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Abstract

The total selenium content of various foods produced and/or consumed in two rural regions of eastern Croatia was determined
using the AAS hydride generation technique. The samples were previously digested in a mixture of perchloric, sulfuric, and nitric
acids (1:1:5). As expected, rich sources of protein like fish, meat, eggs, etc., were also rich in selenium. The lowest selenium levels
were found in fruits and vegetables. Significant differences were noted for some foods grown on two separate locations around
Rivers Drava and Sava in eastern Croatia with higher concentrations in samples from the Sava basin. The mean content of sele-
nium in foods (on the wet weight) was compared with the levels reported from other countries. On the basis of this, the dietary Se
intake in both areas is likely to be between suboptimal or adequate supply of this element.
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Keywords: Selenium; Food; HG-AAS; Croatia

1. Introduction

The essential element selenium (Se) is primarily
known by its antioxidant role through enzymes like
glutathione peroxidase (Cohen & Avissar, 1994; Sunde,
1994) and thioredoxin reductase (Becker, Gromer,
Schirmer, & Muller, 2000), but it is also a component of
numerous other selenoproteins with functions ranging
from thyroid metabolism to selenoprotein synthesis
(Arthur & Beckett, 1994; Kohrle, Brigelius-Flohe, Bock,
Gartner, Meyer, & Flohe, 2000; Moschos, 2000; Ursini
et al., 1999; Whanger, 2000). Additionally, either not
dependent on the known or any selenoenzymes, are the
effects of the element on the immune system (Rayman,
2000), reproductive function (Hansen & Deguchi, 1996),
protection from heavy metal toxicity (Johnston &
Savage, 1991), risk and/or prognosis of certain diseases
(Navarro-Alarcon & Lopez-Martinez, 2000), etc. For
example, it has been proved that Keshan disease is a
result of deficient Se dietary intake (Yang, Chen, Wen,
Ge, Zhu, & Chen, 1984). There have also been reports
that Se status may be linked to the etiology of diseases
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like cancer (Clark et al., 1996), cardiovascular diseases
(Kardinaal et al., 1997), viral diseases (Beck & Levander,
1998; Taylor, Nadimpalli, & Ramanathan, 1997), etc.

A great range of Se concentrations can be found in a
food from different geographical regions, which is
mainly due to variations in total Se content in soil, but
also because of its variable availability to plants con-
trolled by soil composition and pH (Fordyce, Zhang,
Green, & Liu, 2000). Therefore, methods of Se dietary
intake assessment other than duplicated portions, must
be based on Se content data obtained on samples of
foods actually consumed by the investigated population.

Previous research on Se in eastern Croatia revealed
the occurrence of selenium deficit disorders in domestic
animals and deficient concentrations of the element in
soil and grains in central part of the area (Gavrilovi¢c &
Matesic, 1987; Matesic, Kos, & Strasek, 1981). A sub-
optimal provision with Se was also determined in a
sample of urban subjects (Klapec et al., 1998), as well as
the corresponding levels in human milk (Mandi¢, Man-
di¢, Grgi¢, Hasenay, & Grgic, 1995).

The objective of this work was to determine the total
Se concentration in foods consumed in two distinct
rural areas of eastern Croatia. This is essential for the
assessment of the daily dietary intake of Se by respective
populations.
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2. Materials and methods

Samples of foods produced by farmers were taken
from two areas of eastern Croatia. Two villages
(Ivanovci and Zel¢in) from the northern part of east-
ern Croatia (Drava basin), and two villages (Bebrina,
Slavonski Kobas) from the southern part of the region
(Sava basin), were sampled. The purchased foods were
obtained from local food stores and markets. The cri-
teria for selection of foods to be analyzed were either
their high consumption or expected indispensable Se
content.

