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Abstract: Wheat is an important cereal with a key role in human nutrition. In this study, dietary fiber
(DF) and arabinoxylans of different durum (Triticum turgidum ssp. Durum L.) and bread (Triticum
aestivum L.) wheat flours were analyzed in order to point out their potential nutritional and health
claims allege according to the current European regulation (Regulation (EU) No 432/2012). Moreover,
other bioactive compounds (phenolics and tocopherols) were quantified as a first approach to their
phytochemical composition in the analyzed wheat varieties. DF was analyzed following AOAC
enzymatic-gravimetric methods; arabinoxylans and total phenols were quantified by colorimetric
methods; tocopherols were determined by HPLC; antioxidant activity was evaluated using three
different in vitro assays. Insoluble DF was the prevailing fraction in all analyzed samples. Water
extractable arabinoxylans were higher in durum wheat flours. Whole flours contained higher total
phenolics compounds. Alpha-tocopherol was the major isoform. Whole flours showed higher
antioxidant properties. According to the obtained results, it is possible to allege all approved
health claims referred to wheat, since all analyzed samples, especially whole flour and bran fraction,
showed potential health benefits, as functional ingredients or functional foods, related with their
phytochemical composition.

Keywords: wheat fractions; EFSA nutritional and health claims; dietary fiber; arabinoxylans;
tocopherols; phenolic content; antioxidant activity

1. Introduction

Wheat is an important cereal worldwide that plays an outstanding role in human nutrition. It is
used in a wide range of food products such as bread, cookies, cakes and noodles [1,2]. Durum wheat
flours (Triticum turgidum ssp. Durum L.) are technologically more suitable for good-quality pasta
production, contributing to the final bright yellow color, its capacity to retain after cooking firmness,
and it is resistant to surface disintegration and stickiness [3], whereas, bread wheat flours (Triticum
aestivum L.) are the most widely used cereals for bakery products elaboration, e.g., bread [4].

Most of the bioactive compounds in wheat are located in the bran fraction and especially in the
aleurone layer [5]. Regarding the different wheat flours fractions, those of greatest interest from the

Nutrients 2020, 12, 504; doi:10.3390/nu12020504 www.mdpi.com/journal/nutrients

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Biblioteca Digital do IPB

https://core.ac.uk/display/326253858?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.mdpi.com/journal/nutrients
http://www.mdpi.com
https://orcid.org/0000-0002-9050-5189
https://orcid.org/0000-0002-4963-2696
http://www.mdpi.com/2072-6643/12/2/504?type=check_update&version=1
http://dx.doi.org/10.3390/nu12020504
http://www.mdpi.com/journal/nutrients


Nutrients 2020, 12, 504 2 of 15

technological and nutritional point of view are whole wheat flour (also known as whole-grain flour)
and white wheat flour (also known as refined flour). Whole wheat flour, which is rich in resistant
carbohydrates (mainly dietary fibers), vitamins, phenolic acids and minerals (like Fe and Zn), results
of grinding whole wheat grains or combining the different milling fractions of the clean grain. White
flours, consist of the flour made only using grain endosperm (during the milling process it is devoid of
germ, bran and aleurone layer) and therefore have a higher aptitude for leavening and are preferred to
whole meal flours for the manufacture of certain baked, leavened products (special occasion cakes),
etc. [4].

It is known, that whole grain consumption has been associated with reduced risk of developing
chronic diseases, including type 2 diabetes, obesity, cardiovascular diseases, and cancer. This health
benefit of whole grain consumption may be due to different phytochemicals content (phenolic
compounds, which containing one or more aromatic rings and one or more hydroxyl groups, and
vitamin E, amongst others) [6].

Due to growing evidence of the health benefits of whole grain intake, the aim of this study was
to compare different wheat flours (whole grain flour, white flour and bran fraction) obtained from
different wheat varieties (Endural and Aldura, corresponding to durum wheat; and Cajeme and Marius,
corresponding to bread wheat), as part of a genetic improvement project. The genetic improvement
of the nutritional quality in different wheat flours was focused on the analysis of the composition
and variability of bioactive compounds (dietary fiber, arabinoxylans, phenolic compounds) and the
evaluation of the antioxidant activity in the studied samples. Therefore, the main purpose of the
present study was to point out the potential nutritional and health claims that can be highlighted
and mentioned in the food labeling of the wheat analyzed varieties, based on their composition and
the current European regulation, in order to valorize these interesting wheat varieties traditionally
consumed in Spain. Therefore, it was necessary to characterize the phytochemical composition of the
mentioned wheat varieties in order to evaluate their functional properties as well as the possibility of
the use different approved heath claims in accordance with the current regulation. Moreover, other
bioactive compounds (e.g., phenolics and tocopherols) were quantified as a first approach to their
composition in the analyzed wheat varieties.

2. Material 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) varieties were analyzed. The wheat grains were harvested in two different and consecutive
years and processed in Department of Biotecnología of the Escuela Técnica Superior de Ingeniería
Agronómica, Alimentaria y de Biosistemas, Universidad Politécnica de Madrid, Spain (40◦26′47.36” N,
3◦44′21.00” W). For dietary fiber and arabinoxylans, two different harvested samples were analyzed
for each wheat variety (n = 6). However, for phenolics, tocopherols and antioxidant capacity, each
wheat variety was harvested in two different and consecutive years and were mixed into a unique and
representative sample, avoiding the possible agronomical and environmental interferences (n = 3).

2.2. Milling Process

The whole grain flour was obtained using a Tekator Mill equipment and sieve with 1mm of mesh.
To obtain white flour, a Chopin CD1 mill was used in 4 stages (1 crushing and 3 compressions).



Nutrients 2020, 12, 504 3 of 15

2.3. Analysis of Bioactive Compounds

2.3.1. Total, Soluble and Insoluble Dietary Fiber

Total, soluble and insoluble dietary fiber were quantified according to AOAC
enzymatic-gravimetric methods 993.19 and 991.42, respectively [7,8]. In total, 0.3 g of the sample was
incubated at 100 ◦C for 15 min with shaking in 50 mL of phosphate buffer (pH = 6.0 ± 0.2) solution
containing 0.1 mL of α-amylase. The pH was adjusted (pH = 7.5 ± 0.2), by the addition of 10 mL of
0.275 N NaOH (5 mg of protease was also added). After incubation at 60 ◦C for 30 min with shaking,
the pH was adjusted (pH = 4–4.6) by the addition of 10 mL of 0.325 N HCl (0.1 mL of amyloglucosidase
was also added). The samples were incubated for 30 min at 60 ◦C with shaking. The mixture was
filtered (insoluble fiber) and the filtrate was collected in a 500 mL Erlenmeyer flask. After precipitation
by the addition of 400 mL of ethanol it was filtered again (soluble fiber). Duplicate samples are always
processed, in order to subtract proteins and ashes for the calculation of the total dietary fiber (TDF)
content. Dietary fiber (total, soluble and insoluble) values are expressed as g/100 g dw flour.

In the case of bran fraction, total, soluble and insoluble dietary fiber were calculated by application
of the following equation (Equation (1)):

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

(1− Extraction rate)
(1)

2.3.2. Arabinoxylans

Arabinoxylans (TO-AX and WE-AX) were quantified following the colorimetric methods described
by Ciudad-Mulero et al. (2018) [8]. In brief, samples (125 mg) were placed in a 50 mL graduated
conical polypropylene tube and 25 mL of distilled water was added. The tubes were shaken for 30
min and after that, 0.5 mL of the suspension, which contained 2.5 mg of the sample, was placed into a
stoppered reaction tube in order to determine the TO-AX content. The original sample suspension was
centrifuged at 2500 rpm for 10 min (Universal 16 R, Genesys Instrumentacion, SL, Madrid, Spain) and
after centrifugation, 0.5 mL of the supernatant was placed into an amber reaction tube, similar to the
method above. The supernatant aliquot represented a 2.5 mg equivalent of the sample and it was used
for the determination of WE-AX content. Two sample suspensions were made from each sample and
two aliquots of 0.5 mL were removed from each sample suspension. In this way, four sample replicates
resulted the TO-AX content (two from the first sample suspension and two from the second sample
suspension).

