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Abstract Concentrations of selenium (Se) in food

from local markets of Riyadh, Kingdom of Saudi

Arabia (KSA) were measured and daily intake calcu-

lated based on information from a questionnaire of

foods eaten by healthy Saudis. The daily intake of Se

was then compared to concentrations of Se in blood

serum. Primary sources of Se in the diet of Saudis

were as follows: meat and meat products (31%), egg

(20.4%), cereals and cereal products (16%), legumes

(8.7%), fruits (6.8%), milk and dairy products (2.0%),

beverages (2%), sweets (1.8%), pickles (0.2%), and oil

(0.02%). Daily intake of Se, estimated to be 93 lg Se/

person/day, was slightly greater than that calculated

from the Food and Agriculture Organization (FAO)

food balance sheet for KSA, which was approximately

90 lg Se/person/day. The daily intake of Se by Saudis

in Riyadh was greater than that of Australians or Dutch

but less that of Canadians and Americans. There was

a statistically significant correlation (R = ?0.38, P \
0.05) between daily intake of Se and concentrations

of Se in blood serum of Saudis in Riyadh. The

mean concentration of Se in serum was 1.0 9 102 ±

30.5 lg Se/l. Taken together, the results suggest that

the average Se intake and Se serum concentrations are

within the known limits and recommendations, mak-

ing it unlikely that Saudis are on average at risk of

deficiency or toxicity.
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Introduction

Selenium (Se) is a naturally occurring element that

is associated with deposits of ores containing other

elements. It can be released as a result of weathering of

rocks, from volcanic emissions, and during mining and

smelting of ores. Selenium is present in air, water,

soils, and plants. Selenium is an essential micronutri-

ent in human and animal nutrition, but greater amounts

can be toxic (ATSDR 2003; Goldhaber 2003; Chen

et al. 2006). Selenium can be released by human

activities, including mining, milling, refining, espe-

cially of copper, and oil and gas operations (U.S.

Agency for Toxic Substances and Disease Registry;

ATSDR 2003). Concentrations of Se in humans are

dependent on the amount of Se in the diet, which is a

function of the Se content of the soil upon which plants

are grown.

Humans and animals require Se for normal func-

tioning of more than 30 known selenoproteins, of

which more than 15 have been characterized and their

enzymatic functions identified (Brown and Arthur

2001; Jameson and Diamond 2004). Known seleno-

proteins include four glutathione peroxidases, three

iodothyronine deiodinases, three thioredoxin reduc-

tases, selenoprotein P, selenoprotein W, and seleno-

phosphate synthetase. Se is essential for normal

functioning of the immune system and thyroid gland,

which makes Se an essential element for normal

development, growth, metabolism, and defense of the

body (Dodig and Cepelak 2004). The supportive

functions of Se in health and disease, including male

infertility; viral infections including HIV, cancer,

cardiovascular, and autoimmune diseases, have been

documented by the results of clinical examinations

and the results of controlled studies that have

confirmed that Se in the diet is therapeutic in treating

diseases (Ursini et al. 1999; Cepelak and Dodig 2003).

Deficiency of Se can exacerbate iodine deficiency and

affect synthesis of thyroid hormone (Dodig and

Cepelak 2004). Se interacts with nutrients that affect

the pro-oxidant/antioxidant balance of cells. Se, in

combination with vitamin E, is involved in metabolic

functions. The selenoprotein, glutathione peroxidase,

enhances the antioxidant activity of vitamin E and

limits oxidation of lipids in cell membranes. In this

way, Se can prevent some of the damage resulting

from vitamin E deficiency. The selenoprotein thiore-

doxin reductase can maintain antioxidant function of

vitamin C by catalyzing its regeneration.

Excessive intake of Se can result in toxicity called

selenosis. Symptoms of selenosis include gastrointes-

tinal upsets, hair loss, white blotchy nails, fatigue,

irritability, and mild nerve damage. More recently,

several studies suggested a possible link between Se

exposure and increased risk of developing type 2

diabetes mellitus and adverse cardio-metabolic effects

(Stranges et al. 2007). Toxicity due to exposure to Se is

rare in North America, with the only reported cases

having been associated with industrial accidents and an

error in manufacturing that led to great concentrations

of Se in a food supplement (Goldhaber 2003; Hathcock

1997). A no observed adverse effect level (NOAEL)

of 15 lg Se/kg bw/day has been developed from an

epidemiological study of a population in China (Yang

et al. 1989). Based on the results of an epidemiological

study, an exposure limit of 5 lg Se/kg bw/day has been

set by both the United States Environmental Protection

Agency (US EPA 1991) and Agency for Toxicity and

Disease Registry (ATSDR 2003).

Since Se is both a required element and can also

be toxic, there is an optimal range for daily intake.

