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Abstract

The studies aimed to evaluate the significance of cereal products as an essential source of Ca, Mg and K in the diets of Poles. The
study covered 226 groups of cereal products most popular in Poland: bread, bread rolls, cooked pasta, cooked grains and cooked
rice. The content of Ca, Mg and K was determined by means of FAAS. In addition, considering the recommended daily intake of
K, Ca and Mg for the Polish population of adults, the percentage share of respective products in daily supply of these minerals
was determined. The content of the above-mentioned minerals in all analysed cereal products can be presented as K > Mg > Ca.
Intake of cereal products covers the requirement of K, Mg and Ca among adult Poles, respectively, in ca. 9%, ca. 12 (men)—15
(women) % and ca. 3%. The best source of K, Mg and Ca is bread which in the daily diets of Poles supplies more than 90% of
minerals consumed with cereal products. It can be claimed that cereal products are a poor source of Ca, but they supply significant
amounts of K and Mg in the diets of Poles, especially given that deficiency of such minerals is common in Poland. It would be

important to consider obligatory fortification of flour with minerals which are deficient in the diets of Poles.
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Introduction

Studies concerning the intake of macroelements carried out
among different population groups in Poland showed numerous
irregularities, primarily referring to insufficient supply of calcium
(Ca), magnesium (Mg) and potassium (K) [1, 2]. Similar obser-
vations were also carried out in other countries [3—5]. Insufficient
supply of calcium, with a simultaneously fully covered require-
ment of phosphorus, leads to osteomalacia, osteoporosis and
muscle cramp in adults and rickets in children [3]. The type
and intensity of magnesium deficiency symptoms depend on
the degree of deficiency—Ilarge deficiencies cause neuromuscu-
lar and cardiovascular disorders [4]. In healthy individuals, ex-
cess potassium in food is excreted with urine; thus the supply of
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this element higher than the sufficient level of intake does not
pose a risk to health. However, deficiencies are hazardous to
human life and health and can lead to arrhythmia, muscular
weakness and paresthesia [5].

In Poland, like in other countries, cereal products are the
underlying element of a diet. However, the structure of con-
sumption of respective types of products and grain species
varies from country to country [6]. In 2017, in Poland, the
average monthly consumption of cereal products and flour
per person amounted to 4.59 kg [7]. Due to such a high sig-
nificance of cereal products in the human diet, they can be an
essential source of deficient macroelements. Unfortunately, in
Poland, a continuing decrease in the consumption of cereal
products, and particularly baked goods, has been observed.
In 2015, the average monthly consumption of baked goods
per person amounted to 3.74 kg, in 2016—3.52 kg, and in
2017, only to 3.31 kg [7]. The downward trend in the con-
sumption of cereal products may be a result of many factors,
including most importantly: (1) changes in nutritional recom-
mendations for the Polish population in 2016 demanding a
decrease in consumption of such products (but not excluding
them from the diet) for the sake of vegetables and fruits with
regard to, among other things, an excessive supply of salt in
the population [8, 9] and (2) weight-reduction diets of
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restrictive type that are fashionable in many countries, with a
gluten-free diet that in practice is limited to the exclusion of
cereal products being the most popular [10, 11].

The studies aimed to evaluate the significance of cereal
products as an essential source of Ca, Mg and K in the diets
of Poles. This paper is a part of a project aiming to estimate the
intake of minerals (both toxic and essential) in the Polish
population. Available literature does not contain information
relating to this subject.

Material and Methods
Study Material

The study covered 226 groups of cereal products most popular
in Poland: bread (n = 84), bread rolls (n = 36), pasta (n =48),
grains (n = 38) and rice (n = 20). Product brands were selected
at random to enhance the representative nature of study out-
comes. The products were bought in grocery stores in south-
eastern Poland. All of them were before their best before
dates. As the study assumed evaluating the intake of Ca, Mg
and K with ready-to-eat cereal products, products that required
cooking (pasta, grains, rice) were cooked in conditions recom-
mended by the manufacturer (temperature, cooking time,
product: water ratio). No table salt was added to water used
for boiling. The cooked products were drained and cooled
down at room temperature. Afterwards, all the analysed prod-
ucts were dried in a drier at 65 °C over 24 h, and then they
were ground in an electric grinder. Each ground sample was
placed separately in tight plastic containers as described else-
where [9].

