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Abstract

:

Microgreens of wild herbs are a source of healthy compounds. Selenium (Se) biofortification of microgreens could help increase the Se content and thus contribute to Se requirements in humans. We evaluated whether three wild herbs, Rumex acetosa L., Plantago coronopus L., and Portulaca oleracea L., were suitable for biofortification in order to obtain products with high nutraceutical value. In the first experiment, the three species were enriched with Na2SeO4 at 0 and 1.5 mg Se L−1, and the effects of Se on the nutraceutical characteristics of microgreens were evaluated. In the second experiment, using P. oleracea enriched with 0, 1.5, 5, and 10 mg Se L−1, we investigated whether there was a relation between the increasing Se concentrations in the nutrient solution and the Se content in microgreens. The Se added was taken up by roots and accumulated in the aerial part. P. coronopus exhibited the highest ability to accumulate selenium, and the Se-enriched microgreens showed the highest chlorophyll and flavonoid content. The strong correlation between the Se concentration in the growth solution and the Se accumulated in P. oleracea may enable the cultivation of microgreens with the targeted Se content. The resulting Se-biofortified microgreens of wild species could represent a new vegetable product with high nutraceutical value also ensuring a sufficient dietary intake of Se.
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1. Introduction


In Europe, the consumption of wild edible plants, an integral part of human nutrition since ancient times [1], has recently gained interest due to their micronutrient contents, which tend to be higher than those of domesticated varieties. Wild edible plants are a good source of vitamins, minerals, protein, fat, sugars [2,3], and antioxidant [4] and antimicrobial compounds [5]. Microgreens of wild herbs could represent a source of functional food which might provide health benefits due to their nutraceutical value and could be exploited in new gastronomic trends [6,7].



Microgreens are tender immature greens produced from seedlings [8,9] and have higher levels of phytonutrients and secondary metabolites compared to mature-leaf products [10].



Selenium (Se) has a positive effect on long-term health because of its role in antioxidant defense and in several biological processes [11]. Worldwide, it has been estimated that low dietary Se intake affects up to 1 in 7 people [12].



Heart diseases, cystic fibrosis, cognitive decline, Alzheimer’s, cancer, impairment in immune function, oxidative stress-related disorders, reduced fertility, and hypothyroidism can be correlated with suboptimal Se intake [13,14]. A cardiomyopathy called Keshan disease, and an endemic degenerative osteoarthritis known as Kashin–Beck disease are associated with a Se intake lower than 10 µg Se day−1 [11].



On the other hand, high levels of Se can be toxic for humans. Nausea, vomiting, and diarrhea, as well as a specific disease called selenosis, can be induced by the short-term ingestion of high levels of Se. Damages of cardiovascular, gastrointestinal, neurological, and hematopoietic systems can happen in case of an excessive chronic consumption of Se [15,16].



In plants, Se promotes the growth of seedlings [17], delays senescence, improves the shelf life of products [18], and enhances the activity of antioxidant enzymes. There is a consequent increased synthesis of secondary metabolites, such as carotenoids, phenols, flavonoids, and vitamins [19,20]. The Se biofortification of microgreens has only been studied in a few crop species, such as buckwheat [21], wheat [19], green basil [22,23], coriander, purple basil, and tatsoi [23].



Considering the high efficiency in root-to-shoot translocation paths of wild herbs [24], wild food species might be able to accumulate high levels of Se in the aerial parts.



Our goal was to evaluate three wild herbs, Rumex acetosa L, Plantago coronopus L., and Portulaca oleracea L., as possible candidates for Se biofortification in order to obtain new vegetable products with a high nutraceutical value. R. acetosa is a perennial herb, belonging to the family Polygonaceae, whose leaves are used fresh or cooked in many cultures worldwide [25]. The leaf tissues are characterized by high contents of vitamin C, flavonoids, phenolic acids, and proanthocyanidins, that have an important pharmacological activity [26]. P. coronopus is a perennial herb belonging to the family Plantaginaceae, commonly consumed fresh in mixed salad, and particularly appreciated for its salty taste and high nutritional value [27]. The leaf tissues have a high content of phenolic compounds, amino acids, including essential amino acids, and minerals, such as calcium, magnesium, sodium, and potassium [28]. P. oleracea, one of the green vegetables richest in Omega−3 fatty acids [29,30], is an annual succulent, belonging to the family Portulacaceae and is consumed fresh, as salad, or cooked. Microgreens of the three species were enriched with sodium selenate and the effects of Se treatment on the nutraceutical characteristics of microgreens were evaluated. A possible correlation between the increasing Se concentrations added to the nutrient solution and the Se content in microgreen tissues was investigated in P. oleracea. We then assessed the potential contribution of Se-biofortified microgreens to human Se requirements as well as the health risks.




