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Abstract
This study investigated the effect of selenium (Se) biofortification on the mineral composition, phenolic content and anti-
oxidant properties of Jute leaf (Corchorus olitorius). Jute seeds were cultivated in four groups containing 0%, 0.01%, 0.05% 
and 0.1% Se-fortified organic fertilizer. The leaves were harvested at maturity and the mineral content, total phenol and 
flavonoid contents were determined. In vitro antioxidant properties of the leaves shown by their free radical scavenging 
abilities, reducing property,  Fe2+ chelating ability, inhibition of Fenton reaction and lipid peroxidation were also assayed. 
Se content significantly increased from 0.18 ± 0.01 mg/100 g in 0% fortification group to 0.4 ± 0.03 mg/100 g in 0.1% forti-
fication. Total phenol and flavonoid contents with the antioxidants properties increased at 0.05% fortification but reduced at 
0.1% fortification. The result suggests that Jute leaf bioaccumulation of Se at 0.05% Se biofortification optimally influenced 
its mineral, phenolic contents and antioxidant properties.
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Introduction

Selenium is an essential micronutrient which is vital for 
human health (Wu et al. 2015). Initially, the focus on sele-
nium research was on its toxicity (Smith et al. 1936), after 

reports of diseased animals raised in seleniferous areas. 
However, more research on the element led to the discovery 
that it exists as a micronutrient and possesses anti- carcino-
genic and antioxidant properties (Shamberger and Rudolph 
1966). Studies also showed that enzymes such as glutathione 
peroxidase, thioredoxin reductase and other selenoproteins 
which include deiodinases, selenoproteins P, K and S pos-
sess this element in their active sites (Allan et al. 1999; Ray-
man 2000; Tinggi 2003). Moreover, the outbreak of Kes-
han disease in China also ushered in more research on the 
beneficial roles of this essential micronutrient in the body 
(Chen 2000). Selenium was then observed to be involved in 
processes in the body such as anti-oxidation, proper func-
tioning of the immune system, fertility, especially in males 
and preservation of the integrity of the DNA, among oth-
ers (Finley et al 2001; Ip et al 2000; Kotrebai et al. 2000). 
Hence, selenium deficiency has been linked with oxidative 
stress, rapid degeneration of diseases such as HIV/AIDS, 
cancer, Alzheimer's disease, cardiovascular diseases and dia-
betes (Fairweather et al. 2011). Enzymes which also possess 
the micronutrient in their active site could also be inhibited, 
affecting their proper function (Guo and Wu 1998).

The exposure of humans to selenium depends largely on 
the levels of selenium in the environment as it is mainly 
derived from diet. Plants absorb selenium from the soil and 
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biotransform it into the organic form. However, the level 
of selenium varies widely in the environment. Research 
has shown that environments with sedimentary rocks tend 
to have a higher level of selenium in the soil compared to 
environments encompassed with igneous rocks (Neal 1995). 
As a result, crops cultivated on the latter will have little 
or no level of selenium, predisposing the people in such 
area to selenium deficiency and also increasing the risk 
and prevalence of certain diseases such as Keshan disease, 
Kashin-Beck disease, white muscle disease etc. (Fordyce 
2013). Selenium deficiency is sometimes mitigated by the 
use of oral selenium supplements such as barium selenate, 
sodium selenate, sodium selenite and potassium selenate in 
some parts of the world (Timbo et al. 2006; Graham 1991), 
but over supplementing could occur, leading to selenosis 
with symptoms such as dizziness, stomach upset, brittle hair 
and nails, diarrhea, nausea (Reid et al. 2004; Morris and 
Crane 2013). In selenium deficient areas, a major strategy 
used for ameliorating low levels of selenium in the soil is 
the fortification of the soil with selenium fortified fertilizer. 
Food crops with the ability to absorb and bioaccumulate 
selenium are then planted on this soil. This ultimately leads 
to an increase in the selenium content of various parts of 
these crops. However, a food crop must be able to effec-
tively accumulate selenium in its edible parts before it can 
be considered to be used to ameliorate selenium deficiency 
in populations.

