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Abstract
During this research project the influence of selenium enriched growing environment on the phenolic composition on several Allium species is studied. Besides this, the influence on morphological properties is also monitored. Folin-Ciocalteu method is used to determine the total phenolic content and High Performance Liquid Chromatography coupled to a Diode Array detector is used for polyphenol composition. Eighteen polyphenols (i.e. gallic acid; 3,4-dyhydroxybenzoic acid; 4-hydroxybenzoic acid; chlorogenic acid; caffeic acid; syringic acid; p-coumaric acid; ferulic acid; sinapic acid; hyperoside; rutin; myricetin; quercitrin; rosmarinic acid; quercetin; luteolin; kaempferol; apigenin) were analyzed, from which seventeen were partially or base line separated. The calibration curves were constructed in the interval 12-200 µg/mL with R2 values ranging from 0.9849 to 0.9992, using injection volume of 2 µL. The limit of detection (LOD) and limit of quantification (LOQ) per compound is determined, with values ranging from 5.5 µg/mL to 22.8 µg/mL and from 16.6 to 68.5 µg/mL, - respectively. 
The species of Allium that were analyzed showed diverse compositions of polyphenols. From the seventeen polyphenols that could be analyzed using this method, only one, 3 4-dyhydroxybenzoic acid, was not found in any of the samples. Gallic acid is found in five out of six species, and for three of these samples the amount decreases as the concentration of added selenium increases. The most diverse composition of polyphenols is found to be in Allium cepa, with ten polyphenols in the control and sample treated with 1 mg/L selenium and eleven polyphenols in the one treated with 5 and 20 mg/L selenium solution. Generally, the samples treated with 20 mg/L selenium were the most affected ones, with lower amounts and number of polyphenols in their composition. For some samples like Allium cepa and Allium ampeloprasum the phenolic content increases when growing environment was enriched with 1 mg/L selenium, for other cases like Allium senescens the amount increases when 5 mg/L selenium added. 
This research project gives an overview on how selenium influences the phenolic composition in Allium species. Allium cepa is the species that showed the most interesting results, showing a significant difference in total phenolic content, and the compositions of polyphenols. Nevertheless, more research has to be done to have a complete picture of the processes.  
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[bookmark: _Toc1988757][bookmark: _Toc10727635]1. Introduction

Selenium is an essential nutrient for both humans and animals. Even though in large quantities it is toxic, at low concentrations it is beneficial for living systems, including plants (Gupta et al. 2017). Low doses of selenium protect the plant from stressors such as cold, desiccation and metal stress. Due to the fact that it has similar chemical properties to sulfur it is taken up by plants via sulfur transporters inside the root of the plants and metabolized using sulfur assimilatory pathways (Shibagaki et al. 2001). Which is why determining the percentage of sulfur is also of interest, one of the methods being elemental analysis.   Selenium containing crops can be used to deliver this element to the consumers (biofortification of the crops), for example, in China in Se-deficient areas it is practiced to prevent the Keshan disease, characterized by Se deficiency (Malagoli et al. 2015). Supplementation of fertilizer with selenium is an effective way to increase the mineral intake in feasible countries (Xu et al. 2003). 
According to the research done by Xu et al. (2003) the content of polyphenols is greatly increased by application of the selenium-enriched fertilizer. Polyphenols receive a lot of interest from the consumers and manufacturers, due to several reasons, one of it being the fact that they are antioxidant agents that along with vitamin C, vitamin E and carotenoids protect the body tissue from oxidative stress (Scalbert et al. 2000), which can cause illnesses like cancer, cardiovascular and inflammatory diseases (Manach et al.2004). Polyphenols have a great diversity of their structures and several thousand of natural polyphenols have been identified in plants (Naczk et al. 2006). 
Considering the import role of polyphenols and the promising roles of selenium bio-fortification the following investigation is proposed: determination of selenium uptake at three different concentrations by Allium species, the effect on sulfur content and polyphenol composition. Thus, the main research question is formulated:
“What are the effects of inorganic selenium enriched growing environment upon the polyphenol composition and properties of several Allium species?”
To be able to provide a complete and complex answer to the research question the following sub-questions are formulated and will be investigated: 
1. How does the selenium enriched growing environment affect the growth (roots and leaves length) and other morphological properties of the tested Allium species?
2. How does the selenium content associates with the presence of other elements like sulfur?
3. How does the selenium content affects the polyphenol composition (phenolic acids, flavonoids)? 
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2. Theoretical background 

[bookmark: _Toc1988759][bookmark: _Toc10727637]2.1 Selenium bio-fortification 

More than half of the world population is affected by the phenomena called micronutrient malnutrition, particularly in developing countries (Mayer et al. 2008). Same source states that bio-fortification of the crops has a positive impact on solving this issue. Bio-fortification is delivering the micronutrients to the crops and relies on the plant’s biosynthetic and physiological capacity to accumulate the desired nutrients (Mayer et al. 2008).
Selenium is an essential mineral for human (Reilly et al. 2014) and is known to prevent cancer in numerous mammals (Ganther, 1999). Besides this selenium is a co-factor in two enzymes (glutathione peroxidase and iodothyronine 5’-deiodise), first one acting as an antioxidant by destroying peroxides that attack cellular membrane (MacLeod et al. 1995). Selenium has a dual role being an essential element at low levels and a toxic substance at higher concentration (Ganther, 1999; Gupta et al. 2017). According to Izgi et al. (2005) at low levels it also inhibits the toxicity of the several metals like lead and mercury. Same source states that due to the narrow concertation range between the two contrary effects, additional knowledge about selenium effects are needed. Furthermore, selenium shows toxicities being exhibited for organic and inorganic compounds (Izgi et al. 2005). Selenium is obtained in the diet mostly from plants and the level is dependent on the amount present in the soil (MacLeod et al. 1995). Many soils worldwide have low levels of selenium, including China, Russia and some parts of Europe (Reilly et al. 2014). According to MacLeod et al. (1995) addition of selenium to fertilizers and selenium supplementation have been successfully used to overcome deficiency problems; it has been used in Finland since 1984 to address low dietary intake (Reilly et al. 2014). According to Hu et al. (2001) the content of selenium is low in the areas where the concertation of the selenium is low in the soil.  Selenium is taken from soil mainly in the form of selenate (SeO42-) and in less quantities as selenite (SeO32-) (Gonzalez-Morales et al. 2017; White et al. 2007)
On the other hand, not all plants have the ability to absorb, metabolize and accumulate certain elements including selenium (Gonzalez-Morales et al. 2017). Same source states that plants from the genus Allium can be good alternatives for selenium bio-fortification due to its nature to accumulate many sulfur compounds in their tissue. Selenium and sulfur are similar in size and chemistry which is why selenium is often a substituent for sulfur in physiological and metabolic processes (Toler et al. 2007; White et al. 2007).  Selenium is taken up by plants via sulfur assimilation pathways and metabolized to seleno-methionine and seleno-cysteine which are analogues of the sulfur containing amino acids (Reilly et al. 2014). In selenium accumulator plants seleno-cysteine is methylated to methylseleno-cysteine which prevents aberrant protein formation (Broadley et al. 2006). According to Reilly et al. (2014) methylseleno-cysteine which is dominant in accumulator crops like Allium shows better health promoting biological effects than seleno-methionine which is predominant in non-accumulating crops. Allium crops do not show good volatilization activity in the presence of high concentration of sulfur and selenium, due to this fact it is possible to obtain Allium plants enriched in both elements, consequently, being and excellent dietary source (Gonzalez-Morales et al. 2017). However, the absorption of selenate competes with the uptake of sulfate and selenate induce the decrease in the concentration of sulfur metabolites even when high levels of sulfate  are available (Hoewyk et al. 2008).  Which is the reason why the sulfur content is determined in the tested species during this project. 

