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Determination of selenium in bread-wheat samples grown
under a Se-supplementation regime in actual field conditions
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Abstract Selenium is an essential micronutrient for
humans and animals, yet it is deficient in at least one billion
people worldwide. Plants and plant-derived products
transfer the soil-uptaken selenium to humans; therefore, the
cultivation of plants enriched in selenium can be an
effective way to improve the selenium status on human-
kind. This paper focuses on determining the ability of
bread wheat to accumulate selenium after supplementation.
One of the methods for supplementing this element in
plants is foliar application with selenium solutions. These
supplemented crop of wheat samples—bread wheat; Triti-
cum aestivum L.—were used to determine if there is an
increase of selenium content in cereal grains by comparing
them with cereals cultivated in 2009 and harvested in 2010
with no supplementation. The experiments were done using
sodium selenate and sodium selenite at three different
selenium concentrations: 4, 20 and 100 g per hectare. Total
Se is assessed by cyclic neutron activation analysis
(CNAA), through short irradiations on the fast pneumatic
system (SIPRA) of the Portuguese Research Reactor
(RPI-ITN). The short-lived nuclide ""™Se, that features a
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half-lifetime of 17.5 s, was used to determine the Se con-
tent in SIPRA. The experiment was successful, since the
selenium concentration increased in the cropped grains and
reached values up to 35 times the non-supplemented ones.
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Introduction

The increasing attention paid to the role of selenium (Se)
and selenoproteins in human health stems primarily from
a similarly growing body of evidence about not only their
actual (general) importance for a healthy immune system,
but also for their protective (specific) effects against
cardiovascular disease, asthma, male sterility, and, espe-
cially, certain forms of cancer [1-8]. These are not scat-
tered observations or random effects. From about 100
selenoproteins that may exist in mammalian systems [9],
more than 30 have been positively identified for Se
through radiotracing [10], and at least 15 have been
deemed essential in what concerns their biological func-
tion and physiological significance for major metabolic
pathways [11-16].

Such an importance for human health has since been
recognized by global organizations (FAO, WHO, IAEA,
EU Scientific Committee on Food), leading to a paradigm
that has suggested minimum Se dietary intakes of 40
and 30 pg/day for meeting the average requirements of
male and female adults, respectively [17]. The current
Recommended Dietary Allowance (RDA) for adult men
and women regardless of age, by the Food and Nutrition
Board of the Institute of Medicine (Washington DC,
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USA)—endorsed by Canadian regulators as well—is
55 pg/day [18]. Of course, between the minimum dietary
intake for preventing severe conditions relating to Se
deficiency, such as the Keshan disease (17 pg/day [19]),
and a few higher normatives in countries like Australia,
New Zealand or the United Kingdom (up to 75 pg/day for
male adults [20, 21]) there is still a wide gap of debate on
how to achieve optimal plasma or serum Se concentrations
for, say, cancer prevention [22].

The Portuguese situation is difficult to assess due to
scarce-to-null information [23] and lack of consistent
research on the subject, save for two limited, cohort studies
on potential Se intake based on actual diets [24, 25]. Still, it
should not be that different from much of Europe, where
falls in Se intake—and corresponding drops in human-
blood indicators of Se status—have raised a widespread
concern [5]. Cereals are the backbone of human diets
worldwide [26, 27], and Portugal is no exception to such
pattern, given that cereals and their derivatives (breads,
breakfast blends, pastas, etc.) make up a sizeable share of
the Portuguese food intake. As a major dietary source of Se
[28], wheat seems an obvious candidate for biofortification
strategies that may help enhance the Se status of an entire
population [29-33].

In these terms, and within the framework of PTDC/QUI/
65618/2006 (research contract by Fundagéo para a Ciéncia
e a Tecnologia—FCT; Portugal), an Se-supplementation
program of representative wheat varieties is being carried
out in actual field conditions at the Elvas area (Alentejo;
near the Spanish border). The present paper deals with the
ability of bread wheat (Triticum aestivum L.) to accumulate
selenium after being supplemented through foliar addition
of selenate and selenite solutions in two different growth
stages: booting, that is from the onset of flag leaf sheath
extending until the first awns are visible (Feekes scale:
10.0-10.1; Zadoks scale: 40—49), and grain filling, that is
from post-anthesis to physiological maturity or, on prac-
tical grounds, from medium milk to hard dough (Feekes
scale: 11.1-11.4; Zadoks scale: 75-92) [34-36]. The
results of these Se-supplemented samples are also com-
pared with similar, non-supplemented crops from the 2010
harvest campaign at the same area.

