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STUDENTS LIVING IN KAMIEN POMORSKI. A PILOT STUDY
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ABSTRACT

Background. In recent years, changes to adolescent life style and nutrition are becoming increasingly apparent. One of the
ways in which this can be observed, is in an unbalanced daily intake of dietary minerals, where some intakes are in excess
whilst others are deficient. Normal growth and development can thereby become adversely affected.

Objective. To determine daily dietary intake levels of calcium, magnesium, phosphorus, sodium, potassium, iron, zinc and
copper together from their various foodstuff sources in the daily diet of a defined group of adolescents.

Material and methods. Subjects were adolescents aged 16-19 years attending the technical college at the Polish town of
Kamien Pomorski; being under the jurisdiction of the Western Pomeranian Province (voivodship). The study tool was a
survey of food that had been consumed within the last 24 hours, from which the amounts of mineral elements in any given
menu, so chosen, could thus be estimated.

Results. Average daily potassium intakes were found to be generally low; less than 2350 mg and 1800 mg respectively for
girls and boys compared to recommended values. This was coupled with high sodium intakes, where respectively, girls and
boys exceeded recommended values by 2.1 and 2.8 times. Excess intakes of phosphorus, iron and copper were also observed
in boys; respectively 500 mg, 4 mg and 2 mg. Some subjects showed insufficient intakes of calcium and magnesium i.e.
63%-80% below EAR (Estimated Average Requirements). The main source of calcium was found to be ripe cheeses, milk
and fermented beverages. In both groups the main dietary sources of magnesium, sodium, iron and copper were bread.
Girls diets showed that phosphorus and zinc mostly came from eating ripe cheeses and poultry, whereas potatoes were the
main source of potassium. The boy’s daily dietary intakes demonstrated that phosphorus and zinc originated from eating
bread and potatoes. Significantly lower amounts of phosphorus, sodium, iron and zinc were however consumed by girls
compared to boys.

Conclusions. The mineral content of the subjects’ daily diet was found to be substantially unbalanced.
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STRESZCZENIE

Wprowadzenie. Od pewnego czasu obserwuje si¢ zmiany w stylu zycia i sposobie zywienia mtodziezy. Wyraza si¢ to
m.in. niewlasciwym zbilansowaniem catodziennych racji pokarmowych (crp) w odniesieniu do sktadnikéw mineralnych.
Niektore spozywane sg w nadmiarze, natomiast inne w niedostatecznej ilosci. Fakt ten moze mie¢ negatywny wplyw na
przebieg procesOw wzrostowo-rozwojowych.

Cel. Celem badan byta ocena wielkosci spozycia wapnia, magnezu, fosforu, sodu, potasu, zelaza, cynku i miedzi i ich zrodet
w calodziennych racjach pokarmowych mtodziezy.

Material i metody. Badania wykonano w grupie mtodziezy uczgcej si¢ w Kamieniu Pomorskim (wojewodztwo zachod-
niopomorskie), w wieku 16-19 lat. Do badan wykorzystano metode wywiadu o spozyciu z ostatnich 24 godzin. Zawartos$¢
pierwiastkow w jadtospisach okreslono metodg obliczeniows.

Wyniki. Na podstawie uzyskanych wynikéw stwierdzono zbyt niskie spozycie potasu (u dziewczat srednio o 2350 mg
a u chtopcow o 1800 mg mniejsze od zalecen) a nadmierne — sodu (u dziewczat przekroczenie ilosci zalecanej 2,1 razy,
u chtopcow — 2,8 razy). Pewne nadmiary wystepowaly rowniez w przypadku fosforu, zelaza i miedzi, w grupie chtopcéw
(kolejno, srednio 0 500 mg, 4 mg i 2 mg). U czgsci osob podaz wapnia i magnezu bylta niewystarczajaca (63%-80% osob ze
spozyciem ponizej poziomu EAR). Gtéwnym zrédtem wapnia w zywieniu ankietowanej mtodziezy byty sery podpuszcz-
kowe dojrzewajace oraz mleko i napoje fermentowane. W obu grupach uczniéw pieczywo dostarczato najwigkszych ilosci
magnezu, sodu, zelaza i miedzi. W jadlospisach dziewczat fosfor i cynk pochodzity w przewadze z seréw dojrzewajacych
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oraz migsa i drobiu a potas z ziemniakow. W crp chtopcdw najwiecej fosforu i cynku dostarczaty pieczywo i ziemniaki.
Dziewczeta spozywaly istotnie mniej fosforu, sodu, zelaza i cynku niz chtopcy.
Whioski. Catodzienne racje pokarmowe badanej mtodziezy byly niewlasciwe zbilansowane pod wzgledem zawartosci

wiekszosci analizowanych pierwiastkow.