Jute (Corchorus olitorius) is a leafy vegetable con-
sumed in countries such as Egypt, Southern Asia, Japan, 
India, China, Lebanon, Palestine, Syria, Jordan, Tunisia and 
Nigeria. It is a leading vegetable in Nigeria, Sudan, Uganda, 
Zimbabwe and Cameroon and is cultivated for its leaves as 
food (Loumerem and Alercia 2016). The leaves are good 
sources of Vitamin A and C, protein, ash, fibre, calcium, 
iron, potassium, thiamine and riboflavin (Loumerem and 
Alercia 2016; Islam 2013). The leaves were also shown to 
possess anti-inflammatory, anti-nociceptive, anti- pyretic 
and antioxidant properties (Oboh et al. 2009; Islam 2013; 
Zakaira et al. 2006; Yakoub et al. 2018). It is used in the 
treatment of chronic cystitis, dysuria, gonorrhea, toothache, 
liver disorders and dysentery (Islam 2013; Hillocks 1998). 
More research also revealed that the leaves are rich in phe-
nolic compounds such as chlorogenic acid, isorhamnetin 
and caffeic acid (Oboh et al. 2012). Considering the wide-
spread acceptability of Jute leaf across some West African 
and Sub- Saharan countries (Duke 1983) and the role of 
selenium in immune boosting (Riaz and Mehmood 2012; 
Brigelius-Flohé 2018), selenium bioaccumulation in Jute 
leaf is expected to increase dietary intake of Se with rela-
tively high geographical spread with the aim of offering a Se 
rich vegetable for potential immune boosting.

Plant phenols and flavonoids are the secondary metab-
olites produced naturally in plants via the shikimate or 

phenylpropanoid pathway. They act as the plant defense sys-
tem, signaling compounds, protection agents from oxidants 
and ultraviolet radiation (Lattanzio 2013; Liu 2013). Natural 
polyphenols have the ability to scavenge free radicals, che-
late metal ions and activate antioxidant enzymes (Adefegha 
and Oboh 2013). They exert health benefits when consumed 
as a result of their antioxidant activities (Adefegha 2017). 
Minerals present in the earth crust are absorbed by plants 
and used for their nutrition. After absorption by the roots, 
these minerals are translocated to other plant parts where 
they carry out various biological functions. These minerals 
are involved in osmoregulation, cell signaling, chlorophyll 
synthesis, cell turgor and control of cell permeability (Pan-
dey 2015).

Previous studies have observed that selenium biofortifica-
tion led to an increase in selenium contents in plants and the 
total phenolic and flavonoid content as well as the mineral 
composition were affected. Pazurkiewicz-Kocot et al. (2003) 
observed that selenium altered the accumulation of some 
minerals in Zea mays. Schiavon et al. (2013) also observed 
that the chemical composition and antioxidant properties of 
tomato (Solanum lycopersicon L.) was affected as a result 
of selenium fertilization. The same applies to mushroom 
as its antioxidant properties were enhanced as a result of 
selenium uptake (Bhatia et al. 2014; Gasecka et al. 2016). 
Considering the role of selenium in immune boosting, and 
antioxidant augmentations (Huang et al. 2012), Jute leaf Se 
biofortification is hypothesized to increase dietary source of 
Se with relatively high geographical spread, with the aim of 
offering a Se rich vegetable for potential immune boosting 
and antioxidant properties.

The aim of this study therefore, is to cultivate Se-bioforti-
fied Jute leaf as a dietary source of Se. We also investigated 
the influence of Se-biofortification on the total phenol con-
tent and antioxidant properties of the vegetable as previous 
studies have linked the antioxidant properties of Jute leaves 
to their constituent phenol content (Oboh et al. 2012).