The RDA is the ‘‘average daily dietary intake that is

sufficient to meet the nutritional requirements’’ of

most individuals without causing toxicity. An upper

intake level (UL) is ‘‘the greatest average daily intake

level likely to pose no risk of adverse health effects to

almost all individuals in a given life-stage and gender

group’’ (Health Canada 2006). In other words, the

RDA is the goal for usual intake by an individual

(Health Canada 2006). The recommended dietary

allowances (RDA) for children and adults are 1.5

and 0.8 lg Se/kg bw/day, respectively. The tolerable

upper intake amounts for children and adults are 7.5

and 5.7 lg Se/kg bw/day, respectively (Health Canada

2004b). Similarly, the upper limits of intake calculated

by the U.S. National Academy of Science (NAS 2000)

correspond to a daily intake of approximately 5.5 lg

Se/kg bw/day. In their review of the toxicity of Se,

Lawrence and Chapman (2007) pointed out that no

clinical signs of selenosis were reported in humans

exposed to as much as 700 lg Se/day, which is the

equivalent of 10 lg Se/kg bw/day for an adult. Thus,
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the reference dose of 5 lg Se/kg bw/day might be

overly protective. However, since neither the ATSDR

(2003) nor US EPA (1995) has revised their exposure

limits, and the least Health Canada UL is comparable

to the US EPA (1991) and ATSDR (2003) values, the

exposure limit of 5 lg Se/kg bw/day was used as a

reference value in assessing the health impact of

concentrations of Se measured in fish from the North

Saskatchewan River (NSR) (Shell Canada Energy

1999).

Concentrations of Se in foods vary among geo-

graphical regions, mainly due to variations in total

concentrations of Se in soils, even within the same

country. Bioavailability of Se to be accumulated from

soils into plants is also a factor that determines

accumulation of Se into diets (European Commission,

Health and Consumer Protection Directorate-general,

Scientific Committee on Food 2000). Since plants do

not appear to require Se, concentrations of Se in plants

are directly proportional to those in soils. Se-contain-

ing compounds found in food are as follows: selenate,

which is the major inorganic compound found in both

animal and plant tissues; selenocysteine, which is the

predominant selenoamino acid in tissues when inor-

ganic Se is given to animals; selenomethionine, which

is the major selenocompound found initially in

animals given this selenoamino acid, but over time is

converted to selenocysteine; and Se-methylselenocys-

teine, which is the major selenocompound in plants

that tend to enrich Se relative to concentrations in the

soil. Examples of plants that concentrate Se include

garlic, onions, broccoli florets and sprouts, and wild

leeks. Selenomethionine is the major selenocompound

in cereal grains, grassland legumes, and soybeans

(Dodig and Cepelak 2004).

Food is the main source of Se for humans. Dietary

intake of Se is determined by the concentration in food

and the amount of food consumed (Pappa et al. 2006).

Concentrations of Se in food vary among locations

depending on concentrations of Se in soils where

plants and animals used as food are produced (Barclay

et al. 1995; IOM 1998; Uden et al. 2004). In particular,

meat and seafood are sources of Se in the diets of

humans (Klapec et al. 2004; Sirichakwal et al. 2005).

Because of variation in concentrations of Se in food,

dietary intake of Se varies among populations around

the world (McNaughton and Marks 2002). Therefore,

it is necessary to monitor the Se content in represen-

tative and widely consumed foods in each region.

Because the Kingdom of Saudi Arabia (KSA) is

arid and in most parts little food can be produced, most

of the food consumed by people living in KSA is

imported from other countries. Thus, dietary Se is not

related to concentrations in soils in the KSA, but rather

related to concentrations of Se in soils of other

regions. Hence, the objectives of this study were to: (1)

measure concentrations of Se in foods in local markets

in Riyadh, KSA, (2) determine daily intake of

individual foods by use of a Food Consumption

Survey (questionnaire), which was conducted in 2010,

(3) calculate the daily intake of Se from the concen-

trations of Se in food items and the amounts of foods

consumed, (4) compare the calculated daily intake

of Se intake with that given by the food balance sheet

of KSA provided by the United Nations, Food and

Agriculture Organization (FAO), (5) compare the

daily intake for Se to suggested daily intakes and to

thresholds for toxicity, and (6) examine the correlation

between Se dietary intake and concentrations of Se in

blood serum of healthy adults in Riyadh.

Materials and methods

Sampling

Samples of local foods were collected from local

markets in Riyadh during September 2010. Approx-

imately 104 foods and ingredients belonging to 12

food groups were collected (Table 1).

Sample preparation

For processed foods, those brands representing a high

percentage of the domestic market were purchased.

Three samples for each food item were purchased in

September 2010. Samples were dried at 100�C until

constant weight. To prevent contamination, subsam-

ples were ground to a homogenous powder by use of

special mills with parts made of aluminum and

titanium. A 150 g of the sample was taken and stored

in air-tight polyethylene bottles at 18�C until further

analysis (Tülay et al. 2009).