Wet weights of samples (0.2-3.5 g) were chosen taking
into account anticipated Se content and sample compo-
sition (Analytical Methods Committee, 1979). Miner-
alization of food samples was performed following
homogenization and overnight predigestion using a
mixture of nitric, sulfuric, and perchloric acids (5:1:1)
(Kadrabova, Madari¢, & Ginter, 1997). Wet digestion
was performed in a digestion block with air cooling and
reflux. The temperature was gradually raised until solu-
tions cleared. The temperature of 195-205 °C was kept
until no more white fumes of perchloric acid were
observed (Néve, Hanocq, Molle, & Lefebvre, 1982).
Total Se in digestates was determined using hydride
generation atomic absorption spectrometry (Perkin-
Elmer 2380, MHS Type 10) following the reduction of
Se (VI) to Se (IV) in digestates. To this effect, 1 cm?
concentrated hydrochloric acid was added at 90 °C and
the temperature was held for 15 min (Kadrabova et al.,
1997). Before measurement, sample solutions were pre-
pared in a manner to achieve the final HCI concen-
tration of 1.7 M, except for samples like offal meats
where HCI concentration was 6 M to prevent signal
depression on account of high copper content (Jul-
shamn, Ringdal, Slinning, & Braekkan, 1982). In the
HG-AAS system, total Se was transformed into H>Se
using 3% NaBH, in 1% NaOH. The hydride was mea-
sured with standard apparatus settings: atomization
temperature 900 °C, slit width 2 nm, and absorption
wavelength of 196 nm. Calibration was performed by
the method of standard additions (10, 20, and 50 ng Se).
The detection limit for Se was 0.02 pg/dm?3. The ade-
quacy of applied methodology was checked by usual
measures of accuracy, reproducibility, and recovery,
which were found to be satisfactory. The determined
mean concentration of Se in wheat gluten (RM 8418,
NIST) was 2.55+0.09 ppm, compared to the certified
value of 2.58+£0.19 ppm. Similarly, analysis of bovine
liver (RM 1577b, NIST) gave a value of 0.74+£0.03
ppm, with the certified value of 0.73£0.06 ppm. The
mean CV of 3.7% was obtained by measuring Se con-
tent of several food samples ten times. Recovery of
added inorganic (SeO,) or organic (seleno-lI-methionine)
Se to different food matrices (garlic, pork, wheat flour)
ranged from 93.7 to 100.8%.

Significance of differences between Se concentration
in foods from two arcas was examined using a f-test
(Statistica 6.1, StatSoft Inc.).

3. Results and discussion

The results of the analyses for total Se in selected food
samples are shown in Tables 1-4.

Selenium level in most fresh fruits is rather low
(Tables 1 and 2). Such values were anticipated because
of the high water fraction and low protein fraction in
these products. Namely, food Se is mainly present in the
form of selenoamino acids (Navarro-Alarcon & Lopez-
Martinez, 2000). This association between protein and
Se is confirmed in present paper by the determined
concentrations of this element in protein-rich walnut
and peanut (Tables 1 and 2). The mean level of Se in
purchased peanut samples is at the upper margin of
values reported in the literature (Table 2). Peanut can
accumulate high concentrations of the element depen-
dent on Se concentration and availability in soil.

Similarly to fruits, most vegetables are poor sources
of Se, which is in agreement with findings by other
workers (Tables 1 and 2). Again, products richer in
protein (e.g. beans) have higher Se levels (Table 1).
Cruciferous vegetables, as well as onion and garlic, also
tend to have somewhat higher Se concentrations. These
plants have a greater fraction of sulfur-containing
amino acids and their derivatives, but also some other
sulfur-containing compounds like glucosinolates or
sulfoxides. Adequate analogs of these can be formed by
substitution of sulfur with Se, resulting in higher Se
levels (Ip and Ganther, 1994). Comparing Se levels of
vegetable samples grown in the two areas of eastern
Croatia, a tendency of higher levels in samples from the
Sava basin can be seen (Table 1). Although no firm
conclusions can be drawn due to the small number of
samples, a statistically significant difference was deter-
mined for some vegetables. In addition to the apparent
explanation of higher total Se content and/or avail-
ability in soils from the Sava basin, part of the differ-
ence can be ascribed to different plant varieties (e.g.
cabbage), which differ in the fraction of protein and/or
sulfur-containing compounds (Kai¢c-Rak and Antonic,
1990). The Se concentration in purchased mushrooms is
well above the average Se content for other vegetables,
and this is consistent with other reports (Table 2).
However, mushrooms mainly accumulate inorganic
forms of Se.

