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Abstract 
 
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. Se 
biofortification of food chain is considered essential for global health, but when applied on Brassicaceae family plants 
is interfering with sulfur (S) metabolism, reducing the accumulation of valuable S-phytonutrients. Moreover, Se-based 
biostimulants were 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. We treated 
cabbage seedlings with different variants of biostimulants, we performed plant morphometric analysis and we 
determined the selenium content by atomic absorption spectroscopy, the glucosinolate and sulfur aminoacid content by 
HPLC and we evaluated plant antitumoral activity in Caco-2 human carcinoma cell line. The results of the qualitative 
and quantitative chemical determinations of spectroscopy and chromatography allowed us to select the mixture of 10 
μM Na2O4Se, 10 mM betaine and 1% adjuvant, as optimal biostimulant formula that induced an equilibrated content of 
chemopreventive compounds in cabbage seedlings. Biological in vitro tests demonstrated that the obtained biofortified 
cabbage seedlings had enhanced antitumoral activity in Caco-2 human carcinoma cell line, compared to water-treated 
seedlings. In conclusion, we recommend a protective biofortification biotechnology based on selenium salts, betaine 
and spraying adjuvant to be tested in the field, on cruciferous crops of both cabbage and cauliflower.   
 
Key words: antitumoral activity, biofortification, cruciferous plants, phytonutrient, selenium salt. 
 
INTRODUCTION 
 
Biofortification of the food chain through 
treatments applied to plants (agronomic 
biofortification) brings the advantage of adding 
controlled levels of selenium (Se) compounds 
with high bioavailability (Pilon-Smits et al., 
2009; Khan & Hell, 2014). In addition, 
agronomic biofortification with Se allows the 
capitalization of its protective and stimulating 
action in plants (Feng et al., 2013). Studies in 
the past 15 years have shown that Se, although 
it is not widely recognized as an essential 
microelement for plant, stimulates plant growth 
(Hartikainen and Xue, 1999) and plays a 
significant role in plant protection against 

insects and phytopathogenic agents attack 
(Hanson et al., 2003), oxidative stress (Xue et 
al., 2001) and hydrostress (Wang, 2011). The 
plant treatment with Se has also the effect of  
improving the plants resistance to drought, 
when the hydrostress is combined with the 
oxidative one (Yao et al., 2009). 
A protective technology for biofortification with 
Se of cruciferous crops, in order to obtain 
functional food containing safe and constant level 
of chemopreventive Se compounds has, 
therefore, a double practical relevance, for public 
health, on the one hand (supplementation of  the 
food chain with safe Se levels) and for agronomy, 
on the other hand (to increase the efficiency of 
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crops throught their protection against biotic and 
abiotic stress and limitation of drought effects). 
Cruciferous vegetables are major crops on which 
treatments of Se biofortification have been 
applied (White and Broadley, 2009). This work 
aims to develop and apply some products as new 
inputs in Se protective biofortification technology 
for cruciferous plants, technology that will 
rebalance sulfur metabolism, while maintaining 
an optimal level for the formation of 
chemopreventive Se compounds. The main ways 
of intervention are applying betaine, an 
osmoprotectant, acting as donor of methyl groups 
(for recovery of methionine from homocysteine) 
and spraying adjuvants that favor plant 
penetration of Se salts and of betaine, ionic 
charged compounds, with very low penetration 
through hydrophobic plant cuticle. In this work, 
we aimed to establish the effect of new products 
on the levels of chemopreventive compounds in 
Se treated cruciferous plants (cabbage). 
 
MATERIALS AND METHODS 
 
Plant growth. Cabbage plants (Brassica 
oleracea L. var. capitata alba) were grown 
from seeds germinated in soil (mixture of peat 
moss, fertilizer and coarse sand). Plant seedlings 
were maintained in a room with controlled 
growth parameters. The plants were normally 
watered and grown for 10 weeks.  
Se biostimulant treatment. Plants (10 
plants/treatment) were treated with different 
mixtures of sodium selenate (Na2O4Se), betaine 
and spraying adjuvant, as follows:  
� 10 μM 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 two weeks, by foliar spraying (2 mL/plant), 
using a split-split plot design.  
 
Plant analysis. Plant dry weight (d.w.) was 
determined at a moisture balance (Radwag, 
Poland). Se content was determined in dried 
plants 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. 

