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Abstract

BACKGROUND: Pasta is a worldwide popular Italian food made exclusively of durum wheat. The choice of variety to be used to
produce pasta is at the discretion of the producer based on the peculiar characteristics of each cultivar. The availability of ana-
lytical approaches for the tracking of specific varieties along the productive chain is becoming increasingly important to
authenticate the pasta products and distinguish between fraudulent activities and cross-contaminations during the production
process. Among the different methods, molecular approaches based on DNA markers are the most used for these purposes
because of their ease of use and high reproducibility.

RESULTS: In the present study, we used an easy simple sequence repeats-based method to identify the durum wheat varieties
used to produce 25 samples of semolina and commercial pasta comparing their molecular profile with those of the four varie-
ties declared by the producer and other 10 durum wheat cultivars commonly used in pasta production. All of the samples
showed the expectedmolecular profile; however, most of them present also a foreign allele indicating a possible cross-contam-
ination. Moreover, we evaluated the accuracy of the proposed approach through the analysis of 27 hand-made mixtures with
increasing amounts of a specific contaminant variety, allowing the estimation of the limit of detection of 5% (w/w).

CONCLUSION: We demonstrated the feasibility of the proposed method and its effectiveness in the detection of not declared
varieties when these are present in a percentage equal to or higher than 5%.
© 2023 The Authors. Journal of The Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of
Chemical Industry.
Supporting information may be found in the online version of this article.
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INTRODUCTION
Durum wheat [Triticum turgidum L. subsp. durum (Desf.) Husn.] is
an economically and culturally staple crop for the Mediterranean
countries, as a result of its large use in cereal-based food products,
such as pasta, couscous, bulgur and bread. Among the European
countries, Italy is the leading producer, with an annual production
of about 4–4.5 millionmetric tonnes on average.1 Pasta is a world-
wide popular Italian food, and it is one of the most consumed
products in the world. The Italian legislation foresees that pasta
should be produced exclusively with durum wheat flour but a
maximum level of 3% of common wheat is allowed as uninten-
tional cross-contaminations.2,3 Instead, no legal requirements
are mandated for the use of specific varieties. The choice of vari-
ety to be used to produce pasta is at the discretion of the pro-
ducer based on the peculiar characteristics of each cultivar.
Some aspects, such as protein content, gluten composition, yel-
low index and browning, can significantly influence pasta quality
and consumers' choice.4-6 In the Southern regions of Italy, durum
wheat is used for several types of local bread characterized by
quality characteristics that are essentially or exclusively the result

of a particular cultivation, transformation and elaboration phases,
which all take place in the defined geographical area.7,8 To
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encourage the maintenance and development of the terri-
tories and guarantee the authenticity and quality, the
European Union labeled these local products as Protected
Designation of Origin (PDO) and Protected Geographical Indi-
cation (PGI).9,10

The increasing interest of consumers in high-quality products
encourages producers in using high-quality raw material for
pasta production and indicating the variety's name on the
label. The price of a pasta package could be more variable
depending on the kind of durum wheat and the exsiccation
technique used in the production process. Some cultivars, such
as Senatore Cappelli, have excellent organoleptic characteris-
tics that are particularly appreciated by the consumer, who is
willing to pay a large amount of money to buy that specific
pasta.11 The intentional addition of common wheat flour or
durum wheat varieties, different from that declared on the
product label, constitutes a fraudulent practice, as stated in
the Italian Criminal Code (Article n. 515).12 However, cross-
contaminations are possible during the milling practices, lead-
ing to the presence of a low percentage of a contaminant vari-
ety or species in the final product. The availability of analytical
approaches for tracking specific species or varieties along the
productive chain, from seeds to transformed products, is
becoming increasingly important to distinguish between
intentional actions and cross contaminations during the pasta
production process ensuring that consumer choices corre-
spond to their expectations.
Many different methods are available for plant-based food

