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Abstract: The use of wild herbs to relieve and treat many human diseases is increasing worldwide, due to their medicinal features and limited
side effects. The content of metals in them is of great interest. Our objective was to determine the levels of Cu, Fe, Mn, Ni, and Zn in individual
parts of four medicinal plant species (Achillea millefolium L., Origanum vulgare L., Thymus serpyllum L., and Hypericum perforatum L.) and their
native soil. For the study, we selected four sites located at the foot of Mount Bjelasica in Montenegro. Microwave-assisted digestion was applied
for the dissolution of the samples and the metal concentrations were determined using atomic absorption spectrometry (AAS). All the
investigated metals are most concentrated in the roots of the tested herbs. The translocation of metal from the root to the aboveground parts
is different and depends on the metal and the plant. All the tested plants contain the most Fe (except oregano) and the least Ni. The most
significant levels of Zn (44.6—116 mg kg?), Ni (0.10-26.3 mg kg?) and Mn (28.4-329 mg kg™) were found in O. vulgare, the largest
concentration of Cu (20.6—85.4 mg kg™) in H. perforatum and Fe (108—1324 mg kg!) showed its largest value in T. serpyllum.
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INTRODUCTION

T HE use of plants for therapeutic purposes has a long
and continuous tradition among people on all
continents. As natural medicines, they are considered safer
for human health than synthetic ones, because medicinal
herbs are not aggressive, have no serious side effects and
are generally available at a low price.[Y] The World Health
Organization (WHO) reported that 65-80% of the populat-
ion of developing countries is dependent on medicinal
plants as the only means of accessing basic health care.[?]

There is a widespread misconception that natural
herbs and plants are inherently safe; nevertheless, there
has been a large volume of reports on incidences of toxicity
and adverse effects linked to the use of herbal plants and
their formulations in different parts of the world.[!

Plants are an important mechanism for the
transition of trace elements from the soil into human
beings.ll Several transition metals such as iron (Fe),
manganese (Mn), copper (Cu), zinc (Zn) and nickel (Ni), and
are needed by living organisms in minute quantities for

various physiological and biochemical purposes.5! The
presence of some transition metals beyond the permissible
limits can cause metabolic disturbances. Thus, both a
deficiency and an excess of essential micronutrients can be
harmful to human health.[®]

Accordingly, quality control of medicinal plants is
also important in terms of identifying the trace element
content.”! It is important to emphasize that the best
benefit to human health depends on obtaining the correct
amount of the elements in the right form and at the right
time.l”]

Higher amounts of metals entering the food chain
could, eventually, be harmful to both humans and
animals.[®] Thus, a better understanding of the factors
affecting the uptake and accumulation of metals in some
species is especially important for the collection and
cultivation of wild medicinal plants.[®!

The same plant species can differ in microelement
content under different ecological conditions, while diverse
species in the same biotope accumulate different amounts
of microelements.[®!
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Transition metal uptake by plants is a complex
process, governed by numerous factors which are
interlinked and which influence each other: plant species,
genotype, the availability and mobility of the metals in the
soil, and soil properties, such as: pH, organic matter
content, clay content, redox potential, and so on.[&10-121 A
knowledge of the influence of soil properties on the metal
uptake could be very useful when the choice of the location
from which to collect wild plants is made or suggest
potential agricultural techniques for the plantation and
cultivation of these plants.®!

According to Yoon et al.,!3] wild plants should be
preferred for phytoremediation since these plants are
often better in terms of growth, development, reprod-
uction and general survival under stress conditions as com-
pared to plants introduced from other environments. 14!

Currently, there are many aromatic medicinal plants
that are collected and consumed in Montenegro. Among
these plants, yarrow (Achillea millefolium L.), oregano
(Origanum vulgare L.), thyme (Thymus serpyllum L.), and St.
John’s wort (Hypericum perforatum L.) and are the most
popular aromatic medicinal herbs used for medical
purposes or to help maintain good health. Aromatic wild
herbs have various applications in ethnopharmacology. In
this context, it is important to ensure a good level of quality
control to protect consumers from potential contamin-
ation.[**] Considering the complexity of these aromatic
medicinal herbs and their inherent biological variation, it
thus becomes necessary to evaluate their safety, efficacy
and quality.[216]

Thus far, there has been little emphasis on the metal
content in wild plant products from Montenegro.[*l In partic-
ular, no data on the concentration of metals in the individual
parts of medicinal plants has so far been presented.