[bookmark: _Toc1988761][bookmark: _Toc10727638]2.2 Elemental analysis  
To determine the ratio of sulfur along with the percentage of carbon, hydrogen and nitrogen elemental analysis is going to be performed. During this analysis the organic substance undergoes oxidative decomposition on a catalyst and, consequently, conversion of carbon, hydrogen, nitrogen and sulfur to the final product of carbon dioxide, water, elemental nitrogen and sulfur dioxide, respectively (Fadeeva et al. 2008). Reduction of the combustion gases happens when passed through a reduction furnace, followed by separation by gas chromatography which is then detected by a thermal conductivity detector giving an output signal proportional to the concentration of the analyte.  
The analysis requires a high temperature combustion, around 1000°C furnace temperature, in an oxygen rich environment, which can be static (adding a set volume of oxygen) or dynamic condition (constant flow of oxygen) (Royal Society of Chemistry, 2006). According to the same source once the combustion products are formed they are passed over heated high purity copper, which has the aim to remove residual oxygen not consumed in combustion chamber. Separation and detection of the gases can be carried out in a couple of ways, the main one being gas-chromatography separation followed by a detection using thermal conductivity (Royal Society of Chemistry, 2006). Thermal conductivity detector (TCD) measures changes in the thermal conductivity of the carrier gas (Rhodes, 1996). According to the same source the thermal conductivity of the mix between the compound and the carrier gas is different than the one of the pure carrier gas. The detector measures the change in conductivity and therefore provides information about the presence of various compounds (Rhodes, 1996). See Figure 1 for the schematic representation of an elemental analyzer. 
[image: ]Figure 1. CHNS Elemental Analyzer (Royal Society of Chemistry, 2006)
[bookmark: _Toc1988762][bookmark: _Toc10727639]2.3 Polyphenols
Polyphenols are bioactive micronutrients widely distributed in natural products (Vlase et al. 2013). According to Manach et al. (2004) they play an important role in prevention of degenerative diseases like cancer and cardiovascular diseases. However, the health effects are directly dependent on the amount they are consumed and their bioactivity (Manach et al. 2004). Polyphenolic compounds, like flavonoids are known to be effective antioxidants due to the fact that they have the capability to scavenge free radicals of fatty acids and oxygen (Lachman et al. 2003). Polyphenols also provide essential function in the reproduction and growth of the plants, as they act like defense mechanism against pathogens and parasites (Reis, 2013). 
[image: ]Polyphenolic compounds can be classified into different groups depending on the number of phenol rings that they contain and the structural elements that bind these ring to each other (Manach et al. 2004). According to the same source this group of compounds can be classified into phenolic acids, flavonoids, stilbenes and lignans. Phenolic acids are non-flavonoid polyphenolic compounds that are usually divided in two subcategories: benzoic and cinnamic acids derivatives, having C1-C6 and C3-C6 backbone respectively (Tsao, 2010), see Figure 2 for the chemical structures of typical phenolic acids and Appendix I, Table 1 for the information about phenolic acids used for this research. Flavonoids on the other hand have a C6-C3-C6 general structural backbone, where the two C6 units are of phenolic nature (Tsao, 2010), see Figure 3 for the basic flavonoid structure, and Appendix I, Table 2 for the ones used for this research.
  Figure 2. Typical phenolic acids structures; left benzoic acids, right cinnamic acids (Tsao, 2010).
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Figure 3. Basic flavonoid structures (Tsao, 2010)

According to Lachman et al. (2003) Allium species are one of the richest sources of flavonoids in general, but especially of quercetin. Also considerable amounts of protocatechuic acid and spiraeoside are found, see Table 1 for the content of major polyphenols founds in Allium cepa. On the other hand, during his study Vlase et al. (2013) found out that coumaric acid and ferulic acids are found in all of the species of Allium they analyzed, see Table 2 for the results found during the mentioned study. 
[image: ]Table 1. Contents of major polyphenols in Allium cepa, expressed in mg/kg dry mass (DM) sample (Lachman et al. 2003) 

[image: ]Table 2. Polyphenolic compounds content of Allium species (µg/100 g vegetable product); A1- Allium obliquum, A2- Allium montanum, A3- Allium schoenoprasum (Vlase et al. 2013)

During a study performed by Bystricka et al. (2015) a positive association was found between the selenium concentration in the soil and the total polyphenol content in Allium cepa. This study tested the effect different concentration of selenium added in the form of an aqueous solution of sodium selenate to Allium cepa would have on the total polyphenol concentration. The concentration of 0.225 mg Se added per kg soil showed the highest content of polyphenols. The tested concentrations were 0.150, 0.225 and 0.300 mg Se per kg of soil (Bystricka et al. 2015), see Table 3 for the results. Similar results were found in other plants that were treated with selenium additives, according to Antonenko et al. (2017) selenium had a positive influence on the increase of phenolic content in malt. 
[image: ]Table 3. Total polyphenol content (mg/kg) in Allium cepa; Se1 - 0.150 mg Se/kg soil, Se2 – 0.225 mg/kg, Se3 – 0.300 mg/kg; I sampling – at the beginning of vegetation period; II sampling – middle of vegetation period; III sampling – end of vegetation period; LSD- least significance difference test; (Bystricka et al. 2015)






[bookmark: _Toc1988763][bookmark: _Toc10727640]2.3.1 Total phenolic determination 

The Folin-Ciocalteu (F-C) method is considered to be one of the simplest and the most used methods available to determine total phenolic content in various products (Agbor et al. 2014). According to Chen et al. (2015) Folin-Ciocalteu method is a convenient analytical technique with good reproducibility for the determination of the total polyphenols in biological materials. It has been used extensively for samples like plant tissues, fruit juices and wines (Chen et al. 2015).  Same source stated that F-C method does not require particular equipment and can be used in characterizing and standardizing botanical samples. 
Quantitative determination of polyphenols is hampered by their diversity and structural complexity and considering the fact that quantification of individual polyphenols does not reveal the proportion of the polymeric compounds, spectrophotometry in the ultraviolet region can be a method to help solve this problem (Blainski et al. 2013).  Colorimetric analyses are often used in the UV/VIS spectrophotometric analyses due to rapidity, applicability in routine laboratory use and low-cost. However, a reference substance has to be used, to be able to measure the concentration of phenolic compounds in the samples. According to Blainski et al. (2013) in plants extracts the polyphenols react with the redox reagent (Folin-Ciocalteu reagent) which form a blue complex and consequently quantified by the visible-light spectrophotometry. As a result of this reaction a blue chromophore constituted by phosphotungstic-phosphomolybdenum complex is formed, where the maximum absorption of the chromophores depends on the alkaline solution and the concentration of the phenolic compounds, see Figure 4 for the equation.

[image: ]Figure 4. Chemical reaction and UV/VIS spectra of phosphotungstic-phosphomolybdenum complex generated after phenolic interaction with Folin-Ciocalteu reagent (Granato et al. 2016)


[bookmark: _Toc1988764][bookmark: _Toc10727641]2.3.2 Polyphenol HPLC-DAD-MS analysis

Liquid chromatography and capillary electrophoresis are the two most cited techniques for the separation, identification and quantification of the polyphenols (Dalluge et al. 2000).  According to Fang et al. (2007) high performance liquid chromatography coupled to a photodiode-array detector and a mass spectrometer (HPLC-DAD-MS) is a powerful tool suitable for polyphenol analysis from plants extract.  HPLC coupled to DAD detection allows high-sensitivity and provides information about the polyphenol structures, however, it does not discriminate different compounds having similar chromophore group (Wang et al. 2008). MS detector provides more details on structure and molecular weight of the polyphenols from the fragmentation data (Fang et al. 2007; Wang et al. 2008). 
For polyphenol separation a Hypersil Gold UPLC column (50 mm x 2.1 mm, 1.9 µm particle size) from Thermo Scientific is used. It is a C18 column used for reversed-phase ultra-performance liquid chromatography. According to Thermo Scientific (2010) this column has a highly pure silica stationary phase and proprietary derivatization and end-capping with an alkyl chain chemistry. These have a positive influence towards resolution, efficiency, sensitivity and reduction of peak tailing. According to the same source the column is stable at both high and low pH values. Due to 1.9 µm particle size and only 50 mm length this column gives equivalent efficiency as longer columns but acquires shorter analysis time and solvent savings (Thermo Scientific, 2010). 
According to Swartz (2010) photodiode-array detectors extend the utility of an UV detector, due to the fact it provides a spectra of the eluted peaks. This detection method can be used to aid in peak identification, along with monitoring for co-elution. For some examples of UV/Vis spectra of the different phenolic compounds see Figure 5.
[image: ]Figure 5. UV/Vis spectra of the different phenolic classes (Arapitsas, 2008)
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[bookmark: _Toc10727643]3.1 Materials 

