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Abstract: A main reason of the increasing interest in cereal landraces is their potential to offer more
diversified and functional staple food. For instance, landraces are an underexploited resource of
pigmented varieties, appreciated for the high accumulation of phytochemicals with known health
benefits. This study characterized the chemical, functional, and technological features of the bran,
semolina, and grains of two durum wheat (Triticum turgidum L. subsp. durum, Desf.) landraces, named
‘Purple’ and ‘Red’ for their grain color, collected in Ethiopia and grown and sold in southern Italy
as a niche product. Specifically, we analyzed the protein content, dry gluten, ash, total polyphenols,
anthocyanins, proanthocyanidins, and specific phenolic acids. We also evaluated the antioxidant
activity using DPPH- and ABTS-based methods. The two landraces had positive nutritional features,
such as a high protein content, a rich and composite range of secondary metabolites (which include
specific phenolic acids and anthocyanins), and antioxidant activities in all the fractions analyzed. The
germplasm under investigation therefore has a well-justified potential to yield functional products
and to diversify durum wheat-based foods.

Keywords: durum wheat; diversity; pigmented cereals; phytochemicals; anthocyanins; antioxidant
activity; protein; gluten

1. Introduction

Wheat is one of the first domesticated cereal plants and it has been globally cultivated
for its grains since the dawn of civilization. In the last decade, its world production has
increased, currently reaching 750 million tons [1], while the sowing area has fluctuated
around 220 million hectares. China (17%) and India (12%) are the top producers and
collectively the European Union produces around 15% of the world’s total. In Italy, about
2 million hectares are cultivated, prevalently with durum wheat, for a production of
8 million tons [2]. The yield increase in the last century is the joint result of different
factors, with plant breeding having a significant role in shaping the morphological and
technological features of contemporary varieties [3]. These are characterized by a reduced
height, a more efficient assimilate partitioning, diminished sensitivity to photoperiod,
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adaptability to certain agronomic conditions, and resistance to specific races of fungal
pathogens [3], traits that are expected to be absent in the old varieties of wheats [4].

Durum wheat (Triticum turgidum L. subsp. durum, Desf.) is a tetraploid species (AABB;
2n = 4x = 28) with better tolerance to drought and heat than the hexaploid common wheat
(Triticum aestivum L; AABBDD; 2n = 6x = 42). Durum wheat, also known as hard, pasta,
or macaroni wheat, is mainly cultivated in Mediterranean countries, North America, Ar-
gentina, and eastern Europe. In Italy, the production is principally located in southern
regions such as Apulia and Sicily. Durum wheat is central to the gastronomy of Mediter-
ranean countries because it is employed to produce pasta and couscous, as well as bulgur,
puddings, pastries, freekeh, kishk, and other traditional dishes. An important aesthetic
and commercial feature of durum wheat semolina is the color. The typical yellow-amber
pigmentation is predominantly due to lipophilic carotenoids within the kernel, mainly
lutein [5]. Nonetheless, anthocyanins are also another class of pigmented phytochemicals
that can be present in high amount in the grains of some wheat varieties. According to the
quantity and type, this class of water-soluble pigments can give rise to wheat grains with
colors ranging from red to purple [5].

In recent years, the scientific interest and appreciation of the quality of traditional
wheat varieties has increased for a more sustainable low-input production of grain, as
germplasm with an enhanced phytochemical profile, and as a source of adaptive traits
in the face of climate change [6,7]. For instance, considering that wheat is a staple food
in several countries, anthocyanin-rich grains can be used to produce a wide range of
foods with enhanced nutraceutical and pharmaceutical properties. Old varieties are also
gaining popularity to satisfy consumer demand for regional crop production and food
manufacturing, to diversify the dietary basket, and to provide commercially novel products
richer in health-promoting ingredients [7,8]. Regrettably, the compositional properties of
anthocyanin-rich grains of landraces, as well as old durum wheat varieties, have not yet
been fully acknowledged, not only if compared with soft wheat varieties, but also with old
species such as einkorn, emmer, and spelt [5,9–12].