Materials and methods

Preparation of selenium‑fortified fertilizer

Jute leaf (Corchorus olitorius) cultivation on Se‑biofortified 
soil

It has been observed that selenite is the major form of sele-
nium in acidic soils and is readily reduced to organic com-
pounds in plants (John et al. 1991; Kahakachchi et al. 2004). 
In this experiment, selenium (Se) was sourced as sodium 
selenite because jute is cultivated mostly in the South- west-
ern part of Nigeria where the soils are mostly acidic (Fashina 
et al. 2015). The selenium fortified fertilizer was produced 
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according to the modified method of Hu et al. (2000) and the 
organic component of the fertilizer was obtained from the 
Teaching and Research farm, Federal University of Technol-
ogy, Akure, Nigeria. Jute leaf was cultivated with the seeds 
at the botanical garden (Research Section) of the Federal 
University of Technology, Akure. The seeds were divided 
into 5 groups, each group per bed (1 m by 5 m): Group 1 
is made up of seeds cultivated on vegetable bed containing 
no fertilizer. Group 2 is seed cultivated on vegetable bed 
containing 0.01% inclusion of Se-fortified fertilizer to top 
soil; Group 3 is seeds cultivated on vegetable bed contain-
ing 0.05% inclusion of Se-fortified fertilizer to top soil while 
Group 4 is seeds cultivated on 0.1% inclusion of Se-fortified 
fertilizer to top soil. The leaves were harvested at maturity 
(6 weeks after cultivation) and rinsed in distilled water. They 
were them homogenized in distilled water and stored in the 
refrigerator at 4 °C for further analysis.

Determination of Se concentration in biofortified Jute leaf

Different concentrations of selenium (0.125, 0.25, 0.50, 1.00 
and 2.00 mg/l) were prepared from stock standard solution 
by serial dilution using 10% Nitric acid. Thereafter, 2 g of 
samples were weighed into a digesting tube and 10 ml mix-
ture of concentrated nitric acid with concentrated hydrochlo-
ric acid (1:3) was added. It was then placed in a microwave 
digester at a controlled temperature to avoid the volatili-
zation of selenium elements for about 1 h and monitored 
until the fume of the nitric acid ceased and a clear solution 
obtained. The digest obtained were made up with distilled 
deionized water in a 10 ml standard flask which was later 
transferred into a well cleaned and pre rinsed sample bottled 
for selenium determination using Hydride generator-Atomic 
Absorption Spectrophotometer (Ag-AAS) 230ATS installed 
with hydride generator model 1018 both manufactured by 
Buck Scientific INC, USA. This method was optimized by 
spiking sample with a known concentration of selenium 
solution and the percentage recovery calculated.

Determination of the Mineral content of Se‑biofortified 
Jute leaves

1 g of plant sample was digested using a mixture of 12 ml 
 HNO3 and 4 ml HCl. Samples were boiled for 2 h in cov-
ered beakers on a hot plate. All solutions with undissolved 
residual phases are transferred into the 100 ml volumetric 
flask and filled to the mark with deionized water followed by 
filtration through medium filters. The obtained digests were 
stored no longer than 24 h at a temperature of 8 °C prior to 
Atomic Absorption Spectroscopy (AAS) analysis. Zn an Fe 
concentrations in respective solutions were determined with 
the use of AAS. Flame photometer was used to determine Na 
and K while Ca and Mg concentrations were determined by 
titration. FAAS (the GBC 932 plus spectrophotometer) with 
air acetylene flame and hollow lamps (HCl) as light sources.

Total phenol content

The total phenol content was determined according to the 
method of Singleton et al. (1999). The homogenates were 
diluted in varying concentrations and then oxidized with 500 
ul of 10% Folin- Ciocalteau's reagent (v/v) and then neutral-
ized with 400 µL 7.5% sodium carbonate. The reaction was 
incubated for 40 min at 45 °C and then read at 765 nm in the 
spectrophotometer (721-VIS spectrophotometer). The total 
phenol content was then calculated and expressed as mg 
GAE/g, where GAE is garlic acid equivalent.