Polyphenol standards: 3,4-Dihydroxybenzoic acid  ≥97.0%, 4-Hydroxybenzoic acid 99%, Quercetin dehydrate minimum 98% HPLC, Caffeic acid  ≥98.0%, Syringic acid  ≥95%, p-Coumaric acid, Rutin hydrate 95%, Myricetin  ≥ 96.0%, Chlorogenic acid ≥ 95%, Hyperoside, Sinapic acid ≥98.0%, Rosmarinic acid ≥96.0%, Quercitrin ≥97.0%, Kaempferol ≥97.0%  were purchased from Sigma Aldrich (Steinheim, Germany). Ferulic acid ≥98.0%, Luteolin ≥99.0%, Apigenin ≥95.0% were purchased from Fluka Biochemika (Buchs, Switzerland) and 3,4,5-Trihydroxybenzoic acid monohydrate 99% (Gallic acid) was purchased from Alfa Aesar (Karlsruhe, Germany).  All the standards were prepared in methanol.
Elemental analysis standard: BBOT Standard ( 2,5 Bis (5-tert-butyl-benzoxazol-2-yl) thiophene) containing C – 72.53%; H – 6.09%; N – 6.51%; S – 7.44%; O – 7.43% purchased from Thermo Electron Corporation (Milan, Italy)
Folin-Ciocalteu’s phenol reagent and Methanol were purchased from Merck Millipore (Darmstadt, Germany). Sodium carbonate was purchased from Chimopar (Bucharest, Romania). Trifuoroacetic acid (TFA) was purchased from VWR International (Pennsylvania, USA). Sodium selenate was purchased from Alfa Aesar (Massachusetts, USA). Soil was purchased from Canna Terra (London, UK).
[bookmark: _Toc1988766][bookmark: _Toc10727644]3.2 Sample 

For this project six different species of Allium are chosen: Allium fistulosum (Welsh onion), Allium cepa (bulb onion or common onion), Allium ampeloprasum (wild leak), Allium schoenoprasum (chives), Allium semescens, subspecie Montana (Germanic garlic), and Allium obliquum (twisted-leaf onion). The last two being mainly used for ornamental purposes.
Around 300 mL soil is transferred to a pot, the seeds are laid over the soil, watered with tap water and covered with a wet paper towel. They are left for 48h at 4°C in a closed system for cold treatment. After this step the closed system in placed in the growing chamber, after 5 days the lid of the closed system is removed and the pots with the germinated seeds are left in the plant growing chamber until pricking. The settings for the plant growing chamber are the following: 70 % humidity; temperature 21°C; 12h light, 12h dark; light intensity 40 µmol/m2/s. Once the plants started growing (after cca 2 weeks) they are pricked into bigger plant pots (1000 mL soil) and are placed back into the growing chamber at the same settings.  
The plants are left for a week to get used to the new growing environment after which the selenium bio-fortification starts. Three different concentration of selenium are tested: 1, 5 and 20 mg/L. The solutions are prepared from a stock of 500 mg/L in ultrapure water, sodium selenate is used for preparation. Per each specie four plant pots are available, one per concentration and one control. To each pot a volume of 200 mL of the selenium solution and ultrapure water for the control is added two times per week on the top of the pot. The solution is added directly on the soil, without touching the plat itself. Selenium bio-fortification lasts for 4 to 5 weeks.
The samples are collected, washed, the leaves and roots were separated and frozen using liquid nitrogen, then freeze-dried for 48 hours, crushed using a tissuelyser until powder like state and stored at -20°C for further analysis. For the samples used during this research project the water percentage was determined by weighing in the samples before and after the freeze drying. No replicates are available as only one pot per specie, per concentration of selenium added was available and all individuals from one pot are freeze-dried and tissuelysed at once. Per pot from 4 to 12 individuals were available, depending on the species.
When the growing period of the samples ended (after 4-5 weeks of selenium bio-fortification) the length of the leaves and the roots was measured to determine any influence of the selenium in the growing environment on the morphological properties of the samples. The mean length of the leaves and of the roots is calculated and T test is applied to determine how significant is the difference between the means of the samples treated with selenium compared to the control. Standard error mean (SEM) is calculated by the following formula: 
SEM =    where SD is standard deviation of the original distribution and n is sample size or number of samples.

[bookmark: _Toc1988768][bookmark: _Toc10727645]3.3 Sulfur determination 

The analysis is performer on a Thermo Scientific FlashEA 1112 Series Elemental analyzer. No sample pre-treatment is needed for this method, the leaves of the samples in freeze-dried, powder like state are used for analysis. Masses between 1.05 and 3.38 mg are used during the analysis, all of them in duplicate. Standards with the known percentage of carbon, hydrogen, nitrogen and sulfur are used, a three point calibration curve is plotted to measure the dependence between signal and concentration. The calibration curves and percentage of these elements in samples are automatically calculated by the soft, Eager 300. The combustion happens at 950°C in the presence of oxygen, with the flow of 250 ml/min. For the separation a GC Thermo Scientific steel column is used, with the length of 2 m and 6x5 mm diameter. Helium is used as mobile phase with the flow rate of 140 ml/min. The run time is 11 min.
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[bookmark: _Toc1988770][bookmark: _Toc10727647]Total phenolic analysis
The extraction method used for the polyphenol analysis is a hydro-alcoholic extraction procedure. A certain mass of the leaves of the sample is transferred to an Eppendorf tube with the concentration of 100 mg sample per one mL of solvent. The corresponding volume of solvent (70:30 methanol to water) is added to the sample. The tubes are sonicated for 15 min and left at room temperature for one hour. These are later centrifuged for 20 min at 14000 rpm, supernatant is transferred to a clean tube and centrifuged again for 30 min, and the supernatant is then used for further analysis. Extraction performed in duplicate per each sample. 
To determine the total phenolic content Folin-Ciocalteu assay is used. The polyphenols present in the sample are exposed to a basic medium (saturated carbonate solution is added) which leads to deprotonation the compounds; as a result, phenolate ions are obtained. 10 µl of sample extract is mixed with 220 µl water and 20 µl Folin-Ciocâlteu reagent in a 96 wells Tecan microplate and left to incubate in the dark for about 5 minutes. Then 50 µl of 20% sodium carbonate solution is added and the whole mixture was incubated for 30 minutes. Folin-Ciocâlteu reagent contains a combination of phospho- tungsten and molybdenum compounds along with lithium sulfate as bromine. When the reagent is added, the polyphenols are oxidized, whereas the molybdenum is reduced, obtaining the metallic complex (PMoW11O4)4- which has a bluish color. After incubation the microplate is placed in a Tecan spectrophotometer and the absorbance is measured at 725 nm.  To determine the dependence between signal and concentration, standards varying from 0 to 50 µg/mL gallic acid are prepared the same way using 20 µl Folin-Ciocâlteu reagent and 50 µl of 20% sodium carbonate solution. The volume of water is adjusted depending on the volume of the gallic acid stock solution used. The calibration curve is plotted and the equation is used to calculate the phenolic content in the samples. The measurement is performed two times and the average absorption is used to plot the calibration curve and calculate the content in the samples. Relative average deviation is calculated by dividing the average deviation by the mean concentration and is expressed in percentage.
[bookmark: _Toc1988771][bookmark: _Toc10727648]HPLC-DAD-MS analysis 
The separation of polyphenolic compounds is performed on an Thermo Accela HPLC system (Massachusetts, United States) which is equipped with an on-line vacuum degasser, quaternary pump, automatic injector, a column thermostat compartment and DAD detector. The column used is Hypersil gold C18 column (50 mm x 2.1 mm, 1.9 µm particle size) also from Thermo Scientific. The injection volume was 2 µL, the column temperature was set to 30 °C and the flow rate was 450 µL/min. As mobile phase A aqueous solution with 0.1% TFA is used and as solvent B methanol. A multistep gradient elution is used with the following program (Table 4):
Table 4. Gradient elution program used for the chromatographic analysis 
	Time min
	Mobile phase A %
	Mobile phase B %

	0.0
	90
	10

	0.5
	90
	10

	10
	50
	50

	12
	20
	80

	13
	0
	100

	14.5
	0
	100

	14.6
	90
	10

	15.0
	90
	0



For the UV-Vis detection of the compounds a DAD detector is used, it is set to measure the entire spectrum in 200-600 nm region (1 nm resolution), every 1 millisecond.  To quantify the phenolic compounds standards with the concentration from 12.5 to 200 µg/mL are prepared and a calibration curve is plotted. The equation of the calibration curve is used for quantification. The same extracts, in duplicate per sample, as the one from total phenolic analysis are used for the HPLC-DAD analysis. Limit of detection (LOD) and limit of quantification (LOQ) are calculated per compound present in the calibration standard range. LOD is calculated as described by Miller et al. (2005) and LOQ is described as described by Wenzi et al. (2016) by using the following formulas:
LOD=          LOQ = 3 x LOD
Where Sx/y is the standard deviation of the residuals and b is the slope of the calibration curve.

