were determined, while copper was the most abundant in samples of Urtica dioica
L. and Melissa officinalis L. The amounts of heavy metals were within legally acceptable limits. The
extract of Equisetum arvense L. showed the strongest inhibitory activity towards Clostridium perfrin-
gens CCM 4991 (6 mm), while the one from Mentha piperita L.—towards Candida glabrata CCM 8270
(4.83 mm) and Candida tropicalis CCM 8223 (4.33 mm).

Keywords: plants; bioactive compounds; antibacterial activity; microelements; heavy metals

1. Introduction

The use of medicinal herbs in disease treatment has been known since the beginning
of civilization. These plants are also basic sources of nutritionally important chemical
compounds. In general, medicinal plants are plants that, depending on their specific
properties, are used in the treatment or as preventive measures for many diseases. The
modern, busy lifestyle increases the risk of the development of many diseases caused
by free radicals [1]. Plants used in traditional medicine are rich in various antioxidants,
such as polyphenols, carotenoids, tocopherols, glutathione, ascorbic acid, and enzymes
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with antioxidant activity, which help the body in the fight against dangerous oxidative
damage [2-6]. Approximately 500 medicinal plants that exert pharmacological effects are
known in Europe. The annual increase in the consumption of these plants ranges from 8
to 9%, with Europe being the biggest consumer. The food, cosmetic, pharmaceutical, and
chemical industries are the main contributors to global consumption growth. The range of
specific applications of medicinal plants is broad [7-9].

The recently observed trend to use medicinal plants not only in traditional medicine
but also in the food, pharmaceutical and cosmetic industries as well as modern gastronomy
is a result of their sensory and biological value. This value comes from polyphenols that
are found only in the plant kingdom. A number of substances contained in plants have
proven effects on mental and physical conditions [10-12]. The most widespread way of
administration is in the form of infusions [13]. In medicine, herbs find unlimited use because
of their application in the treatment of many diseases, such as diseases of the digestive
system, respiratory and urinary tracts, colds, skin problems, etc. They also have a positive
effect on metabolism and are characterized by excellent detoxifying, anti-inflammatory
and antibacterial properties, and many other therapeutic effects [14]. Considering their
antioxidant and antimicrobial effects, such plants can be used in food preservation and
for increasing the biological value of food. The increase in synthetically produced drugs
and the associated increased occurrence of adverse side effects and intoxications has led
to more and more therapists reaching for original plant drugs [2]. Plants contain a large
number of natural chemicals or phytochemicals that interact with the active ingredient and
help prevent side effects [15,16]. Treatment with synthetic drugs often involves the use of
one concentrated component, which may result in the need for other pharmaceuticals that
work against its adverse effects [17].

In the Slovak Republic, medicinal plants are paid outstanding attention. Collection,
evaluation, reproduction and preservation of the gene pool of medicinal plants are of
high priority, with 156 samples of medicinal plants deposited in the Gene Bank of the
Slovak Republic in Piest'any. Of this number, 115 are in the active collection, 30 in the basic
collection, and 11 in the field collection [18].

The aim of this study was to determine the antioxidant activity (DPPH and phospho-
molybdenum method), polyphenols content (total polyphenols, flavonoids, and phenolic
acids), mineral compounds composition (Cu, Zn, Mn, Fe, Cr, Ni, Co, Pb and Cd), and
antimicrobial activity (with disc diffusion method) of medicinal herbs traditionally used
in the Slovak Republic. The tested species and their specific parts were: Primula veris
L.—flowers, Urtica dioica L.—leaves, Ribes nigrum L.—leaves, Fragaria vesca L.—leaves, Men-
tha piperita L.—leaves, Thymus serpyllum L.—flowering herbs, Salvia officinalis L.—leaves,
Potentilla anserina L.—leaves, Equisetum arvense L.—leaves, Melissa officinalis L.—leaves, Rosa
canina L.—fruits, Calendula officinalis L.—flowers, Matricaria chamomilla L.—flowers, Achillea
millefolium L.—flowering herbs, Tropaeolum majus L.—seeds, Plantago lanceolata L.—leaves.

2. Materials and Methods
2.1. Materials

The following parts of medicinal plants obtained, collected in the locality of the vil-
lage of Vrbovce—341 m.a.s.l. (Myjava district), were analyzed: Primula veris L—flowers,
Urtica dioica L.—leaves, Ribes nigrum L.—leaves, Fragaria vesca L.—leaves, Mentha piperita
L.—leaves, Thymus serpyllum L.—flowering herbs, Salvia officinalis L.—leaves, Potentilla
anserina L.—leaves, Equisetum arvense L.—leaves, Melissa officinalis L.—leaves, Rosa can-
ina L.—fruits, Calendula officinalis L.—flowers, Matricaria chamomilla L.—flowers, Achillea
millefolium L.— flowering herbs, Tropaeolum majus L.—seeds, Plantago lanceolata L.—leaves.
All plants came from free harvest and were collected in the period recommended by
the pharmacopoeia. The plant parts were botanically identified at the Institute of Food
Sciences of the Faculty of Biotechnology and Food Sciences. They were dried at room
temperature without access to sunlight and were stored in dark glass containers without
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exposure to light. Before the analysis, all parts—flowers, leaves, fruits, seeds, and flowering
herbs—were crushed to powder using a mortar.

All the chemicals used were of analytical grade and were purchased from Sigma-
Aldrich (St. Louis, MO, USA) and CentralChem (Bratislava, Slovakia).

2.2. Sample Preparation

A 0.2 g sample was extracted with 20 mL of 80% ethanol for 2 h. The supernatant,
obtained by centrifugation at 4000x g (Rotofix 32 A, Hettich, Germany) for 10 min, was
used for measurements (antioxidant activity, polyphenols, flavonoids, phenolic acids and
antimicrobial activity). The extraction was carried out in triplicate.