Chemical Analyses

The samples were mixed manually to make them uniform
throughout, and then about 3 g of the sample were placed in
China crucibles in three replications. All the samples were
mineralised for 12 h in a muffle furnace at 450 °C. The oxidant
used was hydrogen peroxide — H,O, [12]. The ashed samples
were dissolved in 10 ml 1 M nitric acid (HNO3), as described
elsewhere [12]. The content of Ca, Mg and K was determined
by means of FAAS (flame atomic absorption spectrometry) in
a Varian SpectrAA 280 FS spectrometer with SPS3 auto-sam-
pler, pure gas—acetylene/air. Determination parameters:

K: wave length 766.5 nm, spectral band pass 0.2 nm,
LOD (limit of detection) 50.0 mg kgfl, LOQ (limit of
quantification) 100.0 mg kg ';

Ca: wave length 422.7 nm, spectral band pass 0.5 nm,
LOD 28.0 mg kg ™', LOQ 56.0 mg kg ';

Mg: wave length 202.6 nm, spectral band pass 1.0 nm,
LOD 18.0 mg kg ', LOQ 36.0 mg kg .
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Each analysis was carried out in three replications. The
deviation in measurement was 4.6% for Ka, 1.6% for Ca,
and 3.7% for Mg.

The correctness of results was validated using a control
sample (1 M HNOs) and two reference samples: LGC 7173
Poultry feed and NCS ZC 73009 Wheat. The rate of recovery
from reference material for K, Ca and Mg was 91-105%
(Table 1). The calibration curve was drawn using LCG stan-
dards used for preparing solutions containing 0.00, 0.10, 0.20,
0.40, 1.00 and 2.00 ng K, Ca and Mg in 1 ml of deionised
water [13].

Reagents and Reference Materials

Hydrogen peroxide H,O, (30% pure) and nitric acid HNO;
(65% ultra pure) were purchased from POCH S.A. (Poland).
The standard K, Ca and Mg solutions Ultra Scientific with
99.99% purity, containing 1000 mg of the component per
1 L, were purchased from LGC Standards Sp. z o.o0.
(Kielpin, Poland). The certified reference material (CRM)
LGC 7173 Poultry feed was purchased from LGC Standards
GmbH (Wesel, Germany), whereas CRM NCS ZC 73009
Wheat was purchased from the National Institute of
Standard and Technology (Gaithersburg, USA).

Calculations and Statistical Analysis

The intake of K, Ca and Mg with cereal products was calcu-
lated from the formula:

Mineral intake = mean monthly consumption of products
(kg) x content of mineral element in products (g per kg) [9].

The average monthly intake of respective cereal products
in 2017 was as follows: baked goods (bread + bread rolls)
—3.31 kg, grains — 0.12 kg, pasta— 0.38 kg, rice— 0.15 kg [7].

In addition, considering the recommended daily intake of
K, Ca and Mg for the Polish population of adults, the percent-
age share of respective products in daily supply of these min-
erals was determined. According to norms applicable in
Poland, AI (adequate intake) for K =3500 mg, whereas

Table 1  Data of triplicate certified reference materials analysis

K Ca Mg

Certified reference material LGC-7173

Certified, g kg ' 7.40 14.4 1.60

Observed, g kg' 6.96 143 1.68

Recovery rate, % 94 99 105
Certified reference material NCS ZC73009

Certified, mg kg ' 1400 340 450

Observed, mg kg ! 1414 309 446
Recovery rate, % 101 91 99
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RDA (recommended daily intake) for Ca = 1000 mg, and for
Mg =310-320 for women and 400420 mg for men [14].

A statistical analysis of the results (average value, mini-
mum and maximum value, standard deviation, median, 75—
25 percentile) was carried out using Statistica 6.0 software.
Mean values were calculated based on three replications per
sample. Statistically significant differences (P < 0.05) were
computed by single factor analysis of variance (ANOVA),
using the Duncan test.

