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Soy - Glycine max (L.) Merr. (also known as soybean or soya bean) is an 

annual plant belonging to the Fabaceae family. The species originates from south-

east Asia and due to thermal requirements is rarely grown in Poland. The above-

ground part of soy reaches approximately 1 meter in height and is an upright, 

tightly-branched and densely leafed stem with complex, large, trifoliate, long 

petiolate, alternately arranged leaves. White, yellowish or purple colored 

papillionaceous flowers are gathered in 3 to 8 in leaf corners. Pods (fruits) are from 

3 to 8 cm in length and are also covered with hair. Usually the yellow-brown pod 

contains one to four variously colored seeds with a diameter of approximately 5-

10mm each. These seeds constitute a curative raw material and are a great source 

for the food industry.  Soy is rich in essential nutrients such as proteins, 

carbohydrates, fats and vitamins and contains lecithin and other micronutrients. 

Glycine max is also a source of valuable phytochemicals including phytic acid, 

sterols, saponins, isoflavones and lignans.  

Isoflavones belong to the flavonoid group and are derivatives of the 3-phenyl-

chromen-4-one. These compounds are mainly found as β-glucosides, 6'-O-acetyl-

β-glucosides and 6'-O-malonyl-β-glucosides of three aglycones: daidzein, 

genistein and glycine.  

Isoflavonoids reduce the risk of cardiovascular diseases, lower the cholesterol 

level in the plasma, and possess antiatherosclerotic, anti-inflammatory and 

antiallergic properties. Because isoflavones help to inhibit cancer cell growth they 

may also prevent some types of cancer. In addition, isoflavones may act as 

antioxidants. Genistein exhibits one of the highest antioxidant activities among 

dietary flavonoids. Isoflavones, due to their similarity to estradiol, are often 

referred to as phytoestrogens. They bind and activate estrogen receptors (ER) and 

are generally classified as natural selective estrogen receptor modulators (SERMs). 

Anti-estrogen properties are useful in the prevention and treatment of diseases 

connected with endogenous estrogen deficiency, such as postmenopausal 

osteoporosis. With reduced estrogen production, osteolysis prevails over 

osteogenesis, which in turn results in a reduction in bone mass and a deteriorated 
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bone structure. In such situations preparations contain calcium or strontium are 

most commonly used.   

 Therefore the search for products that contain both isoflavones and the 

above mentioned elements seems purposeful and the synergism of these 

components could be of particular importance in combating post-menopausal 

effects. The aim of my research was to investigate the effect of chronic and acute 

stress caused by strontium ions on the content of selected secondary metabolites 

and selected elements that constitute micro and macro components found in 

various parts of soybean plants. The first phase of research was based on a 

cultivation experiment, where the soy plant was subjected to two types of exposure 

to strontium: chronic stress (45 days of cultivation, during which the plant was 

exposed to strontium 43.5 mg Sr2+ flowerpot-1 every 11 days ): acute stress (4-day 

cultivation under acute stress conditions - single strontium dose in the amount of 

870 mg Sr2+ flowerpot-1). Afterwards I assessed (visually) the plant’s overall 

condition and measured selected physiological parameters such as the biomass and 

the chlorophyll content. In the following stage, I prepared samples and analyzed 

elements using the AAS and marked allantoin and phytoestrogens using the HPLC 

and capillary electrophoresis. In order to distinguish redundant variables and 

reduce data, I applied the main components analysis separately for leaves, stems 

and roots. 

The Sr chronic stress did not affect the plant visually, however the biomass 

of aboveground sprouts and roots was significantly reduced. In contrast, acute 

stress caused  necrosis of leaf’s edges, however it did not differentiate the biomass 

obtained from neither above-ground sprouts nor roots compared to the control. No 

effect of Sr stress on the content of chlorophyll was observed.  

Based on the HPLC analysis, I found that malonoglucosides and kumestrol 

were the predominant forms of phytoestrogens and that stress with strontium (both 

acute and chronic) had a significant influence on the content of phytoestrogens in 

soybean organs. 
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Data obtained from the analysis of extracts using capillary electrophoresis 

proved that the presence of strontium in the medium, both in case of acute and 

chronic stress, stimulates the accumulation of allantoin in the roots as well as in 

stems in case of acute stress. I did not observe any diversification in the amount of 

allantoin in the leaves.  

Based on the AAS analysis, I can state that in case of acute stress, strontium 

was transported to the plan’s above ground parts (high translocation factor, 8.15) 

as opposed to chronic stress. What is more, the exposure to strontium, significantly 

affected the plant’s calcium content, without influencing the magnesium level and 

in case of potassium, only chronic stress Sr induced its accumulation in the roots.   
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