For each centrifuged sample suspension, two aliquots (0.5 mL) of the supernatant were removed,
resulting in four sample replicates for WE-AX content (two from the first sample suspension and two
from the second sample suspension).

Sample aliquots were collected, and 1.5 mL of distilled water was added (final volume was 2 mL).
Arabinoxylans (TO-AX and WE-AX) were determined using a colorimetric method. A calibration
curve was simultaneously prepared using a stock solution of 10 mg of D-(+)-xylose in 100 mL of
distilled water. Then, triplicate standard samples were prepared using different concentrations of
xylose (0.005–1 mg/mL). The values are expressed as g per 100 g dw flour.

In particular, arabinoxylans (TO-AX and WE-AX) content in bran fraction were calculated using
the Equation (1).

2.3.3. Tocopherols

Tocopherols were determined following a procedure described by Morales et al. (2015) [9] and
Ciudad-Mulero et al. (2018) [8], using HPLC (Knauer Smartline system 1000, Berlin, Germany) coupled
to a fluorescence detector (FP-2020; Jasco, Easton, MD, USA) programmed for excitation at 290 nm
and emission at 330 nm. The chromatographic separation was performed using a Polyamide II
(250 × 4.6 mm) normal phase column from YMC Waters (Japan) operating at 30 ◦C (7971 R Grace
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oven). The quantification was based on the fluorescence signal response (of each standard, using the
internal standard (tocol) and calibration curves that were prepared using commercial standards of
each compound. The results are expressed as mg per 100 g of flour (dw).

2.3.4. Total Phenols Content

Total phenols content in the methanolic extract of the different samples was estimated by a
colorimetric assay, based on procedures described by Wolfe et al. (2003) [10] with some modifications.
1 g of each sample was weighed and methanolic extracts were obtained by stirring samples with 40 mL
of methanol at 25 ◦C for 1 h. The resultant extracts were filtered and the residue was then re-extracted
with one additional portion of methanol. The combined methanol extracts were evaporated at 35 ◦C
under reduced pressure (rotary evaporator Büchi R-210, Flawil, Switzerland), re-dissolved in methanol
at a concentration of 5 mg/mL, and stored at 4 ◦C for further use [9]. Gallic acid was used as the
calibration curve standard, and the reduction of Folin-Ciocalteu reagent by the samples is expressed as
mg of Gallic acid equivalents (GAE) per g of extract.

2.3.5. Evaluation of Antioxidant Activity

The in vitro antioxidant activity assays were performed following the previously described
methodology by Morales et al. (2015) [9]. Methanol extract was further diluted to different
concentrations to be used in the antioxidant activity assays. The in vitro antioxidant activity assays,
DPPH radical-scavenging activity, reducing power and inhibition of β-carotene bleaching, were
performed, using Trolox as positive control. In brief, DPPH radical-scavenging activity was evaluated
using an ELX800 microplate Reader (BioTek Instruments, Inc.; Winooski, VT, USA) and calculated as a
percentage of DPPH discoloration after 1 h of incubation with the antioxidant extract measuring the
absorbance of the solution at 515 nm. The reducing power was evaluated by the capacity to reduce
Fe3+ to Fe2+, measuring the absorbance at 690 nm the microplate reader mentioned above. Inhibition
of β-carotene bleaching was evaluated through the β-carotene/linoleate assay; the neutralisation of
linoleate free radicals avoids β-carotene bleaching. Within β-carotene bleaching assay, measurement is
done at 470 nm; at this wavelength other carotenoids in the sample might be a bias for the results. The
results of the antioxidant activity are expressed as EC50 values (mg/mL methanolic extract) [9].

2.4. Statistical Analysis

Mean ± standard deviations (SD) were determined using Statgraphics Plus 5.1 software to analyze
data at the 95% confidence level. The data were statistically analyzed by analysis of variance (ANOVA),
followed by Tukey test. The statistical significance level was set at p < 0.05.

3. Results

3.1. Dietary Fiber and Arabinoxylans

Dietary fiber fractions and arabinoxylans content in analyzed wheat flours are shown in Table 1.
Regarding dietary fiber fraction, statistically significant differences between years in white flours were
observed, while in whole grain flours and bran, the statistically significant differences were found
between bread and durum varieties. Particularly, all the analyzed whole grain flours and bran from
bread wheat varieties present significantly higher amounts of TDF (p < 0.05) than the corresponding
fractions from durum wheat varieties.
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Table 1. Dietary fiber (insoluble, soluble and total) and arabinoxylans (water soluble and total) contents in different bread and durum wheat flours (g/100 g, dry
weight) (mean ± SD).

White Flour

Wheat Variety Year Sample Code IDF SDF TDF WE-AX TO-AX

Triticum
turgidum L.

Aldura
1 D-A#1-WF 5.5 ± 0.3 b,c,B 1.0 ± 0.0 d,A 7.0 ± 0.4 d,B 1.0 ± 0.1 e,B 6.0 ± 0.2 c,B

2 D-A#2-WF 4.9. ± 0.4 a,b.A 0.9. ± 0.0 d,A 5.8. ± 0.5 b,c,A 0.5. ± 0.0 c,A 4.2. ± 0.1 a,A

Endural
1 D-E#1-WF * - - - - -
2 D-E#2-WF 4.4 ± 0.3 a 1.2 ± 0.0 e 5.4 ± 0.4 a,b,c 0.6 ± 0.0 c 6.8 ± 0.5 d,e

Triticum
aestivum L.

Cajeme 1 S-C#1-WF 6.5 ± 0.1 d,B 0.4 ± 0.1 c,A 6.9 ± 0.1 d,B 0.5 ± 0.0 c,A 6.5 ± 0.6 c,d,e,A

2 S-C#2-WF 5.8 ± 0.5 c,d,A 0.4 ± 0.0 c,A 6.2 ± 0.5 c,d,A 0.9 ± 0.0 d,B 6.3 ± 0.1 c,d,A

Marius
1 S-M#1-WF 4.5 ± 0.2 a,A 0.1 ± 0.0 a,A 4.7 ± 0.3 a,A 0.3 ± 0.0 a,A 7.0 ± 0.4 e,B

2 S-M#2-WF 4.7 ± 0.2 a,b,A 0.3 ± 0.0 b,B 5.0 ± 0.2 a,b,A 0.4 ± 0.0 b,B 4.9 ± 0.2 b,A

Whole Grain Flour

Wheat Variety Year Sample Code IDF SDF TDF WE-AX TO-AX

Triticum
turgidum L.

Aldura
1 D-A#1-WGF 12.1 ± 0.3 a,A 1.5 ± 0.1 a,b,c,B 13.1 ± 0.3 a,A 1.1 ± 0.0 d,B 6.7 ± 0.1 a,A

2 D-A#2-WGF 12.4 ± 1.0 a,A 0.9 ± 0.0 a,b,A 13.3 ± 1.0 a,A 0.8 ± 0.1 b,A 8.1 ± 0.3 c,B

Endural
1 D-E#1-WGF 15.9 ± 0.8 b,B 1.8 ± 0.3 c,A 17.0 ± 1.0 b,c,B 1.1 ± 0.0 d,A 6.8 ± 0.2 a,A

2 D-E#2-WGF 13.1 ± 1 a,A 3.2 ± 0.4 d,B 16.3 ± 1 b,A 1.1 ± 0.1 d,A 8.2 ± 0.3 c,B

Triticum
aestivum L.