Plant extracts. Freshly harvested cabbage (1 g) 
was homogenized in 4 ml acidified water, pH 
6, at 45 °C, for 2.5 h. Sulforaphane was 
extracted by addition of 20 ml dichloromethane 
and incubation at room temperature, for 1 h and 
then, was purified using solid-phase extraction 
(Campas Baypoli et al., 2010). The extract was 
evaporated to dryness, in vacuo, using a rotary 
evaporator (Heidolph VV Micro, Germany) 
and the residue was dissolved in 1 ml 
acetonitrile. For S-adenosyl-homocysteine 
(SAH) extraction, fresh plant samples (5 g) 
were subjected to two-step procedure, first with 
5 ml methanol, precooled at -20 oC, then with 5 
ml isopropanol, precooled at -20oC 
(Nichiforova et al., 2005). The obtained 
supernatants were further combined and 
filtered through 0.22 μm membrane filter.  
HPLC analysis of glucosinolate and S-
adenosyl-homocysteine (SAH) was carried out 
on a HPLC Agilent 1200 system with diode 
array detector. Prior to injection into HPLC 
apparatus, the samples were filtered through 0.45 
μm PTFE membrane filter. 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 (Struys et al., 2000). 
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 S-adenosyl-homocysteine 
(SAH) external standards (Sigma Aldrich). 
Calibration curves were built in the range of 5-
100 μg/mL sulphoraphane and 2.5-50 μg/mL 
SAH and were used to quantify their 
concentration in cabbage plant extracts. 
 In vitro antitumoral activity. Caco-2 human 
colon adenocarcinoma cell line was obtained 
from ECACC. Cells were grown in MEM 
medium supplemented with 2 mM glutamine, 
1% non essential amino acids, 10% foetal 
bovine serum (FBS) and 1% antibiotics mixture 
(penicillin, streptomycin, neomycin) and 
incubated at 37 °C in a humidified atmosphere 
of 5% CO2. For cytotoxicity tests, cells were 
seeded at a concentration of 5x104 cells/ml in a 
96-well plate. After 24 h of cultivation in 
standard conditions, the medium was replaced 
with fresh medium containing V1-V3 treated 
plant extracts and control plant extract (M), in 
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0.05 - 2 mg/ml range of concentrations and the 
plates were cultivated in incubator, for 24 h and 
72 h. Sample cytotoxicity was evaluated by 
MTT assay (Craciunescu et al., 2007) and cell 
morphology was observed at an inversed-phase 
light microscope (Nikon). The antitumoral 
activity, expressed as half-maximal inhibitory 
concentration (IC50), was calculated from dose-
response curves as the concentration of sample 
that yielded 50% cell cytotoxicity. 
Statistics. Three replicates were used for all 
treatments in cell culture. 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. 
 
RESULTS AND DISCUSSIONS 
 
Cabbage seedlings growth, treatment and 
morphometric measurements 
 
Seeding was carried out, first, in alveoli, after 2 
weeks, plants were picked out in pots and, after 
4 weeks, in boxes (Figure 1). Seedlings were 
grown in a room with controlled temperature, 
humidity and light intensity, with a 12 h day 
length.  
At 1 week after the second treatment, 
consisting of sodium selenate (V1), mixture of 
sodium selenate, betaine and spraying adjuvant 
(V2), or mixture of betaine and spraying 
adjuvant (V3), plants were harvested and 
morphometrically analyzed, in comparison 
with control plants (M), sprayed only with 
water. Morphometric measurements, consisting 
of leaf number, height and weight of each 
seedling are presented in Table 1. The values 
represent the mean value of 10 plants 
measurements.  
 

Table 1. Morphometric measurements of cabbage 
seedlings after two treatments with biostimulants 

Applied treatment 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 
    

 

 

 
Figure 1. Images of cabbage seedlings at 2 weeks (A), 4 

weeks (B) and 7 weeks (C) of cultivation 

 
The results indicated that the used treatments 
have favoured a normal growth of the 
seedlings. 
 
Sulforaphane and SAH identification by 
HPLC 
HPLC analysis was performed in order to 
detect sulforaphane (Figure 2), as degradation 
product of glucosinolates, and to identify the S-
aminoacid SAH (Figure 4) in cabbage seedling 
extracts by comparison of their retention time 
with those of standard solutions (Figure 3, 
Figure 5).  

 A 

  B 

   C 
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Figure 2. HPLC of sulforaphane in V2 sample 

 

 
Figure 3. HPLC of sulforaphane standard 

 
Sulforaphane and SAH content was calculated 
using the calibration curves and presented in 
Table 2 for three variants of biostimulated 
seedlings. 
The results showed that sulforaphane level 
significantly decreased in seedlings treated 
only with Se salts (V1, 112.07 μg/g d.w.) and 
was slightly lower in V2-V3 treated seedlings 
than the control (M). In turn, SAH content 
increased in seedlings supplied only with Se 
salts (V1, 5.95 μg/g d.w.), 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.  
 

