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Abstract 
 
Background: Correct nutrition plays an important role in keeping good health. To function properly, the human body 

must obtain all essential nutrients from outside, including minerals.  

Objective: The aim of the study was to assess the intake of some minerals by adolescents attending secondary schools 

Silesian region. 

Material and methods: The study included 814 students attending secondary school (264 boys and 550 girls). The 

evaluation of eating habits relating to quantity was performed by an interview about food consumption in the period of 24 

hours preceding the study. The information received from the dietary interviews were used for quantitative analysis of the 

dietary content including minerals. The analysis of the results was done with the computer program Dieta 5.0 where 

database consists of the data included in the Charts of the content and nutritional value of products and dishes. 

Results: The insufficient supply of calcium and magnesium in daily food rations for girls and the insufficient intake of 

calcium as well as phosphorus oversupply in daily food rations for boys were demonstrated. We found abnormal ratio 

between calcium and phosphorus, which adversely affects the absorption of calcium. 

Conclusions: In terms of intake of minerals, statistically significant differences in the diets of girls and boys study were 

identified. Abnormal levels of supply of these components are risk factors for the emergence of diet-related diseases in 

adulthood.  
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Introduction 

To function properly, the human body must obtain all 

essential nutrients from outside, including minerals. 

Each mineral compound in the human body plays at 

least several different functions: building, involvement 

in the metabolic processes, regulation of water and 

electrolyte balance, maintenance of acid-base balance 

and regulatory functions [1]. Mineral deficiency is 

defined as reduction in the amount of a particular 

element in the body in relation to the body’s 

requirements. Minerals that need to be provided with 

food are calcium, magnesium, phosphorus, sodium, 

potassium, iron and zinc [1-2]. 

Material and Methods  

The research was conducted with the participation of 

814 students attending selected secondary schools, 

located in the cities: Bytom, Piekary Śląskie, 

Radzionków, Tarnowskie Góry. The study group 

consisted of 264 boys and 550 girls aged 16-18 years. 

All subjects were informed about the purpose and 

methodology of the study and gave consent to 

participate in the study, consent for minors was 

obtained from their parents / legal guardians. 

The evaluation of eating habits relating to quantity was 

performed by an interview about food consumption in 

the period 24 hours preceding the study. Dietary 

interview was repeated 3 times (Wednesday, Friday, 

Sunday) [3]. 

The information received from the dietary interviews 

were used for quantitative analysis of the dietary 

content, including the contents of selected minerals: 

calcium, sodium, potassium, phosphorus, magnesium, 

iron and zinc. The analysis of the results was done 

with the computer program Dieta 5.0 where database 

consists of the data included in the Charts of the 

content and nutritional value of products and dishes 

[4-5].  

While calculating the nutritional values of menus the 

loss coefficients related to the applied technological 

processes were taken into account. The received 

results were compared with the nutrition norms for the 

population in Poland prepared by the Institute of 

Food and Nutrition in the year 2012 [2-3].  

Computer program Statistica 8.0 was applied for 

statistical analysis [6]. Parametric methods (t test for 

independent samples and one element ANOVA) and 

nonparametric methods (rank correlation test, Mann-

Whitney U, Kolmogorov, Smirnov test and the Wald-

Wolfowitz) were used to investigate whether there 

were differences due to the content of selected 

components minerals in the daily food intake in the 

general population of boys and girls. The results were 

statistically analysed, we calculated: Median (Me), the 

standard percentage (% of normal), Minimum (Min), 

Maximum (max), Inter Quartile Range (IQR) . 

Specificity was defined difference to the level of 

specificity of α = 0.05 [7-8]. 

Results  

In Tables I-IV shows the average content of some 

minerals (calcium, sodium, potassium, phosphorus, 

magnesium, iron and zinc) in the daily food portions 

boys and girls, and fulfillment of demand for these 

components. 

According to accepted standards of nutrition daily 

requirements for minerals, respectively, for sodium, 

potassium, - at A Sufficient Intake (AI) and for 

calcium, phosphorus, magnesium, iron and zinc - at 

the level of average demand (EAR). 

Discussion  

Rating of the daily intake of selected minerals with a 

food ration by tested young people and comparison to 
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reference values showed some irregularities, 

differentiated by gender of respondents.  

Calcium, phosphorus and magnesium consist the most 

important building material for bones and teeth. 

Constant processes of construction and destruction 

take place in the bone, as in all tissues of the body [1]. 