2.3. Radical Scavenging Activity—DPPH Method

Radical scavenging activity of samples was measured using 2,2-diphenyl-1-
picrylhydrazyl (DPPH) [19]. The sample (0.4 mL) was mixed with 3.6 mL of DPPH solution
(0.025 g DPPH in 100 mL ethanol). Absorbance of the reaction mixture was determined
using a spectrophotometer (Jenway 6405 UV /Vis, Nottingham, England) at 515 nm. Trolox
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) (10-100 mg/L; R? = 0.989) was
used as the standard and the results were expressed in mg/g Trolox equivalents.

2.4. Phosphomolybdenum Method

The reducing power of extracts was determined by the phosphomolybdenum method
of Prieto et al. [20] with slight modifications. The mixture of sample (1 mL), monopotassium
phosphate (2.8 mL, 0.1 M), sulfuric acid (6 mL, 1 M), ammonium heptamolybdate (0.4 mL,
0.1 M) and distilled water (0.8 mL) was incubated at 90 °C for 120 min, then rapidly
cooled. Then, absorbance was measured at 700 nm using a spectrophotometer. Trolox
(10-1000 mg/L; R? = 0.998) was used as the standard and the results were expressed in
mg/g Trolox equivalents.

2.5. Total Polyphenol Content

Total polyphenol content was measured using Folin—Ciocalteu-reagent in accordance
with Singleton and Rossi [21]. A 0.1 mL sample was mixed with 0.1 mL of the Folin—
Ciocalteu-reagent, 1 mL of 20% (w/v) sodium carbonate, and 8.8 mL of distilled water, and
left in darkness for 30 min. The absorbance at 700 nm was measured using a spectropho-
tometer. Gallic acid (25-300 mg/g; R? = 0.998) was used as a standard and the results were
expressed in mg/g of gallic acid equivalent. The analysis was carried out in triplicate.

2.6. Total Flavonoid Content

Total flavonoids were determined using a modified method of Willett [22]. The
sample (0.5 mL) was mixed with 0.1 mL of 10% (w/v) ethanolic solution of aluminum
chloride, 0.1 mL of 1 M potassium acetate, and 4.3 mL of distilled water. After 30 min in
darkness the absorbance at 415 nm was measured using a spectrophotometer. Quercetin
(0.5-20 mg/L; R? = 0.989) was used as the standard and the results were expressed in mg/g
quercetin equivalents.

2.7. Total Phenolic Acid Content

Total phenolic acids content was determined using the method of Jain et al. [23]. A
0.5 mL sample extract was mixed with 0.5 mL of 0.5 M hydrochloric acid, 0.5 mL Arnova
reagent (10% NaNO; + 10% Na;MoQy), 0.5 mL of 1 M sodium hydroxide (w/v), and 0.5 mL
of water. Absorbance at 490 nm was measured using a spectrophotometer. Caffeic acid
(1-200 mg /L, R? = 0.999) was used as the standard and the results were expressed in mg/g
caffeic acid equivalents.
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2.8. Determination of the Content of Mineral Compounds

Samples were prepared by digesting 1 g of the material with a mixture of HNO3:
redistilled water (1:1) for 55 min in a closed vessel high-pressure microwave digester
(MARS X-press, New Zeland, Australia). After cooling to room temperature, the suspen-
sion was filtered through Munktell filter paper (grade 390.84 g/m?, Birenstein, Germany)
and diluted to 50 mL with distilled water. Then, the sample digestates were subsequently
analyzed for Cd, Pb, Cu, Zn, Co, Cr, Ni, Mn, and Fe using an atomic absorption spectrome-
ter (Varian AA 240 FS, New York, NY, USA). The instrument was equipped with a D2 lamp
background correction system, and an air-acetylene flame was used (air 13.5 L/min, acety-
lene 2.0 L/min, Varian, Ltd., Mulgrave, Australia). The wavelengths at which the heavy
metals were tested following the calibration process were: Cd—228.8 nm, Pb—217.0 nm,
Cu—324.8 nm, Zn—213.9 nm, Co—240.7 nm, Cr—357.9 nm, Ni—232.0 nm, Mn—279.5 nm,
Fe—241.8 nm. The quantitative results were obtained using a multielemental standard
for GF AAS (CertiPUR®, Merck, Darmstadt, Germany). The analysis was carried out
in triplicate.

2.9. Antimicrobial Activity

Antimicrobial activity was tested with the disc diffusion method. Altogether, eight
strains of microorganisms were used, including three yeasts (Candida glabrata CCM 8270,
Candida albicans CCM 8186, and Candida tropicalis CCM 8223), one Gram-negative bacteria
(Haemophilus influenzae CCM 4454) and three Gram-positive bacteria (Staphylococcus aureus
CCM 2461, Clostridium perfringens CCM 4991, and Enterococcus faecalis CCM 4224). All
the tested strains were from the Czech Collection of Microorganisms. The bacterial and
yeast suspensions were cultured in the nutrient broth (Imuna, Bratislava, Slovakia) at 37 °C
for 24 h before testing. A 0.1 mL aliquot of the suspension of the tested microorganism
(10° cfu/mL) was spread on Mueller Hinton Agar (MHA, Oxoid, Basingstoke, UK). Filter
paper discs of 6 mm in diameter were impregnated with 15 pL of the extract and placed
on the inoculated agar plates. The plates were left at 4 °C for 2 h and then incubated at
37 °C for 24 h. The diameters of the inhibition zones were measured after incubation. The
analysis was carried out in triplicate.

2.10. Statistical Analysis

All the experiments were carried out in triplicate and the mean of replications with
standard deviations were reported. The experimental data were subjected to analysis of
variance (Duncan’s test) at the significance level of 0.05 using SAS v9.2 software (SAS
Institute Inc., Cary, NC, USA).

