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Selenium (Se) has been proved to be an essential micronutrient for
animals and microorganisms. Se is considered a beneficial element for plants,
determining plant growth increase and enhanced response to biotic and abiotic
stress [1]. Se biofortification of food chain is considered essential for global
health [2], but when applied on Brassicaceae family plants is interfering with
sulfur (S) metabolism, reducing the accumulation of valuable S-phytonutrients
[3]. Moreover, Se-based biostimulants are acting first as potent pro-oxidants,
bleaching the treated plants.

Based on accumulated knowledge regarding cross-talking between Se and
S assimilation pathways, we propose the development of a new
biotechnological approach for protective biofortification of Brassica crops.
The aim of this study was to develop new formulations of biostimulants,
based on mixtures of betaine, selenium salt and spraying adjuvant, applied on
cruciferous plants, in order to obtain safe functional food with enhanced
chemopreventive compounds.

Seedlings growth. Cabbage plants (Brassica oleracea L. var. capitata alba) were grown from seeds germinated in specific soil. Plant seedlings were maintained in a
room with controlled growth parameters. The plants were normally watered and grown for 10 weeks.
Se biostimulant treatment. The plants (10 plants/treatment) were treated with different mixtures of biostimulants, as follows: 10 μM sodium selenate (Na2O4Se) (V1),
10 μM Na2O4Se, 10 mM betaine and 1% adjuvant (V2), 10 mM betaine and 1% adjuvant (V3) and distilled water (M). The treatment was applied twice, at a distance of 2
weeks, by foliar spraying (2 mL/plant), using a split-split plot design. At 1 week after the second treatment, harvested plants were morphometrically analyzed and were
ground to a fine powder in a mill.
Plant analysis. Seedlings dry weight (d.w.) was determined using a moisture balance (Radwag, Poland). Se content was determined in dried seedlings after
calcination at 450°C. The analysis was performed by vapor-generation atomic absorption spectroscopy of the hydrogen selenide formed after boron hydride reducing
procedure. HPLC analysis of glucosinolate and S-adenosyl-homocysteine (SAH) was carried out in a HPLC Agilent 1200 system with diode array detector. Their
separation was performed in Zorbax XDB C18 column (150 x 4.6 mm i.d.), at flow rates of 0.6 mL/min and 0.2 mL/min, respectively and elution under isocratic
conditions, using water/acetonitrile gradient mobile phase [4]. Their detection was carried out at 202 nm and 258 nm, respectively and their peak retention times were
compared with those obtained for sulforaphane and SAH external standards (Sigma Aldrich). Calibration curves were built in the range of 5-100 µg/mL for
sulphoraphane and 2.5-50 µg/mL for SAH and were used to quantify their concentration in cabbage seedling extracts [5, 6].
In vitro cytotoxicity. Human colon adenocarcinoma cells (Caco-2) were grown in DMEM medium supplemented with 10% foetal bovine serum (FBS), with antibiotic, at
37 °C, in an incubator containing 5% CO2. For cytotoxicity tests, cells were seeded at a concentration of 2x104 cells/ml in a 96-well culture plate. After 24 h of cultivation
in standard conditions, the medium was replaced with fresh medium containing V1-V3 and M treated plant extracts, in different concentrations and the plates were
cultivated for 24 h and 72 h. Cell viability was evaluated by MTT assay [7] and cell morphology was observed at an inversed-phase light microscope (Nikon).
Statistics. The results were presented as mean ± standard deviation (SD). Significant statistic differences were considered for p<0.05 after performing Student’s t-test
on paired samples.
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RESULTS AND DISCUSSIONS

Total Se, sulforaphane and SAH content

HPLC analysis allowed detection of sulforaphane, as degradation product of glucosinolates, and identification of S-aminoacid SAH in the seedling extracts by retention time comparison with that of standard
solutions. Using the calibration curves, their content was calculated and presented for three variants of biostimulated seedlings. Sulforaphane level decreased in seedlings treated only with Se salts (112.07
μg/g d.w) and was slightly lower than the control in V2-V3 treated seedlings. SAH content increased in seedlings supplied only with Se salts, confirming that Se treatment interfered with sulfur compounds
metabolism. In plants treated with mixtures of Se/betaine/spraying adjuvant (V2) and betaine/adjuvant mixture (V3), the presence of betaine compensated Se salt effect, re-equilibrating the S-aminoacids pool.
Total Se content in treated seedling extracts was determined by atomic absorption spectroscopy. The results showed that cabbage seedlings treated with V1-V3 mixtures of biostimulants have presented
different levels of Se. Plants supplied only with Se salt (V1) showed the highest content of Se (0.163 μg/g d.w.), but this value was not significantly different from the seedlings treated with a mixture of Se,
betaine and adjuvant (V2) (0.152 μg/g d.w.).

Glucosinolate and S-aminoacid identification by HPLC

In vitro antiproliferative activity

Growth and treatment of cabbage seedlings
2 weeks 4 weeks 7 weeks

Seeding of cabbage seeds was carried out in alveoli, after 2 weeks plants were picked out in pots and, after 4 weeks, in boxes. After twice repeated treatment with different mixtures of biostimulants (V1-V3),
based on Se, betaine and adjuvant, plants were harvested and morphometrically measured. The results showed that the used treatments have favored a normal growth of cabbage seedlings. The values are
presented as mean of 10 measurements.

INTRODUCTION

Leaf 
number

Height 
(cm)

Weight 
(g)

10 μM Na2O4Se (V1) 5 21.1 1.21

10 μM Na2O4Se, 10 mM betaine 
and 1% adjuvant (V2)

6 22.7 1.72

10 mM betaine and 1% adjuvant
(V3)

5 20.5 1.65

Distilled water (M) 4 18.7 1.01

Biostimulant mixture Total Se content
(μg/g d.w.)

Sulforaphane
(μg/g d.w.)

SAH
(μg/g d.w.)

10 μM Na2O4Se (V1) 0.163 112.07 5.95
10 μM Na2O4Se, 10 mM betaine 
and 1% adjuvant (V2)

0.152 285.17  3.87

10 mM betaine and 1% adjuvant
(V3)

0.042 328.08  4.06

Distilled water (M) 0.037 350.87    5.32

The results of seedling extracts cytotoxicity on Caco-2 carcinoma cells indicated, after 72 h of cultivation, significantly
(*p<0.05) higher antiproliferative activity values for cabbage plants treated with a mixture of Se, betaine and adjuvant
(IC50, 0.630 mg/mL) than for water-treated plants (IC50, 0.730 mg/mL). Seedlings treated with betaine and adjuvant
presented comparable cytotoxicity value (IC50, 0.715 mg/mL) with that of water-treated plants.

We have selected the mixture of 10 μM Na2O4Se, 10 mM betaine and 1% adjuvant
(V2), as optimal biostimulant formula, which will be tested in the field on
cruciferous crops of both cabbage and cauliflower.

 The obtained biofortified plants represent functional food with enhanced
antitumoral activity, as demonstrated in vitro on human carcinoma cell line Caco-2.

 The results of this study consisting of qualitative and quantitative chemical
determinations and biological in vitro tests demonstrated that we can recomend a
protective biofortification biotechnology based on selenium salts, betaine and
spraying adjuvant for obtaining safe functional food.
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Microscopy analysis showed that extracts of biofortified seedlings induced a
damaging effect on carcinoma cells, at both cell morphology and cell density
level, in a dose-dependent manner. After 72 h of cultivation, cells appeared
degenerated and lysed at high concentrations of extract. These micrographs
indicated high antiproliferative activity of biofortified cabbage extracts.
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