[bookmark: _Toc10727649]4. Results 

The water percentage in leaves ranges from 77% for the Allium obliquum control up to 93% for the Allium cepa control. On the other hand, for the roots of the samples the water percentage ranges from 81% for Allium schoenoprasum treated with 1 mg/L selenium solution to 93 % for Allium cepa control, see Appendix II for detailed results. 

[bookmark: _Toc10727650]4.1 Sample’s morphology 

One of the sub-questions of this research is to determine what influence the selenium enriched growing environment has upon the morphological properties. In case of Allium schoenoprasum it is observed that with the increase of the Se concentration in the growing environment the length of both leaves and roots of the sample decreases. The length of the leaves decreasing from 25 cm to 17 cm and from 19 cm to 10 cm for the roots. By applying the t-test and determining the p-value the significance of the difference in means between the mean lengths of a sample grown in Se enriched environment and the control is determined. Thus, for Allium schoenoprasum there is an extremely significant difference for the samples grown in environment enriched with 5 mg/L and 20 mg/L Se in case of the roots, and an extremely significant difference for the sample grown in environment enriched with 20 mg/L for the leaves (Figure 6). Nevertheless, for the sample Allium cepa the length of the roots is higher for the plants grown in the soil enriched with 1 mg/L Se, while the plants grown with 5 mg/L have higher length of the leaves, see Figure 6. In case of the roots there is a significant difference for the ones grown with 20 mg/L Se concentration with the p-value of 0.01 and a significant difference for the ones grown with 1 mg/L Se and highly significant difference for the samples grown with 20 mg/L Se, see Appendix III, - for the results and for the rest of the graphs.







[image: ]
Figure 6. Graphs including information about the mean, standard error, standard deviation and difference of the means compare to the mean of the control about the length of the roots and leaves of Allium schoenoprasum (A) (n=11) and Allium cepa (B) (n=7). ***extremely significant (p < 0.001);** highly significant (0.001 < p < 0.01); *significant (0.01 < p < 0.05); not significant (p> 0.05)
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[bookmark: _Toc10727651]4.2 Elemental analysis 

For the elemental analysis a standard containing only 7.44% sulfur was used, the standard with the lowest quantity of sulfur available at the facility, however, no sulfur was detected in any of the samples using this method. The analysis was performed in duplicate. 
From the other three elements nitrogen is the only element that showed noticeable differences intra and inter species, however, in case of nitrogen the average deviation is also high, reaching up to the same value as the average of the duplicates (relative average deviation of 100 %), for instance, in Allium cepa treated with 1 mg/L selenium solution the percentage of nitrogen is 1.22 ± 1.22. The highest percentage of nitrogen is registered in Allium obliquum, with values ranging from 2.54% to 3.78 % (see Table 5). The highest percentage is determined to be in samples treated with 1 mg/L selenium solution for this specie and there is a decrease of nitrogen percentage with the increase of concentration of selenium in the solution that the sample was treated with. 
The carbon percentage of the samples generally stays between 38% and 41%.  In case of Allium fistulosum, cepa and schoenoprsum the percentage of carbon is the lowest in the samples treated with 20 mg/L selenium solution. On the over hand, in case of Allium ampeloprasum and obliqqum the percentage of carbon is the highest in case of samples treated with 20 mg/L selenium solution with values of 39.58 % and 39.86 %. The percentage of hydrogen ranges between 5% and 6% and no changes are observed depending on the amount of selenium added to the samples. For these two elements, carbon and hydrogen, the relative average deviation is below 6 %. 




[image: ]Table 5 Results of elemental analysis of six species of Allium, including percentages of nitrogen, carbon and hydrogen; no sulfur was determined (n=2)

[bookmark: _Toc10727652]4.3 Extraction & Total phenolic analysis 

Prior starting the polyphenol analysis an optimal extraction method had to be chosen. Solvent with different ratio of methanol/water were tested and the total polyphenol content was determined. The solvent with 50:50; 70:30; and 90:10 ratio methanol to water were tested. The extraction was performed on three different sample, Allium fistulosum, Allium ampeloprasum and Allium cepa. The control (the sample not treated with selenium) from every sample was used. See Figure 7 for graphic representation of the results of total polyphenol determination or the extracts with different ration methanol. The extraction with 70:30 ration methanol water gave a higher content of polyphenols in the extract for two out of three analyzed samples. The average deviation is higher for the extracts performed with 90:10 methanol to water solvent, check Appendix IV for the exact values of the polyphenol content and average deviation. The extract with 50:50 ratio methanol to water showed the lowest standard deviation, however, the amount is lower in case of Allium fistulosum and Allium ampeloprasum. Consequently, the 70:30 ratio was chosen and used for further extractions. 

Figure 7. Graphic representation of total polyphenol content expressed in mg polyphenol per g dry sample of Allium fistulosum, Allium ampeloprasum and Allium cepa. Extraction performed with 50:50; 70:30; 90:10 ratio methanol to water. Average deviation plotted on top (n=2)

To determine the total phenolic content of the samples Folin-Ciocalteu assay is used. The phenolic content is measured against gallic acid. The calibration curve with the concentration in µg/mL plotted on X axis and absorption plotted on Y axis is used (Figure 8). The method showed good linearity in the range up to 50 µg/mL with the coefficient of determination (R2) of 0.9996. The slope of 0.0746 Abs/µg/mL is used to calculate the total phenolic content of the samples.



Figure 8. Calibration curve of gallic acid using the standard range 1-50 µg/mL. Measurement done on a Tecan spectrophotometer and the absorption measured at 725 nm.
The polyphenolic content of the Allium extracts (as described in chapter 3.4) at all three levels of selenium concentration that was added to the plants during the growing period along with the control (no selenium solution was added) is determined (Table 6). Allium cepa showed a higher content of polyphenols at all three levels of added selenium and the control compared to the over samples, with the highest amount of 13.76 mg/g found at 1 mg/L concertation of selenium added. For the control samples Allium schoenotrasum showed the lowest amount of polyphenols of only 3.48 mg/g, however, the same as in case of Allium cepa, at 1 mg/L Se added the polyphenol content is higher compared to the other two levels. The extraction is performed in duplicate (n=2) and so is the measurement of the absorption. The amounts are expressed in mg of polyphenols per g of dry sample. Relative average deviation is below 8 % for all the analyzed samples. 
Table 6. Overview of the total amounts of polyphenol in the analyzed samples at all three levels concentrations of selenium added and the control; RSD- relative average deviation expressed in %(n=2). 
[image: ]
For Allium cepa it can be observed that the amount at level 5 mg/L Se added is the same as the one in the control sample where no selenium was added. There is an increase for the samples treated with 20 mg/L selenium with 9.22 mg/g compared to 7.50 mg/g for the control. In case of Allium ampeloprasum the total amount is lower, however a slight increase is observed in case of the plants treated with 1 mg/L Se solution, the same as for Allium cepa. Even though a decrease is observed for the plants treated with 5 and 20 mg/L Se solution, no significant variations are observed. The total phenolic content is expressed in mg polyphenols per g of dry sample and the standards deviation is plotted on top (Figure 9).