Stowa kluczowe: Zywienie, mlodziez, sktadniki mineralne, spozycie, calodzienne racje pokarmowe

INTRODUCTION

In order to ensure that adolescent development
proceeds in a manner conductive to health, adequate
nutrition and energy intake are necessary which inc-
ludes having an appropriate intake of minerals. The
latter falls into the category of exogenous elements
that need to be supplied on a daily basis via the diet.
These constitute some of the basic cellular building
blocks, they form important elements of cells, body
fluids, enzymes, hormones, are involved in oxygen
transport, regulating nervous and muscular excitatory
states and in maintaining water-electrolyte homeostasis
and acid-base balance. A dietary mineral deficiency in
adolescents leads to abnormal development and health
disorders. In addition, it constitutes some of the risk
factors for the early appearance of the so called diseases
of civilisation (e.g. diabetes, hypertension, osteoporosis
etc) [3, 13, 20, 23, 29]. There are many reasons for
shortcomings found in the diet of adolescents, some
of which are as follows: inadequate knowledge about
nutrition, socio-economic status, the toll exacted from
aday’s schedule and after school activities, eating fads,
advertising, stress, pre-formed eating habits and food
preferences as well as the influence of peers [29]. In
terms of fulfilling adequate dietary requirements, it is
thus important that mineral intakes and their sources
are taken into account.

The study aims were to determine whether dietary
intake levels of the chosen minerals, as well as their
sources, were sufficiently adequate for the normal/
standard dietary requirements of adolescents receiving
technical education in a typical town of north western
Poland.

MATERIAL AND METHODS

Studies were carried out during winter (December
2010 - January 2011) on volunteer students attending
technical college and studying nutrition/dietetics at
the town of Kamien Pomorski, (Western Pomeranian
Province). There were 72 subjects (45 girls and 27
boys) aged 16-19 years. Subjects were interviewed
to assess their daily diet (menu) with the aid of a spe-
cially designed photograph album [27], allowing the
amounts of food consumed to be determined. Data so

obtained, enabled the calorific value of the daily diet
to be estimated together with its content of protein,
fat, carbohydrates, calcium, magnesium, phosphorus,
sodium, potassium, iron, zinc and copper. Calculations
were performed via the ‘Dieta 4D’ computer programme
designed at the Warsaw Food and Nutrition Institute
(IZZ). Results were compared to the recommended
daily allowances for human nutrition [12]. A group of
17 basic foodstuffs providing key mineral elements to
the diet were also defined.

The Chi* and Kolgomorov-Smirnoff tests showed
that the intake data were not normally distributed wi-
thin the boy and girl groupings. Thus, in this instance,
the non-parametric Mann-Whitney U test was used to
assess the significance of differences between them.
The statistical package used was the STATISTICA 10
(Statsoft 2011) programme [26]. A probability level of
p<0.05 was adopted as showing significant differences.

RESULTS

At 62.5% females formed the majority in the subject
group reflecting the college’s educational profile. The
contents of the daily diet was varied and are shown
in Tables 1 and 2. The mean dietary calorific value
and intakes of fat and carbohydrates were found to be
inadequate (Table 1). The calorific intake deficiencies
were around 990 kcal for girls and 1340 kcal for boys
compared to recommendations. Mean protein intakes
were however somewhat excessive, especially in boys
where the RDI (Recommended Daily Intake) were
exceeded by about 30 g. Girls’ daily diets had lower
calorific values, protein content, fats and carbohydrates
than boys (Table 1).

