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Abstract The purpose of this comparative analysis is the
determinationof the totalquantityofmetals (Mg,Ca,K,Ni,
Fe, Mn, Zn, Cu, Cr and Pb) in soil samples, above ground
plant parts and teamade of plantsTeucriummontanum and
T. chamaedrys from different serpentine and calcareous
habitats as well as of the total quantity of phenolic com-
pounds and antioxidant activity. The obtained results
showed that the quantities of certain metals (Mg, Fe, Ni
andMn) in thesoil fromtheserpentinehabitatsweregreater
in comparison with other metals (Ca, Zn and Pb) which
weremore frequently found in the soil from the calcareous
habitats. The results demonstrated that the analysed plant
samples from the serpentine habitats contained higher
quantity of Fe, Ni and Cr as opposed to the plant samples
from the calcareous habitatswhich containedgreater quan-
tity ofCa andZn.Although the studied species accumulate
analysed metals in different quantities, depending on the
substrate type, they are not hyperaccumulators of these
metals. The use of these species from serpentine habitats
for tea preparation is safe to a great extent, because in spite
of the determinedmetal absorption by plant organs, the tea
does not contain dangerous quantity of heavy metals. The

results showed greater total quantity of phenolic com-
pounds and the higher level of antioxidant activity in the
plant samples from serpentine habitats in comparisonwith
the samples from calcareous habitats, which is an indicator
of one of the mechanisms of adaptation to the serpentine
habitat conditions.

Keywords Serpentine substrate . Calcareous substrate .
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Introduction

Serpentine (ultramafic) soil represents a specific sub-
strate as it has extreme chemical and physical character-
istics. Disturbed mineral regime, the lack of essential
nutrients (Ca, P, N, K), disturbed Ca to Mg ratio, greater
quantities of heavy metals (Mn, Ni, Cr) and variation of
pH values in the range from 5.5 to 9.58, i.e. from acidic
to very strongly alkaline, are among the most important
chemical characteristics. The significant physical char-
acteristics of this type of soil are shallowness,
skeletalness and specific water and temperature regime
(Kruckeberg 1984; Brooks 1987; Brady et al. 2005;
Alexander et al. 2007).

Calcareous soil is a soil that contains free calcium
carbonate. This type of soil is characteristic of arid and
semiarid areas as well as of humid and semihumid zones,
particularly where their parent material is rich in CaCO3.
On a chemical level, the presence of CaCO3 both induces
alkaline reactions in calcareous soils and affects availabil-
ity of N, P, K, Mg, Zn, Cu and Fe to plants. Carbonates in
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soil contribute to the pH buffering within the range of 7.5
to 8.5. Apart from chemical influence, CaCO3 in calcar-
eous soil influences its physical properties as well
(Lambers et al. 2008).

In order to maintain continued existence on the serpen-
tine types of substrates, plants have to develop a series of
anatomical, morphological and physiological adaptations,
primarily due to high concentrations of heavy metals
(Brooks 1998; Brady et al. 2005; Gall et al. 2015). The
toxic effects of heavy metals on plants are predominantly
increased production of reactive oxygen species and inhi-
bition of proper functioning of essential groups in biomol-
ecules due to dislocation of essential metal ions
(Schützendübel and Polle 2002). Secondary metabolites
take part in the process of adaptation of plant organisms to
the ecological conditions of the environment, and their
quantity in plant organs varies depending on both abiotic
and biotic factors to which the plant is exposed. Biosyn-
thetic pathways of secondary metabolites are to a certain
extent under the influence of heavy metals in the soil,
altitude, water regime in the habitat and radiation (Endt
et al. 2002; Politycka and Adamska 2003), and it is con-
firmed that due to the presence of heavy metals, certain
plants increase the synthesis of phenolics (Michalak2006).

The genus Teucrium belongs to the family
Lamiaceae. The species of the genus Teucrium are
predominantly perennial, bushy or semi-bushy, rarely
annual herbaceous plants. Some of the Teucrium species
are medicinal and widely used in traditional medicine
and pharmacology (Stanković 2012). Teucrium
montanum L. is a perennial, shrub-like plant with half-
ligneous branches, up to 25 cm high and inhabits ther-
mophilic calcareous rocks, dry mountain meadows and
edges of forests in Europe and Anatoly. T. montanum is
used as a diuretic and in the treatment of digestive and
respiratory diseases and possesses anti-inflammatory,
antioxidative and antimicrobial effect (Stanković et al.
2011). Teucrium chamaedrysL. is a perennial herbaceous
plant with half-ligneous and shrub-like low stem up to
30 cm high. It has little-branched stem with oval serrated
leaves and tiny blooms on branch-tops. The plant inhabits
several types of habitats such as rocky limestone areas,
dry mountain meadows and pastures, and the edge of the
sparse oak and pine forest is up to 1000m above sea level
in Central Europe, Mediterranean region and Western
Asia. The species T. chamaedrys is applicable in the
treatment of digestive disorders, abscesses, gout and con-
junctivitis and in stimulation of fat and cellulite decom-
position (Stanković et al. 2010).

The research encompasses the comparative analysis
of the content of metals (Mn, Ni, Fe, Cu, Zn, Cr, Ca,
Mg, K and Pb) in the soil, above-ground plant part
samples and the tea prepared from the species
T. montanum and T. chamaedrys from different habitats
with serpentine and calcareous substrate. This implies
that this research is theoretically and practically well-
grounded, particularly in relation to the use of tea made
of plants sampled from the serpentine substrate which
naturally contains a significant amount of heavy metals.
In addition, the goal of the presented comparative re-
search was determined bearing in mind the fact that the
intensity of the plant secondary metabolism and
quantitative-qualitative content of secondary metabo-
lites represent some of the mechanisms of adaptation
to the stressful environmental conditions. Therefore, the
principal aim of this study is the determination of the
differences in quantity of the phenolic content and anti-
oxidant activity of extracts of the selected plant species
from habitats with serpentine soil in comparison to
habitats with calcareous soil. The total quantity of phe-
nols and flavonoids as well as antioxidant activity were
measured in order to determine both the variability of
the quantity of certain metals and secondary metabolites
and the possible relation between the type of substrate
and the quantity of metals in the soil, plants and tea by
means of comparative analysis of the samples from the
habitats with serpentine and calcareous substrate.