The aim of this research was to explore the chemical, functional, and technological fea-
tures (such as the contents of proteins; dry gluten; gluten index; ash; total polyphenols; an-
tioxidant activity) of two differently pigmented Triticum turgidum landraces. Moreover, we
quantified major anthocyanins (Delphinidin 3-glucoside, Delphinidin 3-rutinoside, Cyani-
din 3-glucoside, Petunidin 3-glucoside, Peonidin 3-glucoside, and Malvidin 3-glucoside),
anthocyanidins (i.e., cyanidin, delphinidin, malvidin, peonidin, and petunidin), and spe-
cific phenolic acids (ferulic acid, p-hydroxybenzoic acid, vanillic acid, and p-coumaric acid).
These two landraces were named ‘Purple’ and ‘Red’ according to the color of the grain
and were originally collected from the Oromya region, one of regional states of Ethiopia.
Cereal landraces are mainly evaluated as a source of inheritable traits that may favor local
adaptation and productivity in sustainable agriculture [13], but they also have desirable
characteristics related to food quality and nutritional benefits. Therefore, our detailed
characterization contributes to demonstrate the value of durum wheat landraces as a rich
source of primary and secondary metabolites of interest for human health and nutrition.

2. Materials and Methods
2.1. Materials

We analyzed two durum wheat (Triticum turgidum L. subsp. durum, Desf.) landraces
named ‘Purple’ and ‘Red’. They are maintained and multiplied by Agrismarter (Foggia,
Italy), marketed by the company Granomischio (Foggia, Italy), and cultivated in areas
near the Daunian Mountains (Apulia region, Italy). Grains (i.e., intact caryopses), bran
(i.e., kernel components except the flour fraction at the given extraction rate, ~65–75%), and
semolina were provided also by the Granomischio company in September 2021. For their
analysis, grains were ground to a fine powder using a blender stored at −20 ◦C. Semolina
and bran were processed by a professional milling company with a multi-pass roller system.
Briefly, grains were purified (mainly to remove low-density particles), surface cleaned (to
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remove impurities and possible abiotic and biotic contamination), pearled/scoured, milled,
and purified/sieved to semolina.

Chemicals, analytical grade reagents, and standards of phenolic compounds were
obtained from Sigma-Aldrich (Milan, Italy).

2.2. Determination of Dry Gluten

Gluten was extracted from semolina (n = 5) according to previously described proce-
dure [14]. Twenty grams of semolina were suspended in 12.5 mL of a 4% monosodium/disodium
phosphate buffer at pH of 6.8, diluted to a ratio of 1:40 with a 2% NaCl solution. After
30 min, the dough was washed using a Glutomatic System 2200 (Perkin Elmer, Turin, Italy)
with the NaCl solution to remove soluble proteins and starch. The pure gluten obtained
was dried in an oven (Heraeus T6200, Progitec, Sabaudia, LT, Italy). The gluten content
was expressed as dry gluten per 100 g of material.

2.3. Determination of Gluten Index

The determination of the gluten index comprised three steps: (i) the gluten extraction
and quantification of the wet gluten; (ii) the centrifugation of the wet gluten; and (iii) the
calculation of the gluten index, according to standard procedures [14] using a Gluten Index
2100 centrifuge (Bastak, Ankara, Turkey). The gluten index is the percentage ratio of the
wet gluten remaining on the sieve (after centrifugation) to the total wet gluten.

2.4. Determination of Total Protein Content

Total proteins were quantified using the Kjeldahl method. Briefly, samples (1 g) were
digested in 15 mL of 98% H2SO4 in the presence of a catalyst (K2SO4:CUSO4, 9:1 w/w). Then,
50 mL of 40% NaOH (w/v) was added to covert the released ammonium into ammonia,
which was distilled and collected in a flask containing a known amount of excess acid
(0.1 M HCl). The excess acid was back-titrated with 0.1 M NaOH. The protein content refers
to 100 g of substance and is calculated using the following formula:

Proteins (%) = [100 × (VNaOH × CNaOH − VHCl × CHCl) × 14.0067 × 5.70]/g

where VNaOH are the liters of NaOH; CNaOH is the molar concentration of NaOH; VHCl are
the liters of HCl; CHCl is the molar concentration of HCl; 14.0067 is the atomic weight of
nitrogen; 5.70 is the conversion factor for proteins; and g is the weight of the sample in
grams [15].

2.5. Determination of Ash

The quantification of ash was performed essentially as described [16]. Briefly, a
weighed sample of semolina (5–10 g) was placed in a platinum capsule and heated at
550–590 ◦C in the muffle furnace Srefo R-1905 (Zhuhai Refine Zhizao, Guangdong, China)
until light gray ash was obtained (5 h). The weight of the ash refers to 100 g of dry matter.
The measurement was carried out on five replicates.