3. Results and Discussion
3.1. Antioxidant Activity

The antioxidant activity determined in medicinal plants using the DPPH method
ranged from 3.16 &+ 0.51 mg TE/g t0 29.43 4 0.10 mg TE/g. All the samples demonstrated
the ability to inhibit DPPH radicals and be ranked in the following order based on the results
of this measurement: Rosa canina L. > Urtica dioica L. > Fragaria vesca L. > Equisetum arvense
L. > Ribes nigrum L. > Tropaeolum majus L. > Potentilla anserina L. > Matricaria chamomilla
L. > Mentha piperita L. > Primula veris L. > Achillea millefolium L. > Melissa officinalis L. > Plan-
tago lanceolata L. > Thymus serpyllum L. > Salvia officinalis L. > Calendula officinalis L. (Table 1).
Taneva et al. [24], analyzed the antioxidant activity of rosehip fruit extracts (Rosa canina L.)
obtained using three different methods (distilled water, 50% ethanol, 70% ethanol), and
found the following values: 211.5 & 5.5 mM TE/g (distilled water), 295.0 £ 1.0 mM TE/g
(50% ethanol) and 286.4 & 2.9 mM TE/g (70% ethanol). Rovna et al. [25] also confirmed the
high antioxidant activity of R. canina. It is known that the fruits of rosehip have the highest
content of vitamin C (30-1300 mg/g) among fruits and vegetables. In addition, rosehip also
contains other vitamins, mineral compounds, carotenoids, tocopherols, flavonoids, organic
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acids, tannins, pectin, sugars, amino acids, and essential oils, which are all responsible for

antioxidant activity [26].

Table 1. Antioxidant activity of tested medicinal herbs.

Sample DPPH Reducing Power
(mg TE/g DM) (mg TE/g DM)
Primula veris L. 1039 £ 0.11 f 322.01 £3.748
Urtica dioica L. 24.09 +0.36° 186.53 + 15.29 ik
Ribes nigrum L. 16.72 £0.31 4 417.24 +11.89 ¢
Fragaria vesca L. 2224 +1.22b¢ 679.65 + 3.06 2
Mentha piperita L. 1048 +3.62f 328.61 £11.898
Thymus serpyllum L. 9.77+1.89 18 492.69 4 4.08 4
Salvia officinalis L. 7.57 +0.718 356.81 + 17.67
Potentilla anserina L. 13.39 +1.48°¢ 206.99 + 4.76 1
Equisetum arvense L. 21.17 £ 0.31°¢ 171.64 + 13.25 &
Melissa officinalis L. 10.26 +0.21 472.09 + 30.24 ¢
Rosa canina L. 2943 +0.112 542.39 + 35.68 ©
Calendula officinalis L. 3.16 £0.51 " 185.82 & 5.09
Matricaria chamomilla L. 12.86 + 0.87 ¢ 223.64 4+ 2.72 hi
Achillea millefolium L. 10.28 +0.05 197.01 + 12.23 &
Tropacolum majus L. 14.85 + 0.82 de 237.26 +2.04 1
Plantago lanceolata L. 10.21 +2.39 585.43 + 5.87 P

Mean =+ standard deviation; DPPH—2,2-diphenyl-1-picrylhydrazyl; mean + standard deviation; TEAC—Trolox
equivalent; different letters in a column denote mean values that statistically differ one from another; dry matter.

The antioxidant activity of an aqueous extract from nettle (Urtica dioica L.)
measured with the DPPH method by Ebrahimzadeh et al. [27] was reported as (ICs)
159.88 £ 1.57 ug/mL. These authors also noted that nettle leaves are rich in antioxidant
compounds like chlorophylls, vitamins, mineral compounds, and polyphenols. Medicinal
plants can be used as natural preservatives in the food industry, and have been used since
ancient times for shelf-life prolongation and to improve sensory properties. In a study by
Ahamdi et al. [28], hydroalcoholic and water extracts of nettle extended the shelf life of
minced kilka from 2 to 8 days.

Based on the reducing power (determined using the phosphomolybdenum method),
it is possible to rank the tested medicinal plants in the following order: Fragaria vesca
L. > Plantago lanceolata L. > Rosa canina L. > Thymus serpyllum L. > Melissa officinalis L. > Ribes
nigrum L. > Salvia officinalis L. > Mentha piperita L. > Primula veris L. > Tropaeolum ma-
jus L. > Matricaria chamomilla L. > Potentilla anserina L. > Achillea millefolium L. > Urtica
dioica L. > Calendula officinalis L. > Equisetum arvense L. (Table 1). The results ranged from
171.64 +13.25 mg TE/g to 679.56 £ 3.06 mg TE/g.

The observed discrepancies between the parameters reflecting antioxidant activity
obtained using both methods are mainly a result of methodological differences. As each
method is based on a different principle, each captures a different range of biologically
active substances. DPPH’ is a stable free radical, with a dark purple color and strong
absorbance around 515 nm. Antioxidant compounds contained in the medium convert
the DPPH'" radical to a more stable DPPH" molecular product by donating an electron or a
hydrogen atom. The resulting change in the color of the reaction solution from dark purple
to pale yellow enables spectrophotometric determination of the antioxidant activity [29].
In the phosphomolybdenum method, the reducing power is generally associated with the
presence of reductones (mainly polyphenols), which act by their antioxidant effect in a
way such that they break the free radical chain by providing a hydrogen atom [30]. The
reducing capacity of compounds can serve as an important indicator of their potential
antioxidant activity [31]. Taking the above into consideration, in order to achieve the most
accurate results, it is necessary to use several methods based on different principles when
measuring antioxidant activity.
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Mudnic et al. [32] similarly determined the total antioxidant activity, and content
of total phenols and flavonoids in water extracts from the leaves of Fragaria vesca L. The
total contents of phenols and flavonoids were reported as 9297.53 + 24.57 mg/L GAE
(gallic acid equivalent) and 7908.27 4 106.30 mg/L QE (quercetin equivalent), respectively.
The total antioxidant activity was measured using the FRAP (ferric-reducing antioxidant
power) method, which works on a principle similar to the phosphomolybdenum method,
only Fe is reduced instead of Mo. The reported value of the total antioxidant capacity
was 43.29 £ 0.29 mmol/L TE (Trolox equivalent). Additionally, significant amounts of
the following antioxidant compounds were found in the extract: catechin, epicatechin
and epigallocatechin. Using the FRAP method, Katalinic et al. [33] determined the an-
tioxidant activity of 1727 pumol Fe'!/L in an aqueous extract from Plantago lanceolata L.
Galvez et al. [34] identified luteolin-7-O-f5-glucoside as the main flavonoid responsible for
antioxidant activity in most Plantago species.

