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Abstract: Wheat is one of the most important cereals in terms of its role in the human diet. The distri-
bution of the nutrients in wheat grains depends largely on their morphology, the bran fraction being
the richest in minerals, thus developing important functions related to human health. The main pur-
pose of this study was to point out the potential nutritional and health claims related to the mineral
composition based on the current European legislation in order to valorize the interesting wheat
varieties traditionally consumed in Spain. The mineral composition (microelements: Fe, Cu, Mn,
and Zn; and macrolements: Ca, Mg, Na, and K) were evaluated in different milling fractions (white
flour, whole grain flour, and bran fraction) of 4 wheat varieties of durum (Triticum turgidum ssp.
durum Linnaeus) and bread (Triticum aestivum Linnaeus) wheat. As expected, the mineral concentra-
tion was higher in the case of bran and whole grain flour, K and Mg being the principal minerals
found. A difference between wheat genotype and harvesting year have been found. Moreover,
regarding these preliminary results, some samples analysed in the present study met the conditions
of use of different approved health claims that could support the possibility to consider wheat flours,
especially whole grain flour and bran fraction as functional foods, but some did not.

Keywords: Triticum turgidum; Triticum aestivum; wheat flours; minerals; health claims

1. Introduction

Cereals and their derivatives are staple foods in the Mediterranean dietary pattern
and their consumption is essential as part of a healthy diet [1]. Cereals have also been
a cornerstone of the history of human food from a cultural point of view, as they were
the first plants to be cultivated by humans in the eastern Mediterranean [2]. In terms of
their role in the diet, wheat (Triticum aestivum Linnaeus, Triticum durum Desfontaines) is
one of the most important cereals [3], which is used as an ingredient in a wide range of
food products [4,5]. Flours obtained from bread wheat varieties (Triticum aestivum L.) are
widely used for bread and other bakery products elaboration, while durum wheat flours
(Triticum turgidum ssp. durum L.) have technological properties that makes it suitable for
good-quality pasta production [5–7].

The distribution of the nutrients, and particularly the mineral fraction, in wheat grains
depends largely on their morphology. The grain is structured into three differentiated parts
(bran, endosperm, and germ), each of which has a different nutrient concentration [1]. Bran
is the outer part of the wheat grains and it contains a significant amount of water-soluble
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proteins (albumins) [8], has a high dietary fibre content (mainly insoluble fraction) [5,9], and
is rich in vitamins (particularly B-group vitamins such as thiamin, riboflavin, and niacin)
and minerals (magnesium, potassium, calcium, iron, zinc, and selenium). This layer also
has a high presence of bioactive compounds with antioxidant properties, such as phenolic
compounds (mainly ferulic acid, flavonoids, and tannins) [5,10]. Finally, the germ is
located near the base of the grain, and in the case of wheat, this fraction is rich in lipids
and is notable for its content in proteins (albumins, globulins, glutenins) and vitamins,
particularly B-group vitamins and vitamin E (tocopherols and tocotrienols) [11].

Minerals are essential micronutrients for human health and wheat stands out for being
an important source of these components, including microelements such as Fe, Cu, Mn,
and Zn; and macroelements, such as Mg, Ca, Na, and K. Iron plays an important role in the
synthesis of haemoglobin. Moreover, it is a structural component of myoglobin as well as
cofactor of several enzymes [12,13]. Copper is also important in the haemoglobin synthesis
and it is a cofactor of numerous enzymes that are implicated in redox processes [14,15]. Zinc
is a microelement, which has important enzymatic, regulatory, and structural functions.
It is one of the most important minerals in terms of human health as there are more than
300 enzymes, which are dependent of Zn. Moreover, Zn is an essential mineral for the
growth and it also promotes the wound healing [13,14,16]. Manganese is another important
microelement as it is a key constituent of several enzymes. It is essential for numerous
metabolic functions and for intracellular activities [17]. Among macroelements, calcium
is the most abundant mineral in the human body, which is mainly located in bones and
teeth. It is necessary for the growth and normal maintenance of the bone tissue and it is
also involved in blood coagulation, in the maintenance of neuromuscular activity, as well
as in the regulation of the membrane’s permeability [14,17]. Magnesium is an important
mineral for the normal functioning of the body. It is a cofactor of several intracellular
enzymes and it is involved in the neuromuscular function [14,17]. Sodium is the main
cation of the extracellular liquid, while potassium is the major cation of the intracellular
liquid. Sodium and potassium play an important role in the regulation of hydrolytic and
acid- base balance [17].