2.6. Phenolic Extraction

The phenolic extracts were prepared as reported [17]. The steps of the approach are
summarized in Figure 1. About 1.5 g of wheat material was pulverized and suspended in
30 mL of a methanol/hydrochloric acid solution (99:1, v/v). The mixture was stirred for
30 min at room temperature. The suspension was then centrifuged (PK121R Multispeed,
ALC International, Milan, Italy) at 10,000 rpm for 5 min at room temperature. The sediment
was extracted five times.
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Figure 1. Flowchart of the process used for the extraction and analysis of the wheat material.

2.7. Soluble Phenolic Fraction

Two milliliters of the acidified methanolic extract were dried using a rotavapor (Ro-
tavapor RE 111, Buchi, Switzerland) at 30 ◦C. The dried material was then suspended in
20 mL of 3M KOH and stirred for about three hours at room temperature. The solution
was acidified with 1M HCl to pH 3 and extracted three times with a 1:1 (v/v) mixture of
petroleum ether/ethyl acetate. Extracts were treated with anhydrous sodium sulfate, fil-
tered on a Whatman paper Grade 1, dried under a light stream of nitrogen, and resuspended
in methanol.

2.8. Insoluble Bound Phenolic Fraction

The sediment (Figure 1) was suspended in 20 mL of 3M KOH at room temperature for
about three hours, under continuous stirring, acidified with 1M HCl to pH 3, and extracted
three times with a 1:1 (v/v) petroleum ether/methylene chloride solution. Extracts were
treated as in paragraph 2.2 and resuspended in methanol. All extractions were performed
avoiding direct light to minimize photo-oxidation.

2.9. Total Polyphenols

The total phenol content in the soluble and insoluble bound extracts and in the different
organic extracts (Figure 1) was quantified with the Folin–Ciocalteu method using gallic
acid as a standard as previously reported [18]. The extracts were solubilized in 5 mL of
methanol, with the aid of a sonicator. One milliliter was taken and filtered on a Phenex
filter (0.45 µm) and diluted to a 10 mL final volume. Samples (n = 5) and solutions of the
standard were tested with the colorimetric method and absorbance was read at 765 nm [19].
Specifically, 0.2 mL of the solution of the sample to be analyzed (or of the standard, or Milli
Q water, in the case of the blank) was added with 0.8 mL of Milli Q water and 0.2 mL of the
Folin–Ciocalteu reagent. The solution was incubated for 5 min and then another 0.8 mL
of Milli Q water and 2 mL of an aqueous 8% Na2CO3 solution were added. A standard
curve was built with gallic acid at the 4.8, 9.6, 48, 96, 240, and 480 µg/mL concentrations.
The minimum threshold for accepting the calibration curve was r = 0.97. Results were
expressed as milligrams of gallic acid equivalents.

2.10. Phenolic Acid Quantification by HPLC

Both phenolic extracts (Figure 1) were analyzed by HPLC in accordance with the
already published protocols [20,21]. A Shimadzu LC-8A HPLC instrument (Shimadzu,
Milan, Italy) was used with a 2.6 mm 100 Å (100 × 4.6 mm) Kinetex reverse phase column.
The eluent phase consisted of a mixture of A (2% AcOH in water, v/v) and B (methanol),
with a constant flow of 1.2 mL/min and a wavelength of the UV detector set at 280 nm.
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The gradient, in terms of eluent B, was 10% at time 0, 20% at 10 min, 25% at 15 min, and
30% at 30 min. The presence of ferulic acids, p-hydroxybenzoic acid, and vanillic and
coumaric acids was measured through the corresponding calibration lines obtained from
the corresponding standard samples commercially available from Sigma-Aldrich. The
calibration curves were linear in the concentration intervals considered. In particular, the
detection limits were equal to 12, 0.08, 0.1, and 1.11 µg/mL, respectively, for the four
aforementioned phenolic acids. The analyses were performed five times; the results were
expressed as micrograms per kilogram of wheat on a dry matter (DM) basis.

2.11. Determination of Anthocyanins Content

Total anthocyanin extract was prepared essentially as reported [22] and quantifica-
tion was carried out with a spectrophotometric method [23], using catechin as standard
with concentration ranging from 2 to 200 µg/mL. Results were expressed as µg cate-
chin equivalents/g dry weight material. The equation obtained from the standard curve
is y = 0.0018x + 0.0146, where y is absorbance at 535 nm and x is concentration of cate-
chin standard.

