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Abstract: Virgin olive oil (VOO), characterized by its unique aroma, flavor, and health benefits, is
subject to adulteration with the addition of oils obtained from other edible species. The consumption
of adulterated olive oil with nut species, such as hazelnut or almond, leads to health and safety
issues for consumers, due to their high allergenic potential. To detect almond and hazelnut in olive
oil, several amplification systems have been analyzed by qPCR assay with a SYBR Green post-PCR
melting curve analysis. The systems selected were Cora1F2/R2 and Madl, targeting the genes coding
the allergenic protein Cor a 1 (hazelnut) and Pru av 1 (almond), respectively. These primers revealed
adequate specificity for each of the targeted species. In addition, the result obtained demonstrated
that this methodology can be used to detect olive oil adulteration with up to 5% of hazelnut or
almond oil by a single qPCR assay, and with a level as low as 2.5% by a nested-qPCR assay. Thus, the
present research has shown that the SYBR-based qPCR assay can be a rapid, precise, and accurate
method to detect adulteration in olive oil.

Keywords: authenticity; Corylus avellana; melting curve analysis; Olea europaea; olive oil adulteration;
Prunus dulcis; qPCR

1. Introduction

Virgin olive oil (VOO) is obtained from the fruit of the olive tree (Olea europaea L.) by
mechanical or other physical means only under conditions, particularly thermal conditions,
which do not lead to the alteration of the oil, and which have not undergone any treatment
other than washing, decantation, centrifugation, and filtration [1]. VOO, one of the key
foods of the Mediterranean diet, is valued for its sensory, nutritional, and health character-
istics, compared to other vegetable oils [2]. The leading producer, consumer, and exporter
of olive oil in the world is Europe, with a consumption share of about 66% [3]. In the
2019–2020 season, the world olive oil production reached 3.5 tons, and 60% was produced
in the European Union (EU). In terms of production, 91.8% of EU olive oil production
(about 1.8 million tons) is produced by three Mediterranean countries: Spain (58.48%), Italy
(19.02%), and Greece (14.29%) [4].

The high commercial value of the VOO makes it susceptible to deliberate adulteration
with other low-priced edible oils. In addition to being a fraud for the consumer, who pays
for a quality product, it can cause serious health problems if vegetable oils from potentially
allergenic species such as hazelnut (Corylus avellana) or almond (Prunus dulcis) are added.
The detection of adulteration of olive oil with most other vegetable oils can be carried out
using conventional methods based on the differences in the triacylglycerol, fatty acid, or
sterol composition of these oils [4,5]. Thus, fatty acid composition can be used to detect
olive oil adulteration with canola, soybean, rapeseed, walnut, mustard, and peanut, with a
level below 5% [6–10]. The absolute value of the difference between the experimental and
theorical equivalent carbon number 42 (ECN42) in triacylglycerols can be used to detect,
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at levels as low as 1%, olive oil adulteration with sunflower, cotton, safflower, soybean,
rapeseed, corn, canola, sesame, and walnut [7,11]. Based on differences in triglyceride
and fatty acid composition [7], olive oil adulteration with canola, sesame, soybean, cotton,
sunflower, corn, safflower, and walnut can also be detected.

Hazelnut oil is one of the most common adulterants found in olive oil due to the
very similar chemical profiles (triacylglycerol, total sterol, and fatty acid composition) of
these two oils [12]. This adulteration has been estimated to cause a loss of four million
euros per year for countries in the European Union [13]. Conventional methods used for
other vegetable oils do not detect the adulteration of olive oil with hazelnut oil at low
concentration levels (5–20%) [14]. Therefore, there is a great interest in the development of
analytical methods to detect olive oil adulteration, and to guarantee the authenticity and
traceability of virgin olive. Several chromatographic and spectroscopic methods have been
suggested in order to detect the presence of hazelnut oil in olive oil: SPME-GC/MS (solid
phase microextraction-gas chromatography/mass spectrometry) analysis [15], FT-MIR
(Fourier-transform mid-infrared) spectroscopy [16,17], FT-IR (Fourier-transform infrared)
spectroscopy coupled with chemometrics [18], fluorescence spectroscopy [19], Raman
spectroscopy [17,20], proton NMR (nuclear magnetic resonance) alone [21–24] or combined
with 31P NMR [25,26] and 13C NMR [27,28].

Almond oil is also used in the food industry nowadays, although not as common as
VOO, but is also used in salads and vegetable dips, and its composition makes it a healthy
alternative given its high levels of vitamin E and unsaturated fatty acids [29]. Despite its
food interest, it has been described as an olive oil adulterant [30] and has been included
in several studies on olive oil adulteration [2,16,25,31]. The main problem of a potential
adulteration of olive oil with almond oil lies in the possible allergic reactions to some of
the compounds found in these edible oils [32] and it is therefore essential for consumers to
know the quality, composition, and nutritional information of the products they are buying.
Almond allergy also deserves special attention because low doses can induce severe allergic
reactions [30]. Although almond detection has been little studied in vegetable oils, various
detection methods have been described, many of them relying on immunochemical [33,34],
mass spectrometry [35], visible spectroscopy coupled with artificial neural network [2], and
DNA-based [36] techniques. Aroca-Santos et al. [2] reported the quantification of sweet
almond oils in ternary mixtures with extra virgin olive by visible spectroscopy with linear
regressions or MLP (multi-layer perceptron).

In recent years, the use of DNA-based techniques has become important in testing the
authenticity of olive oil due to its high sensitivity, specificity, and reliability [6,37]. DNA
analysis detects differences at the genome level, so the similarity between the chemical
composition of olive oil and its adulterants is not a problem for fraud detection with these
methods. The molecular markers such as the microsatellites or single sequence repeats
(SSRs) and the single nucleotide polymorphisms (SNPs) are used for olive oil traceability
purposes [38–40]. Furthermore, these markers can provide information about the varietal
origin of olive oil or the botanical (species) origin of plant oils, and therefore allow the
detection of any adulteration in olive oil. Polymorphisms are genetic variants that can be
detected both in the nuclear genome and in genomes associated with organelles such as
the chloroplast [41].

In the last decade, qPCR (quantitative polymerase chain reaction) has been used in the
authentication of edible oils [42–45]. This technique, characterized by greater sensitivity,
reliability, and specificity than conventional PCR, allows the detection and quantification of
DNA in very low amounts. In addition, qPCR molecular markers, that require short-length
PCR amplification, are suitable as analytical targets in partially degraded DNA samples, as
those of olive oil [45]. qPCR has been applied in the detection and authentication of VOO.
Ganopoulos et al. [46] and Vietina et al. [47] proposed the high-resolution melting analysis
(HRM) of rbcL gene (ribulose-1,5-bisphosphate carboxylase/oxygenase) amplicons to detect
adulteration of olive oil with corn, sunflower, hazelnut, and canola oils. Ramos-Gómez
et al. [48] reported that the PetN-PbM system, based on the region between the PetN gene
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(encoding a cytochrome b6/f complex subunit N) and PsbM gene (encoding a photosystem
II protein M), showed to be a suitable and reliable system in relation to olive oil and olive
ingredients in both food authentication and food safety processes. A qPCR method based
on the chloroplast trnL (UAA) gene was used to establish a method for the authentication
of olive oil [45]. Uncu et al. [49] reported that while fatty acid analysis did not detect
fraud adulteration of olive oil with hazelnut oil, the presence of this adulterant at a relative
content as low as 5% was successfully determined with a chloroplast trnL (UAA) intron
gene PCR-CE (capillary electrophoresis) method [49].

In this context, the main objective of this work consists of testing the capability of
the real-time PCR assay with a SYBR Green post-PCR melting curve analysis to provide a
fast, reliable, and cost-effective method for the detection of the adulteration of VOO with
hazelnut or almond oil at low percentages.

2. Results and Discussion
2.1. DNA Extraction

The reliability of the results obtained by qPCR depends largely on the selection of an
optimal DNA extraction method for the species under study and the starting matrix. In the
case of leaf tissue, numerous optimized protocols are available for different species, but the
high fat and polyphenol content of olive, hazelnut, and almond leaves can interfere with
the DNA isolation. Thus, in this work, one of the most widespread CTAB-based methods
for DNA extraction from leaves described by Doyle and Doyle [50] was compared with an
adaptation of this method for leaf tissues with high lipid and phenolic contents [45].

