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ABSTRACT

The presented paper deals with monitoring of the whgelenium (Se) content increase by foliar bitifor
fication with inorganic Se in two varieties of gardeeaPisum sativum L. (Premium, Ambassador) in the
conditions of south Slovakia in 2014-2015. The ltesof experiments show that treatment of plants with
two doses of Se concentration (50 g and 100 g Sdrhthe form of a sodium selenate anhydrous safijitio
at the flowering stage significantly increased thaltSe content in the seeds of both varietiedo®watg

the results by the consumption of 25 g of driedised peas or 100 g of fresh pea seeds after tierbfi-
cation with 100 g Se hha recommended daily dose of Se in humans may berew. The significantly
positive influence of Se application on the totalyphenols content (TPC) has been confirmed inbthté
varieties after application of dosage in 100 g &€ (52% and 33%). A significant increase in the averag
value of total antioxidant capacity (TAC by DPPHthwal) in garden pea var. Ambassador was obserted af
the application of both doses of Se, in case ofRn@ variety only after application with a 100 g I$&".
Significantly increasing level of TAC by PCL (photasmiluminescence) method was found out only in
case of var. Premium.
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INTRODUCTION

Green peaRisum sativum L.) as a good source of (441.53 x 16 t) [Shahid et al. 2014, Slosar et al.
vegetable protein, vitamins, fibore and micronutiden 2016]. Biofortification, the process of transfegin
belongs to Pea family -Fabaceae [Hegedisovad nutrients into food crops, provides a comparatively
et al. 2015]. Pea is the fourth most important mgraicost-effective, sustainable, and long-term means of
legume crop of the world, as measured by productiddelivering more micronutrients [Saltzman et al.
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2013]. Selenium (Se) which has antioxidant, anticaitrients with the highest risk for low diet intake i
cer, and antiviral properties, is an essential romia- Europe [Vifias et al. 2011]. Selenium is arguably th
trient for humans and animals. That's the reason naturally occurring trace element of greatest conce
its repeated using in biofortification programs.tiie worldwide. In excessive amounts it can lead to-toxi
soil Se is rapidly reduced to insoluble forms ancosis and teratogenesis in animals, while the impac
usually less than 10% of the applied Se was taken of Se deficiency can be even more significant
by the crop. Another method of transferring Se t[Bafiuelos et al. 2013]. Selenium bioavailabilityr-va
plants is foliar application of Se, either as sadiu ies according to the Se source and nutritionalistat
selenate or sodium selenite [Haug et28l07]. Very of the subject, being significantly higher for onga
important reason of foliar application preferense iforms of Se [Navarro-Alarcon and Cabrera-Vique
possibility of soil contamination, since by longfte 2008]. The European Recommended Dietary Allow-
using of selenium at higher concentrations in tiie s ance (RDA) of Se for humans is about;g6Se day*

it can accumulate and act phytotoxically. Foliar ag[EImadfa 2009]. However, this value does not reflec
plication was also shown to be several times moits different chemical forms [Thiry et al. 2012]h&@
efficient than application in fertilizers [AspileD@5]. required Se intake can be obtained from crops pro-
On the other hand, there is risk of Se uptake By tlduced on selenium-rich soils or by genetic breeding
crop because of spraying conditions. Application cof new suitable accessions that could accumulate
Se in forms which are for plants the most usable more Se in seeds [Lachman et al. 2011]. One of the
also very important. In respect of a few studies-co great aptitudes of peas is ability to accumulatenSe
nected with pea biofortification by Se, sodium selethe grain, which shows a great potential to be @sed
nate was much more effectively taken up by plana “functional food” in Se biofortification programs
compared to sodium selenite [Poblaciones et {Poblaciones et al. 2013]. The raw seeds of pea are
2013]. Date of application and dose has to be althe most potent antioxidant suppliers and freeceddi
very carefully considered, because there is very thscavengers [Nithiyanantham et al. 2012]. Foliar-sup
line between toxicity and benefits of Se in humaplementations of Se and ascorbic acid (vitamintC) a
diet. Double biofortification of wheat plants moreappropriate concentrations (depending on the specie
effectively increases the Se concentrations in thrigger desirable effects on plant metabolism sagh
grain, in comparison to single biofortification tviSe inducing activities of antioxidant enzymes, inciegs
[Germ et al. 2013]. Selenium at low doses has benonenzymatic antioxidant compounds [Ardebili et al.
shown to promote the growth of plants, nevertheles2015]. Inside plants, inorganic selenium is corecbrt
at high concentrations this metalloid is toxic [Gato low molecular weight amino acids up to selenepro
jewska et al. 2013]. The nationwide supplementaticteins. These proteins are responsible for moshef t
of fertilizers with sodium selenate was shown to bphysiological functions mediated by Se such as anti
effective and safe in increasing the Se intakehef t oxidative action, redox regulation, immune function
whole population in Finland [Alfthan et.aR015], etc. [Priyadarsini et al. 2013]. Close relationship
while the author stated that one of the reasons fbetween biological properties of Se, polyphenold an
full-scale fortification was, that the soils in nd other antioxidants ofA. Allium cepa supposes the
are poor in Se. Similarly so far as the Slovakssaik synergetic effect of different components (inclugin
not rich in Se, it is necessary to increase thaitent Se) of antioxidant defence system display in fiedif

in the agricultural comodities, just at the begmgnof product [Golubkina 2016].