2.12. Determination of Proanthocyanidin Content

Proanthocyanidin extract was prepared using previously published procedures [23]
and the proanthocyanidin content was determined also as already described [24], using
catechin as standard with concentrations ranging from 100 to 1000 µg/mL. Results were
expressed as µg catechin equivalents/g dry weight material. The equation obtained from
the standard curve is y = 0.0023x + 0.0187, where y is absorbance at 510 nm and x is
concentration of catechin standard.

2.13. Radical DPPH Scavenging Capacity

The DPPH. antioxidant activity of the material under investigation (Figure 1) was
evaluated using already published procedures [25] with minor modifications. One milliliter
of extraction solvent with different extract dilutions was added to two mL of DPPH in
methanol (5 × 10−5 M). The reaction was carried out at 25 ◦C for 30 min. After half an hour,
the absorbance value reached a constant value, which was used to calculate the percentage
of residual DPPH. Radical reduction by antioxidants was monitored by measuring the
absorbance at 517 nm using a Perkin Elmer Lambda 7 spectrophotometer (Beckman, Brea,
CA, USA). Five extracts were analyzed for each sample, each with four different dilutions. A
regression line was also calculated for the reference antioxidant Trolox, with concentrations
ranging from 3 to 50 µM. The antioxidant activity was expressed as the ratio between the
I50 of Trolox and the I50 of the sample, that is, micromoles of Trolox equivalent (TE) per
gram of DM.

2.14. Radical ABTS Scavenging Capacity

The ABTS antioxidant activity (Figure 1) was evaluated as already published [26],
quantifying the ability of natural extracts to convert the radical cation ABTS+, generated
from the corresponding acid using as oxidizing agent sodium or potassium persulfate
(K2S2O8 or Na2S2O8) in its neutral form. For the ABTS assay, the antioxidant capacity was
also expressed as the Trolox equivalent antioxidant capacity (TEAC), a unit of measurement
defined as the quantity of Trolox needed to obtain the same antioxidant activity as the
sample (micromoles of TE per g of sample).

2.15. Statistical Analysis

Data are reported as mean value ± standard deviation (SD). The normality of the data
distribution was assessed by the Shapiro-Wilk test. The independent Student’s t-test was
employed for mean separation considering as the threshold of statistical significance a
p-value lower than 0.05. Calculations were performed with the SigmaPlot 12.2 software
(Systat Software, San Jose, CA, USA).
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3. Results and Discussion
3.1. Analysis of Dry Gluten, Gluten Index, Protein Content, and Ash

The two wheat varieties analyzed had a similar percentage of dry gluten, around
12.5–12.8% (Table 1). Nonetheless, T. durum ‘Purple’ had a higher gluten index (GI of
37 against 31 of the ‘Red’), values that can be considered low in durum wheat [27–29]. The
GI is a widely accepted parameter to express gluten strength, and it is considered highly
inheritable [30]. Hence, the observed difference reveals distinct technological features of the
two landraces. Nonetheless, the relationship of the GI with the protein content should not
be thought as linear [29,31]. For both varieties, the latter was not far from the upper limit
for durum wheat, usually from 7% to 18%, with an average of 12%. The protein content
and the gluten strength are the main features of the starting material that determine the
quality of pasta [28]. Even so, the protein content is often considered more important than
the strength of the gluten, being more closely correlated with the positive features of dried
pasta, although this relationship can be affected by the processing method and the gluten
composition [32]. The semolina of ‘Purple’ and ‘Red’ had ash contents of 1.25 and 1.35%,
respectively. The ash content in the grain is under genetic and environmental control. It
is typically influenced by mineral fertilization and positively correlated with the protein
content [33]. A low ash content in milled durum grains is considered a quality feature,
although it does not significantly affect the industrial performance of the semolina. In
Italy, as in other countries, the ash content in common and durum wheat is regulated
by law (D.P.R. 9 February 2001, n. 187). The observed values exceed the threshold for
“semola” and are within limits for “semolato”. It should be added that the ash content lowers
with sequential debrannings. For instance, in a group of 11 Italian varieties encompassing
traditional and contemporary durum wheat cultivars, the ash content reached an acceptable
level for “semola” after five successive debranning treatments [34].