The concentrations of Se in wheat flour and home-
made wheat bread are equal in samples from both areas
(Table 3). Contrary to samples from the Sava basin,
sampled white breads from the villages in the Drava
basin were made from purchased wheat flour. The Se
content in purchased wheat flour does not reflect its
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Table 1
Selenium content in fruits and vegetables produced in eastern Croatia

Average Se concentration
(ng/g as received) £ SD

Sava basin Drava basin Other authors
Apple 8.8+1.6 (n=2) 7.8+£0.2 (n=2) 8412, 1.440.6°, 4°, 69, 4.5, 5°
Plum 8.7+0.9 (n=2) 8.9+2.0 (n=2) 7+£22, 50
Grape 12.9+3.6 (n=2) 8.9+0.0 (n=2) 17+6%, 1244, 6.7¢, 20
Peach 11.0£3.5 (n=2) 13428, 5.8f, 2!
Walnut 46.1£15.5 (n=2) 55482, 406", 31K, 46m
Beans 48.5+14.9 (n=4) 33719 (n=2) 125419 / 1434372, 37.54£24.5°, 65 / 1299,
31410, 210.4%, 181, 1-450%, 7', 160+£40™, 6™
Green peas 13.4+£2.2 (n=2) 10.1£0.6 (n=2) 9427 13.548.4°, 4¢, 109, 943¢, 2, 18
String beans 9.6+£0.3 (n=2)* 7.1£0.0 (n=2) 15+£4, 6"
Cauliflower 24.4+5.6 (n=2) 249472 (n=2) 9434, 2.241.25 3¢, 6"
Cabbage, fresh 66.1+£5.6 (n=2)* 8.3+£0.5 (n=2) 1344 /20432, 7.54£7.95, 0.75%, 16.0¢, 9», 8°
Sauerkraut 29.6+6.3 (n=2) 10.2£0.5 (n=2) 6"
Pepper, fresh 9.1£1.3 (n=2) 11.4£2.1 (n=2) 11422, 0.740.1°, 4421 12.1¢, 3»
Pepper, pickled 8.5+1.7 (n=2) 6.5+£0.9 (n=2) 3n
Cucumber, fresh 11.5£2.7 (n=2) 6.3+1.3 (n=2) 8432 241°
Cucumber, pickled 9.44+0.7 (n=2) 6.3+1.0 (n=2)
Carrot 19.6+£0.2 (n=2)* 8.1+£1.2 (n=2) 15432, 1.340.7°, 109, 13+£6°, 846"
Onion 153+£1.8 (n=2) 12.4£0.7 (n=2) 15422, 5.848.0° 11.54+13.4¢, 7441
Garlic 342451 (n=2) 57.6 (n=1) 44482, 57.9447.5%, 82+ 11¢, 142"
Parsley 17.6£1.2 (n=2)* 9.0+£04 (n=2) 14432, 2.041.1°, I
Potato 9.5£1.3 (n=3) 7.2+£0.8 (n=2) 10432, 3.542.2%, 3¢, 7.545.09, 7417, 2544, 16X, 5°
Tomato 79432 (n=2) 10.2£0.1 (n=2) 10422, 0.540.2%, 0.6+£0.6¢, 0.58, 11, 42
Red beet 11.1£1.2 (n=2) 8.6+1.7 (n=2) 6427
Celery 14.7£0.7 (n=2) 12422, 40+7¢, 11.88, 9

4 QGreece (Bratakos et al., 1987).

® Slovakia (Kadrabova et al., 1997).

¢ New Zealand (Thomson & Robinson, 1980).
4 Ohio, USA (Moxon & Palmquist, 1980).

¢ France (Simonoff, M., Hamon, Moretto, Llabador & Simonoff, G., 1988).
f Ohio, USA (Snook, Kinsey, Palmquist, DeLany, Vivian & Moxon, 1987).

¢ Australia (McNaughton & Marks, 2002).

b Spain (Diaz-Alarcon, Navarro-Alarcon, Lopez-Garcia de la Serrana, Lopez-Martinez, 1996a).

! Ireland (Murphy & Cashman, 2001).

I North Dakota, USA (Finley, Matthys, Shuler & Korynta, 1996).
k UK (Barclay et al., 1995).

! Egypt (Hussein & Bruggeman, 1999).

m Mexico (Wyatt, Meléndez, Acuia & Rascon, 1996).

" USA (USDA, 2002).

° Germany (Oster & Prellwitz, 1989).