Results
Potassium

On average, the analysed cereal products contained 1.56 =
1.22 g K (Table 2). One kilogram of bread on average
contained 2.29 g K; with the highest content (P < 0.05) found
in wholemeal rye bread — 3.22 g, a little more than 2 g in white
wheat bread, while mixed wheat and rye bread contained ca.
1.8 g K. Bread rolls contained on average ca. 3.1 g K kg™ '; the
highest content (P < 0.05) was recorded in wheat flour bread
rolls —3.8-3.9 g. One kilogram of pasta on average contained
0.48 g K; with the highest content (P < 0.05) found in whole
wheat pasta (nearly 1 g), and the lowest in gluten-free pasta
(0.15 g) and rice noodles (0.27 g). One kilogram of grains on
average contained 0.89 g K; with the highest content found in
buckwheat (1.65 g) and barley grains (1.12 g) and the lowest
in couscous (0.35 g) and chia (0.45 g). One kilogram of rice
contained on average nearly 0.58 g K. Cereal products supply
nearly 9.3 g K per month to adult Poles, which corresponds to
nearly 9% Al (Table 3). Baked goods supply as much as 96%
K consumed with cereal products, grains ca. 1.2%, pasta ca.
2%, with rice less than 1%.

Calcium

On average, the analysed cereal products contained 0.166 +
0.17 g Caper 1 kg (Table 2). Bread on average contained nearly
0.3 g Cakg ' (wheat > wholemeal wheat = wheat and rye =
wholemeal wheat; P <0.05). Bread rolls on average contained
0.18 g Ca per 1 kg (rye with additives > rye = wheat = wheat with
additives; P <0.05), and pasta —0.076 g kg™ (significantly
highest content in wheat pasta with additives, wheat pasta with-
out additives and rice noodles, significantly lowest content in
gluten-free pasta). Grains on average contained
0.171 g Ca kg ' (chia > barley = couscous > buckwheat;
P <0.05), whereas 0.031 g Ca was recorded per 1 kg of rice.
In a month, an adult Pole consumes ca. 0.84 g Ca with these
products, which accounts for less than 3% RDA (Table 3). Out of
the analysed products, baked goods (bread + bread rolls) supply
as much as above 93% Ca consumed with cereal products, pasta
ca. 3.5%, grains ca. 2.6%, and rice — 0.6%.

Magnesium

On average, the analysed products contained 0.292 +
0.16 g Mg per 1 kg (Table 2). Bread on average contained
0.43 g Mg kg™' (wholemeal rye = wholemeal wheat = mixed
wheat and rye > wheat; P <0.05), bread rolls on average
contained 0.36 g Mg kg ' (rye with additives > rye > wheat
= wheat with additives; P <0.05), pasta —0.2 g Mg kg '
(wholemeal wheat > wheat without additives > wheat with
additives > rice noodles > gluten-free P <0.05), grains —
0.26 ¢ Mg kg ' (buckwheat > couscous > chia > barley;
P <0.05), and rice on average contained 0.077 g Mg kg .
Over a month, an adult Pole consumes ca. 1.42 g Ca with
the analysed products, 92% of which is taken in with baked
goods (bread + bread rolls), 5.2% with pasta, a little more than
2% with grains and 0.75% with rice (Table 3). The analysed
products cover 15.3% of the Mg requirement (RDA) of adult
women and 11.8% of adult men.

Discussion

In the presented studies, the content of the minerals in all the
analysed cereal products can be presented as K > Mg > Ca.
Ikeda et al. [15] found an identical relationship for cooked
buckwheat, while Jambrec et al. [16] for cooked tagliatelle
enriched with buckwheat flour. Studies by Albrecht et al.
[17] also showed K > Mg > Ca in cooked pasta, irrespective
of whether it was cooked in water with or without salt.
According to those authors, cooked pasta contained ca. 0.3—
0.46 g K, 0.19-0.36 g Mg and 0.09-0.16 g Ca per 1 kg.
Cooked Ethiopian rice contained K (1.01 g kg™ dry weight)
> Ca (0.24 gkg ' dry weight) > Mg (0.13 g kg ' dry weight)
[18]. However, studies carried out by Rybicka et al. [19] re-
vealed that some gluten-free breads (with a significant share of
corn flour) contained K > Ca > Mg, which is difficult to
explain as corn flour, like other types of flour, contains more
Mg than Ca. It is likely that those products were fortified with
Ca and/or contained calcium additives, such as for instance
the food preservative calcium propionate.