Material and methods

Plant material

T. montanum and T. chamaedrys were sampled from the
natural habitats with serpentine (the mountains Goč and
Stolovi) and calcareous soil (the mountains Kopaonik and
Durmitor), during the period of flowering in 2013
(Table 1). The samples were identified at the Department
of Biology and Ecology, Faculty of Science, University of
Kragujevac. Aboveground plant parts were dried in the
dark room at room temperature after which they were
ground in a blender and stored in dark sealed containers.

Sampling of soil for analysis

Apart from the plant species, the soil was sampled from
the same localities for the purpose of the comparative
analysis of the quantity of metals (Mg, Ca, K, Ni, Fe,
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Mn, Zn, Cu, Cr and Pb). The sampling and laboratory
preparation of the soil samples were carried out in
accordance with the described procedure for soil sam-
pling (Kastori et al. 2006).

Chemicals

Methanol, perchloric acid (HClO4), nitric acid (НNО3) and
natrium hydrogen carbonate (NaHCO3) were purchased
from BZorka pharma^ Šabac, Serbia. Hydrogen peroxide
(H2O2) was obtained from BMeilab^ Belgrade, Serbia.
Gallic acid, rutin hydrate and 2,2-diphenyl-1-
picrylhydrazyl (DPPH) reagent were bought from Sigma
Chemicals Co., St Louis, MO, USA. Folin-Ciocalteu phe-
nol reagent and aluminium chloride hexahydrate
(AlCl3 × 6H2O) were obtained from Fluka Chemie AG,
Buchs, Switzerland.

Preparation of plant extracts and plant material

Dried plant samples were ground to obtain plant pow-
der. For the plant extract preparation, the prepared plant
powder (10 g) was mixed with 250 mL of methanol and
kept at room temperature. After 24 h, the extract was
refined through Whatman no. 1 filter paper. The plant
extracts were evaporated under vacuum at 40 °C using a
rotary evaporator. The extracts were preserved in sterile
sample tubes at 4 °C. In order to determine the phenolic
content and antioxidant activity in plant material, for
start solution preparation, each powdered sample was
dissolved in methanol at a concentration of 1 mg mL−1

and filtered after 24 h.

Determination of total phenolics in the plant extracts
and plant material

The total quantity of phenolic compounds in the plant
extracts and plant material was determined using

spectrophotometric method (Singleton et al. 1999).
The samples were prepared by compounding 0.5 mL
of methanolic solution (1 mg mL−1) of extract or start
solution obtained from plant material, 2.5 mL of 10%
Folin-Ciocalteu reagent dissolved in water and 2.5 mL
of 7.5% NaHCO3. Prepared samples were incubated at
45 °C for 15 min. After the incubation, the absorbance
was measured at 765 nm of wavelength. Three test
samples were prepared for the calculation of mean value
of absorbance. The similar procedure was repeated for
the dissolution of gallic acid on which basis the calibra-
tion line was constructed. The obtained values of the
quantity of phenolics in the plant extracts and plant
material were expressed in terms of gallic acid equiva-
lent (mg of GA g−1 of extract and mg of GA g−1 of plant
material).

Determination of total flavonoids in the plant extracts
and plant material

The total quantity of flavonoids in the plant ex-
tracts and plant material was determined using
spectrophotometric method (Quettier et al. 2000).
The sample consisted of 1 mL of methanolic so-
lution of the extract or start solution obtained from
plant material and 1 mL of 2% AlCl3 solution
dissolved in methanol. The samples were incubat-
ed for 1 h at room temperature. After the incuba-
tion, the absorbance was measured at 415 nm of
wavelength. Three test samples were prepared in
order to obtain the mean value of absorbance. The
similar procedure was repeated for the solution of
rutin on the basis of which the calibration line was
constructed. The total content of flavonoids in the
plant extract was read from the calibration line,
and the values were expressed in terms of rutin
equivalent (mg of Ru g−1 of extract and mg of Ru
g−1 of plant material).

Table 1 The basic data for the
localities of soil and plant material
sampling

Species Locality Substrate type Altitude

Teucrium montanum Goč Mt. (Serbia) Serpentine substrate 360 m

Kamenica, Stolovi Mt. (Serbia) Serpentine substrate 381 m

Žička reka, Stolovi Mt. (Serbia) Serpentine substrate 370 m

Durmitor Mt. (Montenegro) Calcareous substrate 1257 m

Kopaonik Mt. (Serbia) Calcareous substrate 1450 m

Teucrium chamaedrys Goč Mt. (Serbia) Serpentine substrate 839 m

Kopaonik Mt. (Serbia) Calcareous substrate 1633 m
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Determination of antioxidant activity of the plant
extracts and plant material

The capability of plant extracts and plant material to
neutralize DPPH radicals was determined by spectro-
photometric method (Stanković et al. 2015). The solu-
tion of the plant extract and of the start solution obtained
from the plant material was prepared in methanol. Di-
luted solutions (1 mL of each) were mixed with 1 mL of
DPPHmethanolic solution. After the addition of reagent
and the sample incubation, the absorbance was mea-
sured at wavelength of 517 nm. Inhibition was calculat-
ed in percents using the equation (Eq. (1)). IC50 values
(μg mL−1) were estimated from the percentage inhibi-
tion versus concentration plot, using a non-linear regres-
sion algorithm. In presented results, antioxidant efficien-
cy of the extract increased with the decreasing of IC50

values. The results were represented as mean
value ± standard deviation (n = 3).