The spectrophotometric results showed that, both in quality and quantity, the adapted
protocol yielded better results. Specifically, the concentration of DNA extracted with the
adapted method was approximately three times higher than that obtained with the classical
protocol for leaf tissue of hazelnut (206.1 ± 17.2 versus 591.5 ± 4.0 ng/µL) and almond
(173.7 ± 19.1 versus 548.3 ± 42.4 ng/µL). In the case of DNA obtained from olive leaves,
the yield was much higher, from 25.7 ± 1.6 ng/µL (classical method) to 574.3 ± 14.3 ng/µL
(adapted method). Moreover, the use of the adapted method also improved the purity
ratios, reaching A260/A280 values of 1.58 ± 0.05, 1.71 ± 0.07, and 1.81 ± 0.06 for DNA
from almond, hazelnut, and olive, respectively.

The low purity ratios obtained from leaves of these species were similar to those
previously reported in other studies [51]. These highlight the difficulty of achieving the
optimal ratio of 1.8 but suggest that DNA obtained at these ratios is amplifiable [52]. In fact,
the use of commercial kits by other authors showed the difficulty of finding a kit adapted
to the characteristics of this type of tissue, even failing to obtain amplifiable DNA [53],
finding optimal results in protocols based on CTAB with modifications [53–55].

The extraction of DNA from vegetal oils was carried out by the protocol described
by Ramos-Gómez et al. [44]. This method is based on the use of chloroform, as an or-
ganic reagent, using phenol:chloroform:isoamyl alcohol (25:24:1) in a volume equal to
the volume of olive oil, and avoiding several stages of DNA precipitation. The DNA
concentration obtained for olive, almond, and hazelnut oils was 941 ± 14, 5.55 ± 0.62,
and 1.77 ± 0.81 ng/µL, respectively. The amount of DNA recovered from vegetable oils
by any of the described methods is too small, below 15 ng/µL [56], to be detectable by
either agarose gel electrophoresis or UV spectrophotometry [51], with the exception of
Raieta et al. [57] who were able to visualize DNA obtained by a CTAB-based method and
purified by electro-elution using agarose gel electrophoresis. In terms of quality, all samples
had similar values of A260/A280 ratio (1.179 ± 0.269). Similar low absorbance ratios have
been detected in DNA isolated from vegetable oil in previous works, indicating the pres-
ence of protein, phenol, or other contaminants [44], but they also reported the amplifiability
of these samples.
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2.2. Selection of a Specific System to Detect Almond or Hazelnut

The detection of hazelnut and almond was performed using primer sets obtained
from literature, which are based on main targets in hazelnut and almond specific detection
systems. The genes considered as potential targets in the development of hazelnut-specific
systems for application in the agri-food sector mainly involve the gene Hsp1 coding for
low molecular weight heat-shock protein and the genes coding for the Cor, a group of
allergenic proteins. In this regard, two systems were selected based on Hsp1: Hsp1 [58]
and Nocc1 [59]. The Hsp1 showed specificity against 28 species, and the Nocc1 system
against 17 species. The amplification systems based on the Cor a gene selected were:
Cora1FW/RS [60], Cora1F2/R2 [54], and Cora13 [53]. Cora1FW/RS was a specific hazelnut
system tested against 13 species and some commercial foodstuffs; Cora1F2/R2 amplified,
in different food matrices, only hazelnut among other 15 species; and Cora13 allowed a
specific amplification of hazelnut against seven species in processed food. The specificity
of these systems against olive has not previously been checked, and they have not been
used to analyze DNA from vegetable oils.

The selected amplification systems for detecting almonds were Madl [61], Prd6 [58],
Pru du 1 [36], AlmondITS [62], and thau [63]. Madl is based on gene Pru av 1, for major
allergen PRU, and showed specificity against 44 species, detecting cross-reactivity only
with apricot. Prd6 was designed on gene encoding for the Pru du 6 allergen and has been
tested on 12 almond cultivars and other 26 plant species. Pru du 1 was also designed on
the gene coding for major allergen protein Pru du 1 and has been analyzed with seven
species and nine commercial products. The thau system, targeting a gene coding thaumatin-
like protein, detected almond among eight species, but cross-reactivity with apricot was
observed. AlmondITS was designed on the ITS sequenced region, an internal transcribed
spacer from ribosomal RNAs, and its specificity was determined in a study with 35 stone
fruits (including hazelnut and olive) and 214 commercial products. Among the species and
foods selected for the mentioned specificity studies, olive has not been included, with the
exception of the ITS system, and none of them have used vegetable oils as a food matrix.

The specificity of each primer pair (reported to be used in probe-based qPCR assays)
was assessed by qPCR protocols using SYBR Green I chemistry. We considered using
the SYBR Green I chemistry because this dye is less expensive, less time consuming, and
has easier optimization steps than the probes chemistry. This dye binds to dsDNA and
can be used to detect and quantify the amplification products during PCR by monitoring
overall fluorescence emission. However, the major disadvantage is that SYBR Green binds
nonspecifically to double helix and this may involve a loss of specificity if primers-dimers or
nonspecific fragments are present [64]. Therefore, the evaluation of the specific dissociation
curves and melting temperatures are essential to differentiate specific amplicons from other
non-specific products.

The selected primer sets were analyzed to determine those that allowed differentiation
between olive and the adulterant species (almond or hazelnut). The results obtained
showed that all systems amplified both the target species (almond or hazelnut) and olive.
Moreover, the systems Hsp1, Cora1FW/RS and Cora13 for hazelnut, and Pdr6 and Pru
du 1 for almond showed overlapping melting curves with olive (Table 1), so they were
discarded. However, the difference in the Tm value between the amplicon of hazelnut and
olive was 7.5 ◦C and 4.5 ◦C for Nocc1 and Cora1F2/R2, respectively, and 5.5 ◦C, 7.0 ◦C, and
7.5 ◦C for the amplification of almond and olive by Mad1, thau, and AlmondITS (Table 1).

The effect of increasing the annealing temperature of the systems to 61, 63, and 65 ◦C
was analyzed to determine whether the specificity of the systems increased (Table 2). From
these results, the annealing temperatures were selected to achieve the greatest difference
between the Tm values of the adulterant species and that of the olive: 60 ◦C for Nocc1 and
Cora1F2/R2 and 61 ◦C for Madl, thau, and AlmondITS. In the melting curves obtained, the
olive was clearly differentiated from the possible adulterating species, hazelnut (Figure 1)
or almond (Figure 2).
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Table 1. Melting temperature (Tm) obtained for hazelnut (C. avellana), almond (P. dulcis), and olive
(O. europaea) in SYBR-qPCR assays of the systems used in this study a.

Adulterant
Specie

System
Tm Amplicon (◦C)

Adulterant O. europaea

C. avellana

Hsp1 84.0 84.0
Nocc1 84.5 77.0

Cora1FW/RS 79.0 79.0
Cora1F2/R2 80.0 75.5

Cora13 86.0 86.0

P. dulcis

Madl 83.5 78.0
Prd6 86.0 86.0

Pru du 1 75.5 75.5
thau 82.0 75.0

AlmondITS 84.5 77.0
a Annealing temperature qPCR: 60 ◦C.

Table 2. Melting temperature (Tm) for hazelnut (C. avellana), almond (P. dulcis), and olive (O. europaea)
obtained at different annealing temperature ranging from 60 to 65 ◦C.

Adulterant
Specie

System

Tm Amplicon (◦C) a

Adulterant O. europaea

60 ◦C 61 ◦C 63 ◦C 65 ◦C 60 ◦C 61 ◦C 63 ◦C 65 ◦C

C. avellana
Nocc1 84.5 84.5 84.5 84.5 78.0 84.5 84.5 84.5

Cora1F2/R2 79.0 79.0 79.0 N/A 74.5 78.0 80.0 80.0

P. dulcis
Madl 81.5 81.5 N/A N/A 78.0 77.0 79.0 79.0
thau 82.0 82.0 N/A N/A 75.0 75.0 N/A N/A

AlmondITS 84.5 84.0 83.5 N/A 77.0 75.0 82.5 N/A
a N/A: non-amplification.
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Figure 1. Derivates of melting curves for olive (red) and hazelnut (green) DNA obtained by SYBR-
qPCR of Cora1F2/R2 (A) and Nocc1 (B) systems assayed in triplicate. Annealing temperature
qPCR: 60 ◦C.