traceability and authentication, which are mostly based on
physico-chemical approaches.13 Although they are highly effi-
cient and reliable, the physico-chemical methods present remark-
able limitations in the detection of varieties used to produce
foodstuffs of plant origin because it is difficult to distinguish the
physico-chemical profiles at a cultivar level. These limitations are
overcome by the use of DNA-based approaches to food traceabil-
ity because differences present in DNA sequence can allow distin-
guishing among the varieties.14 Several methods are currently
available for agri-food molecular traceability.15,16 Among those,
the approaches based on the use of molecular markers present
several advantages, such as the high level of polymorphism and
the possibility to analyze highly degraded DNA,17 which often
occurs in processed food products. In particular, techniques based
on simple sequence repeats (SSR) are routinely used in food trace-
ability because of their ease of use and high reproducibility.
Well-established SSR-based protocols for varietal identification
in processed agri-food products are available for wine, olive oil
and jam.14,18-23 An analytical approach aiming to trace the varie-
ties used for Pasta production is necessary to properly valorize
also this product. Although SSR-based traceability represents a
traditional method compared to the most modern molecular
techniques, it was already revealed to be a simple and effective
approach in the authentication and traceability of some pasta
products.24,25 However, the principal aim of these works was the
detection of common wheat contamination or adulteration to
detect the 3% common wheat in durum wheat-based products.
Over the years, some innovative DNA-based techniques were
developed and applied to durum wheat-based product traceabil-
ity with the same purpose.26,27 Recently, a few studies have
focused on pasta authentication at the varietal level through the
use of some latest approaches, such as the digital PCR and LAMP
(i.e. Loop mediated isothermal AMPlification).15,28 In addition, gas
chromatography–mass spectrometry and peptide based gas

sensor array were used to evaluate the volatile organic com-
pounds fraction of pasta.29 However, such technologies are not
available in all laboratories and require the development of ad
hoc assays. Therefore, a simple and versatile approach may be
necessary for commercial and routine purposes.
The present study aimed to: (i) apply an easy and reliable

SSR-basedmethod to identify wheat cultivars present in commer-
cial pasta and evaluate its effectiveness and feasibility and
(ii) estimate the limit of detection in the identification of the pres-
ence of a contaminant variety.

MATERIALS AND METHODS
Samples
Twenty-five commercial semolina and pasta samples (here
named S1–S25) were provided from an Italian pasta factory and
were indicated as composed of a blend of four different modern
durum wheat varieties (Marco Aurelio, Pietrafitta, Quadrato, Redi-
denari; referred to here as ‘References’) by the producer. In addi-
tion, ten durum wheat varieties (Antalis, Aureo, Cappelli, Ciccio,
Creso, Iride, Khorasan, Nadif, Saragolla and Timilia) were collected
starting from a larger germplasm collection available at the
Research Centre for Cereal and Industrial Crops (CREA-CI), Foggia
(Italy), to select those showing polymorphic SSR patterns in com-
parison with the References. The seeds of all varieties were pro-
vided by CREA-CI for downstream analysis.
To test the robustness and the accuracy of SSR markers as an

efficient method for contaminant detection in durum wheat sem-
olina and pasta, 27 hand-made mixtures were prepared, at differ-
ent concentrations, by mixing a blend of the above-mentioned
four reference seeds in equal parts (25% each) and a growing
amount of a fifth contaminant variety (Ciccio, Khorasan and
Timilia) as described in Table 1. For each contaminant variety, dif-
ferent concentrations were tested: 0%, 1%, 3%, 4%, 5%, 6%, 12%,
24% and 48%. Mixtures were prepared by adding the correspond-
ing amount of each semolina in a sterile tube and manually shak-
ing the samples for several minutes before DNA extraction.

DNA isolation and PCR conditions
DNA was isolated from durum wheat seeds and commercial sam-
ples following a modified version of the protocol of Sharp et al.30

The seeds and pasta were milled using a seed grinder to produce
a fine powder before the DNA isolation. Briefly, the samples were
incubated for 15 min at 65 °C with the extraction buffer
(500 mmol L−1 NaCl, 100 mmol L−1 Tris pH 8.50, 50 mmol L−1

EDTA, pH 8.0, and SDS 20%). Then, samples were precipitated
using potassium acetate and cold isopropanol. The precipitate
was dissolved in 1 × Tris-EDTA and RNA was removed by diges-
tion with RNase for 30 min at 37 °C. The DNA was again isopropa-
nol precipitated and twowashing steps were performedwith 70%
ethanol. The quantity and quality of extracted DNA were checked
on 0.8% agarose gel and a Qubit 3.0 fluorometer (Life Technolo-
gies, Carlsbad, CA, USA).
Samples were genotyped using a set of 9 simple sequence

repeat (SSR) markers: DuPw004, DuPw115, DuPw167, DuPw205,
DuPw217, Xgwm124, Xgwm155, Xgwm413 and Xgwm663.31-33

(see Supporting information, Table S1). In addition, the D
genome-specific SSR marker Xgwm003 was used to check the
presence of common wheat contamination.31

PCR mixtures contained 50 ng of genomic DNA, 1 × reaction
buffer, 0.25 μmol L−1 forward and reverse primermix, 0.08 mmol L−1

dNTP and 1 U of DreamTaq polymerase (Thermo Fisher, Waltham,
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MA, USA) in a total volume of 25 μL. The forward primer was
labeled at 50 end with one of the FAM, HEX and NED fluorescent
dyes (Sigma-Aldrich, St Louis, MO, USA). The amplification was
carried out using the following protocol: 5 min of initial dena-
turation at 95 °C, followed by 35 cycles composed by denatur-
ation at 95 °C for 30 s, annealing at the specific temperature for
45 s and extension at 72 °C for 40 s; the final extension was per-
formed for 5 min.