%inhibition ¼ A of control−A of sample

A of control

� �
x 100 ð1Þ

А control : the absorbance of DPPH solution

þmethanol

А sample : the absorbance of DPPH solution

þ the sample

Determination of the quantity of metals by atomic
absorption spectrometry

The quantification of metals (Mg, Ca, K, Ni, Fe, Cr, Mn,
Zn, Cu and Pb) in plants and soil samples was per-
formed using atomic absorption spectrometric method.
For the determination of the quantity of metals in the
soil, 1 g of soil sample previously dried in a microwave
was dissolved by HNO3 and HClO4 and evaporated to
certain volume. After cooling, 12 mL of distilled water
was added. The mixture was filtrated and placed in
sample vials. The quantity of metals in the plants was
determined using 1 g of the prepared plant material
which was afterwards dissolved by HNO3 and H2O2.

The mixture was evaporated to certain volume. After
cooling, 12 mL of distilled water was added. Thus, the

prepared mixture was filtrated and placed in sample
vials (Shah et al. 2013). For the determination of the
quantity of metals in the tea, 100 mL of boiling distilled
water was mixed with 1 g of the prepared plant material.
The mixture was left to cool at room temperature for
10 min and then filtered to obtain a clear solution for
further processing. Consequently, the quantity of metals
in all three groups of samples was measured in the same
conditions. In order to determine the exact quantity of
metals, an atomic absorption spectrophotometre Perkin
Elmer Company Model 3300/96 with MHS-10 hydride
system was used. Each measurement was performed in
triplicate after which the mean values were calculated.
The quantity of metals in the analysed samples was
expressed in terms of mg kg−1.

Bioaccumulation factor

Bioaccumulation factor is used for the determination of
the quantity of metals accumulated by plants from the
soil, and it represents the ratio between the content of a
metal in a plant and its content in the soil (Pandy and
Tripathi 2010). Bioaccumulation factor was calculated
using the appropriate equation (Eq. (2)):

BAF ¼ C of plant

C of soil

� �
ð2Þ

C of plant : the content of metals expressed in terms ofmg kg–1

C of soil : the content of metals expressed in terms ofmg kg–1

Statistical analysis

Statistical analysis of the results of the measurements
was performed using a SPSS (Chicago, Illinois) statisti-
cal software package (SPSS for Windows, version XIV,
2010).

Results

The quantity of metals in the soil, plants and tea

The results of the comparative analysis of the quan-
tity of metals (Mg, Ca, K, Ni, Fe, Mn, Zn, Cu, Cr and
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Pb) in the soil samples as well as in the samples of
the aboveground plant parts and the tea from the
plant material of the species T. montanum from the
locality with serpentine (the mountains Goč and
Stolovi) and calcareous (the mountains Kopaonik
and Durmitor) soil are presented in Table 2. Table 2
indicates the quantity range of the analysed metals in
the soil, plant samples and tea. The quantity of Fe,
Ni, Mn, Cu, Cr and Pb in the tea is below the limit of
detection.

The mean value of the content of the analysed ele-
ments for the species T. montanum in the serpentine soil
was ordered in the following way: Mg > Fe > K > Ca >
Ni > Mn > Cr > Pb > Zn > Cu; in the plants, К > Mg >
Ca > Fe > Ni >Mn > Cr > Zn > Cu > Pb and in the tea, K
> Mg > Ca > Zn. The mean value of the content of the
analysed elements in the calcareous soil was ordered as
follows: Fe > Ca >Mg > K >Mn > Cr > Zn > Ni > Pb >
Cu; in the plants, K > Ca > Mg > Fe > Zn > Mn > Ni >
Cr > Cu > Pb and in the tea, K > Ca > Mg > Zn.

Table 2 The quantity of metals in the examined Teucrium montanum samples expressed in terms of mg kg−1

Metal Sample
type

Goč
(serpentine substrate)

Kamenica
(serpentine substrate)

Žička reka
(serpentine substrate)

Durmitor
(calcareous substrate)

Kopaonik
(calcareous substrate)

Mg Soil 47,342.1 ± 115.3 50,256.1 ± 155.9 49,123.8 ± 129.6 12,541.3 ± 51.3 14,378.7 ± 98.3

Plant 1476.6 ± 9.4 2975.2 ± 14.8 3150.2 ± 16.2 3651.4 ± 21.7 2876.6 ± 17.5

Tea 1078.8 ± 11.2 2089.1 ± 20.6 2144.8 ± 31.7 1157.5 ± 12.6 1134.6 ± 18.8

Ca Soil 1978.5 ± 12.6 1878.2 ± 32.8 1478.5 ± 22.8 16,786.4 ± 128.6 24,564.8 ± 188.1

Plant 2104.1 ± 22.8 2237.7 ± 35.5 1356.5 ± 18 4546.3 ± 45.8 6755.2 ± 32.4

Tea 884.1 ± 6.7 864.3 ± 9.2 487.2 ± 9.6 1125.2 ± 22.6 3197.3 ± 32

K Soil 2580.9 ± 14.6 3576.2 ± 26.8 3977.8 ± 33.1 3176 ± 31.5 3321.4 ± 26.2

Plant 7215.7 ± 11.3 7823 ± 35.1 6221.4 ± 21.4 12,338.6 ± 121.4 7745.3 ± 44.1

Tea 3899.1 ± 12.5 2607 ± 22.4 1850.3 ± 35.5 5116.4 ± 42.8 4523.1 ± 26.9

Fe Soil 39,220.3 ± 182.1 50,720.2 ± 157.3 42,300.9 ± 201.5 34,680 ± 156.7 28,140.7 ± 187