Cajeme 1 S-C#1-WGF 18.3 ± 0.3 b,A 1.4 ± 0.1 a,b,c,A 19.7 ± 0.3 d,A 0.9 ± 0.0 c,B 7.3 ± 0.4 b,A

2 S-C#2-WGF 17.4 ± 1.5 b,A 1.6 ± 0.0 b,c,A 19.8 ± 1.8 c,d,A 0.7 ± 0.1 b,A 8.5 ± 0.4 c,B

Marius
1 S-M#1-WGF 17.6 ± 0.4 b,A 0.8 ± 0.1 a,A 18.4 ± 0.4 b,c,d,A 0.6 ± 0.0 a,A 6.7 ± 0.7 a,A

2 S-M#2-WGF 17.2 ± 0.6 b,A 1.0 ± 0.1 a,b,B 18.2 ± 0.7 b,c,d,A 0.5 ± 0.0 a,A 6.5 ± 0.4 a,A

Bran

Wheat Variety Year Sample Code IDF SDF TDF WE-AX TO-AX

Triticum
turgidum L.

Aldura
1 D-A#1- Bran 23.4 ± 1.3 a,A 2.5 ± 0.2 b,B 23.5 ± 1.3 a,A 1.1 ± 0.1 c,A 7.7 ± 0.3 a,b,A

2 D-A#2- Bran 22.8 ± 2.0 a,A 0.8 ± 0.1 a,A 23.6 ± 2.0 a,A 1.1 ± 0.1 c,A 13.5 ± 0.4 e,B

Endural
1 D-E#1- Bran * - - - - -
2 D-E#2- Bran 25.7 ± 1.7 a 6.5 ± 0.3 e 32.1 ± 2.0 b 1.9 ± 0.1 e 10.6 ± 0.6 d

Triticum
aestivum L.

Cajeme 1 S-C#1- Bran 43.2 ± 1.0 b,A 3.3 ± 0.3 c,A 46.8 ± 1.0 c,A 1.7 ± 0.1 d,B 8.4 ± 1.3 b,c,A

2 S-C#2- Bran 47.4 ± 2.1 c,B 4.2 ± 0.1 d,B 51.6 ± 2.1 d,B 0.3 ± 0.0 a,A 13.8 ± 1.0 e,B

Marius
1 S-M#1- Bran 44.1 ± 2.0 b,c,A 2.1 ± 0.1 b,A 46.1 ± 1.6 c,A 1.2 ± 0.1 c,B 6.3 ± 0.6 ª,A

2 S-M#2- Bran 45.0 ± 2.2 b,c,A 2.4 ± 0.2 b,A 47.4 ± 2.2 c,A 0.9 ± 0.0 b,A 9.5 ± 0.9 c,d,B

In each column, different letters mean statistically significant differences (p < 0.05) compared by Tukey test; small superscript letter (a–e) means differences between all white or whole grain
analyzed flours, whereas capital superscript letter (A,B) means difference due to the harvesting year for the same wheat variety. IDF: Insoluble Dietary Fiber; SDF: Soluble Dietary Fiber;
TDF: Total Dietary Fiber; WE-AX: Water-Extractable Arabinoxylans; TO-AX: Total Arabinoxylans. * Due to the sample D-E#1-WF was no available, results corresponding to samples
D-E#1-WF and D-E#1- Bran are not shown.
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Regarding durum wheat flour (T. turgidum, Endural and Aldura varieties), total dietary fiber (TDF)
ranged from 5.4 to 7.0 g/100 g dw in white flours, from 13.1 to 17.0 g/100 g dw in whole grain flours and
from 23.5 to 32.1 g/100 g dw in bran fraction. While, in the case of bread wheat samples (T. aestivum,
Cajeme and Marius varieties), the TDF content was found between 4.7–6.9 g/100 g dw in white flours,
18.2–19.8 g/100 g dw in whole grain flours and between 46.1–51.6 g/100 g dw in bran fraction.

In all cases, the insoluble dietary fiber (IDF) was the prevalent fraction, representing up to 96% of
TDF (as in the case of S-M#1-WF), while, as expected, soluble dietary fiber (SDF) was found in lower
amounts (Table 1).

In the analyzed flours, total arabinoxylans (TO-AX) content ranged from 4.2 to 7.0 g/100 g (dw) in
white flours, 6.5 to 8.5 g/100 g (dw) in whole grain flours and 6.3 to 13.8 g/100 g (dw) in bran fraction.
While, water-extractable arabinoxylans (WE-AX) content were found in lower amount, with values
ranging from 0.3 to 1.0 g/100 g (dw) in white flours, 0.5 to 1.1 g/100 g (dw) in whole grain flours and 0.3
to 1.9 g/100 g (dw) in bran fraction (Table 1). The whole grain flours presented higher TO-AX content,
while WE-AX content was higher in durum wheat samples in comparison to bread wheat samples.

3.2. Total Phenols Content

Total phenols content in analyzed samples ranged from 5.44 to 26 mg GAE/g extract in Aldura
white flour and Marius whole grain flour, respectively. It is observed that within whole grain samples,
the flour corresponding to Marius variety exhibited a significantly higher content (p < 0.05) of total
phenols in comparison to the rest of the whole grain flours.

3.3. Tocopherols

In present study, total tocopherols content (Table 2, Figure 1) ranged from 2.34 µg/g in Aldura white
flour to 8.02 µg/g in Marius whole grain flour. As expected, tocopherols content was significantly higher
(p < 0.05) in all whole wheat flour in comparison with white wheat flour. α-, β- and γ-Tocopherols were
identified in all samples analyzed, except in the case of Cajeme white flour, in which no tocopherols
were characterized. In all cases, α-tocopherol was the major isoform. Comparing durum wheat
flour varieties with bread wheat flour varieties, the present study showed that the content of total
tocopherols in whole grain flour was highest (p < 0.05) in bread wheat varieties, mainly due to the
highest amount in α- and β-tocopherols. It is also observed that in the case of the whole grain flours,
Endural and Marius samples present a significantly higher amount than Aldura variety and Cajeme
variety (comparing their correspondent durum and bread wheat varieties).
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Figure 1. α- and β-tocopherol contents (µg/g flour, dry weight) of different wheat flours. WF: white
flour; WGF: whole grain flour.
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Table 2. Total phenols content (mg GAE/g extract), total tocopherol content (µg/g flour, dry weight) and antioxidant activity (EC50, mg/mL methanolic extract) of
different bread and durum wheat flours (mean ± SD).

White Flour

Wheat Variety Total Phenols α-Tocopherol β-Tocopherol Total
Tocopherols DPPH Reducing

Power
β-Carotene

Bleaching Inhibition

Triticum turgidum L. Aldura 5.44 ± 0.09 a 1.72 ± 0.01 a 0.62 ± 0.02 a 2.34 ± 0.01 a 17.4 ± 0.4 c 2.98 ± 0.03 c 1.71 ± 0.02 a

Endural 14.6 ± 0.4 c 2.48 ± 0.02 b 0.68 ± 0.00 b 3.16 ± 0.03 b 14.5 ± 0.4 b 2.00 ± 0.01 a 2.01 ± 0.09 b

Triticum aestivum L.
Cajeme 14.2 ± 0.5 c nd nd nd 19.5 ± 0.2 d 2.26 ± 0.11 b 4.63 ± 0.06 c

Marius 11.1 ± 0.5 b 2.88 ± 0.01 c 1.36 ± 0.01 c 4.24 ± 0.01 c 11.5 ± 0.5 a 3.9 ± 0.1 d 5.7 ± 0.2 d

Whole Grain Flour

Wheat Variety Total Phenols α-Tocopherol β-Tocopherol Total
Tocopherols DPPH Reducing

Power
β-Carotene

Bleaching Inhibition

Triticum turgidum L. Aldura 20.7 ± 0.5 a 2.42 ± 0.05 a 1.19 ± 0.08 a 3.63 ± 0.03 a 8.3 ± 0.1 c 2.59 ± 0.06 d 1.80 ± 0.07 d