Experimental

Triticum aestivum L. (Jorddo cultivar), one of the most
representative varieties of bread wheat in the country, was
selected for selenium supplementation through foliar
application. That cultivar was sown at Herdade da
Comenda, Caia (Elvas), Portugal, in the end of November
2009, and 3 x 12 field plots (about 1.5 x 0.5 m each)
were prepared to apply 12 different combinations of
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selenium supplements, in a 3-fold replication. Those
combinations were done using (i) two different selenium
compounds: sodium selenate and sodium selenite; (ii)
supplementation in two different growth stages: booting
and grain filling; and (iii) three selenium (area) concen-
trations: 4, 20 and 100 g ha™! (equivalent to 0.2, 1 and
5 mg L™, respectively). Foliar application was carried out
at the beginning of April 2010 (booting stage), and in June
2010 (grain-filling stage). For each application, 0.5 L of
selenium solution was added to the wheat plants with
sprayers of 1 L.

Jorddao wheat was sampled during the harvest season, in
July 2010. The wheat plants were cut with the help of
pruning shears, all the spikes in each plot were collected.
The grains were separated from the spikes using a combine
machine HEGE, available at the INRB/INIA-Elvas. Whole
grains were cleaned, weighed and stored in a dry room. All
grain samples were ground to a fine powder in a Waring
Blender HGBSOE2, heat-sealed in polyethylene vials
(1.2 mL), and then placed in medium-sized irradiation
vials (7 mL). The analyses were performed upon three
replicates per sample, around 800 mg each.

All samples were irradiated on the fast pneumatic sys-
tem (SIPRA) at the Portuguese Research Reactor (RPI-
ITN; Sacavém), at a thermal-neutron flux density of
1.7 x 10" nem™2s~'. Gamma spectra were acquired with
a liquid-N, cooled, high-purity Ge, coaxial detector
(1.85 keV resolution at 1.33 MeV; relative efficiency:
25%), and an advanced digital gamma-ray spectrometer
DSPEC Pro from ORTEC®, to correct for the dead-time
losses. The samples were put through cyclic neutron acti-
vation analysis (CNAA). The number of cycles was 10; in
each cycle, irradiation and counting times were 20 s, and
the decay time 5 s. Elemental concentrations were assessed
through the relative method, using NIST-SRM 1567a
(wheat flour) and NIST-SRM 1568a (rice flour).

Results and discussion

The quality control of the method resulted in 1.3 £
0.2 mg kg~ ' of the selenium, which is in agreement with the
NIST-SRM 1567a certified value of 1.1 & 0.2 mg kg™',
both at a 95% confidence level.

Selenium concentration in soil of the experimental fields
was 118 + 6 pg kg™ ' [37], and selenium content in samples
without supplementation was 59 #+ 10 ug kg~'. Wheat
plants supplemented in the booting stage with selenium
solutions equivalent to 4, 20 and 100 g ha~' showed con-
centrations of Se in grains of 75 ug kg~' (selenite) and
150 ug kg~ ' (selenate), 120 pug kg™ (selenite) and 570
ng kg~ ! (selenate), and 450 pg kg~ (selenite) and 2100 pg
kg~! (selenate), respectively. Wheat plants supplemented in
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Fig. 1 Selenium concentration (fresh weigh) in wheat grains supple-
mented with different concentrations of selenium, as selenate and
selenite forms, at two different growth stages: booting and grain
filling

the grain-filling stage with selenium solutions equivalent to
4,20 and 100 g ha™' showed concentrations of Se in grains
of 85 ugkg™' (selenate) and 90 pg kg~' (selenite),
200 pg kg~' (selenate) and 220 pg kg™ (selenite), and
620 pg kg~' (selenate) and 920 pg kg™' (selenite), respec-
tively. An overview of the differences between acting upon
the two growth stages is given in Fig. 1.
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Wheat plants supplemented in the booting stage with
selenium in the form of selenate produced grains with
higher concentration of selenium than those with selenium
in the form of selenite. This may be explained because
selenate is more soluble and mobile than selenite in soil,
and, therefore, more bioavailable to plants [33]. Selenium
supplementation at the grain-filling stage was shown to be
independent from chemical form of selenium. Accumula-
tion of selenium in wheat grains increases with the con-
centration of supplemented selenium 100 g ha™' >
20 gha~' >4 gha™', for both booting and grain-filling
stages (Fig. 2). Booting shows much more effectiveness in
accumulating supplemented selenium than grain filling.
Average selenium values (dry weight) for European
countries range from 21 to 200 pg kg~ '; for U.S., the mean
value is 490 pg kg™', and for Egypt is 340 pg kg~' [38].
Kabata-Pendias and Pendias [38] have also reported that
wheat grains from Australia had 23 pg kg™ of selenium,
which are values of the same order of magnitude of ours
without supplementation (59 & 10 pg kg™, within the low
tail of the European range).

