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This paper presents research data on element’s variation of the underground organs of plants’ composition. The great parts of all elements’ sum in the underground parts of plants are potassium, calcium, silicon, magnesium, sodium and phosphorus. The significant correlation between the content of alkaline-earth elements in the underground parts of plants (calcium, magnesium, strontium) is mentioned. It has been shown that half of the calcium and magnesium from their average content in the underground parts of plants is in a free state, and the other half in a bound state with silicon.

For most of the underground organs of plants content of potassium ions can range 47 ÷ 3304 mg / 100 g of raw material (RM); calcium content can vary between 45 ÷ 1173 mg / 100 g of RM; the silicon content may range from 19 to 856 mg / 100g RM; fluctuation range of magnesium content vary from 70 to 466 mg / 100 g of RM; sodium content in the range 68÷457 mg / g 100 RM; phosphorus content range from 3 to 231 mg / 100g RM.
The range of variation values of the total ash in most cases may vary from 0.0045 to 0.1305 g / g RM.
It is noted that in the underground parts of plants potassium content prevails over the content of calcium, but 4 of the 16 plants had more calcium than potassium (Bergenia crassifolia, Paeonia anomala, Glycyrrhiza glabra, Corydalis Marshal). Therefore, these two elements are recommended for their determination in the extracts in further experiments to study the kinetics of the release of inorganic substances from the underground organs of plants in the extraction process.
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problem definition
There are some main parameters of plant material, which attract attention of technologists : the degree of fineness, the content of extractives, content of target substances or marker substances, moisture, bulk density, volume density, the absorption coefficient of the extracting and some other in the technology of phytomedicinals among at the present days [5]. These parameters have different meanings in phytotechnology, such as the fineness of raw materials significantly influence on the rate transition of substances into the extractant from the particles. The size of the extractor determined the bulk  and volume density. The absorption coefficient of the extractant predicts loss of extract on the raw materials. The content of extractives, target or marker substances in plant material determine their concentrations in the extract [1].
analysis of the latest studies and publications
All these parameters are interconnected with one another, for example, the fineness of the raw materials significantly influences the bulk density and the absorption coefficient of the extractant by the raw material, as well as the specific surface of the particles and indirectly on the transition rate of substances from particles of raw material into the extractant [2, 4, 6].

formulation OF PARTS OF THE COMMON PRoBLEM, WHICH HAVE NOT BEEN resolved BEFORE
Until now, the technologists have not payed any attention to another important component of the plant raw material - mineral composition. Micro and macro elements that are presented in the raw material during the extraction process pass as part of extractives in the extract (tincture) and may influence on the pharmacological effects of the extracts. However, in terms of technology, it is important to understand that such micro and macroelements as metal cations are extracted with organic substances from plant raw materials, such as in the complex or the counterion. 
From the point of view phytotechnology, it would be interesting to study and compare the kinetics of metal ions and the active substance (or substances markers) and  dry residue in extracts during their extraction from plant material. However, you should know what kind of metal ions, and in what quantity is contained in the plant material for this. Then choose among them the most suitable for further research.

formulation OF the objectives of the article
The aim of this work - to investigate the elemental composition of the underground organs of some medicinal plants; statistical analysis of the quantitative content of elements in the plant material; identify promising metal ions as the object of analysis in view of phytotechnology and analysis.

summary of basic MATERIAL of the study
For research were used the raw materials purchased in Pharmacy Ltd "Herbs", Kharkov, FLP Lubimaya K.A. "Medicinal herbs, extracts, oils" in the summer-autumn period of 2013. 

Analysis of the samples were carried out at the  department of analytical chemistry of functional materials and environmental objects  of State Scientific Institution "Institute Of  Single Crystals", National Academy of Sciences of Ukraine, Kharkov, Ukraine led by acting as managing of K.N. Belikov. There was used spectrograph  DFS-8, equipped with measuring complex photoelectric recording of emission spectra. AC arc was obtained by IVS-28 generator. We used spectroscopic graphite electrodes "reagent" diameter of 6 mm and a length of 50-60 mm for our work. Calibration samples and prepared samples were placed in the crater bottom (depth of 4 mm, diameter 4.5 mm) and upper (depth of 5 mm, diameter 1.9 mm) electrodes. 
We established the following conditions of evaporation of powders: amperage arc AC - 16 A, phase ignition - 60 º, set fire frequency pulses - 100 bits per second, the analytical gap - 2 mm, gap width - 0,012 mm, the exposure - 60 seconds. 