In this study, the content of five selected metals
(Cu, Mn, Ni, Fe and Zn) in the soil and in the different organs
of yarrow (Achillea millefolium L.), oregano (Origanum
vulgare L.), thyme (Thymus serpyllum L.), and St. John’s
wort (Hypericum perforatum L.) were investigated, based
on samples collected from sites around Mount Bjelasica.
Mount Bjelasica occupies an area in the central-continental
region of Montenegro, between 42° and 43° North in
latitude and 19° and 20° East in longitude. The area of the
Bjelasica mountain is characterized by extraordinary
ecosystemic diversity, which makes it one of the important
areas and centers of biological diversity on the Balkan
Peninsula and beyond.!8l

The determination of the metal content in soil; the
estimation of their bioavailability; the analysis of the
relevant ratios of metal content in the soil and herbs; and
the nature of the distribution in different plant tissues, may
all indicate possible pathways of absorption, distribution,
and highlight the potential for bioaccumulation.

EXPERIMENTAL SECTION

Plant Collection

The plants used in this study were collected by hand during
the flowering and fruiting stages from the southern slopes
of Mount Bjelasica in Montenegro, from four separate
locations, at the beginning of August 2020. The raw
materials from the following species of plants were
studied: yarrow (Achillea millefolium L.), oregano (Origanum
vulgare L.), thyme (Thymus serpyllum L.), and St. John’s wort
(Hypericum perforatum L.).

At each location of about 2000 m?2, 7—-8 whole
healthy plants of a similar size, shape and weight were
sampled manually in order to repeat the results for each
site. The plant material was labeled, packed in polyethylene
bags and transferred to the laboratory in the shortest
possible time. Soil samples were also taken from the same
locations as plants to a depth of 0—20 cm. Stones and
coarse plant material were mechanically removed. The soil
samples were placed in plastic boxes, carefully labelled and
transferred to the laboratory for further analysis. The
selected locations were at least 5 km away from the main
roads and larger settlements, as well as a minimum
distance of 100 m from smaller roads and houses.

Sample Preparation

The identification of the plants was made by Department
of Biology, Faculty of Natural Sciences and Mathematics of
Montenegro. The sampled plant material was first washed
with tap water, and then twice with deionized water and
gently dried with a paper towel. The samples plants were
separated into root, stem, leaf and flower to determine
bioaccumulation diversity of the plant organs. The plant
material was then air dried. The samples were ground into
a fine powder and homogenized in an electrical mill (Blichi-
Mixer B-400). The samples were mineralized to avoid the
influence of the matrix.[*®) An amount of 0.5 g of prepared
samples were approximately measured with an accuracy of
+0.0001 g and mineralized using a Milestone Microwave
Ethos model 1600, with a mixture of 65 % (w/w) HNOs and
30 % (w/w) H20; (3:1 v/v).[20] Mineralization was realized
in two stages: pre-treatment at a power of 300 W for a
period of six min, followed by five minutes of microwave
digestion at a power of 500 W. After digestion, the
solutions were diluted with deionized water to a final
volume of 50.0 cm3.

The sediment samples were dried in air and then in
an oven at 75 °C for 48 hours using SLW 53, 56L POL EKO
Aparatura ™).[19] The dried sediment samples were ground
in an agate mortar and sieved through a 1.5 mm sieve
(a FASIL AD Arilje). Approximately, 0.5 g (+0.0001 g) of
each sample was mineralized under pressure and high
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temperature and microwave digested with a mixture of
37 % (w/w) HCl : 65 % (w/w) HNO3 (3:1 v/v).[19-20] After
digestion, the solutions were diluted using 2 M HNOs to a
final volume of 100 cm3.[20-21]

In order to determine the amount of mobile and
bioavailable amounts of metals, extraction with 0.1 M EDTA
was performed. In this way, the real conditions prevailing
in the environment are simulated. The soil/0.1 M EDTA
mixture (1 g : 50 mL) was stirred for 1 h on a magnetic stirrer
and filtered.