Mineral intakes were rather high in sodium; girls
and boys being respectively 2.1 and 2.8 times the recom-
mended values as shown in Table 2. Excesses in pho-
sphorus, iron and copper intakes were also observed in
boys, respectively; over 500 mg, 4 mg and 2 mg. Bread
was found to be the main source of sodium of 23.7% -
34.9% (Tables 3 and 4), followed in descending order in
girls by cold meats, meat and poultry, whilst in boys by
cold meats and potatoes. Milk and dairy products were
the main source of phosphorus in the boys’ daily diet,
whilst bread was the main source of iron and copper in
all subjects; respectively 20.7% - 28.3% and 20.0% -
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Table 1. The energy value and intakes of fat and carbohydrates in the daily diets of pupil subjects
Girls (n=45) Boys (n=27)
Dietary component . .. . 25% 75% . . . 25% 75%
Median | Minimum | Maximum Quartile | Quartile Median | Minimum | Maximum Quartile | Quartile
Calories (kcal)® 1455.3 804.3 4271.7 1116.3 | 2016.6 | 1886.4 661.4 6355.2 1604.3 | 3086.1
Protein (g)° 63.8 26.1 191.8 50.8 89.0 85.1 28.1 261.9 67.7 127.7
Fats (g)" 57.7 13.3 159.3 32.7 85.2 93.9 25.9 258.7 53.9 145.4
Carbohydrate (g)* | 215.1 87.5 544.8 139.9 287.0 284.4 86.5 799.7 182.5 352.0
* statistically significant between genders (p<0.05)
Table 2. The mineral composition of the daily diets in pupil subjects
Mineral Girls (n=45) Boys (n=27)
component o [ [ [
(mg) Median | Minimum | Maximum lelzslrﬁle szrﬁle Median | Minimum | Maximum lelzslrf;le szrﬁle
Calcium 755.9 106.3 2795.6 4524 1011.5 885.7 222.6 4649.3 446.4 1255.4
Magnesium 221.4 91.1 501.7 156.4 305.3 287.4 107.8 719.0 174.2 382.1
Phosphorus * | 1031.2 358.0 2946.3 837.9 1422.4 1347.6 569.5 4408.1 972.0 1983.5
Sodium * 3233.1 1434.9 6178.2 2749.7 4181.3 4235.6 1273.0 8637.3 3320.0 | 6660.0
Potassium 2344.4 891.1 5501.5 1645.3 3097.6 2884.4 1048.1 8757.4 1879.6 | 4219.7
Iron * 8.0 2.6 40.8 6.4 9.8 11.4 2.6 32.0 7.1 16.7
Zinc * 7.9 2.8 16.3 5.7 10.5 11.3 3.3 25.9 8.8 14.6
Copper 0.9 0.3 2.4 0.6 1.1 1.0 0.3 3.3 0.7 1.6

* statistically significant between genders (p<0.05)

Table 3. Percentage share of foodstuffs contributing to the mean daily dietary intakes of minerals in female pupil subjects

Foodstuff Calcium | Magnesium | Phosphorus | Sodium | Potassium | Iron | Zinc | Copper

Bread 3.6 17.4 10.5 23.7 13.2 20.7 17.2 20.0
Flour and pasta 0.1 0.6 0.4 1.5 0.4 0.7 0.5 0.4
Cereals, rice and breakfast cereal 1.6 9.6 4.7 10.5 3.7 11.2 7.1 8.0
Potatoes 0.7 12.4 5.6 12.2 22.1 6.6 4.0 10.7
Vegetables 2.7 4.0 2.1 1.9 8.4 5.8 3.7 6.7
Pulses - - - 1.0 - - - -
Fruit 3.2 8.0 1.9 2.1 11.5 5.9 2.0 12.0
Milk and fermented beverages 29.1 9.8 13.9 3.7 10.0 3.3 6.0 5.3
Cream cheese 2.0 1.3 3.8 1.0 1.4 0.8 2.0 0.9
Ripe cheese 43.8 5.5 19.8 9.4 2.1 3.4 11.3 2.7
Poultry 3.8 17.4 18.8 13.2 15.5 19.1 26.3 12.0
Cold meats 1.5 5.3 10.3 17.6 6.9 9.4 11.0 12.0
Fish - - - - - - - -
Eggs 1.0 0.9 2.9 0.7 0.7 4.1 3.6 0.9
Animal fat 0.8 0.4 0.6 0.1 0.3 0.2 0.3 0.8
Vegetable fat - - - 0.1 - - - 0.1
Sugar and sweets 6.0 7.5 4.5 3.7 3.7 8.9 4.9 8.0

26.7%. Smaller sources of iron were also provided by
meat and poultry, whilst for copper these were meat and
meat products for girls and potatoes for boys.