Given that cereals, and particularly wheat, are staple foods that play a key role in
the human diet, it is highly desirable to find ways to improve their nutritional quality. In
this sense, traditional genetic improvement programs are currently being developed in
order to obtain varieties of bread wheat and durum wheat that have a greater content in
mineral elements (Fe, Zn, Cu, Mg, K, etc.) and other bioactive compounds such as dietary
fibre, arabinoxylans, and phenolic compounds, which have numerous benefits for human
health [5].

As far as the author’s knowledge, this is the first report of mineral composition of
Cajeme, Marius, Endural, and Aldural wheat varieties. Therefore, in the present work,
the mineral compositions (macro and microelements) were preliminary characterized in
different wheat flours (whole grain flour, white flour, and bran fraction) obtained from
different wheat varieties (Cajeme and Marius, corresponding to bread wheat; and Endural
and Aldura, corresponding to durum wheat), as part of a genetic improvement project.

Moreover, the main purpose of this study was to firstly characterize the micro and
macroelements of these wheat varieties flours in order to point out the potential nutritional
and health claims related to their mineral composition that can be mentioned in the food
labelling, based on the current European legislation, and valorise these interesting wheat
varieties.

2. Materials and Methods
2.1. Wheat Samples

Whole grain flours, white flours, and bran fractions from different bread wheat
(Triticum aestivum L., Cajeme and Marius varieties) and durum wheat (Triticum turgidum
ssp. durum L., Endural and Aldura varieties) were analysed (Table 1). The present work
is part of project reference AGL2012-38345, funded by Spanish Ministry of Science and
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Technology. The growing conditions of studied wheat varieties were controlled and were
the same (management practices, soil fertilization uses, among others) regardless of the
year of harvest in order to avoid potential differences (biases) in the mineral content due
to the use of fertilizers. The wheat grains were harvested (40◦26′47.36′′ N, 3◦44′21.00′′ W)
in two different and consecutive years and processed in the Escuela Técnica Superior de
Ingeniería Agronómica, Alimentaria y de Biosistemas, Universidad Politécnica de Madrid,
Spain.

Table 1. Analysed samples of wheat flour.

Species Variety Harvesting Year Sample Code

White Flour

Triticum turgidum L.
Aldura

2013 D-A#1-WF
2014 D-A#2-WF

Endural
2013 D-E#1-WF
2014 D-E#2-WF

Triticum aestivum L.
Cajeme 2013 S-C#1-WF

2014 S-C#2-WF

Marius
2013 S-M#1-WF
2014 S-M#2-WF

Whole Grain Flour

Triticum turgidum L.
Aldura

2013 D-A#1-WGF
2014 D-A#2-WGF

Endural
2013 D-E#1-WGF
2014 D-E#2-WGF

Triticum aestivum L.
Cajeme 2013 S-C#1-WGF

2014 S-C#2-WGF

Marius
2013 S-M#1-WGF
2014 S-M#2-WGF

Bran

Triticum turgidum L.
Aldura

2013 D-A#1-Bran
2014 D-A#2- Bran

Endural
2013 D-E#1- Bran
2014 D-E#2- Bran

Triticum aestivum L.
Cajeme 2013 S-C#1- Bran

2014 S-C#2- Bran

Marius
2013 S-M#1- Bran
2014 S-M#2- Bran

2.2. Milling Process

The whole grain flour was obtained using a Tekator Mill equipment and sieve with
1 mm of mesh. To obtain white flour, a Chopin CD1 mill (Villeneuve-la-Garenne, France)
was used in 4 stages (1 crushing and 3 compressions). The extraction rates for white flours
are shown in Table 2. The composition of bran fraction was calculated by application of the
Equation (1).

2.3. Standards and Reagents

HCl, HNO3, micro (Fe, Cu, Mn, and Zn) and macroelements (Ca, Mg, Na, and K)
standards (>99% purity), as well as La2O3 and CsCl (>99% purity) were purchased from
Merck (Darmstadt, Germany).

2.4. Total Mineral Content (Ashes) and Mineral Elements Analysis

Flour samples obtained from the studied wheat varieties were subject to dry-ash
mineralization at 550 ◦C. Minerals were extracted in an acid mixture (1 mL 50% HCl +
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1 mL 50% HNO3) and made up to 25 mL of distilled water. For the quantification of the
macroelements, additional dilutions 1/10 (v/v) were prepared in order to avoid interfer-
ences. For the analysis of Ca and Mg, these dilutions were made with La2O3/HCl, whereas
in the case of Na and K, CsCl was used [18]. For each sample, triplicate mineralization and
extractions were carried out. Mineral concentrations were determined in the acid extracts
by atomic absorption spectroscopy (AAS) with air/acetylene flame in a Perkin-Elmer
2280 spectrophotometer (Waltham, MA, USA), using the following wavelengths: 589.0 nm
in Na analysis, 766.5 nm in K, 422.7 nm in Ca, 285.2 nm in Mg, 324.8 nm in Cu, 248.3 nm in
Fe, 279.5 nm in Mn, and 213.8 nm in case of Zn. Slit was 0.7 with the exception of K, Fe,
and Mn, in which 0.2 was used.

