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a
Abstract
Nutrients play an essential role in many metabolic processes whose deficiency or excess can be harmful to the plant itself and through the food chain to both animals and humans. Medicinal plants used in the food and pharmaceutical industries can be contaminated with increased concentrations of heavy metals. The plant species Seseli rigidum and Seseli pallasii from the Balkan Peninsula are used in traditional medicine and spices in the diet, so it was necessary to determine the mineral composition to ensure their safe application. In this work, the mineral composition was determined in medicinal species of the genus Seseli using inductively coupled plasma with optical emission spectrometry (ICP-OES). Two multivariate analysis methods were used to analyze the data: principal component analysis (PCA) and hierarchical cluster analysis (HCA). The mineral composition of both studied species is following the literature data. The results obtained using both multivariate statistics methods agree and distinguish certain parts of the tested plants based on the highest content of micro-, macroelements, or heavy metals.

Keywords: Sesli rigidum, Seseli palasii, mineral composition, ICP-OES, multivariate statistics

1. Introduction
Almost all metals present in nature can be found in plants. They affect the life processes, anatomical and morphological structure, chemical composition, yield, and prevalence of certain plant species. According to plants' presence, elements can be divided into macroelements, microelements, and ultra elements.1 Macroelementsare structural components of tissues; they have specific functions in the cells and basal metabolism and water and acidic-alkaline balance.2 Microelements are needed in much smaller quantities, less than 100 mg per day, making up less than 0.01% of body mass. Microelements are Zn, Fe, Si, Mn, Cu, Cr, fluorides, and iodides. Elements that cause adverse effects are categorized as toxic (e.g., Pb, As, Cd), and even though they are mostly present in low quantities, they pose a significant threat to human health. Therefore, the determination of their content and action mechanism has become an area of particular interest and priority in different areas. This classification does not reflect their importance in plant metabolism; only their role is different. Unlike macroelements, microelements act catalytically at low concentrations and are strictly specific.3,4
Medicinal plants of the genus Seseli have long been used in traditional medicine  in the form of infusion and tinctures.5,6 They contain many compounds (essential oils, secondary metabolites) that can preserve good health due to their potential antioxidant, antimicrobial, hepatoprotective, anticancer, and anti-inflammatory activity.7 If medicinal plants are applied for pharmacological and veterinary purposes and in humans' and animals' diets, the increased content of individual heavy metals in plants can reduce their therapeutic activity or even be toxic to humans. Therefore, their use is limited. Consequently, the concentration of heavy metals in plants is strictly limited and defined by international standards.8
Regarding the preceding comments, the primary purpose of this research was to evaluate the contents of metals (Al, Ba, Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, V, and Zn) in selected medicinal plants (Seseli rigidum Waldst. & Kit. and Seseli pallasii Basser), using inductively coupled plasma optical emission spectrometry (ICP-OES).

2. Experimental
2.1. Reagents
Analytical grade nitric acid (HNO3) and 70% perchloric acid (HClO4) supplied from Fischer scientific were used as reagents for the wet digestion of samples. Ultra-scientific (USA) ICP multi-element standard solutions of about 20.00±0.10 mg L-1 were used as a stock solution for calibration. The containers used for sample storage were cleaned to avoid contamination of the samples with traces of any metal. Containers were treated with 5% nitric acid and washed with ultra-pure water 18 MΩ cm (MicroMed highpurity watersystem, TKA Wasseraufbereitungs systeme GmbH).

2.2 Instrumentation
All analyses were carried out on aniCAP 6000 inductively coupled plasma optical emission spectrometer (ThermoScientific, Cambridge, United Kingdom), which uses an Echelle optical design and a Charge Injection Device (CID) solid-state-detector. The optimum instrumental conditions are listed in Table 1.
Table 1. Operationalparametersfor ICP-OES measurements

	Parameters
	Values

	Flushpump rate
	100 rpm

	Analysispump rate
	50 rpm

	RF power
	1150 W

	Nebuliser gas
	0.7 l/min

	Coolant gas flow
	12 l/min

	Auxiliary gas flow
	0.5 l/min

	Plasmaview
	dual-mode



2.3 Plant Material
Seseli rigidum Waldst. & Kit. was collected on rocky terrain on theVidlič Mountain in southeast Serbia in July (the flowering stage) and in September (fruit phase) 2013, while Seseli pallasii Basserwascollected in (fruitphase) August 2013 in the area of Kravlje, Serbia. Voucher specimen S. rigidum (No 16447) was deposited in the Herbarium of Botanical Garden "Jevremovac", Faculty of Biology, University of Belgrade, while voucher specimen of S. pallasii was deposited in Herbarium of Department of Biology and Ecology, Faculty of Science and Mathematics (HMN), University of Niš (No 7211).

