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ABSTRACT

In Egypt, dietary selenium (Se) intake is below recommendation. Foliar
fertilization with Se has been reported to increase the Se content in cereals. The main
objective of this study was to increase the Se content in the wheat flour using Se foliar
fertilization (as biofortification). Two field experiments were selected for the study
(Station Farm at Mansoura and Kalabsho-Zayian region, Faculty of Agriculture,
Mansoura University) during the winter season of 2010/2011. Sodium selenate were
foliar-applied at two different growth stages and different concentrations. A
randomized complete block design with four replications was used. Foliar Fertilization
of wheat crop with sodium selenite increased the Se content in the whole wheat flour,
depending on the level and time of the addition The maximum Se content (22.2 + 0.43
pg/100g) was found in wheat crop after spraying at 50 and 70 days from the
agriculture, which is higher than the control sample level (1.9 £ 0.41 pg/100g DM).
There was a relationship between the amount of Se applied to the wheat crop and the
carry through/retention of Se in the downstream flour approximately linear indicating
efficient incorporation and retention of Se in the wheat crop through to grain harvest
and flour production.
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INTRODUCTION

Micronutrients deficiency are widely distributed (FAO, IFAD& WFP,
2012). The dietary intake of Se, essential micronutrient, is below
recommendations of 55 yg/day (Elmadfa, 2009, Institute of Medicine, 2000).
Epidemiological studies have linked insufficient dietary Se intake with a
number of health disorders, including oxidative stress-related conditions,
reduced fertility and immune function, cardiomyopathy, and an increased risk
of cancers (Rayman, 2012; Reid et al., 2008; Zeng & Combs, 2008). The
dietary intake of Se is highly depended on foods being consumed. The
content of Se in animal and plant-based foods depend on its content in the
soil where the animal or plant is grown (Hartikainen, 2005; Uden et al., 2004;
Barclay et al., 1995). The Se content in Egyptian foods is relatively low
because of the low Se content in the Egyptian soil.

Various approaches by which dietary Se intake could be improved: (1)
increasing the consumption of Se-rich foods, (2) biofortification of foods with
Se, and (3) using Se dietary supplements. Agronomic biofortification has
become cost-effective tool to increase the Se content in various food plants
and has been used on many occasions with various products, including
broccoli and rice (Finley, 1999).
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In Egypt, cereals are the main dietary energy source, providing about
66% of energy (FAO, 2005). Among cereals, wheat (approx. 363
g/capita/day) is frequently consumed as baladi bread with each meal. The
increase of Se content in the Egyptian wheat flour could be beneficial to the
public health. Foliar application of Se in the form sodium selnate was found to
increase the Se content in the wheat crop and the resulted wheat flour. Aim
of this study was to produce bio-fortified wheat flour with Se content through
Se foliar application to wheat crop.

MATERIALS AND METHODS

Materials
Wheat grains

The Egyptian wheat cultivar Sakha 93 (resistant to smut, soil salinity
and lodging) was obtained from the Wheat Research Section, Agricultural
Research Center.

Chemicals

Selenium as Sodium Biselenite was obtained from Alpha Chemika tm.
Nitric acids (HNO3), HCL and HCIO, were obtained from EI-Gomhouria
Company for Trading Pharmaceutical Chemical & Medical.

Methods
Study design

Two field experiments were carried out at the Experimental Station
Farm in Mansoura and Kalabsho-Zayian region, Faculty of Agriculture,
Mansoura University, Egypt during the winter season of 2010/2011 to
determine the effect of Se treatments (rates and time of application) as foliar
spraying on Se content of wheat flour. A Randomized Complete Block Design
of ten treatments with four replications was carried out as follows: Control
(without Se addition), spraying with 2.5 g Se/fed after 50, 70 and 50+70 days
from sowing; spraying with 5.0 g Seffed after 50, 70 and 50+70 days from
sowing and spraying with 7.5 g Se/fed after 50, 70 and 50+70 days from
sowing.

The foliar solution was completed to 200 L/fed and spraying was
conducted by hand sprayer until saturation point. The experimental unit area
in each location was 3 X 3.5 m occupying an area of 10.5 m” (i.e. 1/400 fed).
The experiment in Mansoura location was carried out in clay loam soil with
medium fertility. While, the experiment in Kalabsho-Zayian location was
carried out in a sandy soil with little fertility. Soil samples were taken at
random from the experimental field area to determine Se content in the soils.

