© 2014

O. Sitar, PhD
Taras Shevchenko National University of Kyiv

N.  Novictska, PhD, senior lecturer 

National University of Life and Environmental Sciences of Ukraine
CONTENT OF BIOLOGICALLY ACTIVE SUBSTANCES OF PHENOLIC NATURE OF SOYBEAN (GLYCINE MAX (L.) MERR.) FOR THE ACTIONS OF NON-IONIC COLLOIDAL SOLUTIONS OF NANOPARTICLES OF METALS
Reviewer – V.P. Krotіnov, PhD, senior lecturer, National University of Life and Environmental Sciences of Ukraine
In the article the results of research on the impact of pre- treatment of soybean seeds with solutions of metal nanoparticles to regulate its biochemical composition as a source of pharmacologically important compounds of phenolic nature. The positive effect of soybean processing non-ionic colloidal solutions of nanoparticles from silver, molybdenum, manganese and iron content to increase leykoantotsianiv, isoflavones and polyphenols in soybean seeds. In particular, pre-treatment of non-ionic colloidal solutions of metal nanoparticles on the basis of silver, molybdenum, manganese and iron content boosted leucoanthocyanins, isoflavone content increased on average by 30% relative to control.
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Statement of the problem. The issue of rational use of mineral fertilizers in growing crops today are important for maintaining the sustainability of the environment and of high quality crop production. Promising and promising approach to the problem of environmentally balanced use of fertilizers for food plants are biofortification providing for the establishment of food plants intended to be capable to accumulate higher levels of vitamins, minerals, and other target compounds, and, along with it, contain reduced amounts antynutriyentiv, toxins and other unwanted substances [1]. A special place in the technologies of biofortification play fertilizers containing the target metals, including trace elements.
Significant in the mechanisms of action of all trace elements is their ability to form complex compounds with different organic substances, including proteins, and the vast majority activate certain enzyme systems. This is done in various ways – direct participation in the molecule or enzyme activation. But the use of salts of metals and chelating compounds is limited, on the one hand, the existence of the maximum permissible dose for plants, and the other – the risk of environmental contamination by metal ions. For example biofortyfikatsiya zinc fertilizers (ZnSO4) can increase the productivity of plants on soils characterized by deficiency of this element and increase the concentration of zinc in the edible parts of plants. On the other hand, bivalent iron (in the form of FeSO4) in the ground quickly turns into ferric as iron- making fertilizer does not cause a significant increase iron content in plants. A large amount of iron added to the soil can inhibit plant growth and adversely affect soil microbiota. In this regard, there is a need not only to replace metal salts such form of fertilizer that will be less polluting and provide minimum requirements for the concentration used for the treatment of plants and seeds, as well as the program will allow the dynamics of accumulation in plants biologically active compounds and promote the development of biomass plants.
These forms are the products of nanotechnology – nanoparticles of metals. They are having unique properties that can be used as a new generation of biological products, plus they cost effective and affecting increasing productivity of crops and animals. A distinctive feature of nanoparticles of metals is their low toxicity compared to metal salts and capacity at very low doses enhance physiological and biochemical processes. 

Analysis of research and publications in which a solution of the problem. High efficiency metal nanoparticles as growth promoters is shown in the development and formation of the vegetative mass productivity of crops [22]. However, in complex biofortification measures remained largely unexplored efficiency technologies using nanoparticles of metals in growing soybeans - one of the most common and most legumes biofortification by selective culture on the planet [7]. As the major crops for the production of soy protein as a source of biologically active substances phenolic nature, which is widely used in pharmaceutical and food industries [25]. 

Isoflavones – a group of natural phenolic nature of heterocyclic compounds found mainly in plants of soybean (Glycine max (L.) Merr.). The main soy isoflavones are daidzein and henistein and their glucosides henistyn and daidzyn, Fig. 1 [10]. These natural estrogenic compounds exhibit estrogenic, antifungal, anti-tumor and anti-mutagenic properties [11, 15, 18]. Low frequency of certain diseases observed in Asian countries is explained by the consumption of large quantities of soybeans and processed products. Average consumption of soy isoflavones in these countries is 40-80 mg per day [14, 16]. Soy products are offered for protective action in cardiovascular diseases, diseases of the stomach, liver, bladder, prostate, skin, stomach and preventing the development of cancer [4, 14].
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Figure 1. Chemical structure izoflavonovyh aglycones and their glucosides

Animal experiments and observations on humans have shown that soy protein exhibits hypocholesterolemic and antiatherogenic properties. Reported that soy protein compared to animal protein, can significantly reduce the concentration of total cholesterol in serum low-density lipoprotein (LDL) cholesterol and triglyceride levels [5, 17]. Studies on primates have shown that soy protein may exercise its antiatherogenic effects due to the associated isoflavones [24]. Soy isoflavones also have antioxidant properties that can protect LDL from oxidation [6]. Epidemiological studies have shown that women who consume a lot of soy products have lower rates of osteoporosis [4]. Due to the presence of isoflavones low estrogenic activity, soy foods were offered as an alternative to hormone replacement therapy in postmenopausal women [23].

Given the close relationship between diet and the development of disease, potential effects of bioactive compounds such as phytoestrogens, require further study. This is especially true for the increasing use of soy products in the diet of people.