Endural 20 ± 1 a 2.66 ± 0.05 b 1.59 ± 0.03 b 4.26 ± 0.08 b 9.13. ± 0.08 d 2.33. ± 0.07 c 1.63. ± 0.04 c

Triticum aestivum L.
Cajeme 20.0 ± 0.9 a 2.84 ± 0.03 c 2.01 ± 0.02 c 4.85 ± 0.01 c 6.1 ± 0.2 b 0.9 ± 0.2 a 1.30 ± 0.02 b

Marius 26 ± 1 b 5.25 ± 0.05 d 2.78 ± 0.04 d 8.02 ± 0.01 d 4.19 ± 0.05 a 1.57 ± 0.02 b 1.13 ± 0.07 a

In each column, different letters (a–d) mean statistically significant differences (p < 0.05) compared by Tukey test. nd (non-detected).
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3.4. Evaluation of Antioxidant Activity

In the present study, the antioxidant activity of wheat flours was evaluated using three different
in vitro assays. Total antioxidant activity was measured using DPPH and reducing power assays
while, the capacity of inhibiting lipid peroxidation was evaluated through the β-carotene/linoleate
assay. The antioxidant activity, determined by DPPH assay, showed higher values (higher EC50 means
lower antioxidant activity) than all the other methods for all whole flour and white flour samples
(Table 2). All studied whole flours presented significantly higher (p < 0.05) antioxidant activity (lower
EC50) than white flours obtained from the same wheat variety. These results could be explained due
to the higher antioxidant compounds content (e.g., total phenols and tocopherols) presents in whole
grain flour in comparison to their corresponding white flours. According to the obtained results,
all whole grain flours from bread wheat varieties present significantly lower (p < 0.05) EC50 values
than durum wheat flours. According to the obtained results, all whole grain flours display better
antioxidant properties than white flours from all antioxidant assays, except in the case of Endural
sample. Comparing bread and durum wheat varieties, whole grain flours from bread varieties (Cajeme
and Marius) showed better antioxidant activity (lower EC50 values). In general, Marius whole grain
flour presented the lowest EC50 values in comparison to other whole grain samples. This means that
Marius whole grain flour is the sample with better antioxidant properties, and this is in accordance
with the content of total phenols and tocopherols found in this sample (Table 2). Comparing white
flours samples, durum wheat varieties showed better capacity of inhibiting lipid peroxidation (lower
EC50 values in β-carotene/linoleate assay) than bread wheat varieties. These differences are perhaps
due to the higher contents of lutein in durum wheat.

4. Discussion

4.1. Dietary Fiber and Arabinoxylans

Cereals, and particularly wheat grains, are an important source of dietary fiber (DF), which is
known to be beneficial against several diseases, including colon cancer, diabetes, etc. [11].

According to Regulation (EC) No 1924/2006 [12] the claim ‘source of fiber’ may be used for white
flours analyzed in the present study as their content in total dietary fiber (TDF) is higher than 3 g
per 100 g. Due to TDF content in whole grain flours and bran fractions analyzed is higher than 6
g per 100 g, these samples may use the claim ‘high fiber’. Dietary fiber plays an important role in
the gastrointestinal function and in this sense, the analyzed bran fractions met the conditions for use
the following health claims (samples contain at least 6 g of fiber per 100 g) according to Regulation
(EU) No 432/2012 [13] and Regulation (EC) No 1924/2006 [12]: “Wheat bran fiber contributes to an
acceleration of intestinal transit” and “Wheat bran fiber contributes to an increase in fecal bulk”.

Since the term ‘functional food’ was first introduced in Japan in 1984, numerous definitions of
that have been given by different authors [14]. According to EU Project ‘Functional Food Science
in Europe’ (FUFOSE), functional food is defined as ‘Foods that are satisfactorily demonstrated to
affect beneficially one or more target functions in the body, beyond adequate nutritional effects, in
a way that is relevant to either an improved state of health and well-being and/or reduction of risk
of disease. Functional foods must remain foods and they must demonstrate their effects in amounts
that can normally be expected to be consumed in the diet: they are not pills or capsules, but part of
a normal food pattern’ [15]. In accordance to this definition and regarding the dietary fiber content,
the bran fractions analyzed could be considered such as functional foods as they are foods that have
demonstrated a beneficial effect related to gastrointestinal health.

Comparing the obtained values of TDF with those obtained by other authors, lower TDF results
were reported by Rainakari et al. (2016) [16] in different whole grain bread wheat flours (with values
around 10.2 to 15.7 g/100 g, dw) and similar results were reported in durum-type wheat whole grains
(12.7 to 20.0 g/100 g, dw) by Marotti et al. (2012) [17]. In the case of bran, similar TDF results were
reported by Sobota et al., (2015) [18] and Schmiele et al., (2012) [19] with values of 28.8 g/100 g and
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43.4 g/100 g, respectively. Moreover, as part of the HEALTHGRAIN program, the extent of variation
in the content of dietary fiber of different wheat types and varieties was investigated. The results of
this study showed that the mean value of total dietary fiber in 150 bread wheat lines was 15.1 g/100
g [20], which is in accordance with the results obtained in the present study (the mean value of TDF in
analyzed whole grain flour was around 16.8 g/100 g, dw).

Regarding different fractions of dietary fiber (insoluble and soluble dietary fiber) and comparing
the obtained results with those found by other authors, Marotti et al. (2012) [17] reported a similar
proportion of IDF (85% of TDF), while Gélinas and McKinnon (2013) [21] reported a lower percentage
(71–75% of TDF) in different wheat cultivars comparing with our results. Regarding SDF content,
Marotti et al. (2012) [17] reported similar amounts in different durum-type wheat whole grains (1.8 to
3.7 g/100 g, dw). In the case of bran, Sobota et al. (2015) [18] found a content of 23.7 and 5.1 g/100 g dw,
corresponding to IDF and SDF, respectively. Taking into account that the fiber Recommended Dietary
Intake (RDI) is 25 g/day [22], the consumption of 100 g of the analyzed whole grain wheat flours could
cover more than 52.4% of the RDI of this macronutrient, as in the case of Aldura variety.

Arabinoxylans (AX) are one of the major components of non-starch polysaccharides (NSP) in
wheat grains, representing around 70% of the NSP. These compounds are mainly found in wheat
starchy endosperm and white flour fractions [17,23]. AX are hemicelluloses that have a xylose backbone
with arabinose side chains and occurring mostly in the bran and aleurone fractions, which are not
distributed uniformly in the wheat kernel (20%–27% of the aleurone, 23%–32% of the bran and 2%–4%
of the endosperm). Taking into account the solubility of these compounds, it can be classified into
water-extractable (WE-AX) and water-unextractable (WU-AX). AX content in wheat flour is relatively
low, but this polymer plays an important role in flour functionality (WE-AX and WU-AX have different
effects on breadmaking) [11].

These compounds have several and important health benefits, such as prebiotic effect and
antioxidant ability, which could explain that AX are prevention agents of colon cancer diseases. At the
metabolic level, AX contributes to glycemic and cholesterol levels control, being also considered as an
immunoregulator agents [24].

In particular, AX produced from wheat endosperm have approved the following health claim
according to Regulation (EU) No 432/2012 [13]: “Consumption of AX as part of a meal contributes to
a reduction of the blood glucose rise after that meal”. This claim may be used only for food, which
contains at least 8 g of AX-rich fiber produced from wheat endosperm (at least 60% AX by weight)
per 100 g of available carbohydrates in a quantified portion as part of the meal. In this sense, samples
D-E#2-WF, S-C#1-WF and S-M#1-WF met the stipulated conditions for use the referred claim and could
be considered as functional foods. It is important to underline that the only permitted reduction of
disease risk claim related to arabinoxylans has been approved for arabinoxylan produced from wheat
endosperm. In this sense, wheat flours have potential properties to be used as functional ingredients
in the development of different food products with improved quality.