Quantification of Se

Foods were wet digested by heating at 150�C on a hot

plate (PC-351, Corning Incorporated Life Sciences,
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Lowell, MA, USA) according to standard methods

(Welz and Melcher 1985; Salama and Radwan 2005;

Ramesh et al. 2007; Chukwujindu Iwegbue et al. 2008;

Edem et al. 2009). All utilized reagents including,

nitric acid (70%), hydrochloric acid (36%), hydroflu-

oric acid, hydrogen peroxide, sulfuric acid, and ultra-

pure double deionized distilled water (18 MX cm),

conformed to the specifications of the Committee

on Analytical Reagents of the American Chemical

Society. Containers and equipment used to process

samples were cleaned according to the standard

methods of Hageddorm (2008). The same pretreat-

ment procedure was repeated until the darkness of the

solution disappeared. After cooling, the digested

solution was diluted with deionized distilled water

and transferred to a 50-ml volumetric flask. Diluted

solution was filtered through a filter paper into

polyethylene tubes (50 ml); then Se concentrations

in digested samples were determined by use of

inductively coupled plasma atomic emission spectros-

copy (ICP-AES) (Thermo Scientific ICAP 6500 ICP-

AES with a Standard Introduction Kit, glass concen-

tric nebulizer/cyclonic spray chamber) (van de Wiel

2003). Recovery of Se during the analytical procedure

was determined by spiking and homogenizing several

previously analyzed samples with several concentra-

tions of Se and processed by the procedure described

above. Average recovery of Se was 97.8 ± 1.3%.

Estimation of dietary intake of Se

Daily intake of Se was estimated from the food

balance sheet for KSA given by FAO and from a 24-h

food questionnaire for 260 subjects in Riyadh. Based

on the relative proportions of foods in the diet and

concentrations of Se in the respective foods, mean

daily intake of Se was calculated.

Collection, preparation, and analysis of blood

serum

Samples of venous blood were collected in polyeth-

ylene tubes (5 ml) from 260 randomly selected,

healthy, non-smoking adults (140 men and 120

women) from Riyadh. Each subject signed an

informed consent form for the procedures and use of

subsequent information. Samples of blood were left at

room temperature until clotting and centrifuged, and

serum was isolated into Eppendorf tubes and kept

frozen until analyses. Serum was digested with HNO3,

HCl, and H2O2 (30%) as described by (Bukhari et al.

2005). Concentrations of Se in digested samples were

determined by use of ICP-AES and reported as lg Se/l

serum (parts per billion; ppb). Mean recovery, deter-

mined by spiking several previously analyzed samples

with several amounts of standard solutions of Se, was

98.1 ± 1.6%.

Table 1 Food groups and types used for the determination of

selenium contents

Food group Types

Vegetables Cucumber, Zucchini, Green peas, Carrots,

Potatoes, Eggplant, Green peppers, Okra,

Time, Green hot pepper, Taro, Onions,

Garlic, Canned taro, Canned green peas,

Canned carrots, Canned okra, Canned

spinach, Canned potatoes, Canned Jews

mallow, Radish, Spinach, Lettuce, Leafy

lettuce, Mint, Coriander, Cauliflower,

Watercress, Cabbage, Green onions

Fruits Tomatoes, Bananas, Strawberry, Orange,

Pears, Lemon, Apples, Canned

strawberry, Dried dates

Pickles Pickled cucumber, Pickled turnip

Legumes Green kidney bean, Canned green kidney

beans, Canned kidney beans, Canned

beans, beans, Canned peas, Cowpeas

Cereal and cereal

product

Pasta, Rice (Karos snow white), Rice (Abu

sion), Bread, White bread, Biscuits

(Tyoshob), Biscuits (Tyoshob

strawberry), Tea biscuits, Biscuits

(Loucker, Napolitaner)

Milk and milk

products

Fresh milk, Danette banana, Flavored

milk, Danette strawberry, Flavored milk,

Yogurt, Cheese, Ice cream (plastic tray),

Ice cream (paper canned), Vanilla ice

cream (paper canned)

Beverages Orange and carrot juice, Apple juice, Fruit

juice, Orange juice, Lemon juice,

Strawberry juice, Lipton tea packages,

Lipton tea, Coffee

Sweets Chocolate bars (Bounty, Galaxy, Snickers,

Twix, Vip, Albeni, Triplex, Towers

Gold), Rush, Halvah.

Meat and meat

products

Sardines haakon hot, Light meat tuna

(Eldiafa), Light meat tuna (C Harvest),

Incheon rural slides, Light meat tuna

(IFFCO), Light meat tuna (California),

Sardines cooked (Milo), Chicken, Fish,

Fresh meat (lamb), Eggs.

Oils Shams, Noor, Abu Zahra, Afia
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Statistical analysis

Parametric statistical analyses such as the two-sample

t test and Pearson correlation analysis were used to

analyze the data, choosing P = 0.05 as the level of

significance. The analysis of the data was accom-

plished by use of SPSS program (version 17).

