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ABSTRACT

Background: Medicinal plants are the basic raw material of various herbal formulations
in folk medicine in all over the world. In recent years, regarding quality and safety of
plant materials collected from different ecological conditions, there has been a growing
worldwide interest in monitoring heavy metal contamination and its effect on plant growth
and nutrient uptake in medicinal and aromatic plants. Objectives: In this study, profile of
heavy metal and selected nutrient elements (Al, Cd, Co, Cr, Ni, P, K, Ca, S, Fe, Cu, Zn,
Mn, B and Na) of three Sideritis species (Sideritis germanicopolitana BORNM, Sideritis
galatica BORNM and Sideritis hispida P.H. DAVIS) endemic to Turkey were determined
using standard analytical methods. Methods: A scanning ICP-OES (Varian Vista-Pro,
Australia) with high-resolution nitrogen purged with 1 m monochromator was used. Al,
Cd, Co, Ni, Cr, P, S, K, Ca, Cu, Fe, Mn, B, Zn and Na contents were determined using
ICP-OES. Results: The heavy metal and nutrient element concentrations in the Sideritis
species were found rather different. Among the three species, Sideritis germanicopolitana
showed considerable variation in nutrient concentrations and it was especially rich in iron
(365 mg kg') and potassium (2.05 %). The heavy metal concentrations of all Sideritis
species, on the other hand, were found to be lower than the permissible limits set aside
for human consumption with no health risk in medicinal plants. Conclusions: Sideritis
species growing wild in Turkey may be considered to be a crucial source of some
nutrients like iron and potassium for human nutrition.
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for years. Sideritis L. (Lamiaceae) comprises Many medicinal herbs and their mixtures
approximately 150 species of annuals and

perennials distributed chiefly in the Medi-

can present a health risk due to the presence
of toxic elements such as Pb, Cd, Al, Hg

terranean region.! The genus Sideritis L.
is represented in Turkey by 46 species and
53 taxa, 39 of which are endemic and, with
80% endemism, it has an outstanding feature
in flora of Tutkey*>* The Sideritis has a
widespread usage against gastrointestinal
disorders such as stomach ache, indigestion
and flatulence, with alleviating the symptoms
of common colds including fever, flu, sore
throat, and bronchitis as well as a tonic and
diuretic remedy.! However, medicinal herb

and other elements like Cr, which are
hazardous to humans depending on their
oxidation states and concentrations.>® There-
fore, the interest in chemical composition of
medicinal herb products is growing because
of ongoing developments in nutrition.
It is important to have a good quality control
for medicinal herbs in order to protect
consumers from contamination.® The profile
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key have not been studied and there are no
published reports so far. Therefore, the purpose of
this work is to determine the profile of heavy metal
and mineral elements of Sideritis germanicopolitana, Sideri-
tis galatica and Sideritis hispida, endemic species used for

several purposes in Turkey for years.

MATERIAL METHODS

Aerial parts of S. germanicopolitana, S. galatica and
S. bispida plant samples were collected from nature in
Kastamonu, Ankara and Konya provinces of Turkey,
respectively, at flowering stage in 2014. The collected
plants were dried in shadow at room temperature until
they were analyzed. All the plant samples were cleaned
and washed with deionized water and air withered.
The samples were then withered at 70 °C for 48 h in
an oven and ground by agate for chemical analysis. The
ground materials were stored in polyethylene bottles
at room temperature. For chemical analysis, 0.2 g of
each ground sample was put into a burning cup with
5mL HNO3 65% (Merck, Darmastadt, Germany), and
2ml H,O, 30%, (Merck). The samples were incinerated
in an HP-500 CEM MARS 5 microwave (Mathews,
NC, USA) at 200 °C and cooled at room temperatutre
for 45 min. The extracts were passed through a Whatman
42 filter paper, and the filtrates were collected by a
high deionised water in 20mL polyethylene bottles and
kept at 4 °C, in the laboratory, for inductively coupled
plasma—atomic emission spectrometry (ICP—OES)
analysis. Each sample was analyzed in triplicate. Merck
standards (R1 and R2 groups) were used as analytical
reagent grade chemicals. Standard solutions of Al, Cd,
Co, Ni, Cr, P, S, K, Ca, Cu, Fe, Mn, B, Zn and Na were

prepared in 1% HNO3 immediately before the analysis
by serial dilution of 1000 mg L.—1 stock solution stored
in polyethylene bottles. Peach leaves (Standard Reference
Material, 1547) and corn bran (Standard Reference
Material, 8433) were used as reference materials.’

A scanning ICP-OES (Varian Vista-Pro, Australia) with
high-resolution nitrogen purged with 1 m monochro-
mator was used. Al, Cd, Co, Ni, Cr, P, S, K, Ca, Cu, Fe,
Mn, B, Zn and Na contents were determined using
ICP-OES. In addition, to determine cadmium concen-
tration in the extracts, an inductively coupled argon
plasma—optical emission spectrometer (ICP-OES;
U-5000AT+ Ultrasonic Nebulizer; Cetac Technologies,
Omaha, NE, USA) (214438 nm/0.1 pgkg—1) was
also used. Analytical recovery of the method has been
checked by a parallel analysis of the two certified reference
materials.