In boys, dietary zinc mostly originated from bread
at 26.2% but from meat and poultry for girls 26.3%. All
subjects showed somewhat low potassium intakes with
girls averaging about 2350 mg less than Al values (Ade-
quate Intake), and boys 1800 mg less; the main source
of potassium being potatoes (22.1% - 27.6 %). Many
subjects, (63% - 80%), showed low intakes of magne-
sium and calcium that were below the EAR (Tables 2
and 5). Dietary calcium was mostly derived from milk
and dairy products (29.1% - 43.8%), and magnesium

from bread, potatoes, meat and poultry (17.4% - 27%)
(Tables 3 and 4). Girls consumed significantly less
phosphorus, sodium, iron and zinc than boys (Table 2).

DISCUSSION

The importance of assessing nutrition in adolescents
are widely recognised from many reasons. For example,
inappropriate daily diets can lead to disorders in the rate
of development and worsening health in later adult life.
Monitoring nutrition can become socially significant, par-
ticularly in areas of high unemployment where nutritional
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Table 4. Percentage share of foodstuffs contributing to the mean daily dietary intakes of minerals in male pupil subjects

Foodstuff Calcium | Magnesium | Phosphorus | Sodium | Potassium Iron Zinc Copper

Bread 5.5 27,0 19.2 34.9 12.2 28.3 26.1 26.7
Flour and pasta 1.0 1.1 1.2 1.3 1.1 1.3 1.0 1.2
Cereals, rice and breakfast cereal 0.4 2.7 2.5 4.7 1.3 3.0 2.6 2.7
Potatoes 1.1 17.5 8.2 17.5 27.6 8.9 5.7 16.2
Vegetables 2.7 3.1 1.5 0.9 5.3 4.7 2.3 6.7
Pulses - - - - - - - -
Fruit 2.5 7.4 1.9 0.1 16.3 5.4 2.4 8.1
Milk and fermented beverages 29.3 10.8 14.6 2.8 10.9 2.7 6.9 5.4
Cream cheese 4.6 1.4 6.8 0.5 2.0 0.7 3.4 2.7
Ripe cheese 36.4 3.8 13.8 7.5 0.9 2.7 8.6 2.7
Poultry 1.0 5.0 4.6 2.0 3.6 13.1 15.6 6.7
Cold meats 2.7 5.8 10.0 19.4 7.4 9.3 12.0 6.7
Fish 0.1 1.1 1.0 1.3 1.1 0.6 0.4 0.4
Eggs 2.0 1.7 5.4 2.2 1.5 7.2 5.7 1.3
Animal fat 1.6 0.5 0.7 0.1 0.6 0.4 0.4 0.9
Vegetable fat - - - 0.2 - - - 0.3
Sugar and sweets 9.1 11.0 8.5 4.5 6.9 11.7 6.9 10.8

Table 5. Dietary intakes of minerals in studied subjects as
compared to EAR reference values

Mineral component Girls (%) Boys (%)
(mg) <EAR <EAR
Calcium 80.0 63.0
Magnesium 64.4 63.0
Phosphorus 28.9 18.5
Zinc 44.4 25.9
Copper 28.9 25.9

quality may be inferior. The province of Western Po-
merania is just such an example especially for the smaller
towns. This was the reason why the small town of Kamien
Pomorski was selected; having around 9000 inhabitants.