2. Materials and Methods


2.1. Plant Material and Growth Conditions


Two experiments were conducted at the Department of Agriculture, Food, and Environment of the University of Pisa, Italy (latitude 43°40′ N), during July 2020. In the first experiment, seeds of Rumex acetosa L., Plantago coronopus L., and Portulaca oleracea L. were used as starting material; seeds were purchased from Gargini sementi (Lucca, Italy). In the second experiment, only P. oleracea seeds were used. This weed has uncommon nutritional values, which makes it a potentially important food for the future, and it is characterized by reddish purple stems. Thus, P. oleracea was chosen for the second experiment, and the effect of Se treatments on the anthocyanin content was also investigated.



Seeds were sown in plastic trays (10 × 6.5 cm), on a jute map [31] as substrate (air porosity 87.6%, free porosity at pF1 46.5%, water retention capacity 41.1%). In order to obtain about 5 seeds cm−2, 0.5 g of seeds for each species were sown on each tray, and watered with 50 mL of distilled water containing different concentrations of Se added as Na2SeO4. The concentrations of Se used were 0 and 1.5 mg L−1 in the first experiment and 0, 1.5, 5, and 10 mg L−1 in the second experiment. In both experiments, two replicates, composed of two trays of seedlings, were used for each treatment. After sowing, the trays were relocated in a growth chamber, arranged in a randomized block design, and kept in the dark at 25°C for 72 h. LED lights C-Led Lamp Circular HP 230V 24W NAT Indoor NA 80° (47% red, 33% blue, 20% green) were used to provide 150 PPFD with a photoperiod of 16 h. Trays were watered using Hoagland’s nutrient solution at half strength [32].




2.2. Determinations


In both experiments, microgreens were harvested 14 days after sowing, and the fresh weight (FW) was determined. After drying in a ventilated oven at 50°C to a constant weight, the dry weight (DW) of plant samples was measured. The fresh and dry biomass production was expressed as g FW m−2 and g DW m−2, respectively.



Total phenols, flavonoids, antioxidant capacity, chlorophyll, and carotenoid contents were determined in fresh leaf samples at harvest. An aliquot of 100 mg of vegetable tissues (FW) was extracted with 5 mL methanol 99% v/v. The total content of phenols was measured using the Folin–Ciocalteau reagent [33] and calculated using the calibration curve containing 0, 50, 100, 150, and 250 mg gallic acid L−1. Values were expressed as mg of gallic acid (GAE) g−1 FW. To determine the flavonoid content, 0.06 mL of NaNO2 (5%) and 0.04 mL of AlCl3 (10%) were added to 0.1 mL of the methanol extract, and then after five minutes, 0.4 mL of NaOH and 0.2 mL of H2O were added. The absorbance was read at 510 nm. The results were expressed as mg catechin g−1 FW [34]. The antioxidant capacity was measured using the FRAP method [35]. After mixing the methanol extract and the reagents, the absorbance was read at 593 nm, and the results were expressed as µmol of Fe(II) mg−1 FW. Total chlorophylls, chlorophyll a and b, and carotenoid content were determined according to Lichtenthaler’s method. The concentrations of chlorophyll a and b and carotenoids were calculated using the Welburn and Lichtenthaler equation [36].



In P. oleracea, the total anthocyanin content was assessed. A total of 100 mg of fresh microgreens was extracted using 5 mL of acidified 80% methanol (containing 1% hydrochloric acid). The absorbance of acid extract was read at 530 nm. The results were expressed as mg cyanidin−3-glucoside g−1 FW, using the value 38,000 M−1 cm−1 for the molar absorptivity [37].



The Se content in microgreen tissues was measured according to the UNI EN 13657:2004 [38] and UNI EN ISO 17294−2:2016 [39] methods for the sample digestion and selenium determination, respectively. Three replicates were analyzed for each treatment.