food chain [Ducsay et al. 2009]. Increasing the Zn The main objective of the present work was to in-
and Se concentrations of food crop plants woulcrease organic selenium in monitored garden pedspla
result in improved human health, which is particuby the way of foliar fortification with inorganicete-
larly important as Zn and Se deficiencies remainium and to observe the influence of biofortification

a worldwide problem [Carey et al. 2012]. Seleniurrother qualitative parameters (total antioxidantac#y
folic acid, iodine and vitamin C are the four misike TAC and total polyphenols content TPC).
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MATERIALS AND METHODS Before planting the soil was prepared according to
the technological demands of garden peas on the bas
Trial establishment. The field experiment with Of soil analyse. Before sowing the natural Se aunte
two varieties of garden peas (Premium and Ambassin soil was established to 0.08 mg Se k@uring
dor) was established on April %2 2014 (14.7°C; vegetation of the pea the field trial was treatgd b
0.1 mm of precipitaton) and March 202015 hand hoeing, loosening and irrigation in the absenc
(3.9°C; 0 mm of precipitation) in the Botanical Garof moisture. The foliar application of the aqueous
den, SUA in Nitra, in three variants. sodium selenate solution to the whole plant wak rea
Trail variants were following: ized once on Premium variety in the flowering phase
C — control — 0 g Se h&(0 mg Se ). on 3%June, 2014 (14.3°C, 4.0 mm before application,
Sel — application of 50 g Se Hg5 mg Se rif) in the followed by a dry period until harvest) and also on
form of water solution in the form of sodium selena Ambassador under the the same conditions, éh 17
anhydrous (99.8+% metals basis, EEC No: 236-501-June, 2014 (18.2°C; with O mm of precipitation to
Alfa Aesar, Deutschland) in flowering stage. harvest) by hand sprayer. After the foliar appiarat
Sell — application of 100 g Se H410 mg Se nf) in  of selenium, only the root irrigation of the plamtas
the form of water solution in the form of sodiumrealized. Premium harvesting took place off 1@ne,
selenate anhydrous in flowering stage. 2014 (average air temperature from biofortification
For each variety with three variants and four repswas 20.7°C, 0 mm precipitation) and Ambassador
titions, there were created 24 square small fialils ~ variety on 3¢ June 2014 (average air temperature
space of 1 mper one sowing (85 plants per f)m from biofortification was 18.4°C, 46.5 mm precipita
were created. The addition per one plant was 1fml tion) in the phase of technological maturity. Ire th
sodium selenate solution. second year of cultivation, the foliar applicatioh
Air temperatures and precipitation were measurethe aqueous sodium selenate solution to whole plant
directly on the land of Botanical Garden of SUA an©on the Premium variety in the phenological phase of
climatograms are shown in Figures 1 and 2. flowering took place on 25 May, 2015 (15.1°C,
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Fig. 1. Climatogam of precipitation and temperatures dugraying of the garden pea in 2014
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Fig. 2. Climatogam of precipitation and temperatures dugraying of the garden pea in 2015

12.4 mm of precipitation, and the on the other deis 7-8, seed colour is dark green and calibration o
16.1 mm) and on the Ambassador variety Brigne, grain is moderate. Weight of 1000 seeds is about
2015 (22.9°C; 0 mm of precipitation to the harvesi220 g. It belongs between the suitable varieties of
by hand sprayer. The sodium selenate solution garden peas for industrial processing, as welloas f
Premium variety was applied before to precipitatiorgardens. It has high resistance Fwoisarium ox-
and the plants were covered with a translucenttdoil ysporum.
prevent the selenium washing from the plant by the Pisum sativum L. var. Ambassador —is a medium
rainwater. The harvest of Premium variety was realate variety, for the maturing it needs 845 thermal
ized on &' June, 2015 (average air temperature frownits. Plant height is 75-80 cm. The first pods are
biofortification was 18°C, 28.5 mm precipitatiomjca formed at 15-16 node, their number is 2. The length
of Ambassador variety on £7June, 2015 (average of the pods is 8-9 cm, are straight and blunt-ended
air temperature from biofortification was 21.9°C Number of seeds in the pod is 8-9 and grain catour
5.8 mm precipitation) at the stage of technologicidark green. Weight of 1000 seeds is about 200 g.
maturity. He has medium resistance to mosaic virus pea and

The selenium content, the total polyphenol cormildew, high resistance to the bean yellow mosaic
tent and total antioxidant capacity were determiimed virus, andFusarium oxysporum. This variety of gar-
lyophilised seeds of garden pea. den pea is suitable for industrial processing arahe

in gardens.