On the other hand, the D-trnL system was also analyzed for its specificity toward
hazelnut and almond, under the conditions described in Alonso-Rebollo et al. [45]. The
results showed how it specifically amplifies olive with a Cq of 11.3 ± 0.1 and a melting
peak at 79.1 ± 0.1 ◦C, while hazelnut did not amplify, and almond amplified from cycle
30 onwards with a melting peak at 76.6 ± 1.1 ◦C (Figure 3). Therefore, it was considered as
an olive oil specific system.

Besides, the selected systems not only have to allow discrimination between species
but also have to show, within a wide linear dynamic range, high sensitivity and be efficient.
In this sense, the analysis of the calibration curves is the main parameter used to determine
the amplification efficiency and the adjustment coefficient (R2). The statistical analysis of
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the Cq values allowed us to determine the sensitivity of the systems to quantify (LOQ) and
to detect (LOD) (Table 3).

Molecules 2023, 28, x FOR PEER REVIEW  6  of  16 
 

 

 

Figure 2. Derivates of melting curves for olive (red) and almond (blue) DNA obtained by SYBR-

qPCR  of  Madl  (A),  thau  (B),  and  AlmondITS  (C)  systems  assayed  in  triplicate.  Annealing 

temperature qPCR: 61 °C. 

On  the other hand,  the D-trnL system was also analyzed  for  its specificity  toward 

hazelnut and almond, under the conditions described in Alonso-Rebollo et al. [45]. The 

results showed how  it specifically amplifies olive with a Cq of 11.3 ± 0.1 and a melting 

peak at 79.1 ± 0.1 °C, while hazelnut did not amplify, and almond amplified from cycle 30 

onwards with a melting peak at 76.6 ± 1.1 °C (Figure 3). Therefore, it was considered as an 

olive oil specific system. 

     

Figure 3. Amplification curves (A) and derivate of melting curves (B) of D-trnL SYBR-qPCR for olive 

(red), hazelnut (green), and almond (blue) assayed in triplicate. 

Besides, the selected systems not only have to allow discrimination between species 

but  also  have  to  show, within  a wide  linear  dynamic  range,  high  sensitivity  and  be 

efficient. In this sense, the analysis of the calibration curves is the main parameter used to 

determine the amplification efficiency and the adjustment coefficient (R2). The statistical 

analysis of the Cq values allowed us to determine the sensitivity of the systems to quantify 

(LOQ) and to detect (LOD) (Table 3). 

Figure 2. Derivates of melting curves for olive (red) and almond (blue) DNA obtained by SYBR-qPCR
of Madl (A), thau (B), and AlmondITS (C) systems assayed in triplicate. Annealing temperature
qPCR: 61 ◦C.

Molecules 2023, 28, x FOR PEER REVIEW  6  of  16 
 

 

 

Figure 2. Derivates of melting curves for olive (red) and almond (blue) DNA obtained by SYBR-

qPCR  of  Madl  (A),  thau  (B),  and  AlmondITS  (C)  systems  assayed  in  triplicate.  Annealing 

temperature qPCR: 61 °C. 

On  the other hand,  the D-trnL system was also analyzed  for  its specificity  toward 

hazelnut and almond, under the conditions described in Alonso-Rebollo et al. [45]. The 

results showed how  it specifically amplifies olive with a Cq of 11.3 ± 0.1 and a melting 

peak at 79.1 ± 0.1 °C, while hazelnut did not amplify, and almond amplified from cycle 30 

onwards with a melting peak at 76.6 ± 1.1 °C (Figure 3). Therefore, it was considered as an 

olive oil specific system. 

     

Figure 3. Amplification curves (A) and derivate of melting curves (B) of D-trnL SYBR-qPCR for olive 

(red), hazelnut (green), and almond (blue) assayed in triplicate. 

Besides, the selected systems not only have to allow discrimination between species 

but  also  have  to  show, within  a wide  linear  dynamic  range,  high  sensitivity  and  be 

efficient. In this sense, the analysis of the calibration curves is the main parameter used to 

determine the amplification efficiency and the adjustment coefficient (R2). The statistical 

analysis of the Cq values allowed us to determine the sensitivity of the systems to quantify 

(LOQ) and to detect (LOD) (Table 3). 

Figure 3. Amplification curves (A) and derivate of melting curves (B) of D-trnL SYBR-qPCR for olive
(red), hazelnut (green), and almond (blue) assayed in triplicate.

Table 3. qPCR validation parameters obtained for the specific detection systems for almond and
hazelnut selected in this study.

Target System
Calibration Curve Accuracy and Efficiency Analytical Sensitivity

Slope Intercept R2 a E b (%) LOD c (pg) LOQ d (pg)

C. avellana
Nocc1 −3.306 21.553 0.997 100.31 5 50

Cora1F2/R2 −3.372 19.016 0.997 97.95 5 5

P. dulcis
Madl −3.390 24.702 0.995 97.25 5 5
thau −3.255 25.247 0.977 102.89 5 50

AlmondITS −5.011 20.311 0.947 58.33 5 -

O. europaea D-trnL −3.322 14.499 0.999 100.01 0.5 0.5
a Correlation coefficient; b PCR efficiency; c limit of detection; d limit of quantification.
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Among the five systems analyzed (Table 3), only the ITS system confirmed the detec-
tion ability of almond but not its quantification capacity under the tested conditions. This
is a system whose previous validation included a Taq-Man probe [62], which suggests that
this probe is a requirement to allow quantification. The thau system, although it allowed
the quantification of almond DNA, is the one that showed a range of linearity and its LOQ
was established between 50 ng and 50 pg of DNA, increasing the lower detection threshold
to 5 pg of DNA per reaction. The Nocc1 system allowed to quantify between 500 ng and
50 pg and specifically detect up to 5 pg of DNA from hazelnut. The Madl systems, specific
for almonds, and Cora1F2/R2, specific for hazelnuts, turned out to be the systems that
showed the highest LOD, up to 5 pg, for each species, also extending the LOQ up to the
same amount.

The systems Madl, Cora1F2/R2, and D-trnL showed correlation coefficients greater
than 0.995 and qPCR efficiencies between 97 and 100% (Table 3). Both, the correlation
coefficients and the qPCR efficiencies are similar to those described by these systems
for almond (0.996 and 98.0%) [54] and olive (0.999 and 105.0%) [45], in the absence of
comparative data for hazelnut, which shows that they are systems with high efficiency and
a wide range of detection.

Before applying these systems to DNA isolated from vegetable oils, the robustness of
the almond (Madl) and hazelnut (CoraF2/R2) specific systems was tested on two different
qPCR instruments (QuantStudio TM5 and iCycler iCycler iQ™) and three different master
mixes (SYBR-EURX, RealQ Plus-AMPLIQON and KAPA SYBR®-KAPA BIOSYS-TEMS).
The results obtained showed that the melting profiles obtained on the iCycler iQ™ qPCR
instrument clearly discriminated the target samples from the adulterant samples; however,
in both cases, a ± 1 ◦C shift in the melting peaks of the target species was observed,
although the melting temperatures of the adulterants were not altered. Furthermore, when
using different SYBR-based products, no significant differences (p < 0.05) were observed in
the melting temperatures obtained for Madl (almond: 81.8 ± 0.19, olive: 77.28 ± 1.07) and
CoraF2/R2 (hazelnut: 79.13 ± 0.22, olive: 74.39 ± 0.4) systems.

Thus, the parameters are in good agreement with the acceptance criteria defined
for qPCR method performance [65], so they were selected to determine their ability to
specifically detect almond, hazelnut, and olive DNA, respectively, in mixtures of DNA
extracted from vegetable oils.