Determination of Metal Content

All the parts of the plant samples and soils were prepared
in triplicate and their average value was assessed. Blank
solutions were added to the series of samples and
measured after every tenth sample determination. The
concentrations of the metals (Cu, Mn, Ni, Fe and Zn) were
determined by the AAS technique using a atomic
absorption spectrometer (PinAAcle 900, Perkin Elmer).
Basic standard solutions of Cu, Fe, Mn, Ni and Zn
concentrations of 1000 mg kg™ were made from Merck
chemicals. The standard solutions were diluted with
deionized water to bring the element concentrations to
a suitable concentration range. The operating conditions
of the instrument during determination are given in
Table 1.

The accuracy and precision of the method were
evaluated using the certified reference material, in this case
NCS ZC73014 Tea leaves (National Institute of Standards
and Technology, NIST, Gaithersburg, MD, USA) and the
relevant standard for trace elements in the soil (SRM 2709).
The recovery of measured values for the selected elements
lay within = 8% of the certified values.

Table 1. AAS operating conditions during the experiment

Statistical Analysis

The Microsoft Excel 2000 package was used for the
calculation of the mean and standard deviation. A one-way
ANOVA at a value of p < 0.05 was performed between the
content of each metal in the roots, stems, leaves and
flowers and between the content of each metal in the
tested plants. If the differences between the mean values
were significant at the 5 % level, a post hoc Duncan test was
used to determine the minimum allowable differences
between particular result groups. All the calculations were
performed using the SPSS (version 11.5) software package
(SPSS Inc., Chicago, USA).

The ability of plants to absorb and accumulate
metals from the growth media was evaluated using the
bioconcentration factor (BCF).22 The BCF value was
calculated as the ratio of the concentrations of metals in
the plants and sediments:

BCF = [MEtaI]part of plant / [MEtaI]soiI

The possibility of plants to transport metals from the
roots to the above-ground organs was estimated using the
translocation ability (TA). The value of the translocation
ability was calculated as the ratio of the concentrations of
metals in roots and a given part of the plant:

TA = [Metal]root / [MEtaI]part of the plant-

RESULTS AND DISCUSSION

In Table 2 content tested metals of the soil from which the
plant samples were taken are provided. Table 2 also
contains bioavailable metal contents based on EDTA
extraction.

Metal Wavelenght / nm Slit / nm Relative noise Flame Gases CES?I:/Cnich'* Llnei:ngir;ge / lamp ;Lxrent/
Cu 324.8 0.7 1.0 air-acetylene 4.0 5.0 25
Fe 248.3 0.2 1.0 air-acetylene 6.0 6.0 40
Mn 279.5 0.2 1.0 air-acetylene 2.5 2.0 25
Ni 232.0 0.2 1.0 air-acetylene 7.0 2.0 40
Zn 213.9 0.7 1.0 air-acetylene 1.0 1.0 25

Table 2. Content of tested metals in soil and their bioavailability
Metal content in soil / mg kg™
Cu Fe Mn Ni Zn
min-max 61.0-88.1 2360 —2478 607 —-1019 57.4-104 171-206
average = SD 70.4+14.7 2419 £ 48 817 + 168 74.3+20.8 186+ 15
Metals extracted with EDTA / mg kg™
Cu Fe Mn Ni Zn
min-max 24.7-30.1 214 -594 203 -396 6.48 -10.2 3.73-20.2
average = SD 27.7+£2.72 423 £158 274 +87.5 8.34+199 10.5+7.41
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Table 3. Metal concentrations (mg kg™ dw) in parts of the investigated medical plants; minimum and maximum concentrations

and average concentrations * standard deviation

min.-max. / mg kg™
Average + S.D.