Characterisation of garden pea varieties

Pisum sativum L. var. Premium — is an early vari- Determination of qualitative parameters
ety, which needs 680 thermal units for its maturing Selenium content. Mineralization of the plant
Plant height is 60—65 cm. The first pods are omaterial took place in the microwave mineralizer
9-10 node and the number of pods on the nodetype CEM Mars X — press (microwave digestion
1-2. The length of the pods is 8-9 cm; the pods soven). In the mineralization container there was
straight and blunt-ended. Number of seeds in tlik pweighed 0.5 g of the sample. It was wetted withl1 m
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double distilled water followed by addition of 5 mLof inhibition reflects how antioxidant compound are
of conc. HNQ (67%) and 1 ml of kD, (30%). It was able to remove DPPH’ radical at the given time.

minerglized_at _150°C for a period_ of 2_0 minutes. Inhibition (%) = (& — A/ Ag) x 100
The mineralization product was refilled in to volu- o ) )
metric flask till 25 ml. Quantitative determinatiarf Total antioxidant capacity (TAC) with photo-

Se was done by using of ET-AAS method with Zeechemiluminescence (PCL) method. Total antioxi-
man background correction. Atomic absorption spedant capacity was evaluated on the basis of photo-
trometer SpectrAA240FS (Varian, Mulgrave Vir-chemiluminescence (PCL). The PCL assay, based
ginia, Australia) was used to measure the tota-selon the method of Popov and Lewin [1994], was
nium content [Hegdis et al. 2008]. Conditions for used to measure the antioxidant capacity of exract
selenium measurement were set in the equipmewith a Photochem instrument (Analytik Jena AG,
according to the recommendations of the manufaGermany) against superoxide anion radicals gener-
turer [Rothery 1988] for ET-AAS technique. In theated from luminol, a photosensitizer when exposed
research, chemicals with analytical purity wereduse to UV light. Chemiluminescence evolution was

Total polyphenol content (TPC). Total polyphe- monitored by PCLsoft control and analysis software.
nols were determined by the method of Lachman Lag time (seconds) was used as the radical scaveng-
al. [2003] and calculated on mg of gallic acid equi INg activity. Antioxidant capacity estimated by com
lent (GAE) per kg dry mater (DM). Gallic acid isParison with atrolox standard (0.05-6.0 pg mL)
usually used as a standard unit for phenolic cantewas expressed as grams of Trolox equivalent (TE)
determination because a wide spectrum of phenoPer kilogram of sample. Antioxidant index was ob-
compounds. The total polyphenol content was estained by dividing the antioxidant capacity by lag
mated using Folin-Ciocalteau assay. The Folin-Citime multiplied by 1000 (antioxidant activity/lag
calteau phenol reagent was added to a volumettime x 1000) [Oomah et al. 2006, Oomah et al.
flask containing 10QL of extract. The content was 2008]. Phenolic extracts were microfuged (5 min at
mixed and 5 mL of a sodium carbonate solutio14000 rpm) prior to analysis.
(20%, wiw) was added after 3 min. The volume was A statistical analysis was performed using the
adjusted to 50 mL by adding of distilled water.exft Statgraphic Centurion XVII (StatPoint Inc. USA).
2 hours, the samples were centrifuged for 10 méh aiObtained results were evaluated by analysis of vari
the absorbance was measured at 765 nm of weganhce (ANOVA), the multifactor analySiS of variance
length against blank (spectrophotometer Shimad:{MANOVA) and the multiple Range test.
UVIVIS — 1240). The concentration of polyphenols
was calculated from a standard curve plotted wilRESULTS AND DISCUSSION
known concentration of gallic acid.

Total antioxidant capacity (TAC) with DPPH Selenium content
method. Total antioxidant capacity was measured Based on the results, the foliar application of so-
by the Brand-Williams et al. [1995] method-usindutions of selenium compounds appears to be more
a compound DPPH (2.2-diphenyl-1-pikrylhydrazyl).advantageous form of green plants selenization. One
Compound DPPH" was pipetted to cuvette (3%, m of the plant’s specific abilities is the assimitetiof
then the value of absorbance which correspondedinorganic selenium and its subsequent transforma-
the initial concentration of DPPH" solution in tilAg  tion into organic selenium. A solution of a seleniu
was written. Then 0.1 chof the followed solution compound (usually selenite or selenate) is applied
was added and then 2. was immediately started directly to the plant, with reducing of its require
measure 1. the dependence A = f(t). The solutidhén amount and, consequently, the risk of excessive
cuvette 2. was mixed and measured 1. the absorba(uncontrolled) selenium accumulation in the soil.
of 1; 5 and 10 minutes at 515.6 nm in the spectrophThe effectiveness of this method is comparable to
tometer (Shimadzu UV/VIS — 1240). The percentacthe soil fortification with selenium compounds.
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Table 1. Selenium content in observed pea varieties an@n; Nitra