2.3. Sensitivity in DNA Isolated from Vegetable Oils

In order to determine the capacity of each system to detect possible adulterations
in vegetable oils, DNA was extracted from almond, hazelnut, and olive oils and binary
mixtures of these DNAs were made in nine different percentages ranging from 100:0% to
0:100% (olive:adulterant). To detect the adulterant species, the sensitivity and specificity of
the systems selected were analyzed by qPCR. The evaluation of specific dissociation curves
and melting temperatures turns critical for the discrimination of specific amplicons and
other unspecific products [60]. In this sense, considering the different dissociation patterns
presented by the systems under study, the sensitivity analysis in mixtures of DNA from
oils was carried out based on the melting profiles generated in each system.

The D-trnL system was found to be specific for olive allowing the detection of olive in
up to a 5% mixture in 95% of almond DNA (Figure 4) without detecting almond or hazelnut
DNA. The specificity of this system, already described in Alonso-Rebollo et al. [45] against
maize, sunflower, peanut, coconut, and rapeseed, is now extended to almond and hazelnut.
Furthermore, the results obtained in this work suggested that this system can be applied
not only to types of olive oil (extra virgin, virgin, olive oil, and pomace oil) [45], but it can
also be used to detect the presence of olive in binary mixtures with only 5% olive DNA.
Therefore, this system has potential as a tool for the specific detection of olive oil against the
main vegetable oils on the market. This system could be used as an olive oil authentication
system and could also be included in studies of possible fraud due to adulteration, allowing
the establishment of a positive control for olive oil.
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the figure.

The Cora1F2/R2 system, designed to detect hazelnut, has also been studied in binary
mixtures with olive DNA at different percentages (Figure 5A). The results showed how
the system is able to specifically detect hazelnut in these mixtures up to a lower threshold
of 10%, not detecting hazelnut in the 95 and 100% olive mixture. In this case, it was
observed how, as the presence of olive DNA increased, a second melting peak appeared at
74.4 ± 0.5 ◦C, compared to the corresponding almond peak of 78.9 ± 0.1 ◦C. A sample of
olive DNA extracted from leaves at a concentration of 100 ng was included in the assay,
which yielded a melting peak at 74.5 ± 0.1 ◦C, coinciding with the second peak observed
in the mixtures with 15 and 20% hazelnut DNA.
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The system selected to specifically detect almond trees, Madl, was tested under the
same conditions as the previous systems. The results (Figure 5B) showed that this system
was able to detect up to 10% almond DNA in the presence of olive DNA. In this case, as
with D-trnL, the detection resulted in unique, almond-specific melting peaks at Tm of
81.6 ± 0.1 ◦C. At percentages lower than 10%, no amplification was obtained. The olive
positive control showed its characteristic melting peak at 77.3 ± 0.1 ◦C but no secondary
peaks were detected at this temperature in the mixtures at different percentages, probably
due to the competitiveness of the target.

The overall results allow us to establish Cora1F2/R2 as systems that can detect the
presence of 5% hazelnut and 10% almond in olive oils, respectively. Likewise, the D-trnL
system can be used to specifically detect olive in oils, so it can be used as an amplifiability
control. However, the presence of almonds or hazelnuts in olive oils as adulterants can be
found in lower percentages and can cause health problems, not to mention the food fraud
that it entails and the food safety problem that it constitutes.
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2.4. Detection of Almond and Hazelnut in Olive Oils

In order to increase the sensitivity of the almond and hazelnut detection systems, a
PCR pre-amplification process was carried out followed by a second amplification phase
using qPCR. This nested PCR has been proposed by other authors as an effective approach
to detect DNA targets as almonds or hazelnut [30,58] or peanut [66] at trace levels.

The nested PCR was used to analyze the DNA extracted from adulterated olive oils in
percentages established in the laboratory of 15, 10, 5, and 2.5% of almond or hazelnut oils
(Figure 6). In order to amplify all the DNA recovered from the extraction process, first-stage
pre-amplification was performed at 58 ◦C and to reduce non-specific amplifications, a DNA
polymerase proof-reading was used. After pre-amplification by PCR, 10 µL of the product
was used for second-stage qPCR, according to the most optimal conditions described
previously in this work.
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In the case of mixtures of hazelnut oil in olive oil at low percentages, it was possible to
detect the presence of hazelnut DNA in percentages of 15, 10, and 5% with the presence of
two well-defined peaks, with a slight displacement of both with respect to those observed
in the simple qPCR analyses at 78.5 and 74 ◦C (Figure 6A). This slight displacement of the
melting peaks has also been observed in the DNA obtained from different oils with respect
to the DNA obtained from seeds [47]. At a percentage of 2.5% of hazelnut oil in olive oil,
the system only detects olive DNA, and another peak of lower fluorescence is generated,
probably due to non-specific amplification.

Despite the existence of multiple methodologies for the detection of minor adulterants
in olive oils [6], the detection of hazelnut oil is especially complex due to the similarities of
both oils in terms of lipid profile. Systems based on a chemometric analysis of the NIR (near-
infrared spectroscopy) spectra with PCA (principal component analysis) processing [67],
and on mass spectrometry combined with multivariate regression techniques [68], have
been described as hazelnut detection techniques in olive oils. These methods are the most
sensitive up to now but require precision equipment accompanied by complex statistical
analysis. A different approach, based on DNA, has demonstrated its ability to detect up to
10% hazelnut in olive oils [47]. These DNA-based methods use less time and costs, being
an optimal alternative to achieve this objective.

The Madl system also made it possible to detect almond by nested qPCR in olive
oil adulterated with 2.5% almond oil (Figure 6B). At this last percentage, a third peak
appears at 74 ◦C, probably due to the decrease in the annealing temperature during the
pre-amplification phase, which has favored the appearance of this non-specific product
in the absence of target DNA in the same way that it has produced the appearance of the
peaks corresponding to olive, which did not appear in the simple qPCR assays.

The usefulness of the nested-PCR and its potentiality in the detection of diverse
allergens has been highlighted previously [58], now its applicability in the detection of
adulterants in oils with allergenic potential is emphasized. The presence of proteins and



Molecules 2023, 28, 4248 10 of 15

peptides in cold-pressed oils is less commonly discussed, though they are an important
component that may influence the oils’ stability and also cause an allergenic response in sen-
sitive consumers [69,70] and allergenic proteins have been detected in this type of oil [71].

The Cora1F2/R2 and Madl systems have been previously correlated with the ELISA
(enzyme linked immunosorbent assay) method in the detection of hazelnut and almond in
food, respectively [54,60]. Both works suggest the possibility of applying, in the first instance,
qPCR as a screening method to carry out a confirmation process using ELISA to obtain
complete and reliable information in complex matrices in which allergens can be masked [60].

In summary, with this work, we have been able to describe the application of qPCR
amplification systems based on SYBR-Green for the detection of almond and hazelnut as
olive oil adulterants and a control system for olive oil with high sensitivity and specificity
against both adulterant species. The application in adulterated olive oils demonstrated
the ability of these systems to detect up to 5% adulteration with hazelnut and up to 2.5%
with almonds by means of nested-PCR, thus defining a time and cost-efficient tool for the
identification of both nut adulterants in olive oils.

3. Materials and Methods
3.1. Plant Tissue and Oil Samples

Almond and hazelnut samples were collected from wild tress locally known as almond
(P. dulcis) and hazelnut (C. avellana) in the locality of Villasidro (Burgos, Spain, GPS coordi-
nates: 42◦26′14′′ N and 4◦4′21′′ W). Olive (O. europaea) samples were taken from an olive
mill located in Ahigal de los Aceiteros (Salamanca, Spain, GPS coordinates: 40◦52′31′′ N
and 6◦44′52′′ O). All samples consisted of fresh, healthy leaves taken from different trees
and were stored at −80 ◦C until DNA isolation.

Olive oil, produced from olives of the Picual variety, was purchased from olive oil
mills, and almond and hazelnut oils were obtained from local grocery retailers. The labeling
of all oils describes them as virgin oils from a single plant species.