Results and discussion

Mean concentrations (lg Se/kg, wet weight) of Se in

104 different foods and food ingredients, typically

found in Saudi diets, are reported with the range and

standard error of means (Table 2). The greatest mean

Se concentrations were found in meats (3.0 9 102 ±

7.8), eggs (2.6 9 102 ± 0.3), and canned fish (2.2 9

102 ± 5.7) lg Se/kg, ww, respectively. Legumes

contained moderate concentrations of Se, with a

mean of 1.8 9 102 ± 5.8 lg Se/kg, ww, whereas

leafy vegetables, non-leafy vegetables, cereals, and

cereal products contained similar concentrations of

Se with mean concentrations of approximately 5.0 9

101 lg Se/kg, ww. Canned vegetables, fruits, milk and

dairy products, tea and coffee, beverages, pickles, and

sweets contained mean concentrations of Se that were

less than 4.0 9 101 lg Se/kg, ww. Oils contained the

least mean concentration of Se, of 2.2 ± 0.17 lg

Se/kg, ww. The major sources of Se intake by Saudis

were meat and meat products (30.94%), egg (20.37%),

cereal and cereal products (16.11%), legumes (8.66%),

fruits (6.79%), milk (2.12%), beverages (2%), sweets

(1.79%), pickles (0.2%), and oil and grease (0.02%)

(Table 3). Protein-rich foods, such as fish, sea food,

eggs, meat, and poultry, contain greater concentrations

of Se, whereas foods containing less protein such as

vegetables, fruits, pickles, cereals and cereal products,

milk and dairy products, beverages, tea and coffee, and

sweets contain lesser concentrations of Se. This finding

was in accordance with the results of other studies

(Holland et al. 1991; Barclay et al. 1995; New Zealand

Institute for Crop and Food Research Limited 2000;

McNaughton and Marks 2002).

Concentrations of Se in various foods consumed

by Saudis were compared to those in foods of other

countries (Table 4). The mean concentration of Se in

legumes in Saudi diets was 1.8 9 102 lg/kg, ww

(Table 2), which is greater than concentrations of Se

reported for legumes from other regions (Pappa et al.

2006). Concentrations of Se legumes from Greece

ranged from 2.4 to 4.4 9 102 lg Se/kg, ww with a

mean value of 1.6 9 102 lg Se/kg, ww. The greatest

concentration of Se among legumes was 2.8 9 102 lg

Se/kg, ww, which was found in canned kidney

beans. This result is likely due to the greater protein

content in legumes, which is correlated with concen-

trations of Se (Klapec et al. 2004; Sirichakwal et al.

2005).

Concentrations of Se in cereals and cereal products

ranged from 0.2 to 1.2x102 lg Se/kg, ww with a mean

value of 0.6 9 102 lg Se/kg, ww. Among cereal

products, the greatest concentration of Se was found in

white bread (1.2 9 102 lg Se/kg), while the least was

found in rice (Brand name: Karos Snow white) (2.7 9

101 lg Se/kg, ww). These results are similar to those of

Dumont et al. (2006) who reported that concentrations

of Se ranged from 1.0 9 101 to 5.5 9 102 lg Se/kg,

ww. Concentrations of Se, in both white and whole grain

bread, ranged from 0.8 to 1.1 9 102 lg Se/kg, ww with

a mean of 0.9 9 102 lg Se/kg, ww and 1.0 9 102 to

1.5 9 102 lg Se/kg, ww with a mean of 1.2 9 102 lg

Se/kg, ww, respectively Marro (1996). Mean concen-

trations of Se in bread were reported to range from

2.0 9 101 to 1.3 9 102 lg Se/kg, ww in bread (Pappa

et al. 2006). In the study upon which we report here, the

observed differences in Se content between whole-

wheat bread (1.0 9 102 ± 4.8 lg Se/kg, ww) and white

bread (1.2 9 102 ± 6.2 lg Se/kg, ww) were not statis-

tically significant (P [ 0.05).

Leafy, non-leafy, and canned vegetables contained

lesser concentrations of Se (Table 2). Similar results

are reported by Sirichakwal et al. (2005) who

suggested that concentrations of Se tended to be less

in vegetables than other foods. Concentrations of Se in

fruits and vegetables from Portugal, which contained

less protein than other foods, also contained less Se

(Ventura et al. 2009). However, some vegetables, such

as garlic, onions, broccoli, cabbage, and safflower,

tend to have greater concentrations of Se (Dumont

et al. 2006; Kápolina et al. 2007). These plants also

contain a greater fraction of seleno compound such as

Se-methylselenocysteine.