2.3. Contribution to Selenium Dietary Intake and Health Risk Assessment


Data concerning the average amount of daily consumed microgreens are not available in the literature. However, since microgreens are usually consumed in small quantities to garnish and enhance the flavor of dishes, the average daily serving was assumed to be around 10 g FW.



The estimated dietary intake (EDI, µg day−1) of Se was calculated as the amount of Se provided by a supposed portion of 10 g of microgreens. In order to evaluate the contribution of the Se-enriched microgreens to human Se needs, EDI was also expressed as a percentage (EDI%) of the adequate adult intake (AI, 70 µg day−1) of Se [40].



To assess the possible health risk due to the intake of Se provided by the consumption of biofortified microgreens, the health risk index (HRI) was calculated as the ratio between EDI and the tolerable upper intake level [10,41] (UL, i.e., 300 µg day−1 [42]). In general, the UL is the maximum chronic daily intake of a nutrient (from all sources) that is assumed to not have an appreciable risk of adverse health effects in humans [42].




2.4. Statistical Analysis


Data from the first experiment were subjected to two-way ANOVA, with Se treatment and plant species as variables. Data of the second experiment were subjected to one-way ANOVA, with Se treatments as the variable. Mean values were separated by Duncan’s post-hoc test (p < 0.05). Statistical analysis was performed using R Statistical Software.





3. Results and Discussion


3.1. First Experiment


3.1.1. Biomass Production of Microgreens


Of the three investigated species, P. coronopus produced the highest biomass. Fresh and dry biomass, in fact, were 230% and 160%, respectively, higher on average than in P. oleracea, which showed the lowest production of biomass (Table 1). The fresh biomass of microgreens ranged from 0.564 (P. oleracea) to 1.861 kg m−2 (P. coronopus). These data are consistent with the yield exhibited by other wild species, such as Sinapis arvensis and Taraxacum officinalis [10], and by microgreens of several vegetable crops [43,44,45]. The dry matter content of microgreens also significantly differed among the three plant species. On average, the highest value was detected in R. acetosa and was 70.4% higher than the lowest dry matter content detected in P. coronopus (Table 1). In the control microgreens, the dry matter content varied from 5.02% in P. coronopus to 7.95% in R. acetosa. These percentages are consistent with data for the microgreens of basil [23,44], rocket [44], tatsoi [23], chicory, and lettuce [43] but lower than the microgreens of coriander [23].



On average, the Se treatment reduced fresh biomass production (−13.5%), with a consequent increase in dry matter content (+13.4%) in the microgreens of all species (Table 1). An increment in the dry matter content was observed in Se-enriched microgreens of green basil [23]. The non-significant effect of Se addition on dry biomass production is consistent with studies on the microgreens of green basil conducted by Pannico et al. [23] and Puccinelli et al. [22].




3.1.2. Se Concentration in Microgreens


The Se added to the growing medium was taken up and accumulated in the aerial parts of the microgreens (Figure 1). Statistical analysis showed that P. coronopus accumulated the highest amount of Se, which was 92.9% and 265.5% higher than the amount of Se accumulated by P. oleracea and R. acetosa, respectively. The Se content, expressed as mg per kg of fresh weight, of R. acetosa, P. coronopus, and P. oleracea was 1.88, 3.74, and 3.01, respectively. The higher capacity of P. coronopus in accumulating Se could be ascribed to its higher leaves/stem ratio (data not shown), which may have induced higher plant evapotranspiration, and thus a higher transfer of Se from the roots to the shoots via the xylem [46].




3.1.3. Contribution to Se requirement in Humans


The potential contribution of the biofortified microgreens to the Se requirement in humans was statistically different between the three plant species. With reference to a portion of 10 g of biofortified microgreens, the estimated dietary intake (EDI) for Se ranged from 18.8 µg (R. acetosa) to 37.4 µg (P. coronopus) and was 26.9%, 43.05%, and 53.43% of the adequate intake (AI) from microgreens of R. acetosa, P.oleracea, and P. coronopus, respectively (Table 2).