2.5 Sample Preparation
Before the analysis, root and aerial vegetative parts (leaf, flower, and fruit) were separated, dried at room temperature. The dried samples were powdered in a stainless steel mill, obtaining fine particles that passed through a 2 mm mesh and kept in polypropylene pouches for analysis. The wet digestion method of the dried samples was adopted to enable the measurement of the metal concentrations.The metal content in the plant material was determined after the acidic treatment. First, a volume of 10 mL concentrated HNO3 was added to the sample (1 g), heated up in the open glass to a small volume (until red vapors originating from NO2 are removed); then digestion was continued with 4 mL 70% HClO4 and again evaporated to a low volume. Finally, the solutions were transferred to standard vessels and diluted to a volume of 25 mL.3,4
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All statistical calculations were made using a statistical software package STATISTICA 8.0 (StatSoft, Tulsa, Oklahoma, USA). The PCA and HCA were applied to analyze the obtained results. The details about PCA and HCA's computational aspects can be found else where (Granato et al., 2018).9

3. Results
Contents of all analyzed metals (Al, B, Ba, Co, Cu, Fe, Mn, V, Zn, Na, Mg, Ca, K, Cd, Cr, Ni, and Pb in ppm) in leaf, flower, fruit, and root of the plant species S. rigidum and S. pallasii are shown in Figure 1. 

3.1. Microelements (Al, B, Ba, V, Co, Fe, Cu, Mn, and Zn)
The concentration of aluminum in S. rigidum ranges from 4.24 to 19.98 ppm and in S. pallasiifrom 2.75-21.18 ppm.
The lowest concentration of boron was determined in the root of S. rigidum (8.16 ppm), while the highest (13.09 ppm) was determined in the fruit. The concentration of boron in S. pallasii ranged from 6.58-22.02 ppm. The highest barium concentration was determined in the root of S. rigidum (4.85 ppm), and the smallest in the fruit, 0.96 ppm. The barium concentration in S. pallasii ranges from 0.47 ppm in the root, to 2.21 ppm in the leaf.The highest concentrations of cobalt, copper, and iron were determined in the root (5.55; 10.98 and 9.52 ppm, respectively), while the lowest concentration was found in the leaf (1.64; 3.99 and 2.30 ppm, respectively) of S. rigidum. Cobalt was determined at the highest level in S. pallasii root (7.14 ppm), while the amount in other parts of the plant is ranged from 2.65 ppm in the leaf to 4.03 ppm in the fruit.The highest amount of iron was determined in the root of S. pallasii at 8.83 ppm, while the lowest concentration in the leaf is 2.17 ppm. The most considerable amount of copper was determined in the reproductive parts of S. pallasii- the flower (7.64 ppm) and the fruit (6.60 ppm), while in the root and the leaf were significantly lower (3.34 and 1.83 ppm).The highest concentration of manganese was recorded in the leaf of S. rigidum and S. pallasii (8.25 and 8.23 ppm), while in the root of S. rigidum was significantly lower (2.73 ppm). Vanadium was present in approximately the same concentration in all parts of the investigated plants. In S. rigidum, the highest content was determined in the root (1.58 ppm), the lowest in the fruit (1.49 ppm), while in S. pallasii, it ranges from 1.52 ppm in the leaf up to 1.68 ppm in the root.Zinc content was ranged from 17.80-35.25 ppm in S. pallasii, and similarly in S. rigidum ranging from 10.3-37.2 ppm. 
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Figure1. Contents of Al, B, Ba, Co, Cu, Fe, Mn, V, Zn, Na, Mg, Ca, K, Cd, Cr, Ni, and Pb in leaf, flower, fruit, and root of the plant species S. rigidum and S. pallasii