The relative standard deviation for the different elements, depending on their content was 0.1 ÷ 0.2. 

Total ash content in the plant material was measured by gravimeter by SPU procedure described in [3]. The relative error in determining the total ash was not more than 5%.

summary of basic MATERIAL of the study
The results of our researches on the elemental composition of the underground organs of some plants are given in Table 1.

	Table 1 - Results of the elemental composition of underground organs of some plants in terms of absolutely dry raw material

	Raw material
	The concentration of the element in the plant material, mg / 100 g of RM

	
	К
	Ca
	Si
	Mg
	Na
	P
	Fe
	Al
	Zn
	Sr
	Mn
	Cu
	Ni

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	Acorus calamus root

	1566
	522
	208
	261
	314
	130
	104
	26
	0.47
	7.8
	13
	0.47
	0.04

	Total ash
	0.0587±0.0028, g/g RM

	Bergenia crassifolia root 
	509
	1526
	406
	509
	71
	206
	61
	823
	15
	25
	13
	1.0
	0.05

	Total ash
	0.0645±0.0031, g/g RM

	Inula helenium root
	1604
	319
	535
	239
	159
	107
	38
	43
	11
	5.3
	14
	6.0
	0.10

	Total ash
	0.0476±0.0023, g/g RM

	Dioscorea caucasica root 
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Total ash
	0.0388±0.0018, g/g RM

	Rumex confertus root 
	2223
	1482
	1482
	741
	593
	253
	148
	121
	0.01
	30
	3.7
	0.74
	0.03

	Total ash
	0.0890±0.0044, g/g RM

	Hedysarum alpinum root
	378
	252
	189
	75
	5.0
	42
	17
	25
	2.5
	7.6
	6.3
	0.80
	0.13

	Total ash
	0.0306±0.0015, g/g RM

	Urtica dioca root
	2344
	781
	469
	391
	23
	273
	63
	60
	16
	23
	20
	1.1
	0.08

	Total ash
	0.0923±0.0046, g/g RM

	Sanguisorba officinalis root
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Total ash
	0.0605±0.0030, g/g RM

	Nuphar lutea root
	4315
	573
	287
	213
	573
	185
	72
	36
	7.2
	3.6
	18
	2.5
	0.03

	Total ash
	0.0821±0.0041, g/g RM

	Filipendula ulmaria root
	1300
	650
	456
	228
	65
	111
	37
	60
	6.5
	13
	9.7
	1.6
	0.13

	Total ash
	0.0883±0.0045, g/g RM

	Potentilla erecta root
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Total ash
	0.0477±0.0022, g/g RM

	Rubia tinctorum root
	2514
	1003
	673
	336
	254
	165
	84
	84
	0.01
	13
	33
	0.42
	0.03

	Total ash
	0.1131±0.0055, g/g RM

	Saponaria officinalis root
	2007
	357
	178
	178
	45
	111
	18
	45
	4.5
	8.9
	22
	0.42
	0.04

	Total ash
	0.0447±0.0020, g/g RM

	Paeonia anomala root
	111
	889
	300
	333
	56
	111
	89
	22
	11
	3.3
	1.7
	0.56
	0.11

	Total ash
	0.0652±0.0031, g/g RM

	Rheum officinale root
	1598
	1065
	853
	533
	321
	212
	11
	11
	0.01
	21
	5.3
	0.53
	0.03

	Total ash
	0.0925±0.0044, g/g RM

	Polemonium caeruleum root
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Total ash
	0.0673±0.0033, g/g RM

	Glycyrrhiza glabra root
	1357
	2036
	545
	306
	339
	48
	68
	68
	20
	68
	10
	1.7
	0.20

	Total ash
	0.0782±0.0038, g/g RM

	Corydalis marschalliana root
	1190
	1899
	2380
	950
	475
	240
	475
	358
	240
	24
	59
	3.6
	0.23

	Total ash
	0.0692±0.0034, g/g RM

	Veratrum lobellianum rhizome and root
	1998
	533
	566
	200
	67
	111
	133
	100
	67
	13
	17
	1.7
	0.67

	Total ash
	0.0671±0.0033, g/g RM

	Scutellaria baicalensis root
	1575
	313
	369
	263
	263
	89
	37
	37
	11
	5.3
	5.3
	1.8
	0.06

	Total ash
	0.0521±0.0025, g/g RM

	Echinacea purpurea root
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Total ash
	0.1441±0.0070, g/g RM

	Mean value of the sample, Х*
	1676
	609
	437
	268
	262
	117
	57
	42
	26
	17
	16
	1.3
	0.12

	Standard deviation value of the sample, S*
	543
	188
	139
	66
	65
	38
	18
	14
	-
	-
	-
	-
	-


	Mean value of the total ash, Х*
	0.0675, g/g RM

	Standard deviation value of the total ash, S*
	0.0210, g/g RM


* mean and standard deviation of the sample were found for each element based on criteria Х≥3S.

