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INTRO DUCTIO N 
Soyfoods have become increasingly popular among interested health individuals 
over the past 10-15 years. Several large food companies offer now marketing soy 

products, such as breakfast cereals and energy bars. Therefore, consumers  have 
even greater access to a wide variety of soy foods, which will likely result in a 
further mainstreaming of soy products (Messina, 1999). Nowadays, they are 

being studied for their potential role in the prevention and
 
treatment of a number 

of chronic diseases including certain
 
forms of cancer, osteoporosis, and heart 

disease, and also for
 
their ability to relieve menopausal woman symptoms. 

Soybean is a unique source of polyphenols components called phytoestrogens 
which include a wide variety of plant products with weak estogenic activity 

(Franke et al., 1994). Polyphenols are biologically active metabolites that 
accumulate in soybean during its development. The amount of polyphenols 
present in soybean is variable, also depending on genetic and environmental 

factors (the type of cultivar, and growth location can  influence on the 
polyphenols formation).  
Soybean is also rich and inexpensive source of proteins, carbohydrates, dietary 
fibres to millions of peoples. In addition to being an important source of protein, 

legumes are also reported to be a good source of minerals (K, P, Ca, Mg) and 
trace elements. Metals, such as iron, zinc and manganese are essential metals, 
since they play an important role in biological systems. Cu and Zn are essential 
micronutrients, they can be toxic when taken in excess. Lead and cadmium are 

nonessential metals as they are toxic, even in trace (Gençcelep et al., 2009). The 
monitoring of heavy metals content in soybean is very important because its 
consumption shows an increasing tendency. 
Therefore the aim of this study was to determine the contents of mineral 

elements, trace elements, and total polyphenols in the seven varieties of 
cultivated raw soybeans (Glycine max L.) – cvs. Bolyi-45, Supra, Korada, 
Belmont, Crystal, Erin, Quito and to evaluate the relationship of these 

components of soybean grown at five different localities of Slovakia (Malacky, 
Oponice, Jelšovce, Marcelová, Belá nad Cirochou).  

 
MATERIALS AND METHO DS 

 
Plant material. Soybean (Glycine max. L.) seeds were purchased in cooperation 
with the farms so that they represented a significant area of that crop in Slovakia. 
Company PRIVATEX-Agro Company Ltd. New Locks supplied soybean variety 

Bolyi-45, Erin, Korada, Supra and Quito, which were grown in the area 
Marcelová. The varieties Crystal and Belmont delivered by Jelšovce and also 

varieties Korada and Supra were from Oponice. The Korada variety was also 
grown in the area of Belá nad Cirochou  and Malacky. The seeds were manual 
cleaned a stored in paper sacks in normal storage conditions for further analysis. 

Soils samples. Collection of soil samples was performed from the same plots, 
which were collected the tested crop. Sampling and adjustment of soil samples 
followed the "Binding methodologies of soils analysis" (Fiala et al., 1999). Soil 
samples were taken from the soil science probe depths of 0 to 0.1 m. The location 

of delivery points of soybean and soil samples is indicated on the map of 
Slovakia (Figure 1). 
 
 

 
 

Figure 1  Location of delivery points of soybean and soil samples  

black point – Malacky, violet point – Marcelová, blue point – Nitra area (Jelšovce, Oponice), 

red point – Belá nad Cirochou 

 
Analytical methods. Major mineral elements (K, Ca, Mg) and trace elements (Fe, 
Mn, Zn, Cu, Co, Ni, Cr, Pb, Cd, Na) were determined using a Varian AA240FS  
atomic absorption spectrometer equipped with a D2 lamp background correction 

system, using an air–acetylene flame. Phosphorus was measured by a 
colorimetric method using tartate antimonylo–potassium and molybdate 
ammmonium reagent. Nitrogen was determined by the Kjeldhal method.  

Soil. Nutrients contents (K, Ca, Mg, P) were determined by Mehlich II. procedure 
and the total and releasable contents of risk elements were determined using 
HF+HNO3 solution and  the solution of 2 M HNO3, respectively. 

The aim of this study was to evaluate the influence of the grown locality on minerals and risky metal intake from the soil an d on 

polyphenols formation in the soybean seeds. The research was realised in five localities of Slovakia using the seven soybean varieties. 

