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ABSTRACT

Celiac disease and gluten intolerance affect a growing proportion of the population. The most
important minerals for proper growth are calcium and magnesium. These minerals are often
deficient. Bread is the most popular type of food, and therefore this product was enriched in this
study. The aim was to assess the influence of a diet including gluten-free breads enriched
with milk and seeds on the content of calcium and magnesium in the organs (liver, spleen, kid-
ney, femur and heart) and blood of 48 male Wistar rats, after a deficiency of the selected mine-
rals had been induced by a 40-day nutritional intervention. After the intervention, the rats were
euthanized, the organs were collected and their mineral content was measured. The aim was to
design breads with a high content of Ca and Mg. The number of additives influenced the content
of minerals in the diet. There was no statistical difference in the content of calcium and magne-
sium in the blood of rats in any group. Significant differences in the content of calcium were
observed in the not pancreas but spleen and liver of rats fed the all types of bread and thenum-
ber of additives. Significant differences in the content of magnesium were observed in the femur
of rats fed all types of breads and the number of additives. No influence was found on the
general nutritional parameters and blood con-tent of calcium and magnesium. However,
the addition of enriched gluten-free breads to a diet was found to influence the content of calci-
um and magnesium in selected organs.
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INTRODUCTION

Celiac disease and gluten intolerance affect a growing proportion
of the population. Now it affects around 1% of the population worldwide.
The most common age at diagnosis is between 35 and 55 years. Statistically,
the disease affects female patients twice as often (Catassi et al. 2010, LIONETTI,
Catrassi 2014). The disease causes the destruction of intestinal villi and
reduced absorption of nutrients, including minerals (BARERA et al. 2000,
Tovorr 2015, LEONARD et al. 2016, 2017). Currently, more measures are being
taken to improve people’s nutritional status through the scientific develop-
ment of new food products with increasing health-promoting properties,
or to counteract deficiencies of elements in a diet (REGuza et al. 2010, 2016,
2018, PASQUALONE et al. 2010, Swikca et al. 2015). For people with celiac
disease, the most important products include gluten-free bread and grain
products. These products are the most widely consumed ones, and are the
basic source of carbohydrates in the diet (SULIBURSKA et al. 2013).

The most important minerals for proper growth are calcium and magne-
sium. Calcium is a basic element which builds bones and teeth. It can exist
in the body in a free form, bound with protein or as a salt. Its most impor-
tant biological roles are the activation of enzymes, building hormones and
nerve impulse transmission. Calcium is necessary for correct cardiac function
and a healthy vascular system. Calcium deficiency can negatively influence
bone quality and cause demineralization and deformation. It has been shown
that chronic deficiencies of this element can lead to high blood pressure
(BiancH1, BARDELLA 2008).

Magnesium is the most important intracellular cation in the body.
It is responsible for enzyme activation (IANNELLO, BELFIORE 2001). It is neces-
sary for the synthesis of nucleic acids and protein, and plays a very impor-
tant role in homeostasis and blood pressure. Magnesium deficiency can cause
disorders in the vascular, nervous and muscular systems (MATsUzAKI et al. 2005).

There 1s significant risk connected with mineral deficiencies, and they
negatively impact upon human health. Attempts have been made to enrich
products with deficient elements. For this purpose, product which are com-
monly consumed by each group of people are chosen (REcuLa et al. 2018).
The aim of this study was to make an assessment of nutritional parameters
and mineral metabolism of rats fed a diet with the addition of enriched
gluten-free breads. Gluten-free breads were enriched with additives which
had high nutritional value. Rice flour is a source of fiber, potassium, calcium,
zinc and magnesium. It has an important role in hormonal balance and
ageing (IrRakLI et al. 2019). Buckwheat flour is a good source of protein with
a high content of lysine and arginine. A high content of magnesium has
a positive effect on the cardiovascular system (ZIELINSKI et al. 2019). Poppy
seed and flax are a good source of vitamins B, calcium and magnesium,
which play an important role in the immune and nervous systems (GHAFOOR
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et al. 2019, Pajax et al. 2019). Hazelnuts are a good source of potassium and
polyunsaturated fatty acid, which regulate blood pressure and the level
of LDL cholesterol (Fanc et al. 2018). Pumpkin seeds have a high content of
zinc and polyunsaturated fatty acid, which influence the nervous system and
have a hypoglycemic effect (Bouazzaoui, MULENGI 2018). Sunflower seeds with
their high content of phytosterols influence the cardiovascular system and
decrease LDL cholesterol (KvasHIN et al. 2018). Amaranth flour with its high
content of calcium, magnesium, iron influence the LDL cholesterol level and
the cardiovascular system (HorsTMANN et al. 2019). Soy flour with its high
content of copper, zinc and iron have an influence on the nervous system and
the cardiovascular system, and produce a hypoglycemic effect (Huancg et al.
2019).