Comparing with other authors results, Vignola et al. (2016) [11] analyzed TO-AX and WE-AX
content on whole grain and white flour of eleven wheat varieties, and reported that TO-AX content
ranged between 7.59–12.80 g/100 g and 4.43–5.65 g/100 g in whole grain flour and white flour,
respectively. In the same study, WE-AX content was higher in white flour (0.33–0.75 g/100 g) than in
whole grain (0.35–0.72 g/100 g), probably due to reduced accessibility of the bran fraction to water,
as was also observed in Cajeme variety samples. Turner et al., (2008) [25] reported, that the amount
of WE-AX is especially important in durum wheat flours, which is used for pasta production, and
high values of WE-AX may improve the pasta quality, due to the significant positive influence on
cooked pasta resilience and stickness of these compounds (WE-AX increase water absorption and
reduce dough strength). In this sense, the analyzed durum whole grain flours showed higher amount
of WE-AX than bread flours and therefore presented better qualities for pasta production (Table 1).

Marotti et al. (2012) [17] studied ten durum-type wheat varieties and reported AX content of
whole grains (average value of 3.27 g/100 g dw) lower than the ones reported in the present study.
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Moreover, in HEALTHGRAIN program, AX was also analyzed and the authors reported a mean value
of 1.93% and 0.51% of flour corresponding to TO-AX and WE-AX, respectively [20], being WE-AX
amount in accordance with our results. Comparing the obtained results for bran fraction, Gebruers et
al. (2008) [26] reported higher values for TO-AX (8.9%–18.0%) and similar values for WE-AX content
(0.3–0.55%) in bran fraction.

Vignola et al. (2016) [11] reported that the harvesting year is one of the main responsible factors for
the variability found in TO-AX content of wheat flours, while WE-AX content was higher influenced
by genotype. This statement was also observed in the analyzed samples, since TO-AX content was
significantly higher (p < 0.05) in samples of whole grain flour harvested in the second year.

4.2. Total Phenols Content

Phenolic acids are not evenly distributed in wheat, and wheat bran presents a high concentration
of these compounds, including vanillic acid, p-coumaric acid and, largely, ferulic acid [27]. During
milling process brand and germ are lost, resulting in lower vitamin, mineral, phenolic compounds, and
fiber content. For this reason, it is recommended that half of the grains consumed are whole grains.
Hence whole grains flours should be promoted against refined flours [6].

It is known that total phenolics might be the major contributor of wheat antioxidant activities,
since these compounds are highly correlated with this bioactivity [1]. The phenolic acids in wheat
grains are often presenting the bound form with other grain components such as cellulose, glucan,
pentosane and starch. The highest concentration of flavonoids and phenolic acids is located in the
aleurone layer of cereal grains, but these compounds are also found in lower amount in the embryos
and seed coat of grains [28,29]. Particularly, Beta et al. (2005) [30] observed that phenolic compounds
were concentrated in pearled fractions representing ≤20% of the outer layers of wheat. In accordance
with this observation, the results of the present study showed that whole grain flours had higher
amounts of total phenols than white flours in all the analyzed varieties (Table 2). It is known that both
biotic and abiotic factors, including environmental and agronomic conditions, could influence the
biosynthetic pathway of phenolic compounds and, as consequence, their content on wheat varieties
may vary. Moreover, it is important to take into account that the genetic-environmental interactions,
could result in a large phenolic content (among others) fluctuation in cereal species and cultivars of the
same species [31]. Therefore, for future studies, the agronomic and environmental influence for the
selected varieties will be evaluated.

Our results were in concordance with those reported by Kosík et al. (2014) [29] that evaluated free
phenols content and antioxidant activity of winter wheat (Triticum aestivum L.) white flour, whole grain
flour and bran fraction in ecological and integrated farming system. Kosík et al. (2014) [29] reported
that free phenolic content was also higher in the whole flour than in the white flour (185.6 µg GAE/g
and 97.0 µg GAE/g respectively). Moreover, Vaher et al. (2010) [28] analyzed total phenolic content in
wheat grains, their respective bran fraction and flour of different winter and spring varieties. In this
work, the total phenolic content (determined by the Folin-Ciocalteu assay) of the bran layer was the
highest (1258–3157 µg/g), compared to the content of grains (168–459 µg/g) and flour (44–140 µg/g).

4.3. Tocopherols

Vitamin E is an important lipophilic antioxidant bioactive compound present in food and the
term is used to describe a family of eight lipid-soluble antioxidants (tocochromanols) with two types
of structures, four designated tocopherols (α, β, γ and δ-tocopherol) and the other four designated
tocotrienols (α, β, γ and δ -tocotrienol) [32]. Tocopherols and tocotrienols present a free hydroxyl
group which stabilize free radicals and stop the propagation phase of the oxidation chain reaction,
being responsible for the antioxidant activity of vitamin E. Apart from their antioxidant properties,
tocopherols content of cereals are related to human health benefits as these compounds could modulate
degenerative diseases like cardiovascular diseases or cancer [33].
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The major isoforms in wheat grains are α-and β-tocopherol [32]. It is known that milling process
could negatively affect vitamin E content, decreasing its content in white flours [34]. In wheat grain,
the germ fraction and aleurone tissue are very rich in tocopherols, therefore the refining process of
wheat grain results in a substantial loss of this bioactive compound [2,35].

The results obtained in the present study were in accordance with those reported by Sedej et
al. (2010) [35] that evaluated the tocopherols content in wheat flours, being total tocopherols content
in whole wheat flour higher than light wheat flour, and α–tocopherol was also the major isoform in
their wheat analyzed flours. Moreover, Engelsen and Hansen (2009) [2] analyzed vitamin E content
in different wheat milling fractions from roller milling and reported that wheat flour contains 7.8
µg/g of α–tocopherol and 4.6 µg/g of β–tocopherol, being these values higher than obtained in the
present study. While, Lv et al. (2012) [1] evaluated ten bread red winter wheat (Triticum aestivum L.)
varieties (SS520, SSMPV57, SS5205, USG3555, USG3665, USG3315, Branson, Shirley, Jamestown and
Chesapeake) and reported that α–tocopherol content in white flour ranged from 0.3 to 0.59 µg/g, being
these amounts much lower than found in our study.

Cereal grains are also relevant sources of tocotrienols in the human diet. These compounds are
mainly located in bran and endosperm fractions. Among tocotrienols, β-tocotrienol is the prevailing
isoform in wheat [36–38]. It is reported that the content of α- and β-tocotrienol in wheat (T. aestivum
L.) is 2.83 and 16.54 µg/g, respectively [36]. Similar results have been obtained by Lachman et al.
(2018) [37], who studied different wheat (T. aestivum L.) genotypes and reported values of 1.17–3.58
and 4.72–16.16 µg/g, corresponding to α- and β-tocotrienol, respectively. As part of HEALTGRAIN
Program, the tocol composition, including tocopherols and tocotrienols, of 26 genotypes of wheat
(Triticum aestivum var. aestivum) has been studied [38]. In which, the content of α- and β-tocotrienol
ranged between 3.2–9.7 and 9.8–50.2 µg/g, respectively. In general, both genetic and environmental
factors have an important impact on the concentration of tocopherols and tocotrienols in different
wheat genotypes. In this sense, it has been observed that the genotype and the harvesting year have
significant effects on total tocol and tocotrienol content, whereas the content of tocopherols is only
influenced by the wheat genotype [38].