The sign "-" means that the analysis or calculation is not performed.
During analyzing the data of Table 1 and the search of correlation between the elements, it was mentioned that there is  a significant correlation between the content of calcium and magnesium in the underground parts of plants (МСа=(2.0±0.5)·МMg+(84.4±201.0) with R² = 0.87). As well as between calcium and strontium (МСа=(44.7±20.8)·МSr+(201.5±334.4) with R² = 0.62). These dependencies are probably based on the fact that these elements belong to the same group of the periodic table, and therefore, their biochemical and physiological pathways are similar. There no other significant correlations between items could not be found. 
The interesting fact is that the sample of root Bergenia crassifolia accumulate abnormally large amounts of aluminum, the sample of root Glycyrrhiza glabra accumulate strontium and sample of tuber Corydalis marschalliana accumulate iron and aluminum. 

As it is seen from Table 1 data distribution of mean values of the quantitative content in the underground organs of six basic elements, which account for 95% of their amount, as follows: for potassium – 1676, for calcium – 609, for silicon - 437, for magnesium – 268, sodium – 262, phosphorus - 117 mg / 100 g of the RM. The mean value of total ash 0.0675 g / g RM. 

It is interesting to note the relationship between the mean value of such elements as calcium / magnesium, and silicon. For example, the theoretical ratio of calcium and magnesium to silicon in silicates (CaSiO3 + MgSiO3) equals 1.15 = (40.1 + 24.3) /2·28.1 ((Ca + Mg) / 2Si), but in practice the mean data on their contents in the underground parts of plants 2.01 = (609 + 268) / 437 ((Ca + Mg) / Si). When comparing these numbers with each other, it is possible to reach conclusions: first, it is probably that the calcium and magnesium in underground parts of plants are bound with silicon (in the form of silicates); secondly, only half of calcium and magnesium is bound with silicon, and the other half in the form of other salts maybe soluble. 
Using the standard deviation and the mean value by using the theory of mathematical statistics for the sample, it is possible to make some predictions regarding variation characteristic. For example, it is known from statistics that the Gause distribution of random variables (usually three sigma) parameter will deviate from the mean within one standard deviation (S) of about 68% of cases, within two standard deviations (2S) about 95% of cases, within three standard deviations (3S) more than 99% of cases. 
Analyzing the data presented by way of example it is seen that : the content of potassium ions in underground parts of plants is on mean 1676 mg / 100 g of the RM, and a standard deviation of 543 mg / 100 g of RM can therefore be expected that the number of plants in the sample with an interval 1676 ± 543 mg / 100 g of RM (1133 ÷ 2218 mg / 100 g RM) should be about 11 units. (0.68 · 16 = 10.9), the practical result of 9 pcs., The discrepancy is 18% (9/11), that when a small sample is a good coincidence. In the range of deviations from the mean for the two standard deviations of 1676 ± 1086 mg / 100 g of RM (590 ÷ 2761 mg / 100 g RM) should include 15 plants from the 16 (0.95 · 16 = 15.2), the real result is 12 pcs., which gives difference at 20%. This is a big deviation from the theory, but with such a small number of observations and a error in the determination of values is an acceptable value. In the range of deviations from the mean for the three standard deviations in 1676 ± 1628 mg / 100 g of RM (47 ÷ 3304 mg / 100 g RM) should include about 16 plants (0.99 · 16 = 15.8), the real result is 15 pcs. of that in a small sample gives slight difference of 6%. The statistics for the other major elements are presented in the table 2.
	Table 2 - Dependence of the probability of observing the number of basic elements in underground parts of plants, mg / 100g RM

	Вероятность наблюдения параметра 
The probability of observing a parameter
	К
	Ca
	Si
	Mg
	Na
	P

	1
	2
	3
	4
	5
	6
	7

	The mean value of the element content
	1676
	609
	437
	268
	262
	117

	The mean value of the ash, g / g RM
	0.0675

	The standard deviation for the sample of the content element
	543
	188
	139
	66
	65
	38

	The standard deviation for ash, g / g RM
	0.0210

	The range of the content element that will be observed for 68% cases
	1133÷2218
	421÷797
	298÷577
	202÷334
	197÷327
	79÷155