Total flavonoid content

Determination of the total flavonoid content was carried out 
according to the method of Meda et al. (2005). 500 µl of 
methanol, 50 µl of  AlCl3, 50 µl of 1 M potassium acetate 
were added to the sample and allowed to incubate at room 
temperature for 30 min and read in the spectrophotometer 
at a wavelength of 415 nm. The total flavonoid content was 

Table 1  Table showing the concentration of Selenium and some minerals in Selenium fortified Jute leaves

Results are expressed as mean ± standard deviations (SD) of triplicate experiments. Superscript letters are significantly different (p < 0.05)
a Mean values are significantly different compared to 0% selenium content at p < 0.05
b Mean values are significantly different compared to 0.01% selenium content at p < 0.05
c Mean values are significantly different compared to 0.05% selenium content at p < 0.05

Se Ca Mg K Na Fe Zn

0% Se content 0.18 ± 0.01 7.2 ± 0.01 10.59 ± 0.01 4.37 ± 0.35 2.76 ± 0.01 1.5 ± 0.01 1.25 ± 0.07
0.01% Se content 0.26 ± 0.01a 2.16 ± 0.01a 10.45 ± 0.01a 4.63 ± 0.01a 5.37 ± 0.01a 2.07 ± 0.01a 1.73 ± 0.01a

0.05% Se content 0.32 ± 0.01a,b 2.15 ± 0.01a 17.9 ± 0.14a,b 4.21 ± 0.01 4.91 ± 0.01a,b 3.15 ± 0.01 a,b 1.87 ± 0.01a,b

0.1% Se content 0.4 ± 0.03a,b,c 3.25 ± 0.01a,b,c 7.35 ± 0.21a,b,c 4.86 ± 0.01 5.38 ± 0.01a,c 4.2 ± 0.001a,b,c 2.13 ± 0.001a,b,c
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calculated and expressed as mg QAE/g where QAE is quac-
ertin equivalent.

Ferric reducing antioxidant property (FRAP)

The samples´ reducing property were determined according 
to the method of Oyaizu (1986). 250 uL of the samples were 
mixed with 250 µL of 0.2 M phosphate buffer pH (6.6) and 
250 µl potassium ferric cyanide. The mixture was incubated 
for 20 min at 50 °C and trichloroacetic acid was added to 
it. This was now centrifuged at 650 rpm for 10 min. The 
supernatant was then mixed with 1 ml of distilled water and 
200 µl of ferric chloride. The absorbance was read at 700 nm 
with the use of spectrophotometer and the ferric reducing 
antioxidant property was then calculated and expressed as 
mg AAE/g, where AAE is ascorbic acid equivalent.

DPPH free radical scavenging ability

The ability of the samples to scavenge 1,1-diphenyl-2-pic-
rylhydrazyl (DPPH) free radical was assessed as described 
by Gyamfi et al. (1999) The extracts (1 ml) were mixed with 
1 ml of 0.4 mM methanolic solution containing DPPH radi-
cals, the mixture was then allowed to incubate in the dark 
for 30 min, after which the absorbance was read at 516 nm. 
The DPPH free- radical scavenging ability was subsequently 
calculated as percentage of control.

ABTS* scavenging ability

The ABTS* radical scavenging ability was determined 
according to Re et al.'s method (1999). The ABTS* radical 
was generated by the reaction of 7 mmol/l ABTS aqueous 
solution with  K2S2O8 (2.45 mmol/l, final concentration) 
in the dark for 16 h. The absorbance of the solution was 
further adjusted with ethanol at the wavelength of 743 nm 
to 0.700. Thereafter, 200 µL of the appropriate dilution of 
the sample was added to 1.8 mL of the ABTS solution and 
the absorbance was read at 735 nm following incubation of 
15 min. The trolox equivalent antioxidant capacity was then 
calculated.

Fenton's reaction

The ability of the samples to prevent  Fe2+/H2O2 induced 
degradation of deoxyribose was carried out according to 

Table 2  Pearson correlation between Selenium and other metals in Selenium fortified Jute leaves

*Correlation is significant at the 0.05 level (2 tailed)
**Correlation is significant at the 0.01 level (2 tailed)