Data analysis
The amplification products were analyzed by capillary electro-
phoresis (ABI PRISM 3100 Genetic Analyzer; Life Technologies)
and allele sizes were assigned through the GeneMapper, ver-
sion 3.7 (Life Technologies). The collected genetic data were
used to construct a UPGMA (i.e. unweighted pair group method
with arithmetic mean) tree via DARWIN, version 6.0.21 (https://
darwin.cirad.fr) and principal coordinates analysis (PCoA) was
performed using GenAlEx, version 6.5 (http://biology-assets.
anu.edu.au/GenAlEx/Welcome.html).
GeneMapper profiles were used to calculate the limit of detec-

tion (LOD6) according to Broeders et al.
34 A serial dilution was pre-

pared for each contaminant variety as described in Table 1 and
the analysis of each dilution was performed in hexaplicate
(n = 6). The LOD6 was defined as the lowest percentage of con-
taminant variety for which each of the six repeats provided a spe-
cific detectable peak.34

The contaminant variety percentage was estimated using
the peak area obtained through the amplification of the
hand-made mixtures with DuPw004, DuPw205 and Xgwm413.

Table 1. List of the 27 hand-made mixtures of durum wheat
semolina

Blend
Reference
sample %

Contaminant
variety %

Contaminant
variety

C1 100 0 Ciccio
C2 99 1
C3 97 3
C4 96 4
C5 95 5
C6 94 6
C7 88 12
C8 76 24
C9 52 48
K1 100 0 Khorasan
K2 99 1
K3 97 3
K4 96 4
K5 95 5
K6 94 6
K7 88 12
K8 76 24
K9 52 48
T1 100 0 Timilia
T2 99 1
T3 97 3
T4 96 4
T5 95 5
T6 94 6
T7 88 12
T8 76 24
T9 52 48

0 0.1
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Figure 1. UPGMA dendrogram analysis of the 14 durum wheat varieties
obtained through the amplification with the primers corresponding to
DuPw004, DuPw115, DuPw167, DuPw205, DuPw217, Xgwm124, Xgwm155,
Xgwm413 and Xgwm663 markers.

Figure 2. UPGMA dendrogram analysis of the 25 commercial samples and
the 4 varieties declaredby the producer (in red) obtained through the ampli-
fication with the primers corresponding to DuPw004, DuPw115, DuPw167,
DuPw205, DuPw217, Xgwm124, Xgwm155, Xgwm413 and Xgwm663markers.
Khorasan, Ciccio and Timilia varieties were used as outgroups.
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For each percentage, the ratio between the area of the con-
taminant peak and the sum of the area of both the expected
and the contaminant peaks was calculated. This value was
compared with the actual percentage of the contaminant
variety.

RESULTS AND DISCUSSION
Fingerprinting of durum wheat varieties and commercial
samples
With the main purpose of verifying the feasibility of a simple and
versatile SSR-based approach for pasta traceability, we analyzed

Table 2. Allelic patterns detected in the 25 commercial mixtures using 9 SSR markers