Plant 985.5 ± 13.5 1213.6 ± 43 2673.1 ± 32 1107.2 ± 14.7 351.9 ± 11.3

Tea BDL BDL BDL BDL BDL

Ni Soil 722.5 ± 14.8 915.3 ± 43.9 879.7 ± 34.1 78.2 ± 0.9 102.3 ± 1.2

Plant 15.45 ± 0.04 48.75 ± 1.15 108.6 ± 2.1 9.8 ± 0.07 11.68 ± 0.34

Tea BDL BDL BDL BDL BDL

Mn Soil 554.6 ± 6.7 465.3 ± 22.1 526.2 ± 21.4 387.2 ± 3.1 454.3 ± 9.2

Plant 39.43 ± 1.02 29.45 ± 0.87 78.3 ± 3.5 42.4 ± 0.5 22.16 ± 0.56

Tea BDL BDL BDL BDL BDL

Zn Soil 32.55 ± 0.74 22.84 ± 0.95 28.65 ± 0.31 81.1 ± 4.3 103.3 ± 1.1

Plant 14.79 ± 0.23 21.35 ± 0.8 22.87 ± 0.45 28.3 ± 0.7 39.75 ± 0.54

Tea 10.61 ± 0.12 8.64 ± 0.06 7.05 ± 0.07 24.2 ± 0.7 12.47 ± 0.11

Cu Soil 5.83 ± 0.03 17.01 ± 0.79 4.98 ± 0.28 23.71 ± 0.64 11.21 ± 0.08

Plant 1.68 ± 0.02 8.35 ± 0.77 3.13 ± 0.04 2.72 ± 0.06 4.53 ± 0.04

Tea BDL BDL BDL BDL BDL

Cr Soil 108.6 ± 1.1 177.4 ± 15.4 133.2 ± 1.4 158.7 ± 9.5 122.2 ± 0.9

Plant 4.42 ± 0.03 45.3 ± 1.1 42.3 ± 1.1 12.45 ± 0.75 4.15 ± 0.03

Tea BDL BDL BDL BDL BDL

Pb Soil 49.35 ± 0.54 34.87 ± 1.08 32.11 ± 0.94 46.24 ± 1.25 50.5 ± 0.8

Plant 6.02 ± 0.03 BDL 2.87 ± 0.03 3.31 ± 0.08 1.35 ± 0.04

Tea BDL BDL BDL BDL BDL

The values are expressed as mean values ± standard deviation

BDL below the detection limit
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The obtained results of the research showed that the
quantities of certain metals (Mg, Fe, Ni and Mn) in the
soil samples from the serpentine habitats (the mountains
Goč and Stolovi) were greater in comparison with other
metals (Ca, Zn and Pb) which were more frequently
found in calcareous soil (the mountains Durmitor and
Kopaonik). The results demonstrated that the plant sam-
ples from the substrate contained higher quantity of Fe,
Ni, and Cr in the aboveground organs as opposed to the
same organs of the plants on the calcareous soil which
contained greater quantity of Ca and Zn. The results for
the tea suggested that the species T. montanum on cal-
careous soils contained greater quantities of Ca, K and
Zn in comparison with the plant samples from the
serpentine soils which had greater quantities of Mg.
When it comes to the rest of the metals, the values were
below the limit of detection in both cases.

The results of the comparative analysis of the
quantitity of metals (Mg, Ca, K, Ni, Fe, Mn, Zn, Cu,
Cr and Pb) in the soil samples as well as in the samples
of both the aboveground plant parts and the tea of the
plant material of the species T. chamaedrys from the
serpentine locality (Goč mountain) and calcareous lo-
cality (Kopaonik mountain) are presented in Table 3.

The mean value of the content of the analysed ele-
ments for the species T. chamaedrys in the serpentine
soil was ordered as follows: Fe > Mg > Ca > K > Mn >
Ni > Cr > Zn > Pb > Cu; in the plants,К > Ca >Mg > Fe
>Mn > Ni > Zn > Cr > Cu > Pb and in the tea, K > Ca >
Mg > Zn. The mean value of the content of the analysed
elements in the calcareous soil was ordered in the fol-
lowing manner: Fe > Ca >Mg > K >Mn > Cr > Zn > Ni
> Pb > Cu; in the plants, K > Ca >Mg > Fe >Mn > Zn >
Ni > Cr > Cu > Pb and in the tea, K > Ca > Mg > Zn.

The research results for the species T. chamaedrys
indicated that the quantities of certain metals (Mg, Fe,
Ni, Cr and Mn) in the serpentine soil samples (Goč
mountain) were greater in comparison with other metals
(Ca, К, Zn and Pb) more frequently found in calcareous
soil (Kopaonik mountain). The results showed that the
plant species on the serpentine soil contained higher
quantity of Fe, Ni and Cr in the aboveground plant
organs as opposed to the same organs of the plants on
the calcareous soil which had greater quantity of Mg,
Ca, Mn and Zn. The results for the tea revealed that the
species T. chamaedrys from calcareous soils contained
greater quantities of Mg and K when compared with the
species sampled from serpentine soils which were more
abundant in Ca and Zn. When it comes to the other

metals, the values were below the limit of detection in
both cases.

Correlation between the quantity of metals in the soil,
plant and tea samples

The results obtained using the Pearson correlation test
for the species T. montanum showed that in terms of
the content of metals, there was the correlation be-
tween the quantity of metals in the soil, plant material
and tea. Pearson correlation was not applicable for the
obtained results for species T. chamaedrys due to the
number of localities in which the sampling was per-
formed. The results for the correlation are presented in
Table 4.

Analysis of metal bioaccumulation factor

Bioaccumulation factor (BAF) defined as the ratio be-
tween contents of a certain element in a plant and soil
was calculated for each of the analysed metals (Mg, Ca,
K, Ni, Fe, Mn, Zn, Cu, Cr and Pb). Bioaccumulation
factors for the species T. montanum from both serpen-
tine and calcareous localities are presented in Table 5.
Bioaccumulation factors for the species T. chamaedrys
from both serpentine and calcareous localities are shown
in Table 6.

The quantity of total phenolic compounds
and flavonoids: the level of antioxidant activity

The total quantity of phenolic compounds and flavo-
noids and the level of antioxidant activity in the extracts
and plant material of the species T. montanum from
serpentine (the mountains Goč and Stolovi) and calcar-
eous habitats (the mountains Kopaonik and Durmitor)
are presented in Table 7.