The calorific content of diets forms one the more
important indicators of nutritional value. The study
however found this to be low. Such outcomes can dis-
rupt growth and development in the young as well as
retard both learning or in performing extracurricular
activities, for instance sport. Other studies have likewise
demonstrated insufficient calories in a daily adolescent
diet. This calorific deficiency was observed in high
school pupils from Szczecin, middle school pupils from
Biatystok and girls from boarding schools [8, 18, 20,
25]. Such a dietary deficiency of energy intake may
be due to not eating enough meals or an inappropriate
dietary content, for example in the amounts of fats and
carbohydrates as shown by pupils from Zambrow [18]
and both pupils [20] and students [25] from Szczecin.
Low dietary fat intakes can decrease unsaturated fat
consumption and water soluble vitamins present in
fats, carbohydrates and especially fibre [20, 25]. Di-
etary protein was however found to be higher than
normal, particularly in the boy subjects. This finding is
widespread for male adolescents as confirmed by the
following studies: Falkowska et al. [8], Mierzwa et al.
[20] and Markiewicz-Zukowska [18].

The presented study showed that median intakes
of sodium were high. This element is vital in regulat-
ing water/electrolyte balance, blood pressure, acid/
base equilibrium and in nerve transmission. Excess
intakes of sodium are however frequently recorded, as
is typical of western diets, which can thus adversely
affects many different population groups, including
adolescents [2, 18, 20, 24, 25, 34]. Extensive studies
from the medical literature demonstrate that an excess
of sodium leads to hypertension, circulatory disorders,
increased risk of cardiac stroke and premature death
[15, 22, 28]. Many countries have therefore launched
educational programmes targeted at a wide audience
which depend on teaching the health risks caused by
excess dietary salt and the content of salt in marketed
or favourite foodstuffs, particularly in various ethnic
groups [15, 22, 28].

A rather high intake of dietary copper was also
observed. This element plays a significant role in the
action of various metallo-enzymes such as oxidases,
(e.g. Cytochrome C oxidase). It is involved in collagen
synthesis, secretion of noradrenalin, protection against
free radicals and helps prevent cardiovascular disease
through regulating cholesterol metabolism. An excess
of dietary copper may however be toxic by generating
reactive oxygen species which include hydroxyl radicals.
These may attack DNA, leading to mutation and thereby
affecting cancerogenesis; cancer patients having higher
serum copper concentrations than normal, healthy in-
dividuals [6]. Adolescent consumption data on copper
are rather variable; some show an excess [18, 20, 34],
whilst others a deficiency [7, 25]. The current study found
that above all else, dietary copper came from bread in
contrast to vegetables (31%) seen from another study on
adolescents living in Warsaw aged 16-18 years [7]; here
bread was the secondary copper source at 29%.
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Dietary iron is a very important nutrient for ado-
lescents especially so for girls. However, iron intake
deficiencies have in fact been noted in many countries,
including Poland [6, 7, 18, 25, 34], where children and
adolescent females are the most susceptible [6, 16]. Iron
is indispensable for transporting oxygen throughout the
body, it is involved in the synthesis of carnithine, colla-
gen, various neurotransmitters and in the development
of immunological immunity. Iron deficiencies may
give rise to anaemia (this is widespread in developing
countries), lowers physical fitness/capacity, weakens
muscles and leads to fatigue and apathy.

The presented study in fact demonstrates that iron
intakes are raised compared to those recommended . It
is also often seen that an excess intake of iron can be due
to adopting a diet enriched with this element. A dietary
excess of iron can lead to disorders of the circulation and
cancer where in the latter case this may arise from the
generation of reactive oxygen species as similar to copper.
In addition, damage to various tissue is also observed [ 16,
35]. The studied subject’s diet revealed that bread was the
main dietary source of iron followed by meat and poultry.
As aresult, the question now arises of whether the usually
hitherto observed meat sources of dietary iron excess has
now been replaced by bread in the diet of adolescents in
Poland. A dietary excess of phosphorus and zinc was also
observed in the male subjects of the study. The former
is vital for maintaining the proper structure of bone and
teeth, together with regulating acid/base balance, cardiac
and renal function, cellular development and renewal, as
well as ATP synthesis and in protein activation. In Poland,
a dietary excess of phosphorus in adolescents has been
previously noted [18, 20, 25], and which may give rise to
bone maturation/development disorders (especially when
combined with calcium or Vitamin D deficiencies), in
cardiac and parathyroid function. As is also illustrated in
the previous case, an excess of phosphorus in the diet can
arise from processed foodstufts enriched with supplements.