During development, minerals are required for 

increasing size of the skeleton, while later on they are 

used up to reach the peak bone mass [9].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Taking into account the results obtained in this study, 

calcium intake ensured nutrition standards for this 

component only in 48% of girls and 72% of boys. The 

difference between the test group of girls and boys was 

statistically significant. The problem of insufficient 

supply of calcium occurring in young people has been 

observed in studies conducted in high school students 

in Ostrow Mazowiecka [10]. These studies have 

shown comparable mean values of the calcium 

consumption - 572 and 764 mg for girls and boys, 

respectively.  

Analysis of calcium content in diets of young people 

from Szczecin showed its slightly higher supply in the 

nutrition of girls (52% of normal), but this quantity was 

still insufficient [11]. Pupils in Szczecin’s schools 

obtained comparable amounts of calcium in daily food 

rations as in our own study (60% of normal). When 

examining the volume of mineral consumption by girls 

in Wroclaw and the surrounding area, Piotrowska et 

al. [12] showed that calcium intake in diets did not 

exceed 50% of the standard requirements. On the 

other hand, the study conducted in September 2008 in  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

three high schools in Zawiercie and Pilica 

demonstrated lower average intake of calcium, at the 

level of 486 mg. Additionally, it was also found that 

calcium content was on average 73 mg higher in the 

menus of girls living in the city comparing to those 

living in the countryside [13]. 

The authors of these studies emphasized that low 

calcium intake is the result of insufficient consumption 

of milk and dairy products consisting the main source 

of calcium in the diet of young people, which is 

consistent with our own findings [13-14]. 

 

Table 1: The content of selected minerals in daily food 
rations examined girls.  

 
Minerals 

[mg] 

Girls 
n = 550 

Me Min Max IQR 
(Q3-Q1) 

Calcium 527,4 
49,3 

 
2030,0 

 443,9 

Sodium 
 

1379,8 87,1 
 

5026,0 
 

999,7 

Potassium 
 2317,6 

320,1 
 

8883,8 
 1387,0 

Phosphorus 
 

903,9 172,5 
 

3038,5 
 

493,9 

Magnesium 197,9 
39,0 

 
802,4 

 110,6 

Iron 
 

7,47 1,64 
 

33,9 
 

4,02 

Zinc 6,51 
1,13 

 
26,9 

 3,51 

Me - median, min-minimum, max - maximum, Q1 - 
quartile lower(25 percentyl), Q3 - quartile upper (75 
percentyl), IQR - interquartile range (Q3 - Q1). 

Table 2: The content of selected minerals in daily food 
rations examined boys. 

 
Minerals [mg] 

Boys 
n = 264 

Me Min Max 
IQR 

(Q3-Q1) 

Calcium 794,2 55,4 
 

5655,0 
 

693,7 

Sodium 
 

2660,2 
395,1 

 
8302,4 

 
1628,2 

Potassium 
 

3273,7 654,6 
 

8996,9 
 

1867,0 

Phosphorus 
 

1408,7 240,4 
5291,8 

 
692,1 

Magnesium 301,2 
75,7 

 
892,2 

 146,5 

Iron 
 

11,3 3,01 
 

37,2 
 

6,22 

Zinc 10,8 2,62 33,2 5,79 

Me - median, min-minimum, max - maximum, Q1 - 
quartile lower(25 percentyl), Q3 - quartile upper (75 
percentyl), IQR - interquartile range (Q3 - Q1). 
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The relationship between calcium and phosphorus in 

the diet influences the proper management of calcium 

in the human body. Currently, it is believed that the 

molar ratio of these components should be 1: 1, and 

when converting to weight units it gives 1.3: 1 [2,15]. 

By interacting with calcium, phosphorus participates in 

mineralization of bone and teeth, it is also a 

component of nucleic acids, brain tissue, cell 

membranes and coenzymes. Additionally, it plays an 

important role in the cycle of generation and 

transmission of energy, it is also involved in many 

metabolic processes [1]. 

The results obtained in this study indicate that in the 

group of girls, requirement for this ingredient has been 

accomplished in 86%, while in the second group of 

patients, the standard consumption of phosphorus has 

been exceeded by 34%. 

The statistical analysis showed that the average content 

of phosphorus in the diet of the test girls is lower than 

in the diet of tested boys. Furthermore, analysis of 

calcium and phosphorus intake in the various groups  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

showed abnormal ratio of calcium to phosphorus in 

girls - 0.58: 1, and 0.56: 1 in boys. The observed 

undesirable proportions between these components 

may adversely affect the absorption and metabolism of 

calcium in the body, and the high content of 

phosphorus in the diets of boys may also reduce 

absorption of iron and zinc [2].  