In addition to vitamin E (tocopherols and tocotrienols), wheat also contains other lipophilic
antioxidant compounds, namely carotenoids. They are natural pigments characterized that can be
classified in two main types of compounds, namely carotenes (lycopene andβ-carotene) and xantophylls
(zeaxanthin and lutein) [39]. It is important to take into account that the content of carotenoids in plant
foods varies depending on the cultivar, the geographical origin and the environmental factors, it has
been suggested that high temperatures and drought during the growing season promoted carotenoid
biosynthesis in cereal grains [40,41]. Moreover, carotenoids are heterogeneously distributed in the
wheat grain, being the endosperm the highest in lutein, whereas the outer layers of the kernel are
richer in zeaxanthin and β-carotene [42].

Bread wheat (Triticum aestivum L.) is widely used for bakery products elaboration and its content of
carotenoids is usually lower, comparing to durum wheat (Triticum turgidum L.), which is characterized
by its yellow color (attributed to the high carotenoid content) and it is used for pasta production [43].
The content of carotenoids in wheat has been studied by different authors and it has been observed
that lutein is the main carotenoid in this cereal (80%–90% of total carotenoids), while zeaxanthin,
α-carotene, β-cryptoxanthin, and β-carotene are found in lower amounts [42].

Okarter et al. (2010) [44] studied the phytochemical content of six diverse varieties of whole
wheat (bread and durum wheat) and their results showed that total carotenoid content ranged from
1.48 to 2.71 µg/g. In this study the predominant carotenoid found was lutein (0.67–2.11 µg/g), while
zeaxanthin (0.25–0.53 µg/g), β-carotene (0.18–0.36 µg/g), and β-cryptoxanthin (0.12–0.20 µg/g) were
detected in lower amounts. Moreover, α-carotene was not found in any analyzed wheat varieties.
This pattern was also observed by Mamatha et al. (2011) [40] in bread wheat (T. aestivum). These
authors reported values of 0.84–0.86 µg/g, 0.73–0.77 µg/g, 0.002–0.003 µg/g and 0.06–0.13 µg/g for
total carotenoids, lutein, zeaxanthin and β-carotene, respectively. Furthermore, Lv et al. (2012) [1]



Nutrients 2020, 12, 504 12 of 15

compared the phytochemical composition of ten different wheat (Triticum aestivum L.) varieties grown
in Maryland and reported that the content of lutein and zeaxanthin ranged from 0.27–0.46 and 0.08–0.13
µg/g, respectively. However, these authors did not find β-carotene in any of the analyzed flour samples.
Whent et al. (2012) [45] reported higher values of lutein (1.5–4.0 µg/g) in different whole wheat flour
from five spring wheat cultivars.

Although carotenoids are generally minor components in wheat grains, due to the high
consumption of wheat-based foods, this cereal constitute an important source of carotenoids in
most world regions [43].

4.4. Evaluation of Antioxidant Activity

The antioxidant capacity of wheat grain fractions is mainly associated to the aleurone content,
which can be related to significant amounts of hydroxycinnamic acids, mainly ferulic acid. Antioxidant
activity of extracts obtained from wheat bran fraction reveals a stronger potential than other wheat
fractions [27]. Antioxidants achieve beneficial effects on health through different mechanisms, such as
directly reacting with free radicals mitigating its effects, chelating transition metals, reducing peroxides,
and promoting the antioxidative defense enzyme system [27].

Components of whole grains, whether in their native and processed states, have a similar
antioxidant capacity, as do many fruits and vegetables. However, the antioxidant capacity of refined
grains (e.g., white flours) is much reduced in comparison to their correspondent whole grains (about
20% of the antioxidant capacity of whole grains) [6]. There are several studies in bread wheat flours that
show that whole wheat flour has higher antioxidant capacity than white wheat flour. Particularly, Yu et
al. (2013) [46] studied the antioxidant properties of refined and whole wheat flour and demonstrated
that the antioxidant activity was higher in whole wheat flours compared to refined flours. Moreover,
Kosík et al. (2014) [29] evaluated the antioxidant activity of winter wheat (Triticum aestivum L.) by the
DPPH assay, and reported that the antioxidant potential of whole grain flour was significantly higher
than in the white flour. Sedej et al. (2010) [34] obtained similar results that confirm that whole grain
flour has better antioxidant properties than light wheat flour.

5. Conclusions

Wheat is an important agricultural cereal and a worldwide primary food ingredient, which
contains considerable beneficial nutritional components. The analyzed varieties could be considered a
significant source of dietary fiber, being insoluble dietary fiber the major fraction representing up to 96%
of total dietary fiber. In the case of white flours, it was observed that samples corresponding to durum
wheat varieties (Endural and Aldura) were significantly higher (p < 0.05) in total dietary fiber content,
than flours from bread wheat varieties (Cajeme and Marius). Arabinoxylans are the main components
of non-starch polysaccharides in wheat grain. In the particular case of WE-AX, the content of these
compounds was generally higher in flour obtained from durum wheat varieties. This fact has an
important technological repercussion because WE-AX improves the quality of pasta products obtained
from durum wheat flours. Both dietary fiber and arabinoxylans are important compounds from a
nutritional and human health point of view. In this sense, Regulation (EU) No 432/2012 establishing
three permitted health claims made on wheat (two of them are related to wheat bran fiber and the
third one is related to arabinoxylans produced from wheat endosperm). In the present study, the
analyzed samples met the stipulated conditions for using all these claims, supporting the possibility to
consider the studied wheat flours (especially whole flour and bran fraction) as functional ingredients
or functional foods with approved nutritional and health claims according to the European regulation.

Moreover, as far as we know, this is the first study in which the analyzed wheat varieties
were characterized in terms of other phytochemical compounds, which are interesting due to their
antioxidant properties, such as total phenolic compounds and tocopherols, as well as their individual
vitamers. All whole flour demonstrated higher amounts of total phenols and total tocopherols, than
their corresponding white flour. α-Tocopherol was the major isoform found in the studied samples,
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being higher in whole grain flour (p < 0.05) than in white wheat flours. Moreover, whole grain flours
obtained from bread wheat varieties display better antioxidants properties than whole grain flour
from durum wheat. Due to their phytochemical composition, analyzed wheat varieties are beneficial
foods for health, whose consumption and, particularly, the consumption of whole wheat flours, must
be promoted.

Author Contributions: Conceptualization, M.C.M.-G., V.F.-R. and P.M.; Funding acquisition, J.M.C.; Investigation,
M.C.-M. and Â.F.; Methodology, L.B.; Resources, M.J.C.; Supervision, V.F.-R. and P.M.; Validation, I.C.F.R.F., V.F.-R.
and P.M.; Writing—original draft, M.C.-M.; Writing—review & editing, L.B., I.C.F.R.F., J.C.M., M.C.M.-G., V.F.-R.,
P.M. and J.M.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Spanish Ministry of Science and Technology (project reference
AGL2012-38345), the, ALIMNOVA research group (UCM 252/2017); the Foundation for Science and Technology
(FCT, Portugal) and FEDER under Program PT2020 for financial support to CIMO (UID/AGR/00690/2013), A.
Fernandes grant (SFRH/BPD/114753/2016), and L. Barros contract.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Lv, J.; Yub, L.; Lu, Y.; Niu, Y.; Liu, L.; Costa, J.; Yu, L. Phytochemical compositions, and antioxidant properties,
and antiproliferative activities of wheat flour. Food Chem. 2012, 135, 325–331. [CrossRef]

2. Engelsen, M.M.; Hansen, A. Tocopherol and Tocotrienol Content in Commercial Wheat Mill Streams. Cereal
Chem. 2009, 86, 499–502. [CrossRef]

3. Visioli, G.; Comastri, A.; Imperiale, D.; Paredi, G.; Faccini, A.; Marmiroli, N. Gel-Based and Gel-Free
Analytical Methods for the Detection of HMW-GS and LMW-GS in Wheat Flour. Food Anal. Method 2016, 9,
469–476. [CrossRef]

4. Taccari, M.; Aquilanti, L.; Polverigiani, S.; Osimani, A.; Garofalo, C.; Milanovic, V.; Clementi, F. Microbial
Diversity of Type I Sourdoughs Prepared and Back-Slopped with Wholemeal and Refined Soft (Triticum
aestivum) Wheat Flours. J. Food Sci. 2016, 81, 1996–2005. [CrossRef] [PubMed]

5. Nurit, E.; Lyan, B.; Pujos-Guillot, E.; Branlard, G.; Piquet, A. Change in B and E vitamin and lutein, β-sitosterol
contents in industrial milling fractions and during toasted bread production. J. Cereal Sci. 2016, 69, 290–296.
[CrossRef]

6. Harris, K.A.; Kris-Etherton, P.M. Effects of Whole Grains on Coronary Heart Disease Risk. Curr. Atheroscler.
Rep. 2010, 12, 368–376. [CrossRef]

7. Latimer, G.W. Official Methods of Analysis of AOAC International, 18th ed.; AOAC International: Gaithersburg,
MD, USA, 2012.