Table 2. Extraction rates (%) of analysed white flours.

Sample Code Extraction Rate (%)

Triticum turgidum L.

D-A#1-WF 63
D-A#2-WF 58
D-E#1-WF 63
D-E#2-WF 59

Triticum aestivum L.

S-C#1-WF 68
S-C#2-WF 70
S-M#1-WF 67
S-M#2-WF 69

A standard reference material 1567a (Analysts, Analytical Chemistry Division, Na-
tional Bureau of Standards) was used in order to calibrate instruments and evaluate the
reliability of analytical methods for the determination of mineral elements in wheat flours.
The certified concentrations of mineral elements in this standard reference material were
the following: 1.41 ± 0.05 mg of iron per 100 g; 0.21 ± 0.02 mg of copper per 100 g;
0.94 ± 0.09 mg of manganese per 100 g; 1.16 mg of zinc per 100 g; 19.1 ± 0.4 mg of calcium
per 100 g; 40 ± 2 mg of magnesium per 100 g, 0.61 ± 0.08 mg of sodium per 100 g, and
133 ± 3 mg of potassium per 100 g. The standard reference material was regularly analysed
and the deviation of the analytical values compared to the reference values was always
less than 5%.

In the case of bran fraction, total mineral content (ashes) and mineral elements were
calculated by application of the following Equation (1):

Bran concentration =
Whole grain concentration− (White flour concentration× Extraction rate)

(1− Extraction rate)
(1)

2.5. Statistical Analysis

Mean ± standard deviations (SD) were determined using Statgraphics Plus 5.1 soft-
ware (Madrid, Spain) to analyse data at the 95% confidence level. The data were statistically
analysed by Analysis of variance (ANOVA), followed by Tukey test. The statistical signifi-
cance level was set at p < 0.05.

3. Results and Discussion
3.1. Mineral Composition in Durum and Bread Flours

In the present study ash content, microelements (Fe, Cu, Mn, Zn) and macroelements
(Mg, Ca, Na, K) were analysed in white and whole wheat flours (Table 3). Moreover,
the content of these minerals was calculated in the bran fraction by using Equation (1)
(Table 4). K and Mg were the main minerals in the studied samples, while Mn and Cu were
found in the lowest amounts. This pattern is typical of cereals and it has been observed
by other authors in different cereals grains, including wheat [19–21], rice [22], corn [23],
oat [24,25], barley [24,26], and rye [27].
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Table 3. Ash (g/100 g, dry weight) and mineral content (mg/100 g, dry weight) in different bread and durum wheat flour (white flour and whole wheat flour) (mean ± SD).

Sample
Code Ash Fe Cu Mn Zn Mg Ca Na K

White Flour

Triticum
turgidum L.

D-A#1-WF 0.8 ± 0.0 b,A 2.9 ± 0.2 e,B nd 0.1 ± 0.0 a,A 2.2 ± 0.1 b,A 69.0 ± 1.2 b,A 5.8 ± 0.3 a,A 15.8 ± 4.0 b,B 107.6 ± 4.6 a,A

D-A#2-WF 0.9 ± 0.0 b,A 1.3 ± 0.0 b,A 1.0 ± 0.1 cd 0.3 ± 0.0 b,B 4.1 ± 0.2 d,B 197.9 ± 8.7 e,B 19.6 ± 1.2 d,B 3.5 ± 0.2 a,A 168.8 ± 0.6 b,B

D-E#1-WF * - - - - - - - - -
D-E#2-WF 1.2 ± 0.1 c 2.8 ± 0.1 de 1.1 ± 0.0 d 0.3 ± 0.0 b 4.7 ± 0.2 e 223.0 ± 4.9 f 18.6 ± 0.4 d 2.7 ± 0.1 a 165.6 ± 7.2 b

Triticum
aestivum L.

