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Abstract 

Increasing public concern about environment and human health reflects in growing consumers´ interest in organic food. In order to have a free and informed choice between organic and conventional foods, an objective assessment of a product quality based on a sound scientific knowledge is needed. The aim of this project was an investigation of the influence of growing conditions on the potato (Solanum tuberosum) quality. Two traditional varieties (Katka and Finka) were grown at two different localities in Czech Republic. To determine a possible inter-annual variability, the experiments were performed on crops over a period of three consecutive years (2008 – 2010). The monitored parameters included biologically active compounds (chlorogenic acid, reducing sugars, amino acids, vitamin C etc.) and also toxic secondary metabolites (total glycoalkaloids and calystegines). Levels of these biologically active compounds depended mainly on the variety and climatic conditions such as year of farming, but the type of a cultivation system did not play a significant role. The currently investigated natural toxic alkaloids calystegines were found at higher concentration levels than the natural toxicants glycoalkaloides, monitoring of which is required by legislation.  

Introduction 

At present time, a demand for organic product has increased. To ensure the quality of the final produce, different strategies have to be employed in order to comply with strict requirements of GAP; essential part of which is a regular monitoring and/or quality checking of food commodities.

 Contaminants content (pesticide residues, heavy metals, nitrates, etc.) must be significantly lower or absent in organically grown products. However, under certain circumstances, natural toxic compounds may from (e.g. glycoalkaloids) as a natural plants defence against diseases and vermin.
Potatoes (Solanum tuberosum) represent one of the world’s major agricultural crops and are grown in approximately 80% of all countries worldwide. Potatoes are major, inexpensive and low-fat food source providing energy, high-quality protein, fibre and vitamins. Potatoes produce biologically active secondary metabolites, which may have both adverse and beneficial effects in the diet. Plant secondary metabolites play different roles in plant biochemistry and physiology and include calystegines alkaloids, glycoalkaloids, protease inhibitors, lectins, phenolic compounds and chlorophyll.
Glycoalkaloids (GAs) are steroidal glycosides. The major GAs produced by the common potato are α – solanine and α – chaconine, having a trisaccharide moiety, which represent about 95% of the total glycoalkaloids. The main toxic action of glycoalkaloids is inhibition of blood and brain cholinesterase and disruption and damage of membranes in the gastrointestinal tract. Hygienic limit expressed as sum of α–solanine, α–chaconine and α–tomatine is 200 mg/kg. Typically, glycoalkaloid levels in potatoes range from 30 to 120 mg/kg.
Calystegines are hydroxylated nortropane alkaloids derived from the tropane alkaloid biosynthetic pathway. They are strong glycosidase inhibitors and occur in vegetables such as potatoes, tomatoes, and cabbage. Calystegines accumulation in root cultures was described as increasing with carbohydrate availability. The total calystegines (TCLs) content is usually calculated as the sum of calystegine A3, B2 and B4. 
Samples and analytical methods
The two potato varieties Katka (K) and Finka (F) used in this study were grown at two localities: Praha Uhřiněves (L1) and Leškovice (L2). Potato tubers used in this study were grown under different conditions: organic (according to principles of International Federation of Organic Agriculture Movements) and conventional farming system, protection against Colorado beetle and moulds and mulching. Mulching (mulch textile and plant mulch) is a natural process, which can be used as an effectual protection of agricultural products. Usually mulch is a layer of organic material, which covers a soil surface.
The purity of α – solanine and α –chaconine standards were ≥ 95 %. Ammonium acetate for LC-MS and HPLC grade acetonitrile and methanol were supplied from Sigma-Aldrich (Germany). Water was purified with the use of Milli-Q system (Millipore, Eschborn, Germany). The UHPLC analyses were performed using an Acquity UltraPerformance LC system (Waters, USA) equipped with an HILIC Atlantis® Silica column (100 x 3 mm I.D., 3 µm particle size, Waters, USA) maintained at 30 °C. The mobile phase was consisted of acetonitril (A) and 0.005 M ammonium acetate in Mili-Q water (B). The UHPLC system was connected to a 5500 QTRAP tandem mass spectrometer (AB SCIEX, Canada), equipped with a Turbo VTM ion source operated in positive mode. 
Potato tubers were homogenised and shaken in 50% aqueous methanol for 30 min at room temperature. The homogenate was then filtered through Büchner funnel. An aliquot of potato extract was filtered though a PTFE membrane (5µm) and analysed using UHPLC system couple with mass spectrometry (MS) detection equipped with QTrap tandem mass spectrometer. 
Chemometric analysis: Linear discriminant analysis (LDA) was performed employing the software package statistiXL version 1.8 (2008) (statistiXL, Brodway-Nedlends, Australia).
Results

In this study, two different potato varieties were investigated over the period of three consecutive crop years (2008 - 2010). Hygienic limit for glycoalkaloids content was not exceeded in either of farming system. Higher average content of TGAs was in the variety Katka (Figure 1). Higher levels of TGAs were observed in conventional tubers (Figure 2). Low average levels of the total calystegines (TCLs) were found in potato tubers from conventional farming system, shown in Figure 2. Increased levels were detected in potato tubers of the variety Katka from locality Praha Uhřiněves (Figure 1). The differences were not statistically significant (t-test, α = 0.05). 

Slightly higher content of vitamin C was measured in potato tubers sampled in year 2010. Increased levels of chlorogenic acid were investigated in the variety Katka. Higher levels of reducing sugars were found in conventional potato tubers. These differences were not statistically significant (t-test, α = 0.05).

 Linear Discriminant Analysis (LDA) was employed for evaluation of the data set. Recognition and prediction ability was tested by classification the analysis for individual variety, locality, farming system, and a year of farming. It was only possible to classify individual samples into the separate groups according to crop year (recognition ability 100%, prediction ability was only 50%). 

Mean levels of assessed parameters in crop years 2008 – 2010 in the varieties Katka and Finka in both tested localities are summarized in Table1.
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Figure 1: Average glycoalkaloids and calystegines content in tested potato varieties Katka (K) and Finka (F) – localities Praha Uhřiněves (L1) and Leškovice (L2)
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Figure 2: Average glycoalkaloids and calystegines content in tested potato varieties produced in organic (org) and conventional (conv) farming systems – locality Praha Uhřiněves
Tab. 1: Average levels of assessed parameters in year 2008 – 2010 varieties Katka and Finka in two localities
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F
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*No analysed in year 2008
L1…Praha Uhřiněves, L2…Leškovice, K…Katka, F…Finka

.
Conclusions 

Climatic changes, geographical locations and potato variety belong to the most important factors influencing the quality of potatoes compared to farming system. The farming strategy (organic vs. conventional) did not have significant (t-test, α = 0.05) influence on the levels of tested parameters (vitamin C, reducing sugars, TGAs, TCLs). Using of the mulch improved the quality of potato tubers, where higher content of vitamin C and chlorogenic acid was observed compared to the control variant. 
The levels of natural toxicants glycoalkaloids were relatively low.  The sum of three main calystegines was higher than that of α-solanine and α-chaconine, in some samples more than three times. However, no correlation was observed between the levels of these alkaloid groups.  
Although the toxicity of calystegines for humans has not been fully assessed yet, the health risk for consumers due to dietary exposure should be taken into consideration.  
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