MATERIALS AND METHODS

Breads

Gluten-free breads had rice flour or buckwheat flour as the basic ingre-
dient. The recipe also included corn starch, potato starch, pectin, yeast, sugar,
salt, rapeseed oil, linseed oil and olive oil. Its composition was formulated
to provide a high content of calcium and magnesium. Milk bread contained
poppy seeds and whole milk powder. Breads with seeds contained poppy
seeds, whole milk powder, amaranth flour, flax, sunflower seeds, pumpkin
seeds, hazelnuts and egg yolk. The percentage composition of the breads
is shown in Table 1.

Table 1
Composition of breads (%)

Components R B RM BM RMS BMS
Buckwheat flour 0.000 33.00 0.000 30.00 0.000 26.00
Rice flour 33.00 0.000 30.00 0.000 26.00 0.000
Corn starch 17.00 17.00 14.00 14.00 12.00 12.00
Potato starch 33.00 33.00 29.00 29.00 20.00 20.00
Pectin 4.000 4.000 4.000 4.000 4.000 4.000
Yeast 4.000 4.000 4.000 4.000 4.000 4.000
Sugar 5.000 5.000 4.000 4.000 3.000 3.000
Salt 1.000 1.000 1.000 1.000 1.000 1.000
Mixed of oil 3.000 3.000 3.000 3.000 2.000 2.000
Whole milk powder 0.000 0.000 4.000 4.000 4.000 4.000
Mix of seeds 0.000 0.000 7.000 7.000 23.00 23.00
Egg yolk 0.000 0.000 0.000 0.000 1.000 1.000

R — rice bread, B — buckwheat bread, RM — rice bread with milk, BM — buckwheat bread with
milk, RMS — rice bread with milk and seeds, BMS — buckwheat bread with milk and seeds
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Animals, diet and experiment

The research was carried out on 48 male Wistar rats aged 6 weeks,
with an initial body mass of 266 g + 37.9. Animal care and handling for the
experimental study were approved by the Local Regulatory Committee for
animal studies (Approval number 888/11). The rats used in this experiment
were housed in a thermostatically controlled room (22°C + 2), in a 12 h light/dark
cycle (lights on at 8:00), at humidity 55-65%, with unlimited access to dis-
tilled water (ad [libitum). The animals were fed a modified, semisynthetic
diet AIN93M (REEVES 1997). In order to induce deficiencies, 42 out of 48 rats
were fed diets without Ca and Mg in the mineral mix for 30 days. The com-
position of the experimental diets is shown in Table 2 and the nutritional

Table 2
Composition of experimental diets (g kg!)