S-C#1-WF 1.2 ± 0.1 c,B 2.5 ± 0.0 d,B 0.5 ± 0.1 a,A 0.6 ± 0.0 f,B 2.7 ± 0.2 c,A 70.6 ± 3.4 b,A 12.0 ± 0.9 b,A 43.6 ± 1.9 d,B 122.6 ± 8.6 a,A

S-C#2-WF 0.7 ± 0.0 a,A 0.7 ± 0.1 a,A 1.0 ± 0.0 c,B 0.4 ± 0.0 e,A 3.0 ± 0.0 c,A 118.8 ± 0.3 d,B 18.5 ± 1.0 d,B 3.1 ± 0.4 a,A 111.7 ± 10.9 a,A

S-M#1-WF 0.9 ± 0.1 b,B 2.1 ± 0.3 c,B nd 0.4 ± 0.0 d,B 1.6 ± 0.1 a,A 50.1 ± 2.7 a,A 10.6 ± 0.4 b,A 21.4 ± 0.2 c,B 125.1 ± 14.0 a,A

S-M#2-WF 0.6 ± 0.0 a,A 0.8 ± 0.1 a,A 0.9 ± 0.0 b 0.3 ± 0.0 c,A 2.8 ± 0.1 c,B 108.8 ± 3.0 c,B 15.2 ± 0.2 c,B 2.4 ± 0.1 a,A 109.9 ± 5.9 a,A

Whole Grain Flour

Triticum
turgidum L.

D-A#1-WGF 1.5 ± 0.1 ab,A 4.5 ± 0.0 c,B 2.4 ± 0.1 g,B 1.5 ± 0.0 a,A 5.6 ± 0.1 b,A 138.0 ± 3.5 b,A 6.1 ± 0.2 a,A 47.8 ± 1.6 d,B 408.1 ± 10.0 e,B

D-A#2-WGF 1.9 ± 0.2 c,B 2.8 ± 0.0 b,A 1.6 ± 0.1 de,A 2.3 ± 0.2 b,B 7.8 ± 0.1 e,B 318.9 ± 1.4 d,B 25.5 ± 0.6 e,B 3.8 ± 0.0 a,A 342.9 ± 6.4 bc,A

D-E#1-WGF 1.4 ± 0.0 a,A 4.6 ± 0.1 c,A 0.6 ± 0.0 a,A 1.2 ± 0.0 a,A 6.6 ± 0.0 c,A 163.0 ± 3.6 c,A 5.4 ± 0.2 a,A 43.9 ± 3.1 d,B 408.9 ± 3.9 e,B

D-E#2-WGF 2.2 ± 0.0 d,B 6.6 ± 0.0 e,B 1.3 ± 0.1 bc,B 2.7 ± 0.1 c,B 8.0 ± 0.0 e,B 344.2 ± 2.4 e,B 29.7 ± 1.9 f,B 3.4 ± 0.1 a,B 332.6 ± 11.7 ab,A

Triticum
aestivum L.

S-C#1-WGF 1.9 ± 0.0 c,B 5.7 ± 0.2 d,B 1.9 ± 0.2 f,B 3.2 ± 0.0 d,B 5.8 ± 0.1 b,A 114.5 ± 2.7 a,A 14.3 ± 0.2 c,A 24.3 ± 1.9 b,B 383.5 ± 2.6 de,B

S-C#2-WGF 1.6 ± 0.0 b,A 4.2 ± 0.5 c,A 1.4 ± 0.0 cd,A 2.4 ± 0.2 b,A 9.5 ± 0.3 f,B 315.7 ± 1.5 d,B 23.8 ± 0.3 de,B 3.7 ± 0.2 a,A 304.2 ± 2.6 a,A

S-M#1-WGF 1.9 ± 0.1 c,A 2.2 ± 0.1 a,A 1.9 ± 0.3 ef,B 2.9 ± 0.1 c,B 4.6 ± 0.1 a,A 112.0 ± 3.7 a,A 12.2 ± 0.9 b,A 36.3 ± 3.0 c,B 553.5 ± 31.6 f,B

S-M#2-WGF 2.1 ± 0.0 d,B 2.7 ± 0.3 b,B 1.0 ± 0.0 b,A 2.4 ± 0.0 b,A 7.3 ± 0.2 d,B 385.1 ± 2.4 f,B 22.1 ± 0.2 d,B 3.9 ± 0.1 a,A 368.1 ± 21.2 cd,A

In each column, different letters mean statistically significant differences (p < 0.05) compared by Tukey test; small superscript letter means differences between all white or whole grain analysed flours, whereas
capital superscript letter means difference due to the harvesting year for the same wheat variety. nd (non-detected). * Due to the sample D-E#1-WF was no available, results corresponding to sample D-E#1-WF
are not shown.
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Table 4. Ash (g/100 g, dry weight) and mineral content (mg/100 g, dry weight) in different bread and durum wheat bran.

Bread and Durum Wheat Bran

Sample Code Ash Fe Cu Mn Zn Mg Ca Na K

Triticum
turgidum L.