Ca Mg K Na Fe Zn

Se − 0.639* − 0.132 0.469 0.776** 0.973** 0.968**

Fig. 1  a Total phenol content in the different groups of selenium 
fortified Jute leaves (Corchorus olitorius). *Mean values are signifi-
cantly different compared to 0% selenium content at p < 0.05. #Mean 
values are significantly different compared to 0.01% selenium con-
tent at p < 0.05. ^Mean values are significantly different compared to 
0.05% selenium content at p < 0.05. b Total flavonoid content in the 
different groups of selenium fortified Jute leaves (Corchorus olito-
rius). *Mean values are significantly different compared to 0% sele-
nium content at p < 0.05. #Mean values are significantly different 
compared to 0.01% selenium content at p < 0.05. ^Mean values are 
significantly different compared to 0.05% selenium content at p < 0.05
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the method of Halliwell and Gutteridge (1981). Appropri-
ate dilutions of the sample were added to 120 µL of 20 mM 
deoxyribose. 400 µl of 0.1 M phosphate buffer was then 
added alongside 40 µl of 21%  H2O2, 40 µl  Fe2+ solution, 
and 800 µl of distilled water. The mixture was then allowed 
to incubate at 37 °C for 30 min. 500 µl of 2.8% of TCA 
was then added with 400 µl of 0.6% TBA. The mixture was 
further incubated in boiling water for 20 min. The absorb-
ance was read at 532 nm in the spectrophotometer. The 
 OH− radical scavenging ability was subsequently calculated 
and expressed as percentage of control.

Fe2+ chelating ability

The  Fe2+ chelating ability of the samples was determined 
according to the method of Minotti and Aust (1987) and 
modification by Puntel et  al. (2005). Freshly prepared 
500 µM FeSO4 (150 µl) was added to the reaction mixture 
containing 168 µl of 0.1 M Tris-HCl (pH 7.4), 218 µl saline 
and the samples. The mixture was then incubated for 5 min, 
before the addition of 13 µl of 0.25% 1, 10-orthophenanth-
roline (w/v). The absorbance was subsequently measured at 
510 nm in a spectrophotometer. The Fe (II) chelating ability 
was then calculated and expressed as percentage of control.

Lipid peroxidation

Induction of lipid peroxidation in an isolated rat kidney was 
carried out according to the method of Ohkawa et al. (1979) 
100 µl of kidney homogenate was added to a mixture con-
taining 30 µl of 0.1 M Tris-HCl buffer (pH 7.4), 0–300 µl of 
the samples and distilled water. This was followed by incu-
bation at 37 °C for 1 h and the reaction was allowed to cool. 
300 µl of 8.1% sodium dodecyl sulfate (SDS) and 500 µl of 
acetic acid/HCl (pH 3.4) solution were added. 500 µl of 0.8% 
thiobarbituric acid (TBA) was also added and this mixture 
was boiled for 1 h. The absorbance of thiobarbituric acid 
reactive species (TBARS) was measured at 5332 nm and 
calculated using malondialdehyde as the control.

Statistical analysis

Results were expressed as mean ± standard deviation (SD) of 
all experiments. All data were appropriately analyzed using 
one-way ANOVA coupled with Tukey's post hoc test (signif-
icant level of mean difference was accepted at p < 0.05) via 
Graph pad PRISM (V.5.0). The Pearson correlation coeffi-
cients (r) were carried out with Statistical Program for Social 
Science (SPSS version 21.0.Armonk, NY: IBM Corp).

Results and discussion

Table 1 shows the Se concentration, as well as calcium (Ca), 
magnessium (Mg), potassium (K), sodium (Na), iron (Fe) 
and zinc (Zn) levels of Se biofortified Jute leaf (Corchorus 
olitorius) samples. The result showed a significant increase 
(p < 0.05) in Se concentration of Se biofortified leaves with 
increase in Se concentration. This could be associated with 
bioaccumulation of Se in the aerial parts of the vegetable. 
Studies have shown that the accumulation of selenium 
occurs as a result of modifications in the enzyme pathways 
that play a role in sulfur metabolism (Brown and Shift, 1982; 
Giessel- Nielsen et al. 1984). Our result therefore suggests 
that the plant absorbs selenium from the soil, and the leaves 
which are the edible portion of the plant successfully bioac-
ccumulates the element.