Selenium content Ambassador Ambassador

(ng g‘lDM) 2014 2015 Average 2014-2015

C 0.08 +0.01a 0.12 +0.02a 0.10 +0.02a

Sel 2.03 0.31b 0.29 +0.11a 1.16 +0.21b

Sell 3.93 +2.38¢ 0.64 +0.41b 2.29 +1.40c

Premium Premiufh

2014 2015 Average 2014-2015

C 0.07 +0.01a 0.11 +0.03a 0.09 +0.02a

Sel 1.65 £0.21b 0.96 +0.26¢ 1.30 +0.24b

Sell 3.25 +0.27c 1.19 +0.13d 2.22 +0.20c

* Means + standard deviation. Values in column$wlifferent letters are significantly differentR 0.05 by LSD in ANOVA

Our results listed in Table 1 show that the selaniuselenium in seeds of Premium variety has resuited i
content in the growing season 2014 increased tstatia more pronounced cumulating of selenium than in
cally significantly in pea seeds of both studiedeties. the Ambassador variety. A dose of 5 mg of in-

In the Ambassador variety, the foliar applicatioh ocreased 8.7 fold (0.96y g DM) selenium content in

5 mg Se nf to the plant resulted in a 25.4 fold increasseeds, and a higher dose (10 mg S8 0.8 fold

in its seed content (2.08y g DM) and adose of (1.19 ug g DM) what in comparison with 2014 is
10 mg Se it even 49.1 fold (3.98g ¢~ DM), what about 3 to 4 times lesser. The increase in selenium
indicates its increase depending on the appliedsloscontent was also statistically significant in 20fb%
Foliar application of selenium resulted in a similaboth studied varieties. In Table 1 are also lidtesl
increase in the content of selenium in Premium see@verage values of selenium content of garden pea
namely 23.6 fold (1.65ug g DM) and 46.4 fold seeds grown in 2014 and 2015. The most effective
(3.25 ug g DM), depending on the applied doseswas the double dose of Se (100 g*hawhere for
The increase in selenium content was statisticalAmbassador there was noticed increasing from
significant for both studied varieties. Comparimgt 0.10 (control) to 2.29 pg Y dry matter (DM)
varieties, it was found that in seeds of the eRBrg- (23 multiply increasing), and for Premium from 0.09
mium variety had accumulated about 18.7% (aftdéo 2.22 pug g DM (25 multiply increasing) when
application of 5 mg Se ™) and about 17.3% (after following the average values from both monitored
application of 10 mg Se T) less selenium than in years.