As for the health risk related to the selenium accumulated in biofortified microgreens, all the EDI values were below the tolerable upper intake level (UL), i.e., 300 µg day−1 [42], and the HRIs were far below 1 (Table 2). Thus, for humans, daily exposure to these amounts of Se is not expected to have a negative impact on health over a lifetime [42]. The EDI represented a good Se integration in the diet, without leading to toxicity, for all the microgreen species investigated.




3.1.4. Photosynthetic Pigments


Statistically different contents of total chlorophylls, carotenoids, phenols, and flavonoids were detected among the three species. On average, total chlorophyll and flavonoid contents were highest in P. coronopus, whereas the highest contents of carotenoids were detected in P. oleracea and R. acetosa (Table 3).



To the best of our knowledge, no data on the content of chlorophyll and carotenoids in the microgreen species investigated are available in the literature. Thus, we compared our results with those obtained in other microgreen species. The values of chlorophyll content exhibited by P. coronopus were consistent with values reported for radish [6,47,48], coriander, cress, and kohlrabi microgreens [6]. The total chlorophyll content detected in R. acetosa and P. oleracea agreed with values found in microgreens of broccoli [47,49], beet, mustard, and basil [50] but were lower than for radish [47,51] and parsley microgreens [52].



The carotenoid contents in the three species were lower than in mustard, red pak choi, and tatsoi microgreens, as reported by Brazaityte et al. [53]. P. oleracea microgreens showed carotenoid contents consistent with previous studies conducted on basil [50], mustard, and beet [52]. Instead, the carotenoid contents of R. acetosa and P. coronopus were lower than the values cited above [50,52]. These findings confirm that the photosynthetic pigment content is highly variable in microgreens, especially in relation to the plant species.




3.1.5. Total Phenols, Flavonoids, and Antioxidant Capacity


Regarding the total phenols, the highest content was exhibited by R. acetosa (Table 3). On average, the treatment with Se resulted in a significantly increased antioxidant capacity (+21.4%) and flavonoid content (+21.1%) in the three species (Table 3). The selenium added to the nutrient solution and accumulated in the microgreens may have acted as a pro-oxidant, inducing an increase in reactive oxygen species (ROS) and lipid peroxidation [54,55], thus, leading to the reduction of fresh biomass production in Se-enriched microgreens. On the other hand, the content of total chlorophylls, carotenoids, and total phenols was not affected by selenium application. Contrasting results were reported on the effect of Se on content of photosynthetic pigments. In microgreens of wheat, Se concentrations up to 0.50 mg L−1 increased either the chlorophyll and carotenoid content and the total phenol content [19]. In rice sprouts, a Se concentration lower than 15 mg Se L−1 did not affect the total carotenoid content, whereas a higher Se concentration decreased both total carotenoid and chlorophyll content [56]. The content of β-carotene decreased in green and purple basil but increased in tatsoi and coriander at Se treatments of 0.63 and 1.126 mg L−1 [23].





3.2. Second Experiment


3.2.1. Biomass Production of Microgreens


The addition of increasing amounts of selenium to the growth solution of P. oleracea did not affect the fresh and dry biomass production, or the dry matter content of the microgreens. These results are in agreement with those obtained by Pannico et al. [23] and Puccinelli et al. [22] in basil microgreens. In our study, the Se content in the microgreens increased by increasing the Se doses applied, and the highest Se content was detected at 10 mg Se L−1 added (Table 4).




3.2.2. Relationship between Se Concentration in Microgreens and Concentration Applied


The amount of Se accumulated in microgreens and expressed on a dry weight basis (Figure 2a) or per plant (Figure 2b), was correlated with the Se added to the nutrient solution by a non-linear regression (second-order polynomial quadratic) with a determination coefficient (R2) of 0.9943 (Figure 2a) and 0.9888 (Figure 2b), respectively. This strong correlation means that P. oleracea microgreens could be cultivated with a specific Se content by acting on the Se concentration in the growth medium. A quadratic relationship between the micronutrient concentration in the substrate and in the microgreens was already detected for Zn and Fe in microgreens of arugula, red cabbage, and red mustard [57].



The efficacy of achieving Se-biofortified microgreens by adding sodium selenate to the nutrient solution, as demonstrated by our experiments, is consistent with previous studies on the Se biofortification of microgreens of buckwheat [21], green basil, purple basil, coriander, tatsoi [23], and wheat [19]. These findings corroborate the ability of plant roots to take up Se through passive diffusion and sulphate transporters.