From the point of the soil hygiene, all determined values of heavy metals content in soils were lower than given hygienic limits, with the 

exception of Cd. Minerals and heavy metals contents in the soybean samples show significant differences between cultivars and 

localities. The values show imbalance between the potassium contents and other minerals. The order of the elements levels was 

determined as following: Fe > Zn > Mn > Cu > Ni > Pb > Cr ≈ Co > Cd. The risky elements contents, with exception of Cd, Cu, Pb  and 

Ni content (only in some localities), did not exceed a limit for legumes by Food Codex SR. The total polyphenols content ranged from 

817.6 to 1281.0 µg eq. tannic acid/g and suggest  the variety dependence, but the locality influence was not significantly confirmed. 
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Seeds. Between 0.9 and 1.1 g of dried sample was weighed into digestion tubes 
and HNO3 were added. The samples were incinerated in a Nabertherm muffle 
furnace. Ashes were dissolved in nitric acid and passed through an ash-free, 
acidwashed filter paper and diluted to a certain volume with water.  

Minerals and microelements concentrations were determined on a dry weight 
basis as µg/g. The results were evaluated according to the Decision of Ministry 
of Agriculture in Slovak republic about highest acceptable limits of toxic 
compounds in soil No. 531/1994 – 540 and Food Codex of the Slovak 

Republic. 
Total polyphenols. The total polyphenols content were determined by the method 
of Lachman et al., (2003) and expressed in µg eq. tannic acid  per g dry matter.  

Statistics. Results were processed by using Statistica 6.0 Cz software. Data were 
expressed as average values ± standard deviation of six replications. Significant 
differences between varieties, and growth localities were tested by Tukey-test at 
the significance level p < 0.05 (elements) or at p < 0.01 (polyphenols). 

 
  
 
 

 

RESULTS AND DISCUSSIO N 
 
Soil hygiene evaluation 
The necessity to monitor the soil elements content is especially important from 

the aspect of food safety and quality assurance, because the soil as a starting 
place for input of risk compounds into a human chain. The soil reaction has 
a major effect on the intake of many risky elements; the most of them become 
more available to plants as pH decreases. 

As shown in Table 1, in the locality Marcelová soil reaction value (pHKCl) varied 
in the range from 5.01 to 7.55. From this wide range of values shows that soils 
are slightly acidic to alkaline. Other interest localities had neutral (Jelšovce, 

Oponice) to acid (Malacky, Belá nad Cirochou) soil reaction. In the soils of 
observed areas was a reserve of humus on medium level, except Malacky, which 
had a good reserve of hummus. The levels of available nutrients in the studied 
soils were variable. Magnesium content ranged from low (Belá nad Cirochou) 

through high (Marcelová, Malacky) to very high level (Oponice); potassium from 
low (Belá nad Cirochou) through medium (Malacky) to good level (Oponice, 
Marcelová); phosphorus from medium (Belá nad Cirochou, Oponice) through 
good (Malacky) to very high level (Marcelová).  

 
Table 1 Available nutrients content in µg/g, soil reaction and humus content (%) in soils of different sites of soybean cultivation  

locality site  (variety) Ca Mg K P N pHKCl  hummus 

  
  

  
  

  
  

M
ar

ce
lo

v
á
 

MČ-3 (Supra) 851 153 269 74.3 1050 5.1 2.79 

Markacová (Quito) 4440 148 225 62.6 1487 7.3 2.44 

Pri Virte (Erin) 6280 173 148 44.4 1312 7.46 2.35 

Dolnožitavská 
(Korada) 

1909 287 207 144.4 1400 6.88 2.25 

Ármaiho (Bolyi45) 4155 99 97 33.4 875 7.55 1.52 

Jelšovce (Crystal, Belmont) 2930 265 266 82.1 1575 7.11 2.51 

Oponice (Supra, Korada) 3950 314 296 45.7 962 7.10 2.32 

Belá nad 
Cirochou 

Štaň (Korada) 978 86 107 55.1 1575 5.51 2.64 

Malacky Prostredná (Korada) 2455 251 135 76.9 1750 5.12 3.27 

 
In the tables 2 and 3 are the results of the determination of heavy metals in soils 
of interest sites. Gained results were evaluated according to the valid legislatives. 