the middle early Ambassador variety. Foliar applica It is assumed that differences in selenium con-
tion of selenium in the cultivation period 2015 intent in pea seeds between two growing seasons
creased its content in both varieties similarlynathe could have been caused by different climatic con-
previous year, but significantly lesser than in 201 ditions. In 2015, sowing was realized a month be-
In the seeds of Ambassador variety, the foliar iapplfore the date of sowing in 2014, and the applicatio
cation of 5 mg Se ™ resulted in only 2.6 fold of selenate to the Premium variety was 9 days ear-
(0.29 ug g ~* DM) increase in its content andlier, and on the Ambassador variety 14 days earlier
10 mg Se nf approximately in 5.3 fold increasethan 2014. The air temperature during the sowing
(0.64 ng g* DM), which is approximately 10 times in 2015 was only 3.9°C, while in 2015 it was even
lower than in 2014 (tab. 1). Foliar application 0114.7°C. Air temperatures during the application of
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selenate on Premium variety were approximateof 0.383ug g, and in case of twice sprayed plants it
the same during both cultivation years and durirwas double — 0.748g g~ In the seeds of garden
the fortification of Ambassador variety in 201Epea, pumpkin and buckwheat Smrkolj et al. [2006]
they were about 5°C higher. Atmospheric precipestimated as the major compound the selenomethion-
tation on the day of application of selenate and cne (SeMet), which represented 82% of the total Se
the next day after application in 2015 could nccontent in pea, 81% and 93% of the total selenium
result in plant selenium washing, as it was covereontent in pumpkin seeds and buckwheat.
by a translucent foil before rainfall. In 2015, the In our experiments after the foliar application of
month June was extremely dry compared to 20110 mg Se nf (1 ml per plant) on the other pea varie-
which was warm. In the Ambassador variety, thties in 2015 we also achieved higher contents & pe
selenium content reduction was more pronounceseeds (Ambassador — 1.7 times more, Premium —
when a higher temperature (23°C) during applic3.1 times) as authors Smrkolj et al. [2006]. Vasiou
tion of selenate solution could cause as the streplant species which have been treated with solsition
factor when comparing to the Premium applicatioof selenium compounds have been described in the
(15°C). On the basis of the obtained results, it iliterature, using a wide range of concentratiosnfr
possible to formulate a hypothesis that, from th20 to 100 g Se Ra[Maksimovic et al. 1998, Qiuhui
point of view of the physiological state of themi® et al. 2000, Ducsay et al. 2006]. Increasing oé-sel
it is preferable to perform the sowing later, agh@r nium content in leaf vegetables was estimated by
air temperatures (about 14°C), and to apply the-se Simojoki et al. [2003], which reported 39 mg of Se
nate solution at temperature 14—-15°C. Atmospherkg™ DM in lettuce leafs in a variant with the addition
air temperature may be one of the stress factoof 1 mg per cultivation container, what represents
When organisms are stressed they require more @ 1260 fold increase compared to the control
ergy to produce ATP and.Otheir consumption is (0.031 mg Se kg). In the roots the selenium content
increased in mitochondria [Bartoli et al. 2005].eThwas increased to 42 mg Se k@M, what corre-
first step of selenate assimilating in chloroplastds sponds to a 545-fold increase comparing to the con-
reduction and activation by ATP sulphurylase ttrol (0.077 mg Se Kkg). By a dose of 50-100 g Se ha
adenosine phosphoselenate (APSe), which represethe selenium content of tea leaves can increage up
the activated form of selenate. The enzyme AT0.32-1.45ug g already after 826 days after appli-
sulphurylase determines the restriction of selenacation [Qiuhui et al. 2000, Maksimovic et al. 1998]
reduction, and at the same time it regulates tlea-ac Foliar application of ascending selenium doses (0.5
mulation of selenium. Selenate is reduced to seéenito 20 g Se hd) was also carried out in a form of
to form selenocysteine (SeCys), which can then Isodium selenite solution on winter wheat at the end
converted into selenomethionine (SeMet), and mof the tillering [Ducsay et al. 2006]. The applied
thylated metabolites including Se-methylselenocysselenium doses (0.5 and 1 g S&*hdid not cause
teine (methylSeCys), and dimethylselenide [Terry ¢statistically significant increase of its contemtgirain
al. 2000, Pilon-Smits and Quinn 2010]. Methylatewhich varied at the level 0.047 and 0.062 mg Sé kg
forms of selenium are volatile and they can escajFoliar application 10, resp. 20 g Sé Haas increased
into the atmosphere by volatilization. statistically the selenium content in wheat gaios t
Authors Smrkolj et al. [2006] also conducted ex0.094 resp. 0.192 mg Kgcompared to variant with-
periments with foliar application of Se on pea pdan out applied selenium.
The addition per plant was 0.9 ml of sodium sekenat The content of selenium in the soil, when phyto-
solution with a concentration of 10 mg d@mThe toxicity is started to demonstrate, is different fo
solution was applied to plants during the flowerindifferent types of crop plants. It depends on saver
period. The average Se content in the control seefactors, from the growth phase, the physiological
sample was 0.021 and in the leaves 0.041g”". state of the plants, the chemical form of accunedat
Once sprayed plants had a Se content in seed eh leselenium and other factors [Terey al. 2000]. This
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fact was also observed by authors who confirmed viously fertilized with 10 g of sodium selenate per
plants with low Se accumulative capacity its bordeihectare would result in an intake of 14§ of Se.
line concentration of phytotoxicity in tissue ofeth Similarly one year later, where they applied sodium
shoots more than 2 mg Se kgand in rice up to selenate and sodium selenite in biofortification-pr
330 mg Se kd[Merian 1991, Terry et al. 2000]. gramme on bread making wheat plants, the results
The problem of phytotoxicity was also reported b'showed a strong and linear relationship betweeal tot
Hegedis et al. [2005]. Statistical evaluation inSe in grain and Se dose for both fertilisers, aigio
changes of total phytomass and pea seeds after asselenate was much more efficient Poblaciones et al.
tion of 2 mg Se kg in soil was a significantly lower [2014]. In Australia biofortificated the lentil and
pea grain weight at time of harvest compared to tffound out that a total of 40 g Hdoliar application of
control variant. This phenomenon has been explainSe during the reproductive stage increased seed Se
as the braking effect of applied sodium selenate «concentration from 201 to 277® kg [Rahman et al.
plants. 2015]. An inorganic form of Se after metabolic proc
Also the results of other authors proved depeness in plants becomes organic with very high biibava
ency of Se content increasing on fertiliser dosability for animals and people, which was confirmed
According to Jiang et aJ2015], Se accumulation in by the results of Yan and Johnson [2011]. The divera
common buckwheat was closely associated with ttbioavailability was approximately 88% for Se from
application rate of Se, similarly in case of Gernale yellow peas and 92% from oats. It was concludet tha
[2013] the increase in Se concentrations in théngraSe from naturally produced high-Se yellow peas or
of the double fortified plants was 6-fold greatar i oats is highly bioavailable in this model and tetse
comparison to the Se-only bio-fortified plantshigh-Se foods may be a good dietary source of Se.
According to Poblaciones et al. [2013] the differen According to Giacosa et al. [2014] the intake for
in concentration between selenite and selenate w20 days of a daily portion (80 g) of selenium emeid
more evident as the dose increases. The relatnsrice, obtained by foliar fertilization with sodiusele-
between the total Se concentration in grain ofpils@ nate, is associated with a significant increasseeofim
and the Se doses (0, 10, 20, 40, 80 g)hmas linear Se levels and of GPx (Glutathione Peroxidase) -activ
and highly significant (p < 0.001) for both Se farm ity. Followed our results showed in Table 2 it ¢an
For each gram of Se fertilization as sodium sekenasaid that by the consumption of 100 g of dried gard
or sodium selenite, the increase of total Se carmen pea seeds Ambassador variety and 50 g Premium vari-
tion in the grain was 148 and 1% Se kg dry ety (with lower content of selenium from the year
weight, respectively. Ingestion of 100 g of peas-pr 2015) fortified by 100 g Se Hathe daily recommen-