* Significantly higher than product from Drava basin (P <0.05).

content and availability in local soil on account of the
production practice of mixing imported wheat flour
with domestic one. The established values are two times
higher than the values found in several European coun-
tries (Table 3), but at the same time significantly lower
than the Se wheat concentration in the USA. Previous
investigations of Se content in wheat (whole grain) in
the area, specifically the central part of the region where
animal selenodeficiency occurred, revealed the highest
level of 18 ng/g (Gavrilovic & Matesic, 1987). Wheat
mostly contains Se in the form of selenomethionine
incorporated into proteins (Olson, Novacek, White-
head, & Palmer, 1970). Therefore, in addition to the
content and availability of soil Se, the fraction of pro-
tein in wheat is another important factor determining

final Se level in wheat and products. This explains the
difference between the soft and hard wheat varieties
reported for Greece (Table 3). Accordingly, of the four
analyzed samples of purchased egg noodles, the highest
levels were determined in imported products made
exclusively from hard wheat.

The samples of corn meal were produced from locally
grown corn. The mean concentration of Se is three times
higher in samples grown in the Sava basin (Table 3).
Nevertheless, the mean value is a consequence of two of
the samples from the area having several times more Se
than the other two (183 vs. 45 ng/g). A wide range of
values of Se in corn could be the result of variations in
soil composition within the same village which affect the
element’s availability to plants, as has been observed
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Table 2
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Selenium content in foods purchased in eastern Croatia

Average Se concentration

(ng/g as received) £ SD

Other authors

Fruits and vegetables
Tangerine

Orange

Banana

Kiwi

Peanut
Champignon
Lettuce

Kale

Milk and dairy products
Milk, 1.0% m.f.

Milk, 2.8% m.f.
Cheese, edam
Cheese, cream
Yogurt, 3.2% m.f.

Cereal products
Noodles
Crackers

Rice

Meat, fish and products
Ham, pressed

Salami

Pate

Luncheon meat

Hot dog

Sardine, canned

Tuna, canned

Sweets
Chocolate, milk

SOM[? concentrates

Chicken, noodle & vegetables
Beef, noodle & mushroom

Asparagus, cream

9.64+0.1 (1=2)
7.6£1.5 (n1=2)
20.3£0.6 (n=2)
11.440.1 (n=2)
610.7+£118.5 (n=2)
151.6£6.8 (n1=2)
145412 (n=2)
25.640.6 (1=2)

169£1.1 (n=2)

28.7£1.0 (n1=2)
72.6+7.8 (1=2)
35.746.7 (n1=2)
29.94+10.4 (n=2)

438£11.1 (n=4)
3424147 (n=2)
40.54£9.6 (n=2)

106.5+0.1 (n=2)

118.4+8.8 (1=2)

94.4£16.9 (n=3)
85.54£23.8 (n1=2)
68.7£17.0 (n1=2)
571.04£22.0 (n=2)
859.24£101.6 (n=2)

45.1£7.5 (n=2)

492 (n=1)
126.3 (n=1)
277 (n=1)

8424, 1.840.3%, 5°

10+£3%, 1.1£0.4%, 6.07, 13£3", 11, 5°

10422, 6.54+1.2°, 10420°, 8.9

60

784, 10420, 140, 162-5381, 13", 75°
1104132, 66.74£24.7°, 165+ 548, 51.3+7", 33k
9442 0.940.4° 17.97, 15472, 1", 2°

90

2843 (skim)?, 20-30 (skim)', 8+£4 (2% m.f.)¢, 62 (skim)®, 18 (low fat) / 14 (skim)X,
5142 (2% m.f)L, 10 (skim)™, 21 (skim) / 22 (1 & 2% m.f.)°

40.5+£1.3%, 61K, 64™, 145°
27.643.7°, 248, 51431, 35m 240
17434, 201, 3.2420, 14m, 220

247+15%, 56.843.3" 5714, 156 £ 11", 29.51, 49+ 3P
73492, 564128, 70£500, 36 / 54!
574112, 28.84£7.4°, 73¢, 3879, 1474802, 29430, 18.0, 130™, 3"

174°

61+7%, 32.04+6.7°, 130430¢, 717
416°

714132, 1714388, 100", 286°

138°

5654292, 5701, 1324£44h, 223™
5994242, 780£180°, 116241, 701¥

37473, 2044¢, 10

632 (chicken & noodle)®
360 (beef & noodle)®
207 (cream of vegetable)®

4 Greece (Bratakos et al., 1987).

® Slovakia (Kadrabova et al., 1997).