3.2. Total Polyphenol, Flavonoid and Phenolic Acid Content

The total content of polyphenols in the tested medicinal herbs ranged from
14.54 4+ 2.19 mg GAE/g to 124.51 £ 5.05 mg GAE/g. Based on the obtained results, the
tested samples can be listed in the following order: Fragaria vesca L. > Thymus serpyllum
L. > Melissa officinalis L. > Rosa canina L. > Mentha piperita L. > Ribes nigrum L. > Plantago
lanceolata L. > Primula veris L. > Salvia officinalis L. > Urtica dioica L. > Potentilla anserina
L. > Matricaria chamomilla L. > Tropaeolum majus L. > Achillea millefolium L. > Equisetum ar-
vense L. > Calendula officinalis L. (Table 2). Pefiarrieta et al. [35] determined the total content
of polyphenols to range between 9.7 and 21 umol GAE/g of fresh matter in Fragaria vesca
L. leaves collected in Bolivia at altitudes between 2650 and 3300 m.a.s.l. Analysis with
RP-HPLC demonstrated the presence of seven major constituents, identified as ellagic acid,
cyanidin, pelargonidin, quercetin, kaempferol, gallic acid derivatives, and catechin. No
apparent difference was found between strawberries growing at lower altitudes.

Table 2. Total polyphenol, flavonoid and phenolic acid contents of tested medicinal herbs.

Sample TPC TEC TPAC
(mg GAE/g DM) (mg QE/g DM) (mg CAE/g DM)
Primula veris L. 49.27 +251¢ 48.35 +£3.772 22.77 + 1.44 f
Urtica dioica L. 38.67 + 1.88 f8 10.11 + 1.07 1 18.04 +2.1118
Ribes nigrum L. 70.12 + 3.77 4 7.08 £2.291 2218 +£0.99f
Fragaria vesca L. 12452 +5.052 39.04 +0.28° 34.85+0.99 ¢
Mentha piperita L. 71.67 + 6.29 «d 2122 +0.01f 84.61 +4.71°
Thymus serpyllum L. 119.52 £1.892 40.89 +0.94° 102.31 £2.892
Salvia officinalis L. 48.51 4+ 7.86 ¢ 28.44 +0.814 31.67 £0.22°¢
Potentilla anserina L. 37.13 + 8.79 8h 32.31 +£3.23°¢ 12.73 + 2.72 8hi
Equisetum arvense L. 19.58 + 0.63 1 10.90 4 0.13 8" 13.06 + 0.83 8hi
Melissa officinalis L. 85.42 +13.19° 28.65 + 1.624 77.47 4+ 12.98 €
Rosa canina L. 80.96 + 8.17 b¢ 3.21 + 1.62] 61.78 +0.33 4
Calendula officinalis L. 14.54 +2.197 13.61 £ 0.54 8 5.49 £ 0.56 1
Matricaria chamomilla L. 32.02 +0.63 18 12.71 + 0.41 82 9.81 +0.22 N
Achillea millefolium L. 19.65 + 0.32 1 9.69 + 0.40 N 14.67 + 0.28 8"
Tropaeolum majus L. 26.99 + 7.29 hi 24.13 +£2.96 ¢ 13.39 £ 0.11 8h
Plantago lanceolata L. 66.27 +5.39 4 25.04 £0.69 © 76.89 £8.15°¢

Mean =+ standard deviation; TPC—Total polyphenol content; TFC—Total flavonoid content; TPAC—Total phenolic
acid content; GAE—gallic acid equivalent; QE—quercetin equivalent; CAE—caffeic acid equivalent; different
letters in a column denote mean values that statistically differ one from another; dry matter.

Polyphenols are secondary plant metabolites and are generally involved in the pro-
tection against ultraviolet radiation and various pathogens. Epidemiological studies and
related meta-analyses suggest that long-term consumption of polyphenols in a plant-rich
diet provides protection against cancer, cardiovascular diseases, diabetes, osteoporosis,
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and various other neurodegenerative diseases. Accumulation of polyphenols in tissues
is the most important phase of polyphenol metabolism as it enables the concentration of
polyphenolic substances necessary for the biological effects to manifest [36]. Polyphenols
also help induce antioxidant enzymes, such as glutathione peroxidase, catalase and super-
oxide dismutase, which break down hydroperoxides, peroxide hydrogen and superoxide
anions, respectively. Additionally, they help to inhibit the expression of enzymes such
as xanthine oxidase [37]. A statistically significant (P < 0.05) regression coefficient was
observed in our study between the total polyphenol content and the antioxidant activity
determined with the phosphomolybdenum method (r = 0.892).

The total content of flavonoids in the tested medicinal plants ranged from
3.21 £ 1.62 mg QE/g to 48.35 & 3.77 mg QE/g. Based on the obtained results, the tested
samples can be listed in the following order: Primula veris L. > Thymus serpyllum L. > Fragaria
vesca L. > Potentilla anserina L. > Melissa officinalis L. > Salvia officinalis L. > Plantago lanceolata
L. > Tropaeolum majus L. > Mentha piperita L. > Calendula officinalis L. > Matricaria chamomilla
L. > Equisetum arvense L. > Urtica dioica L. > Achillea millefolium L. > Ribes nigrum L. > Rosa
canina L. (Table 2). The highest content of flavonoids of 48.35 £3.77 mg QE/g was deter-
mined in Primula veris L. The second highest content was determined in Thymus serpyllum
L.—40.89 £ 0.94 mg QE/g and third was Fragaria vesca L.—39.05 = 0.27 mg QE/g.

Jurca et al. [38] determined total flavonoids in the amount of 15.31 £ 7.61 mg QE/100 g
in a 10% ethanol extract of Primula flowers and 17.65 £ 8.72 mg QE /100 g in a 20% extract.
The results of their work suggest that Primula extracts may play a significant role in reducing
oxidative stress but more detailed analyses are still necessary. Petrisor et al. [39] reported
that, in Mellisa, quercetin (0.15 mg/g) and rutin (1.46 mg/g) are dominant flavonoids.
In study of Hamad [40] it was determined that quercetin and kaempferol glycosides are
present in the Calendula flower, while myricetin glycosides are absent. The flowers in
Hamad study were extracted with ethanol 70% [40].