The values of total risk elements contents (Table 2) were under the limits defined 
the limit value A with the exception of Cd (because its total contents were 
enhanced on all plots). In the soil from the localities Oponice, Jelšovce were 
exceeded also values of background limit A for Ni and Cu. The determined Cd, 

Cu, Ni content exceeded the limit values A (from 4,7 to 25,9%, 2,7%, 2,7%, 
respectively), but in neither case it  reached the indicative limit values B 
established by legislative for soil contamination. However, from the point of 

view of risky metal intake by plants, is important content of accessible, 
respectively potentially mobile forms of heavy metals. In table 3 contents of 

mobile forms of selected heavy metals in soil extract by 2M HNO3 are presented. 
All of determined values were lower than reference value A1 again with the 
exception of Cd (a background value A1 for Cd is 0,3 µg/g). The heavy metals 
contents in soil did not exceeded the limit values specified by Law 531/1994 – 

540 (Decision of the Ministry of Agriculture  SR, 1994). And from this 
perspective soil can be described as relatively uncontaminated.  
 

 
Table 2 Total content of heavy elements (µg/g) in soils of different sites of soybean cultivation 

locality site  (variety) Zn Cu Cr Cd Pb Ni Co 

  
  

  
  

 M
ar

ce
lo

v
á
 

MČ-3 (Supra) 55.2 28.4 39.6 0.72 22.4 26.4 13.2 

Markacová (Quito) 53.2 22.4 45.2 0.92 24.0 28.0 14.0 

Pri Virte (Erin) 47.2 20.0 42.0 0.84 23.6 28.4 14.4 

Dolnožitavská 

(Korada) 
61.6 24.8 50.8 0.88 26.0 30.0 13.6 

Ármaiho (Bolyi45) 41.2 16.8 34.8 0.84 23.2 23.2 12.0 

Jelšovce (Crystal,Belmont) 78.8 36.8 57.6 1.00 28.8 34.4 17.2 

Oponice (Supra, Korada) 95.2 37.2 60.0 1.8 31.6 36.0 17.2 

Belá nad 
Cirochou 

Štaň (Korada) 55.6 21.6 51.2 0.72 25.2 20.4 11.6 

Malacky Prostredná (Korada) 63.2 30.0 64.8 0.92 28.4 31.2 12.0 

Limit value A* 140 36 130 0.8 35 35 20 

A* – background value by The Decision of Ministry of Agriculture of Slovak Republic about highest acceptable limits of toxic compounds 

in soil No. 531/1994 – 540. The higher values of elements than is maximal allowed level given by the valid legislative are printed in bold.  
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Table 3 Risky elements content (µg/g) in 2M HNO3 extract in soils of different sites of soybean cultivation 

locality site  (variety) Zn Cu Cr Cd Pb Ni Co 

  
  

  
  

  
M

ar
ce

lo
v

á
 

MČ-3 (Supra) 5.8 8.3 1.2 0.16 6.8 5.1 1.7 

Markacová (Quito) 6.2 7.6 1.9 0.29 8.3 5.9 3.8 

Pri Virte (Erin) 5.0 6.9 1.9 0.38 7.7 5.7 3.9 

Dolnožitavská 

(Korada) 
9.5 8.3 2.0 0.21 7.9 5.5 2.9 

Ármaiho (Bolyi45) 4.3 5.7 1.4 0.26 6.1 3.7 2.7 

Jelšovce (Crystal,Belmont) 10.1 11.3 2.1 0.29 11.1 6.5 4.4 

Oponice (Supra, Korada) 17.3 9.8 2.4 0.34 14.9 4.6 4.2 

Belá nad 

Cirochou 
Štaň (Korada) 7.9 4.4 2.1 0.23 10.9 1.7 2.2 

Malacky Prostredná (Korada) 10.5 8.6 3.4 0.21 8.8 6.4 2.0 

Reference  value A1* 40 20 10 0.3 30 10 x 

A1
*
- background value in 2M HNO3 extract by The Decision of Ministry of Agriculture of Slovak Republic about highest acceptable limits of 

toxic compounds in soil No. 531/1994 – 540. The higher values of elements than is maximal allowed level given by the valid legislative are 
printed in bold. 