8. Ciudad-Mulero, M.; Barros, L.; Fernandes, A.; Berrios, J.D.J.; Cámara, M.; Morales, P.; Fernández-Ruiz, V.;
Ferreira, I.C.F.R. Bioactive compounds and antioxidant capacity of extruded snack-type products developed
from novel formulations of lentil and nutritional yeast flours. Food Funct. 2018, 9, 819–829. [CrossRef]

9. Morales, P.; Cebadera-Miranda, L.; Cámara, R.M.; Reis, F.S.; Barros, L.; Berrios, J.J.; Ferreira, I.C.F.R.;
Cámara, M. Lentil flour formulations to develop new snack-type products by extrusion processing:
Phytochemicals and antioxidant capacity. J. Funct. Foods 2015, 19, 537–544. [CrossRef]

10. Wolfe, K.; Wu, X.; Liu, R.H. Antioxidant activity of apple peels. J. Agric. Food Chem. 2003, 51, 609–614.
[CrossRef]

11. Vignola, M.B.; Moiraghi, M.; Salvucci, E.; Baroni, V.; Pérez, G.T. Whole meal and white flour from Argentine
wheat genotypes: Mineral and arabinoxylans differences. J. Cereal Sci. 2016, 71, 217–223. [CrossRef]

12. European Parliament & Council of the European Union. Regulation (EC) No 1924/2006 of the European
Parliament and of the Council of 20 December 2006 on Nutrition and Health Claims Made on Foods; European
Parliament & Council of the European Union: Brussels, Belgium, 2006.

13. European Commission. Commission Regulation (EU) No 432/2012 of 16 May, Official Journal of European Union
L136/1:40 (25/5/2012). Establishing a List of Permitted Health Claims Made on Foods, Other Than Those Referring
to the Reduction of Disease Risk and to Children’s Development and Health; European Commission: Brussels,
Belgium, 2012.

http://dx.doi.org/10.1016/j.foodchem.2012.04.141
http://dx.doi.org/10.1094/CCHEM-86-5-0499
http://dx.doi.org/10.1007/s12161-015-0218-3
http://dx.doi.org/10.1111/1750-3841.13372
http://www.ncbi.nlm.nih.gov/pubmed/27332783
http://dx.doi.org/10.1016/j.jcs.2016.04.005
http://dx.doi.org/10.1007/s11883-010-0136-1
http://dx.doi.org/10.1039/C7FO01730H
http://dx.doi.org/10.1016/j.jff.2015.09.044
http://dx.doi.org/10.1021/jf020782a
http://dx.doi.org/10.1016/j.jcs.2016.09.002


Nutrients 2020, 12, 504 14 of 15

14. Domínguez Díaz, L.; Fernández-Ruíz, V.; Cámara, M. The frontier between nutrition and pharma: The
international regulatory framework of functional foods, food supplements and nutraceuticals. Crit. Rev.
Food Sci. Nutr. 2019, 29, 1–9. [CrossRef] [PubMed]

15. ILSI. Scientific concepts of functional foods in Europe consensus document. Br. J. Nutr. 1999, 81, S1–S27.
[CrossRef]

16. Rainakari, A.I.; Rita, H.; Putkonen, T.; Pastell, H. New dietary fibre content results for cereals in the Nordic
countries using AOAC 2011.25 method. J. Food Compos. Anal. 2016, 51, 1–8. [CrossRef]

17. Marotti, I.; Bregola, V.; Aloisio, I.; Di Gioia, D.; Bosi, S.; Di Silvestro, R.; Quinn, R.; Dinelli, G. Prebiotic effect
of soluble fibres from modern and old durum-type wheat varieties on Lactobacillus and Bifidobacterium strains.
J. Sci. Food Agric. 2012, 92, 2133–2140. [CrossRef]

18. Sobota, A.; Rzedzicki, Z.; Zarzycki, P.; Kuzawinska, E. Application of common wheat bran for the industrial
production of high-fibre pasta. Int. J. Food Sci. Technol. 2015, 50, 111–119. [CrossRef]

19. Schmiele, M.; Zafalon Jaekel, L.; Cardoso Patricio, S.M.; Joy Steel, C.; Chang, Y.K. Rheological properties of
wheat flour and quality characteristics of pan bread as modified by partial additions of wheat bran or whole
grain wheat flour. Int. J. Food Sci. Technol. 2012, 47, 2141–2150. [CrossRef]

20. Shewry, P.R.; Hawkesford, M.J.; Piironen, V.; Lampi, A.M.; Gebruers, K.; Boros, D.; Andersson, A.A.M.;
Åman, P.; Rakszegi, M.; Bedo, Z.; et al. Natural Variation in Grain Composition of Wheat and Related Cereals.
J. Agric. Food Chem. 2013, 61, 8295–8303. [CrossRef]

21. Gélinas, P.; McKinnon, C. Dietary fibre and β-glucan in strong bread wheat cultivars: Does it matter? Int. J.
Food Sci. Technol. 2013, 48, 670–672. [CrossRef]

22. European Food Safety Authority (2010) Sets European Dietary Reference Values for Nutrient Intakes.
Available online: http://www.efsa.europa.eu/en/press/news/nda100326 (accessed on 15 January 2020).

23. De Santis, M.A.; Kosik, O.; Passmore, D.; Flagella, Z.; Shewry, P.R.; Lovegrove, A. Comparison of the dietary
fibre composition of old and modern durum wheat (Triticum turgidum spp. durum) genotypes. Food Chem.
2018, 244, 304–310. [CrossRef]

24. Broekaert, W.F.; Courtin, C.M.; Verbeke, K.; Van de Wiele, T.; Verstraete, W.; Delcour, J.A. Prebiotic
and Other Health-Related Effects of Cereal-Derived Arabinoxylans, Arabinoxylan-Oligosaccharides, and
Xylooligosaccharides. Crit. Rev. Food Sci. Nutr. 2011, 51, 178–194. [CrossRef]

25. Turner, M.A.; Soh, C.H.N.; Ganguli, N.K.; Sissons, M.J. A survey of water-extractable arabinopolymers in
bread and durum wheat and the effect of water-extractable arabinoxylan on durum dough rheology and
spaghetti cooking quality. J. Sci. Food Agric. 2008, 88, 2551–2555. [CrossRef]

26. Gebruers, K.; Dornez, E.; Boros, D.; Fras, A.; Dynkowska, W.; Bedo, Z.; Rakszegi, M.; Delcour, J.A.;
Courtin, C.M. Variation in the Content of Dietary Fiber and Components There of in Wheats in the
HEALTHGRAIN Diversity Screen. J. Agric. Food Chem. 2008, 56, 9740–9749. [CrossRef] [PubMed]

27. Li, W.; Pickard, M.D.; Beta, T. Effect of thermal processing on antioxidant properties of purple wheat bran.
Food Chem. 2007, 104, 1080–1086. [CrossRef]

28. Vaher, M.; Matso, K.; Levandi, T.; Helmja, K.; Kaljurand, M. Phenolic compounds and the antioxidant activity
of the bran, flour and whole grain of different wheat varieties. Procedia Chem. 2010, 2, 76–82. [CrossRef]

29. Kosík, T.; Lacko-Bartošová, M.; Kobida, L. Free Phenol Content and Antioxidant Activity of Winter Wheat In
Sustainable Farming Systems. J. Microbiol. Biotechnol. Food Sci. 2014, 3, 247–249.