The total content of phenolic compounds in the plant
extracts of the species T. montanum from serpentine
localities ranged from 160.21 to 190.20 mg GA g−1 of
the extract, whereas the quantity of phenolics from
calcareous localities was 143.42 and 148.21 mg GA
g−1 of the extract. The values of the quantity of flavo-
noids in the plant extracts of the species T. montanum
from serpentine localities were from 53.82 to 54.19 mg
Ru g−1 of the extract, while the flavonoid content ob-
tained from the extracts made of the samples from
calcareous localities reached the values 46.50 and
49.53 mg Ru g−1 of the extract. Antioxidant activity of
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the extracts of the species T. montanum from serpentine
localities ranged from 47.99 to 53.91 μg mL−1, while
the antioxidant values for the extracts from calcareous
locality were 60.30 and 61.69 μg mL−1.

The total content of phenolic compounds in the plant
material of the species T. montanum from the serpentine
localities was from 44.07 to 66.52 mg GA g−1 of the
plant material, whereas the quantity of phenolics obtain-
ed in the samples from calcareous habitats was 37.11
and 39.63 mgGA g−1of the plant material. The values of
the quantity of flavonoids in the plant material of the

species T. montanum from serpentine localities ranged
from 19.07 to 20.90 mg Ru g−1 of the plant material,
while the values for the plant material from calcareous
localities were 15.38 and 17.57 mg Ru g−1 of the plant
material. Antioxidant activity of the plant material of the
species T. montanum from serpentine localities ranged
from 177.99 to 263.07 μg mL−1, while the antioxidant
values of the plant material from calcareous localities
were 302.56 and 315.98 μg mL−1.

The results indicated greater total quantity of both
total phenolic compounds and flavonoids as well as the

Table 3 The quantity of metals in the examined Teucrium montanum samples expressed in terms of mg kg−1

Metal Sample type Goč (serpentine substrate) Kopaonik (calcareous substrate)

Mg Soil 25,487 ± 115.6 13,876.3 ± 78

Plant 993.5 ± 31.4 1254.3 ± 31.2

Tea 597.1 ± 18.3 1078.2 ± 18.3

Ca Soil 2755.2 ± 22.4 18,356.8 ± 115.3

Plant 4872.2 ± 35.9 6643.7 ± 44.3

Tea 4104.1 ± 42 3207.5 ± 28.6

K Soil 2258.1 ± 16.6 3407.5 ± 56.2

Plant 16,822.5 ± 109.4 15,309.2 ± 126.5

Tea 7107.1 ± 55.8 7602.7 ± 47.3

Fe Soil 33,325.1 ± 180.4 21,240.8 ± 77.2

Plant 487.4 ± 7.6 175.9 ± 4.8

Tea BDL BDL

Ni Soil 315.3 ± 11.4 75.1 ± 3.2

Plant 38.41 ± 0.95 9.65 ± 0.21

Tea BDL BDL

Mn Soil 787.6 ± 18.8 325.9 ± 7.2

Plant 38.76 ± 1.15 54.7 ± 3.5

Tea BDL BDL

Zn Soil 51.65 ± 1.18 114.9 ± 7.5

Plant 31.35 ± 0.91 43.81 ± 1.15

Tea 15.53 ± 0.93 10.81 ± 0.09

Cu Soil 25.05 ± 0.12 14.85 ± 0.21

Plant 4.5 ± 0.06 4.65 ± 0.32

Tea BDL BDL

Cr Soil 145.21 ± 6.71 127.3 ± 6.1

Plant 6.87 ± 0.08 5.34 ± 0.32

Tea BDL BDL

Pb Soil 33.81 ± 0.92 45.4 ± 0.8

Plant 4.03 ± 0.04 4.45 ± 0.13

Tea BDL BDL

The values are expressed as mean values ± standard deviation

BDL below the detection limit
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higher level of antioxidant activity in the extracts and
plant material from the species T. montanum sampled on
serpentine habitats in comparison with the samples from
calcareous habitats. The total quantity of phenolics and
flavonoids as well as the level of antioxidant activity in
the extracts and plant material of the species
T. chamaedrys sampled on serpentine (Goč mountain)
and calcareous habitats (Kopaonik mountain) are shown
in Table 8.

The total content of phenolic compounds in the plant
extracts of the species T. chamaedrys from serpentine
locality was 255.10 mg GA g−1 of the extract, whereas
the quantity of phenolics from calcareous locality was of
225.97 mg GA g−1 of the extract. The value of the
quantity of flavonoids in the plant extracts of the species
T. chamaedrys from serpentine locality was 94.93 mg
Ru g−1 of the extract, while the value for flavonoids of
the extract from the calcareous locality was 66.38 mg
Ru g−1 of the extract. The value of antioxidant activity
of the extract of the species T. chamaedrys from serpen-
tine locality was 38.76 μg mL−1, while the value for
antioxidant activity of the extract from the sample from
the calcareous locality was 44.99 μg mL−1.

The total content of phenolic compounds in the plant
material of the species T. chamaedrys from serpentine
locality was 92.84 mg GA g−1 of the plant material,
whereas the quantity of phenolics in the plant material
from calcareous locality reached the value of 84.18 mg
GA g−1 of the plant material. The value for flavonoid
content of the plant material of the species
T. chamaedrys from serpentine locality was 34.40 mg
Ru g−1 of the plant material, while the plant material
from calcareous soil showed the value of 29.81 mg Ru
g−1 of the plant material. The value of antioxidant activ-
ity of the aboveground plant material of the species
T. chamaedrys from serpentine locality was
92.49 μgmL−1, while the plant material from calcareous
locality showed the value for antioxidant activity of
102.21 μg mL−1.

Correlation between the quantity of total phenolic
compounds, flavonoids and antioxidant activity

The results concerned with the total quantity of phenolic
compounds and flavonoids as well as with the values of
antioxidant activity of the extracts and plant material of
the species T. montanum and T. chamaedrys were sta-
tistically analysed in order to determine the degree of
correlation. The values of the correlation indicated theT
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multilevel relation between the parameters subjected to
analysis. The results of the analysis are presented in
Table 9.