The experimental field was well prepared through two ploughings,
compaction and then divided into the experimental units with dimensions as
previously mentioned. The cultivation took place on November 19" and 24™
in Mansoura and Kalabsho-Zayian location, respectively. Wheat grains at the
rate of 75 and 90 kg/fed were sown by using broadcasting Afir method in
Mansoura and Kalabsho-Zayian locations, respectively. The common
agricultural practices such as irrigation, fertilization (NPK), weed and pest
control for growing wheat in clayey and sandy soils according to the

474



J. Food and Dairy Sci., Mansoura Univ., Vol. 6 (7), July , 2015

recommendations of Ministry of Agriculture and Land Reclamation were
followed, except the factors under study.
Wheat milling

The harvested wheat grain were cleaned from debris and milled in East
Delta Flour Mills (Mansoura Flour Mills, Mansoura, Egypt) using tecanor mill
to obtain a whole meal flour. Samples from whole meal flour (100 g) were
vacuum-packed in polyethylene bags and stored at — 20 °C until Se
guantification. Moisture determinations were carried out on all samples to
calculate dry matter by drying in an air oven at 105 °C for 16 h according to
AOAC (2005).

Selenium quantification:

Sample were digested with 5 ml of a mixture of HNO3; and HCIO, (v/v,
4:1) at 130 °C for 1 h. After cooling, 5 ml of concentrated HCI was added and
heated at 115 °C for 20 min. Subsequently a clear solution was obtained and
made up to 50 ml with distilled water for total Se determination. Se was
quantified using atomic absorption spectrophotometer.

Statistical analysis:

Data were expressed as mean + STD and were statistically analyzed
according to the technique of analysis of variance (ANOVA) for randomized
complete block design as published by Gomez and Gomez (1984), using
MSTAT statistical package (MSTAT-C with MGRAPH version 2.10, Crop and
Soil Sciences Department, Michigan State University, USA). Least Significant
Difference (LSD) method was used to test the differences between treatment
means at 5 % level of probability as described by Snedecor and Cochran
(1980).

RESULTS AND DISCUSSION

Se intakes within the Egyptian population are lower than recommended
intakes of 55 pg/day, and therefore increasing the Se levels within the
population are required. The results from the current study indicated efficient
incorporation and retention of Se in the wheat flour in response to foliar Se
application. The findings from this trial and others (Hart et al., 2011; Curtin et
al., 2006) reporting increased Se content in wheat flour through foliar
fertilization with Se. This approach would in itself probably be adequate to
deal with the current shortfall in Se intakes in the Egyptian population.

Wheat is an important source of Se (Broadley et al., 2010), and its
content can be increased by application of Se to the growing crop or to the
soil (Curtin et al., 2006). The initial Se content in both soils (Mansoura and
Kalabsho-Zayian) was similar, 0.087 and 0.031 ppm respectively and
therefore no significant difference were found in Se content in wheat grown in
both locations after fertilization with Se. Wheat crop showed great ability to
accumulate Se (Fig. 1). The highest Se content (22.2+0.43 pug/100g DM) was
found in wheat after spraying with 7.5 g Na-Selenate after 50 and 70 days
from agriculture, which is higher than the control sample level (1.9£0.41
Hg/100g DM). The average increase of Se content as result of fertilization
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ranged from 0.8 to 12- fold compared to control (Fig. 1.). Similar increase was
reported by others (Hart et al., 2011; Curtin et al., 2006).
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Figure 1: Selenium content (mean + STD) in whole wheat flour as a
function of Se application to the wheat crop cultivated in two
different locations (Mansoura and Kalabsho-Zayian, Egypt)

The increase in Se content (~12 fold) in wheat flour after fertilization of
wheat crop with Se depend on the level and time of the addition as no
significant differences between the two location of the agriculture (Mansoura
and Kalabsho-Zayian) (Tables 1 and Fig. 1) were observed. These results
are in agreement with those of Hart et al. (2011) who reported that Se content
of untreated whole meal flour was 0.035 ug/g and increased to more than 2.2
Mg/g in wholemeal flour produced from grain treated with Se (100 g/ha, as

selenate).
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Table 1: Selenium content (ug/100g, DM) of whole wheat flour a function
of Se application to the wheat crop cultivated in two different

locations (Mansoura and Kalabsho-Zayian)