D-A#1-Bran
Mean 2.8 7.1 6.4 3.8 11.3 255.6 6.5 47.7 919.8
Range 2.6–3.0 6.9–7.3 6.1–6.7 3.7–3.9 11.0–11.6 246.3–264.9 5.9–7.1 43.0–52.4 898.9–940.7

D-A#2- Bran
Mean 3.5 4.8 2.5 5.2 12.8 486.0 33. 3.6 583.3
Range 3.2–3.8 4.7–4.9 2.3–2.7 4.8–5.6 12.4–13.2 475.7–496.3 32.0–35.2 3.2–4.0 569.0–597.6

D-E#2- Bran
Mean 3.7 12.1 1.6 6.2 12.6 518.8 43.1 6.3 572.9
Range 3.6–3.9 12.0–12.2 1.5–1.7 5.9–6.5 12.2–13.0 508.0–529.6 41.6–44.6 5.7–6.9 529.6–529.6

Triticum
aestivum L.

S-C#1- Bran
Mean 3.4 12.6 4.9 8.8 12.2 207.9 20.3 60.6 937.9
Range 3.3–3.5 12.0–13.2 4.4–5.4 8.7–8.9 11.9–12.5 206.7–209.1 18.5–22.1 54.2–67.0 911.6–964.2

S-C#2- Bran
Mean 3.9 12.8 2.3 6.8 24.4 775.2 35.7 5.7 753.4
Range 3.8–4.0 11.8–13.8 2.2–2.4 6.2–7.4 23.3–25.5 769.6–780.8 32.5–38.9 5.0–6.4 715.4–791.4

S-M#1- Bran
Mean 3.8 2.3 5.3 8.1 10.6 237.8 16.6 65.8 1371.5

Range 3.6–4.0 2.2–2.4 4.9–5.7 7.8–8.4 10.4–10.8 231.5–244.1 15.5–17.7 59.7–71.9 1326.2–
1416.8

S-M#2- Bran
Mean 5.5 6.5 1.3 7.0 17.2 1000.1 37.4 5.4 920.0
Range 5.4–5.6 5.7–7.3 1.2–1.4 6.9–7.1 16.2–18.2 986.7–1.013.5 36.3–38.5 5.0–5.8 880.9–959.1
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Mineral concentration varied widely among the different milling fractions of the
wheat cultivars, bran fraction being the richest ones [19]. The results suggested that whole
wheat flour and bran fraction from bread wheat varieties were generally higher in ash
content than samples obtained from durum wheat varieties.

Regarding the analysed white flours, Zn and Fe were the main microelements, with
values of 1.6–4.7 mg of Zn/100 g (samples S-M#1-WF and D-E#2-WF, with extraction
rates of 67% and 59%, respectively) and 0.7(S-C#2-WF, 70% of extraction rate)–2.9 mg of
Fe/100 g (D-E#2-WF, 59% of extraction rate). The obtained results were in accordance
with those reported by other authors in durum wheat [28] and bread wheat [19,29,30].
On the other hand, among macroelements, K and Mg were the most abundant, and the
content of these minerals ranged between 107.6–168.8 mg of K per 100 g of flour (samples
D-A#1-WF and D-A#2-WF, with extraction rates of 63% and 58%, respectively) and between
50.1–223.0 mg of Mg per 100 g of flour (samples S-M#1-WF and D-E#2-WF, with extraction
rates of 67% and 59%, respectively). Comparing the obtained results with those reported by
different authors, Cubadda et al. (2009) found higher concentrations of K (320 mg/100 g)
in durum wheat (Triticum turgidum), while the content of Mg observed by these researchers
(112 mg/100 g) [28] were very similar with what was found in samples S-C#2-WF, with 70%
of extraction rate (118.8 mg of Mg per 100 g) and S-M#2-WF, with 69% of extraction rate
(108.8 mg of Mg per 100 g). Moreover, similar concentrations of K and lower content of Mg
have been observed in bread wheat (Triticum aestivum) by De Brier et al., (2015) (150 mg of
K/100 g; 19.10 mg of Mg/100 g) [30] and Vignola et al., (2016) (90.02–123.16 mg of K/100 g;
15.94–26.38 mg of Mg/100 g) [19].

Comparing the obtained values of mineral content in whole-wheat flours with those
reported by other authors, it is observed that Hernández-Rodríguez et al. (2011) showed
similar concentrations of Fe, Mn, Na, and K in different durum and bread whole wheat
flours [31]. Recently, Simsek et al. (2019) analysed thirty hard red spring wheat cultivars
(T. aestivum) and their results of K content (330–540 mg/100 g) [21] were in accordance
with the concentration found in our study (304.2–553.5 mg/100 g in S-C#2-WGF and S-
M#1-WGF, respectively). However, the samples analysed by Simsek et al., (2019) were
richer in Ca and lower in Zn [21] in comparison to the whole-wheat flours studied in the
present work.