Concentrations of Se in beverages other than milk

ranged from 2.2 9 101 to 3.7 9 101 lg Se/kg, ww with

a mean concentration of 2.9 9 101 lg Se/kg, ww

(Table 2). The greatest concentration of Se was found

in orange and carrot juice (3.7 9 101 lg Se/kg, ww),

while the least was found in apple juice. Concentrations
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Table 2 Concentration of

selenium in analyzed food

samples from the Saudi

market

Food type No. Sample Se (lg/kg ± SD)a

Non-leafy

vegetables

1 Cucumber 4.1 9 101 ± 0.07

2 Zucchini 2.1 9 101 ± 0.12

3 Green peas 2.1 9 101 ± 0.37

4 Carrots 1.9 9 102 ± 1.07

5 Potatoes white 2.0 9 101 ± 0.15

6 Eggplant (black) 4.1 9 101 ± 0.07

7 Green peppers 1.4 9 101 ± 0.08

8 Okra 1.4 9 101 ± 0.07

9 Time 5.1 9 101 ± 0.17

10 Green hot pepper 4.1 9 101 ± 0.08

11 Potatoes 5.1 9 101 ± 0.09

12 Taro 2.0 9 102 ± 0.02

13 Onions 2.4 9 101 ± 0.04

14 Garlic 0.9 9 101 ± 0.02

Mean ± SD 5.2 9 101 ± 6.26

Range 0.9 9 101–2.0 9 102

Canned vegetables 15 Canned taro 2.7 9 101 ± 0.17

16 Canned green peas 1.3 9 101 ± 0.05

17 Canned carrots 6.1 9 101 ± 1.11

18 Canned okra 5.1 9 101 ± 0.45

19 Canned spinach 1.6 9 101 ± 0.27

20 Canned potatoes 1.9 9 101 ± 0.91

21 Canned Jews mallow 9.1 9 101 ± 0.64

Mean ± SD 3.9 9 101 ± 3.01

Range 1.3 9 101–9.10 9 101

Leafy vegetables 22 Mallow 0.1 9 101 ± 0.02

23 Purslane 0.1 9 101 ± 0.06

24 Radish 0.1 9 101 ± 0.05

25 Dill 0.1 9 101 ± 0.03

26 Spinach 3.9 9 101 ± 0.23

27 Lettuce 8.1 9 101 ± 0.56

28 Lettuce 3.1 9 101 ± 0.55

29 Mint 0.1 9 101 ± 0.02

30 Coriander 1.5 9 102 ± 2.07

31 Cauliflower 1.3 9 102 ± 1.06

32 Watercress 9.76 9 102 ± 0.65

33 Cabbage 1.1 9 102 ± 1.97

34 Green onions 9.8 9 101 ± 0.65

Mean ± SD 5.6 ± 5.56

Range 0.1 9 101–1.5 9 102

Fruits 35 Tomatoes 1.8 9 102 ± 3.07

36 Bananas 1.6 9 102 ± 1.33

37 Strawberry 1.2 9 101 ± 0.19

38 Oranges 3.0 9 101 ± 0.87
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Table 2 continued
Food type No. Sample Se (lg/kg ± SD)a

39 Pears 1.2 9 102 ± 2.88

40 Lemon 1.8 9 101 ± 0.45

41 Apples 1.5 9 101 ± 0.72

42 Canned strawberry 2.9 9 101 ± 0.51

43 Dried dates 7.3 9 101 ± 0.94

Mean ± SD 6.7 9 101 ± 6.50

Range 1.2 9 101–1.8 9 102

Pickles 44 Pickled cucumber 1.9 9 101 ± 0.18

45 Pickled turnip 1.8 9 101 ± 0.24

Mean ± SD 1.8 9 101 ± .070

Range 1.8 9 101–1.9 9 101

Legumes 46 Green kidney bean 1.7 9 102 ± 0.65

47 Canned green kidney beans 2.3 9 102 ± 0.28

48 Canned kidney beans 2.8 9 102 ± 0.69

49 Canned beans 1.4 9 102 ± 1.07

50 Canned beans 1.2 9 102 ± 0.97

51 Broad beans 1.7 9 102 ± 0.64

52 Canned peas 1.1 9 102 ± 0.32

53 Cowpeas 2.1 9 102 ± 0.61

Mean ± SD 1.8 9 102 ± 5.81

Range 1.1 9 102–2.8 9 102

Cereal and cereal

products

54 Pasta 3.1 9 101 ± 0.87

55 Rice (Karos snow white) 2.9 9 101 ± 0.63

56 Rice (Abu Sion) 2.7 9 101 ± 0.51

57 Bread 1.0 9 102 ± 0.48

58 White bread 1.2 9 102 ± 0.62

59 Biscuits (Tyoshob) 4.2 9 101 ± 0.41

60 Biscuits (Tyoshob strawberry) 3.0 9 101 ± 0.22

Tea Biscuits 6.0 9 101 ± 0.78

62 Biscuits (Loucker) (Napolitaner) 4.8 9 101 ± 0.54

Mean ± SD 5.4 9 101 ± 3.42

Range 2.7 9 101-1.2 9 102

Milk and dairy

Products

63 Fresh milk 3.2 9 101 ± 0.87

64 Danette banana-flavored milk 1.1 9 101 ± 0.07

65 Danette strawberry-flavored milk 2.8 9 101 ± 0.54

66 Yogurt 2.0 9 101 ± 0.66

67 Cheese 1.8 9 101 ± 0.83

68 Ice cream (plastic tray) 2.3 9 101 ± 0.76

69 Ice cream paper canned 2.9 9 101 ± 0.63

70 Vanilla ice cream paper canned 2.8 9 101 ± 0.32

Mean ± SD 2.4 9 101 ± 0.69

Range 1.1 9 101–3.2 9 101
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Table 2 continued
Food type No. Sample Se (lg/kg ± SD)a