 
Figure 4. HPLC of SAH in V2 sample 

 

 
Figure 5. HPLC of SAH standard 

 
Total Se content in treated seedling extracts 
was determined by atomic absorption 
spectroscopy. The results presented in Table 2 
showed that Se content varied in cabbage 
seedlings treated with V1-V3 mixtures of 
biostimulants.  
 

Table 2. Total Se, sulforaphane and SAH content 

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 

 
Plants supplied only with Se salt (V1) 
presented 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.). 
 
In vitro antitumoral activity    
 
MTT assay is a well-known bioassay used for 
the primary evaluation of plant extracts 
cytotoxicity. The results of our study on 
cabbage seedling extracts cytotoxicity in Caco-
2 carcinoma cells showed that cytotoxicity 
values increased in a dose-dependent manner, 
at both periods of cultivation (Figure 6).  
After 24 h of cultivation, similar values of 
cytotoxicity were recorded for biostimulated 
and water-treated samples. At 72 h of 
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cultivation, significantly (*p<0.05) higher 
antiproliferative activity was observed for 
samples of cabbage plants treated with a 
mixture of Se, betaine and adjuvant (IC50, 
0.630 mg/mL), compared to water-treated 
plants (IC50, 0.730 mg/mL). Seedlings treated 
with betaine and adjuvant presented 
comparable antitumoral activity (IC50, 0.715 
mg/mL) with that of water-treated plants. 
 

24h

0

20

40

60

80

100

120

control 0.05 0.1 0.5 1 2

cabbage plant extract concentration (mg/mL)

Cy
to

to
xi

ci
ty

 (%
 o

f c
on

tr
ol

)

Se+betaine+adjuvant
betaine+adjuvant
water

  
72h

0

20

40

60

80

100

120

control 0.05 0.1 0.5 1 2
cabbage plant extract concentration (mg/mL)

C
yt

ot
ox

ic
ity

 (%
 o

f c
on

tr
ol

)

Se+betaine+adjuvant
betaine+adjuvant
water

 
Figure 6. In vitro cytotoxicity of cabbage biostimulated 
plant extracts, cultivated for 24 h and 72 h with Caco-2 

carcinoma cells *p<0.05 
 
Microscopy analysis showed that treated plant 
extracts induced a damaging effect on 
carcinoma cell morphology and decreased their 
cell density, in a dose-dependent manner 
(Figure 7).  
 

   

  
Figure 7. Carcinoma cell morphology after cultivation in 

the presence of V2 plant extracts for 72 h 

After 72 h of cultivation, cells appeared 
degenerated and cell lysis took place, at high 
concentrations of extract. The micrographs 
indicated high antiproliferative activity of 
extracts of cabbage biofortified with a mixture 
of selenium salt, betaine and spraying adjuvant 
(V2). 
Previous studies have demonstrated that 
glucosinolates inhibited (deoxy)cytidine 
methylation by DNA methyl transferase in 
normal cells, mainly by their hydrolysis 
compounds (Stefanska et al., 2012; Shankar et 
al., 2013). Other studies have showed that 
methyl selenium amino acids were involved in 
repairing modified DNA in normal cells, 
through mechanisms that are yet unknown 
(Bera et al., 2013) and induced apoptosis in 
transformed cells (Steinbrenner et al., 2013). 
 
CONCLUSIONS 
 
The results of qualitative and quantitative 
chemical determinations allowed us to select 
the optimal formula, 10 μM Na2O4Se, 10 mM 
betaine and 1% adjuvant (V2), which will be 
used as biostimulant in the field culture of both 
cruciferous crops, cabbage and cauliflower.  
The obtained biofortified plants represent 
functional food with enhanced antitumoral 
activity, as demonstrated in vitro on Caco-2 
human carcinoma cell line. This study, 
performed in human cell cultures,  demonstrated 
the relationship between different 
chemopreventive compounds (glucosinolates, 
methylated selenium amino acids) formed in 
cruciferous biofortified with Se using the 
proposed technology. 
By applying new inputs in the proposed 
technology to be achieved, Se biofortified food 
with a safe and stable content of 
chemoprotective compounds will be obtained 
and the effect of various abiotic stress (lack of 
water, irradiation) and biotic stress (pests and 
diseases) on biostimulated crops will be 
limited.  
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