We may also compare our selenium values with sup-
plementation with the ones reported by Lyons et al. [39,
40], for Australia. According to the former authors [39],
after foliar application of sodium selenate at the flowering
(anthesis) stage of Triticum aestivum L., in two different
soils, the addition of 4, 20 and 100 g ha™' resulted
respectively in 100 and 700 pg kg™', 200 and 1000 pg
kg™, and 600 and 1800 pg kg~ in grains. Using selenate,
the maximum values we got in booting stage were 150 +
50, 600 + 100 and 2100 + 500 pg kg~' for an addition of
4, 20 and 100 g ha™!, respectively, which are in the same
order of magnitude of the previously reported [39].
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The addition of 4, 20 and 100 g ha~" in the booting stage
increased the selenium contents in grains by factors of 2.5,
10 and 35, respectively.

Considering that, as an average, each Portuguese ingests
around 60 g of wheat bread per day [41], the success of this
supplementation case-study demonstrates that, acting upon
foliar supplementation of the wheat plants, the selenium
daily needs can be effectively met. Using non-supple-
mented wheat, the contribution of bread to the recom-
mended dietary allowance (RDA) is 6%; using the
biofortified ones, we get a contribution of 16, 60 and 230%,
for a supplementation rate of 4, 20 and 100 g ha™',
respectively. The highest rate (100 g ha~') might not be
adequate though, because it exceeds the RDA more than
two times.

Sodium concentration in samples supplemented at the
booting stage was on average 5.2 + 0.5 mg kg~'. Sodium
concentration in samples supplemented at the grain-filling
stage was on average 5.2 + 0.8 mg kg~'. Sodium content
of samples without supplementation was 7 + 1 mg kg~ ".
These data show that there is no increase of sodium after
supplementation of plants with sodium selenate or sodium
selenite.

Conclusions

Accumulation of selenium in wheat grains increases with
the concentration of supplemented selenium for both
booting and grain-filling stages. The booting stage shows
much more effectiveness in accumulating selenium than
the grain-filling stage. It is suggested that the foliar appli-
cation of a selenate solution equivalent to a field-supple-
mentation rate of 20 g of Se per ha, at the booting stage,
might be enough to increase the selenium intake of Por-
tuguese people up to a level close to the RDA for this
element. Cyclic neutron activation analysis proved to be an
adequate and fast methodology to determine selenium
concentrations in all wheat samples.

Acknowledgments This work has been supported by the Portu-
guese Foundation for the Science and the Technology (Fundacao para
a Ciéncia e a Tecnologia—FCT; Portugal) through research contract
PTDC/QUI/65618/2006. One of the authors (A.S.A.) thanks FCT
Ciéncia 2008 Program. The authors are also indebted to one anony-
mous Reviewer for his/her constructive remarks and helpful
comments.

References

1. Clark LC, Cantor KP, Allaway WH (1991) Arch Environ Health
46:37-42

@ Springer

[ BEN le NNV I N

11.
12.
13.
14.
15.

16.
17.
18.

19.
20.

21.

22.

23.

24.

25.

26.

217.
28.

29.
30.
31.

32.
33.
34.

35.
36.
37.

. Clark LC, Combs GF Jr, Turnbull BW, Slate EH, Chalker DK,

Chow J, Davis LS, Glover RA, Graham GF, Gross EG, Krongrad
A, Lesher JL Jr, Park HK, Sanders BB Jr, Smith CL, Taylor JR
(1996) J Am Med Assoc 276:1957-1963

. Clark LC, Dalkin B, Krongrad A, Combs GF Jr, Turnbull BW,

Slate EH, Witherington R, Herlong JH, Janosko E, Carpenter D,
Borosso C, Falk S, Rounder J (1998) Br J Urol 81:730-734