 

Nutrients and microelements content in soybean seeds 
 In this study, the existence of five abudant minerals was (inclusive nitrogen) 
determined in soybean samples (Table 4). The potassium content was found to be 
higher than those of other minerals in all soybeans, followed by P, Mg, Ca, which 

contents varied in the ranges 4350 - 8431 mg/g, 1895 - 2363 mg/g, 739 - 1173 
mg/g, respectively. T he values show imbalance between the potassium content 
and other components. On the other hand, high potassium content in the diet 

contributes to regulation of water and salt  balance in organism and the ratio Na : 
K is adequate for human nutrition. The mean Ca : P ratio in soybeans, being ≈ 
0.15, reveals a high concentration of phosphorus compared to calcium. This ratio 
should not be less than 1.0 (Iqbal et al., 2006). Mineral supplementation can be 

used as an alternative approach to correct this imbalance. The contents of K and 

P are higher than the others (Ca, Mg, Fe), and the order from high to low does not 
change with the producing area. Producting area does not affect the contents of 
elements K, P and Mg significantly (P < 0.05).  It  can be concluded that the 
demands for major mineral elements K, P and Mg are relative stable in the 

growth of soybeans with the same variety. Calcium values are lower than those in 
the literature (Campos-Vega et al., 2010; Wan et al., 2010). The Mg, K, P levels 
are adequate. Kjeldahl-N was determined and crude protein content in seeds was 

calculated by the factor 6,25. On the basis results, protein content in bean seeds is 
between 33.1 - 35.5% which corresponds with a data by Vojtaššáková et al., 
(1999). The results show that soybeans are rich in mineral elements that human 
body needs. 

 

 
Table 4  Minerals content (mg/g), protein content (%) and dry mater (%) in soybean samples 

locality variety Ca Mg K P protein DM 

M
ar

ce
lo

v
á
 

Bolyi-45 863 2009 19607 7094 34.5 95.1 

Erin 860 2227 20724 6570 33.7 94.7 

Korada  848 2019 19955 7495 34.1 94.3 

Quito 1061 1895 18400 5167 34.4 94.7 

Supra  915 2363 19705 6102 34.1 95.0 

Jelšovce 
Crystal 964 2174 19807 7219 33.2 95.6 

Belmont 1173 2017 18253 4350 33.9 96.6 

Oponice 
Supra  996 2326 21890 7390 33.1 95.2 

Korada 832 2190 21557 7143 35.5 95.4 

Belá nad 
Cirochou 

Korada 910 2145 21165 8431 34.7 94.4 

Malacky Korada 739 1981 22777 7201 34.1 94.8 

 
Table 5 Heavy metals content (µg/g) in soybean samples 

locality variety Fe Mn Zn Cu Co Ni Cr Pb Cd Na 

M
ar

ce
lo

v
á
 

Bolyi45 107 22.4 41.4 15.5 0.7 7.2 0.4 0.9 0.19 7.9 

Erin 130 20.7 38.0 13.8 0.7 5.6 0.9 1.1 0.23 nd 

Korada  100 24.3 31.4 11.9 0.5 4.7 0.5 0.5 0.24 4.8 

Quito 111 21.0 35.9 12.6 0.4 3.6 0.5 0.8 0.36 10.6 

Supra  138 25.3 41.5 14.6 0.7 5.8 0.4 1.1 0.27 nd 

Jelšovce 
Crystal 126 24.7 47.1 13.9 0.8 8.2 0.6 0.7 0.26 1.2 

Belmont 192 23.3 41.1 12.4 0.6 7.2 0.7 0.8 0.19 7.1 
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Oponice 
Supra  80 19.5 51.8 19.7 0.5 3.9 0.4 0.9 0.22 12.2 

Korada 91 20.7 52.1 21.1 0.5 3.6 0.6 1.0 0.23 16.3 

Belá nad 

Cirochou 
Korada 117 26.4 46.9 16.7 0.7 4.7 0.7 0.9 0.41 nd 

Malacky Korada 130 21.1 46.3 15.5 0.5 13.1 0.7 0.8 0.26 nd 

nd – not detected 
The Food Codex of the Slovak Republic has set a limit for the maximum levels of chosen risk elements in legumes; for cadmium, lead, 
chromium, copper and nickel are maximum values 0.1; 1.0; 4.0; 15.0; 6.0 µg/g , respectively. The higher values of elements than is maximal 
allowed level given by the valid legislative are printed in bold. 