Similar disparities between the content of calcium and 

phosphorus were obtained in studies by Piotrowska et 

al. [156] and Zukowska-Markiewicz et al. [16]. 

Analysing the mean intakes of phosphorus obtained 

by other researchers, a higher content of this 

component was found in the diets of examined girls in 

the range of 925.8 to 1103.8 mg. [10-12,17-18]. In the 

group of boys aged 16-18 years, consumption of 

phosphorus was exceeded by 17 to 73% of the 

standard [10-11,17-18].  

Another component participating in the construction 

of supporting tissues, except for calcium and 

phosphorous, is magnesium. It is one of the most 

important intracellular cations, involved in more than 

Table 3: Implementation of demand for minerals by girls study group. 

Minerals 
Daily 

intake[mg/person/day] 

Daily demand 
[mg/person/day] 

Implementation 
of demand 

[%] EAR AI 
Calcium 527,4 1100  47,9 
Sodium 1379,8  1500 92,0 

Potassium 2317,6  4700 49,3 
Phosphorus 903,9 1050  86,1 
Magnesium 197,9 300  66,0 

Iron 7,47 8  93,4 
Zinc 6,51 7,3  89,2 

 
Table 4: Implementation of demand for minerals by boys study group. 

Minerals Daily intake[mg/person/day] 

Daily demand 
[mg/person/day] Implementation of demand 

[%] EAR AI 

Calcium 794,2 1100  72,2 
Sodium 2660,2  1500 177,3 

Potassium 3273,7  4700 69,7 
Phosphorus 1408,7 1050  134,2 
Magnesium 301,2 340  88,6 

Iron 11,3 8  141,3 
Zinc 10,8 8,5  127,1 
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300 metabolic reactions. [1]. Magnesium affects the 

bone mineral homeostasis, it is required for 

metabolism and action of the active form of vitamin 

D, which in turn increases calcium absorption from 

the gastrointestinal tract [15]. 

For the group of studied girls, requirement for 

magnesium has been accomplished in 66%, while in 

the group of boys at 88.6%, the differences in the 

amount of magnesium supply between the groups 

were statistically significant. The average daily amount 

of magnesium intake by girls was 197.9 mg and it was 

lower than mean values obtained in the studies of high 

school girls from Szczecin (220.6 mg), Wrocław 

(229.7 mg), Warsaw (244.07 mg), Ostrow Mazowiecka 

(253 mg) and Oleśnica (255.3 mg) [10-12,17-18]. 

Analysis of the average values of magnesium supply in 

the daily food rations of boys showed, as in our study, 

an insufficient consumption of this component in 

relation to the requirements, with the values ranged 

from 242.6 to 311.55 mg [10-11,18]. Only the study of 

high school students from Oleśnica found the 

appropriate standard intake of 112.9% [17]. 

Magnesium deficiencies found in everyday nutrition 

can lead to disturbances in many enzymatic and 

metabolic reactions of the body, as well as to 

malfunctioning of the cardiovascular system [15]. 

Iron is an essential micronutrient determining the 

optimal psychophysical efficiency of a young organism. 

Many functions of iron in the body are associated with 

its presence in the compound form of heme. This 

component is essential for the transport and storage of 

oxygen in the body. Long term iron deficiency disables 

production of red blood cells, leading to anaemia 

[1,15].  

In the girls of the present study, the consumption of 

their standard diet supplied 93.4% of the daily Fe 

demand, while in boys the daily intake was higher and 

exceeded the recommendations by 41%. The 

differences in the content of this component between 

groups were identified as statistically significant. The 

observed differences in iron content between the 

groups resulted from the composition of the diet. 

Boys prefer more frequent consumption of eggs (yolk) 

and meat and meat products. Other reports show 

average values of iron intake in daily food rations of 

high school students in the range from 7.2 to 18.02 mg 

[10-12,14,17-19]. In our study, this value was 7.47 mg. 

When assessing amount of the iron intake in the daily 

food rations of high school students, comparable 

results to those in our study (11 mg), were obtained by 

Harton et al. [10], Sitko et al. [18] and Mierzwa et al. 

[11]. Regulska- Ilow et al. [17] found higher iron (16.3 

mg) content in daily food rations of high school 

students from Oleśnica. 