Table 2. Total polyphenol content in observed pea variedigs variants, Nitra*

Total polyphenol content Ambassador Ambassador
(mg GAE kg* DM) 2014 2015 Average 2014-2015
C 1371 £16¢ 1572 +183a 1471 +100a
Sel 1420 +26d 1961 +486b 1690 +256ab
Se ll 1424 +15d 3049 +203d 2237 £109c
Premium Premiufh
2014 2015 Average 2014-2015
C 1378 £25c¢ 1456 £77a 1417 £51a
Sel 1278 +15b 1591 +272a 1434 £143a
Se ll 1203 +25a 2559 £257¢ 1881 +141b

* Means + standard deviation.
Values in columns with different letters are sigrahtly different at P < 0.05 by LSD in ANOVA
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ded dosage (55 pug ™) for humans [Elmadfa 2009] in dependence to applied doses. In the growing year
can be covered. Changes in selenium content in p2015, compared to 2014, the TPC content increased
served peas were followed by Hefiecet al. [2010]. significantly in case of both varieties, but alsctle
They used heat preserving in salted brine afteripre control variant. In the seeds of Ambassador variety
ous grain blanching. As the experimental matefial t the foliar application of 5 mg Se fnresulted in
garden pea was used, cultivated on soil treated a24.7% (1961 mg GAE k§ DM) increase in TPC
untreated with sodium selenate, respectively froicontent and 10 mg Se feven to 94% increase
manufacturing technology without soil selenization(3049 mg GAE kg' DM), what is approximately
After preservation the samples were opened folyana2 times more compared to 2014. A dose of 5 mg 3e m
sis after two months of storage. The results of tlincreased the TPC content of Premium seeds about
analyses indicate the partial extraction of seleniu9.3% (1591 mg GAE kg DM) and a higher applied
from the pea seeds to the brine, but a substaaial dose (10 mg Se ™) even to 75.8% (2559 mg GAE kg
(77%) remains in the seeds. This means that whDM), which is approximately 2 times more compared
only the canned pea seeds itself are consumedy-a sto year 2014,

stantial part of the produced selenium also getstire When evaluating the average data from both years

organism in that case. and impact of Se application there was found siignif
cant positive influence on TPC content in case of

Total polyphenol content (TPC) both varieties after 100 g Haselenium application

Phytochemicals, especially polyphenols, have g(tab. 2). Total polyphenol content ranged in ingdrv
ideal structure for free radical uptake. Polyphenofrom 1471 up to 2236 mg GAE KgDM for Ambas-
are not considered as nutritionally valuable sutsador variety and from 1417 to 1880 mg GAEkg
stances, but for their active antioxidants propserti DM for Premium in dependence on observed variant.
with beneficial effects on human health the interes Mentioned values presents increasing of 15% (after
them is increasing. In significant sources of pliieno application of 50 g Se i and 52% (after application
compounds also legumes can be considered. In gof 100 g Se hd) in variety Ambassador and moderate
den pea the saponins, flavonoids, phenolic acit$, aincrease in the variety Premium (1% and 33%).
protease inhibitors are represented as secondary me The results corresponds with the Hefggala et
tabolites, the lecithin is also significant. Accmigito al. [2015] monitored six pea varieties. The highest
scientific studies, green peas occur between crovalue was reached in case of variety Jumbo
with high antioxidant activity. This potential is 1179.9 mg kg, the lowest value in case of Premium
mainly associated with polyphenols [Hegsova et 674.5 mg kg'. Other authors mentioned similar val-
al. 2015]. ues for pea species. According to Han and Baik