Se Mansoura Kalabsho-Zayian
application| Se content | Proportion Proportion
to crop (DM) ug/100g £| of increase Se c/(iggeni(lsjlg/l) of increase
(g selffed) SD (%) KO/ = (%)

I. Se application to crop after 50 days from the agriculture

0 19 + 041 16 =+ 0.35

2.5 3.3 +0.47 73 3+0.55 85

5 6.8 +0.34 252 5.9+ 0.29 266
7.5 8.2 + 0.62 327 7.5+0.55 362

1. Se application to crop after 70 days from the agriculture

0 1.9+041 1.6 =+ 0.35

2.5 9.8 +0.42 410 9.1 £+0.34 457

5 11.3 £0.49 485 10.4 £ 0.29 538

7.5 14 +.057 400 13.6 £ 0.62 733

I. Se application to crop after 50 and 70 days from the agriculture

0 19 + 041 1.6+ 0.35

2.5 16.2 £0.45 746 15.4+ 0.41 846

5 18.2 +0.53 845 17.3+£0.45 963

7.5 22.2 +0.43 1053 21.2+ 0.56 1202

F. test * *

The relationship between the Se concentration applied to the wheat
crop and the carry through/retention of Se in the resulted flour was
approximately linear (Fig. 2), indicating efficient incorporation of Se in the
wheat crop through to grain harvest, flour production. With increasing the
amount of sodium selenite applied to the field the Se content was increased
linearly (R* = 0.967 and 0.98 in two different locations) (Fig. 2). This
confirmed that the Na-selenite sprayed on the experimental soil is taken up
by plants and mainly transformed in cereal grains. These results are in
agreement with Hart et al. (2011) who reported a linear relationship between
Se content of the wheat or flour and the amount of sodium selenate applied
to the field up to at least 100 g/ha. Others (Eurola et al., 2004) have also
reported that the rate and mode of Se application are likely to have a
dominant influence on grain Se levels
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Figure 2: Level of selenium addition to wheat crop in relation to
selenium content of flour (ug/100g, DM).

CONCLUSION

This study shows that Se content in wheat flour increased significantly
after foliar spraying with Se. The increase of Se content in wheat flour mainly
depend on time and concentration of added Se. Indicating that the quantity of
added Se was well retained from the grain to resulted flour. The agronomic
biofortifaction is therefore effective approach to increase the Se content in the
wheat flour. This approach could be used as alternative to chemical
fortification.

REFERENCES

AOAC (2005). Association of Official Analytical Chemists official methods of
analysis (18 th edition).Washington, DC, USA.

Barclay MNI, MacPherson A, Dixon J. Selenium content of a range of UK
foods. Journal of Food Composition and Analysis. 1995; 8:307-18.
Broadley, M. R., Alcock, J., Alford, J., Cartwright, P., Foot, I., Fairweather-
Tait, S. J., & Zhao, F. J. (2010). Selenium biofortification of high-
yielding winter wheat (Triticum aestivum L.) by liquid or granular Se

fertilization. Plant and Soil, 332, 5-18.

Curtin, D., Hanson, R., Lindley, T. N., & Butler, R. C. (2006). Selenium
concentration in wheat (triticum aestivum) grain as influenced by
method, rate, and timing of sodium selenate application. New Zealand
Journal of Crop and Horticultural Science, 34, 329-339.

478



J. Food and Dairy Sci., Mansoura Univ., Vol. 6 (7), July , 2015

Elmadfa, I. (2009). The European Nutrition and Health Report. Forum of
Nutrition, Vienna, 62.

Eurola, M., Hietaniemi, V., Kontturi, M., Tuuri, H., Kangas, A., Niskanen, M.,
& Saastamoinen, M. (2004). Selenium content of Finnish oats in 1997-
1999: effect of cultivars and cultivation techniques. Agricultural and
Food Science, 13, 46-53.

FAO (2005). Food balance sheet. by B. Maire & F. Delpeuch. Rome.
Available at:  http://www.fao.org/docrep/008/y5773e/y5773e00.htm.
Accessed 30 October 2012.

FAO, IFAD, & WFP. (2012). The State of Food Insecurity in the World:
Economic growth is necessary but not sufficient to accelerate reduction
of hunger and malnutrition. The Food and Agriculture Organization of
the United Nations, Rome.