Furthermore, we observed that bioaccumulation of Se in 
Jute leaf modulates the levels of other minerals in the leaf. 
There was a significant increase (p < 0.05) in Zn, Fe and 
Na levels with increase in Se biofortification (0.01–0.1%) 
when compared to control. A significant decrease in Ca level 
was observed at 0.01 and 0.05 selenium percentage inclu-
sion, while no significant changes were observed for K level 
across the groups. Pazurkiewicz-Kocot et al. (2003) reported 
an increase in Na concentration in the leaves of Zea mays 
treated with sodium selenite. Rios et al. 2013 also reported 
a decrease in the Ca levels in the leaves of tomato plants 
treated with sodium selenite. Although they also reported 
an increase in K levels in the tomato leaves, we observed 
that there was no significant difference in K levels between 
the groups treated with the selenium fortified fertilizer and 
the control. The Pearson correlation coefficient (Table 2) 

Table 3  Pearson Correlation coefficient between Selenium and Total Phenol, Total Flavonoid and the antioxidant parameters in Jute leaves

TPC total phenolic content, TFC total flavonoid content, DPPH 1,1-diphenyl-2-picrylhydrazyl, FRAP ferric reducing antioxidant power, FeCh 
iron chelation, LPO lipid peroxidation, NO nitric oxide, OH Fenton's reaction
*Correlation is significant at the 0.05 level (2 tailed)
**Correlation is significant at the 0.01 level (2 tailed)

TPC TFC DPPH ABTS FRAP FeCh LPO NO OH

Se 0.804** − 0.200 0.620* 0.245 0.210 0.127 0.175 0.463 0.807**
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revealed a significant positive correlation (p < 0.05) between 
Se and Zn, Fe as well as Na levels. However, there is a sig-
nificant negative correlation (p < 0.05) between Selenium 
and Calcium.

The presence of selenium in plants could affect the 
absorption and accumulation of other elements in plants. 
This observation is most likely one of the first signs of an 
increase in selenium concentration (Pazurkiewicz-Kocot 
et al. 2003).  Na+,  K+ and  Ca+ are responsible for the regu-
lation of cell membrane potential and turgor in plants and 
organisms. They may also be involved in some physiologi-
cal processes in plants such as phloem uploading, elonga-
tion growth, water uptake, activation of proteinase inhibitor 
genes and gas exchange (Allan et al. 1999; Bandurski and 
Krekule 1988; Loneragan and Webb 1993). Zn and Fe are 
responsible for protein synthesis, maintenance of cell mem-
brane integrity, enhancement of chlorophyll in plant tissues 
(Hussain et al. 2015; Rout and Sahoo 2015). The changes 
in the concentration of these elements could be a result of 
the changes in the absorption pathway or permeability coef-
ficient of cell membranes (Pazurkiewicz-Kocot et al. 2003) 
which could be affected by selenium accumulation.

Figure 1 shows the total phenol and total flavonoid con-
tents in each group of Se biofortified Jute leaves. The result 
showed that the total phenol concentration at 0.05% and 
0.1% Se biofortification were significantly higher (p < 0.05) 
than no Se biofortification. It also showed that the total phe-
nol and total flavonoid contents at 0.1% Se biofortification 
significantly reduced when compared to 0.05% biofortifica-
tion. In addition, a strong positive correlation was observed 
between Se and total phenolic contents in the samples.

Previous studies have reported that jute leaves is rich in 
total phenol and flavonoid contents which contributed sig-
nificantly to their antioxidant and other therapeutic prop-
erties (Islam 2013; Oboh et al. 2009, 2012). This study 
shows that total phenolic content increases with increase in 
selenium biofortification, although the highest total phenol 

level was observed at 0.05%. The total flavonoid content 
however was only significantly higher than control at 0.05% 
Se inclusion. To the best of our knowledge, this is the first 
report on Se biofortification and its effect on the phenolic 
content in Jute leaf. Other studies however also observed 
that selenium fortification increases phenolic content at low 