From our results listed in Table 2 results that TP[2008] total phenolic content in case of green\waa
content in the growing season 2014 was increasestimated on 1200 mg Kgand for other legumes the
statistically significantly in pea seeds of the Aasb phenolic content was 12 mg'gn lentils, 2.2 mg @
sador variety and decreased slightly in seeds f Pin chickpeas, 2.3 mg §in soybeans, 2.5 mg gin
mium variety. In the early variety Premium foliaryellow peas and 1.2 mg'gn green peas. Fratianni et
application in doses of 5 mg Séand 10 mg Se th  al. [2014] states for lentils variety San Gerardo
per plant resulted in 7.3% and 12.7% reduction 1098 ng @, Colliano 1594 pg g and for chickpea
TPC content in pea seeds (1278 mg GAE" K@M  Sassano 147 ug'gCastelcivita 183 ug g
and 1203 mg GAE kg DM). Conversely, foliar Our results are in contrary with experiments of
application of selenium produced a slight, approxKavalcova et al. [2014a], suggested that dosebeof t
mately equal increase in TPC content in seeds Se did not have significant effect on the conteint o
middle early variety Ambassador, to 3.6% (1420 mpolyphenols. In the trial with onion they appliee i&
GAE kg® DM) and 3.9% (1424 mg GAE kgDM) the form of sodium selenate in different form, ther
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was applicated into soil. The results corresportth wivarieties (wheat einkorn, emmer wheat and spring
the decreasing in polyphenols after Se treatmewheat) analysed in the two years (r = 0.709) ard al
(100umol L™ selenite and selenate) in case of Tiafor the total range of all analysed varieties frtma
et al. [2016] where they tested its influence on siyear 2009 (r = 0.601) according to Lachman et al.
lected parameters in broccoli sprouts. The treatme[2011].
did not influence the total GSL (glucosinolate) and
ascorbic acid contents; significantly increased ttTotal antioxidant capacity by DPPH and PCL
myrosinase activity and sulforaphane, anthocyanmethods
and flavonoids contents; and decreased the towl ph The antioxidant effect of selenium consists in the
nolics content. formation of complexes, so called selenium proteins
Statistically significant differences among culti— selenoproteins, in which it is incorporated i th
vars in terms of phenolic content (P < 0.05) irckla form of selenium amino acids, mainly selenocysteine
berry were found according to Gurgdly et al. and selenomethionin. Selenoproteins capture, respec
[2016]. The cultivars showed different tendencias f tively neutralize free oxygen radicals to prevexit o
antioxidative properties (antioxidative capacitytat dative stress and short-term damage of the tissde a
polyphenols, phenolic compounds) of tested Hungathe body. The beneficial effect of Se on plants is
ian and Persian walnut cultivars [Bujdosé et ausually ascribed to its ability to enhance TACudit
2016]. For pea there were statistically evaluated rcells [Hasanuzzaman et al. 2012].
sults in Hegetisova et al. [2015] where within the six ~ From our results listed in Table 3 results that the
observed varieties, differed by ripening, there weTAC, expressed as a % of inhibition, in the growing
estimated significant difference only in case of-gaseason 2014 was increased in garden pea seeds of
den pea varieties early — middle late. Following tAmbassador variety and it was degreased slightly in
Amarakoon et al[2014] significant genotypic and the seeds of Premium variety. In the early variety
environmental variation was not observed (P > 0.0'Premium, the foliar application of doses of 5 mg Se
with respect to concentrations of phenolic in fielm? and 10 mg Se Th per plant resulted in 0.54%
pea. Similar, according the results of Timorackalet and 0.63% difference in TAC reduction in pea seeds
[2010] the differences of flavonoid contents iniind compared to control. Conversely, foliar applicatdn
vidual pea varieties were not significant. In cangr selenium caused a slight, approximately equal in-
significant correlation was found between the contecrease of the TAC content in seeds of the middle
of total polyphenols and Se in the range of seveearly Ambassador variety, about 0.8% and 1.1%, de-

Table 3. Total antioxidant capacity in observed pea vargetied variants, Nitfa

Total antioxidant Ambassador Ambassador
capacity (%) 2014 2015 Average 2014-2015
C 10.03 £0.94c 8.33 £1.07a 9.18 £1.01b
Sel 10.91 £0.70d 9.12 +1.58ab 10.01 £1.14c
Sell 10.39 +£0.48cd 9.41 £1.28b 9.90 +0.88c
Premium Premiufh
2014 2015 Average 2014-2015
C 9.05 +1.44b 8.63 +1.03ab 8.84 +1.23ab
Sel 8.51 £1.01a 11.58 +2.54c¢ 10.05 +¥1.77c
Sell 8.42 +0.59a 8.56 +2.46ab 8.49 £1.52a

* Means + standard deviation. Values in columnwlifferent letters are significantly differentRi 0.05 by LSD in ANOVA
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Table 4. Total antioxidant capacity in observed pea varieties and variants, Nitra*

Total antioxidant capacity Ambassador Ambassador

(ug TE g'DM) 2014 2015 Average 2014-2015

C 120.6 £7.5a 340.5 £30.6bc 230.5 £19.1ab

Se l 148.5 +4.9b 350.2 +43.3bc 249.4 £24.1ab

Sell 129.3 +16.1a 284.5 £29.7a 206.9 £22.9a

Premium Premiufh

2014 2015 Average 2014-2015

C 119.5 +3.2a 336.3 +45.7b 227.9 £24.4a

Sel 230.3 £21.9d 371.5 £26.6C 300.9 £24.3b

Sell 167.0 ¥17.2c 372.6 £20.1c 269.8 £18.6ab

* Means + standard deviation. Values in column$wlifferent letters are significantly differentRi 0.05 by LSD in ANOVA