3.2.3. Contribution to Se Requirement in Humans


The potential of the biofortified microgreens to contribute to the Se requirement of humans differed in relation to the Se doses used for the treatment (Table 4). With reference to a portion of 10 g of biofortified microgreens, the EDI for Se ranged from 46.7% (from microgreens treated with 1.5 mg Se L−1) to 469.6% (from microgreens treated with 10 mg Se L−1) of the AI.



With regard to the assessment of the health risk related to the Se accumulated in biofortified microgreens, all the EDI values were lower than the UL [42] in treatments with 1.5 and 5 mg L−1 of Se, and higher in treatments with 10 mg L−1 of Se. The HRI was higher than 1 only in microgreens enriched with 10 mg L−1 of Se (Table 4), the long-term consumption of which would thus induce toxicity in humans.




3.2.4. Pigments


Treatments with 10 mg Se L−1 significantly increased the total chlorophyll (+22.3% compared to the control) (Figure 3a) and the carotenoid (+66.7% compared to the control) contents (Figure 3b). In fact, selenium enhances the biosynthesis of photosynthetic pigments in plants, inducing the repair of chloroplast damage due to abiotic stress and ROS [58,59,60]. An increase in photosynthetic pigments was observed in tatsoi and coriander microgreens treated with 0.63 mg L−1 of Se [23] and in wheat microgreens enriched with 0.5 mg Se L−1 (total chlorophylls) or with 0.125 mg Se L−1 (carotenoids) [19].



Treatments with 1.5 and 5 mg Se L−1 increased the anthocyanin content of microgreens by 22.7% and 31.3%, respectively, compared to the control, but no significant differences were observed when 10 mg Se L−1 were applied (Figure 3c). In line with our findings, an increase in anthocyanin content was reported for wheat seedlings [61] and purple-grained wheat plants [62] treated with Se. This increase may be due to a higher expression of the gene of the enzyme involved in the anthocyanin biosynthesis pathways, as reported by Liu et al. [63] in Se-enriched purple lettuce.




3.2.5. Total Phenols, Flavonoids, and Antioxidant Capacity


In our study, the antioxidant capacity was increased by treatments with 5 mg Se L−1 (+20.6%, compared to the control) and 10 mg Se L−1 (+29.5%, compared to the control) (Figure 4a). The association of Se with antioxidant metabolism [59,64] due to the role of Se as a cofactor of selenoenzymes [65] could explain the higher antioxidant activity in Se-enriched microgreens. The cellular antioxidant activity is associated with an increase in GSH-Px activity which is positively related to the concentration of Se in plant tissues [54]. An increase in antioxidant capacity was detected in Se-biofortified plants of tomato [66], sweet basil [67], and rice [68].



An increase in flavonoid content was also detected in Se-enriched microgreens, which showed the highest content at 10 mg Se L−1 (+22.8% compared to the control) (Figure 4b). On the other hand, the total phenol content of microgreens was not affected by selenium treatments (Figure 4c). Phenols and flavonoids act as reducing agents, hydrogen donors, chelators of metal catalysts, and singlet oxygen quenchers [69]. The increased flavonoid content observed in the Se-enriched microgreens in our study is consistent with results obtained in buckwheat [70], wheat seedings [61], and rice [68] plants treated with Se.






4. Conclusions


R. acetosa, P. coronopus, and P. oleracea seem to be interesting species for the production of Se-biofortified microgreens. The strong correlation between the Se concentration in the growth solution and the Se accumulation found in P. oleracea facilitates the cultivation of microgreens with the targeted content of Se.



P. coronopus exhibited the highest ability to accumulate selenium, and the Se-enriched microgreens showed the highest chlorophyll and flavonoid contents. The biofortified microgreens of wild species could represent a new vegetable product with a high nutraceutical value which could also contribute to the dietary intake of Se.