Metal
Achillea millefolium Origanum vulgare Thymus serpyllum Hypericum perforatum

root 29.2-345 49.4-57.3 26.1-35.3 78.8—88.4
31.1+2.37a" (b)” 52.1+3.52a(b) 30.7+4.29a (b) 85.4+4.46 a (a)

stem 25.6-33.4 22.5-28.6 22.8-29.4 27.4-32.0
cu 28.5+3.464a (a) 24.9+2.64b(a) 26.3+2.83a(a) 28.9+2.09b (a)

leaf 29.6-34.8 28.5-354 12.4-19.3 18.1-23.3
32.7+2.23a(a) 30.6 +3.21 ab (a) 16.9+3.13a(a) 20.6+2.39b (a)

flower 37.2-41.9 35.5-43.1 20.3-25.5 23.1-29.3
39.2+1.98a(a) 40.3+3.34ab (a) 23.2+2.21a(a) 25.9+3.04 b (a)

root 986-1158 1321-1476 1291-1382 60.7-67.9
1094 + 77 a (a) 1385+ 73 a (a) 1324 £ 41 a (b) 63.1+3.23a(b)

stem 289-352 114-174 912-1007 32.5-35.2
Fe 327 +28b (ab) 141+ 27 b (b) 956 +41a(a) 33.6+1.29a(b)

leaf 207-246 195-223 241-285 46.6-51.8
229+ 16 b (a) 206+ 12 b (a) 262+20b (a) 49.7+2.27a(a)

flower nd 27.4-36.7 96-128 48.1-53.6
33.5+4.21b(a) 108 £ 14 b (a) 50.1+2.42a(a)

root 128-155 293-354 169-207 77.6—89.1
140+ 11.1a(b) 329+26a(a) 185+ 17 a(b) 85.4+5.25a (b)

stem 34.9-42.6 26.1-31.6 84.6-93.1 33.4-39.1
M 37.9+3.56a(a) 28.4+2.33b(a) 87.6+3.87a(a) 36.8+2.61a(a)

leaf 64.8-73,2 46.1-50,3 79.2—-88.4 119-144

69.3+3.67a(a) 482+1.74b (a) 82.6+4.08a (a) 134+ 11a(a)

flower 27.3-33.5 33.6-42.3 58.0-63.2 61.3-67.7
30.2+2.95a(a) 38.4+3.60 b (a) 60.1+2.30a (a) 64.3+3.14 a (a)

oot 2.12-3.07 23.2-31.2 5.15-5.52 3.24-3.61
2.52+0.40a (b) 26.3+3.492a(a) 5.31+0.17 a(b) 3.45+0.16 a (b)

stem 1.61-2.05 1.52-1.97 2.06-2.97 0.65-0.90
\i 1.83+0.16 a (a) 1.77+0.20b (a) 2.54+0.43a(a) 0.75+0.12 a (a)

leaf 0.77-1.24 0.07-0.12 0.32-0.69 0.16-0.24
0.94+0.21a(a) 0.10+£0.03 b (a) 0.54+0.16a (a) 0.19+0.03a(a)

fower 0.91-1.23 2.19-2,63 1.88-2.34 0.70-0.96
1.04+0.14 a (a) 2.42+0.24b(a) 2.18+0.20a (a) 0.87+0.11a (a)

32.8-40.1 101-127 43.3-49.3 54.1-63.6
root 35.8+3.13a(b) 116+12a(a) 46.9+2.61a (b) 57.2+4.37a(b)

stem 15.5-20.8 39.4-47.8 40.3-48.4 20.5-25.1
18.5+2.21a(a) 44.6 £3.75c (a) 42.7+3.83a(a) 22.2+2.01b(a)

an leaf 26.1-34.2 71.4-79.8 39.7-46.8 65.4-72.1
29.5+3.44a(c) 77.3+3.98b (a) 42.3+3.11a(bc) 69.8 +2.99 a (ab)

flower 25.1-316 50.2-63.2 33.1-37.7 49.2-54.7

27.3+3.02a(b)

57.6 £6.04 bc (a)

36.2+2.10a (ab)

51.1 +2.45 ab (ab)

* The values of individual metals with the same first letter(s) are not significantly different at p = 0.05 in the column (i.e. between different parts of the plant)
** The values in individual parts of the plant with the same letter(s) in parentheses are not significantly different at p = 0.05 in the row (i.e. between plants)

The concentrations of the studied metals (mg kg)
in the tested soils are as follows, in descending order: Fe
(2419) > Mn (817) > Zn (186) > Ni (74.3) > Cu (70.4).

Extraction with EDTA releases metals from the soil
that are bound to organic complexes.l'223] Metals
associated with the carbonates and hydroxides of Fe and
Mn are also extracted.l?!] In the exchangeable, easily
soluble fraction, the highest amounts comparing to the
total content were shown for Cu (39.3 %) and Mn (33.5 %),

followed by Fe (17.5 %) and Ni (11.2 %) and the lowest level
was seen for Zn (5.65 %).