Component conéfl\ldiet iAanad;rﬁlzlijé ZY;(;E?/Z: M MS
Caseine! 200.0 200.0 140.0 140.0 140.0
Rapeseed oil ® 70.00 70.00 49.00 49.00 49.00
Saccharose® 100.0 100.0 70.00 70.00 70.00
Wheat starch? 530.0 530.0 371.0 371.0 371.0
Breads addition 0.000 0.000 300.0 300.0 300.0
Potato starch? 50.00 50.00 35.00 35.00 35.00
L-cystine* 3.000 3.000 2.100 2.100 2.100
Mineral mix® 35.00 35.00 24.50 24.50 24.50
Vitamin mix® 10.00 10.00 7.000 7.000 7.000
Choline’ 2.000 2.000 1.400 1.400 1.400

M — diet with milk, MS — diet with milk and seeds;

! Manufacture of dairy products in Murowana Goslina, ?“Celiko” Poznan, * Manufacture of potato
in Itawa, *7 Sigma-Aldrich (Germany), > AIN-93-MX (Reeves 1997), ¢ AIN-93-VX (REEVES 1997),
8 Commerecial food products

value of the diets with gluten-free breads in Table 3. Total fat was deter-
mined by the Soxhlet extraction method and the protein content was assayed
by the Kjeldahl total nitrogen method. Carbohydrates constituted the diffe-
rence of 100 and the sum of water, ash, protein and fat. The gross and meta-
bolic energy were calculated using commonly applied energy equivalents.

After 30 days, 12 rats were chosen and sacrified (6 from the deficiency
group and 6 from the control group) to establish whether a deficiency had
been induced. The rats were euthanized with a mixture of CO, (70%) and air
(30%). Then, blood from the left heart chamber and organs (liver, spleen,
heart, kidney and left femur) were collected to measure Ca and Mg levels.
The remaining animals were then divided into six groups. They were
fed AIN93M diets with 70% added gluten-free breads. The nutritional
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Table 3
Nutritional value of diets with gluten-free breads (ingredients in 100 g)
. Type Additives
Ingredients B
of bread without M MS
R 368.4 + 1.800%4 383.6 + 2.300%8 388.8 + 3.60078
Metabolic energy (kcal) 1543 + 7.54274 1607 + 9.63798 1629 + 15.088
Metabolic energy (KJ) B 368.6 £2.000¢4 | 380.7+3.400%% | 391.4 + 2.500%
1544 + 8.380 1595 + 14.248 1639 + 10.478
R 411.5+2.0104 428.4 + 2.569% 434.2 + 4.021°8
Gross energy (keal) 1723 £8.424% | 1795+ 10.76°® | 1819+ 16.84%
Gross energy (KdJ) B 411.7+2.234% | 425.2 +3.7978%5 | 437.1 +2.792°%
1724 + 15.90¢ 1781 + 11,698 1830 + 9,36078
. R 11.81 + 0.4004 12.80 + 0.400%8 13.60 + 0.600%8
Protein (g)
B 12.50 = 0.500%4 13.40 + 0.200%8 14.10 £ 0.400%8
Fat @ R 2.750 + 0.800%4 4.550 + 0.300%8 5.890 + 0.400%¢
at (g
B 3.021 + 0.700% 4.452 + 0.600%8 6.610 + 0.300°¢
R 71.78 + 1.0004 70.52 + 1.100%4 68.10 + 1.700%4
Carbohydrates (g)
B 70.55 + 1.200%4 69.51 + 1.600*4 66.60 + 2.100%4
) R 190.2 + 3.1004 335.2 + 2.600%8 340.5 + 3.800%8
Calcium (mg)
B 195.0 + 2.4004 334.9 + 3.2008 331.6 + 4.600%8
) R 26.40 + 0.9004 55.55 + 1.200%8 74.40 + 3.200%¢
Magnesium (mg)
B 73.80 + 1.400% 95.56 + 2.300°8 94.31 + 2.300%8

Superscript lowercase letters (a, b, c¢) indicate statistical differences between the type of bread
(between the lines) p < 0.05. Superscript uppercase letters (4, B, C) indicate statistical differences
between the additives used (between columns) p < 0.05;

R —rice bread, B — buckwheat bread, M — bread with milk, MS — bread with milk and seeds

intervention lasted 40 days, then the rats were sacrified with a mixture
of CO, (70%) and air (30%). Blood was then collected from the left
heart chamber and organs (liver, spleen, heart, kidney and left femur).
In this biological material, the levels of calcium and magnesium were deter-
mined. The study design is shown in Figure 1. Throughout the period
of intervention, the amount of food consumed and food residue left over were
recorded. The body weight of the rats was measured once weekly. The food
efficiency ratio (FER) was calculated as the growth weight after consuming
100 g of diet.