 
Heavy metals accumulation in plants depends upon plant species, and the 
efficiency of different plants in absorbing metals is evaluated by either plant 
uptake or soil to plant transfer factors of the metals (Rattan et al., 2005). The 

content of selected heavy metals is shown in Table 5. The order of the elements 
levels in all tested soybean seeds was determined as following: Fe > Zn > Mn > 
Cu > Ni > Pb > Cr ≈ Co > Cd. The levels of essential elements (Fe, Zn) in these 

legumes were higher than those of toxic elements (Pb, Cd). The order from high 
to low for iron, zinc, nickel, and copper varied with the producing area, while at 
least variable elements were manganese, chromium, lead, cobalt and cadmium 
contents (P < 0.05). It means, that the producing area has a great influence on the 

contents of above elements in soybean (P < 0.05).  
Legumes are known as zinc accumulators (Gençcelep et al., 2009) and zinc 
concentrations of our tested legume ranged from 31.4 to 52.1 µg/g. The 
minimum and maximum zinc levels were found in the same variety of soybean 

(Korada) from different localities. The content of Zn had a medium positive 
correlation with that of Cu, Pb, Mg, K and no significant negative correlation 
with that of Fe and Mn. Manganese was found to be relatively high, its content in 
samples were between 19.5 and 26.4 µg/g. The highest manganese concentrations 

were found in the variety Korada. The most abundant element from heavy metals 
group, was found to be iron (ranging from 80.4 to 192.8 µg/g). 
Any of the determination of heavy metals content in the soil below the threshold 

does not guarantee that the plants growing on this soil will always contain their 
tolerable amounts. It is therefore crucial in terms of hygiene, whether the heavy 
metals accumulate in parts of plant used for consumption (Rattan et al., 2005). 
Our results confirmed the ability of soybeans to accumulate contents of risky 

metals such as Cd, Pb, Ni, and Cu. Only chromium and cobalt concentrations, 
accumulated in soybeans samples, were 0.4 - 0.9 µg/g, 0.4 - 0.8 µg/g, 
respectively, which did not pose a health risk. Chromium is considered to be 
essential to a part of the living organism, but in increased concentration is toxic.  

The legislative value given by Food Codex of the Slovak Republic for Cd 
content in foodstuffs determined in the samples of soybeans was in all sampling 
plots exceeded. The enhancement was in interval 100 - 300 % above the maximal 
available value. Soybean samples also contained higher amounts of lead, copper 

and nickel in some growing localities. The determined Pb content in two plots in 

Marcelová locality was slightly exceed hygienic limit value. The determined Cu 
and Ni contents in some localities (but represented by the all parts of Slovakia) 
was by 1 - 70% and 20 - 116%, respectively, higher than hygienic limit value 

given by Food Codex of the Slovak Republic. As shown in Table 5, mainly in 
the Nitra region (Oponice and Jelšovce localities) and Malacky region was 
exceeded values of Ni or Cu content with bioavialibility of different varieties of 

soyben samples. 
Influence of environmental conditions on the amount of heavy metals were tested 
in two soybean varieties (Supra, Korada) grown in different regions of Slovakia. 
The variety Korada from three different localities (Oponice, Belá nad Cirochou, 

and Malacky) was contained higher amount of copper in than those same variety 
from Marcelová locality. The similar situation was observed also in zinc content. 
Zinc results showed higher accumulation of this element in the same localities 
and both Zn and Cu showed the positive correlation in tested sample of variety 

Korada. Copper can be found in many enzymes, some of which are essential for 
Fe metabolism and there are probable direct correlation between the dietary Zn 
and Cu ratio and the incidence of cardiovascular disease (Campos-Vega et al., 
2010). Based on the results obtained in the variety Supra we can state higher 

content of monitored elements: Cd, Pb (Marcelová) and Cu (Oponice). Generally, 
these varieties have been an accumulator of chosen monitored elements.  
Despite of low concentration of Pb, Ni, Cu and also Cd in analysed soil samples 

from all sampling sites, soybeans can accumulate also dangerous amount of these 
heavy metals. The results confirm the potencial risk of environmental pollution 
sourced influence on the food raw materials safety. It is necessary to monitor the 
heavy metal content in the soils as well as in the agricultural plants grown in 

observed localities because of food chain safety assurance.  
 