The daily intake of zinc has been shown to greatly
vary in Poland, where recommended levels are often
exceeded in both directions. Such has been observed
in the male study subjects, consistent with other stud-
ies like Mierzwa et al. [20], Wolnicka and Taraszewska
[34] and in females by Markiewicz-Zukowska et al.
[18]. Other similar studies have demonstrated a dietary
insufficiency of zinc [7, 19, 20, 24, 25]. Zinc actually
constitutes a vital dietary element. It is necessary for the
function of various enzymes, including those in DNA
and RNA synthesis, plays a vital role in cell division,
foetal development and in attaining adequate growth.
Zinc is also necessary for immunological immunity and
insulin metabolism together with its affects on gene
expression. Due to its antioxidant properties and in
stabilising cellular membranes, zinc affords protection
against oxidised polyunsaturated fat compounds and

from inflammatory cytokines as well being a dietary
atherosclerosis factor [11]. Excess intakes of dietary
zinc are not usually toxic, however raised levels can re-
sult in copper deficiency and gastro-intestinal problems.

The greatest deficiency in mineral elements was
seen with potassium, as has been consistently recog-
nised in the literature, coupled to a frequently observed
excess intake of sodium. Sources of potassium are usu-
ally vegetables and fruit whose consumption amongst
most of the population is insufficient [28]. Such lacks
in potassium intake as demonstrated in the current study
are consistent with the following studies: Schenkel et
al. [24], Seidler and Szczuko [25], Mierzwa et al. [20],
Markiewicz-Zukowska [18] and Wolnicka and Tarasze-
wska [34]. Potassium together with sodium takes part in
muscle contraction, maintaining cellular water integrity,
regulating blood pressure and furthermore it is neces-
sary for the proper functioning of the nervous system
and also of gastric secretion.

Potassium deficiency may lead to low blood pres-
sure that may cause fatigue, insomnia and irregular heart
rhythm. When coupled with raised levels of dietary
sodium, there is an additional decrease in the body’s
potassium levels. In keeping somewhat with traditional
diets in Poland, potatoes were the main dietary source
of potassium reflecting an insufficient consumption of
fruit and other vegetables.

Magnesium and calcium deficiencies were also
found in some study subjects, being especially pro-
nounced in females. During the time of the body’s
intensive growth, such lowered levels are particularly
detrimental. Calcium is the essential building block of
bones as well as being vital in enzyme activity, nervous
transmission, muscle contraction, hormone secretion,
blood coagulation and in regulating cardiac function.
Deficits in dietary calcium result in its being mobilised
from bones, thus leading to osteoporosis (of which
women are especially prone to), whereby the risk of
bone fracture are increased together with decreased
growth rates in children [9, 21]. In addition, excessive
intakes of sodium and protein can arise through calcium
intake deficiencies [21, 31]. Such calcium deficiencies
are widespread in the diets of Polish adolescents [18,
20, 25, 34] which is likewise seen in other countries
[9, 23, 24]. The presented study in fact shows that the
observed calcium deficiencies fall within those of other
population groups. It has been found that decreased
consumption of milk and dairy products are the main
cause of these calcium deficits. Indeed USA studies have
demonstrated that it is practically impossible to fulfil
the daily dietary requirement of calcium by omitting
milk and dairy products. Furthermore, diets that are
poor in these foodstuffs also show deficiencies in other
nutritional components such as Vitamin D, riboflavin,
Vitamin B12 and magnesium [9, 23, 25].
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Magnesium is present mainly in bones and the
intracellular fluid. It is a vital part of many enzyme
complexes, is indispensible for maintaining cellular
membrane function, plays a key role in metabolism
and endothelial function in blood vessels, and stabilises
both protein and nucleic acid structure [33]. Magnesium
deficiency leads to neuro-muscular hypersensitivity,
increased risk of atherosclerosis, cardiac arrhythmia,
hypertension, type II diabetes, decreased immune
response and increased oxidative damage in the heart,
erythrocytes, endothelia and in neurones [1, 4, 5, 10,
14, 17, 32, 33]. This deficiency arises from relying on
eating food that has been highly processed, drinking
water with a low magnesium content and when overall
food intake is low [5]. Population studies have demon-
strated that significant numbers of children in Central
Europe suffer from low magnesium levels [30]. The
current study has shown that magnesium intakes in its
pupil subjects are similar to those of adolescents in other
regions of Poland [18, 20 25, 34].

