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Selenium (Se) is an essentia nutrient for humans and animals. The key role of selenium
in mammalian metabolism is attributed to the presence of four selenocysteine residues
in the enzyme glutathione peroxidase. This enzyme protects human cell membranes and
structure from oxidative injury. Selenium, functioning as part of glutathione
peroxidase, has been recognized as a cellular antioxidant (Xia et a 1989). In addition,
the element is also known, to mention only the most important properties, a protecting
agent against heavy metal toxicity (Magos and Webb 1980), cancer (Willett et a 1983;
Helzlsour et al 1989), and cardiovascular diseases (Salonen et a 1988; Korpela et a
1989; Korpela 1993). Lack of selenium or disturbance in the metabolism by metals may
promote free radica production (Johansson 1991). Dietary selenium deficiency in
Chinese people is associated with an endemic cardiomyopathy called “Keshan disease’,
which affects primarily children and women of childbearing age. Severa clinica
studies involving large populations have demonstrated that supplementing the diet with
sodium selenite decreases the incidence of Keshan disease significantly (Chen et d
1980; Keshan Disease Research Group 1979).

The soil Se-content of a geographical region is reflected in locally produced foodstuffs,
which in turn determine the regiona nutritional Se supply of animal and man. Blood Se
levels have been widely used as an index of Se status in both animals and humans, and
in generd there is a good association between levels and the dietary intake of this
element over a wide range (Schrauzer and White 1978; Suzuki et al 1989). Thereisin
fact, a close correlation between selenium concentration in foodstuffs and the
geochemical characteristics (Kubotal et a 1967; Allaway, 1973; Sun et al 1985) of the
area of food production which can often lead to a lack of the element in the diet.

Although the selenium content of food is primarily determined by soil selenium
content, it is aso characteristically higher for some foods than for others (Combs and
Combs 1986). The major source of selenium in most diets are meats and cered
products, which contribute approximately 50% and 25 % to 35 %, respectively of the
total Se intakes of the Americans (Litov and Combs 1991). In addition, dairy products
and eggs provide 10 % to 20%), while fruits and vegetables provide less than 5 % of the
total Seintake.

Wheat is grown localy in Saudi Arabia; the total wheat production rose from 350
thousand tons in 1982 to about 4 million tons in 1991. In general, whesat grain is of
great preference among Saudis. This study was undertaken to determine the extent of
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variation in the selenium content in wheat grains samples locally grown in different parts
of Saudi Arabiain comparison with white flour.

MATERIALS AND METHODS

Fifty-two samples of wheat grains were collected from eight areas in Saudi Arabia
through the Saudi Grain Silos Flour Mills Organization for investigation. Additionally,
samples of white flour and whole wheat flour were selected randomly from different
supermarkets in Riyadh, capital of Saudi Arabia.

Samples were oven-dried overnight at 100-105°C. A weighed sample of approximately
0.5 gm Standard Reference Materia (SRM) 1567a, wheat flour (Nationa Institute of
Standards and Technology, NIST, Gaithersburg, MD, USA) was reacted with 3 ml of
concentrated “selectipur” nitric acid (E. Merck, D-6100 Darmstaot, Frankfurter Strasse
250 Germany) into a 100 ml reflux Pyrex digestion tube. An automated digestion
system 12,0019 with a 1012 Autostep Controller (Tecator AB, Hoganas, Sweden) was
programmed as follows: 10 minutes ramp to 120°C and hold for 5 minutes. When the
digestion was complete, and the tubes cooled, 2 ml of 5 M hydrochloric acid (Fisher
Scientific Co., A.C.S) were added to each sample converting the selenium to the
selenium (1V) state.

The mixture was heated to 90°C for minutes and held for 20 minutes. After cooling for
one hour and a half at 4°C, the digestate was filtered through filter paper (Whatman
No. 541). The clear supernatant was transferred to polypropylene tubes and diluted to 10
ml with deionised water. Selenium contents were expressed as pg/kg dry weight. The
sample was then ready for anaysis.

Working standard solutions were made up each day in the range 0.002 to 0.016 ug/mL
using 5 M hydrochloric acid solution. A calibration curve of emission intensity versus
concentration of selenium was drawn and the concentrations of the unknown samples
were read from the calibration graph.