Figure 9. Relative amounts of polyphenols expressed in mg/g of dry sample of the two following samples: Allium cepa and Allium ampeloprasum. The results are presented based on duplicate measurements; Control - no selenium solution added; 1 - 1 mg/L selenium solution added;  5 - 5 mg/L selenium solution added; 20 - 20 mg/L selenium solution added.

[bookmark: _Toc10727653]4.4 Chromatographic analysis  
To be able to quantify the polyphenols in the analyzed species, a standard range of standards containing eighteen polyphenols gallic acid, 3,4-dihydroxybenzoic acid, 4-hydroxybenxoic acid, chlorogenic acid, caffeic aicd, syringic acid, p-coumaric acid, ferulic acid, synapic acid, hyperoside, rutin, myricetin, rosmarinic acid, quercitrin, quercetin, luteolin, apigenin and kaempferol, with the concentrations ranging from 0.0125 mg/mL to 0.2 mg/mL is prepared. See Appendix V, Table 1 for the coefficient of determination (R2) and slope that is used to calculate the concentration of the polyphenols in the samples. The compound with the highest coefficient of determination (R2) (0.9992) is myricetin (Figure 10) where the concentration in mg/mL plotted on X axis and area mAU*min on Y axis. For the rest of calibration curve see Appendix VI. The LOD and LOQ is calculated as mentioned in previous chapter, the lowest LOD and LOQ is specific to caffeic acid and hyperoside with LOD values of 0.0055 mg/mL and LOQ values of 0.0166 mg/mL and 0.0164 mg/mL, respectively (Appendix V, Table 2 for the rest of the values).

Figure 10. Calibration curve of myricetin, using a standard range 0.0125 - 0.200 mg/mL. Analysis done on a Thermo Scientific Accela LC Systems, Thermo hypersil gold column coupled to a DAD detector. Chromatographic conditions; oven temperature 30°C, mobile phase A – aqueous solution with 0.1% TFA and mobile phase B methanol, flow rate 450 µL/min and injection volume 2 µL. 

Figure 11 shows an example of two chromatograms, the one on top is a standard with the concentration of 0.1 mg/mL that contains 18 polyphenols that are marked on the chromatogram. However, no base line separation between chlorogenic (4) and caffeic (5) acid; hyperoside (10) and rutin (11); kaempferol (16) and apigenin (17) was acquired. Besides this, quercitrin and rosmarinic acid (13) co-elute, which is why these two if present in the sample are quantified as the sum of two. The chromatogram below is one of the samples, Allium cepa that was treated with 5 mg/mL selenium solution. Ten polyphenols out of 18 present in the standards are determined to be present in the sample. The nature of the compounds in the sample is determined by comparison of the absorption spectra registered by the DAD detector to the spectra of the individually analyzed standards. For the spectra of every analyzed polyphenol see Appendix VII. Another parameter that is taken in consideration when determining the polyphenol composition of the sample is the retention time, nevertheless, in case of the sample the retention time can shift due to matrix of the sample. Another phenomena that was observed is the fact that for the species that have gallic acid in their composition and have been treated with 20 mg/L selenium solution it cannot be separated from the solvent peak present at the beginning of the chromatogram, however, the absorption spectra at the end of the peak corresponds to abs. spectra of gallic acid. In case of some species including Allium cepa a peak with a high intensity shows at the retention time of 6.2 min. It elutes close to the elution time of the ferulic and synapic acid, however, when checking for the abs. spectra three different ones are registered, one at the beginning, one in the middle and one at the end of the peak, none of which match the spectra of ferulic or syringic acids.  

[image: ][image: ]Figure 11. Example of two chromatograms of a 0.1 mg/mL standard containing 18 polyphenols, 1-gallic aicd; 2 – 3,4-dyhydroxybenzoic acid; 3 – 4-hydroxybenzoic acid; 4 – chlorogenic acid; 5 – caffeic acid; 6 – syringic acid; 7 – p-coumaric acid; 8 – ferulic acid; 9 – synapic acid; 10 – hyperoside; 11 – rutin; 12 – myricetin; 13 – quercetrin +rosmarinic acid; 14 – quercetin; 15 – luteolin; 16 – kaempferol; 17 – apigenin; and a sample, Allium cepa treated with 5 mg/L selenium solution. Analysis done on a Thermo Scientific Accela LC Systems, Thermo hypersil gold column coupled to a DAD detector. Chromatographic conditions; oven temperature 30°, mobile phase A – aqueous solution with 0.1% TFA and mobile phase B methanol, flow rate 450 µL/min and injection volume 2 µL. S – solvent peak; * - not identified. 

As a result of HPLC-DAD analysis it was determined that Allium cepa regardless of the concentration of selenium added has the highest amount of polyphenols in its composition (Figure 12). It is also the species that has the most diverse composition containing ten polyphenols from the ones analyzed with the highest amounts in the control of quercitrin + rosmarinic acid and chlorogenic acid with values of  2932.7 µg/g and 1371.7 µg/g respectively, for the rest of the values see Appendix VIII. When treated with 1 mg/L selenium solution the amount the polyphenol increases in case of this specie. The amount gallic acid, 4- hydroxybenzoic acid, hyperoside, quercetin and kaempferol increases and rutin is also determined to be present. On the over hand, synapic acid that was determined to be present in the control sample is not present in the sample treated with 1 mg/L selenium. There is a decrease of polyphenol composition when the sample is treated with 5 mg/L selenium solution, and it has the lowest amount compared to the other two concentrations of selenium and control. The most abundant polyphenol in this case is 4-hydroxybenzoic acid. 


[image: ]Figure 12. Relative amounts of polyphenols expressed in µg/g of dry sample in six different species of Allium at three levels of concertation selenium added; C- control; 1 – 1 mg/L selenium solution added; 5 - 5 mg/L selenium solution added; 20 – 20 mg/L selenium solution added; The results are presented based on duplicate independent extraction analysis (n=2)