3.2. DNA Extraction

The frozen leaf was ground into fine powder in the presence of liquid nitrogen with
a porcelain mortar and pestle. In total, 100 mg of the fine power were transferred into
a 0.5 mL tubes for DNA extraction. Two methods were assayed to isolate DNA from
vegetable tissue: the protocol described by Doyle and Doyle [50], and an adaptation of it
for olive trees and other oilseed species reported by Alonso-Rebollo et al. [45].

DNA was extracted from oil samples according to the protocol developed by Ramos-
Gómez et al. [44] for vegetable oils, with minor modification. In detail, 1 mL of mixtures
of oils was mixed with 0.5 volumes of pre-warmed lysis buffer (2% (w/v) CTAB, 1.4 M
NaCl, 50 µM dithiothreitol (DTT), 20 mM ethylenediaminetetraacetic acid (EDTA), 100 mM
trishydroxymethyl amino methane (Tris)–HCl, pH 8.0, 2% (v/v) Tween-20, 20 µg Proteinase
K), and 0.5 volumes of hexane at 65 ◦C for 30 min. Subsequently, 500 µL of cold chlo-
roform:isoamyl alcohol (24:1) were added and mixed for 2 min and centrifuged during
15 min at 20,000× g (4 ◦C). This step was repeated in order to purify the sample. For DNA
precipitation, the aqueous phase was transferred to a new tube and 0.8 volumes of cold iso-
propanol were added. The tubes were kept at −20 ◦C for 1 h and centrifuged at 20,000× g
(4 ◦C) for 30 min. Then, the DNA pellet was washed with 70% (v/v) ethanol. Finally, the
DNA pellet was resuspended in 12.5 µL of 0.1 × TE buffer (10 mM Tris, 1 mM EDTA).

The quantity and quality of the isolated DNA was determined by measuring the
absorbance at 260 nm and the 260/280 nm ratio using a UV spectrophotometer (PowerWave
XS2, BioTek Instruments, Inc., Saint Quentin, France).

3.3. Oligonucleotide Primers

For the detection of almond and hazelnut, for each species, five systems described
in the literature were selected based on their specificity against other species and their
suitability for qPCR (Table 4).
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Table 4. qPCR systems used in this study: their features and amplification conditions.

Name Sequence (5′-3′)
PCR Conditions a

Target
(bp)

GenBank
Accesion Ref.Conc.

(nM)
Den.
t (s)

Ann.
T (◦C), t (s)

Ext.
t (s) Cycles

Hsp1 F: AGCGTCGAGAGTGGCAAGTTC
R: CCTGCTCGCCTCCGCTTTC 200 15 66, 45 60 50 126 AF021807 [58]

Nocc1 F: GGCAAGTTCGTGAGCAGGTTC
R: CTTTCGGAATAGTCACAGTGAG 500 15 60, 60 – 35 100 AF021807 [59]

Cora1FW/RS F: GCTTTGTCCGACAAACTGGAG
R: TCCTATGGTGTGGTACTTGCTG 250 30 55, 30 40 35 105 Z72440 [60]

Cora1F2/R2 F: ACTACATAAAGCAAAAGGTTGAAG
R: TCGTAATTGATTTTCTCCAGTTTG 800 15 60, 60 – 35 109 Z72440 [54]

Cora13 F: GCGGTCATCACAGTATCGCTT
R: GTCACGTACCTGTAGATCCACGAC 200 15 60, 60 – 40 101 AY224599 [53]

Madl F: CCTAGCGGAGGATCCATCATC
R: GGTCTCAATGAGCTTGAAGAG 160 15 60, 60 60 45 129 BQ641046 [61]

Prd6 F: CCGCAGAACCAGTGCCAGCT
R: CCCCGGCACACTGGAAGTCCT 300 15 65, 45 – – 121 EU919663 [58]

Pru du 1 F: AGTGTATTGTGATTGGCTCCC
R: AGTCTTTGGCTTGCATTTGG 200 15 60, 60 – 40 100 KC969088 [36]

thau F: ACTGAGCACAACGGAATATC
R: TAGGATGCCGTGCGTAGC 500 15 58, 30 30 55 113 EU424262 [62]

AlmondITS F: CTAGCCGAACGACCCGAGA
R: CCGAGATAAAGGGGACGAG

300F
900R 5 60, 30 – 55 76 HF969276 [63]

D-trnL F: GGGCAATCCTGTAGCCAAA
R: ACGCAGTCCACTCCATTTGT 100 30 53, 30 60 40 110 DQ131560 [45]

a Abbreviations: conc.: primer concentration; den.: denaturation; ann.: annealing; ext.: extension; t: time;
T: temperature.

The olive-specific system, D-trnL (Table 4), was previously designed by our research
group for the authentication of olive oil [45]. This system, based on the intron region of the
chloroplast tRNA trnL (UAA) gene, showed specificity among 7 oilseed species.

All the primers were synthetized by Metabion (Martinsried, Germany).

3.4. qPCR Assay

The systems were tested by SYBR Green-based quantitative PCR (qPCR). The assays
were carried out in a mixture of 20 µL containing 1×SYBR Green Master Mix (EURx,
Gdańsk, Poland), forward and reverse primers at the concentration previously described
(Table 4). and 50 µg or 5 µL of DNA from foliar tissue or vegetal oils, respectively. The initial
amplification conditions assayed were as previously reported for each system (Table 4).
Moreover, in our study, the amplification program was followed by a melting cycle of 95 ◦C
for 1 min and annealing at 60 ◦C for 3 min (for the correct formation of DNA duplexes),
being followed by a melting curve (60 ◦C up to 95 ◦C) with temperature increments of
0.5 ◦C every 15 s.

The qPCR assays were performed in a fluorometric thermal cycler QuantSudioTM 5
Real-Time PCR System (Thermo Fisher Scientific, Waltham, MA, USA). All samples were
analyzed in triplicate and no template control (NTC) was included in any assay to ensure
the absence of contamination.

3.5. Evaluation and Selection of the qPCR Systems

The linear dynamic range of the systems was determined by performing a standard
curve for each system. The standard curves were designed including three replicates of
eight ten-fold dilutions of DNA from each species (from 500 ng to 0.5 pg). All systems
included an NTC to detect DNA contamination. The efficiency (E = 10(−1/slope) − 1) and the
correlation coefficient (R2) were calculated from the equation of the curve for each system
(Cq = a log [DNA] + b).

The sensitivity of the methods, based on the standard curve, was evaluated by de-
termining the limit of detection (LOD), defined as the lowest concentration at which the
analyte can reliably be detected with a probability of 95%, and the limit of quantification
(LOQ), understood as the lowest concentration at which there is some confidence in the
accuracy of the reported measurement. The statistical significance between the Cq values
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was evaluated by analysis of variance (ANOVA) with a significance level of 95% (p < 0.05)
considering the three replicates of each point on the standard curve.

Once the optimal experimental conditions for each system were established, the ro-
bustness of the systems was evaluated based on the melting profiles obtained in two qPCR
instruments: QuantSudioTM 5 Real-Time PCR System (Thermo Fisher Scientific, Waltham,
MA, USA) and iCycler iQ™ Real-Time PCR Detection System (Bio-Rad, Hercules, CA,
USA). Results obtained using different master mixes were also compared: 2× SYBR Green
Master Mix (EURx, Gdańsk, Poland), RealQ Plus 2× Master Mix Green (AMPLIQON,
Odense M, Denmark), and KAPA SYBR® FAST Qpcr Master Mix (KAPA BIOSYSTEMS,
Wilmington, MA, USA). All assays were performed in triplicate, including target and
adulterant DNA.

3.6. Detection of Olive Oil Adulteration

For the detection of olive oil adulteration, different mixtures of DNA obtained from
olive oil and almond oil, or hazelnut oil, were prepared at ratios of 100:0%, 95:5%, 90:10%,
85:15%, 80:20%, 75:25%, 50:50%, 25:75%, and 0:100%, respectively. In the assays for the
adulteration of olive oil with almond and hazelnut, olive controls consisting of 100 ng of
DNA from olive leaves per reaction were included. On the other hand, in the detection of
olive in DNA mixtures of oils, DNA from almond leaves and hazelnut leaves were included
as controls at 100 ng per reaction. The analysis of the results obtained allowed for the
determination of the sensitivity of the specific systems of each of the species.