Beverages 71 Orange and carrot juice 3.7 9 101 ± 0.82

72 Apple juice 2.2 9 101 ± 0.71

73 Fruit juice 2.7 9 101 ± 0.12

74 Orange juice 3.1 9 101 ± 0.07

75 Lemon juice 3.0 9 101 ± 0.55

76 Strawberry juice 2.7 9 101 ± 0.07

Mean ± SD 2.9 9 101 ± 0.50

Range 2.2 9 101–3.70 9 101

Tea and Coffee 77 Lipton tea packages 2.2 9 101 ± 0.91

78 Lipton Tea (Loose) 2.4 9 101 ± 0.88

79 Coffee 2.8 9 101 ± 0.36

Mean ± SD 2.5 9 101 ± 0.30

Range 2.2 9 101–2.79 9 101

Sweets 80 Bounty 2.2 9 101 ± 0.41

81 Galaxy 3.0 9 101 ± 0.57

82 Snickers 1.3 9 101 ± 0.53

83 Vip 3.2 9 101 ± 0.93

84 Albeni 2.8 9 101 ± 0.17

85 Triplex 1.5 9 101 ± 0.52

86 Towers gold 3.1 9 101 ± 0.64

87 Twix 3.8 9 101 ± 0.82

88 Rush 4.4 9 101 ± 0.26

89 Halvah 4.0 9 101 ± 0.37

Mean ± SD 2.9 9 101 ± 1.0

Range 1.3 9 101-4.4 9 101

Canned fish 90 Sardines Haakon hot 2.7 9 102 ± 3.07

91 Light meat tuna (Eldiafa) 1.5 9 102 ± 0.26

92 Light meat tuna (C Harvest) 2.3 9 102 ± 0.32

93 Incheon rural slides 2.5 9 102 ± 0.57

94 Light meat tuna (IFFCO) 1.4 9 102 ± 0.81

95 Light meat tuna (California) 2.9 9 102 ± 0.72

96 Sardines cooked (Milo) 2.1 9 102 ± 0.86

Mean ± SD 2.2 9 102 ± 5.70

Range 1.3 9 102-2.9 9 102

Meats 97 Chicken 2.5 9 102 ± 0.33

98 Fish 2.6 9 102 ± 0.89

99 Fresh meat (lamb) 3.9 9 102 ± 2.34

Mean ± SD 3.1 9 102 ± 7.79

Eggs Range 2.5 9 102–3.9 9 102

100 Chicken eggs 2.6 9 102 ± 0.30

Mean ± SD 2.6 9 102 ± 0.30

Range 2.6 9 102
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of Se in milk vary among species with concentrations

decreasing in the order: human [ sheep [ goat[ cow

milk. Concentrations of Se in milk are negatively

correlated with fat content (Pappa et al. 2006). A similar

trend was observed in different types of cheese (Barclay

et al. 1995). Concentrations of Se in milk sold in Riyadh

were 3.2 9 101 lg Se/kg, ww in fresh milk,

1.1 9 101 lg Se/kg, ww in Danette banana milk and

2.8 9 101 lg Se/kg, ww in ice cream (paper canned)

(Table 2).

Fresh meat, chicken, eggs, and canned fish, which

contain large amounts of protein, contained the greatest

concentrations of Se (Table 2). These results are

consistent with those of other studies conducted in other

regions (Klapec et al. 2004; Sirichakwal et al. 2005;

Pappa et al. 2006). The primary forms of Se in food of

animal origin are selenocysteine and selenomethionine,

which are biologically available to consumers (van der

Torre et al. 1991). Concentrations of Se in fresh meat

were greater than those of chicken, egg, canned fish, or

fresh fish. Concentrations of Se in meats from KSA were

greater than the same products from Australia, the

United Kingdom, the United States, and New Zealand

(Table 4). Concentrations of Se in meats varied among

countries due to different concentrations of Se in the

foods the animals were fed. The mean concentration of

Se in whole eggs was greater than those previously

reported for eggs from other regions of the world

(Bratakos and Ioannou 1989; Pappa et al. 2006).

Fresh vegetables, canned vegetables, fruits, kidney

beans, baked beans, eggs, beverages, chicken, and fresh

meat from Saudi markets contained greater concentra-

tions of Se than that from the other countries (Table 4).

Fresh vegetables from Saudi markets had greater con-

centrations than those in Australia (McNaughton and

Marks 2002), UK (Barclay et al. 1995) and in New

Zealand (New Zealand Institute for Crop and Food

Research Limited 2000). Moreover, concentrations of

Se in chickens for the KSA were greater than those in

Australia, UK, USA, and New Zealand (Table 4).