Zinc is a component present in all cells of the body. It 

plays catalytic, structural and regulatory functions, by 

direct and indirect participation in the metabolism of 

proteins, fats and carbohydrates and energy 

metabolism [1]. As shown in our own research, the 

average daily intake of zinc by girls amounted to 6.51 

mg, while it was higher in the group of boys and 

amounted to 10.8 mg, and the differences were 

statistically significant. The observed differences in 

zinc content between the groups resulted from the 

composition of the diet. Boys prefer more frequent 

consumption of meat, seafood, eggs (yolk). 

Comparing with other reports on consumption of zinc 

in daily food rations of young people, we can conclude 

that in our study, the intake in the girls' group was 

satisfactory and covered or slightly exceeded the daily 

requirement [10-12,17]. For boys, the average daily 

intake of zinc was higher than in own research and 

ranged from 11 mg in studies of students from 

Warsaw to 14.6 mg in studies of high school students 

from Oleśnica [10,17-18]. The lower value of this 
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component - 9.9 mg was obtained in the study of high 

school students from Szczecin [11].  

Sodium is an essential component of the supplied 

diet. Since sodium is the most important cation 

present in the extracellular fluid, changes in its 

concentration decide on disturbances in water and 

electrolyte metabolism. Sodium takes part in 

maintaining proper blood osmotic pressure and acid-

base balance. Excessive sodium intake is a risk factor 

in many diseases, including hypertension. Further, a 

high sodium content in the diet significantly increases 

the urinary excretion of calcium [20]. 

When analysing the results of our own study, a 

satisfactory level of the average sodium consumption 

in the group of girls should be emphasized. It covered 

the demand in 92%. However, a high sodium intake in 

boys was noted and it exceeded the recommendations 

by as much as 77%. The observed differences in 

sodium content between the groups for the 

composition of the diet. It was found by the boys 

frequent consumption of fast food products, instant 

products, salty snacks and meat products. A survey 

among students from Szczecin and Warsaw 

demonstrated a higher intake of this nutrient (1711.6 

mg and 1955 mg) [10-11]. When assessing the 

nutritional value of food rations of high school 

students, Markiewicz-Żukowska et al. [16] showed that 

high school students from dormitories three times 

exceeded the recommended sodium consumption. 

Research conducted in different regions of the country 

found that the average share of this component in 

boys’ daily food rations, was similar to the results 

obtained in our study and ranged from 2438.5 to 

2696.89 mg [10-11,18]. 

The excessive sodium intake found in the everyday 

nutrition of surveyed boys can lead to many diseases, 

including high blood pressure, which can occur even 

before the age of 18 years [164]. High blood pressure 

is a major risk factor for diseases of the cardiovascular 

system, which are responsible for about 7.6 million 

deaths a year worldwide.                                

Potassium intake in our study remained at the level of 

2.31 g in the group of girls and 3.27 g in boys. The 

level of potassium intake ensured fulfillment of 

standards, only in 49.5% for girls and in 69.7% for 

boys. The obtained average daily potassium intake by 

a group of girls was consistent with the values obtained 

in the studies of high school girls from Szczecin [11]. 

Even higher results were obtained in studies 

conducted in Warsaw and Oleśnica [10,17-18]. 

Comparing results obtained by other researchers in 

the country, it was found that the average daily intake 

of potassium demonstrated in our study was higher 

among boys than in high school students in Szczecin 

(2.66 g) and Ostrow Mazowiecka (3.07g) [10-11]. 

Higher levels of coverage of the daily requirement for 

potassium - from 80 to 100% were obtained in studies 

of high school students from Warsaw and Oleśnica 

[17-18]. On the basis of our own results, and other 

authors’ results, the improper balance between 

sodium and potassium intake by young people of 

secondary school can be concluded, which may in 

future contribute to the early onset of hypertension, 

and in consequence - development of a cardiovascular 

disease. 

Conclusions  

In terms of intake of minerals, statistically significant 

differences in the diets of girls and boys study were 

identified. The observed differences in the mineral 

content between the groups resulted from the 

composition of the diet.  

Low calcium intake is the result of insufficient 

consumption of milk and dairy products consisting the 

main source of calcium in the diet of young people.  
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In boys daily iron intake was higher than in the group 

of girls. Boys prefer more frequent consumption of 

eggs (yolk) and meat and meat products. 

High sodium intake in boys due to the frequent 

consumption of fast food, instant products, salty 

snacks and meat products. 

In boys daily zinc intake was higher than in the group 

of girls. Boys prefer more frequent consumption of 

meat, seafood, eggs (yolk). 

High phosphorus intake in boys due to the frequent 

consumption of cheeses, fast food, and meat products. 

These findings deserve attention since abnormal levels 

of supply of these components are risk factors for the 

emergence of diet-related diseases in adulthood. 
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