Table 1. Protein, dry gluten and ash content and gluten index in semolina of durum wheat ‘Purple’
and ‘Red’ landraces. Values are reported as mean ± SD (n = 5). Significant differences between the
two varieties for bran, semolina, or grain are indicated by lowercase letters (t-test, p < 0.05).

Parameters (%) ‘Purple’ ‘Red’

Protein 15.20 ± 0.10 b 16.80 ± 0.20 a
Dry gluten 12.80 ± 0.88 12.50 ± 0.06

Ash 1.25 ± 0.02 b 1.35 ± 0.01 a
Gluten index 37.00 ± 0.20 a 31.00 ± 0.60 b

3.2. Polyphenol Content

The grain, semolina, and bran of both ‘Purple’ and ‘Red’ were subjected to an eval-
uation of the total polyphenol content because these are a wide group of chemically
diverse secondary metabolites that are generally known for their positive effects on human
health [35,36]. Cereals, as many other plant species, contain different phenolic compounds,
and the most important are the derivatives of the cinnamic acid (i.e., coumaric, caffeic, and
ferulic acids), flavonoids, and lignans [37]. It is believed that their function is predominantly
non-nutritive [37].

The quantification of total polyphenols indicated that the bran of the ‘Purple’ lan-
drace had a significantly higher amount (almost double) of both phenolic fractions, while
differences were not significant for the insoluble fractions of the semolina and grains
(Table 2).
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Table 2. Soluble and insoluble polyphenolic fraction in ‘Purple’ and ‘Red’ landraces. Values are
reported as mean ± SD (n = 5). Significant differences between the two varieties for bran, semolina,
or grain are indicated by lowercase letters (t-test, p < 0.05).

Polyphenols
(µg/g DM Gallic Acid Equivalent)

Bran Semolina Grain

‘Purple’ ‘Red’ ‘Purple’ ‘Red’ ‘Purple’ ‘Red’

Soluble phenolic fraction 112 ± 21 a 64 ± 4 b 31 ± 4 b 49 ± 3 a 103 ± 15 a 65 ± 5 b
Insoluble bound phenolic fraction 2391 ± 471 a 1430 ± 284 b 751 ± 105 849 ± 112 2380 ± 455 1840 ± 329

Specifically, ‘Purple’ bran and grains had an almost double phenolic content (112 and
103 µg/g DM of the equivalents of gallic acid, respectively) compared to those of the ‘Red’
(64 and 65 µg/g DM of gallic acid equivalents, respectively), while the semolina content
of ‘Red’ (49 µg/g DM of gallic acid equivalents) was significantly higher than that of
the semolina of ‘Purple’ (31 µg/g DM of gallic acid equivalents). The same was true for
the insoluble bound phenolic fractions. In ‘Purple’, the phenolic content in the bran and
grain was 40% and 23% higher compared to ‘Red’. This can be explained considering that
the phenolic content in wheat grains is mainly concentrated in the bran with a limited
contribution of the organs and tissue originating the milled semolina. Nonetheless, the
two varieties differed in the variation of the ratio insoluble/soluble polyphenols across the
analyzed material. This parameter little varied in ‘Purple’ (coefficient of variation, CV: 7.9%),
while the CV was 24.3% for ‘Red’, whose semolina had the lowest insoluble/soluble
polyphenol ratio.

3.3. Determination of Phenolic Acids

HPLC analysis of the semolina revealed several phenolic derivatives, with four com-
pounds (i.e., ferulic, p-hydroxybenzoic, vanillic, and p-coumaric acids) being the most
abundant. The analysis of the two landraces indicated a similar profile in terms of quantity
and rank of the chemical compounds, with the ferulic acid always present in a predominant
amount, followed, for both varieties, by the vanillic acid or the p-coumaric acid in the
soluble or insoluble fraction, respectively (Table 3).

Table 3. Identification and quantification of the acids in the soluble and insoluble bound phenolic
fraction in semolina of ‘Purple’ and ‘Red’ based on retention times and calibration lines for comparison
with the corresponding commercial products. Values are reported as mean ± SD (n = 5). Mean values
between the two varieties were not statistically different (t-test, p ≥ 0.05).