On the other hand, the specie with the lowest amount of polyphenols determined by HPLC-DAD analysis is Allium senescens. In this case the amount in sample treated with 1 mg/L selenium is lower compared to the control and higher for the sample treated with 5 mg/L selenium. In case of the control the most predominant polyphenol is chlorogenic acid with the value of 156.2 µg/g. The second most abundant polyphenol is p-coumaric acid. Same tendency with the decrease in samples treated with 1mg/L selenium and increase for the ones treated with 5 mg/L is observed in case of Allium fistulosum. The most predominant polyphenol for the control Allium fistulosum is the mix quercitrin + rosmarinic acid with the value of 698.1 µg/g. Allium fistulosum is the only specie that has myricetin and luteolin in its composition, with luteolin only registered to be present in samples treated with selenium and not in the control. The concentration of luteolin also increases with the increase in selenium. Quecetin is only determined to be present in the control sample and the one treated with 5 mg/L selenium, with values of 40.9 µg/g and 136.1 µg/g.   The chromatographic analysis showed a decrease of polyphenol content with the increase of selenium that was added during the growing period in case of Allium ampeloprasum This is the only specie in which composition were found higher amounts of ferulic acid and apigenin. Nevertheless, out of 6 polyphenols present in this specie only p-coumaricac acid, hyperoside and apigenin are found in the sample treated with 20 mg/L selenium. 
For Allium obliquum the two most abundant polyphenols is gallic acid and 4-hydroxybenzoic acid with values of 257.4 µg/g and 121.4 µg/g in the control. The total content slightly increases when 1mg/L selenium added and decreases when 5 mg/L and 20 mg/L is added. Like for all the other samples where gallic acid is present it cannot be quantified in samples treated with 20 mg/L selenium due to co-elution with the solvent peak. However, with the increase of selenium concentration there is an increase in caffeic acid concentration. For the specie Allium schoenoprasum no significant changes in the total content and composition of polyphenols is observed when 1 mg/L and 5 m/L selenium added. Despite that, when treated with 20 mg/L selenium the total content decreases. No significant changes in composition are observed. The error bars are plotted based on average deviation between the sums of the determined polyphenols in the duplicate extracts.
Along with the amounts of each polyphenol, the total amount of determined polyphenols by chromatographic analysis is also calculated, see Table 7. The amount determined is expressed as percentage out of sample mass. Allium cepa showed the highest values, with 6.72 mg/g and 0.67% for the control and the 12.21 mg/g for the sample treated with 1mg/L selenium.
Table 7. Total amount of polyphenols determined by HPLC-DAD analysis expressed in mg/g dry weight and as percentage out of the sample dry mass. The results are presented based on duplicate measurements (n=2) [image: ]
[bookmark: _Toc10727654]5. Discussion & Recommendations 
To be able to determine the influence of selenium in growing environment on polyphenol composition of different Allium species, three different concentrations of selenium solutions were used to water the pants during the growing period. Besides the polyphenol composition, other aspects were also observed, like the influence of morphological properties and ratios of nitrogen, carbon, hydrogen and sulfur. 
At the end of selenium bio-fortification (4-5 weeks) the length of the leaves and roots was measured to determine any influence and association between the amount of selenium added and the length. According to the research performed by Seppanen et al. (2010) as a result of selenium bio-fortification, plant’s morphology was affected, which was also found during this research, for Allium schoenoprasum there is a significant difference in the length of both leaves and roots of the ones treated with selenium and the control. Same phenomena is observed in case of Allium ampeloprasum. On the other hand, in case of Allium cepa the length of the roots is the highest when treated with 1 mg/L selenium solution with the average value of 17 cm, while the length of the leaves is the highest when the plants were treated with 5 mg/L selenium solution, with the average length of 29 cm. Allium senescens and fistulosum did not show any significant changes in roots and leaves length, however for the Allium fistulosum there is a decrease in length when treated with 20 mg/L selenium solution. During a research performed by Jerse et al. (2017) selenium treatment had a significant effect on height and mass of the plants that were used for the research. While this was also observed for this research in the case of some species, another factor that could have influenced this aspect is the number and the individuals that were planted in each pot. The length of the plants could have been influence by the fact that some individuals were weaker, thus growing at a slower rate, which could also influenced the results of this research. Another factor is the fact that during the growing period there was only one pot per species, per selenium concentration.  Multiple individuals were planted in the same pot, however, a recommendation for future would be the use of two or three pots per same concentration of selenium, per same specie like that any additional factors that can influence the growth of plants in a certain pot can be excluded and would give a better insight of the influence of selenium on growth. This will also lead to a higher mass of sample, allowing to perform more analyses, including the ones that require high masses of samples. Another recommendation, considering the results of this research that gave in overview over different species, would be peaking one or two species where considerable changes were observed. 
The main purpose of performing the elemental analysis was to determine the amount of sulfur in the samples as according to Hoewyk et al. (2008), the absorption of selenate leads to decrease in concentration of sulfur metabolites, thus reducing the amount of sulfur. Elemental analyses determines the percentage of carbon, hydrogen, nitrogen and sulfur at the same time, which also provides information of the other three compounds. An advantage of this method is the small mass that is required for the analysis, which was an issues during this project, as after freeze-drying and tissuelyzing the samples, masses bellow 700 mg were obtained, in case of the leaves, that were used for analysis. Nevertheless, a disadvantage of this method is the detection limit, as no sulfur was determined in any of the samples. According to the research provided by Rashid et al. (2013) the percentage of sulfur in Allium ranges from 0.42 % to 0.85 %. A recommendation would be the use of another method to determine sulfur that would have a lower detection and quantitation limit. An example would be the turbidimetric analysis, where sulfate ions are converted to barium sulfate and the turbidity is measured. Another method would be Inductively coupled plasma atomic emission spectroscopy (ICP-AES). Regarding the other three compounds no noticeable differences were observed for carbon and hydrogen percentages with values ranging from 38 % to 41 % and from 5 % to 6 % percentages, respectively. The nitrogen was the only compound that showed different percentages when the sample was treated with selenium, however, the average deviation was high in this case, reaching the relative average deviation of 100 %. Nitrogen is also an element of interest along with sulfur as according to Malagoli et al. (2015) selenium bio-fortification affects the production of nitrogen secondary metabolites. Running an analysis to determine the amount of selenium in the samples and comparing to the sulfur amount would also let draw conclusions regarding how the ration between these two elements varies. However, due to lack of time and low amounts of sample it was not possible to determine these within the time limits of the project.   
Prior starting the chromatographic analysis of the samples the total content of polyphenols was determined by the use of Folin-Ciocalteu method. According to the research done by Bystricka et al. (2015) on Allium cepa that was treated with selenium the content of total polyphenols ranges between 500 and 600 mg/kg dry weight while the research done by Abdel-Gawad et al. (2014) found values up to 123.69 mg/g. The total phenolic determination during this research project showed the highest content in Allium cepa with the value of 7.50 mg/g in the control and 13.76 mg/g in the sample treated with 1 mg/L selenium. The lowest amount of polyphenols was found in Allium ampeloprasum and obliquum. In case of Allium cepa, ampeloprasum and schoenoprasum an increase in polyphenol content is observe when treated with 1 mg/L selenium, and also compared with the other two levels of selenium.
The composition of polyphenols in the analyzed samples was determined by the used of HPLC-DAD method. The compounds were separated on a Hypersil gold column which is a C18, silica column by Thermo scientific. From eighteen polyphenols used for this research ten are base line separated, gallic acid is not base line separated from the solvent peak, chlorogenic and caffeic acids partially co-elute, hyperoside and rutin are not base-line separated, the same is observed in case of kaempferol and apigenin, Nevertheless, quercitrin and rosmarinic acid completely co-elute, and consequently, are quantified as a mix between the two. Due to lack of time no new standard range was prepared that would contain only one of these. A recommendation would be to optimize the method and acquire base-line separation, especially in the case of chlorogenic and caffeic acids.     
One of the main aims of this project was to determine if there is association between selenium enrichment of the growing environment and the polyphenol composition. According to Cheng et at. (2013) the main polyphenols present in Allium cepa are gallic and ferulic acids and quercetin. All of these three were found back in the control sample of Allium cepa, the highest amount is found to be for the mix of quercitrin and rosmarinic acid. At the concentration of 1 mg/L selenium added, the amount of gallic and ferulic acids does decrease, however, the quercitrin and rosmarinic acid and quercetin do increase. Rutin is present in the composition when the selenium is added and so is syringic acid, the last one being found only in this specie. During the chromatographic analysis of this specie it was observed that a peak with the highest intensity is eluted at retention tine 6.1 min (see Figure 11 in chapter 4). By comparing the retention time it does not match the retention time of any polyphenols present in the standard range. The detector used for this method was a DAD detector, that measures the whole absorption spectra of the of the eluted peak (Swartz, 2018), according to the same source this aids in peak identification and monitoring for co-elution, when checked for the absorption spectra of the peak found in all Allium cepa samples, there were three different absorption spectra, one at the beginning, one in the middle of the peak and one at the very end. None of the spectra matched the spectra of the analyzed polyphenols during this project, however, it was specific for the flavonoid compounds. According to Cheng et al. (2013) and Vlase et al. (2013) some polyphenols exist in the form of glycosides, especially the flavonoids (Tsao, 2010). These are compounds with sugar units attached at different positions of polyphenol backbone (Tsao, 2010). Consequently, an assumption would be that some of the flavonoids in Allium cepa are present as glycosides, thus, not matching any of the retention time or the absorption spectra. A recommendation would be to perform a hydrolysis step to be able to prevent this, which is also suggested in the research done by Vlase et al (2013) where the hydrolyzed samples showed higher amounts of polyphenols. Also the use of an MS detector coupled with the HPLC will give an insight to the composition of the sample and a considerable advantage in identification of the peaks. 
According to Lachman et al. (2013) quercetin is found in considerable amounts in Allium species. However, during this study was found that quercetin is only present in Allium cepa and fistulosum. Gallic acid, on the other hand, was found in all samples, except Allium senescens. In Allium obliquum and cepa the amount decreases with the increase of selenium in the growing environment. At the same time in case of Allium schoemoprasum there is a direct co-relation, with the gallic acid content increasing with the increase of selenium concentration. 
Another issue encountered during the HPLC-DAD analysis was a high average deviation between some of the duplicate extracts, even though, for the total phenolic determination this was not monitored. In some cases like Allium fistulosum treated with 1 mg/L and 5 mg/L selenium the area of all peaks in one of the duplicates being two times lower than the other one. A reason could be the extract itself, however, it is not very likely, as for the total phenolic determination the relative average deviation is below 8 %. The extracts were kept at the same conditions, for the same period of time, in between two analyses. Another problem causing his issues could be the injector in the HPLC system that injects different volumes, yet, it is observed only in a couple of samples. A recommendation would be letting the HPLC system inject a standard more time in a row and monitoring for any changes in the area of the peaks.  
As a result of chromatographic analysis the total amount of the identified polyphenols was calculated, and expressed as percentage out of mass used for extraction. The highest percentage was determined to be in case of Allium cepa with values ranging from 0.37 % to 1.22 % of polyphenols in the sample. Regarding the changes in the amount depending on the selenium added, the highest amount is also found to be in the sample treated with 1 mg/L selenium solution. A slight decrease compared to the control in the sample treated with 5 mg/L selenium is also monitored.  In case of Allium ampeloprasum same trend is observed, nevertheless, while the total phenolic determination showed a similar amount in the sample treated with 20 mg/L selenium and in the control sample. However, only 0.32 mg/g could be determined, by chromatographic analysis, in the sample treated with 20 mg/L selenium compared to 1.27 mg/g in the control. The lowest percentage of identified polyphenols was found to be in Allium senescens treated with 20 mg/L selenium solution with only 0.15 mg/g and 0.02 %. This can of course be caused by the presence of some flavonoids in form of glycosides that would not be identified during the chromatographic analysis. Considering the fact that there are more un-identified peaks during the chromatographic analysis an assumption would be the presence of some polyphenols that were not present in the standard range, thus, not matching any of the retention time or spectra. 
[bookmark: _Toc10727655]6. Conclusion 