The tissue samples were dried to dry mass and then wet mineralized
in a microwave system with nitric acid (HNO,, supra pure, 65%, Mars X5,
CEM, USA). After mineralization, the samples were quantitatively trans-
ferred to PP vials, using deionized water. The calcium and magnesium con-
centrations in the mineralized tissue samples were determined by the flame
atomic spectrometry method (spectrometer AAS-3, Zeiss, Germany), and
serum Ca and Mg were assayed by colorimetric methods. The parameters
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42 rats deficiency diet
6 rats modified control diet AIN-93
30 days
weekly mass control

leftover control

section of 12 rats (6 from the deficiency group and 6 from the control group)
collect blood from left heart chamber

collect organs (kidney, heart, spleen, liver, left femur)

assessment of the content of minerals in organs and blood

5 group by 6 rats modified control diet AIN-93 30%+breads 70%
6 rats modified control diet AIN-93
40 days
weekly mass control

leftover control

36 rats

collect blood from left heart chamber

collect organs (kidney, heart, spleen, liver, left femur)
assessment of the content of minerals in organs and blood

Fig. 1. Study design

used were: wavelength 422.7 nm for Ca and 285.2 nm for Mg, width of slits
0.5 nm for Ca and 0.2 nm for Mg, air flow 400 1 min for Ca and Mg, acety-
lene flow 80 1 min! for Ca and 60 1 min! for Mg, lamp current 7.5 mA for Ca
and 3.0 mA for Mg, sensitivity 0.01 pg cm® for Ca and 0.004 ug cm™ for Mg,
slotted burner 10 cm for Ca and Mg (SuLIBURSKA et al. 2013, 2015). The calci-
um in the rats’ blood was marked with 5-nitro-5-metylo-BAPTA in an alka-
line medium and with EDTA. The change in absorbance is directly propor-
tional to the calcium concentration and is measured by photometry
(BourcuiceNoN et al. 2014). Test Ref. 05061482190 produced by Roche Diag-
nostics GmBH, Mannheim, Germany, was employed. Magnesium in the rats’
blood was marked by the colorimetric method with chlorophosphonazo III
(CPZIID) in an alkaline medium and with EDTA. The difference in absor-
bance between the magnesium-CPZ III complex and the EDTA treated com-
plex is the absorbance due to magnesium alone (GUNDERSEN 2017). Test Ref.
20737593322 produced by Roche Diagnostics GmBH, Mannheim, Germany,
was employed.

In order to determine the effect of the additive and type of bread
on nutrition and morphological parameters, the analysis of variance was
applied, while the significance of intergroup differences was assessed using
the Tukey’s test. All differences were considered to be statistically significant
at a 5% probability level. Data were analyzed with Statistica 13.0 software.
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RESULTS

The designed gluten-free breads had different ingredients and amounts
of additives. The aim was to design breads with a high content of Ca and
Mg. The results of the nutritional values and analyses of the minerals are
shown in Table 3. When the amount of additives increased, the nutritional
value of diets with rice bread and buckwheat bread also increased. The diet
with bread without additives had a significantly lower calorie content than
the other diets. The same was true of protein. When the amount of additives
was higher, the amount of protein was also higher in both rice bread and
buckwheat bread.

A higher content of fat was found when the amount of additives was
higher. This difference was statistically significant in diets with rice breads
and buckwheat breads, which is associated with the high content of fat
in nuts and seeds added to the breads. When the amount of additives was
higher, the content of protein and fat was higher and the content of carbohy-
drates was lower. Additives such as whole milk powder and seeds influenced
the content of calcium in the breads. The content of this element in the diet
including breads without additives was significantly lower than in the ones
with enriched breads. There was no statistically significant difference in the
content of calcium between the types of breads. When the amount of addi-
tives was higher, the content of magnesium was also higher. The type
of breads and the amount of additives influenced the content of magnesium
in the breads. Buckwheat breads had a higher content of magnesium than
rice breads.