DuPw004 DuPw115 DuPw167 DuPw205 DuPw217 Xgwm155 Xgwm413 Xgwm124 Xgwm663

Pietrafitta a a c b c b b a a
Quadrato a a b b a b a a b
Redidenari a a a b b b b b a
Marco Aurelio a a b b a b b b b
S1 1 a 1 a 2 ab 2 bx 2 ac 2 bx 2 ab 2 ab 1 b
S2 1 a 1 a 3 abc 2 by 2 ac 1 b 2 ab 2 ab 1 b
S3 1 a 1 a 3 abc 2 by 2 ac 1 b 2 ab 2 ab 1 b
S4 1 a 1 a 3 abc 3 bxy 2 ac 1 b 2 ab 2 ab 1 b
S5 1 a 1 a 3 abc 2 by 3 abc 1 b 2 ab 2 ab 1 b
S6 1 a 1 a 3 abc 2 by 2 ac 1 b 2 ab 2 ab 1 b
S7 1 a 1 a 3 abc 2 by 3 abc 1 b 2 ab 2 ab 1 b
S8 1 a 1 a 3 abc 3 bxy 3 abc 1 b 2 ab 2 ab 1 b
S9 1 a 1 a 3 abc 1 b 3 abc 1 b 2 ab 2 ab 1 b
S10 1 a 1 a 3 abc 2 by 3 abc 1 b 2 ab 2 ab 1 b
S11 1 a 1 a 3 abc 2 by 3 abc 1 b 2 ab 2 ab 1 b
S12 1 a 1 a 3 abc 3 bxy 3 abc 2 bx 2 ab 2 ab 1 b
S13 1 a 1 a 3 abc 2 by 1 a 1 b 2 ab 2 ab 1 b
S14 1 a 1 a 3 abc 2 by 3 abc 1 b 2 ab 2 ab 1 b
S15 1 a 1 a 2 ab 1 b 2 ab 1 b 2 ab 2 ab 1 b
S16 1 a 1 a 2 ab 1 b 3 abc 2 bx 2 ab 2 ab 1 b
S17 1 a 1 a 2 ab 1 b 2 ab 1 b 2 ab 2 ab 1 b
S18 1 a 1 a 3 abc 2 by 2 ac 1 b 2 ab 2 ab 2 ab
S19 1 a 1 a 3 abc 2 by 2 ac 1 b 2 ab 2 ab 2 ab
S20 1 a 1 a 3 abc 3 bxy 2 ac 1 b 2 ab 2 ab 1 b
S21 1 a 1 a 3 abc 1 b 2 ac 1 b 2 ab 2 ab 1 b
S22 1 a 1 a 2 ab 1 b 2 ac 1 b 2 ab 2 ab 1 b
S23 1 a 1 a 3 abc 1 b 2 ac 1 b 2 ab 2 ab 1 b
S24 1 a 1 a 3 abc 1 b 3 abc 2 bx 2 ab 2 ab 1 b
S25 1 a 1 a 3 abc 1 b 3 abc 1 b 2 ab 2 ab 1 b

Note: The number and composition of allelic combinations were indicated for eachmixture and reference variety. Each letter represents a different allele.

Figure 3. PCoA plot of the 14 durum wheat varieties and the 25 commercial mixtures based on the two principal coordinates (coordinate 1 = 44.37%
and coordinate 2 = 15.71%).
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25 commercial semolina and pasta products by means of 10 SSR
markers, out of which nine were for durum wheat and one was
for bread wheat and compared the molecular profiles with those
obtained from 14 certified durumwheat varieties. SSRmarkers are
widely used to genotype agricultural species, including Triticum
ones, and their effectiveness in discriminating the durum wheat
varieties is consolidated.35-38 All the markers amplified PCR frag-
ments except the D genome-specific SSR marker Xgwm003, for
which no amplification product was observed for any sample,
indicating that common wheat is absent or present in a such
low amount to be undetectable in the commercial samples. Con-
sidering all the other markers, a total of 30 alleles were detected,
which ranged from 2 (DuPw115) to 6 (Xgwm155) (see Supporting
information, Tables S1 and S2). Xgwm155 resulted the most poly-
morphic marker, as also observed in previous studies.37-39 Among
the durum wheat varieties, Nadif and Marco Aurelio appeared to

be the most similar (Fig. 1). This was rather predictable because
these two varieties share a common parent in their pedigree
(see Supporting information, Table S3). Instead, Ciccio, Timilia
and Khorasan fell into the same cluster, clearly distinguishable
from the other ones, indicating that their molecular profile is con-
siderably different from the reference varieties (Fig. 1). Therefore,
these cultivars were chosen as the contaminant varieties for the
preparation of the hand-made mixtures.
The commercial mixtures presented similar molecular profiles.

In particular, an identical profile was observed for S9 and S25
(Group A), S21 and S23 (Group B), S4 and S20 (Group C), S18
and S19 (group D), S15 and S17 (Group E), S5, S7, S10, S11 and
S14 (Group F), and S2, S3 and S6 (Group G). The mixtures S1, S8,
S12, S13, S16, S22 and S24 presented a unique profile (Fig. 2). All
of the samples grouped with the References confirming the pres-
ence of these cultivars in the commercial samples.
The commercial samples showed the presence of multiple

alleles for most of the SSR markers and the alleles of at least two
of the four varieties declared by the producer were present, thus
indicating that the mixtures were actually composed of these cul-
tivars. Indeed, as specified by the producer, the pasta was pro-
duced with one or more of the four declared varieties. Groups C,
D, F and G and the samples S1, S8, S12, S13, S16 and S24 also
showed the presence of foreign alleles when amplified with
primers corresponding to DuPw205 and Xgwm155 (Table 2). The
peak height and the area of these alleles were much lower com-
pared to those of the reference alleles, suggesting the presence
of a cross-contamination rather than an intentional addition (see
Supporting information, Fig. S1). Indeed, cross-contaminations
are possible during growing, harvesting and semolina milling
practices, leading to the presence of a low percentage of a con-
taminant variety in the final product.40