Finley, J. W. (1999). The retention and distribution by healthy young men of
stable isotopes of selenium consumed as selenite, selenate or
hydroponically-grown broccoli are dependent on the isotopic form.
Journal of Nutrition, 129, 865-871.

Gomez, K. N. & Gomez, A. A. (1984). Statistical procedures for agricultural
research. John Wiley and Sons, New York, 2nd Ed., 68 P

Hart, D. J., Fairweather-Tait, S. J., Broadley, M. R., Dickinson, S. J., Foot, I.,
Knott, P., McGrath, S. P., Mowat, H., Norman, K., Scott, P. R., Stroud,
J. L., Tucker, M., White, P. J., Zhao, F. J., & Hurst, R. (2011). Selenium
concentration and speciation in biofortified flour and bread Retention of
selenium during grain biofortification, processing and production of Se-
enriched food. Food Chemistry, 126, 1771-1778.

Hartikainen, H. (2005). Biogeochemistry of selenium and its impact on food
chain quality and human health. Journal of Trace Elements in Medicine
and Biology, 18, 309-318.

Institute of Medicine, (2000). Dietary Reference Intakes for Vitamin C,
Vitamin E, Selenium, and Carotenoids, National Academy Press,
Washington, DC, pp. 310-311.

Rayman, M. P. (2012). Selenium and human health. The Lancet, 379, 1256-
1268.

Reid, M. E., Duffield-Lillico, A. J., Slate, E., Natarajan, N., Turnbull, B.,
Jacabs, E., Combs, G. F., Jr., Alberts, D. S., Clark, L. C., & Marshall, J.
R. (2008). The nutritional prevention of cancer: 400 Mcg per day
selenium treatment. Nutrition and Cancer, 60(2), 155-163.

Snedecor, G. W., & Cochran, W. G. (1980). Statistical Methods" 7th Ed. The
lowa State Univ. Press, lowa, USA.

Uden, P. C., Boakye, H. T., Kahakachchi, C., & Tyson, J. F. (2004). Selective
detection and identification of Se containing compounds review and
recent developments. Journal of Chromatography A, 1050, 85-93.

Zeng, H., & Combs, G. F. (2008). Selenium as an anticancer nutrient: roles in
cell proliferation and tumor cell invasion. Journal of Nutrition
Biochemistry, 19, 1-7. http://dx.doi.org/10.1016/].jnutbio.2007.02.005

479



Hefni,M.E et al.

@ﬂ\d\gma.du{)j\uaj\d)awewh@uﬂdﬂﬁgyi?49.4.\1\
K] aMMt@w‘uJH\Hﬂ\AJM u_.asad.s..«.dt.\_«u
GJJAAU.\S‘JAMG_\A.\AU.A

s - B gualal) daala -Ae )30 A - Ak cleliall aud

s - b gaial) daals -As) 3 AS - Jualaal) ad

O Slad¥) cuidl 285 Lia gy Ley (o sl (e B Jsliiall  saisliadd] 408 485y b
s Al yall oda e caagll | (A o) dendll (53 5k e Lol ) Sy sl 8 s gaialuil) deS
meas) del )l oL o gailidly (B ) ) dandll JUA (e ) (383 (8 o uiliid) 58 53800 )
)au)us‘,a‘)}.ad\‘;\skm&.\cb)ﬂ&_IJAJ\}&_I‘)L;J\&MU@SA;U@F&_:AP\ N(EETN
Sl Olles Ll 088 2011/2010 asese JMA 5 ) saaiall dxala — 4ol 30 A0S - ol
2 a3 G JS Capal o sl cpn el (5 i o (Rilial iy 5 ) sy 5l
- il 5 ) yaalall 2l s (e JS 8 ) S Aag i 53 ALK 40 sifial) e Undl) apanai b
sl A€ 5305 ) (o3 o saslandly B 550 () O Ll Jomnial i) s al ol s
@l iy vie (Al sabe aa 100/pa 5580 22) psidiadl 38 5 el (S5 zall Gdy 3
sl ) e )il de) ) (e lasy 70 5 50 2 O8/a saislis o 7.5 2 (i e zeadl
ol ) A€ (e Al A8e lia Sy (s 3ala an 100/ 5 1Ss 1.9) Aldlae
il 3o LS e Jay Lo o) el (383 8 o ssishud) 23S 5 3 sl gl JMA (g AiLiaall
U madl) 38 g B sl sl (DA (e 4l Cilaall o sailully Bl 6 adl)

480