Throughout the entire period of nutritional intervention, parameters
such as weight and consumed diet were measured. These results are shown
in Table 4. When the amount of additives was higher, the consumed diet was
also higher in diets with both rice breads and buckwheat breads. This diffe-
rence was not statistically significant. Initial weight was not statistically
significant in any group. A significantly higher weight grain and FER were
observed in rats on the diet with additives. The type of diet did not influence
organ mass in any group. The type of breads had no statistically significant
influence on any general nutrition parameters.

Total consumption of calcium and magnesium by the rats was calculated
based on nutritional values and consumed diets for the whole period of the
experiment. It was calculated also per 100 g body weight. These results are
shown in Table 5. Significantly higher consumption of calcium was observed
for diets with gluten-free bread with additives, for both types of bread. When
the amount of additives was higher, the consumption of calcium was higher
with rice breads. Rats on the diet with buckwheat breads had a significantly
higher consumption of magnesium than rats on the diet with rice breads.
Also, the amount of additives had a statistically significant influence on the
consumption of magnesium.
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Table 4
General nutritional parameters of rats on diets with gluten-free breads
. Type Additives
Ingredients B
of bread without M MS
. R 997.5 + 14.40%4 1060 + 59.10%4 1077 £ 71.80%4
Consumed diet (g)
B 1027 + 46.50%4 1068 + 68.30%4 1077 + 71.80%4
. . R 243.7+32.70¢ | 269.1+43.00¢4 | 269.8+ 38.70%
Initial weight (g)
B 268.6 + 43.50%4 269.0 + 40.904 268.1 + 38.50%4
) ) R 63.25 + 14.90%4 90.30 + 12.80% 86.80 + 16.40%4
Weight gain (g)
B 60.80 + 10.304 84.80 + 13.204 89.10 + 18.10%4
FER* R 6.328 £ 1.400°4 | 8.514 +1.600%4 | 8.000 + 1.500%4
B 5.916 + 1.000%4 7.910 + 1.000%4 8.212 + 1.4004
R 0.743 £ 0.070%4 0.763 + 0.080%4 0.767 + 0.070%4
Femur mass (g)
B 0.787 £ 0.070%4 0.792 + 0.060%4 0.770 = 0.070%4
) R 9.496 + 1.310%4 10.84 + 1.220%4 10.39 + 1.580%
Liver mass (g)
B 9.940 + 1.150%4 10.22 + 0.930%4 11.24 + 1.460%
) R 1.984 + 0.390+ 2.290 + 0.220%4 2.240 + 0.270%4
Kidney mass (g)
B 2.250 +£0.110%4 2.210 + 0.120%4 2.194 + 0.300%4
R 0.504 + 0.070%4 0.505 + 0.010%4 0.527 + 0.060%4
Spleen mass (g)
B 0.497 + 0.040%4 0.519 + 0.030%4 0.539 + 0.030%4
R 0.965 + 0.130%4 1.071 £ 0.100%4 1.040 £ 0.1004
Heart mass (g)
B 1.028 £ 0.1204 1.030 = 0.080%4 1.060 £ 0.140%4

* FER (food efficiency ratio) = weight gain (g)/food intake (g) x 100;
Superscript lowercase letters (a, b, ¢) indicate statistical differences between the type of bread
(between the lines) p < 0.05. Superscript uppercase letters (4, B, C) indicate statistical differences
between the additives used (between columns) p < 0.05;
R —rice bread, B — buckwheat bread, M — bread with milk, MS — bread with milk and seeds

Table 5
Consumption of Ca and Mg by rats on diets with gluten-free breads
Additives
Ingredients Type
of bread without M MS

. R 1616 + 164.2%4 2985 + 195.4%8 2842 + 347.208
Consumption of Ca (mg)