Discussion

The examination of the content of metals (Mg, Ca, K,
Ni, Fe, Mn, Zn, Cu, Cr and Pb) in the species
T. montanum and T. chamaedrys sampled on serpentine
and calcareous habitats showed the difference in the
quantity of metals in the soil, plant material and tea
(Tables 2 and 3). The samples of serpentine soil
contained a higher content of Mg in comparison with

the samples of calcareous soil. The obtained results for
the quantities of Mg in the soil are in accordance with
the values other authors provided. Those ranged from
10,060 to 118,400 mg Mg kg−1 in serpentine soils
(Ghaderian et al. 2007). The content of Mg in plants
sampled on serpentine habitats may reach well over
7000 mg Mg kg−1 (Lombini et al. 1998). The higher
content of Mg in plants from serpentine habitats is
due to both the greater quantities of this metal in
the soil and the substantial quantity of Mg in its
minerals (Brooks 1987).

The content of Ca matches the range of values given
by other authors. The range covered values from 1895 to
5750 mg kg−1 (Ghaderian et al. 2007). In the serpentine
soil samples, the ratio between the content of Ca andMg
was smaller than one. The data approximately matched
the data provided in other studies (Brady et al. 2005).
Serpentine plants adapted to the low content of Ca in
this particular type of soil (Brooks 1987; Brady et al.
2005). The favourable level of Ca in plant tissues is
5 g kg−1 (Shallari et al. 1998). It is a well-known fact
that if there is a sufficent content of Ca in the soil, its
content in the plant stem of the plant growing on that
soil ranges from 0.1 to 5% in dry plant material
(Marschner 1995), whereas the content of Ca in the
plants growing on ultramafic soil reaches the percentage
of up to 0.8% (Kataeva et al. 2004).

The total content of K in the soil varies from 0.2 to
3%. K is a macroelement vital for plant physiological
processes. The plants store large quantities of K in their
organs. The content of this metal in the aboveground
plant parts may reach from 4 to 5% (Kastori et al. 2013).

Table 5 Bioaccumulation factor for the Teucrium montanum samples

Metal Goč
(serpentine substrate)

Kamenica
(serpentine substrate)

Žička reka
(serpentine substrate)

Durmitor
(calcareous substrate)

Kopaonik
(calcareous substrate)

Mg 0.031 0.059 0.064 0.291 0.200

Ca 1.063* 1.191* 0.917 0.271 0.275

K 2.796** 2.188** 1.564* 3.885** 2.332**

Fe 0.025 0.024 0.063 0.032 0.013

Ni 0.021 0.053 0.123 0.125 0.114

Cr 0.041 0.255 0.318 0.078 0.034

Mn 0.071 0.063 0.149 0.112 0.049

Zn 0.454 0.935 0.798 0.349 0.385

Cu 0.288 0.491 0.629 0.115 0.404

Pb 0.122 0.00 0.089 0.072 0.026

Factor above 1 is significant (*), factor above 2 is highly significant (**)

Table 6 Bioaccumulation factor for the Teucrium chamaedrys
samples

Metal Goč
(serpentine substrate)

Kopaonik
(calcareous substrate)

Mg 0.039 0.090

Ca 1.768* 0.362

K 7.445** 4.493**

Fe 0.015 0.008

Ni 0.123 0.128

Cr 0.047 0.042

Mn 0.049 0.168

Zn 0.607 0.381

Cu 0.180 0.313

Pb 0.119 0.381

Factor above 1 is significant (*), factor above 2 is extremely
significant (**)
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The content of Ni in the soil depends upon both its
content in the parent rock and pedogenetic processes.
The previous studies revealed that, on average, the
values of Ni content in the soils all over the word vary
from 13 to 37 mg kg−1 (Kabata-Pendias 2011). Other
authors claim that the total content of Ni in serpentine
soils ranges from 500 to 8000 mg kg−1 (Ghaderian et al.
2007). The values obtained in this research confirm the
same content of Ni. The values of quantity of Ni in
the species T. montanum (Table 2) from the local-
ity Žička reka cross the limit of toxicity (100 mg
Ni kg−1), while the values for the other samples
are in accordance with the results by other authors
(Brooks 1987; Chaney et al. 2008).

According to the general soil analyses, the content of
Fe in the soil reaches up to 3.5% (Kabata-Pendias 2011).
The obtained results confirmed the data which demon-
strate that the serpentine soils contain greater content of
Fe (Ghaderian et al. 2007; Reeves et al. 2007; Bech et al.
2008). It was demonstrated that the plants growing on
serpentine soils contain the Fe in content ranging from
2127 to 3580mg kg−1 (Johnston and Proctor 1977). The
results of this research showed that the plants contained
smaller quantity of Fe in comparison with the expected
values, the only exception being the plant samples from
the locality Žička reka with the content of Fe within the
already established range of values.

As confirmed in numerous studies, the content of Mn
in serpentine soils is higher than in other types of soil
(Ghaderian et al. 2007). The expected range of values of
Mn content is from 411 to 550 mg kg−1 (Kabata-Pendias
2011). Some authors claim that the majority of plants
contain from 20 up to 300 mg kg−1 of Mn (Pais and
Jones 2000).

The content of Zn in the soil varies from 10 to
300 mg kg−1 with an average of 50 mg kg−1 (Montilla
et al. 2003; Escarré et al. 2011). In the majority of cases,
the plant contains from 15 to 150 mg kg−1, whereas the
value of 300 mg Zn kg−1 stands out as the maximum
possible content according to the hitherto established
results (Brunetti et al. 2009).

The range of content of Cu covers the values from 14
to 109 mg kg−1 (on average 38.9 mg kg−1). Our results
are in accordance with the data the previous analyses
confirmed—the content of Cu in the plant stems reaches
the content of up to 20 mg kg−1 (Kabata-Pendias 2011).