Soluble Hpenolic Fraction (mg/kg DM) ‘Purple’ ‘Red’

Ferulic acid 17.9 ± 1.10 18.3 ± 1.05
p-Hydroxybenzoic acid 3.1 ± 0.28 3.3 ± 0.27

Vanillic acid 7.2 ± 0.33 7.4 ± 0.38
p-Coumaric acid 2.2 ± 0.32 2.5 ± 0.30

Insoluble Bound Phenolic Fraction (mg/kg DM)

Ferulic acid 625 ± 39.3 639 ± 41.4
p-Hydroxybenzoic acid 2.1 ± 0.29 2.3 ± 0.28

Vanillic acid 3.1 ± 0.35 3.4 ± 0.29
p-Coumaric acid 18.5 ± 2.35 19.2 ± 2.26

In the ‘Red’ variety, the ferulic acid was 639 mg/kg DM and 18.3 mg/kg DM in the
insoluble fraction and in the soluble fraction, respectively (Table 3). The ferulic acid is
considered the predominant free- and bound-form of polyphenols in cereals, especially
(brown) rice and corn [38]. In durum wheat, the ferulic acid contents are slightly influenced
by the environment in normal agronomic conditions, and it is mostly influenced by the
genotype and altered by abiotic stress [39]. In the soluble fraction, of the three other
quantified phenolic acids, the most abundant was vanillic acid, with concentrations in the
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range of 7.2–7.4 µg/kg DM, followed by p-hydroxybenzoic acid, with concentrations in the
range of 3.1–3.3 µg/kg DM. The p-coumaric acid was the less abundant constituent, with
concentrations in the range of 2.2–2.5 µg/kg DM. In the insoluble fraction of the three other
quantified phenolic acids, the most abundant was p-coumaric acid, with concentrations
in the range of 18.5–19.2 µg/kg DM, and with much lower concentrations of vanillic
acid (3.1–3.4 µg/kg DM) and p-hydroxybenzoic acid (2.1–2.3 mg/kg DM). Overall, the
p-hydroxybenzoic and the vanillic acids were present in higher quantities in the soluble
fractions of the semolina, while the amount of ferulic and p-coumaric acids was larger than
insoluble fraction. Finally, we did not observe differences between the two varieties in the
acids in the soluble and insoluble bound phenolic fraction of the semolina.

3.4. Anthocyanins and Proanthocyanidins Content

Anthocyanins and proanthocyanidins (expressed as the micrograms of catechin equiv-
alents per gram of DM) were also quantified in the grain, semolina, and bran of ‘Purple’
and ‘Red’ (Table 4).

Table 4. Anthocyanins and proanthocyanidins in the ‘Purple’ and ‘Red’ landraces. Values are
reported as mean ± SD (n = 5). Significant differences between the two varieties for bran, semolina,
or grain are indicated by lowercase letters (t-test, p < 0.05).

Phenolic Components
(µg/g DM Catechin Equivalent)

Bran Semolina Grain

‘Purple’ ‘Red’ ‘Purple’ ‘Red’ ‘Purple’ ‘Red’

Anthocyanins 72.9 ± 1.1 a 36.3 ± 0.4 b 12.5 ± 0.8 b 16.8 ± 0.1 a 116.6 ± 1.9 a 39.2 ± 0.8 b
Proanthocyanidins 1530 ± 133 a 1031 ± 33 b 244 ± 22 b 466 ± 111 a 3437 ± 377 a 1807 ± 166 b

The content of anthocyanins in the grain of ‘Purple’ was higher than in ‘Red’, almost
double in the bran (72.9 vs. 36.3 µg/g DM) and triple in the grain (116.6 vs. 39.2 µg/g DM)
(Table 4). In contrast, the semolina of ‘Red’ contained 25% more anthocyanin than ‘Purple’
(16.8 vs. 12.5 µg/g DM, respectively). A similar trend was observed for proanthocyanidins
(polymers or oligomers of anthocyanidin). Their content was 33% higher in the bran of
the ‘Purple’ compared to that of the ‘Red’ (1530 vs. 1031 µg/g DM of catechin equivalents,
respectively) and 47% more in the grain of the ‘Purple’ than that of the ‘Red’ (3437 vs.
1807 µg/g DM of catechin equivalents, respectively). On the other hand, the amount of
proanthocyanidins in the semolina was almost double (+47%) in the ‘Red’ compared to the
‘Purple’ (466 vs. 244 µg/g DM of catechin equivalents, respectively).