B 1664 + 191.8+ 2959 + 268.9%8 2802 + 416.4%8

Consumption of Ca R 1618 + 141.5% | 2815+ 69.40% | 2631 + 158.5%

(mg kg body weight) B 1618 + 142.84 | 2766+ 92.23"F | 2591 + 234.1°5

. R 224.6 + 22.80%4 495 + 32.40°8 621.1 + 75.80%
Consumption of Mg (mg)

B 636.8 + 73.40%4 | 845.3 £ 76.80% | 796.9 + 118.48

Consumption of Mg R 225.0 + 19.67% | 466.9+ 11.50"% | 575.1 + 34.65

(mg kg body weight) B 619.3+54.67 | 790.2 + 26.35 | 737.0 £ 66.57%

Explanations see Table 3
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In Table 6, the content of calcium and magnesium in the blood of rats
on diets containing gluten-free breads is shown. There were no statistically
significant differences in the content of these minerals in any group.

In Table 7, the content of calcium and magnesium in the organs and
femur is shown. Diets with gluten-free breads were found to have no influence

Content of Ca and Mg in the serum of rats fed diets based on gluten-free breads fable
Ingredients Type Additives
of bread without M NS
Content of Ca in blood R 2.925+0.050* | 3.070 +0.100“ | 2.970 + 0.080
(mmol dm?) B 29772 0.1804 | 3.00320.130“ | 2.985 = 0.030
Content of Mg in blood R 1148401204 | 1.197 £ 01204 | 1.954 < 0.080%
(mmol dm™) B 1.250 £ 0.210“ | 0.825+0.080%“ | 1.283 +0.160%

Explanations see Table 3

Table 7
Content of Ca and Mg in the organs of rats fed diets based on gluten-free breads
Additives
Organs Type -
of bread without M MS

R 18.14 + 7.800%4 11.07 + 4.6004 9.97 + 1.400¢
Heart Ca (mg kg™')

B 17.41 + 3.900%4 13.21 + 4.1004 10.10 + 3.500%4

R 56.62 £ 27.50% | 224.9+122.9°% | 100.6 + 46.304
Spleen Ca (mg kg™)

B 75.24 +42.90¢ | 181.0 +41.50°2 | 64.63 + 14.50%

) R 113.9+18.60 | 89.47 + 35.00 | 119.7 +29.404

Kidney Ca (mg kg™)

B 147.1 £ 84.80%4 | 155.5+89.20%4 | 90.85 + 20.20%4

R 154.8 £12.90“ | 168.8 +3.500 | 165.7 +2.600%
Femur Ca (g kg?)

B 162.8 £ 4.500%4 | 165.9 +6.200°4 | 168.7 + 7.600%4

) R 45.65 £ 12.50°F | 22.71 £5.9004 | 29.31 + 12.60%48

Liver Ca (mg kg )

B 39.55+12.10°% | 32.84 +14.40%4 | 35.97 + 13.60%8

R 3.087 +£0.300% | 3.292 £ 0.100%42 | 3.402 + 0.100%
Femur Mg (g kg?)

B 3.320 £ 0.200%%4 | 3.390 + 0.100%%42 | 3.530 + 0.100%2

R 225.8 +18.60%4 | 224.1+11.804 | 230.4 + 5.400%4
Kidney Mg (mg kg )

B 228.9 + 8.800%4 217.3 +£14.90 | 235.0 + 48.50%

R 256.1 + 10.10%4 246.4 + 24.80* | 248.6 + 11.40*
Spleen Mg (mg kg )

B 260.2 +£11.70%4 | 241.5+ 14.80*4 | 248.0 + 12.00*

R 186.6 + 15.60%4 176.0 +£ 11.90+4 170.7 + 8.900%4
Heart Mg (mg kg )

B 180.5 + 10.30%4 176.1 + 7.8004 172.2 + 9.900%4

R 249.5 + 35.60°8 183.4 £ 20.80*4 | 200.5 + 17.30%%4
Liver Mg (mg kg')