To visualize the genetic similarities among the 14 varieties and
the commercial samples, PCoA was performed. The varieties were
clearly distinct from each other's while the mixtures showed over-
lapping positions. The commercial samples were mainly grouped
close to the four reference varieties in the two quadrants on the
right of the graph (Fig. 3). The observed allelic pattern along with
the results from PCoA suggested that all the commercial mixtures
were composed of the same varieties, most likely comprising the
References indicated by the producer; however, the presence of
one or more contaminant variety was also detected.

Hand-made mixtures and limit of detection
With the purpose to test the utility of SSRmarkers in the detection
of exogenous durum wheat varieties and to calculate the limit of

Figure 4. Comparative panel of the DuPw004 profile in different hand-
made blends. The alleles specific of the reference blend (a) and the con-
taminant variety (b) are indicated.

Figure 5. Probability of detection of a contaminant variety in a reference
sample, constituted by a blend of four varieties using DuPw004, DuPw205
and Xgwm413markers.
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detection (LOD6), 27 hand-made semolina mixtures were pre-
pared as described in Table 1 and tested with DuPw004, DuPw205
and Xgwm413 markers, which highlighted clear distinct allelic
profiles between the References and the chosen contaminant
varieties. For each marker, the contaminant peak was clearly dis-
tinguishable, and the peak height increased linearly with the con-
centration of the exogenous variety (Fig. 4).
The LOD6 was calculated for each hand-made blend and the

probability of detection was 1 when the percentage of contami-
nation was equal to or greater than 5% (Fig. 5). This value is com-
parable to that reported in SSR-based traceability studies on other
agri-food products, such as bread,24,39 must41,42 and olive oil.43

The contaminant variety percentage was estimated for each
hand-made blend and compared with the actual percentage to
estimate the accuracy of the proposed approach (Fig. 6). Using
the DuPw004 marker, the contaminant amount was marginally
underestimated at all levels of contamination, whereas an overes-
timation was generally observed in the case of the Xgwm413
marker. The DuPw205marker was shown to be the most accurate
because a marginal underestimation was observed only at lower
levels of contamination (up to 6%) (Fig.6; see also Supporting
information, Table S4). This is supported by the percentage error
or bias, which showed, for this marker, values lower than 13%
for the levels of contaminations higher than 5%. For the DuPw004
and Xgwm413markers, the bias decreased for increasing contam-
ination values, indicating a higher accuracy for higher levels of
contamination (see Supporting information, Table S4).
SSR-based methods are routinely used in food traceability

because of their high level of polymorphism and the ability to
be detected on a very small portion of DNA, which, in the case of
fragmented DNA isolated from processed foods, may constitute
an important advantage.16,17 Although this approach was previ-
ously used for the detection of common wheat in pasta,24,25 this
is the first study in which its effectiveness was demonstrated also
in the varietal identification. The proposed approach is simple
and versatile, and it was shown to be reliable in the detection of
contaminant variety in a percentage equal to or higher than 5%.
SSR analysis was also effective in the preliminary estimation of the
contaminant amount present in a sample and its sensitivity was

shown to be consistent with those observed in traceability studies
performed using more recent methods.28

CONCLUSIONS
Pasta is one of the most popular Italian foods in the world, and an
analytical approach aiming to trace the varieties used for its pro-
duction is necessary to reassure consumers in terms of transpar-
ency and to allow producers to adequately promote their
product. Despite the remarkable advances made in molecular
approaches, innovative techniques are only marginally used in
agri-food authentication, whereas traditional methods, such as
those based on SSR markers, are still the tools of choice.
In the present study, the feasibility of an easy SSR-based

method to differentiate varieties used to produce commercial
pasta was demonstrated. The proposed approach was useful to
authenticate different samples of commercial pasta and semolina
and detect the presence of a not declared variety. Moreover, the
limit of detection of the proposed analytical procedure was esti-
mated (5%) and its effectiveness in the preliminary estimation of
the amount of a contaminant variety was demonstrated.
Although this approach is not a quantitative method, it may rep-
resent a preliminary approach for the identification of the pasta
composition and the detection of not declared varieties in a per-
centage equal to or higher than 5%.
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