¢ New Zealand (Thomson & Robinson, 1980).
4 Ohio, USA (Moxon & Palmquist, 1980).

¢ USA (Pennington, Young, Wilson, Johnson, & Vanderveen, 1986).
' Australia (McNaughton & Marks, 2002).
€ Ohio, USA (Snook et al., 1987).

b France (Simonoff et al., 1988).

i Spain (Diaz-Alarcon et al., 1996a).

i Spain (Diaz-Alarcon et al., 1996b).

k Treland (Murphy & Cashman, 2001).

! North Dakota, USA (Finley et al., 1996).

m UK (Barclay et al., 1995).

" Egypt (Hussein & Bruggeman, 1999).

° USA (USDA, 2002).

P Germany (Oster & Prellwitz, 1989).

before (Fordyce et al., 2000). The corn meal samples
from the Drava basin and the samples from the Sava
basin with lower Se levels are within the range of con-
centrations determined in previous research in eastern

Croatia (Table 3), but also higher than the levels estab-
lished in Slovakia, Ohio, USA, or Spain (Table 3). The
higher Se concentration in corn meal from the Sava
basin is similar to the levels determined in Greece, and
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Table 3
Selenium content in milk and dairy products, eggs and cereals produced in eastern Croatia

Average Se concentration (ng/g as received) £SD

Sava basin Drava basin Other authors

Milk, whole 40.9+£22.9 (n=3) 18.94+6.3 (n=2)

17452, 7.142.3%, 12412, 20-407, 6-182, 12-64 (Japan) / 32-138

(South Dakota, USA)P, 13431, 18!, 15", 140450, 207, 7.242.8°

53.44£2.5 (n=23)*
177.3£101.3 (n=23)
58.8+5.1 (n=4)

39.943.8 (1=2)
52.549.7 (n=2)
56.34£4.4 (n=3)

Cheese, cottage
Egg, whole
Wheat flour, white

34¢, 40+4°, 40401, 37", 80£30P, 907, 38428
874234, 215.24:20.7°, 240¢, 63-284°, 190", 150£17', 4704 54™, 168°, 50, 308"
38+6 (soft) / 1934£22 (hard)?, 25.147.4%, 14¢, 3404284, 68+9, 69!, 159-399™,

17-37", 24°

Bread, white
Corn meal

477437 (n=3)
114.2+£80.0 (n=4)

457453 (n=3)
38.1+1.0 (n1=2)

1944118, 17.6£2.6°, 11°, 298 £18¢, 92.6", 7891, 66!, 195 / 267™, 44", 19+4
1584384, 18.0+£3.3%, 679, 26 £12¢, 4.6K, 75+6™, 140£60P, 8-50'

4 Greece (Bratakos et al., 1987).

® Slovakia (Kadrabova et al., 1997).

¢ New Zealand (Thomson & Robinson, 1980).
4 Ohio, USA (Moxon & Palmquist, 1980).

¢ Ohio, USA (Snook et al., 1987).

' Australia (McNaughton & Marks, 2002).

¢ Russia (Golubkina & Sokolov, 1997).

h A review (Alaejos & Romero, 1995).

i France (Simonoff et al., 1988).

i USA (Pennington et al., 1986).

k Spain (Diaz-Alarcon et al., 1996a).

! Ireland (Murphy & Cashman, 2001).

™ North Dakota, USA (Finley et al., 1996).

" UK (Barclay et al., 1995).

° Egypt (Hussein & Bruggeman, 1999).

P Mexico (Wyatt et al., 1996).

" USA (USDA, 2002).

S Germany (Oster & Prellwitz, 1989).

t Croatia (Matesic et al., 1981).

* Significantly higher than product from Drava basin (P <0.05).

northern Mexico (Table 3). The established Se levels in
purchased crackers and noodles seem to reflect the Se
content of raw materials, while rice Se content is within
the wide range of values reported for other countries
(Table 2).