pending on the applied doses. By the PCL methHegedisova et al. [2015] evaluated the total antioxi-
there was also determined an increase of TAC #r tldant capacity in chosen six varieties of gardentpea
Ambassador variety about 23% (5 mg S&)rand DPPH method. They found out that the interval of
7% (10 mg Se M), and for the Premium variety total antioxidant activity ranged from 0.5% (Exze-
about 93% (5 mg Se ®) and 40% (10 mg Se ™ leus) to 6.8% (Flavora). The values of antioxidant
(tab. 4). Foliar application of selenium in thetiwal- capacity of garden pea estimated by PCL method
tion period 2015 resulted in a more pronounced iwere range in interval 119.54 £3.20 pg trolox eguiv
crease of TAC content in Premium variety after aflent (TE) g up to 372.60 +20.06 pg TE tftab. 5).
plication of 5 mg Se ™ (about 2.95% by DPPH Significantly increasing average value of antioxida
method) and degrease after the application of 10 rcapacity of garden pea was found only in Premium
Se m? compared to the control variant. Results frorvariety after application of both concentrationdisv
estimation by PCL method show approximately thby 32% and 18%. Oomah et al. [2008] observed the
same increase in TAC in case of both applied dosantioxidant capacity except of other parametetsin
of selenium on Premium variety (10.5% and 10.8%bean cultivars grown in southern Manitoba in 2006
In the seeds of Ambassador variety, foliar apgicat using the same technique. Their results ranged from
of 5 mg Se 1if resulted in an increase in of TAC (asl.6 to 11.2 uM TE ¢ of dry matter, what after
determined by DPPH and PCL) and 10 mg S& mconversion is 400.5 to 2803.4 ug TE gontent of
induced a 16.5% reduction by PCL alone. The resuthe beans. Garden peas after selenization also had
show that in 2015 the dose of 10 mg of Se-2 hdower levels of antioxidant capacity, a maximum of
inhibitory effect to TAC. 372.60 ug TE ¢, what is comparable with the vari-
Average values of TAC of garden pea estimateety of beans Galley evaluated by Oomah et al.
by DPPH method were ranged in interval fron[2008].
8.33+£1.07% to 11.58 £2.54% (tab. 4). Significant Our results are in contrast with findings of Arde-
increasing of average value of antioxidant capaafity bili et al. [2015] tested foliar fortification ands
garden pea variety Ambassador by 0.83% and limpact on chosen antioxidants in basil plafthe
0.72% was observed after application of both ddse foliar supplementation of Se and/or AsA (ascorbic
Se (50 g hd a 100g hd), in case of Premium only acid), especially the mixed ones, led to signiftcan
after application of higher dose of Se (by 1.21%improvement in antioxidative activities or free ical
Our results of research are similar to study cscavenging capacities, which are of importance for
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human nutrition and the medicinal industries. Corrure 4. This is in accordance with other authoistetd
paring legumes from the TAC point of view, accordantioxidant activity in different varieties. Nilssaet

ing to Petchiammal and Waheeta [20héfse gram al. [2004] was focused on thirty-five varietiesthé
(brown and black), cowpea (brown), common beagreen peaHisum sativum L.) which they were ana-
and masur (black) showed high protein content arlysed for their total antioxidant capacity (TAC)eR
also exhibited good DPPH scavenging activity, @errigarding the antioxidant capacity in both the water-
reducing and reducing power activity. Comparasoluble and the water-insoluble extract, there was
tively, pea (white and green) and chick pea (whit@a significant difference between the varieties it
green, brown) showed lower values of antioxidarbetween the harvest periods. Influence of variety o
capacity as they tested the antioxidant potenfiti@ TAC was confirmed also for other species by various
fifteen legume seed proteins by using DPPH scaverauthors, f. e. by Gingdu et al. [2016] studied
ing. In comparison with results of Kavalcova et alblackberry, or by Baratova et al. [2015] in case of
[2014Db], where the interval of statistically sigo#nt basil with significant influence on TPC and TAC as
highest value of antioxidant capacity was recornded well (estimated by DPPH method).

onion (20.22-25.76) and statistically significahe t

lowest value of antioxidant capacity was recorded iICONCLUSION

garlic (4.05-5.07), the pea varieties evaluatedun

trial reached the values (tab. 4) lower than onkr, Selenization of garden pea plants in the flowering
higher than garlic. Comparative studies taking intphase with foliar application of Se solution signif
account species or varieties influence togethen wicantly increased Se content in seeds of both obderv
the methods of estimation play important role. Thpea varieties. As the Slovak soils are poor in Se,
metal-chelating activity of legumes showed a verwhich is followed by insufficient content of thisita
different pattern compared with free-radical scapyen oxidant in crops, biofortification with Se seemide

ing and lipid peroxidation inhibiting activities. one of the ways how to improve growing technolo-
Chickpeas and peas exhibited greater chelating gies of functional food. Moreover after selenizatio
tivities than lentils, but were lower in free-ragic the content of total polyphenol and total antioxida
scavenging and lipid peroxidation inhibiting adiiss capacity in seeds of Premium and Ambassador varie-
[Han and Baik 2008]. Similarly in case of our TACties was increased as well, therefore garden psh se
estimations, in case of DPPH method there was ncould be used as natural source of antioxidants sup
ticed significant increasing of average valuesdn-c porting human health.

trary to PCL method, where significant increasirig o
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