3.2 Macroelements (Na, Mg, Ca and K)
The highest amount of calcium was determined in the leaf of S. rigidum (942.68 ppm), while a double lower quantity was determined in the root (467.78 ppm).The root of S. rigidum, compared with the other plant's parts, contained deficient potassium and magnesium (775.39 and 958.90 ppm), while a significantly higher amount of potassium is determined in the fruit (2949 ppm). The highest concentration of magnesium was determined in the leaf (2284.74 ppm). The sodium content is significantly lower compared to other macroelements determined. An enormous amount of sodium was determined in the fruit and root (85.47 and 81.09 ppm), while the leaf and flower contain almost the same concentration of this element (52.51 and 53.16 ppm). The highest potassium content was determined in the fruit of S. pallasii (2279.26 ppm), and the lowest in the root 677.86 ppm. The highest sodium concentration was 172.30 ppm in the root, and the smallest in the fruit (32.15 ppm). The lowest concentration of magnesium was determined in the root of S. pallasii, while in the flower of this plant, the amount of three times higher concentration was determined (15975.98 ppm). The highest concentration of calcium was determined in flower at 1189.86 ppm, while the root contains 460.41 ppm.

3.3 Heavy metals (Cd, Cr, Ni, and Pb)
The highest concentration of cadmium was determined at the root of S. rigidum (0.37 ppm), while in other parts; the concentration of this heavy metal was significantly lower. The cadmium content in the fruit of S. pallasii (0.23 ppm) is almost two and a half times higher than in the fruit of S. rigidum (0.10 ppm). The highest lead content is in the root (3.11 ppm), and the lowest in the flower of S. rigidum (1.87 ppm). The highest lead concentration was in flower (3.14 ppm), while it is the lowest in S. pallasii leaf (1.42 ppm).The highest chromium concentration was determined in the fruit (0.76 ppm) and the smallest in the leaf (0.40 ppm). The highest chromium concentration was determined in the S. pallasii flower (0.82 ppm), while in other parts of the plant, it was significantly lower.The content of nickel in the observed plant species is similar, although a certain amount of Ni in the fruit of S. rigidum (1.36 ppm) is almost twice as large as the fruit of S. pallasii, while the content of Ni in the root of both plant species is almost the same.


4. Discussion
The extent of aluminum concentration in analyzed plants of the genus Seseli is slightly lower than in medicinal plants from Serbia's territory.10,11 The obtained results show that boron is mobile in the plant and accumulates mostly in the reproductive parts (fruit). The obtained boron concentrations are following results for 26 herbaceous species boron content from Serbia,10 ranged from 5.1-118.7 ppm.The content of barium in the plants of the genus Seseli is in the lower concentration range than in the previous research of herbs from Serbia, Turkey, Spain,13 Africa and Asia, as well as in the leaf of Mentha piperitae from Poland.10,12-15 Cobalt, copper, and iron are critical biogenic elements responsible for plant growth. Cobalt concentrations in the studied plants are above average concentrations (0.05-0.50 ppm) but still out of critical concentrations (30-40 ppm).7 The distribution of copper in vegetative parts of S. pallasii is contrary to the corresponding parts of S. rigidum. Average copper concentrations in the plant material are from 3-15 ppm, while the toxic concentration is 20 ppm.7 Based on the obtained results for S. pallasii and S. rigidum, it is evident that the content of the copper is in average concentrations, which is in line with previous studies of medicinal plants.12,13, 15-17 The typical iron concentration in plants varies from 50-250 ppm, while concentrations above 500 ppm are toxic.7 Iron in the analyzed plant species is within a range of average concentrations. In species of the genus, Seseli lower iron content was registered compared to many medicinal and aromatic plants, as well as in green and black tea.10,12,16- 20 The concentration of zinc in both plant species' root is approximately the same, while in the above-ground parts, it is lower (especially in the flower S. rigidum).Compared with the other observed metals in S. pallasii, zinc was present in higher concentrations. The flower of S. pallasii contained the highest concentrations of almost all determined elements compared to other plant's parts, while in the case of S. rigidum, the situation is reversed: highest concentrations of the specified metals are recorded in the root.
Dudić et al. 2007 determined the content of Mg, Ca, Fe, Cr, and Ni in the root, stem, and leaf of S. rigidum from different regions, with serpentine (silicate) and limestone substrate. 21 The total content of magnesium was 14150 and 11280 ppm (silicate and limestone), while calcium concentrations were 13500 and 21110 ppm (silicates and limestone). Such a large amount of Ca and Mg was explained because the plant S. rigidum is tolerant to high concentrations of these metals in the substrate. The plant's mineral composition depends on leaves and roots morphological structure, but in many cases, the structure and composition of the substrate make the results of different studies incomparable since plants are harvested from different geographical areas.
The concentration of Ca and Mg determined in S. pallasii, and S. rigidum ranged in approximately the same range of concentrations, although in both plant species, the smallest amount of Ca and Mg were determined in the root, while the highest concentration of these metals is determined in the above-ground parts and the flower. In all previous studies, the concentration of calcium was significantly higher than in the species of the genus Seseli,14,22 while the concentrations of Mg are comparable with these from the present study.14,17,22 
In addition to adverse impacts on plants, heavy metals pose a threat to human health due to their persistence in nature. Lead and cadmium are trace elements that are not essential, but they can accumulate in biological systems and become potential contaminants through the food chain. They are toxic for humans, even at low doses. Excessive concentrations of heavy metals inhibit physiological processes such as respiration, photosynthesis, transpiration rates, cell elongation, N-metabolism, mineral nutrition, and biomass decrease and, consequently, can cause plant death.23 Accordingly, it is necessary to monitor their even low concentrations in potential sources and, therefore, also medicinal herbs. By comparing the obtained results for the heavy metal content (Cd and Pb) in S. rigidum and S. pallasii to the prescribed WHO values,24 it can be concluded that the plant grew in an unpolluted environment and that there is no increased content of these heavy metals. A certain amount of cadmium and lead in S. pallasii is comparable with these metals' content from the unpolluted environment from Serbia's territory.16 
Chromium, present in traces, is a necessary metal for a healthy metabolism, and its defiance can cause various disorders both in the plant itself and in consumers. The known fact is that chromium enhances insulin activity. Chromium is relatively evenly distributed in all parts of S. rigidum. The concentration of Cr in S. rigidum and S. pallasii is within the average concentration of this element.7 However, it is higher than chromium content in medicinal plants traditionally used in alternative medicine in Serbia.7 
The amounts of nickel in traces can be useful for the human organism, especially for enzyme activation, but it can be toxic at higher concentrations. Also, exposure to higher concentrations of nickel causes oxidative stress. The obtained results for both plant species show that the content of nickel is in average concentrations and comparable to the results of analyzed herbs' infusions.7,11