Regarding the calculated samples of bran fraction (Table 4), it is observed that samples
from Cajeme variety were the richest (p < 0.05) in Fe. The content of this mineral ranged
from 2.3 mg/100 g (S-M#1-Bran) to 12.8 mg/100 g (S-C#2-Bran). These values were similar
to those obtained by Shi et al. (2010) and by Roye et al. (2019), who studied the mineral
composition of wheat bran (Triticum aestivum) and reported values of 10.79 mg of Fe/100 g
and 4.91 mg of Fe/100 g, respectively [32,33]. The other microelements analysed in the
present study were found between 1.3–6.4 mg of Cu per 100 g (samples S-M#2-Bran and
D-A#1-Bran, respectively), 3.8–8.8 mg of Mn per 100 g (samples S-M#1-Bran and S-C#2-
Bran, respectively), and 10.6–24.4 mg of Zn per 100 g (samples D-A#1-Bran and S-C#1-Bran,
respectively). Comparing with other authors, it is observed that Anjum et al. (2002)
reported similar values of Cu (2.9–5.3 mg/100 g) and Mn (6.8–9.7 mg/100 g) [29], while
Shi et al. (2010) and Roye et al. (2019) also analysed wheat bran and obtained lower
values of Cu and Zn and higher values of Mn [32,33]. The calculated values of Zn were
slightly higher than those reported by Wang et al. (2020), who indicated that Zinc content
over the years and across countries ranged from 2.38 to 15.98 mg/100 g in bran, with an
average of 8.65 mg/100 g [34]. In the case of macrolements, samples from Marius variety
are noted for their content in K, achieving 1371.5 mg/100 g in the case of S-M#1-Bran.
The obtained results of this mineral were lower than those reported by Roye et al. (2019),
who obtained values of 1606 mg of K per 100 g of wheat bran (T. aestivum). These authors
also reported values of Ca (81.4 mg/100 g) higher than the content obtained in our study,
which ranged from 6.5 to 43.1 mg of Ca/100 g (samples D-A#1-Bran and D-E#2-Bran,
respectively). Moreover, the concentration of Mg in the analysed samples was between
207.9 mg/100 g (S-C#1-Bran) and 1000.1 mg/100 g (S-M#2-Bran), being these values in
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accordance with other found in the scientific literature (658.7 mg of Mg per 100 g of wheat
bran) [33].

In the present study, it was also observed that whole wheat flour and bran fraction
corresponding to second harvesting year were significantly higher (p < 0.05) in Zn, Mg,
and Ca, while Na and K from whole wheat flour and bran fraction of this year were
significantly lower (p < 0.05), comparing with the same samples of previous harvesting
year. Moreover, white flours corresponding to the first harvesting year, with the exception
of Aldura variety, present a significantly higher (p < 0.05) amount of ash than the second
harvesting year samples. Regarding mineral content, the higher amount (p < 0.05) of
Zn, Mg, and Ca were found in the bran of second harvesting year (S-C#2-Bran, S-M#2-
Bran, and D-E#2-Bran, respectively), while bran fraction of the first harvesting year were
richer in Cu, Na, and K. On the other hand, Mn was found in higher amount (p < 0.05)
in samples obtained from bread varieties, being the sample S-C#1-Bran the richest in this
microelement (8.8 mg/100 g, dw). In general, white flour obtained from durum wheat
varieties was richest in K. The influence of genotype and environmental conditions on
the mineral composition of wheat has been studied by different authors. In this sense,
Vignola et al. (2016) analysed eleven commercial bread wheat cultivars from Argentina and
reported that K was the prevailing element in the studied cultivars, followed by Mg, Ca,
Mn, and Fe, pointed out that the concentrations of mineral elements in whole grain were
significantly influenced by genotype and harvest year [19]. Benincasa et al. (2015) also
quantified mineral content in wheat flours, concluding that in all analysed wheat species,
the most abundant mineral was P (59% of total, on average), followed by K, Mg, and Ca
(25, 10, and 4% of total, on average, respectively). Fe, as well as Mn, accounted for about
0.4% of total microelements, while Zn represented 0.2% [35]. Moreover, Ficco et al. (2009)
analysed mineral content in whole set of 84 Italian durum wheat cultivars and reported
values for Fe, Cu, and K similar to our results; however, these authors found lower amount
of Zn, Na, and Mg and higher content of Mn and Ca [36]. Within the genotypes analysed
by Ficco et al., (2009), there were about two-fold differences in Fe, Zn, and Mn contents,
suggesting that there was some genetic potential to increase the content of these elements
in durum wheat grains [36].