Table 3 Daily intake of

selenium daily intake (lg

Se/person/day) and

contribution (%) in relation

to food questionnaire

Food kind Daily

consumption

of food (g)

Concentration

(lg Se/kg)

Daily Se intake

(lg/person/day)

Contribution

(%)

Vegetables 203.59 5.1 9 101 10.32 11.1

Fruits 90.54 7.0 9 101 6.33 6.80

Pickles 10.39 1.9 9 101 0.19 0.205

Legumes 44.91 18.0 9 101 8.07 8.66

Cereals and cereal product 276.93 5.4 9 101 15.02 16.12

Milk and dairy products 83.79 2.4 9 101 1.97 2.12

Beverages 66.71 2.8 9 101 1.83 1.97

Sweets 54.77 2.9 9 101 1.61 1.72

Meat and meat products 116.69 24.7 9 101 28.84 31.0

Eggs 75.73 25.0 9 101 19.00 20.38

Oil 10.00 0.23 9 101 0.02 0.03

Daily Se intake (lg/person/day) 93.20

Table 2 continued

a Values are mean of

triplicate analysis expressed

on a wet weight basis

Food type No. Sample Se (lg/kg ± SD)a

Oils 101 Noor 0.2 ± 0.01

102 Shams 4.0 ± 0.14

103 Abu zahra 1.5 ± 0.06

104 Afia 3.4 ± 0.11

Mean ± SD 2.2 ± 0.17

Range 0.2–0.4
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The total daily intake of Se by Saudi’s was 93 lg/

person/day. Based upon the food balance sheet for KSA

given by FAO (1994–1996), the estimated Se intake of

Saudi population was 90 lg Se/person/day (Table 5).

Estimated daily intakes of Se by populations in various

countries including Saudi Arabia were compared

(Table 6). Japanese (129 lg Se/person/day), Canadian

(113–224 lg Se/person/day), USA (114 lg Se/person/

day), and Saudi population (90.12–93.2 lg Se/person/

day) had greater daily intakes of Se than other countries

that received less than 85 lg Se/person/day (Table 6).

The Greek population had the least daily intake of Se

(39 lg Se/person/day). The mean daily intake of Se was

93 lg Se/person/day, which is similar to that reported

for other regions of the world and greater than the RDA

of 55 lg Se/person/day (DRI 2000). This average Se

daily intake is greater than that derived from the food

balance of KSA given by FAO, which was 90 lg Se/

person/day (Table 5). The mean daily intake of Se in the

KSA was also greater than that for people in other

countries (Table 5).

Monitoring for intake of Se can also be done by

measuring concentrations of Se in blood plasma or

serum, whole blood, toenails or hair (Gibson 1990).

The mean concentration of Se in blood serum had a

range of 0.48 9 102–1.5 9 102 lg Se/l with a mean

of 1.0 9 102 ± 30 lg Se/l (Table 7). In the popula-

tions of adult Saudis from Riyadh, concentrations of

Se in blood serum were correlated with the calculated

daily intake of Se (R = ?0.38, P \ 0.05) (data not

shown). These results are consistent with the results of

previous studies that have reported that in populations

receiving sufficient amount of Se in their diets,

concentrations of Se in blood serum are usually

between 0.6 and 1.2 9 102 lg Se/l (Elinder et al.

1994). While comparing concentrations of Se in blood

Table 5 Correlation of daily intake of selenium with food

balance of KSA given by FAO

Food kind Daily

consumption

of food (g)

Concentration

(lg/kg)

Daily Se

intake

(lg/person/

day)

Vegetables 290 5.1 9 101 14.7

Pumpkin 17 2.1 9 101 0.3

Carrots 0.3 1.9 9 102 0.1

Potatoes 48 5.10 9 101 2.4

Tomatoes 83 1.8 9 102 14.9

Dry dates 75 7.3 9 101 5.5

Cereal and

cereal product

332 5.4 9 101 18.0

White cheese 50 1.8 9 101 0.9

Meat and meat

products

135 2.5 9 102 33.4

Daily Se intake

lg/person/day

90

Table 6 Comparison of

the estimated selenium

intake for populations in

various countries

No. Country Se intake

(lg/day)

References

1 Netherlands 72 Van Dokkum et al. (1989)

2 Sweden 44 Becker and Kumpulainen (1991)

3 Canada 113–224 Health Canada (1992)

4 Italy 51 Amodio-Cocchieri et al.

(Amodio-Cocchieri et al. 1995)

5 Japan 129 Hirai et al. (1996)

6 Egypt 49 Hussein and Bruggeman (1999)

7 UK 29–39 Food Standards Agency (FSA) (2008)

8 China 69 Zhang et al. (2001)

9 USA 114 Department of Health, Human

Services (DHHS) (2002)

10 Australia 58–85 Food Standards Australia

and New Zealand (FSANZ) (2003)

11 Greece 39 Pappa et al. (2006)

12 Korea 57.5 Choi et al. (2009)

13 Saudi Arabia 90–93 This study
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serum among countries is difficult due to difference in

analytical methods (Hatano et al. 1984), it is useful

to integrate differences in diets and bioavailability.