In summary, the presented study has found that the
mineral content of pupil’s diets from Kamien Pomorski
were not properly balanced. Both excesses and deficien-
cies were observed. Such findings can negatively affect
growth and development. Greater care in ensuring more
effective education about nutrition is thus indicated and
for motivating adolescents to take responsibility for
their own health.

CONCLUSIONS

1. The dietary content of most mineral elements was
found to be unbalanced.

2. Potassium intakes were deficient and calcium and
magnesium intakes were partly so. Sodium intakes
were excessive and in many cases were also pho-
sphorus, iron, copper and zinc.

3. Females consumed significantly less phosphorus,
sodium, iron and zinc than boys

4. Changes were seen in the dietary sources of some
elements compared to those previously used as re-
ference.

5. More effective education on healthy nutrition, tar-
geted at adolescents, is required.

Contflict of interest
The authors declare no conflict of interest.

REFERENCES

1. Barbagallo M., Dominguez L. J., Galioto A., Ferlisi A.,
Cani C., Malfa L., Pineo A., Busardo A., Paolisso G.:

10.

11.

12.

13.

14.

15.

16.

17.

18.

Role of magnesium in insulin action, diabetes and cardio-
metabiloc syndrome X. Mol Aspects Med 2003;24:39-52.
Chwojnowska Z., Charzewska J., Wajszczyk B., Chabros
E.: Trends in sodium intake in adolescent diets. The War-
saw adolescent study. Zyw Cztow Metab 2011;38(6):414-
428 (in Polish).

Croll J.K., Neumark-Sztainer D., Story M.: Healthy
eating: What does it mean to adolescents? J Nutr Educ
2001;33(4):193-198.

Delva P.: Magnesium and cardiac arrhythmias. Mol
Aspects Med 2003;24:53-62.

Delva P.: Magnesium and coronary heart disease. Mol
Aspects Med 2003;24:63-78.

Denic Srdjan, Agarval Mukesh H.: Nutritional iron
deficiency: an evolutionary perspective. Nutrition
2007;23:603-614.

Dybkowska E., Swiderski F., Waszkiewicz-Robak B.: The
content of trace elements in the diet of adolescents in
Warsaw. Rocz Panstw Zakl Hig 2011;62(2):169-172 (in
Polish),.

Falkowska A., Stefanska E., Ostrowska L., Kardasz
M.: The evaluation of energy value and contents of
elementary nutritious ingredients in daily ford rations
of children from primary and grammar schools. Bromat
Chem Toksykol 2011;44(3):385-388 (in Polish).

Gao Xiang, Wilde PE., Lichtenstein A.H., Tucker K.L.:
Meeting adequate intake for dietary calcium without
dairy foods in adolescents aged 9 to 18 years (National
Health and Nutrition Examination Survey 2001-2002).
J Am Diet Assoc 2006;106(11):1759-1765.

Grases G., Perez-Castello J.A., Sanchis P, Casero A.,
Perello J., Isern B., Rigo E., Grases F.: Anxiety and stress
among science students. Study of calcium and magne-
sium alterations. Magnesium Res 2006;19(2):102-106.
Hennig B., Meerarani P, Ramadass P., Toborek M.,
Malecki A., Slim R., Craig J., McClain.: Zinc nutrition
and apoptosis of vascular endothelial cells: implications
in atherosclerosis. Nutrition 1999;15(10):744-748.
Jarosz M., Buthak-Jachymczyk B. (red.): Nutritional
human daily allowances. 1ZZ , Wydawnictwo Lekarskie
PZWL, Warsaw 2012.

Kersting M., Alexy U., Sichert-Hellert W.: Dietary intake
and food sources of minerals in 1 to 18 year old German
children and adolescents. Nutr Res 2001;21:607-616.
King D.E., Mainous III A. G., Geesey M.E., Ellis T:
Magnesium intake and serum C-reactive protein levels
in children. Magnesium Res 2007;20(1):32-36.
Kollipara U. K., Mo V., Toto K.H., Nelson L.L., Schne-
ider R.A., Neily J.B., Drazner M.H.: High-sodium food
choices by southern, urban African Americans with heart
failure. J Card Fail 2006;12(2):144-148.