A daily consumption of 10 g of microgreens enriched with the dose of 1.5 Se L−1 would supply a percentage adequate intake of Se ranging between 27% and 53%. Since the plant response to selenium is both dose- and plant-species-dependent, further studies should focus on the interaction between plant species and Se dose, in order to balance yield and biofortification. The microgreens of all three species tested would have a beneficial effect on human health and also provide pigments and antioxidant compounds.
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Figure 1. Se content (mg kg−1 DW) in microgreens of various wild plant species grown indoors under controlled conditions with different concentrations of Se in the substrate. Bars indicated by the same letter are not statistically different for p = 0.05 after Duncan’s test. Significance level: *** p ≤ 0.001. 
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Figure 2. Nonlinear regression of Se concentration (mg kg−1 DW) (a) and content (ng plant) (b) of biofortified microgreens of P. oleracea and Se concentration in the substrate. 
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Figure 3. Total chlorophyll (a), carotenoid (b), and anthocyanin (c) contents in microgreens of P. oleracea grown indoors under controlled conditions with different concentrations of Se in the substrate. Bars indicated by the same letter are not statistically different for p = 0.05 after Duncan’s test. Significance level: ** p ≤ 0.01; * p ≤ 0.05. 
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Figure 4. Antioxidant capacity measured by FRAP assay (a), flavonoid (b), and total phenol (c) contents in microgreens of P. oleracea grown indoors under controlled conditions with different concentrations of Se in the substrate. Bars indicated by the same letter are not statistically different for p = 0.05 after Duncan’s test. Significance level: ** p ≤ 0.01; * p ≤ 0.05; ns = not significant. 
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Table 1. Fresh (FW), dry (DW) biomass, and dry matter content (DW/FW) of microgreens of various wild plant species grown indoors under controlled conditions with different concentrations of Se in the substrate.
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Plant Species

	
Se added mg L−1

	
FW

kg m−2

	
DW

kg m−2

	
DW/FW

%






	
R. acetosa

	
0

	
0.874

	
0.071

	
7.95




	
1.5

	
0.852

	
0.077

	
9.00




	
P. coronopus

	
0

	
1.972

	
0.098

	
5.02




	
1.5

	
1.751

	
0.086

	
4.92




	
P. oleracea

	
0

	
0.638

	
0.034

	
5.29




	
1.5

	
0.505

	
0.037

	
7.37




	
MEAN EFFECT




	
R. acetosa

	

	
0.863b

	
0.074b

	
8.47a




	
P. coronopus

	

	
1.861a

	
0.092a

	
4.97c




	
P. oleracea

	

	
0.564c

	
0.036c

	
6.45b




	

	
0

	
1.199a

	
0.070

	
6.14b




	

	
1.5

	
1.046b

	
0.067

	
7.09a




	
ANOVA




	
Plant Species (PS)

	

	
***

	
***

	
***




	
Selenium concentration (Se)

	

	
*

	
ns

	
*




	
PS x Se

	

	
ns

	
ns

	
ns








Means (n = 3) flanked by the same letter are not statistically different for p = 0.05 after Duncan’s test. Significance level: *** p ≤ 0.001; * p ≤ 0.05; ns = not significant.













[image: Table] 





Table 2. Selenium estimated daily intake (EDI), selenium estimated dietary intake expressed as percentage of the Se adequate intake (AI), and health risk index (HRI) of Se resulting from the consumption of 10 g per day of microgreens of various wild plant species grown indoors under controlled conditions with different concentrations of Se in the substrate.
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Plant Species

	
Se Added

mg L−1

	
EDI

µg day−1

	
EDI

%

	
HRI








	
R. acetosa

	
0

	
0.15d

	
0.21d

	
0.001d




	
1.5

	
18.81c

	
26.87c

	
0.063c




	
P. coronopus

	
0

	
0.09d

	
0.13d

	
0.0003d




	
1.5

	
37.40a

	
53.43a

	
0.1247a




	
P. oleracea

	
0

	
0.08d

	
0.11d

	
0.0003d




	
1.5

	
30.14b

	
43.05b

	
0.1005b




	
MEAN EFFECT




	
R. acetosa

	

	
9.48c

	
13.54c

	
0.0316c




	
P. coronopus

	

	
18.75a

	
26.78a

	
0.0625a




	
P. oleracea

	

	
15.11b

	
21.54b

	
0.0504b




	

	
0

	
0.105b

	
0.15b

	
0.0004b




	

	
1.5

	
28.78a

	
41.12a

	
0.0959a




	
ANOVA




	
Plant Species (PS)