B 214.7 + 28.70°8 | 193.2 +£29.60%4 | 184.8 + 31.40%4

Explanations see Table 3
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on the content of calcium in the rats’ hearts. A significantly higher con-
tent of calcium was observed in the spleen of rats on the diet with rice
and buckwheat breads with milk. There was no significant difference
in the content of calcium in the kidney or femur for any type of bread. There
was a significantly higher content of this mineral in the livers of rats
on the diet with gluten-free breads without additives compared to rats
on the diet with enriched gluten-free breads. The content of magnesium
was statistically significant, depending on the type of bread and the amount
of additives. The content of these minerals was higher when the amount
of additives was higher. It was higher in buckwheat breads compared
to rice breads. There was no significant difference in the content of magne-
sium in the kidney, spleen and heart. A significantly higher content
of magnesium in the liver was observed in rats on the diet with gluten-free
breads without additives. There was also a significant difference between
rice breads and buckwheat breads in terms of the content of magnesium
in the liver.

DISCUSSION

Enriched gluten-free breads were designed to promote the higher con-
sumption of calcium and magnesium. Deficiencies of these minerals have
been observed in people with celiac disease. These minerals have an impor-
tant role in many metabolic process, so their correct level is very important
in maintaining the proper condition of the body (WoJciak et al. 2017). Many
attempts have been made to enrich diets with ingredients which should
increase the content of macro- and micronutrients. However, even when the
content of additives is high, the levels found in the organs are not sufficient.
This is because the body limits the absorption and use of many elements
and nutrients (LEoNTOWICZ et al. 2006). Factors which can limit the absorp-
tion of calcium and magnesium are age, pH of food content, ratio of calcium
to phosphorus, fractions of fiber, consumption of protein and fat, lactose,
phytates and intake of calcium and magnesium. Research has shown that
insoluble fiber negatively correlates with the bioavailability of minerals,
unlike soluble fiber (HEANEY et al. 1988, GRALAK et al. 1996). Another study
suggested that the bioavailability of calcium can decrease by 10% when there
is an excess of fiber (Soto et al. 2016). This can explain the lower content
of these elements in the organs of rats which were fed the diet including
breads enriched with seeds. Research which was carried out on human sub-
jects in Norwich (UK) showed that casein can increase the absorption of calcium
by up to 10% (TEUCHER et al. 2006). In this research, 14% of casein was used
in the diet with breads and 20% in the diet without breads. In vitro studies
have shown that high fat intake has a negative influence on the bioavaila-
bility of calcium (CiLLA et al. 2011). This is due to the lower content of calci-
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um in organs, which is correlated with the higher amount of additives
in gluten-free breads. Seeds in breads contain fat, which is the cause
of lower absorption of calcium. Calcium and magnesium compete for absorp-
tion, which leads to a high content of calcium in the diet but a low content
in the femur (CrREEDON, CasHMAN 2001). Research in this area is as yet incon-
clusive. However, it has been shown that higher intake of calcium results in
lower absorption of magnesium (MATsUzAKI et al. 2005). Another study has
shown that the content of magnesium is not correlated with higher calcium
intake (RoNCERO-RaMOS et al. 2013). Increase in the calcium content in rats’
liver can be a signal of pancreatitis, but this area is still not well understood.
Some researchers have suggested the need for more research (L1 et al. 2014).
Less is known about the mechanisms responsible for increasing the magne-
sium content in bone, but this can involve the endocrine system (CASTIGLIONI
et al. 2013). An experiment carried out on rats in Tokyo showed higher
absorption of calcium by rats with magnesium deficiencies compared
to the control group. Clinical tests have shown that low calcium levels
might influence low magnesium levels in the blood (Yamamoro et al. 2011).
The ambiguity of these results makes further research necessary.

It 1s also necessary to monitor the additives used in diets and finished
products in order to obtain a composition of additives which is a good source
of calcium and magnesium with high bioavailability.

CONCLUSION

The higher content of calcium and magnesium in enriched gluten-free
breads did not influence the general nutrition parameters or the content
of these minerals in the blood of rats. This diet had some influence on the
content of calcium and magnesium in selected organs of the rats.
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