Total polyphenols content in soybean samples 
At the same time in the soybean samples were evaluated the polyphenol contents 

in the dependence on a variety, properties and type of soil in observed areas. 
Results of total polyphenols determination (expressed as µg eq. tannic acid per g 
of DW) assayed in the soybean varieties grown in different localities of Slovakia 
are presented in Table 6.  

 
 

Table 6 Polyphenols content (µg/g) in soybean samples grown in different localit ies in Slovakia 

locality variety polyphenols content 

Marcelová Bolyi-45 993.4 ± 1.5 
e
 

 

Erin 835.7 ± 1.2 
a
 

 

Korada  828.7 ± 2.5 
a
 

 

Quito 1281.0 ± 2.2 
f
 

 

Supra  877.2 ± 2.2 
a,b

 

Jelšovce Crystal 883.8 ± 2.8 
a,b,c

 

 

Belmont 817.6 ± 2.1 
a
 

Oponice Supra  910.0 ± 1.5 
b,c,d

 

 

Korada 943.0 ± 1.3 
b,c,d,e

 

Belá nad Cirochou Korada 944.4 ± 1.4 
c,d,e

 

Malacky Korada  950.1 ± 4.1 
d,e

 

Values in the column with different letters present significant differences at  p < 0.01 
 
Individual localities of soybean cultivation did not significantly differ in an 

altitude or a weather conditions, but the differences have been shown in soil 
quality. Influence of environmental conditions on the amount of polyphenolic 
compounds were tested in two soybean varieties (Supra, Korada) grown in 
different regions of Slovakia (Oponice, Marcelová, Malacky, Belá nad 

Cirochou). As shown in Table 6,  at the significance level α = 0.01 was not 
unequivocally confirmed the expected statistically significant impact of locality 
on total polyphenol content in soybean seeds. 

The values of the total polyphenols content of the variety Supra  between the 

localities Oponice and Marcelová were comparable. In the tested soybean variety 
Korada the measured values of total polyphenols differed between the localities, 
but the differences were not statistically significant, with the exception of the 
variety grown in Marcelová soil, which obtained the lowest polyphenols content 

(828.7 µg/g) not only between the localities, but also between the varieties grown 
in this area (Marcelová). The order of localities for the total polyphenols content 
in the variety Korada is as follows: Marcelová < Oponice < Belá nad Cirochou < 
Malacky. 
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Lachman et al., (2006) found on the based obtained results after the application 
of different fertilization variants on different crop species, that higher doses of 
potassium or magnesium were cause of lower accumulation of total polyphenolic 
compounds in tested agricultural crops. Even in our case, was observed an 

interesting tendency in lower polyphenols content in different soybean varieties 
in localities with good to high contents of some nutrients (Mg, K) and higher 
contents of risk elements (Jelšovce, Oponice, Marcelová-Dolnožitavská). 
The soybean variety Korada with the lowest polyphenols content among the 

varieties grown in Marcelová locality, was grown on the site (Dolnožitavská), 
which is characterized by high contents of nutrients and good soil reaction (pHKCl 
= 6.88) for the cultivation of soybeans compared to other parcels of that area. In 

the consistency with this trend is also the established amount in the variety 
Korada grown in the locality with low contents of Mg and K and an acid soil 
reaction (Belá nad Cirochou), indicating a potential negative correlation between 
the polyphenols content and the available nutrients in the soil. Contrary with this 

hypothesis is the highest determined value of polyphenols content in the variety 
Korada from Malacky locality, which is characterized a high content of Mg and 
middle values of P and K contents. 
The explanation for the higher content might be stress conditions (increasing 

mobility of heavy metals in the soil and transfer to plant) caused by the an acid 
soil reaction of this area. It is a paradox, the Supra variety grown in soil with a 
very high content of magnesium and a neutral soil reaction (Oponice locality) 
was contained inconclusive (P <0.01) higher amounts of polyphenols than the 

same variety from locality with medium content of magnesium and a slightly 
acidic reaction (plot MC-3, Marcelová locality). The soils of both regions are 
characterized by a good to medium content of potassium and phosphorus.  