Fig. 2  a Ferric reducing antioxidant property of the different groups 
of selenium fortified Jute leaves (Corchorus olitorius). *Mean val-
ues are significantly different compared to 0% selenium content at 
p < 0.05. #Mean values are significantly different compared to 0.01% 
selenium content at p < 0.05. ^Mean values are significantly different 
compared to 0.05% selenium content at p < 0.05. b DPPH scavenging 
abilities of the different groups of selenium fortified Jute leaves (Cor-
chorus olitorius). *Mean values are significantly different compared 
to 0% selenium content at p < 0.05. #Mean values are significantly 
different compared to 0.01% selenium content at p < 0.05. ^Mean val-
ues are significantly different compared to 0.05% selenium content at 
p < 0.05. c ABTS scavenging ability of the different groups of sele-
nium fortified Jute leaves (Corchorus olitorius). *Mean values are 
significantly different compared to 0% selenium content at p < 0.05. 
#Mean values are significantly different compared to 0.01% selenium 
content at p < 0.05. ^Mean values are significantly different compared 
to 0.05% selenium content at p < 0.05

▸
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concentrations in plants (Groth et al. 2020; Schiavon et al. 
2013) and mushroom (Gasecka et al. 2016). Studies have 
shown that selenium does has some influence on the total 
phenol and flavonoid contents in plants and mushrooms 
(Groth et al. 2020; Schiavon et al. 2013; Gupta and Gupta 
2017). Attention on phenolic compounds has increased over 
due the years due to the health benefits associated with them. 
As a result of their chemical structures, they have the ability 
to act as antioxidants, mitigating the reactions which can 
lead to oxidative stress. Selenium induces a change in sulfur 
assimilation in plants which greatly affects nitrogen metab-
olism, and consequently the synthesis of amino acids and 
proteins (Malagoli et al. 2015; Gupta and Gupta 2017).The 
amino acid phenylalanine is a precursor for phenol synthesis. 
Hence, an increase in phenolic concentration in the Se bio-
fortified Jute leaves may be as a result of the direct effect of 
Se with amino acid phenylalanine in the plant. Furthermore, 
Table 3 shows a positive correlation between selenium and 
total phenol content, suggesting that selenium has a direct 
effect on the total phenol content.

Figure 2a shows the ferric reducing antioxidant property 
of the samples. At 0.05% Se fortification, the reducing abil-
ity was significantly higher than that of the 0% and 0.01% 
Se fortifications. However, the ferric reducing ability at 
0.1% fortification was significantly lower, when compared 
to 0.05% Se fortification.

1-diphenyl-2-picrylhydrazyl (DPPH) free radical scav-
enging ability of the samples is presented in Fig. 2b. The 
scavenging ability significantly increased across all groups 
of Se biofortification (0.01–0.1%), when compared to non-
biofortified leaves; however, the scavenging ability of 0.1% 
Se fortification sample was significantly lower, compared 
to 0.05% Se biofortified leaves. In addition, a strong posi-
tive correlation was observed between Se content and DPPH 
scavenging abilities of the samples (Table 3). Similarly, the 
ABTS radical scavenging ability at 0.05% Se fortification 
(Fig. 2c) is shown to be significantly higher (p < 0.05), 
when compared to the 0% Se fortified group; however, the 

Fig. 3  a Hydroxyl radical scavenging property of the different groups 
selenium fortified Jute leaves (Corchorus olitorius). *Mean values are 
significantly different compared to 0% selenium content at p < 0.05. 
#Mean values are significantly different compared to 0.01% selenium 
content at p < 0.05. ^Mean values are significantly different com-
pared to 0.05% selenium content at p < 0.05. b Iron chelating ability 
of the different groups of selenium fortified Jute leaves (Corchorus 
olitorius). *Mean values are significantly different compared to 0% 
selenium content at p < 0.05. #Mean values are significantly differ-
ent compared to 0.01% selenium content at p < 0.05. ^Mean values 
are significantly different compared to 0.05% selenium content at 
p < 0.05. c Lipid peroxidation inhibitory ability of the different groups 
of selenium fortified Jute leaves (Corchorus olitorius). *Mean val-
ues are significantly different compared to 0% selenium content at 
p < 0.05. #Mean values are significantly different compared to 0.01% 
selenium content at p < 0.05. ^Mean values are significantly different 
compared to 0.05% selenium content at p < 0.05
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scavenging ability is shown to be significantly lower at 0.1% 
Se fortification, when compared to the 0.05% Se fortified 
group.