RESULTS AND DISCUSSION

In this study, the samples of Sideritis species were subjected
to chemical analysis for their nutrient elements and
heavy metal content. The concentrations of fourteen
elements (Al, Cd, Co, Cr, Ni, Ca, K, P, S, Fe, Cu, Mn,
Zn, B and Na) were determined in the plant samples
collected. The mean values of heavy metals and selected
nutrient elements in Sideritis species obtained from
sampling sites were presented in Table 1 and Table 2,
respectively.

The heavy metal concentrations were found to be very
low in all samples, except for aluminum. The contents
of heavy metals were found as; 0.005-0.015 mg kg'! for
cadmium, 0.19-0.52 mg kg for cobalt, 0.41-3.79 mg kg™!
for chrome, 0.61-9.18 mg kg for nickel and 208-418

Table 1: Concentration of Al, Cd, Co, Cr and Ni in Sideritis species

mg kg
S. germanicopolitana 271 0.005 0.22 0.90 1.59
S. galatica 208 0.013 0.52 3.79 9.18
S. hispida 418 0.015 0.19 0.41 0.61

“Pb is below the detection limit.

Table 2: Concentration of Ca, K, P, S, Fe, Cu, Mn, Zn, B, Na in Sideritis species

Ca K P S Fe Cu Mn | Zn | B | Na
% mg kg’
S. germanicopolitana 124 | 2.05 | 0.22 | 0.18 353 | 12.27 | 24 33 | 23 | 49
S. galatica 1.01 | 1.16 | 0.14 | 0.12 365 | 8.54 22 | 20 | 20 | 42
S. hispida 1.07 | 1.79 | 0.16 | 0.13 254 | 8.34 58 | 26 | 20 | 33
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mg kg-1 for aluminum. Levels of Crand Niin . galatica
samples were 4-6 times higher as compared to those of
other species. The heavy metals such as Cd, Co, Cr, Ni
and Pb, playing unknown roles in living organisms, are
toxic even at very low concentrations. In accordance
with the previous studies, the content of Al, known as
one of the toxic elements in plants, was high in Sideritis
species.” On the other hand, the lowest concentration
found was that of chrome followed by nickel, cobalt,
and cadmium. The concentration of lead in the samples
monitored was below the limit of quantification.

In all samples, the concentrations of heavy metals did
not exceed the limits of recommended dietary allow-
ances for medicinal plants.® Heavy metal contents in
medicinal plants may show a great variation depending
on a variety of factors occurring in plant growing areas.
The level of heavy metal content differed in the same
medicinal plant collected from environmentally different
sites of the same city.” Thus, it was concluded that
medicinal plant samples collected from the nature
habitat should be tested for contaminant load before
processing it further for medicinal use. The level of
cadmium in S. galatica was found to be as 0.007 mg kg™,
well below the levels established as toxic for human
consumption, in samples sold in wholesalers in south-
castern Turkey." In a study'' with . galatica collected
from the nature during flowering stage, the levels of Cd,
Co, Ni, Pb and Cr were found to be higher than those
of the present study.

In the case of micronutrients, the values for boron and
copper content in monitored plant samples showed the
lowest variation. Of the monitored trace elements, the
highest concentration found was that of iron followed
by sodium, manganese and zinc. The concentrations of
micronutrients were within the ranges of 254-365 mg kg™
for Fe, 8.34-12.27 mg kg' for Cu, 20-33 mg kg
for Zn, 22-58 mg kg™ for Mn, 20-33 mg kg for B and
33-42 mg kg for Na. It was observed that the macro
and micro element values of S. germanicopolitana were
high, especially those of iron (365 mg kg') and potassium
(2.05 %), in comparison with the other species. Thus,
S. germanicopolitana appeared to have high nutritional value
for human consumption. As Cu and Zn are considered
micronutrients, the World Health Organization (WHO)
limits for these metals have not yet been reported.

The macronutrient Ca, K, P and S contents of the sam-
ples in this study were found to be higher than those of
other minerals. The macronuttients Ca, K, P and S were
found to be 1.02 to 1.24% for Ca, 1.17 to 2.05% for
K, 0.14 to 0.22% for P and 0.12 to 0.18 % for S. Our
results for certain mineral elements show minor differ-
ences when compared with literature.>'! The result of
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our study agreed with the findings of a previous study,'
reporting 3.31-35.1 mg kg for Zn, 1.12-24.4 mg kg
for Cu, 35.6-241 mg kg' for Fe, 72.5-685 mg kg' for
Mn, 43.6-613 mg kg for Na, 1370-5380 mg kg™ for K,
2610-51340 mg kg for Ca and 100-3700 mg kg™ for P.

CONCLUSION

This study attempts to contribute to the knowledge of
the nutritional properties of endemic Sideritis species
growing wild in Turkey. In addition, the results of the
present study revealed that heavy metal contents of
Sideritis species from north-western Turkey were within
the low ranges, not exceeding the limits of recommended
dietary allowances for medicinal plants. On the other
hand, mineral nutrient profile obtained in this study
suggest that Sideritis species growing wild in Turkey may
be considered to be an important source of some nutrients
like iron and potassium for human nutrition.
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PICTORIAL ABSTRACT SUMMARY
mountain tea ® Sideritis germanicopolitana, Sideritis galatica and

Sideritis hispida, endemic species used for several
purposes in Turkey for years.

e The heavy metal concentrations of Sideritis spe-
cies were found to be lower than the permissible
limits set aside for human consumption with no
health risk in medicinal plants.

® Sideritis species growing wild in Turkey may be
considered to be a crucial source of some nutrients
like iron and potassium for human nutrition.

no health risk
reliable
suitable for human consumption
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