The mean concentration of Se in blood serum of

1.0 9 102 ± 30 for the Saudi population was greater

than that reported for Spain (0.75 9 102 lg Se/l),

Poland (0.67 9 102 lg Se/l), Brazil (0.73 9 102 lg

Se/l), and the Czech republic (0.84 9 102 lg Se/l).

Concentrations of Se in blood serum of Saudis living

in Riyadh were similar to those reported for India

(1.0 9 102 lg Se/l) and Iran (1.0 9 102 lg Se/l), but

less than those reported for Singapore (1.26 9 102 lg

Se/l) and Taiwan (2.16 9 102 lg Se/l) (Table 7).

In conclusion, based on daily intakes of Se and

concentrations of Se observed in blood serum, Saudis

are consuming sufficient quantities of Se to not be

deficient, but not enough to be toxic.
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Tülay, O., Serife, T., Vedat, Y., Senol, K., & Didem, A. (2009).

Determination of lead and cadmium in food samples by the

coprecipitation method. Food Chemistry, 113, 1314–1317.

United States Department of Agriculture (1999). USDA Nutrient

Database for Standard Reference, Release 13. Nutrient Data

Laboratory Homepage on the World Wide Web. http://www.

nal.usda.gov/fnic/foodcomp/Data/SR13/sr.html.

U.S. EPA. (1991). Ambient Water Quality Criteria for selenium.

U.S. EPA. (1995). Ambient Water Quality Criteria for selenium.

Uden, P. C., Boakye, H. T., Kahakachchi, C., & Tyson, J. F.

(2004). Selective detection and identification of Se con-

taining compounds review and recent developments.

Journal of Chromatography. A, 1050, 85.

Ursini, F., Heim, S., Kiess, M., Maiorino, M., Roveri, A., Wissing,

J., et al. (1999). Dual function of the selenoprotein PHGPx

during sperm maturation. Science, 285, 1393–1396.

Van Cauwenbergh, R. V., Robberectht, H., & Va Vlaslaer, V.

(2004). Comparison of the serum selenium content of

healthy adults living in the Antwerp region (Belgium) with

recent literature data. Journal of Trace Elements in Medi-
cine and Biology, 18, 99–112.

van de Wiel, H. J. (2003). Determination of elements by ICP-
AES and ICP-MS. Bilthoven: National Institute of Public

Health and the Environment (RIVM).

van der Torre, H. W., van Dokkum, W., Schaafsma, G., Wedel,

M., & Ockhuizen, T. (1991). Effect of various levels of

selenium in wheat and meat on blood Se status indices and

on selenium balance in Dutch men. British Journal of
Nutrition, 65, 69–80.

van Dokkum, W., De Vo, R. H., Muy, Th., & Wesstra, J. A.

(1989). Minerals and trace elements in total diets in the

Netherlands. British Journal of Nutrition, 61, 7–15.

Ventura, M. G., Stibilj, V., Freitas, M. C., & Pacheco, A. M. G.

(2009). Determination of ultratrace levels of selenium in

fruit and vegetable samples grown and consumed in Por-

tugal. Food Chemistry, 115, 200–206.

Welz, B., & Melcher, M. (1985). Decomposition of marine

biological tissues for determination of arsenic, selenium

and mercury using hydride-generation and cold-vapor

Environ Geochem Health

123

http://books.nap.edu/openbook.php?record_id=9810&page=284
http://books.nap.edu/openbook.php?record_id=9810&page=284
http://www-static.shell.com/static/can-en/downloads/aboutshell/aosp/sirs_qa3_att_mar09.pdf
http://www-static.shell.com/static/can-en/downloads/aboutshell/aosp/sirs_qa3_att_mar09.pdf
http://www.nal.usda.gov/fnic/foodcomp/Data/SR13/sr.html
http://www.nal.usda.gov/fnic/foodcomp/Data/SR13/sr.html


atomic absorption spectrometries. Analytical Chemistry,
57, 427–431.

Yang, G., Zhou, R., Yin, S., Gu, L., Yan, B., Liu, Y., Liu, Y., &

Li, X. (1989). Studies of safe maximal daily dietary sele-

nium intake in a seleniferous area in China. I. Selenium

intake and tissue selenium levels of the inhabitants.

Journal of Trace Elements and Elecrolytes in Health and
Disease, 3, 77–87.

Zhang, Z. W., Shimbo, S., Qu, J. B., Watanabe, T., Nakatsuka,

H., Matsuda-Inoguchi, N., et al. (2001). Biological Trace
Elements Research, 80, 125–138.

Environ Geochem Health

123


	Daily intake of selenium and concentrations in blood of residents of Riyadh City, Saudi Arabia
	Abstract
	Introduction
	Materials and methods
	Sampling
	Sample preparation
	Quantification of Se
	Estimation of dietary intake of Se
	Collection, preparation, and analysis of blood serum
	Statistical analysis

	Results and discussion
	Acknowledgments
	References