Available literature contains little information about the
content of K, Ca and Mg in cooked cereal products, while it
is impossible to compare the presented results obtained by this
author to data available in literature concerning uncooked ce-
real products. Already rice soaking significantly decreases the
content of K, Ca and Mg in its grains [20]. In the course of
cooking, minerals from cereal products are released into wa-
ter. Studies have shown that losses of K during pasta cooking
amounted to more than 60%, while the losses of Ca and Mg
did not exceed 20% [21]. Therefore, one serving of cooked
pasta (285 g) contains 22 g Ca, 48.9 g Mg and 84 g K [21].
According to Jambrec et al. [16], cooked pasta loses ca. 50%
K. The losses of Ca and Mg were not significant; the content
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Table 2  The content of K, Ca and Mg in analysed cereal products, g kg ™' fresh weight
n K Ca Mg
Breads
Whole meal rye 27 3.2207+0.06 0.175%+0.07 0.499°+0.15
Wheat 26 2.014°+1.20 0.620°+0.32 0.267°+0.08
Whole meal wheat 10 2.123°+1.58 0.196°+0.16 0.480°+0.11
Mixed wheat-rye 31 1.821°+0.05 0.195*+0.11 0.472*+0.15
Mean value 84 22954 0.296° 0.430°
Rolls
Rye 8 2.599°+1.11 0.164°+0.05 0.476°+0.12
Rye with additions 8 2.046°+0.34 0.2174£0.10 0.579*+0.30
Wheat 10 3.833%+1.05 0.161°+0.07 0.183°+0.04
Wheat with additions 10 3.890%+2.04 0.162°+0.05 0.190° +0.04
Mean value 36 3.0924 0.176¢ 0357
Pasta *
Wheat without additions 18 0.440°+0.12 0.079%°+0.03 0.196°+0.05
Wheat with additions 7 0.551°+0.33 0.086%+0.05 0.170°+0.10
Whole meal wheat 9 0.998%+0.45 0.077°+0.03 0.474°+0.13
Gluten free 8 0.148°+0.07 0.061°+0.02 0.063¢+0.04
Rice 6 0.2714+0.11 0.079% +0.02 0.1044+0.07
Mean value 48 0.481" 0.076¢ 02018
Groats *
Oat 15 1.124°+0.54 0.052°+0.03 0.2164+0.05
Buckwheat 14 1.649*+0.26 0.014°+0.01 0.304%+0.04
Couscous 6 0.354%+0.12 0.046°+£0.01 0.270°+0.14
Chia 3 0.451°+0.13 0.573*+0.23 0.240°+0.10
Mean value 38 0.894" 0.171¢ 0.257°
Rice * 20 0.578%+0.24 0.031€+0.01 0.077° £ 0.04
Mean 1.5624 0.166° 0.2928
Standard deviation 1.221 0.169 0.163
Maximum 3.890 0.620 0.579
Minimum 0.148 0.014 0.063
Variance analysis 1.491 0.029 0.027
Median 1386 0.124 0.253
Percentile
75% 0.294 0.035 0.085
25% 0.200 0.021 0.069

Average values for samples, each in 3 replications; SD, standard deviation; *

b-¢ values with different superscripts in the same column (within respective

product types) differ at P < 0.05 by Duncan’s test; ** ™ © values with different superscripts in the same line differ at P < 0.05 by Duncan’s test;*cooked

pasta, groats and rice (boiled without salt)

of Ca in cooked pasta was even higher than in raw pasta,
which according to the authors can be attributed to a change
in the proportions of ingredients (flushing of starch and pro-
tein). Similarly, Albrecht et al. [17] found that cooked pasta
loses the highest amounts of K (60-70%), while the loss of
Mg and Ca is not noticeable.