3.2. Potential Nutritional and Health Claims of Analysed Durum and Bread Wheat Flours

Samples analysed in the present study met the conditions of use of different approved
health claims (see Table 5) that could support the possibility to consider wheat flours,
especially whole grain flour and bran fraction, as functional foods. Among the mechanisms
of absorption of minerals in the human body, active transport is highlighted. However,
there are several factors, which are involved on the mineral absorption, including the age
and the individual physiological state, the amount of mineral consumed, or the composition
of the diet. In this sense, it is important to stand out that cereals, and especially whole
grains, contain some compounds, such as inositol phosphates, that can negatively affect
the bioaccessibility of minerals. However, cereals also present significant amounts of
other bioactive compounds with prebiotic effect, such as arabinoxylans, which increase the
bioaccessibility of minerals as they favour their absorption.

Regarding the potential health claims for microelements, some white flours (samples
D-A#1-WF, D-E#2-WF, and S-C#1-WF, with extraction rates of 63%, 59%, and 68%, respec-
tively), all analysed samples whole grain flour (with the exception of sample S-M#1-WGF),
and all bran samples are considered as a source of Iron and meet the requirements of
Regulation (EC) No 1924/2006 and Regulation No (EU) 1169/2011 (2.1 mg of iron per 100 g
of food, fw) for Fe approved health claims.

For Copper, all white flours with the exception of samples D-A#1-WF (extraction
rate of 63%), D-E#2-WF (extraction rate of 59%), and S-C#1-WF (extraction rate of 68%),
all analysed samples whole grain flour, and all bran samples could be considered as a
source of Cu (0.15 mg of copper per 100 g of food, fw) and meet the requirements for Cu
approved health claims.
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Table 5. Potential Health Claims related to mineral content found to analysed samples (according to Regulation (EU) No 432/2012 and Regulation (EC) No 1924/2006) [37,38].

Mineral Approved Health Claims Conditions of Use of the Claims Samples Which Met the Conditions of Use of the Claims

Iron

“Iron contributes to normal cognitive function,
normal energy-yielding metabolism, normal
formation of red blood cells and haemoglobin,
normal oxygen transport in the body, normal
function of the immune system and to the
reduction of tiredness and fatigue.”

The claim may be used only for food which is at least a
source of iron (at least 2.1 mg of iron per 100 g of food, fw)
according to Regulation (EC) No 1924/2006 [38] and
Regulation (EU) No 1169/2011 [39].

White flours: samples D-A#1-WF, D-E#2-WF, and S-C#1-WF.

“Iron has a role in the process of cell division.”
Whole grain flours: all analysed samples (with the exception of
sample S-M#1-WGF).

Bran fractions: all analysed samples.

Copper

“Copper contributes to maintenance of
normal connective tissues.”

The claim may be used only for food which is at least a
source of copper (at least 0.15 mg of copper per 100 g of food,
fw) according to Regulation (EC) No 1924/2006 [38] and
Regulation (EU) No 1169/2011 [39].

White flours: all analysed samples (with the exception of
D-A#1-WF and S-M#1-WF).

“Copper contributes to normal
energy-yielding metabolism, normal
functioning of the nervous system, normal
hair pigmentation, normal iron transport in
the body, normal skin pigmentation, normal
functioning of the immune system.”

Whole grain flours: all analysed samples.

“Copper contributes to the protection of cells
from oxidative stress.” Bran fractions: all analysed samples.

Manganese

“Manganese contributes to normal
energy-yielding metabolism and normal
formation of connective tissue.” The claim may be used only for food which is at least a

source of manganese (at least 0.3 mg of manganese per 100 g
of food, fw) according to Regulation (EC) No 1924/2006 [38]
and Regulation (EU) No 1169/2011 [39].

White flours: samples S-C#1-WF, S-C#2-WF, and S-M#1-WF.

“Manganese contributes to the maintenance of
normal bones.” Whole grain flours: all analysed samples.

“Manganese contributes to the protection of
cells from oxidative stress.” Bran fractions: all analysed samples.
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Table 5. Cont.

Mineral Approved Health Claims Conditions of Use of the Claims Samples Which Met the Conditions of Use of the Claims

Zinc

“Zinc contributes to normal acid-base
metabolism, normal metabolism of
carbohydrate, macronutrients, fatty acids, and
vitamin A.”

The claim may be used only for food which is at least a
source of zinc (at least 1.5 mg of zinc per 100 g of food, fw)
according to Regulation (EC) No 1924/2006 [38] and
Regulation (EU) No 1169/2011 [39].