Flavonoids occur as aglycones, glycosides and methylated derivatives. The basic struc-
ture of flavonoids is an aglycone. The bioavailability, metabolism, and biological activity of
flavonoids depend on the configuration, the total number of hydroxyl groups, and the abil-
ity of the functional groups to replace their nuclear structure. It has been proven that many
flavonoids exhibit antioxidant activity and free radical scavenging capacity, decrease the risk
of coronary heart disease, and induce hepatoprotective, anti-inflammatory and anticancer
effects, while others exhibit potential antiviral effects [36]. Apel et al. [41] analyzed the flow-
ers of three Primula species. The results showed a wide spectrum of flavonoids and their
glycosylated and methylated derivatives, such as: (+)-catechin, kaempferol-3-O-galactoside-
rhamnoside-7-O-rhamnoside, kaempferol-3-O-rutinoside, quercetin-3-O-rutinoside, and
primulic acid. Primula is one of the most important medicinal plants that has been used in
the treatment of gout and headaches since the Middle Ages. Triterpenoid saponins from
roots and flowers can treat bronchitis and colds by improving the dissolution of mucus
and expectoration.

The total content of phenolic acids was in the range of 5.49 & 0.56 mg CAE/g to
102.31 £ 2.89 mg CAE/g. Based on the obtained results, the tested samples can be listed in
the following order: Thymus serpyllum L. > Mentha piperita L. > Melissa officinalis L. > Plantago
lanceolata L. > Rosa canina L. > Fragaria vesca L. > Salvia officinalis L. > Primula veris L. > Ribes
nigrum L. > Urtica dioica L. > Achillea millefolium L. > Tropaeolum majus L. > Equisetum ar-
vense L. > Potentilla anserina L. > Matricaria chamomilla L. > Calendula officinalis L. (Table 2).
Phenolic acids are aromatic secondary plant metabolites widespread throughout the plant
kingdom. In general, the name “phenolic acids” describes phenols that have a single
functional carboxyl group, but when describing plant metabolites it refers to a different
group of organic acids. Phenolic acids are derivatives of benzoic and cinnamic acids. These
acids exhibit high antioxidant activity in vitro and thus are beneficial for human health.
Because they are contained in all plant foods, people consume them daily. The estimated
daily intake is 25 mg-1 g, depending on the diet. Caffeic acid, one of the most important
naturally occurring acids, is known for selectively blocking the biosynthesis of leukotrienes
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(components involved in immunoregulatory diseases, asthma and allergic reactions). Other
studies report that caffeic acid and some of its esters may exhibit antitumor activity in
colon carcinogenesis [42]. Sonmezdag et al. [43] investigated volatile aromatic substances
and phenolic compounds in Thymus serpyllum L. In total, they discovered 24 volatile sub-
stances. While terpenes were the main chemical group of volatile substances, alcohols and
acids were present in smaller amounts. They further discovered that the main aroma of
the active substance is thymol, which is an example of biocides. Finally, they identified
18 phenolic compounds (expressed on a dry basis), of which 8 were phenolic acids: ros-
marinic acid—21.72 mg/g, chlorogenic acid—7.88 mg/g, caffeic acid—1.73 mg/g, gallic
acid—0.63 mg/g, and 10 flavanols: luteolin-7-O-glucoside—51.84 mg/g, and kaempferol
O-glucuronide —15.21 mg/g. Bahadori et al. [44] determined in Mentha species the pres-
ence of gallic, protocatechuic, p-hydroxybenzoic, chlorogenic, caffeic, syringic, p-coumaric,
ferulic, sinapic and rosmarinic acids. Caffeic and rosmarinic acids are dominant from
phenolic acid in Salvia species [45]. A closer examination of the occurrence, structures and
activities of monocyclic phenolic acids may not only provide ecological insights but also
lead to the development of natural and derivative pharmaceutical or agricultural chemicals,
which may have significant benefits for human health and nutrition [46].

3.3. The Content of Mineral Compounds

The determined results of mineral compounds content were compared to the require-
ments of the following regulations: Ministry of Agriculture and Ministry of Health of
Slovak Republic dated March 15, 2004 no. 608/3/2004-100, which issues the title of the
Food Codex of the Slovak Republic regulating contaminants in food, Ministry of Agricul-
ture and Ministry of Health of Slovak Republic from 11 September 2006 no. 18558 /2006-SL,
which issues the title of the Slovak Food Code of the Republic regulating contaminants
in foodstulffs.

Among all the microelements quantified in individual medicinal plants, iron (Fe)
was found in the highest concentrations. The highest iron content was determined
in Thymus serpyllum L. (Table 3). Additionally, Mentha piperita L., Fragaria vesca L.,
Equisetum arvense L., Salvia officinalis L., and Melissa officinalis L. were the other plants
with the most abundant iron concentration. Iron is an essential element in almost all
living organisms. It is involved in a wide range of metabolic processes, including oxygen
transport, DNA synthesis, and electron transport. However, the concentration in body
tissues must be regulated because iron can generate free radicals and its high concentration
can lead to tissue damage [47]. Iron deficiency is a very common problem in humans,
usually caused by insufficient intake of this element with food or excessive menstrual
bleeding. Anemia is a common disease [48]. Using the AAS method, Mihaljev et al. [49]
determined the content of iron in Thymus serpyllum L. to be 445.78 mg/kg, in Mentha piperita
L.—443.90 mg/kg, and in Equisetum arvense L.—617.46 mg/kg. In our study, the highest
contents of zinc (Zn), copper (Cu), and manganese (Mn) were found in in Tropaeolum majus
L., Urtica dioica L., and Achillea millefolium L., respectively (Table 3). Mihaljev et al. [49]
determined similar concentrations of zinc (Zn) in Urtica dioica L. (31.15 mg/kg) and of
copper (Cu) in Thymus serpyllum L. (8.94 mg/kg). In our study, the value obtained for
zinc (Zn) in Urtica dioica L. was 30.10 mg/kg and for copper (Cu) in Thymus serpyllum
L.—9.20 mg/kg.