RESULTS AND DISCUSSION

Table 1 shows the results expressed as pg/kg dry weight of Se in wheat grain samples
collected from different parts of Saudi Arabia. The Se content of wheat grain samples
(n=52) from the areas studied ranged from 8 to 293 pg/kg, with an average of 78.365
pg/kg. The lowest Se concentration was found in the Eastern part of Saudi Arabia. The
varigtion in Se content has been high reflecting differences in geochemica and
climatological conditions. Our data compare favorably with data reported in Hungary
where Se content in wheat ranged from 5 to 235 pg/kg (Alfthan et a 1992). Low Se
values have been reported from Yugoslavia (Maksimovic et a 1992) in the range of 3.6
to 65.5 pg/kg with an average of 18 pg/kg. The most extreme values for the Se content
of wheat were reported from Sweden, the Federal Republic of Germany, Scotland and
Norway and ranged from 9 to 34 pg/kg (Kumpulainen 1993) In seleniferous areas of
Venezuela, Se content in wheat was found to be in the range of 25 to 250 pg/L
(Bratter et al 1991). Of the 52 tested wheat grain samplesWadi Al-Dowasir area had
the lowest mean Se content, 50.625 pg/kg in the range of 14 to 92 pg/kg. Al-Jouf area
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had the highest Se content (285.5 pg/kg). The Se content in other areas were more or
less similar. A variation in the Se content of wheat from 40 to 2100.4 pg/kg, depending
on where the plant was grown, was reported by Schroeder et al (1970).

Table 1. Means, standard deviations and ranges of Se concentrations in locally

grown wheat.
Area No. of Mean + SD Range
samples (ng/kg)

Riyadh 5 88.6 + 21.267 60-120
Wadi Al-Dowasir 8 50.625 + 29.885 14-92
Qassim 13 70.769 + 71.874 11-264
Hail 6 88.333 + 53.679 35-191
Tabouk 3 75.667 + 18.583 63-97
Jouf 2 285.5 278-293
Eastern 14 65.5 + 39.814 8-129
Khamas Mushat 1 62

The concentration of many nutritionally essential trace elements are known to be
decreased by milling of grains into cereals (Czernigjewski et a 1964) and analysis of
random supermarket samples of white flour (n = 12) contained less Se (69.167 pg/kg)
than whole wheat flour (n= 10) where the average Se content was 105.4 pg/kg (Table
2). Similar results were observed (Morris and Levander 1970; WHO 1987). Plants
have been divided into three groups depending on their tendency to take up selenium
from seleniferous soils (Rosenfeld and Beath 1964): Group 1: primary selenium
accumulators which can contain very high amounts of selenium often higher than 1000
mg/kg dry weight; Group 2: secondary selenium accumulators- rarely contain more
than a few hundred mg/kg.

Table 2. Means, standard deviations and ranges of Se concentrations in white flour
and whole wheat flour samples collected randomly from supermarkets.

Area No. of Mean + SD Range
samples (ng/kg)

White flour 12 69.167 + 13.279 45-86

Whole wheat flour 10 105.4 + 78.327 44-295

Finally, Group 3 such as weeds and most crop plants, grasses, and grains is the only
group among the three that contribute to the selenium intake of human beings,
especialy if plants are grown in seleniferous areas. It rarely contains more than 30
mg/kg, even when grown on seleniferous soils; when grown on normal soils generally
contains less than .| mg/kg.

Previous study (Al-Saleh et al, in press) revedled that Se daily intake in 77.8% of
breast-fed infants living in Al-Kharj, Saudi Arabia ranged from 0.9 to 15 pg. This was
considered to be low when compared to the US National Research Council
recommendation in which Se daily intake for infants O to 6 months should be 10 to 40
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pg. On the other hand, the recommended daily levels of Se intake quoted by the
National Research Council (1989) are 70 and 55 pg for adult males and females
respectively. No information is available on the average daily intake of Se in Saudi
Arabia. Variation in the wheat Se content reflects variation in the Se content of soil in
the different regions where wheat grains are grown. This adds further evidence for the
necessity to add Se supplement to the soil (Oldfield 1992). The most potential way to
increase the selenium level in the food chain is adding sodium selenate to fertilizers or
selenium-bearing fly ash as a soil supplement. Finland was the first country which
decided to increase the Se content of feed and food by the addition of sodium selenate
to fertilizers, to be used in the whole country at a concentration of 16 mg/kg for cereal
(Koivistoninen and Huttunen 1985). Therefore, further investigation is needed to
check: (1) the Se content of soil where whesat grains are grown; and (2) the Se status
among Saudis living in different areas of the country considering the recent changes in
Saudi dietary habits particularly between people living in urban and rura areas..

REFERENCES

Alfthan G, Bogye G, Aro A, Feher J(1992) The human selenium status in Hungary. J
Trace Elem Electrolytes Hedlth Dis 6: 233-238.

Allaway WH (1973) Selenium in the food chain. Cornell Vet 63: 151-170.

Bratter P, Negretti de Bratter VE, Jaffe WG, Mendez Castellano H (1991) Selenium
status of children living in seleniferous areas of Venezuela. J Trace Elem
Electrolytes Health Dis 5: 269-270.