White flours: all analysed samples (with the exception of
S-M#1-WF).“Zinc contributes to normal DNA synthesis,

normal protein synthesis, normal fertility, and
reproduction and normal cognitive function.”

“Zinc contributes to the maintenance of
normal bones, hair, nails, and skin.”

Whole grain flours: all analysed samples.“Zinc contributes to the maintenance of
normal testosterone levels in the blood and to
the maintenance of normal vision.”

“Zinc contributes to the normal function of
the immune system and to the protection of
cells from oxidative stress.” Bran fractions: all analysed samples.
“Zinc has a role in the process of cell
division.”

Magnesium

“Magnesium contributes to a reduction of
tiredness and fatigue, electrolyte balance,
normal energy-yielding metabolism, normal
functioning of the nervous system, normal
muscle function, normal protein synthesis,
normal psychological function.”

The claim may be used only for food which is at least a
source of magnesium (at least 56.25 mg of magnesium per
100 g of food, fw) according to Regulation (EC) No
1924/2006 [38] and Regulation (EU) No 1169/2011 [39].

White flours: all analysed samples (with the exception of
S-M#1-WF).

“Magnesium contributes to the maintenance
of normal bones and teeth.” Whole grain flours: all analysed samples.

“Magnesium has a role in the process of cell
division.” Bran fractions: all analysed samples.

Potassium

“Potassium contributes to normal functioning
of the nervous system and normal muscle
function.”

The claim may be used only for food which is at least a
source of potassium (at least 300 mg of potassium per 100 g
of food, fw) according to Regulation (EC) No 1924/2006 [38]
and Regulation (EU) No 1169/2011 [39].

Whole grain flours: all analysed samples (with the exception of
S-C#2-WGF).

“Potassium contributes to the maintenance of
normal blood pressure.” Bran fractions: all analysed samples.
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Some white flours (S-C#1-WF, S-C#2-WF, and S-M#1-WF), with extraction rates of
68%, 70%, and 67%, respectively), all whole grain flour, and all bran samples meet the
requirement for Manganese health claims, since all of them provide at least 0.3 mg of
manganese per 100 g of food, fw.

Finally, all white flours with the exception of S-M#1-WF (extraction rate of 67%),
all analysed samples of whole grain flour, and all bran samples, could be considered
as a source of Zn and meet the Regulation (EC) No 1924/2006 and Regulation No (EU)
1169/2011 requirements for Zn health claims, since all of them cover at least 1.5 mg of zinc
per 100 g of food, fw.

Regarding the potential macroelements health claims applied to the analysed flours,
all white flours with the exception of S-M#1-WF (extraction rate of 67%), all analysed
samples of whole grain flour, and all bran samples, could be considered as a source of
Magnesium (at least 56.25 mg of magnesium per 100 g of food, fw), and meet the necessary
requirements for Mg health claims.

On the other hand, all whole grain flours analysed samples (with the exception of
S-C#2-WGF) and all calculated Bran fractions meet the requirements for Potassium health
claims “Potassium contributes to normal functioning of the nervous system and normal
muscle function” and “Potassium contributes to the maintenance of normal blood pressure,”
since all of them cover at least 300 mg of potassium per 100 g of food, fw.

This is a relevant aspect because nowadays consumers demand food products with
added functional properties. In this sense, the analysed wheat flours obtained using the
traditional genetic improvement contain relevant amounts of minerals and, consequently,
they could be used as ingredients in the development of a wide range of food products with
added functional properties. However, further studies are required in order to evaluate the
influence of the edaphic factors on the mineral composition of wheat flours to corroborate
the potential health claims attribute to these wheat varieties.

4. Conclusions

Wheat is one of the most important cereals in terms of its role in the human diet and
it contains relevant amounts of minerals. Genotype and environmental factors affect the
mineral content of wheat. In the studied samples, K and Mg were the main minerals. Due
to their mineral composition, some analysed wheat flours can make use of a large number
of approved health claims. This fact emphasizes the importance of the consumption of
wheat flours (especially whole grain flour and bran fraction) as a mineral source, with
supported health benefits. Moreover, these preliminary results indicate that some of the
analysed wheat flours could be used as functional ingredients to develop food products
with added functional properties in terms of their mineral composition. Moreover, it is
important to highlight that wheat flours need to be individually evaluated in order to
ensure that they meet the standard, since in view of obtained results, some samples met
desired standards and some did not. Further studies regarding soil composition will be
performed in order to support the proposed potential health claims despite of the influence
of the edaphic factors on the mineral composition.
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