30. Beta, T.; Nam, S.; Dexter, J.E.; Sapirstein, H.D. Phenolic Content and Antioxidant Activity of Pearled Wheat
and Roller-Milled Fractions. Cereal Chem. 2005, 82, 390–393. [CrossRef]

31. Cãlinoiu, L.F.; Vodnar, D.C. Whole Grains and Phenolic Acids: A Review on Bioactivity, Functionality, Health
Benefits and Bioavailability. Nutrients 2018, 10, 1615. [CrossRef]

32. Hussain, A.; Larsson, H.; Olsson, M.E.; Kuktaite, R.; Grausgruber, H.; Johansson, E. Is organically produced
wheat a source of tocopherols and tocotrienols for health food? Food Chem. 2012, 132, 1789–1795. [CrossRef]

33. Gani, A.; Wani, S.M.; Masoodi, F.A.; Hameed, G. Whole-Grain Cereal Bioactive Compounds and Their Health
Benefits: A Review. J. Food Process. Technol. 2012, 3, 3. [CrossRef]

34. Nielsen, M.M.; Hansen, A. Stability of Vitamin E in Wheat Flour and Whole Wheat Flour during Storage.
Cereal Chem. 2008, 85, 716–720. [CrossRef]

35. Sedej, I.; Mandic, A.; Sakac, M.; Misan, A.; Tumbas, V. Comparison of Antioxidant Components and Activity
of Buckwheat and Wheat Flours. Cereal Chem. 2010, 87, 387–392. [CrossRef]

http://dx.doi.org/10.1080/10408398.2019.1592107
http://www.ncbi.nlm.nih.gov/pubmed/30924346
http://dx.doi.org/10.1017/S0007114599000471
http://dx.doi.org/10.1016/j.jfca.2016.06.001
http://dx.doi.org/10.1002/jsfa.5597
http://dx.doi.org/10.1111/ijfs.12641
http://dx.doi.org/10.1111/j.1365-2621.2012.03081.x
http://dx.doi.org/10.1021/jf3054092
http://dx.doi.org/10.1111/j.1365-2621.2012.03216.x
http://www.efsa.europa.eu/en/press/news/nda100326
http://dx.doi.org/10.1016/j.foodchem.2017.09.143
http://dx.doi.org/10.1080/10408390903044768
http://dx.doi.org/10.1002/jsfa.3385
http://dx.doi.org/10.1021/jf800975w
http://www.ncbi.nlm.nih.gov/pubmed/18921978
http://dx.doi.org/10.1016/j.foodchem.2007.01.024
http://dx.doi.org/10.1016/j.proche.2009.12.013
http://dx.doi.org/10.1094/CC-82-0390
http://dx.doi.org/10.3390/nu10111615
http://dx.doi.org/10.1016/j.foodchem.2011.11.141
http://dx.doi.org/10.4172/2157-7110.1000146
http://dx.doi.org/10.1094/CCHEM-85-6-0716
http://dx.doi.org/10.1094/CCHEM-02-10-0018


Nutrients 2020, 12, 504 15 of 15

36. Zielinski, H.; Ciska, E.; Kozlowska, H. The cereal grains: Focus on vitamin E. Czech J. Food Sci. 2001, 19,
182–188. [CrossRef]

37. Lachman, J.; Hejtmánková, A.; Orsák, M.; Popov, M.; Martinek, P. Tocotrienols and tocopherols in
colored-grain wheat, tritordeum and barley. Food Chem. 2018, 240, 725–735. [CrossRef] [PubMed]

38. Lampi, A.M.; Nurmi, T.; Piironen, V. Effects of the Environment and Genotype on Tocopherols and Tocotrienols
in Wheat in the HEALTHGRAIN Diversity Screen. J. Agric. Food Chem. 2010, 58, 9306–9313. [CrossRef]
[PubMed]

39. Carocho, M.; Ferreira, I.C.F.R. A review on antioxidants, prooxidants and related controversy: Natural and
synthetic compounds, screening and analysis methodologies and future perspectives. Food Chem. Toxicol.
2013, 51, 15–25. [CrossRef]

40. Mamatha, B.S.; Sangeetha, R.K.; Baskaran, V. Provitamin-A and xanthophyll carotenoids in vegetables and
food grains of nutritional and medicinal importance. IJFST 2011, 46, 315–323. [CrossRef]

41. Paznocht, L.; Kotíková, Z.; Šulc, M.; Lachman, J.; Orsák, M.; Eliášová, M.; Martinek, P. Free and esterified
carotenoids in pigmented wheat, tritordeum and barley grains. Food Chem. 2018, 240, 670–678. [CrossRef]

42. Zhai, S.; Xia, X.; He, Z. Carotenoids in Staple Cereals: Metabolism, Regulation, and Genetic Manipulation.
Front. Plant. Sci. 2016, 7, 1197. [CrossRef]

43. Trono, D. Carotenoids in Cereal Food Crops: Composition and Retention throughout Grain Storage and
Food Processing. Plants 2019, 8, 551. [CrossRef]

44. Okarter, N.; Liu, C.S.; Sorrells, M.E.; Liu, R.H. Phytochemical content and antioxidant activity of six diverse
varieties of whole wheat. Food Chem. 2010, 119, 249–257. [CrossRef]

45. Whent, M.; Huang, H.; Xie, Z.; Lutterodt, H.; Yu, L.; Fuerst, E.P.; Morris, C.F.; Yu, L.; Luthria, D. Phytochemical
Composition, Anti-inflammatory, and Antiproliferative Activity of Whole Wheat Flour. J. Agric. Food Chem.
2012, 60, 2129–2135. [CrossRef] [PubMed]

46. Yu, L.; Nanguet, A.L.; Beta, T. Comparison of Antioxidant Properties of Refined and Whole Wheat Flour and
Bread. Antioxidants 2013, 2, 370–383. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.17221/6605-CJFS
http://dx.doi.org/10.1016/j.foodchem.2017.07.123
http://www.ncbi.nlm.nih.gov/pubmed/28946335
http://dx.doi.org/10.1021/jf100253u
http://www.ncbi.nlm.nih.gov/pubmed/20397727
http://dx.doi.org/10.1016/j.fct.2012.09.021
http://dx.doi.org/10.1111/j.1365-2621.2010.02481.x
http://dx.doi.org/10.1016/j.foodchem.2017.07.151
http://dx.doi.org/10.3389/fpls.2016.01197
http://dx.doi.org/10.3390/plants8120551
http://dx.doi.org/10.1016/j.foodchem.2009.06.021
http://dx.doi.org/10.1021/jf203807w
http://www.ncbi.nlm.nih.gov/pubmed/22321109
http://dx.doi.org/10.3390/antiox2040370
http://www.ncbi.nlm.nih.gov/pubmed/26784470
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Material and Methods 
	Wheat Samples 
	Milling Process 
	Analysis of Bioactive Compounds 
	Total, Soluble and Insoluble Dietary Fiber 
	Arabinoxylans 
	Tocopherols 
	Total Phenols Content 
	Evaluation of Antioxidant Activity 

	Statistical Analysis 

	Results 
	Dietary Fiber and Arabinoxylans 
	Total Phenols Content 
	Tocopherols 
	Evaluation of Antioxidant Activity 

	Discussion 
	Dietary Fiber and Arabinoxylans 
	Total Phenols Content 
	Tocopherols 
	Evaluation of Antioxidant Activity 

	Conclusions 
	References