Anthocyanins are a class of water-soluble pigments belonging to the flavonoid fam-
ily. They show a range of pharmacological activities because of their antioxidant and
anti-inflammatory properties, with potential therapeutic benefits [40]. In durum wheat,
anthocyanins mainly accumulate in the pericarp and aleurone [5]. This may explain why
the less colored ‘Red’ variety yielded semolina with a significantly higher content of an-
thocyanins and proanthocyanidins. Anthocyanin-rich grains can be then used to produce
functional foods and considering that these compounds are in the less noble coat of the
grain, it has been also proposed that grains can be also exploited as a natural source to
extract these pigments [5].

The determination of the anthocyanin compounds by HPLC revealed the presence of
significant differences between the material and the variety (Table 5). Overall, the cyanidin
3-glucoside was the most abundant compound, followed by peonidin 3-glucoside. Quan-
titative differences between the varieties were most pronounced for the bran, with the
‘Purple’ having on average a threefold higher amount than ‘Red’ of the detected molecules.
Comparing the material, as expected, anthocyanins were in much lower quantities in the
semolina, with the two major anthocyanins detected only in the ‘Purple’ variety. Inter-
estingly, the analysis of the grain revealed both qualitative and quantitative differences.
Specifically, the differences in relative terms between the two varieties were more limited
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compared to the bran. Moreover, only the grain of the ‘Red’ variety contained detectable
amounts of delphinidin 3-glucoside and delphinidin 3-rutinoside.

Table 5. Anthocyanin composition in the ‘Purple’ and ‘Red’ landraces (mean ± SD; n = 5) determined
by HPLC. Values are reported as mean ± SD (n = 5). Significant differences between the two varieties
for bran, semolina, or grain are indicated by lowercase letters (t-test, p < 0.05).

Anthocyanins (µg/kg DM)
Bran Semolina Grain

‘Purple’ ‘Red’ ‘Purple’ ‘Red’ ‘Purple’ ‘Red’

Delphinidin 3-glucoside - - - - - 1.20 ± 0.10
Delphinidin 3-rutinoside - - - - - 2.66 ± 0.14

Cyanidin 3-glucoside 5.09 ± 0.11 a 1.15 ± 0.05 b 2.05 ± 0.15 - 7.32 ± 0.48 a 2.39 ± 0.03 b
Petunidin 3-glucoside 1.53 ± 0.11 a 0.57 ± 0.07 b - - 1.55 ± 0.05 a 1.29 ± 0.01 b
Peonidin 3-glucoside 2.05 ± 0.05 a 0.86 ± 0.06 b 0.89 ± 0.05 - 3.35 ± 0.15 a 1.68 ± 0.04 b
Malvidin 3-glucoside - - - - - -

Cyanidin 3-glucoside is often the most abundant anthocyanins in colored cereals
(e.g., rice and corn), as well as in most of the plants [40]. For purple common wheat,
cyanidin 3-glucoside, peonidin 3-glucoside, and cyanidin 3-galactoside have been described
as the most abundant compounds [41,42]. In blue common wheat, cyanidin 3-glucoside is
predominant, with pelargonidin 3-glucoside and cyanidin 3-galactoside present in lower
amounts [43]. Although intra-varietal differences in colors are sufficiently explained by
variation in anthocyanins [44], it is not straightforward to correlate the color of a variety
with the type, number, and quantity of pigments, also considering that the influence of the
anthocyanins on the plant tissue hue (and tint) is determined by various factors besides
their total amount and ratio [45,46]. It is therefore interesting that the grain of the ‘Red’
variety contained delphinidins in a low amount compared to other pigments, while these
were not detected in the ‘Purple’. These anthocyanins are typically associated with dark
grains [5]. For instance, in a blue common wheat, delphinidin 3-glucoside and delphinidin
3-rutinoside accounted for 69.3% of the detected anthocyanins [42]. Nonetheless, they
were also not found in a purple common wheat [42]. In addition to wheats also in purple
rye grains cyanidin-3-glucoside is the predominant anthocyanin, followed by peonidin-3-
glucoside [47,48] as in our ‘Purple’.

We also quantified major anthocyanidins (i.e., cyanidin, delphinidin, malvidin, peoni-
din, and petunidin) in the ‘Purple’ and ‘Red’ bran, semolina, and grain (Table 6) because
these are typical of colored wheat grains [10]. In grains, cyanidin was the most abun-
dant aglycones for all the material, followed by delphinidins. Other works indicated that
cyanidin also the main aglycone in purple common and durum wheat varieties, but it was
followed by peonidin [49]. Petunidin was detected in smaller quantities only in the two
brans, while peonidin and malvidin only in the grains of the ‘Purple’.