Whole milk is another product with considerable
variations in Se level (Table 3). The mean concentration
is again almost twice as high in the samples from the
Sava basin. The established levels in whole cow’s milk
from the Drava basin are among the highest reported
for European countries (Table 3). The levels found in
samples from the Sava basin are similar to the milk Se
content in Australia, Japan, and seleniferous regions of
USA (South Dakota) (Table 3). Since the diet of milk-
ing cows is mainly based on grazing and silage, such
levels in milk could also be explained by the level of
available Se in soil. Possible feeding of Se-supplemented
feeds to cows would not increase Se levels in milk sig-
nificantly because ruminal microorganisms convert the
inorganic Se to its elemental form, which is biologically
unavailable (Wright & Bell, 1966). Purchased low fat
milk samples have mean Se levels which are within the
ranges reported in the literature (Table 2). In the same
way, the concentrations of the element in dairy products
correspond to the content in milk from which they were

produced, and the resulting increase in protein fraction
(Tables 2 and 3).

The mean level of Se in whole egg samples is three
times higher in samples from the Sava basin (Table 3).
Eggs are potent accumulators of Se, but final concen-
tration is hard to predict if no details on laying hens diet
are available (Beale, Fasulo, & Craigmill, 1990). For
example, inclusion of commercial feeds supplemented
with Se can dramatically increase the concentration of
this element in eggs. However, the results from both
locations are within the ranges from other countries
(Table 3).

Consistent with the results for foods mentioned so far,
the levels of Se in meat and products are higher in the
samples from the southern part of eastern Croatia
(Table 4). On average, the established values for fresh
pork, chicken, turkey, and beef are somewhat higher
than the values determined in some European countries,
but are, except fresh beef, within the range of con-
centrations determined in previous investigations in
Croatia (Table 4). The same can be said for the deter-
mined range of Se concentrations in offal meats. Pre-
viously determined mean Se content for samples of
Croatian beef of 50 ng/g is similar to the mean level for
samples from the Drava basin, but almost three times
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Selenium content in meat, fish and products produced in eastern Croatia

Average Se concentration (ng/g as received)+=SD

Sava basin

Drava basin

Other authors

Sausage, pork
Blood sausage, pork
Ham, pork

Bacon, pork
Cracklings, pork
Beef

Chicken, raw meat

Turkey, raw meat
Pork

Heart, chicken
Liver, chicken
Stomach, chicken
Liver, pork
Heart, pork
Carp

198.74+41.9 (n1=>5)
154.440.2 (1=2)

183.5£35.9 (n=2)
89.5+£46.0 (n=2)
121.3464.3 (1=2)
131.1£14.4 (n=2)*

162.8420.3 (n=2)
218.1£10.8 (n=2)
158.1£15.3 (n=2)

254.9+£71.6 (n=2)
298.1+£29.8 (n=2)*
22124192 (n=2)
284.9£1.9 (1=2)

169.8+13.4 (n=2)

116.1£17.7 (n=2)
158.3 (n=1)
105.4+11.3 (n=2)
529+1.2 (n=2)
129.6+4.6 (n=2)
75.9+6.1 (n=2)

115.3£13.9 (1=2)

150.74+18.8 (1=2)
129.942.6 (1=2)

164.8+6.5 (1=2)
197.3£5.9 (1=2)
177.3£18.2 (n1=2)
235.04£22.6 (n=2)
202.1 (n=1)
166.1+14.9 (1=2)

568, 50.047.5°, 83-163¢, 941, 128", 55+ 81, 375451k
118°, 13.0+2.8"

77+11%, 68.7+£13.1°, 15044, 324, 2001, 877, 8243
41+£6%, 79+£10¢, 18243%, 2500, 77.5+£4.9?