Table 3 shows the minimum and maximum
concentrations of the tested metals in some parts (mg kg!
dry matter) of the investigated herbs, as well as the average
concentration * the standard deviation; the values in
individual parts of the plant with the same letter(s) in
parentheses are not significantly different at p = 0.05 in
their row (i.e. between the plants).
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All the investigated metals were most concentrated
in the roots of the plants. The translocation of metal from
the root to the aboveground parts is different and depends
on the metal and the plant. All the tested plants showed Fe
content to the greatest degree (except for oregano), while
the least common element was Ni. The most significant
contest of Zn, Ni and Mn was found in oregano, while St.
John’s wort showed the most Cu and Fe was most
extensively present in thyme.

The bioaccumulation ability of the tested medical
plants is expressed through the bioaccumulation factor, most
notably the BCF (root/soil) and the BCF (flower/soil), as
presented in Figure 1. The greatest degree of bioaccumul-
ation of the examined metals, from soil to root, was shown
by oregano, except for the case St. John's wort for the
bioaccumulation of Cu. The lowest levels of bioaccumulation
for Cu, Zn and Ni were shown by yarrow, while the least bio-
accumulation of Fe and Mn was recorded in St. John's wort.

Observing all the herbs tested collectively, the
highest accumulation capacity was recorded for Cu and the
lowest for Ni.

The values of the metal translocation ability of the
tested herbs are given in Table 4. The translocation
between the different parts of the herbs depended on the
type of metal and the type of plants.[?5! From the root to
the above-ground organs, the most mobile metals were Zn
and Cu, while Mn, Ni and Cu showed the lowest levels of
mobility. The most significant mobility among the
investigated metals was shown through the tissue of A.
millefolium and the lowest through the tissue of O. vulgare.
T. serpyllum and H. perforatum have a similar level of metal
translocation through their tissues.

a)  Achillea millefolium % Origanum vulgare

& Thymus serpylium W Hypericum perforatum

BCF {root/sediment)

w Hypericum perforatum

Ni n

04
02 l
\ . B Bm _
Cu Fe Mn

b) W Achiliea mitiefolium & Origanum vuigare # Thymus serpylium

BCF (flower/sediment)
o

Figure 1. Seasonal changes in the bioconcentration factor
(BCF): a) the root and b) the flower.

Achillea millefolium (yarrow)
The content of Ni, Zn and Mn in the yarrow was lower or
in the range of the normal value for these elements in
plants.[26-28] The content of both Cu and Fe are above
normal levels for plants.

The sequence of metals in the tissues of A.
millefolium is not the same as the order they are found in
the soil (Tables Il and Ill). This could be explained by the
stronger influence of the genetic characteristics of the
studied medicinal plant species, as well as certain soil
factors, which often have opposite effects on the intake
of metals.[®

In other works!29-301 Zn content has been shown to
be higher in the tissues of A. millefolium than the Cu
content in the same material. The physiological activities
of the medicinal plant influence Zn absorption and the
interactions with many elements such as Fe and Cu.[29]

In several papers!1.81430-31] 3 |ower content of Cu
and Fe was recorded in the tissues of A. millefolium than
in our work. The zinc content in our A. millefolium samples
was lower than in the samples from other regions.[8:30.33-34]
Nickel and Mn content were lower in some reports(14.29.34]
and higher in some other papers!1830% when compared to
our results.

Origanum vulgare (oregano)
O. vulgare contains the highest amounts of Zn and Ni of
all the tested plants. This plant present in the
spontaneous Montenegrin flora may well be an important
source of Zn and Ni for animal nutrition and, therefore,
their use in future mineral nutrition studies may be
justified.

The content of Cu and Fe in the root is above
normal levels for plants.[26-28] The contents of Zn, Ni and
Mn are within the range of values common to plants.