4.1. Statistical Comparison of the Mineral Composition of S. rigidum and S. pallasii
The multivariate analysis applied to the mineral composition of plants S. rigidum and S. pallasii includes analysis of the main components (PCA) and hierarchical cluster analysis (HCA).
By PCA analysis, the original variables are converted into new correlation variables, which are called the main components, wherein the first major component explains 81.91% of the total variability of the mineral composition of S. rigidum and S. pallasii. The second principal component explains 11.36%, while the third component covers 5.33% of the total variability.
PCA analysis of variables S. pallasii Root and S. rigidum Root are isolated concerning other variables, whose clustering is primarily due to aluminum and zinc content, while S. rigidum Fruit is grouped based on boron content.
The data treated using PCA analysis were subjected to hierarchical cluster analysis (HCA).
Application of HCA analysis to the results of microelements content in the leaf, flower, fruit, and root of the plant species S. rigidum and S. pallasii concerning the content of microelements (Al, B, Ba, V, Co, Fe, Cu, Mn, and Zn) in parts (leaf, flower, fruit, and root) of the studied plants are shown in Figure 2. 
Two statistically significant clusters were obtained based on the cluster analysis of individual parts of plants S. rigidum and S. pallasii (Figure 3). 
Species are grouped because they have significantly higher wrinkle content than the roots of S. rigidum and S. pallasii; accordingly, the other cluster can be called a worm cluster.
The cluster analysis separates the underground parts of plants of the genus Seseli from the above-ground parts based on microelements' content, which confirms the fact that the microelements are in higher concentrations at the root than in the above-ground plants of the plants.



Figure 2. PCA diagram of the variables of the content of microelements (Al, B, Ba, V, Co, Fe, Cu, Mn, and Zn) in the leaf, flower, fruit, and root of plant species S. rigidum and S. pallasii
The first major component explains 79.40% of the variance among variables, while the eigenvalue is 6.35. The second major component explains 19.19% of the total variance. Together, these two components explain 98.58% variances. PCA results are illustrated in Figure 4.
Data subjects of PCA analysis were subject to hierarchical cluster analysis (HCA).
Figure 5 shows a dendrogram of macroelements content (Mg, Ca, Na, and K) in parts of the plants (leaf, flower, fruit, and root) S. rigidum and S. pallasii.