Chen XS, Yang GQ, Chen XC, Wen ZM, Ge KY (1980) Studies on the relations of
selenium and Keshan disease. Biol Trace Elem Res 2: 91-107.

Combs GF Jr, Combs SB (1986) Selenium in foods and feeds. In: The role of selenium
in nutrition. Orlando, FL; Academic Press, pp. 41-126.

Czernigiewski CP, Shank CW, Bechtel WG, Bradley WB (1964) The minerals of
whest, flour, and bread. General Chem 41: 65-72.

Helzlsouer KJ, Comstock GW, Morris JS (1989) Selenium, lycopene, alph-tocopheral,
beta-carotene, retinol and subsequent bladder cancer. Cancer Res 49: 6144-6148.
Johansson E (1991) Selenium and its protection against the effects of mercury and

silver. J Trace Elem Electrolytes Health Dis 54: 273-274.

Keshan Disease Research Group of the Chinese Academy of Medica Sciences, Beijing
(1979) Epidemiologica studies on the etiologic relationship of selenium and Keshan
disease. Chin Med J 92: 477-482.

Koivistoinen P, Huttunen JK (1985) Selenium deficiency in Finnish food and nutrition:
research strategy and measures. In: Trace elements in man and animals TEMA 5.
Mills CF, Bremer I, Chesters JK. (eds)., Slough, Commonweath Agricultural
Bureaux, pp. 925-928.

Korpela H, Kumpulainen J, Jussila E, Kemila S, Kaariainen M, Kaariainen T,
Sotaniemi EA (1989) Effect of selenium supplementation after acute myocardial
infraction. Res Commun Chem Pathol Pharmacol 65: 249-252.

Korpela H (1993) Selenium in cardiovascular diseases. J Trace Elem Electrolytes
Health Dis 7: 115.

Kubotal J, Allavay WH, Carter DL, Cary EE, Lazar VA (1967) Selenium in crops in
the United States in relation to selenium-responsive diseases of animals. J Agric
Food Chem 15: 448-453.

593



Kumpulainen JT (1993) Selenium in foods and diets of selected countries. J Trace Elem
Electrolytes Health Dis 7: 107-108.

Litov RE, Combs GF (1991) Selenium pediatric nutrition. Pediatrics 87: 339-351.

Magos L, Webb M (1980) The interactions of selenium with cadmium and mercury.
CRC Crit Rev Toxicol 8: [-42.

Maksimovic Z, Jovic V, Djujic I, Rsumovic M (1992) Selenium deficiency in
Yugosavia and possible effects on health. Environmental Geochemistry and Health
14: 107-111.

MorrisVC, Levander OA (1970) Selenium content of foods. J Nutr 100: 1383-1388.

National Research Council (1989) Recommended dietary alowances. 10th ed.
Subcommittee on the Tenth Edition of the RDA’s Food and Nutrition Board.
Commission of Life Sciences. Washington, DC: National Academy of Sciences.

Oldfield JE (1992) Risks and benefits in agricultural uses of selenium. Environ
Geochem and Health 14: 81-86.

Rosenfeld |, Beath OA (1964) Selenium geobotany, biochemistry, toxicity and
nutrition, New Y ork, Academic Press, pp. 411.

Salonen JT, Salonen R, Seppanen K, Kantola M, Paviainen M, Alfthan G, Maenpaa
PH, Taskinen E, Rauramaa R (1988) Relationship of serum selenium and
antioxidants to plasma lipoproteins, platelets aggregability and prevaent ischemic
heart disease in Eastern Finnish men. Atherosclerosis 70: 155-160.

Schrauzer GN, White DA (1978). Selenium in human nutrition: dietary intakes and
effects of supplementation. Bioinorg Chem 8: 303-308.

Schroeder HA, Frost DV, Balassa JJ (1970) Essentia trace metals in man: selenium. J
Chron Dis 23: 227-243.

Sun S, Zhai F, Zhou L, Yang G (1985) The bioavailability of soil selenium in Keshan
disease and high selenium areas. Chinese J End Dis 4: 21-28.

Suzuki T, Hongo T, Ohba T, Kobayashi K, Imai H, Ishida H, Suzuki H (1989) The
relation of dietary selenium to erythrocyte and plasma selenium concentrations in
Japanese college women. Nutr Res 9: 839-848.

WHO, World Health Organization (1987) Selenium. Environmental Health Criteria 58.

Willett WC, Polk BF, Morris JS, Stampfer MJ, Pressil S, Rosner B, Taylor JO,
Schneider K, Hames CG (1983) Prediagnostic serum selenium and risk of the
cancer. Lancet 2: 130-134.

XiaJ, Hill KE, Burk RF (1989) Biochemical studies of a selenium-deficient population
in China: measurement of selenium, glutathione peroxidase and other oxidant
defense indices in blood. J Nutr 119: 1318-1326.

594