The translocation from the root to the leaf and the
flower is greatest for Cu and Zn and lowest for Ni. Metal
concentrations in certain parts of the plant can reach the
accumulation of roots from the soil, translocation through
certain parts of the plant and by the deposition of
particles from the air (in the case of the leaf and the
flower).[29]

In the literature, we found no data on the content
of metal in individual parts of Origanum vulgare. The data
on the metal content in the whole plant or only in the
aboveground parts from other regions are generally of
the same order of magnitude as our results. Samples of
oregano from the North Western Himalayas, 3% southeast
Serbia, ¢! the western part of Turkey,3”! Romanial38 and
samples purchased at local markets in Dubail®! all differ
slightly (sometimes being larger and sometimes smaller)
when compared to the content of test metals in the
samples of oregano picked in Bjelasica, Montenegro.

DOI: 10.5562/cca3855
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Table 4. The translocation ability (TA) of the examined herbs for metals

Metal Achillea millefolium Origanum vulgare Thymus serpyllum Hypericum perforatum
root/stem 1.09 2.09 1.17 2.96
root/leaf 0.95 1.70 1.82 4.14
c stem/leaf 0.87 0.81 1.56 1.40
root/flower 0.79 1.29 1.32 3.30
root/stem 3.34 9.82 1.38 1.88
root/leaf 478 6.72 5.05 1.27
Fe stem/leaf 1.43 0.68 3.66 0.68
root/flower - 41.3 12.2 1.26
root/stem 3.69 11.6 2.11 2.32
root/leaf 2.02 6.82 2.24 0.64
Mn stem/leaf 0.55 0.59 1.06 0.28
root/flower 4.64 8.57 3.08 1.33
root/stem 1.38 14.8 2.09 4.60
. root/leaf 2.68 263 9.83 18.2
N stem/leaf 1.94 17.8 4.70 3.96
root/flower 2.43 10.9 2.44 3.96
root/stem 1.93 2.60 1.10 2.58
root/leaf 1.21 1.50 1.11 0.82
an stem/leaf 0.63 0.58 1.01 0.32
root/flower 1.31 2.01 1.30 1.12

Thymus serpyllum (thyme)
The contents of Cu (except in the leaves) and Fe (except in
the flowers) are higher than the normal content levels of these
metals in plants.[26-28 The content levels of the other investig-
ated metals are in the range of values common to plants.

In the tested metals, the same order of contents was
not recorded in relation to the individual parts of A.
millefolium. 1t is probable that the distribution of metals to
the various parts of the plant depends on the properties of
the metal, its ionic diameter and the translocation ability of
the plant. The distribution of Zn, Fe and Mn by the parts of
T. serpyllum follows a declining trend: root > stem > leaf >
flower, while Cu and Ni are more commonly found in the
leaf than in the flower. In the work by Musielinska et al.,33!
the distribution of Zn in the parts of T. serpyllum followed
the reverse trend: leaf > flower > stem > root. In the same
paper, the lead content was highest in the root while it was
smaller and more uniform in the stem, leaf, and flower.

In the samples of T. serpyllum from the Ash-Shoubak
region in the west of Jordan(!s] a lower metal content was
recorded compared to our samples. Compared to the
T. serpyllum samples from Serbia (Vojvodina),[!l our samples
contain a higher concentration of Cu and a lower concentrat-
ion of Mn, while the content levels of Fe, Zn and Ni are similar.

Hypericum perforatum (St. John’s wort)

The greater Zn and Mn content in the flower and leaf
compared to the root and stem is probably due to the
deposition of these metals from the air and not simply the
translocation from the root. The distribution of metals in
some parts of the plant is the result of differences in the
amount and rate of metal input, primarily by root pressure
and their release into the environment, notably through the
transpiration of the leaves.[?-40 Some metals are accumul-
ated in the roots, probably because of certain physiological
barriers to the transport of toxic elements in trace amounts.
Those metals essential to metabolic needs are easily trans-
ported to the above-ground parts of the plant.[22

Compared to H. perforatum samples from other
regions, the Cu content in our samples is generally higher,
while both Zn and Mn are either in a similar range to other
results or higher than in other samples. The contents of
both Fe and Ni in our samples of H. perforatum are in a
similar range or lower when compared to samples from
other regions.[1829.30343641-43]  The reason for this
relationship between the content of the metals tested in
the H. perforatum tissues in comparison to samples from
other regions is probably due to the increased mobility of
Cu in the soil samples.
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CONCLUSIONS [9] V. K. Kashin, Chem. Sustain. Dev. 2011, 19, 237-244.
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