Lynch S.R.: The impact of iron fortification on nutritional
anaemia. Best Pract Res Cl Ha 2005;18(2):333-346.
Maier J.A.M.: Low magnesium and atherosclerosis: an
evidence-based link. Mol Aspects Med 2003;24:137-146.
Markiewicz-Zukowska R., Mystkowska K., Omeljaniuk
W.J., Borawska M.H. Nutritional value daily food rations
of high school students in dormitory. Bromat Chem
Toksykol 2011;44(3):398-403 (in Polish.)



Nr 4

Minerals consumption from foodstuffs by students.

315

19.

20.

21.

22.

23.

24.

25.

26.

Marzec Z., Koch W., Marzec A.: Assessment of ma-
gnesium and zinc intake among students from Lublin
universities with dietary supplementation considered.
Bromat Chem Toksykol 2011;44(3):561-566 (in Polish).
Mierzwa M., Seidler T, Szczuko M.: Diet composition
v. lipid profile in blood of teenagers from secondary
school in Szczecin. Endokrynol Otylos¢ 2010;6(3):1-5
(in Polish).

Nordin B.E.Ch.: Calcium and osteoporosis. Nutrition
1997;13(7/8):664-686.

Penner S.B., Campbell N.R.C., Chockalingam A., Zarnke
K., Van Vliet B. Dietary sodium and cardiovascular outco-
mes: A rational approach. Can J Cardiol 2007;23(7):567-
572.

Rafferty K., Watson P, Lappe J.M.: The selection and
prevalence of natural and fortified calcium food sour-
ces in the diets of adolescent girls. J Nutr Educ Behav
2011;43(2):96-102.

Schenkel T.C., Stockman N.K.A., Brown J.N., Dun-
can A.M.: Evaluation of energy, nutrient and dietary
fiber intakes of adolescent males. ] Am Coll Nutr
2007;26(3):264-271.

Seidler T., Szczuko M.: Nutrition mode evaluation among
University of Agriculture students in Szczecin in 2006.
Part I. Consumption of selected nutrients and nourish-
ment state. Rocz Panstw Zakl Hig 2009;60(1):59-64 (in
Polish).

StatSoft, Inc., STATISTICA (data analysis software
system), version 10. 2011, www.statsoft.com

27.

28.

29.

30.

31.

32.

33.

34.

35.

Szponar L., Wolnicka K., Rychlik E.: Album of photo-
graphs of food products and dishes. Institue of Food and
Nutrition (IZZ), Warsaw 2000 (in Polish).

Tanase C.M., Griffin Ph., Koski K.G., Cooper M.J.,
Cockel K.A.: Sodium and potassium in composite food
samples from the Canadian Total Diet Study. J Food
Compos Anal 2011;24:237-243.

Videon T..M., Manning C.K.: Influences on adolescent
eating patterns: The importance of family meals. J. Ado-
lescent Health 2003;32(5):365-373.

Vormann J.: Magnesium: nutrition and metabolism. Mol
Aspects Med 2003;24:27-37.

Whiting S.J., Green T.J., MacKenzie E.P, Weeks S.J.:
Effects of excess protein, sodium and potassium on acute
and chronic calcium excretion in young women. Nutr Res
1998;18(3):475-487.

Wolf FI., Torsello A., Fasanella S., Cittadini A.: Cell
physiology of magnesium. Mol Aspects Med 2003;24:11-
26.

Wolf F.1., Cittadini A.: Chemistry and biochemistry of
magnesium. Mol Aspects Med 2003;24:3-9.

Wolnicka K., Taraszewska A.: Assessment of the vitamin
and mineral content in the daily food intake of pupils
from primary schools in Warsaw. Probl Hig Epidemiol
2012;93(2):408-413.

Wu Tiejian, Sempos C.T., Freudenheim J.L., Muti P, Smit
E.: Serum iron, copper, zinc concentration and risk of
cancer mortality in US adults. AEP 2004;14(3):195-201.

Received: 21.03.2013
Accepted: 02.09.2013