84472, 57.24£15.6°, 66+6°, 119, 50°, 110, 604+432,994 121, 814, 60-371%, 76!, 53™,
80+40", 58+22p

804152, 35.243.1 (farmyard) / 140.1+£36.8 (industry)®, 73" 47+11 (farmyard) /
6044 (industry)!, 115, 3494£5590+£10", 157°, 195.04£29.7P, 115-170"

88¢, 97-1801, 265°,

99234, 66.843.0 (farmyard) / 105.6-3.6 (industry)P, 579, 40-140¢, 163+ 55¢,
61-116", 8249 (farmyard) / 132415 (industry)i, 104, 507424%, 140!, 100420",
118+£20°

317", 1204307, 43°

398.3+£57.2, 280-1420", 204107, 641°, 293-460°

277456%, 230.9425.2°, 160-390°, 256-800", 2904607, 527°
524128, 1157, 160+£50", 104°
243.3429.2°

Industry—animals bred in industrial units; farmyard—animals bred in private households
4 Greece (Bratakos et al., 1987).

b Slovakia (Kadrabova et al., 1997).
¢ Ohio, USA (Snook et al., 1987).

d New Zealand (Thomson & Robinson, 1980).
¢ Croatia (Beker & Satovi¢, 1994).
' Australia (McNaughton & Marks, 2002).
¢ Austria (Gamerith, Lichtenegger, Schindler & Steindl, 1991).
b Spain (Diaz-Alarcon et al., 1996b).

i France (Simonoff et al., 1988).

J Ireland (Murphy & Cashman, 2001).
k North Dakota, USA (Finley et al., 1996).
! UK (Barclay et al., 1995).

™ Egypt (Hussein & Bruggeman, 1999).

" Mexico (Wyatt et al., 1996).

° USA (USDA, 2002).

P Germany (Oster & Prellwitz, 1989).
' Croatia (Beker, Satovi¢ & Vukelié, 1994).
* Significantly higher than product from Drava basin (P <0.05).

lower than the mean level for the Sava basin (Table 4).
Presuming that nutrition of the cattle was mainly based
on pasture and silage, and considering the above-
mentioned actions of ruminant gut microflora on added
inorganic Se supplements, most of the difference could

be ascribed to the soil Se content and availability.

The Se content in both homemade and purchased
meat products varies according to their composition, Se
concentration in raw materials, processing methods, and
numerous other factors. The obtained results are similar
to findings reported for some other countries (Tables 2
and 4). The addition of Se to commercial feeds compli-
cates interpretation of the results for meats because the
usual supplementation levels in feeds (0.1-0.3 ppm) can
significantly increase the concentrations of Se in tissues
of poultry and swine (Beale et al., 1990). The effect is

especially evident in offals like liver and kidney.

There is no significant difference between mean con-
centrations of Se in carp originating from lakes situated
within the two arecas (Table 4). The means are lower
than the mean Se level in carp from Slovakia.

The analyzed samples of canned sardines and tuna are
foods richest in Se, with levels of up to 960 ng/g in one
sample of canned tuna (Table 2). However, the bioa-
vailability of Se from fish is compromised by simulta-
neous high concentration of Hg and other heavy metals
which bind to Se forming insoluble inorganic complexes
(Johnston & Savage, 1991).

Sweets are generally dispensable sources of Se, with
the exception of chocolate. The level determined in
purchased samples of milk chocolate are similar to
concentration reported for Greece (Table 2).

The analyzed soup concentrates have Se concentra-
tions which correspond to their composition. The high-
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est Se content was determined in the sample of beef
soup concentrate which contains more meat and protein
than the other two products (Table 2). The values are
much lower than the ones for similar products from
USA.

4. Conclusions

Fruits and vegetables are generally low in Se with the
exception of mushrooms and products with high protein
content. Cereals, and milk and dairy products are not
rich in Se, but can significantly contribute to Se dietary
intake at anticipated higher consumption levels of these
products in the investigated rural areas. Eggs, as well as
meat and products are best sources of Se. Sea fish were
found to be the richest in the element, but its questionable
bioavailability from such foods must also be considered.

The levels of selenium in the analyzed samples from
both areas are within the range of levels reported for
countries with adequate (Bratakos, Zafiropoulos, Sis-
kos, & Ioannou, 1987; McNaughton & Marks, 2002)
or suboptimal (Barclay, MacPherson, & Dixon, 1995;
Kadrabova, Madari¢, & Ginter, 1998; Oster and
Prellwitz, 1989; Robberecht & Deelstra, 1984) provision
of population with this element. Selenium levels are
higher in samples of foods produced in the southern
part of eastern Croatia (Sava basin), compared to foods
from the Drava basin.

The determined wide range of Se levels for the sam-
ples of corn meal and cow’s milk produced within the
Sava basin could be an indication to the existence of
localized lithological variations affecting Se bioavail-
ability to plants.
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