One of the properties of antioxidants is the ability to scav-
enge free radicals which are generated during some meta-
bolic processes. The Se-biofortified vegetables exhibited 
significant free radical scavenging properties as observed 
from their DPPH and ABTS scavenging abilities. Both the 
DPPH and ABTS scavenging abilitiees of the Se-biofortified 
jute leaves increased with increasing concentration of Se, 
except the highest concentration (0.1% Se), which is not 
significantly different (p > 0.05) from the control group. An 
increase in the in vitro free radical scavenging properties at 
Se biofortification levels may be due to an increase in the 
total phenol content of the leaves at the levels of biofortifica-
tion. Phenols are known to possess free radical scavenging 
properties. Therefore, we suggest that an increase in the total 
phenol might be responsible for the increase in the free radi-
cal scavenging properties when compared to the control. The 
decrease in the phenolic content at the highest level (0.1%) 
of Se biofortification can also be associated with the reduced 
raical scavenging abilities of 0.1% Se biofortification when 
compared to the 0.05% Se biofortification.

Selenium biofortified Jute leaves at 0.05% and 0.1% 
exhibited significantly higher inhibition of Fenton's reac-
tion, when compared to 0% and 0.01% Se biofortified sam-
ples (Fig. 3a). In addition, a strong positive correlation was 
observed between Se content and inhibition of Fenton reac-
tion by the samples. The Fe (II) chelating ability of samples 
biofortified with 0.01% and 0.1% was observed to be signifi-
cantly lower, when compared to control (Fig. 3b). However, 
at 0.05% biofortification, the sample exhibited significantly 
higher chelating ability when compared to 0.01% bioforti-
fication. Figure 3c shows the result for lipid peroxidation 
reaction in the different sample groups. The ability of the  
samples to control lipid peroxidation at 0.05% biofortifica-
tion when compared to the control group and 0.01% bioforti-
fied samples is noteworthy. However, at 0.01% biofortifica-
tion the lipid peroxidation ability is significantly low when 
compared to 0.05% biofortification.

Ions such as the ferrous ion when free in the system, that 
is, not sequestered to a protein have the ability to react with 
hydrogen peroxide in a reaction known as Fenton's reac-
tion to produce hydroxyl radical (Valko et al. 2007). The 
hydroxyl radical is a short lived radical which acts at the site 
of its production. It has the ability to oxidize lipids, proteins 
and DNA. The cellular membranes of cells are composed of 
phospho- and sphingo-lipids which contain polyunsaturated 
fatty acids (PUFA). These PUFAs are targets of oxidation 
leading to the generation of peroxyl radicals which undergo 
rearrangement to form endoperoxides, finally forming 
malondialdehyde as one of the final products of lipid per-
oxidation (Valko et al. 2007). Our result shows that increase 

in Se fortification brought about an increase in the inhibi-
tion of Fenton' reaction, which could be associated with the 
increased inhibition of  Fe2+-induced lipid peroxidation and 
 Fe2+ chelating abilities. Nevertheless, 0.05% Se biofortifica-
tion presents the optimum inhibition of lipid peroxidation.

 In conclusion, application of selenium fortified fertilizer 
to the soil used for the cultivation of Jute leaves led to the 
accumulation of this nutrient in the leaves. The concentra-
tion of selenium was observed to increase as the level of 
biofortification increased. This led to changes in the mineral 
composition, total phenol content and the antioxidant param-
eters of the leaves. However, the leaves at 0.05% Se-fortifica-
tion shows more promise for functional and therapeutic use 
as the antioxidant status at this level was maxima. However, 
while the highest Se-bioaccumulation was observed at 0.1% 
Se-fortification, nevertheless, the total phenol content and 
some antioxidant properties were reduced, suggesting some 
negative modulatory effects at this level of Se-fortification. 
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