The presented own study demonstrated that intake of cereal
products covers the requirement of K, Ca and Mg among adult
Poles, respectively, in ca. 9%, ca. 3% and ca. 12 (men)-15
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(women) %. The best source of K, Ca and Mg is bread which
in the daily diets of Poles supplies more than 90% of minerals
consumed with cereal products. British studies show that the
percentage share of cereal products in the daily supply of Ca is
ca. 30%, more than half of which (15-19%) is supplied with
bread, whereas the supply of Mg is 28% including 13% from
baked goods [22]. Italian studies revealed that on a daily basis
cereal products supply 0.076 g Ca, 0.071 g Mg and 0.299 g K,
which accounts for, respectively, 10%, 27% and 10% of the
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Table 3 Share of respective

groups of cereal products in the Mean consumption, K Ca Mg
supply of K, Ca and Mg in the kg per month® Intake with cereal products, g per month®
diets of adult Poles
Bread + rolls 3.31 8.915% 0.782% 1.302°
Groats * 0.12 0.107 ¢ 0.021° 0.031°¢
Pasta * 0.38 0.183° 0.029° 0.078°
Rice * 0.15 0.087 ¢ 0.005 © 0.012¢
Total 3.96 9.292 0.836 1.421
Share of respective groups of products in monthly supply with cereal products, % ©
Breads + rolls 95.9 93.3 92.0
Groats * 1.16 2.62 2.05
Pasta * 1.99 3.49 5.20
Rice * 0.95 0.59 0.75
Total 100 100 100
Reference daily intake, mg ¢
Women 3500 1000 310-320
Men 3500 1000 400420
Share of cereal products in reference daily intake, %
Breads + rolls 8.49 2.60 (W) 14.0
M) 10.9
Groats * 0.10 0.07 (W) 0.33
M) 0.64
Pasta * 0.17 0.10 (W) 0.82
M) 0.64
Rice * 0.08 0.02 (W) 0.12
M) 0.10
Total 8.85 2.78 (W) 153
M) 11.8

*Based on (7); ® based on this study; © daily supply with cereal products was adopted as 100%; “ based on (14)
(RDA for Ca and Mg; Al for K); *cooked groats, pasta and rice (boiled without salt); W, women; M, men; * b
values with different superscripts in the same column differ at P < 0.05 by Duncan’s test

daily intake of those minerals in a diet [23]. In the diets of the
French, cereal products supply on average 0.426 g Ca,
0.417 g Mg and 4.378 g K per 1 kg [24]. As a result, out of
13 analysed key groups of foodstuffs, they are ranked 4th in
terms of Mg supply and st in terms of K supply. Differences
between countries mostly follow from the amounts of baked
goods consumed in them, but it is supposed they are also
related to the recipes, which in turn is a consequence of con-
sumers’ taste preferences.

To sum up, it can be claimed that cereal products are not a
rich source of Ca, but they supply significant amounts of K
and Mg in the diets of Poles, especially given that deficiency
of such minerals is common in Poland [1, 2]. Particular atten-
tion should be paid to buckwheat, which is a product rich in K
and Mg, and in addition, it contains considerable amounts of
fibre, B group vitamins and flavonoids [25]. In Poland, little
buckwheat is consumed [26]. Consumption of this valuable
grain should be promoted, especially bearing in mind its long
tradition in Poland. Apart from this fact, it would be important

to consider obligatory fortification of flour with minerals
which are deficient in the diets of Poles.

Compliance with Ethical Standards

Conflict of Interest
interest.

The authors declare that they have no conflicts of

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Ilow R, Regulska-llow B, Rézanska D, Zatonska K, Dehghan M,
Zhang X, Szuba A, Vatten L, Janik-Koncewicz K, Manczuk M,
Zatonski WA (2011) Evaluation of mineral and vitamin intake in

@ Springer



322

Winiarska-Mieczan et al.