Figure 3. Dendrogram of the microelements content (Al, B, Ba, V, Co, Fe, Cu, Mn, and Zn) in the leaf, flower, fruit, and root of plant species S. rigidum and S. pallasii



Figure 4. PCA diagram of variables of the macroelements content (Na, Mg, Ca, and K) in the leaf, flower, fruit, and root of plant species S. rigidum and S. pallasii


Figure 5. Dendrogram of macroelements content (Mg, Ca, Na and K) in the leaf, flower, fruit, and root of plant species S. rigidum and S. pallasii

After cluster analysis, two clusters were obtained. S. pallasii Flower is singled out separately and represents the first cluster, which is in accordance with the highest magnesium content, so the first cluster can be called a magnesium cluster. Within the second cluster, there are two subclasses. The first subclass consists of two sub-clusters, one consisting of S. pallasii Leaf and S. rigidum Leaf (Euclid's distance= 938), and the other S. pallasii Root and S. rigidum Root (Euclid's distance= 407). In the second subcluster, the plants' reproductive parts were isolated, respectively S. pallasii Fruit and S. rigidum Flower (Euclid's distance= 109), most similar in content macroelements. The first subcluster is characterized by the vegetative parts of plants S. pallasii and S. rigidum that have increased magnesium and potassium content and higher calcium content than the reproductive parts of plants isolated in another subclause characterized by higher potassium content. In general, this cluster can be called potassium clusters. 
PCA results are illustrated in Figure 6.
If HCA analysis is applied to the matrix of data used for PCA analysis, the obtained results can be presented with a dendrogram (Figure 7).
The HCA test results for the composition of the heavy metal content (Cd, Cr, Ni, and Pb) in the leaf, flower, fruit, and root of the plant species S. rigidum and S. pallasii are shown in Figure 7.
Based on cluster analysis, three statistically significant clusters were obtained. Within the first cluster, two sub-clusters were singled out. Within the first subclass, the S. pallasii Leaf grouped, while in the second variant, S. pallasii Root, S. rigidum Leaf, S. rigidum Flower, and S. rigidum Fruit. Variants S. rigidum Leaf and S. rigidum Flowers are most similar in heavy metals' content (Euclid's distance= 0.17). In the fruit of S. rigidum, the highest chromium amount was determined concerning other variables within the first cluster. In the second cluster, S. pallasii Flower and S. rigidum Root (Euclid's distance= 0.60) were isolated, which are grouped based on the most abundant lead content and the same content of cadmium, chromium, and nickel. In the third cluster, S. pallasii Fruit is distinguished because of the higher content of nickel and lead compared to other examined parts of plants S. rigidum and S. pallasii.


Figure 6. PCA Diagram of heavy metal content (Cd, Cr, Ni, and Pb) content variables in leaf, flower, fruit, and root of plant species S. rigidum and S. pallasii
The results obtained with PCA and HCA analysis are in excellent agreement. In the PCA analysis, S. rigidum Root was distinguished because it has the most abundant lead content, while on the opposite side of the diagram was S. pallasii Fruit because it has a high nickel content (which distinguishes it from other parts of plants), but also significantly lower chromium and cadmium content which was diagonally in the PCA diagram. In the cluster analysis of S. rigidum Root and S. pallasii, a flower was found in the same subcluster due to the highest lead content, while S. pallasii Fruit was distinguished as a separate cluster due to the higher nickel content than in other examined parts of plants S. rigidum and S. pallasii.


Figure 7. Dendrogram of heavy metals content (Cd, Cr, Ni, and Pb) in the leaf, flower, fruit, and root of plant species S. rigidum and S. pallasii

5. Conclusion
The flower of S. pallasii, compared to the other parts of that plant, contains the highest concentrations of almost all of the specified metals, while in the case of S. rigidum, the situation of the different- highest concentrations of the specified metals is recorded at the root. The results obtained for both plant species show that the content of metals is within rangespreviously reported for the plants from the same area and in the acceptable amounts prescribed by WHO for human consumption.
Both multivariate statistics methods are in agreement and distinguish certain parts of the investigated plants based on the highest content of micro-, macroelement, or heavy metals.
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