Zinc (Zn) is relatively non-toxic and necessary for the normal growth and reproduc-
tion of cells (enzymes responsible for DNA and RNA synthesis), metabolism, and normal
functioning of taste and vision. Zinc deficiency is manifested in insufficient immunity, poor
growth, weight loss, skin problems, and loss of appetite. The recommended daily dose
for an adult is 15 mg, and 20-25 mg per day is recommended for pregnant and lactating
women. Manganese (Mn) is an element necessary for several enzymatic processes. It
helps in removing fatigue and reduces nervous irritability [48]. Under normal physio-
logical conditions, people have developed antioxidant systems, including endogenous
(enzymatic—SOD, catalase, etc.; non-enzymatic—glutathione, proteins transferrin, and
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ferritin, binding to Fe, etc.) and exogenous antioxidants for protection against free radicals.
Macro- and microelements, e.g., Fe, Cu, Mn, Co, Se, etc., are important for these systems,
and the lack of even one of them can disrupt the function of the entire system [50].

Table 3. The content of minerals in tested medicinal herbs (mg/kg dry matter).

Sample Copper Zinc Manganese Iron Chrome Nickel Cobalt Lead Cadmium
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Primula veris L. 751+0888 1970 £0.87% 222040.77% 90.00+0.761 070+£0.09¢ 280+0.11°¢ 1.00+0.088 1.00+0.028 0.11+£0.02%
Urtica dioica L. 1482 £1.32% 3010 £1.119 2781 4+098f 7740+078% 1304+0.19° 3204£0.09° 190+0.097 1.40+0.06° 0.30+0.01°
Ribes nigrum L. 5.87 £0.99" 1970 £0561 19.70£0.737 91.90 £ 023" 0.80 £0.09%f 240+0.08°¢ 1.60+£0.08 150+£0.11¢ 0.10+0.028"
Fragaria vesca L. 4834+ 087" 3050 £0.65° 30.50 £0.21°4 191.60+£0.75¢ 1.10 £0.08% 1.90+£0238 130+0.11f 1404012 01540018
Mentha piperita L.~ 12.63 £0.67% 31.60 +0.32¢ 31.60 £0.33°¢ 201.10 £0.88> 1.00 £0.32°¢ 270 £0.11 1.60 £0.06°¢ 1.30 £0.099 0.22 £ 0.09 ¢
Thymus serpyllum L.~ 9.23 £045¢ 35204 022> 35204011 385204+ 0.09% 16040122 3.30+0.13° 1504 0.079% 1304 0.099% 0.16 + 0.03
Salvia officinalis L.~ 9.46 £0.11¢F  29.60 + 0.54 9 29.60 £ 0.09 9¢ 167.20 £0.07¢ 0.90 £0.11°% 230+£0.12f 140+£011¢ 060+0.071 0.19 +0.014%
Potentilla anserina L.~ 8.95 +0.43° 3490 £ 0.76® 34.90+0.87° 11670 £ 033" 1.00 £0.07°¢ 2.61+0.05 140+ 0.12¢ 1.40+0.08°¢ 0.12+0.0218
Equisetum arvense L.~ 10.76 + 0.78 4 16.40 + 0.725% 16.40 +0.84%% 17200+ 021¢ 1.80+£0.09% 33040.09> 19040127 26040.09% 043 40.022
Melissa officinalis L.~ 14.87 £0.32% 2371 4+0.118 237040988 15210 +0.11f 090+ 004 361+0.062 1.70+0.05> 1.80+£0.11° 024+0.01°¢
Rosa canina L. 267 £0321  1320+£023' 13204+034' 730+£023° 060+004f 130+£0.11" 110+0.098 0.60+0011 0.04£0.017
Calendula officinalis L. 13.87 £0.65% 17.01 £0.55)  17.00 4+ 0.527 122.50 +£0.158 0.80 & 0.02%f 252 +0.139%f 1404+ 0.06° 0.60 +0.02'  0.26 +0.02 "¢
Matricaria chamomilla L. 9.45 £0.87¢ 28.80 £0.76¢ 28.81 £0.18¢ 61.00+0.19™ 0.66+£0.09f 225+0.079f 1.30+0.03f nd. 0.01 + 0.01J
Achillea millefolium L. 11.52 £0.76%¢ 39.10£0.76* 39.10 £0.65* 62.60 +0.43' 090+0.03° 380+0.09° 130+002f 080+002" 006+0.01M
Tropaeolum majus L. 823 £0.55% 30.50 £ 0.52°¢ 30.50 = 0.88< 77.10 £0.76 ¥ 0.90 £ 0.02<% 250+ 0.11%" 1.80£0.12?> 1.20+0.06* 0.12+0.03
Plantago lanceolata L. 9.75 +0.459 15,60 + 0.66% 15.60 + 0.42% 37.90 +0.88" 0.80 +0.079f 280+023¢ 1.70+0.13% 1.10+£0.03% 026+ 0.02b¢

Mean = standard deviation; n.d.—not detected; different letters in a column denote mean values that statistically
differ one from another.

The highest content of chrome was determined in Equisetum arvense L. and the highest
amount of cobalt in Urtica dioica L. and Equisetum arvense L. (Table 3). Chrome (Cr) is
essential for carbohydrate metabolism and the synthesis of proteins and cholesterol. It
plays an important role in the treatment of diabetes. Being directly linked to the function of
insulin, it plays a role in maintaining proper glucose metabolism. Present in the pancreas,
chrome is involved in insulin production. It also acts as an activator of several enzymes; its
deficiency reduces the effectiveness of insulin and increases the concentrations of sugar and
cholesterol in the blood. Chrome deficiency can cause growth disorders, insulin resistance,
and impaired glucose tolerance, and can be a risk factor in atherosclerotic disease.