Nested qPCR

To improve the sensitivity of the systems at low percentages of adulteration, a nested
qPCR was carried out with DNA obtained from a mixture of olive oil and almond oil or
hazelnut at ratios of 97.5:2.5%, 95:5%, 90:10% and 85:15%, respectively.

The optimization process was based in the pre-amplification of the DNA by conven-
tional PCR in a Veriti™ Thermal Cycler (Thermo Fisher Scientific, Waltham, MA, USA),
with the selected systems and same conditions, during only 5 cycles at 58 ◦C of annealing
temperature and using a proofreading DNA polymerase (PfuPlus! DNA Polymerase, EURx,
Gdańsk, Poland). The PCR products were then amplified by qPCR, as described above.

4. Conclusions

The CoraF2/R2 and Madl systems have shown, through distinctive melting curves,
adequate specificity for hazelnut and almond, respectively. The results showed that adul-
teration of up to 5% hazelnut or almond oils in olive oils can be detected by a single qPCR
assay. The use of nested qPCR allowed to increase the sensitivity threshold in both systems,
detecting up to 2.5% adulteration of olive oil with oils from these two adulterant species.
In summary, the present research has shown that SYBR-based qPCR assays can be a rapid,
precise and accurate method to detect adulteration of olive oil with almond or hazelnut.

Author Contributions: S.R.-G., conceptualization, formal analysis, methodology, investigation,
writing—original draft; M.D.B., formal analysis, supervision, visualisation; N.O., conceptualisa-
tion, formal analysis, supervision, validation, writing—review and editing. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

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

Sample Availability: Not applicable.



Molecules 2023, 28, 4248 13 of 15

References
1. International Olive Council (IOC). Olive World: Olive Oil. Available online: https://www.internationaloliveoil.org/olive-world/

olive-oil/ (accessed on 9 November 2022).
2. Aroca-Santos, R.; Lastra-Mejías, M.; Cancilla, J.C.; Torrecilla, J.S. Linear and non-linear quantification of extra virgin olive oil,

soybean oil, and sweet almond oil in blends to assess their commercial labels. Food Compost. Anal. 2019, 75, 70–74. [CrossRef]
3. Fernández-Lobato, L.; López-Sánchez, Y.; Blejman, G.; Jurado, F.; Moyano-Fuentes, J.; Vera, D. Life cycle assessment of the

Spanish virgin olive oil production: A case study for Andalusian region. J. Clean. Prod. 2021, 290, 125677. [CrossRef]
4. International Olive Council (IOC). World’s Olive Oil Production Has Tripled. 2021. Available online: https://www.

internationaloliveoil.org/worlds-olive-oil-production-has-tripled/ (accessed on 9 November 2022).
5. Azadmard-Damirchi, S. Review of the use of phytosterols as a detection tool for adulteration of olive oil with hazelnut oil. Food

Addit. Contam. A 2010, 27, 1–10. [CrossRef] [PubMed]
6. Salah, W.A.; Nofal, M. Review of some adulteration detection techniques of edible oils. J. Sci. Food Agric. 2021, 101, 811–819.

[CrossRef]
7. Christopoulou, E.; Lazaraki, M.; Komaitis, M.; Kaselimis, K. Effectiveness of determinations of fatty acids and triglycerides for

the detection of adulteration of olive oils with vegetable oils. Food Chem. 2004, 84, 463–474. [CrossRef]
8. Amereih, S.; Barghouthi, Z.; Marowan, O. Detection and quantification of adulteration in olive oil using a UV-spectrophotometric

method. Palest. Tech. Univ. Res. J. 2014, 2, 14–19. [CrossRef]
9. Azadmard-Damirchi, S.; Torbati, M. Adulterations in some edible oils and fats and their detection methods. J. Food Qual. Hazards

Control 2015, 2, 38–44.
10. Carrillo, W.; Carpio, C.; Morales, D.; Vilcacundo, E.; Alvarez, M.; Silva, M. Content of fatty acids in corn (Zea mays L.) oil from

Ecuador. Asian J. Pharm. Clin. Res. 2017, 10, 150–153. [CrossRef]
11. Jabeur, H.; Zribi, A.; Makni, J.; Rebai, A.; Abdelhedi, R.; Bouaziz, M. Detection of chemlali extra-virgin olive oil adulteration

mixed with soybean oil, corn oil, and sunflower oil by using GC and HPLC. J. Agric. Food Chem. 2014, 62, 4893–4904. [CrossRef]
12. Zabaras, D. Olive oil adulteration with hazelnut oil and analytical approaches for its detection. In Olives and Olive Oil in Health

and Disease Prevention; Preedy, V.R., Watson, R.R., Eds.; Academic Press: London, UK, 2010; pp. 441–450.
13. González-Domínguez, R.; Sayago, A.; Morales, M.T.; Fernández-Recamales, Á. Assessment of virgin olive oil adulteration by a

rapid luminescent method. Foods 2019, 8, 287. [CrossRef]
14. Blanch, G.P.; Caja, M.D.; del Castillo, M.L.R.; Herraiz, M. Comparison of different methods for the evaluation of the authenticity

of olive oil and hazelnut oil. J. Agric. Food Chem. 1998, 46, 3153–3157. [CrossRef]
15. Mildner-Szkudlarz, S.; Jeleń, H.H. The potential of different techniques for volatile compounds analysis coupled with PCA for

the detection of the adulteration of olive oil with hazelnut oil. Food Chem. 2008, 110, 751–761. [CrossRef]
16. Marigheto, N.A.; Kemsley, E.K.; Defernez, M.; Wilson, R.H. A comparison of mid-infrared and raman spectroscopies for the

authentication of edible oils. J. Am. Oil Chem. Soc. 1998, 75, 987–992. [CrossRef]
17. Baeten, V.; Fernández Pierna, J.A.; Dardenne, P.; Meurens, M.; García-González, D.L.; Aparicio-Ruiz, R. Detection of the presence

of hazelnut oil in olive oil by FT-Raman and FT-MIR spectroscopy. J. Agric. Food Chem. 2005, 53, 6201–6206. [CrossRef]
18. Maggio, R.M.; Cerretani, L.; Chiavaro, E.; Kaufman, T.S.; Bendini, A. A novel chemometric strategy for the estimation of extra

virgin olive oil adulteration with edible oils. Food Control 2010, 21, 890–895. [CrossRef]
19. Sayago, A.; Morales, M.T.; Aparicio, R. Detection of hazelnut oil in virgin olive oil by a spectrofluorimetric method. Eur. Food Res.

Technol. 2004, 218, 480–483. [CrossRef]
20. López-Díez, E.C.; Bianchi, G.; Goodacre, R. Rapid quantitative assessment of the adulteration of virgin olive oils with hazelnut

oils using Raman spectroscopy and chemometrics. J. Agric. Food Chem. 2003, 51, 6145–6150. [CrossRef]
21. Fauhl, C.; Reniero, F.; Guillou, C. 1H NMR as a tool for the analysis of mixtures of virgin olive oil with oils of different botanical

origin. Mag. Reson. Chem. 2000, 38, 436–443. [CrossRef]
22. Mannina, L.; Sobolev, A.P. High resolution NMR characterization of olive oils in terms of quality, authenticity and geographical

origin. Mag. Reson. Chem. 2011, 49, 3–11. [CrossRef]
23. Parker, T.; Limer, E.; Watson, A.D.; Defernez, M.; Williamson, D.; Kemsley, E.K. 60 MHz 1H NMR spectroscopy for the analysis of

edible oils. TrAC Trends Anal. Chem. 2014, 57, 147–158. [CrossRef]
24. Hou, X.; Wang, G.; Wang, X.; Ge, X.; Fan, Y.; Jiang, R.; Nie, S. Rapid screening for hazelnut oil and high-oleic sunflower oil in

extra virgin olive oil using low-field nuclear magnetic resonance relaxometry and machine learning. J. Sci. Food Agric. 2021,
101, 2389–2397. [CrossRef] [PubMed]

