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Studies of the bioavailability of Mg, Fe, Cr and Se from food and dietary 

supplements including speciation analysis 

 

The main objective of this dissertation was to conduct a study to assess the relative 

bioavailability of Mg, Fe, Cr and Se from food and dietary supplements and medicinal 

products, with a simultaneous evaluation of the effect of the type of diet and pharmaceutical 

form of the preparations used on the value of relative bioavailability of selected elements. In 

addition, the influence of the chemical forms of the micronutrients in which they are present 

in the dietary supplements and medicinal products used for the study was evaluated, which 

enabled the fulfillment of elements of speciation analysis, which is also the subject of this 

dissertation. 

The study used reconstituted daily whole food rations (CRP) in the form of diet 

homogenates, consisting of four meals, and used ready-made products available on the Polish 

market, among them 19 dietary supplements and 5 medicinal products from two main 

categories: vitamin-mineral preparations and mineral dietary supplements. The study was 

conducted in 2 research models: dietary homogenate and dietary homogenate together with 

a dietary supplement or medicinal product. The bioavailability of selected elements was 

examined by an in vitro method, using a two-stage stomach-small intestine digestion scheme, 

using appropriate digestive enzymes, with maintenance of the appropriate temperature and pH 

of the system at which the enzymes can be active. Semi-permeable cellulose dialysis tubes 

were used during the intestinal phase. 

Before simulating gastric digestion, the individual test systems were acidified to pH=2 

using a solution of 2 mol/dm
3
 HCl. Once the desired pH was reached, 2 cm

3
 of a 10% solution 

of pepsin in 0,1 mol/dm
3
 HCl was added to each sample. The samples prepared in this way 

were tightly sealed and placed in a thermostated water bath with a shaker at 37°C for 2 hours. 

After this step, the reaction of the samples was changed from pH=2 to pH=6.5 using a 6% 

NaHCO3 solution, then 5 cm
3
 of 0,4% pancreatin enzyme solution in 0,1 mol/dm

3
 NaHCO3 

was added. Samples prepared in this way were quantitatively transferred to cellulose dialysis 

tubes, which were tightly closed and placed in PP plastic containers containing 500 cm
3
 of 



deionized water each. The containers were tightly sealed and transferred for 2 hours to 

a thermostated water bath with a shaker, where the temperature was maintained at 37°C. After 

the intestinal digestion step, two fractions were obtained for further testing: the dialysate, 

which is the solution surrounding the cellulose dialysis tube, and the residue in the cellulose 

dialysis tube. 

For liquid samples, 5 cm
3
 of the analyzed solution was weighed into the mineralization 

vessels, 1 cm
3
 of 65% HNO3 was added and mineralization was carried out at 120°C for 

120 minutes. For solid samples, 1 g of the analyzed material was weighed into the 

mineralization vessels, 3 cm
3
 of 65% HNO3 was added and left for 24 hours. After this time, 

1 cm
3
 of 30% H2O2 was added to the sample-acid mixture and mineralization was carried out 

under the same conditions as for liquid samples. After mineralization, the solution was filtered 

using appropriate filters and a vacuum pump, and the solution was then replenished with 

deionized water to 10 cm
3
 and tested for Mg, Fe, Cr and Se content. 

The percentage of relative bioavailability was expressed as the ratio of the amount of 

the mineral that diffused through the semipermeable membrane to the total amount of the 

element in the system being tested. Determination of total element concentrations in post 

digestion samples, dietary supplements, medicinal products and daily whole food rations was 

performed using a high resolution optical emission spectrometer with inductively coupled 

plasma (HR-ICP-OES). 

In the case of dietary supplements containing selenium in their formulation, the 

highest relative bioavailability of this element in each case was obtained from Doppelherz 

aktiv Dla diabetyków + Morwa. It was also noted that selenium preparations containing the 

active ingredient in the form of sodium selenate (VI) and products in tablet form provided the 

best relative bioavailability of selenium among the models used in the study. 

In a study of the relative bioavailability of chromium conducted for three types of diets 

with different dietary supplements, the lowest value of this parameter was obtained with 

Vigor up!, while the best results for each diet were noticed with other preparations. This may 

indicate that both the composition of the diet and the nutrients in it can have a significant 

effect on the relative bioavailability of this element from the same dietary supplements. In the 

case of chromium, it was also observed that preparations containing the active ingredient in 

the form of chromium picolinate and those in the form of coated tablets resulted in the best 

relative bioavailability of chromium among the models used in the study. 

 For the dietary supplements and medicinal products included in the study, which 

contain iron in their composition, the highest relative bioavailability of this element in each 



case was obtained from the preparation Hemofer prolongatum, and the lowest from the 

dietary supplement Vigor up!. The study further revealed that in the case of iron, it was the 

preparations containing the active ingredient in the form of iron (II) sulfate and those in the 

form of prolonged-release tablets that achieved the best relative bioavailability of this element 

among the models used in the study. It was also noted that nutritional fiber may be a factor 

in lowering the relative bioavailability values of minerals, including iron, as during the study, 

a fiber-rich diet containing the highest amount of fiber affected the relative bioavailability 

of selected elements. 

Summarizing the results obtained in the study of the relative bioavailability 

of magnesium, it was proved that preparations containing the active substance as magnesium 

hexahydrate chloride and those in capsule form achieved the best relative bioavailability 

of magnesium among the models used in the study, although the differences in both cases 

were not very significant. It is not possible to unequivocally indicate a universal preparation 

that would be the most effective means of supplementing deficiencies of this element 

in a human body, regardless of the type of diet used. This may, as in the case of chromium, 

indicate a clear influence of the composition of the diet and the nutrients it contains on the 

relative bioavailability of magnesium from the same preparations. 

High bioavailability of particular elements from formulations that are medicinal 

products has been observed. Factors such as, for example, the formulation or content 

of excipients in medicinal products, in parallel with the chemical form in which the element is 

present, can frequently determine the values of relative bioavailability. This is only 

a preliminary observation, requiring further research in this direction. However, it is worth 

noting that the issue of formulation and the form of registration (dietary supplement 

or medicinal product) may have a significant impact on the value of relative bioavailability 

of elements. 

 

 