During this project the influence of selenium in growing environment on biochemical composition of Allium species was investigated. Six different species were grown in environment enriched with three concentrations of selenium, 1, 5 and 20 mg/L, plus the control where no selenium was added. The total phenolic content along with polyphenol composition were determined and monitored for any changes. 
A plant enriched in selenium would lead to the increase of mineral intake in feasible countries (Xu et al. 2003). According to the same source it would also increase the polyphenol content, these compounds being antioxidants agents. Consequently, finding a species that would be able to retain selenium and would have an increased content of polyphenols would represent a great advantage. While the selenium content was, unfortunately, not determined, the polyphenol analysis gave us an insight into the issue. Allium cepa showed the most interesting results, especially when treated with 1 mg/L selenium solution. The length of the roots increased from 16 cm to 17 cm, at the same time the length of the leaves decreased from 28 cm to 23 cm, which by applying the statistical t-test was determined to be a significant difference. Nevertheless, the total content of polyphenol, increased from 7.50 mg/g dry weight in the control to 13.73 mg/g, this being the highest phenolic contend determined in any of the samples. The results showed that Allium cepa as a specie had the highest amount of polyphenol compared with the other five species, where the total phenolic content ranges between 3 and 4 mg/g. Higher amount of polyphenols is also found in Allium cepa that was treated with 20 mg/L selenium compared to the control, with 9.22 mg/g. This is observed in only one other specie Allium senescens, however, in this case there are no other changes at the other two concentrations compared to the control. Besides all of these Allium cepa is also the specie that has the most diverse composition of polyphenols with ten out of sixteen polyphenols and one mix of two polyphenols investigated during this research project. 
When it comes to the total phenolic content the amounts do not vary that much. Nevertheless, chromatographic analysis showed changes in composition of several species. For instance, in Allium fistulosum, luteolin is only found in samples treated with selenium solution, and not in the control. In Allium cepa, syringic acid is present only when sample is treated with 5 and 20 mg/L selenium solutions. On the other hand, the most affected species by 20 mg/L selenium in the growing environment is Allium ampeloprasum having only three polyphenols out of six found in the control from the ones investigated in this research. Allium obliquum and Allium schoenoprasum have the least diverse phenolic composition with only five present. The phenolic acid found in all of the species except Allium senescens is gallic acid. 
Elemental analysis did not show the presence of any sulfur in the samples, and no influence of carbon and hydrogen percentages was observed. More research has to be done in this area. 
In conclusion, this research project gave an overview and an insight on how selenium influences the phenolic composition of Allium species. Allium cepa is the specie that showed the most interesting results, showing a significant difference in total phenolic content, while in the compositions the ratio of the determined polyphenol changes. 
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Table 1. Overview of the analyzed phenolic acids, including the molecular weight and chemical structure. 
	Phenolic acid
	Code standard 
	Molecular weight g/mol
	Chemical structure

	3,4-dihidroxybenzoin acid

	37580
	154.12
	[image: Image result for 3,4-dihydroxybenzoic acid]

	4-hydroxybenzoin acid

	H20059
	138.12
	[image: Skeletal formula]

	Caffeic acid

	C0625
	180.16
	[image: Image result for caffeic acid]

	Chlorogenic acid 

	-
	354.31
	[image: Image result for chlorogenic acid]

	p-Coumaric acid
	C9008
	164.05
	[image: Skeletal formula of p-coumaric acid]

	Ferulic acid

	46280
	194.18
	[image: Ferulic acid acsv.svg]

	Gallic acid


	A16303
	170.12
	[image: Skeletal formula]

	Rosmarinic acid

	-
	360.31
	[image: Rosmarinic acid]

	Syringic acid 

	S6881
	198.17
	[image: Image result for syringic acid]

	Sinapic acid
	-
	224.21
	[image: Image result for sinapic acid]




Table 2 Overview of the analyzed flavonoids, including the molecular weight and chemical structure. 
	Flavonoid
	Code standard 
	Molecular weight g/mol
	Chemical structure

	Apigenin 

	10798
	270.05
	[image: Image result for apigenin]

	Hyperoside
	-
	464.38
	[image: https://upload.wikimedia.org/wikipedia/commons/thumb/1/19/Hyperoside.svg/1200px-Hyperoside.svg.png]

	Kaempferol

	-
	 286.23
	[image: Image result for kaempferol]

	Luteolin

	62696
	286.24
	[image: Image result for luteolin]

	Myricetin


	M6760
	318.24
	[image: Skeletal formula of myricetin]

	Quercetin
	Q0125
	 302.24
	[image: Image result for quercetin]

	Quercitrin
	-
	448.38
	[image: Quercitrin.png]

	Rutin 

	R2303
	 610.52
	[image: Rutin]
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Table 1. Overview of results from determining the water percentage in leaves and roots of six species of Allium; 1 – 1 mg/L selenium solution added; 5 - 5 mg/L selenium solution added; 20 – 20 mg/L selenium solution added. No duplicated available.
[image: ]
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[image: ]Table 1. Results on length of the roots and leaves of the analyzed sample; SEM- standard error mean; p-Value calculated using the T test
[image: ]
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[image: ]Table 1. Results from total phenolic determination from extracts with different ratios methanol: water. (n=2) 
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Table 1. Coefficient of determination (R2) and slope for each polyphenol contained in the calibration range standards. (n=6)
[image: ]






Table 2. Limit of detection (LOD) and Limit of quantitation (LOQ) expressed in mg/mL for the chromatographic analysis of polyphenols. 
[image: ]
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Figure 1. Calibration curve of polyphenols, using the standard range 0.0125-0.2 mg/mL. Analysis done on a Thermo Scientific Accela LC Systems, Thermo hypersil gold column coupled to a DAD detector. Chromatographic conditions; oven temperature 30°, mobile phase A – aqueous solution with 0.1% TFA and mobile phase B methanol, flow rate 450 µL/min and injection volume 2 µL.
[image: ]
Figure 2. Calibration curve of polyphenols, using the standard range 0.0125-0.2 mg/mL. Analysis done on a Thermo Scientific Accela LC Systems, Thermo hypersil gold column coupled to a DAD detector. Chromatographic conditions; oven temperature 30°, mobile phase A – aqueous solution with 1% TFA and mobile phase B methanol, flow rate 450 µL/min and injection volume 2 µL.
[bookmark: _Toc10727663][image: ]Appendix VII
Figure 1. Measured UV/VIS spectra of phenolic compounds. Analysis done by a diode array detector.