Table 6. Anthocyanidin composition in the ‘Purple’ and ‘Red’ (mean ± SD; n = 5) determined by
HPLC. Values are reported as mean ± SD (n = 5). Significant differences between the two varieties
for bran, semolina, or grain are indicated by lowercase letters (t-test, p < 0.05).

Anthocyanidins (µg/kg DM)
Bran Semolina Grain

‘Purple’ ‘Red’ ‘Purple’ ‘Red’ ‘Purple’ ‘Red’

Delphinidin 1.75 ± 0.05 a 0.91 ± 0.01 b 1.15 ± 0.05 - 3.15 ± 0.45 a 0.87 ± 0.03 b
Cyanidin 1.87 ± 0.03 1.60 ± 0.20 1.27 ± 0.07 a 0.56 ± 0.14 b 5.45 ± 0.35 a 1.47 ± 0.03 b
Petunidin - - - - 1.68 ± 0.08 a 0.45 ± 0.05 b
Peonidin - - - - 1.35 ± 0.05 -
Malvidin - - - - 1.15 ± 0.75 -

Total anthocyanins
(Anthocyanins + Proanthocyanidins) 12.29 ± 0.15 a 5.09 ± 0.37 b 5.36 ± 0.32 a 0.56 ± 0.14 b 25.00 ± 0.40 a 12.01 ± 0.09 b
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The total anthocyanin content was higher in the ‘Purple’ than in the ‘Red’; precisely,
it was just over double of that contained in the bran (25 vs. 12.01 µg/kg DM), more than
double of that contained in the grain (12.29 vs. 5.09 µg/kg DM), and almost 10 times that
contained in the semolina (5.36 vs. 0.56 µg/kg DM).

3.5. Antioxidant Activity

Tests for the evaluation of antioxidant activity show the highest values for the grain
in both varieties compared to bran and semolina. Moreover, in both assays the highest
values were observed for the ‘Purple’ variety compared to that ‘Red’ (Table 7). Mean values
were not significantly different between the semolina of the two varieties. In the brans,
were higher values in the DPPH test (respectively, ABTS test) were recorded for the ‘Purple’
(resp. ‘Red’). As previously reported [50], the highest antioxidant capacity was observed in
whole grains, which contain more bioactive compounds of health interest, such as insoluble
fiber, phenolic acids, and alkylresorcinols [51].

Table 7. Antioxidant activity (µmol Trolox equivalent/g DM) in ‘Purple’ and ‘Red’ landraces. Values
are reported as mean ± SD (n = 5). Significant differences between the two varieties for bran, semolina,
or grain are indicated by lowercase letters (t-test, p < 0.05).

Assay
Bran Semolina Grain

‘Purple’ ‘Red’ ‘Purple’ ‘Red’ ‘Purple’ ‘Red’

DPPH 9.95 ± 0.30 a 8.47 ± 0.44 b 8.14 ± 0.04 8.03 ± 0.01 11.07 ± 0.59 a 9.85 ± 0.01 b
ABTS 1.75 ± 0.30 b 2.70 ± 0.12 a 1.67 ± 0.24 1.68 ± 0.10 5.29 ± 0.25 a 4.33 ± 0.40 b

4. Conclusions

The characterization of Triticum durum ‘Purple’ and ‘Red’, two varieties imported
from Ethiopia and grown in southern Italy, highlighted their distinctive features such as
an above-average protein content, which should positively influence the pasta-making
quality. The ferulic acid was particularly abundant among phenolic acids in both the soluble
and insoluble phenolic fractions of the grain, semolina, and bran. Even if related to the
analysis of two landraces, our work also revealed the qualitative and quantitative diversity
in anthocyanin content in durum wheat. It should be added that the material under
investigation derives from a non-mass-production system in which grains are processed
with a multi-pass methodology using a rolling mill. These systems generate less heat
during grinding also because multiple passes allow the achievement of size reduction
more gradually [52]. In the future, it may be worth investigating to what extent the
high antioxidant activities in the semolina may be affected by the milling method. The
lower gluten index, high protein level, rich and composite range of secondary metabolites,
along with the antioxidant activities, indicate that the germplasm under investigation has
interesting features for the niche market of functional durum wheat products in specific
geographical areas as an alternative to the mass-produced Italian goods required for
international markets.
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