According to Ghaderian et al. (2007), serpentine soils
contain form 60 to 265 mg Cr kg−1. The content of Cr in
plants varies from 0.2 to 4 mg kg−1. However, certainT
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studies conducted up to now proved that certain plants
growing on serpentine soils may contain even up to
100 mg Cr kg−1 (Kabata-Pendias 2011). This research
provides ample evidence in favour of so high content of
Cr in plants.

The mean value of Pb in soil varies from 18 to
32 mg kg−1. However, it has been recorded that the
content of Pb in unpolluted habitats reached even
70 mg kg−1. The content of Pb in the plants growing
on unpolluted soil ranges from 0.05 to 3.0 mg kg−1

(Kabata-Pendias 2011). Other established values of Pb
in plants varied from 10 to 25 mg kg−1 (Carranza-
Ălvarez et al. 2008). The values of quantity of Pb in
the samples taken from the abovementioned localities
included in this research practically did not depart from
the values obtained so far (Reeves et al. 2007; Bech et al.
2008; Kabata-Pendias 2011).

On the basis of the results of the analysis, the com-
parisons between content of metals in serpentine and
calcareous soils have been performed. By means of this
comparison, it has been established that there are signif-
icantly greater quantities of some metals (Mg, Fe, Ni
and Mn) in serpentine soil whereas the other metals

observed (Ca, Zn and Pb) were found in greater quanti-
ties in calcareous soil. The outcome of the comparison is
in accordance with general claim that certain metals are
more frequent in a certain type of soil.

The results demonstrated that the analysed plant
samples from the serpentine habitats contained higher
quantity of Fe, Ni and Cr as opposed to the plant
samples from the calcareous habitats which contained
greater quantity of Ca and Zn. This implies that the
quantity of metals in plants depends on the quantity of
metals in soil.

However, when it comes to the species T. montanum
and T. chamaedrys from serpentine habitats, the quantity
of Mg exceeded the quantity of Ca, thus confirming one
more time that the ratio of the quantities of Ca/Mg in
serpentine soils is smaller than one (Brady et al. 2005).
The absorption and accumulation of Mg, Fe, Ni and Mn
in serpentine soil and Ca, Zn, Cu and Pb in calcareous
soil is predominantly influenced by the characteristics of
soil (Kabata-Pendias 2011).

The in-depth analysis of the tea of medicinal species
showed that the content of certain metals (Mg, Ca, K
and Zn) were in accordance with the results of other

Table 8 The total quantity of phenolic compounds, flavonoids and the antioxidant activity of the Teucrium chamaedrys samples

Type of analysis Goč (serpentine substrate) Kopaonik (calcareous substrate)

Methanolic extracts

Phenolic compounds (mg GA g−1 of extract) 255.10 ± 0.08 225.97 ± 0.06

Flavonoids (mg Ru g−1 of extract) 94.93 ± 0.05 66.38 ± 0.04

Antioxidant activity (IC50 μg ml−1) 38.76 ± 0.18 44.99 ± 0.11

Plant material

Phenolic compounds (mg GA g−1 of plant material) 92.84 ± 0.05 84.18 ± 0.01

Flavonoids (mg Ru g−1 of plant material) 34.40 ± 0.04 29.81 ± 0.01

Antioxidant activity (IC50 μg ml−1) 92.49 ± 0.44 102.21 ± 0.81

Each value is represented as a mean value obtained by triplicate measuring of samples ± standard deviation

Table 9 The correlation coefficient (R) between the values for total quantity of phenolic compounds, flavonoids, and the antioxidant
activity

Parameter 1 Parameter 2 R

The total quantity of phenolic compounds in the extracts Antioxidant activity of the extracts 0.900*

The quantity of flavonoids in the extracts Antioxidant activity of the extracts 0.858*

The total quantity of phenolic compounds in the plant material Antioxidant activity of the plant material 0.957**

The quantity of flavonoids in the plant material Antioxidant activity of the plant material 0.931*

IC50 expressed as reciprocal value (1/IC50)

The significance levels tested are 0.01 (**) and 0.05 (*)
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studies of medicinal plants (Li et al. 2015; Seenivasan
et al. 2016). The values of other metals (Ni, Fe, Mn, Cu,
Cr and Pb) were below the detection limit. On the basis
of the obtained results, it is deducible that geological
substrate and the soil formed on it influence the quantity
of metals in tea. The tea of the species T. montanum and
T. chamaedrys, obtained by means of standard proce-
dure, did not contain heavy metals in spite of the ser-
pentine or calcareous habitats from which the samples
were collected. As plant organs absorb metals, the tea
does not contain heavy metals and is therefore safe to
use. This conclusion is supported by the result that the
tea obtained from the aboveground plant parts, regard-
less of the quantity of metals in the soil and plant
material, contains only minerals necessarily to be taken
in on a daily basis in human nutrition.

There was a significant correlation between the quan-
tity of metals in the soil, plants and tea. Table 4 shows
only values greater than R = ±0.850. The observations
established the link between the quantities ofMg, Ni, Zn
and Ca in the soil. Lyon et al. (1968) proved the corre-
lation between the content of Mg and that of heavy
metals in serpentine plants. The quantity of Ni, Fe,
Mn, Cr and Co in woody serpentine plants correlate as
well (Lazarus et al. 2011). Also, significant correlations
between the content of some trace elements in soil and
their accumulation in plant parts were established
(Kosiorek et al. 2016). The results of this research do
not depart from the generally acknowledged findings.

It has been established that both the contents of Mn
and Cu in the soil and those of Mn and Fe in the plants
correlate. The studies confirmed the interractions be-
tween Mn and other elements (Kabata-Pendias 2011),
such as the following: antagonistic and synergistic ef-
fects of Mn in the process of absorption of Cd and Pb;
antagonistic effects of Mn in the process of K, Na and N
absorption and the substantial impact Zn makes on the
weaker absorption of Mn (Kabata-Pendias 2011). One
of the crucial points in general research in this field was
the discovery of both the synergetic interraction be-
tween Cu and K and the antagonistic relation between
Cu and Mn. The antagonistic interaction between Cu
and Zn implies that the greater absorption of one ele-
ment disturbs the freer absorption of the other element
(Arias et al. 2006), which is a consequence of the same
carrier involved in the absorption mechanisms of these
elements. A number of studies ascertained the synergis-
tic interaction between Cr and other elements (Ca, Mg,
Fe, Mn, Cu) (Dong et al. 2007). The research further

supports the previous findings. Other scientists have
confirmed the existence of correlations between certain
metals (Yan et al. 2012; Gonneau et al. 2014).