10.

11.

12.

the diet of a sample of Polish population — baseline assessment from
the prospective cohort ‘PONS’ study. Ann Agric Environ Med 18:
235-240

Merkiel S, Chalcarz W (2016) Analysis of mineral intake in pre-
school children from Turek. Med Rodz 19:7-13

Adatorwovor R, Roggenkamp K, Anderson JIB (2015) Intakes of
calcium and phosphorus and calculated calcium-to-phosphorus ra-
tios of older adults: NHANES 2005-2006 data. Nutrients 7:9633—
9639. https://doi.org/10.3390/nu7115492

Fang X, Wang K, Han D, He X, Wei J, Zhao L, Imam MU, Ping Z,
Li Y, Xu Y, Min J, Wang F (2016) Dietary magnesium intake and
the risk of cardiovascular disease, type 2 diabetes, and all-cause
mortality: a dose-response meta-analysis of prospective cohort
studies. BMC Med 141:210. https://doi.org/10.1186/s12916-016-
0742-z

Vasara E, Marakis G, Breda J, Skepastianos P, Hassapidou M,
Kafatos A, Rodopaios N, Koulouri AA, Cappuccio FP (2017)
Sodium and potassium intake in healthy adults in Thessaloniki
greater metropolitan area - the salt intake in Northern Greece
(SING) study. Nutrients 9:417. https://doi.org/10.3390/nmu9040417
Sarwar MH, Sarwar MF, Sarwar M, Qadri NA, Moghal S (2013)
The importance of cereals (Poaceae: Gramineae) nutrition in human
health: a review. J Cereals Oilseeds 4:32-35. https://doi.org/10.
5897/JCO12.023

(2018) Statistical Yearbook of Poland Ed. Statistical publishing
establishment, Warsaw, Poland

www.izz.waw.pl (Accessed 2018 Nov 30)

Winiarska-Mieczan A, Kowalczuk-Vasilev E, Kwiatkowska K,
Kwiecien M, Baranowska-Wojcik E, Kiczorowska B, Klebaniuk R,
Samolinska W (2019) Dietary intake and content of Cu, Mn, Fe and Zn
in selected cereal products marketed in Poland. Biol Trace Elem Res
187:568-578. https:/doi.org/10.1007/s12011-018-1384-0

Moore LR (2014) “But we’re not hypochondriacs”: the changing
shape of gluten, gluten-free dieting and the contested illness expe-
rience. Soc Sci Med 105:76-83. https://doi.org/10.1016/j.
socscimed.2014.01.009

Nash DT, Slutzky AR (2014) Gluten sensitivity: new epidemic or
new myth? Every major change in our diet carries with it the pos-
sibility of unforeseen risks. Am J Cardiol 114:1621-1622. https://
doi.org/10.1016/j.amjcard.2014.08.024

Winiarska-Mieczan A, Kwiatkowska K, Kwiecien M, Baranowska-
Wojeik E, Wojcik G, Krusinski R (2019) Analysis of the intake of
sodium with cereal products by the population of Poland. Food
Addit Contam Part A 36:884-892. https://doi.org/10.1080/
19440049.2019.1605209

Winiarska-Mieczan A, Kwiecien M, Kwiatkowska K, Krusinski R
(2016) Breakfast cereal as a source of sodium, potassium, calcium
and magnesium for school-age children. J Elem 21:571-584.
https://doi.org/10.5601/jelem.2015.20.1.763

@ Springer

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Jarosz M (2017) Nutritional guidelines for the Polish population.
ED. National Food and Nutrition Institute, Warsaw

Ikeda S, Yamashita Y, Kusumoto K, Kreft I (2005) Nutritional
characteristics of minerals in various buckwheat groats.
Fagopyrum 22:71-75

Jambrec D, Sakac M, Jovanov A, Misan A, Pestori¢ M, Tomovié¢ V,
Mandi¢ A (2016) Effect of processing and cooking on mineral and
phytic acid content of buckwheat-enriched tagliatelle. Chem Ind
Chem Eng Q 22:319-326. https://doi.org/10.2298/
CICEQ150709046J