[image: ]

Figure 2. Measured UV/VIS spectra of phenolic compounds. Analysis done by a diode array detector.
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Figure 3. Measured UV/VIS spectra of phenolic compounds. Analysis done by a diode array detector.
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[bookmark: _GoBack][image: ]Table 1. Overview of the polyphenol composition of the analyzed species of Allium, presented in µg/g of dry sample and the standard deviation, result are calculated based on duplicate measurements. C- Control sample; 1 – 1 mg/L selenium solution added; 5 - 5 mg/L selenium solution added; 20 – 20 mg/L selenium solution added. Analysis done on duplicate independent extractions.
50:50	0.18604358155401435	0.25389222802083095	2.3240903949599576E-2	0.18604358155401435	0.25389222802083095	2.3240903949599576E-2	Allium fistulosum 	Allium ampeloprasum 	Allium cepa 	18.957489589869354	9.0554385292991206	13.30267838729635	70:30	0.44431139903645128	4.0068809804013304E-2	0.23787748748413334	0.44431139903645128	4.0068809804013304E-2	0.23787748748413334	Allium fistulosum 	Allium ampeloprasum 	Allium cepa 	21.357657506702409	13.121801121130881	11.358656424004948	90:10	1.7908585411375686	0.36667382825745065	0.92834946433969445	1.7908585411375686	0.36667382825745065	0.92834946433969445	Allium fistulosum 	Allium ampeloprasum 	Allium cepa 	15.253693457304204	11.815648370255397	12.764153918940233	
Concentration polyphenols (mg/g)





0	1	5	10	15	20	30	40	50	0	9.8599999999999993E-2	0.37260000000000004	0.70520000000000005	1.0982000000000001	1.5096000000000001	2.2667999999999999	2.9451000000000001	3.7521	C gallic acid µg/mL


Absorption



Allium Cepa	8.5097895681950725E-2	0.24848585539129175	0.30907555711684048	0.240316457405824	8.5097895681950725E-2	0.24848585539129175	0.30907555711684048	0.240316457405824	Control	1 mg/L Se 	5 mg/L Se	20 mg/L Se	7.4962451861360719	13.755616174582801	7.1293324775353026	9.2169127086007716	Allium Ampeloprasum	9.1224944171047449E-3	1.0756374014197602E-2	0.15249542906205427	4.7654821581890969E-3	9.1224944171047449E-3	1.0756374014197602E-2	0.15249542906205427	4.7654821581890969E-3	3.4841784338896016	3.7254492939666237	2.435622593068036	3.4857188703465978	Allium Obliquum 	0.13726190458327081	4.7833694021443378E-2	0.20455589027182258	6.6254122775041821E-2	0.13726190458327081	4.7833694021443378E-2	0.20455589027182258	6.6254122775041821E-2	3.5697478991596636	3.5382352941176465	2.7982142857142858	2.8529411764705883	Allium Fistulosum 	3.2677591941868457E-2	7.3524581869205283E-2	0.33317528117396905	1.3479506676020707E-2	3.2677591941868457E-2	7.3524581869205283E-2	0.33317528117396905	1.3479506676020707E-2	4.8901155327342742	4.7811296534017984	4.8299422336328623	4.6483632862644413	Allium Schoenoprasum 	3.4311471538962253E-2	0.17053751781557788	0.19198085265847875	0.21153782697681545	3.4311471538962253E-2	0.17053751781557788	0.19198085265847875	0.21153782697681545	4.1472400513478815	4.7892857142857128	4.5296534017971757	3.8966386554621852	Allium Senescens	3.3494531740415355E-2	0.12403869274600979	0.15862247755115413	0.1244864459315802	3.3494531740415355E-2	0.12403869274600979	0.15862247755115413	0.1244864459315802	3.6369704749679075	3.6800064184852377	3.6982991014120663	4.291806722689075	
Concentration polyphenols (mg/g)





0	1.2500000000000001E-2	2.5000000000000001E-2	0.05	0.1	0.2	0	51.639608000000003	127.99812299999999	285.30998399999999	536.49422349999998	1102.7674325	Concentration myricetin mg/mL


Area mAU*min
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Compound e V) slyphont oo )
Quercetin 48,000 6336
Protocatechuic acid 11,020 1452
Spiracoside (quercetin-4"-O-B-D-glucoside) 10.650 14.03
Quercetin-3.4™-0-B-D-diglucoside 3,650 481
Tyrosine 1725 227
Vanillic acid 228 034
Quercetin-7.4'-0-B-D-diglucoside 160 021
p-Hydroxybenzoic acid 258 014
Total amount of major polyphenols 75910 99,68
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Sample ALY ar® A2 Aaf A3Y A3¥
p-Coumaric acid 2990 +£0.21 85.16+0.76 50.88+0.75 12599+147 14959 £1.05 16371135
Ferulic acid 5438+0.54 34354183 205.15+169 22696+193 188.06 £ 1.51 54233+193
Sinapic acid - 98.22+0.88 - 4899071 88.87+0.67 4491+039
Isoquercitrin 12338+172 - - - 363.78 +1.89 -
Rutoside - - 51.60+0.85 - 12895+1.55 -
Quercitrin - - - - - -
Quercetol - 39.67+027 - 99390+263 58.38+0.62 20048174
Luteolin 17235+156 280.74+167 - - - -
Kaempferol - 3580024 - 6237074 12983103 156346+296
Apigenin 14903 +103 277.06+181 - - - -

¥ hon-hydrolysed sample: E hydrolysed sample. Values are the mean + SD (n = 3).
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Legend: *Multiple Range Tests. Method: 93.0 percent LSD
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Control 1 mg/LSe 5mg/L Se 20 mg/L Se
C (mg/g) | RAD % |C (mg/g) [ RAD % |C (mg/g) [ RAD % [C (mg/g) | RAD %
Allium ampeloprasum 348 03 373 03 244 63 349 01
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Allium senescens 364 09 368 34 370 43 429 29
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Control 1mg/LSe 5mg/LSe 20 mg/L Se

C (mg/g) % |C(me/g) % |C(me/g) % |C(me/g) %
Allium ampeloprasum 127 013 130 013 078 0.8 032 003
Allium cepa 672 067 1221 122 371 037 547 055
Allium fistulosum 163 016 055 0.06 1.89 019 107 011
Allium obliquum 050  0.05 057  0.06 019 0.2 028 0.3
Allium schoenoprasum 096 0.10 089  0.09 107 011 043 0.04
Allium senescens 038 0.04 020 0.2 047 0.05 015 0.2





image17.png
OH

OH

OH




image18.png
OH




image19.png
OH




image20.png
OH

OH




image21.png




image22.png




image23.png




image24.png
HO




image25.png
COOH

H,CO OCHs
OH




image26.png
H3CO.

HO

OCHs

OH




image27.png




image28.png




image29.png




image30.png




image31.png




image32.jpeg




image33.png




image34.png
HO




image35.png
Sample Water percentage leaves % Water percentage roots %
‘Allium cepa control 93 93
Allium cepa 1 87 91
Allium cepa 5 93 88
Allium cepa 20 90 93
Allium ampeloprasum control 90 93
Allium ampreloprasum 1 88 91
Allium ampreloprasum 5 90 93
Allium ampreloprasum 20 88 90
Allium fistulosum control 85 89
Allium fistulosum 1 85 87
Allium fistulosum 5 83 89
Allium fistulosum 20 88 91
Allium senescens control 90 88
Allium senescens 1 89 88
Allium senescens 5 91 89
Allium senescens 20 91 89
Allium schoenoprasum control 91 83
Allium schoenoprasum 1 88 81
Allium schoenoprasum 5 90 92
Allium schoenoprasum 20 89 83
Allium obliquum control 77

Allium obliquum 1 84

Allium obliquum 5 92

Allium obliquum 20 90
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Figure 1. Graphs including information about the mean, standard error, standard deviation and difference of the means compare to the mean of the control
about the length of the roots and leaves of Allium species. ***extremely significant (p < 0.001);** highly significant (0.001 < p < 0.01); *significant (0.01 <p <
0.05); not significant (p> 0.05)
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Sample/Solvent ratio 50:50 70:30 90:10
C(me/g)

Allium fistulosum 18.96 = 0.19 21.36 £ 0.44 15.25 + 1.79
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