	The range of the content ash that will be observed for 68% cases
	0.0465÷0.0885

	The double standard deviation for the sample of the content element
	1086
	376
	279
	132
	130
	76

	The double standard deviation for ash, g / g RM
	0.0420

	The range of the content element that will be observed for 95% cases
	590÷2761
	233÷985
	159÷716
	136÷400
	132÷392
	41÷193

	The range of the content ash that will be observed for 95% cases
	0.0255÷0.1095

	The triple standard deviation for the sample of the content element
	1628
	564
	418
	198
	194
	114

	The triple standard deviation for ash, g / g RM
	0.0630

	The range of the content element that will be observed for 99% cases
	47÷3304
	45÷1173
	19÷856
	70÷466
	68÷457
	3÷231

	The range of the content ash that will be observed for 99% cases, g / g RM
	0.0045÷0.1305


As it is seen from the Table 2 data for underground plant organs content of potassium ions can range 47 ÷ 3304 mg / 100 g of the RM, while in this range misses an abnormally high value of the Nuphar lutea root. 

The content of calcium ions may range 45 ÷ 1173 mg / 100 g of the RM, wherein this range misses anomalously high values of  Paeonia, Rumex, Glycyrrhiza, Corydalis should also be mentioned as that for those plants characterized by greater calcium content compared to potassium is probably are plants with specific biochemical and physiological processes. 

The silicon content may range from about 19 to 856 mg / 100 g of the RM, wherein this range misses anomalously high values Rumex, Rheum, Corydalis. 

Content of magnesium ranges from 70 to 466 mg / 100 g of the RM, wherein this range misses anomalously high values Bergenia, Rumex, Rheum, Corydalis. 

The range of sodium 68-457 mg / 100 g of the RM, while in this range misses an abnormally high number of plants 8 out of 16, maybe it's due to the small sample size for statistical analysis or obedience to the law of Gauss. 

The phosphorus content ranges from 3 to 231 mg / 100 g of the RM, wherein this range misses anomalously high values of Rumex, Urtica Dioica, Corydalis. 

The range of variation of the values of total ash in most cases will range from 0.0045 to 0.1305 g / g RM. 

The above data show that in the underground parts of medicinal plants are concentrated elements such as potassium ≈ calcium ˃ silicon ˃ magnesium ˃ sodium ˃ phosphate. Moreover, the potassium content prevails over the content of calcium, but in 4 of the 16 plants had more calcium than potassium (Bergenia, Paeonia, Glycyrrhiza, Corydalis). Therefore, these two main elements should be targeted in the kinetics’ study of the release of inorganic compounds of the RM in the extract in the extraction process, both in terms of phytotechnology and analysis. Determine these two elements not only rational in terms of the absolute value of quantitative content, but also because of their easy relative mobility and the possibility to dissolve in polar extractants (water, alcohol). This can be applied to potassium ions, which are practically not form slightly soluble compounds. It should be noted that the definition of these elements carry easier than others.

CONCLUSIONS and perspectives of further searches
Based on the research results of elemental analysis of underground plant parts are given statistical variation data elements in plant raw materials. The great part of the sum of all elements in the underground parts of plants is potassium, calcium, silicon, magnesium, sodium and phosphorus. It is noted that the significant correlation between the content of alkaline-earth elements in the underground parts of plants (calcium, magnesium, strontium) exists. It has been shown that half of the calcium and magnesium from their average content in the underground parts of plants is in a free state, and the other half in a bound state with silicon.
For most of the underground organs of plants content of potassium ions can range 47 ÷ 3304 mg / 100 g of raw material (RM); calcium content can vary between 45 ÷ 1173 mg / 100 g of RM; the silicon content may range from 19 to 856 mg / 100g RM; fluctuation range of magnesium content vary from 70 to 466 mg / 100 g of RM; sodium content in the range 68÷457 mg / g 100 RM; phosphorus content range from 3 to 231 mg / 100g RM.
The range of variation values of the total ash in most cases may vary from 0.0045 to 0.1305 g / g RM.
It is noted that potassium content prevails over the content of calcium in the underground parts of plants, but 4 of the 16 plants had more calcium than potassium (Bergenia crassifolia, Paeonia anomala, Glycyrrhiza glabra, Corydalis Marshal). Therefore, these two elements are recommended for their determination in the extracts in further experiments to study the kinetics of the release of inorganic substances from the underground organs of plants in the extraction process.
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