	

	
***

	
***

	
***




	
Selenium concentration (Se)

	
***

	
***

	
***




	
PS x Se

	

	
***

	
***

	
***








Means (n = 3) flanked by the same letter are not statistically different for p = 0.05 after Duncan’s test. Significance level: *** p ≤ 0.001.
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Table 3. Total chlorophyll (Chls tot) and carotenoid (Car) content, antioxidant capacity (FRAP), total phenols (Phen tot.), and flavonoid (Flav) content, expressed as fresh weight in microgreens of various wild plant species grown indoors under controlled conditions with different concentrations of Se in the substrate.
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Plant Species

	
Se added

mg L−1

	
Chls tot

mg g−1

	
Car

mg g−1

	
FRAP

µmol Fe(II)g−1

	
Phen tot.

mg GAE g−1

	
Flav

mg catechin g−1






	
R. acetosa

	
0

	
0.564

	
0.098

	
34.3

	
3.34

	
1.90




	
1.5

	
0.542

	
0.095

	
35.7

	
3.43

	
2.11




	
P. coronopus

	
0

	
0.762

	
0.080

	
26.3

	
2.30

	
2.00




	
1.5

	
0.842

	
0.093

	
39.0

	
2.90

	
2.80




	
P. oleracea

	
0

	
0.629

	
0.101

	
28.0

	
2.30

	
1.90




	
1.5

	
0.663

	
0.108

	
32.7

	
2.60

	
1.90




	
MEAN EFFECT




	
R. acetosa

	

	
0.554c

	
0.096ab

	
35.0

	
3.38a

	
2.01ab




	
P. coronopus

	

	
0.802a

	
0.087b

	
32.7

	
2.59b

	
2.42a




	
P. oleracea

	

	
0.645b

	
0.104a

	
30.4

	
2.42b

	
1.89b




	

	
0

	
0.652

	
0.093

	
29.5b

	
2.60

	
1.90b




	

	
1.5

	
0.683

	
0.099

	
35.8a

	
3.00

	
2.30a




	
ANOVA




	
Plant Species (PS)

	
***

	
*

	
ns

	
**

	
*




	
Selenium concentration (Se)

	
ns

	
ns

	
*

	
ns

	
*




	
PS x Se

	
ns

	
ns

	
ns

	
ns

	
ns








Means (n = 3) flanked by the same letter are not statistically different for p = 0.05 after Duncan’s test. Significance level: *** p ≤ 0.001; ** p ≤ 0.01; * p ≤ 0.05; ns = not significant.
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Table 4. Fresh (FW) and dry (DW) biomass, dry matter content (DW/FW), Se content, Se estimated daily intake (EDI), Se estimated dietary intake expressed as percentage of the Se adequate intake (AI), and health risk index (HRI) of microgreens of P. oleracea grown indoors under controlled conditions with different concentrations of Se in the substrate.






Table 4. Fresh (FW) and dry (DW) biomass, dry matter content (DW/FW), Se content, Se estimated daily intake (EDI), Se estimated dietary intake expressed as percentage of the Se adequate intake (AI), and health risk index (HRI) of microgreens of P. oleracea grown indoors under controlled conditions with different concentrations of Se in the substrate.





	
Se added

mg L−1

	
FW

kg m−2

	
DW

kg m−2

	
DW/FW

%

	
Se

mg kg−1 DW

	
EDI

µg day −1

	
EDI

%

	
HRI








	
0

	
0.476

	
0.035

	
7.34

	
1.2d

	
0.88d

	
1.250d

	
0.003d




	
1.5

	
0.508

	
0.035

	
6.98

	
50.4c

	
32.69c

	
46.70c

	
0.109c




	
5.0

	
0.518

	
0.039

	
7.58

	
160.7b

	
118.51b

	
169.29b

	
0.395b




	
10.0

	
0.480

	
0.036

	
8.01

	
430.3a

	
328.73a

	
469.61a

	
1.096a




	
ANOVA




	
Se concentration

	
ns

	
ns

	
ns

	
***

	
***

	
***

	
***








Means (n = 3) flanked by the same letter are not statistically different for p = 0.05 after Duncan’s test. Significance level: *** p ≤ 0.001; ns = not significant.
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