25. Vigli, G.; Philippidis, A.; Spyros, A.; Dais, P. Classification of edible oils by employing 31P and 1H NMR spectroscopy in
combination with multivariate statistical analysis. A proposal for the detection of seed oil adulteration in virgin olive oils. J.
Agric. Food Chem. 2003, 51, 5715–5722. [CrossRef] [PubMed]

26. Agiomyrgianaki, A.; Petrakis, P.V.; Dais, P. Detection of refined olive oil adulteration with refined hazelnut oil by employing
NMR spectroscopy and multivariate statistical analysis. Talanta 2010, 80, 2165–2171. [CrossRef] [PubMed]

27. Vlahov, G. 13C nuclear magnetic resonance spectroscopic detection of the adulteration of extra virgin olive oils extracted from
different cultivars with cold-pressed hazelnut oil. J. AOAC Int. 2009, 92, 1747–1754. [CrossRef] [PubMed]

28. García-González, D.L.; Mannina, L.; D’Imperio, M.; Segre, A.; Aparicio, R. Using 1H and 13C NMR techniques and artificial
neural networks to detect the adulteration of olive oil with hazelnut oil. Eur. Food Res. Technol. 2004, 219, 545–548. [CrossRef]

https://www.internationaloliveoil.org/olive-world/olive-oil/
https://www.internationaloliveoil.org/olive-world/olive-oil/
https://doi.org/10.1016/j.jfca.2018.09.010
https://doi.org/10.1016/j.jclepro.2020.125677
https://www.internationaloliveoil.org/worlds-olive-oil-production-has-tripled/
https://www.internationaloliveoil.org/worlds-olive-oil-production-has-tripled/
https://doi.org/10.1080/02652030903225773
https://www.ncbi.nlm.nih.gov/pubmed/19763990
https://doi.org/10.1002/jsfa.10750
https://doi.org/10.1016/S0308-8146(03)00273-5
https://doi.org/10.53671/pturj.v2i1.23
https://doi.org/10.22159/ajpcr.2017.v10i8.18786
https://doi.org/10.1021/jf500571n
https://doi.org/10.3390/foods8080287
https://doi.org/10.1021/jf9800209
https://doi.org/10.1016/j.foodchem.2008.02.053
https://doi.org/10.1007/s11746-998-0276-4
https://doi.org/10.1021/jf050595n
https://doi.org/10.1016/j.foodcont.2009.12.006
https://doi.org/10.1007/s00217-004-0874-9
https://doi.org/10.1021/jf034493d
https://doi.org/10.1002/1097-458X(200006)38:6&lt;436::AID-MRC672&gt;3.0.CO;2-X
https://doi.org/10.1002/mrc.2856
https://doi.org/10.1016/j.trac.2014.02.006
https://doi.org/10.1002/jsfa.10862
https://www.ncbi.nlm.nih.gov/pubmed/33011981
https://doi.org/10.1021/jf030100z
https://www.ncbi.nlm.nih.gov/pubmed/12952424
https://doi.org/10.1016/j.talanta.2009.11.024
https://www.ncbi.nlm.nih.gov/pubmed/20152467
https://doi.org/10.1093/jaoac/92.6.1747
https://www.ncbi.nlm.nih.gov/pubmed/20166593
https://doi.org/10.1007/s00217-004-0996-0


Molecules 2023, 28, 4248 14 of 15

29. Ahmad, Z. The uses and properties of almond oil. Complement. Ther. Clin. Pract. 2010, 16, 10–12. [CrossRef]
30. Costa, J.; Mafra, I.; Oliveira, M.B. Advances in vegetable oil authentication by DNA-based markers. Trends Food Sci. Technol. 2012,

26, 43–55. [CrossRef]
31. Ok, S. Detection of olive oil adulteration by low-field NMR relaxometry and UV-Vis spectroscopy upon mixing olive oil with

various edible oils. Grasas Y Aceites 2017, 68, e173. [CrossRef]
32. Chen, C.-Y.; Lapsley, K.; Blumberg, J. A nutrition and health perspective on almonds. J. Sci. Food Agric. 2006, 86, 2245–2250.

[CrossRef]
33. Masiri, J.; Benoit, L.; Meshgi, M.; Day, J.; Nadala, C.; Samadpour, M. A novel immunoassay test system for detection of modified

allergen residues present in almond-, cashew-, coconut-, hazelnut-, and soy-based nondairy beverages. J. Food Prot. 2016,
79, 1572–1582. [CrossRef]

34. Su, M.; Venkatachalam, M.; Liu, C.; Zhang, Y.; Roux, K.H.; Sathe, S.K. A murine monoclonal antibody based enzyme-linked
immunosorbent assay for almond (Prunus dulcis L.) detection. J. Agric. Food Chem. 2013, 61, 10823–10833. [CrossRef]

35. Heick, J.; Fischer, M.; Pöpping, B. First screening method for the simultaneous detection of seven allergens by liquid chromatogra-
phy mass spectrometry. J. Chromatogr. A 2011, 1218, 938–943. [CrossRef]

36. Prieto, N.; Iniesto, E.; Burbano, C.; Cabanillas, B.; Pedrosa, M.M.; Rovira, M.; Rodríguez, J.; Muzquiz, M.; Crespo, J.F.;
Cuadrado, C.; et al. Detection of almond allergen coding sequences in processed foods by real time PCR. J. Agric. Food Chem.
2014, 62, 5617–5624. [CrossRef]

37. Batrinou, A.; Strati, I.F.; Houhoula, D.; Tsaknis, J.; Sinanoglou, V.J. Authentication of olive oil based on DNA analysis. Grasas Y
Aceites 2020, 71, e366. [CrossRef]

38. Montemurro, C.; Miazzi, M.M.; Pasqualone, A.; Fanelli, V.; Sabetta, W.; di Rienzo, V. Traceability of PDO olive oil “Terra di Bari”
using high resolution melting. J. Chem. 2015, 2015, 496989. [CrossRef]

39. Bazakos, C.; Khanfir, E.; Aoun, M.; Spano, T.; Zein, Z.E.; Chalak, L.; Riachy, M.E.; Abou-Sleymane, G.; Ali, S.B.; Grati
Kammoun, N.; et al. The potential of SNP-based PCR-RFLP capillary electrophoresis analysis to authenticate and detect admix-
tures of Mediterranean olive oils. Electrophoresis 2016, 37, 1881–1890. [CrossRef]

40. Pasqualone, A.; Montemurro, C.; di Rienzo, V.; Summo, C.; Paradiso, V.M.; Caponio, F. Evolution and perspectives of cultivar
identification and traceability from tree to oil and table olives by means of DNA markers. J. Sci. Food Agric. 2016, 96, 3642–3657.
[CrossRef]

41. Kalaitzis, P.; El-Zein, Z. Olive oil authentication, traceability and adulteration detection using DNA-based approaches. Lipid
Technol. 2016, 28, 173–176. [CrossRef]

42. Debode, F.; Janssen, E.; Marien, A.; Berben, G. DNA detection by conventional and real-time PCR after extraction from vegetable
oils. J. Am. Oil Chem. Soc. 2012, 89, 1249–1257. [CrossRef]

43. He, J.; Xu, W.; Shang, Y.; Zhu, P.; Mei, X.; Tian, W.; Huang, K. Development and optimization of an efficient method to detect the
authenticity of edible oils. Food Control 2013, 31, 71–79. [CrossRef]

44. Ramos-Gómez, S.; Busto, M.D.; Perez-Mateos, M.; Ortega, N. Development of a method to recovery and amplification DNA by
real-time PCR from commercial vegetable oils. Food Chem. 2014, 158, 374–383. [CrossRef] [PubMed]

45. Alonso-Rebollo, A.; Ramos-Gómez, S.; Busto, M.D.; Ortega, N. Development and optimization of an efficient qPCR system for
olive authentication in edible oils. Food Chem. 2017, 232, 827–835. [CrossRef] [PubMed]

46. Ganopoulos, I.; Bazakos, C.; Madesis, P.; Kalaitzis, P.; Tsaftaris, A. Barcode DNA high-resolution melting (Bar-HRM) analysis as a
novel close-tubed and accurate tool for olive oil forensic use. J. Sci. Food Agric. 2013, 93, 2281–2286. [CrossRef]