Cobalt (Co) is widely distributed in the body, with the highest concentrations found
in the liver, kidneys, and bones. Vitamin Bj, found in food of animal origin, is the main
source of cobalt. Considering that only 50% of vitamin By, is absorbed in the intestine,
its recommended daily intake is 3 mg. Vitamin By; is necessary for the maturation of
erythrocytes and the normal function of all cells [48].

Potential health risks are associated with food contamination with elements such
as lead, cadmium, and nickel. The content of lead in the tested samples ranged from
0.00 mg/kg to 2.60 mg/kg, while the highest amount was found in Equisetum arvense L.
(Table 3). According to the Slovak regulation from September 11, 2006, the highest permis-
sible amount of this mineral in the category “tea for preparation the drink” is 10 mg/kg.
Thus, the lead content in all tested samples met this limit. The highest amount of cadmium
was detected in Equisetum arvense L., with a value of 0.43 mg/kg. According to the Slovak
regulation from 11 September 2006, the maximum cadmium content in the category “soft
drinks” is 0.05 mg/kg. In our study, mineral compounds were analyzed in dry matter,
not in water extracts. No definite conclusion can thus be made regarding the amount
of cadmium in aqueous solution in association with legal requirements. Sembratowicz
and Rusinek-Prystupa [51] found that, after 5 min of extraction, 46.67% of cadmium was
extracted into herbal tea samples. Prolongation of the extraction to 10 min resulted in a
53.10% extraction yield. Therefore, the extension of the extracting time caused a significant
increase in the extraction yield. The authors also stated that the extraction efficiency of lead
or cadmium is positively affected by acidification with lemon juice or citric acid. Cadmium
(Cd) is released into the environment through natural activities (e.g., volcanic eruptions),
weather conditions, and some human activities (e.g., mining, smoking, production of
fertilizers, etc.). Cadmium is a highly toxic element for the kidneys, as it accumulates in
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the proximal tubular cells. Inhaling excessive amounts of this element can lead to serious
lung damage. Oral intake of higher amounts of this element leads to stomach irritation,
vomiting, and diarrhea. Prolonged exposure to lower concentrations can lead to cadmium
deposition in the kidneys, a condition that can lead to kidney diseases, bone thinning, and
lung damage [52].

According to the Slovak standard n. 608/3/2004-100 from 15 March 2004, the max-
imum permissible amount of nickel in the category “legumes, nutritional supplements,
snacks, honey, dehydrated and instant soups” is 6.0 mg/kg. Among our samples, the
highest nickel concentration of 3.80 mg/kg was found in Achillea millefolium L. All the
samples thus met the limit set by the standard for this category (Table 3).

It is necessary to consider the fact that all our samples were analyzed in the form of
dry matter. The extractability of specific elements into an aqueous solution will make their
concentrations in the liquid lower than that observed in dry matter.

3.4. Antimicrobial Activity

The first tested bacterial strain tested was Haemophilus influenzae CCM 4454 (Table 4).
The size of the inhibition zones of the tested samples ranged from 1.00 to 13.33 mm, while
the smallest zone was determined in Thymus serpyllum L. and the largest in Equisetum
arvense L. The second tested bacterial strain was Staphylococcus aureus CCM 2461. The size
of the inhibition zones ranged from 0 (Calendula officinalis L.) to 6 (Fragaria vesca L.) mm. The
third tested strain of bacteria was Clostridium perfringens CCM 4991 (Table 4). The size of
the inhibition zones ranged from 0.5 (Salvia officinalis L. and Rosa canina L.) to 3.5 (Equisetum
arvense L.) mm. The fourth tested strain was Enterococcus faecalis CCM 4224 (Table 4). The
size of the inhibition zones ranged from 0 (Rosa canina L.) to 5.83 mm (Fragaria vesca L.).

Table 4. Antimicrobial activity of tested medicinal herbs.

Haemophilus Staphylococcus Clastﬁdium Enteracaf:cus Candida Candidu (;um?ida
Sample influenzae CCM aureus petfringens faecalis glabrata CCM albicans CCM tropicalis CCM
CCM 2461 CCM 4991 CCM 4224 8270 8186 8223
4454 (mm)
(mm) (mm) (mm) (mm) (mm) (mm)