Albrecht JA, Asp EH, Buzzard IM (1987) Contents and retentions
of sodium and other minerals in pasta cooked in unsalted or salted
water. Cereal Chem 64:106—109

Tegegne B, Chandravanshi BS, Zewge F (2017) Levels of selected
metals in commercially available rice in Ethiopia. Int Food Res J
24:711-719

Rybicka I, Gliszczynska-Swiglo A (2017) Minerals in grain gluten-
free products. The content of calcium, potassium, magnesium, so-
dium, copper, iron, manganese, and zinc. J Food Compos Anal 59:
61-67. https://doi.org/10.1016/j.jfca.2017.02.006

Kale SJ, Jha SK, Jha GK, Sinha JP, Lal SB (2015) Soaking induced
changes in chemical composition, glycemic index and starch char-
acteristics of basmati rice. Rice Sci 22:227-236. https://doi.org/10.
1016/j.r5¢1.2015.09.002

Ranhotra GS, Gelroth JA, Novak FA, Bock MA, Matthews RH
(1985) Retention of selected minerals in enriched pasta products
during cooking. Cereal Chem 62:117-119

Shewry PR, Hey SJ (2015) The contribution of wheat to human diet
and health. Food Energy Secur 4:178-202. https://doi.org/10.1002/
fes3.64

Lombardi-Boccia G, Aguzzi A, Cappelloni M, Di Lullo G, Lucarini
M (2003) Total-diet study: dietary intakes of macro elements and
trace elements in Italy. Brit J Nutr 90:1117-1121

Chekri R, Noél L, Millour S, Vastel C, Kadar A, Sirot V, Leblanc
JC, Guérin T (2012) Calcium, magnesium, sodium and potassium
levels in foodstufts from the second French Total Diet Study. J Food
Compos Anal 25:97-107. https://doi.org/10.1016/j.jfca.2011.10.
005

Kreft M (2016) Buckwheat phenolic metabolites in health and dis-
ease. Nutr Res Rev 29:30-39. https://doi.org/10.1017/
S0954422415000190

Zarzecka K, Gugata M, Mystkowska I (2015) Nutritional and pro-
health value of buckwheat. Probl Hig Epidemiol 96:410-413

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


https://doi.org/10.3390/nu7115492
https://doi.org/10.1186/s12916-016-0742-z
https://doi.org/10.1186/s12916-016-0742-z
https://doi.org/10.3390/nu9040417
https://doi.org/10.5897/JCO12.023
https://doi.org/10.5897/JCO12.023
http://www.izz.waw.pl
https://doi.org/10.1007/s12011-018-1384-0
https://doi.org/10.1016/j.socscimed.2014.01.009
https://doi.org/10.1016/j.socscimed.2014.01.009
https://doi.org/10.1016/j.amjcard.2014.08.024
https://doi.org/10.1016/j.amjcard.2014.08.024
https://doi.org/10.1080/19440049.2019.1605209
https://doi.org/10.1080/19440049.2019.1605209
https://doi.org/10.5601/jelem.2015.20.1.763
https://doi.org/10.2298/CICEQ150709046J
https://doi.org/10.2298/CICEQ150709046J
https://doi.org/10.1016/j.jfca.2017.02.006
https://doi.org/10.1016/j.rsci.2015.09.002
https://doi.org/10.1016/j.rsci.2015.09.002
https://doi.org/10.1002/fes3.64
https://doi.org/10.1002/fes3.64
https://doi.org/10.1016/j.jfca.2011.10.005
https://doi.org/10.1016/j.jfca.2011.10.005
https://doi.org/10.1017/S0954422415000190
https://doi.org/10.1017/S0954422415000190

	Can Cereal Products Be an Essential Source of Ca, Mg and K in the Deficient Diets of Poles?
	Abstract
	Introduction
	Material and Methods
	Study Material
	Chemical Analyses
	Reagents and Reference Materials
	Calculations and Statistical Analysis

	Results
	Potassium
	Calcium
	Magnesium

	Discussion
	References