Significant differences were also found between varieties Quito, Erin, Bolyi-45 
grown on plots with alkaline soil reaction (Marcelová locality). Soils from 
parcels of Marcelová locality were characterized by medium to good content of 
potassium and magnesium, medium to very high contents of phosphorus, with the 

except Ármaiho plot,  on which they were detected low levels of available 
nutrients (except Ca) and humus. This site at the same time was characterized by 
the highest value of a soil reaction (pHKCl = 7.55) of all plots in monitored 
locality. In the variety Bolyi-45 grown on the plot (Ármaiho) was determined on 

average about 17.3% higher total polyphenols content compared with 
polyphenols content in other varieties (with the except of the variety Quito).  In 
connection with the above, we can conclude that "rougher" agronomic conditions 
for growing soybeans are condition for an increased production of polyphenols. 

In contrast, it  is again interesting to note that the variety Quito grown in soils 
with a good nutrient content (Markacová plot) had the highest content of 
polyphenols (1281.0 µg/g) among the varieties grown in the Marcelová locality 

and at the same time the highest levels of polyphenols in the all tested varieties 
soybeans in all studied localities. 
Influence of the locality on the total polyphenols content was also determined by 
the evaluation the interactions between early (Erin, Korada) and late (Crystal, 

Belmont, Bolyi-45) varieties of soybeans. A significant differences (P < 0.01) 
were observed between Bolyi-45 – Erin, Bolyi-45 – Korada (Marcelová), 
Belmont – Korada varieties. The late varieties Belmont, Crystal, cultivated in soil 
with good nutrient content (K, Mg, P, N) and by a suitable soil reaction 

(Jelšovce), had significantly (P < 0.01) lower the total poylphenols level than the 
late variety Bolyi-45 of the mentioned site Ármaiho (Marcelová). The difference 
in the total polypphenols amount between early cultivars Erin and Korada grown 
in the same locality (Marcelová) was minimal, but the Erin cultivar  had the total 

polyphenols content  on average 11.6% lower in comparison with Korada grown 
in all other interest areas. The analogy in the relation to locality of soybean 
cultivation reached after the evaluation the results of polyphenols obtained in the 
late variety Belmont and the early variety Korada. Although the obtained results 

again suggest the influence of locality, a contradictory interpretation of 
significant total polyphenols results of the late varieties Bolyi-45 and Belmont in 
the relation to the variety Korada indicates to the varietal determination, which 

the most showed in the above-mentioned Marcelová locality (P < 0.01). By 
comparison the determined total polyphenols values in Table 6 in soybean 
cultivars grown in the Marcelová locality was found considerable variability of 
values in the range from 828.7 to 1281.0 µg/g. The variety Quito was 

characterized by the highest total polyphenols content and the lowest contents of 
heavy metals as stress factor, and in comparison  with Korada cultivar had 1.5 -
fold higher polyphenols content. On the basis of this results can be created the 
following order of varieties grown in Marcelová: Quito > Bolyi-45> Supra > Erin 

> Korada. Comparison of a soil quality in individual sites of this locality and the 
total polyphenols content in soybean seeds suggests an association between the 
nutrient content, risk elements and formation of polyphenols in soybean.  

 

CO NCLUSIO N 
 
Soybean proved to be a good source of many minerals and elements. Minerals or 

heavy metals contents show significant differences between cultivars and 
localities. The potassium content was found to be higher than those of other 
minerals in all soybeans, followed by P, Mg, Ca, which contents varied in the 
ranges 4.35 – 8.43 mg/g, 1.89 – 2.36 mg/g, 0.74 – 1.17 mg/g, dw, respectively. 

The values show imbalance between the potassium content and other 

components, but the ratio K : Na, and Ca : P is adequate for human nutrition. The 
order of the elements levels in all tested soybean seeds was determined as 
following: Fe> Zn> Mn> Cu> Ni> Pb> Cr ≈ Co> Cd. The risky elements 
contents, with the exception of cadmium and cuprum (only cv. Korada grown in 

three localities) and Ni content in varieties Crystal, Belmont grown in Jelšovce) , 
did not exceed a limit for the maximum levels of chosen risk elements in 
legumes.  
At the same time, the total polyphenols contents were determined: their 

concentrations were found to range from 817.65 to 1281.00 (µg tannic acid/g). 
From quantitative analysis polyphenols, the gained results suggest  the variety 
dependence, but the locality influence on these compounds forming was not 

significantly confirmed, but results both indicate that the formation of 
polyphenols is probably genetically determined. 
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