Accumulation of isoflavones in soybean is highly dependent on the genetic characteristics of the variety and growing conditions. Thus fluctuations in grain isoflavones 210 soybean varieties grown in South Dakota, was from 1161 to 2743 mg × g -1, and their content in soybean varieties Vinton 81, which was grown for several years in the same area, in the range from 1176 to 3309 mg × g -1, while the fluctuations in one year amounted to 1176 to 1749 mg × g -1 [9]. That climatic conditions, the effect on the accumulation of isoflavones over terrain. Kytamura et al. [9] and Tsukamoto et al. [21] showed that the concentration of isoflavones in soybean seeds grown under conditions of high temperatures was significantly lower than in the seeds of plants exposed to low temperature. When studied biochemical composition of phenolic compounds of soybean seeds obtained from plants treated with non-ionic particles nanometals attention was paid to the definition of transformation specific, pharmacologically important group of compounds – isoflavones.

Objective: To study the effect of metal nanoparticles on the biochemical properties of soybean seeds as a source of pharmacologically important compounds of phenolic nature. 

Objectives:
1. Perform foliar fertilization of soybean varieties Anushka in budding and flowering phase, one-component non-ionic colloidal preparations of metal nanoparticles: 1. solution of Fe (10-9), 2. A solution of Zn (10-9), 3 A solution of Cu (10-9), 4 A solution of Mn (10-9) 5. A solution of Mo (10-9), 6. A solution of Co (10-9), 7. A solution of Ag (10-9).
2. Identification of soybean grain content pharmacologically important group of substances - isoflavones depending on the application of nonionic colloid metal nanoparticles (Fe, Mn, Mo, Co, Cu, Zn, Ag).

Aims and objectives of research. In the objective of this work was to study the effectiveness of technology use nanoparticles of metals on the biochemical properties of soybean seeds as a source of pharmacologically important compounds of phenolic nature. Field studies on the effects of multicomponent colloidal solution of metal nanoparticles on soybean yield formation was performed on fields in the department of crop NUBiP of Ukraine "Agronomic Research Station". Farming equipment in common experiment for the Northern Forest. Object of research – the plants of soybean (Glycine max (L.) Merr.) sort Ukrainian selection Annushka (ultraearly).

Materials and methods. To understand the quality parameters of soybean seeds, depending on seed treatment solutions of metal nanoparticles was laid small plot experience. In studies using pre-sowing treatment of soybean seeds nanoparticles of zinc, silver, cobalt, iron, molybdenum, manganese, and copper. Colloidal solutions of metal nanoparticles (10-9) obtained by dispersing granules of iron, copper, cobalt, molybdenum, manganese, zinc and silver electric current pulses with an amplitude of 100-2000 A in water. Nonionic colloidal solutions of nanoparticles of metals (Fe, Mn, Mo, Co, Cu, Zn, Ag) for pre- treatment of seeds used for 2 days before sowing with the normal flow of 0.1 l / t (100 ml per 10 liters of water for 10 tons of seeds). Control options for seeds sown dry and soaked for days before sowing in distilled water. The content of total phenols was determined using Folin reagent [19]. Of total's tannins were determined using the Folin reagent and polivinilpolipirolidonu modified by our method Hageman and Bulter (1978) [20]. Content proantotsianidyniv analyzed by reaction with butanol- HCl [8]. Determination of flavonoids was carried out by the method of Markham [12]. The data obrahovuvaly statistically using Microsoft Excel. Repeated experiments were all Triple, the probability of the difference between the arithmetic mean parameters established by Student's test. The difference was considered significant at a value of P ≤ 0,05 [2]. 

The results of experimental studies. In studies of nanopreparations the accumulation of phenolic compounds in soybean was found that variations in the use of drugs based on molybdenum manganese, copper and iron observed a significant increase in the total content of polyphenols (Fig. 2).
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Figure 2. Contents amounts of phenolic compounds in soybean at pre-treatment nanopreparations, calculated as gallic acid 


Minor fluctuations in variants using nanopreparations based on silver, cobalt, copper and zinc were within the error of the experiment. Significant increase in tannin content in soybean grains were observed only in versions using molybdenum and zinc (Fig. 3).
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Figure 3. The content of tannins in soybean by pre-processing nanopreparatamy 
in terms of catechin

Note that the total content leykoantotsianiv significantly increased in all variants using nanopreparations (Fig. 4)
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Figure 4. Content leykoantotsianiv in soybean by pre-processing nanopreparatamy 
in terms of leykotsyanidyn

The results of content analysis of isoflavones in soybean have shown that variations of the processing plant nanopreparations solutions based on silver, molybdenum, manganese and iron were observed reliable quantitative composition changes. So they are content with respect to controls, increased on average by 30 %.
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Figure 5. The content of isoflavones in soybean by pre-processing 
nanopreparations in terms of genistein

Conclusions. The possibility of regulating the content of pharmacologically valuable substances in seeds of soybean mineral nutrients. Biofortyfikatsiya metal nanoparticles and increasing the nutritional and pharmacological compounds of phenolic nature in soybean seeds. In particular, preplant treatment of non-ionic colloidal solutions of nanoparticles of metals from silver, molybdenum, manganese and iron content contributed to the growth leykoantotsianiv content of isoflavones increased by 30 % relative to control. It was also showed a significant increase in the content of polyphenols, which may indicate a positive impact Seedbed non-ionic colloidal solution of metal nanoparticles on the synthesis and accumulation of phenolic compounds in natural soybean seeds.
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