The species T. montanum and T. chamaedrys on
serpentine and calcareous soil show BAF values higher
than 1 for K, whereas in the case of serpentine soil, BAF
values exceed 1 for both species for Ca (Tables 5 and 6).
When it comes to other metals, the values of BAF were
below 1. The value of BAF in plants strongly implicates
the possibility of their application in phytoextraction.
BAF values above 2 are regarded as extremely high
(Pandy and Tripathi 2010).

The presence of heavy metals in the particular type of
soil affects the quantity of metals in plants. This fact
explicates the difference in the quantity of secondary
metabolites in plants sampled on calcareous soil (localities
Kopaonik and Durmitor) and serpentine soil (localities
Goč, Žička reka and Kamenica) with significantly higher
values of secondary metabolites in serpentine plants
(Tables 7 and 8). Numerous studies confirmed that the
existence of heavy metals in soil causes increased synthe-
sis of secondary metabolites (Pavlova 2009). This re-
search further corroborates this claim. The content of
phenolics both in the extracts and in the plant material
of the species T. montanum and T. chamaedrys from
serpentine soil is significantly higher than in those sam-
ples from calcareous localities (Tables 7 and 8).

The experiments showed that certain plant species
increase the synthesis of phenolic compounds in the
presence of heavy metals (Michalak 2006; Stanković
2011; Veličković et al. 2014). The higher content of
phenolics is the part of plant response to the effects of
heavy metals in the soil and consequently to the
unfavourable conditions resulting from these effects
(Lavid et al. 2001). The increase in the content of heavy
metals, in some cases, causes higher content of phenolic
compounds (Hamid et al. 2010). The content of pheno-
lic compounds in the samples of wheat increases due to
the very exposure of the samples to the higher content of
Cu in the soil medium (Ganeva and Zozikova 2007).
The antioxidant properties of phenolic compounds are
directly attributable to their ability to both chelate ions
of transition metals and inhibit the reactions caused by
superoxides (Rice-Evans et al. 1997).

The results showed the greater quantity of flavonoids
in both the extracts and plant material of the species
T. montanum and T. chamaedrys sampled on serpentine
localities in comparison to the calcareous samples
(Tables 7 and 8). Flavonoids build complexes with
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heavy metals which is why they have a crucial role in
the adaptation of plants to the adverse effects of heavy
metals and such like environmental conditions stem-
ming from these effects (Michalak 2006; Korkina
2007). It is considered that antioxidant activity is among
multiple protective functions flavonoids have (Rusak
et al. 2005). Among others, the previously mentioned
function of protecting plants from the stress caused by
heavy metals in soil and plant organs proved to be very
important (Kim et al. 1999; Michalak 2006).

The research showed the higher values of the antioxidant
activity both in the extracts and plant material of the species
T. montanum and T. chamaedrys sampled on serpentine
localities in comparison with the calcareous samples
(Tables 7 and 8). Among other mechanisms, antioxidant
capacity of secondary metabolites is of great importance
when it comes to the adaptation of plants on serpentine
substrate to heavymetals in soil. Therefore, the higher level
of theantioxidantactivityrepresents theprincipalresponseof
the plant species from the genus Atriplex to the increased
contentofheavymetals inplantorgans(Kachoutetal.2009).

In addition to other ways, plants adjust their second-
ary metabolism as a response to the environmental
conditions. The shallowness of serpentine soils implies
that such soils are characterized with low capacity to
retainwater. Therefore, the water regime in such habitats
is highly unbalanced (Brady et al. 2005). The unbal-
anced water regime further leads to the increased syn-
thesis of secondary metabolites in plants (Khan et al.
2010). Due to the soil structure and disturbed water
regime serpentine, soils are infallibly arid (Kruckeberg
1984; Brooks 1987). Temperature stress in the plant
species growing on arid, serpentine soils considerably
influences the greater production of flavonoids (Rivero
et al. 2001). The obtained values for the correlation
between the quantity of phenolic compounds and anti-
oxidant activity imply that the secondary metabolites
from the group of phenolic compounds represent the
principal active substances which serve as carriers of
antioxidant activity (Table 9). Other numerous studies
have established and confirmed the correlation between
phenolic compounds and antioxidant activity (Piluzza
and Bullitta 2011; Stanković 2011).

Conclusions

Conducted comparative analysis of the content of metals
in the soil samples, aboveground plant parts and tea

prepared from the species T. montanum and
T. chamaedrys sampled from serpentine and calcareous
habitats indicate that variability of their quantity de-
pends on the soil type. Results showed that the contents
of Mg, Fe, Ni and Mn in the soil samples from the
serpentine habitats were greater in comparison with
Ca, Zn and Pb which were more frequently found in
the soil samples from the habitats with calcareous soil.
Analysed plants from serpentine habitats contained
higher quantity of Fe, Ni and Cr as opposed to the plant
samples from the calcareous habitats which contained
greater quantity of Ca and Zn. Regardless of the ob-
served presence of metals in the aboveground plants
parts, analysed plant species cannot be declared as
metal-hyperaccumulating plants. Results for the metal
content in the tea samples from T. montanum and
T. chamaedrys showed that, in spite of the detected
metal absorption by plant organs, the tea does not con-
tain dangerous quantity of analysedmetals. The analysis
indicate the greater content of phenolic compounds and
antioxidant activity level in the plant samples from the
serpentine habitats in comparison to the samples from
analysed calcareous habitats.
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