Primula veris L. 2.00 = 0.00 fghi 1.00 + 0.00 4¢ 1.00 £ 0.00 d¢ 1.17 £ 0.29 ¢f 0.00 +0.00 8 1.50 £ 0.00 b 1.33 £ 0.29 8
Urtica dioica L. 9.00 £1.73° 1.50 + 0.50 <de 1.33 + 0.58 bed 1.50 + 0.50 9ef 2334 0.29b 1.00 + 0.00 @ 3.17 £ 0.76 <4
Ribes nigrum L. 417 £0.77 % 2.17 £0.29 ¢ 1.67 £ 0.58 b 1.50 £ 0.50 9ef 1.67 £ 0.29 <de 1.83 £0.29° 3.17 £0.29 «¢
Fragaria vesca L. 3.17 £ 0.29 °f8 6.00 £ 1.00 2 1.00 + 0.00 % 5.83 £ 0.76 2 1.67 4 0.58 de 2,67 +0.582 3.50 £ 0.50 ©
Mentha piperita L. 5.67 £ 0.58 < 2.67 £0.58° 1.33 & 0.29 bed 2.67 +0.58 ¢ 483+0.76° 3.17+£0292 433 +£0.58"
Thymus serpyllum L. 1.00 £ 0.00 1.17 £ 029 d¢ 1.17 £ 0.29 ¢ 1.67 £ 0.29 def 0.67 £0.29° 1.00 £ 0.00 ¢ 0.00 + 0.001
Salvia officinalis L. 2.83 + 0.29 efghi 0.90 +0.11 de 0.50 £ 0.00 © 5.33 £0.582 2,67 £0.29° 2.67 £0.582 2.00 + 0.00 *f8
Potentilla anserina L. 1.67 4 3.01 8hi 1.00 4 0.00 d¢ 1.00 + 0.05 de 1.33 4+ 0.29 ¢f 1.17 4 0.29 def 1.50 + 0.00 b 0.00 £ 0.00
Equisetum arvense L. 13.33 £ 0.772 1.17 + 0.29 de 3.50+£029° 3.33+029P 450 £0.50° 1.00 =+ 0.00 < 5.67 £0.582
Melissa officinalis L. 2.83 4+ 0.58 efsh 1.17 £ 0.29 de 1.33 £ 0.00 bed 217 £0.29 «d 1.67 £ 0.29 <de 1.00 =+ 0.00 0.50 & 0.00 ¥
Rosa canina L. 3.67 £ 0.29 ¢ 1.00 & 0.00 d¢ 0.50 £ 0.29 ¢ 0.00 £ 0.00 8 0.50 £ 0.00 '8 1.33 £ 0.58 bed 1.00 + 0.00 M
Calendula officinalis L. 1.17 £ 0.29 1 0.00 £ 0.00 f 0.83 + 0.00 ¢ 1.17 £ 0.29 ¢ 1.00 + 0.00 ¢f 1.00 =+ 0.00 0.50 & 0.00 1
Matricaria chamomilla L. 2.83 = 0.00 ©fsh 1.33 4+ 0.29 d¢ 0.50 £0.29¢ 1.00 £+ 0.00 f 0.00 &= 0.00 8 1.83 £0.29° 2.00 + 0.00 *f8
Achillea millefolium L. 3.00 £ 0.22 efgh 1.00 + 0.00 de 1.17 £ 0.00 < 1.00 £ 0.00 1.83 £ 0.29 ¢ 1.00 £ 0.00 ¢ 2.33 £ 0.58 °f
Tropaeolum majus L. 3.33 +0.58 °f8 1.00 =+ 0.00 d¢ 1.00 £ 0.29 9 1.50 + 0.00 9¢f 1.17 4 0.29 def 1.50 4 0.50 b 2.67 £ 0.58 4
Plantago lanceolata L. 6.00 £ 0.50 1.67 + 0.58 « 1.83 £0.23° 1.83 4 0.29 d¢ 3.00 +1.00° 0.83 £0.294 1.67 £+ 0.59 f8h

Mean =+ standard deviation; mm—millimeters; different letters in a column denote mean values that statistically
differ one from another.

Sinha [53] analyzed the ethanolic extract of Equisetum arvense L. against two types of
G+ bacteria (Bacillus subtilis and Micrococcus luteus) and four G~ bacteria (Vibrio cholerae,
Escherichia coli, Shigella flexneri and Shigella dysenteriae) using the disk diffusion method. The
highest average zone of inhibition (32 mm) was determined against the species Escherichia
coli, Shigella dysenteriae, and Vibrio cholerae. Nonetheless, other G+ and G~ bacteria showed
sensitivity, indicating the broad-spectrum activity of the extract. Preliminary screening tests
showed the presence of polyphenols, tannins, glycosides, alkaloids, saponins, terpenoids,
and flavonoids to be responsible for the observed antimicrobial activity.

Growing antibiotic resistance of bacteria is considered a global problem in current
medicine. This makes results such as the ones obtained in our study novel alternatives
to antibiotics.
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The first tested yeast strain was Candida glabrata CCM 8270 (Table 4). The size of the
inhibition zones ranged from 0 (Primula veris L.) to 4.83 mm (Mentha piperita L.). The second
tested species was Candida albicans CCM 8186. The size of the inhibition zones ranged from
0.83 (Plantago lanceolata L.) to 3.17 mm (Mentha piperita L.) The third tested yeast strain
was Candida tropicalis CCM 8223. The size of the inhibition zones ranged from 0 (Potentilla
anserina L.) to 4.33 mm (Mentha piperita L.).

Doddanna et al. [54] detected antimicrobial activity of Mentha piperita L. ethanolic
extract against Candida albicans by the disk diffusion method. The reported diameter of
the inhibition zone was 12.95 4+ 0.07 mm after 24 h, and 13 =+ 0.0 mm after 48 h. Mentha
piperita L. leaves contain menthol, menthone, methyl esters, and monoterpene derivatives.
The antimicrobial activity of terpenoids consists mainly of the disruption of microbial
membranes. Candida albicans is the most common species of the genus Candida. Found
in the oral cavity, it is responsible for most oral diseases. The use of natural products
as alternative agents against fungal diseases is considered an interesting alternative to
synthetic fungicides.

Plant extracts and phytochemicals with known antibacterial effects can be of great
importance in the treatment of various diseases. The synergistic effect of antibiotics and
plant extracts against resistant bacteria may lead to new treatment options for infectious
diseases [55].

4. Conclusions

Medicinal herbs are an important part of human life. They are rich in bioactive
compounds with many health benefits. In our study, the highest antioxidant activities were
determined in Rosa canina L. (DPPH method), and in Fragaria vesca L. (phosphomolybdenum
method). The highest content of polyphenols was found in Fragaria vesca L. and Thymus
serpyllum L., while Primula veris L. was found to be the richest in flavonoids. Samples of
Thymus serpyllum L. and Mentha piperita L. contained the highest content of total phenolic
acids. Results of antimicrobial activity showed that Equisetum arvense L., Mentha piperita L.,
and Fragaria vesca L. had an inhibitory effect on Candida strains. The sample of Equisetum
arvense L. showed a strong inhibitory effect on Haemophilus influenzae. Determination of the
content of selected microelements showed that they are present in different concentrations
in medicinal plants. These microelements are necessary for the human body, but in larger
concentrations they can have a harmful effect. Among all the tested microelements in
individual medicinal plants, iron (Fe) was found to be dominant. The highest content of
Fe was found in Thymus serpyllum L. Noteworthy, significant levels of zinc (Zn) were also
found. It was most abundant in Tropaeolum majus L.

Medicinal plants are an excellent source of flavonoids, carotenoids, and phenolic
acids, which are potent antioxidants. The obtained results are proof of the antioxidant and
antimicrobial potential of medicinal plants and indicate that the wide application of such
plants in the food, pharmaceutical, and cosmetic industries is justified. The possibility of
using natural raw materials as alternatives to synthetically produced products should be
paid more attention.
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