. Combs GF Jr (2001) Br J Nutr 85:517-547

. Rayman MP (2002) Proc Nutr Soc 61:203-215

. Whanger PD (2004) Br J Nutr 91:11-28

. Combs GF Jr (2005) J Nutr 135:343-347

. Stranges S, Marshall JR, Trevisan M, Natarajan R, Donahue RP,

Combs GF Jr, Farinaro E, Clark LC, Reid ME (2006) Am J
Epidemiol 163:694-699

. Burk RF, Hill KE (1993) Annu Rev Nutr 13:65-81
. Evenson JK, Sunde RA (1988) Proc Soc Exp Biol Med

187:169-180

Arthur JR (1999) Proc Nutr Soc 58:507-512

Brown KM, Arthur JR (2001) Public Health Nutr 4:593-599
Rayman MP (2000) Lancet 356:233-241

Lyons G, Stangoulis J, Graham R (2003) Nutr Res Rev 16:45-60
Van Cauwenbergh R, Robberecht H, Van Vlaslaer V, Deelstra H
(2004) J Trace Elem Med Biol 18:99-112

Navarro-Alarcon M, Cabrera-Vique C (2008) Sci Total Environ
400:115-141

Levander OA, Whanger PD (1996) J Nutr 126:2427S5-2434S
Institute of Medicine—Food, Nutrition Board (2000) Dietary ref-
erence intakes for vitamin C, vitamin E, selenium and carote-
noids. National Academy Press, Washington, DC

Yang GQ, Xia YM (1995) Biomed Environ Sci 8:187-201
National Health and Medical Research Council (2006) Nutrient
reference values for Australia and New Zealand including
recommended dietary intakes. Commonwealth of Australia,
Canberra

Department of Health (1991) Dietary reference values for food
energy and nutrients for the United Kingdom—Report on health
and social subjects, No. 41. HMSO, London

Thomson CD (2004) Eur J Clin Nutr 58:391-402

Oldfield JE (1999) Selenium world atlas. Selenium-Tellurium
Development Association, Grimbergen

Reis MF, Holzbecher J, Martinho E, Chatt A (1990) Biol Trace
Elem Res 26-27:629-635

Ventura MG (2008) Studies for the evaluation of selenium levels
in typical constituents of Portuguese diets. PhD thesis, Technical
University of Lisbon, Lisboa

Lorenz K, Lee VA, Jackel SS (1977) Crit Rev Food Sci
8:383-456

Shewry PR, Halford NG (2002) J Exp Bot 53:947-958

Lyons GH, Lewis J, Lorimer MF, Holloway RE, Brace DM,
Stangoulis JCR, Graham RD (2004) Food Agr Environ 2:171-178
Welch RM, Graham RD (2004) J Exp Bot 55:353-364

White PJ, Broadley MR (2005) Trends Plant Sci 10:586-593
Graham RD, Welch RM, Saunders DA, Ortiz-Monasterio I, Bouis
HE, Bonierbale M, de Haan S, Burgos G, Thiele G, Liria R,
Meisner CA, Beebe SE, Potts MJ, Kadian M, Hobbs PR, Gupta
RK, Twomlow S (2007) Adv Agron 92:1-74

White PJ, Broadley MR (2009) New Phytol 182:49-84
Hawkesford MJ, Zhao F-J (2007) J Cereal Sci 46:282-292
Feekes W (1941) Versl Techn Tarwe Comm 12:523-888;
17:560-561 (in Dutch)

Large EG (1954) Plant Pathol 3:128-129

Zadoks JC, Chang TT, Konzak CF (1974) Weed Res 14:415-421
Galinha C (2011) Different radioanalytical techniques for assessing
selenium in cereal samples. MSc thesis, Technical University of
Lisbon, Lisboa (in Portuguese)



Determination of selenium in bread-wheat samples

235

38. Kabata-Pendias A, Pendias H (2001) Trace elements in soils and
plants, 3rd edn. CRC Press, Boca Raton, FL.

39. Lyons GH, Judson GF, Ortiz-Monasterio I, Genc Y, Stangoulis
JCR, Graham RD (2005) J Trace Elem Med Biol 19:75-82

40. Lyons GH, Stangoulis JCR, Graham RD (2005) Plant Soil
270:179-188

41. Statistics Portugal (2010) Statistical Yearbook of Portugal-2009.

INE IP, Lisboa

42. Cornell University (2011) Cornell Guide for Integrated Field
Crop Management. http://ipmguidelines.org. Accessed 09 Mar

2011

@ Springer


http://ipmguidelines.org

	Determination of selenium in bread-wheat samples grown under a Se-supplementation regime in actual field conditions
	Abstract
	Introduction
	Experimental
	Results and discussion
	Conclusions
	Acknowledgments
	References