47. Vietina, M.; Agrimonti, C.; Marmiroli, N. Detection of plant oil DNA using high resolution melting (HRM) post PCR analysis: A
tool for disclosure of olive oil adulteration. Food Chem. 2013, 141, 3820–3826. [CrossRef]

48. Ramos-Gómez, S.; Busto, M.D.; Albillos, S.M.; Ortega, N. Novel qPCR systems for olive (Olea europaea L.) authentication in oils
and food. Food Chem. 2016, 194, 447–454. [CrossRef]

49. Uncu, A.T.; Uncu, A.O.; Frary, A.; Doganlar, S. Barcode DNA length polymorphisms vs fatty acid profiling for adulteration
detection in olive oil. Food Chem. 2017, 221, 1026–1033. [CrossRef]

50. Doyle, J.J.; Doyle, J.L. Isolation of plant DNA from fresh tissue. Focus 1990, 12, 13–15.
51. Agrimonti, C.; Vietina, M.; Pafundo, S.; Marmiroli, N. The use of food genomics to ensure the traceability of olive oil. Trends Food

Sci. Technol. 2011, 22, 237–244. [CrossRef]
52. Arlorio, M.; Cereti, E.; Coïsson, J.D.; Travaglia, F.; Martelli, A. Detection of hazelnut (Corylus spp.) in processed foods using

real-time PCR. Food Control 2007, 18, 140–148. [CrossRef]
53. Iniesto, E.; Jiménez, A.; Prieto, N.; Cabanillas, B.; Burbano, C.; Pedrosa, M.M.; Rodríguez, J.; Muzquiz, M.; Crespo, J.F.;

Cuadrado, C.; et al. Real time PCR to detect hazelnut allergen coding sequences in processed foods. Food Chem. 2013,
138, 1976–1981. [CrossRef]

54. Schöringhumer, K.; Redl, G.; Cichna-Markl, M. Development and validation of a duplex real-time PCR method to simultaneously
detect potentially allergenic sesame and hazelnut in food. J. Agric. Food Chem. 2009, 57, 2126–2134. [CrossRef] [PubMed]

55. Linacero, R.; Ballesteros, I.; Sanchiz, A.; Prieto, N.; Iniesto, E.; Martinez, Y.; Pedrosa, M.M.; Muzquiz, M.; Cabanillas, B.;
Rovira, M.; et al. Detection by real time PCR of walnut allergen coding sequences in processed foods. Food Chem. 2016,
202, 334–340. [CrossRef]

https://doi.org/10.1016/j.ctcp.2009.06.015
https://doi.org/10.1016/j.tifs.2012.01.009
https://doi.org/10.3989/gya.0678161
https://doi.org/10.1002/jsfa.2659
https://doi.org/10.4315/0362-028X.JFP-15-493
https://doi.org/10.1021/jf402851k
https://doi.org/10.1016/j.chroma.2010.12.067
https://doi.org/10.1021/jf405121f
https://doi.org/10.3989/gya.0682191
https://doi.org/10.1155/2015/496986
https://doi.org/10.1002/elps.201500537
https://doi.org/10.1002/jsfa.7711
https://doi.org/10.1002/lite.201600048
https://doi.org/10.1007/s11746-012-2007-0
https://doi.org/10.1016/j.foodcont.2012.07.001
https://doi.org/10.1016/j.foodchem.2014.02.142
https://www.ncbi.nlm.nih.gov/pubmed/24731357
https://doi.org/10.1016/j.foodchem.2017.04.078
https://www.ncbi.nlm.nih.gov/pubmed/28490146
https://doi.org/10.1002/jsfa.6040
https://doi.org/10.1016/j.foodchem.2013.06.075
https://doi.org/10.1016/j.foodchem.2015.08.036
https://doi.org/10.1016/j.foodchem.2016.11.059
https://doi.org/10.1016/j.tifs.2011.02.002
https://doi.org/10.1016/j.foodcont.2005.09.005
https://doi.org/10.1016/j.foodchem.2012.11.036
https://doi.org/10.1021/jf8033336
https://www.ncbi.nlm.nih.gov/pubmed/19292461
https://doi.org/10.1016/j.foodchem.2016.01.132


Molecules 2023, 28, 4248 15 of 15

56. Consolandi, C.; Palmieri, L.; Severgnini, M.; Maestri, E.; Marmiroli, N.; Agrimonti, C.; Baldoni, L.; Donini, P.; De Bellis, G.;
Gastiglioni, B. A procedure for olive oil traceability and authenticity: DNA extraction, multiplex PCR and LDR–universal array
analysis. Eur. Food Res. Technol. 2008, 227, 1429–1438. [CrossRef]

57. Raieta, K.; Muccillo, L.; Colantuoni, V. A novel reliable method of DNA extraction from olive oil suitable for molecular traceability.
Food Chem. 2015, 172, 596–602. [CrossRef]

58. Costa, J.; Oliveira, M.B.P.P.; Mafra, I. Novel approach based on single-tube nested real-time PCR to detect almond allergens in
foods. Food Res. Int. 2013, 51, 228–235. [CrossRef]

59. Piknová, L.; Pangallo, D.; Kuchta, T. A novel real-time polymerase chain reaction (PCR) method for the detection of hazelnuts in
food. Eur. Food Res. Technol. 2008, 226, 1155–1158. [CrossRef]

60. D’Andrea, M.; Coïsson, J.D.; Locatelli, M.; Garino, C.; Cereti, E.; Arlorio, M. Validating allergen coding genes (Cor a 1, Cor a 8,
Cor a 14) as target sequences for hazelnut detection via Real-Time PCR. Food Chem. 2011, 124, 1164–1171. [CrossRef]

61. Köppel, R.; Dvorak, V.; Zimmerli, F.; Breitenmoser, A.; Eugster, A.; Waiblinger, H.-U. Two tetraplex real-time PCR for the detection
and quantification of DNA from eight allergens in food. Eur. Food Res. Technol. 2010, 230, 367–374. [CrossRef]

62. López-Calleja, I.M.; de la Cruz, S.; Pegels, N.; González, I.; Martín, R.; García, T. Sensitive and specific detection of almond
(Prunus dulcis) in commercial food products by real-time PCR. LWT-Food Sci. Technol. 2014, 56, 31–39. [CrossRef]

63. Brežná, B.; Šmíd, J.; Costa, J.; Radwanszky, J.; Mafra, I.; Kuchta, T. In silico and experimental evaluation of DNA-based detection
methods for the ability to discriminate almond from other Prunus spp. Mol. Cell. Probes 2015, 29, 99–115. [CrossRef]

64. Kubista, M.; Andrade, J.M.; Bengtsoon, M.; Forootan, A.; Jonák, J.; Lind, K.; Sindelka, R.; Sjöback, R.; Sjögreen, B.; Strömbom, L.;
et al. The real-time polymerase chain reaction. Mol. Asp. Med. 2006, 27, 95–125. [CrossRef] [PubMed]

65. Bustin, S.A.; Benes, V.; Garson, J.A.; Hellemans, J.; Huggett, J.; Kubista, M.; Mueller, R.; Nolan, R.; Pfaffl, M.W.; Shipley, G.L.; et al.
The MIQE guidelines: Minimum information for publication of quantitative real-time PCR experiments. Clin. Chem. 2009,
55, 611–622. [CrossRef] [PubMed]

66. Bergerová, E.; Brežná, B.; Kuchta, T. A novel method with improved sensitivity for the detection of peanuts based upon single-tube
nested real-time polymerase chain reaction. Eur. Food Res. Technol. 2011, 232, 1087–1091. [CrossRef]

67. Christy, A.A.; Kasemsumran, S.; Du, Y.; Ozaki, Y. The detection and quantification of adulteration in olive oil by near-infrared
spectroscopy and chemometrics. Anal. Sci. 2004, 20, 935–940. [CrossRef]

68. Peña, F.; Cárdenas, S.; Gallego, M.; Valcárcel, M. Direct olive oil authentication: Detection of adulteration of olive oil with
hazelnut oil by direct coupling of headspace and mass spectrometry, and multivariate regression techniques. J. Chromatogr. A
2005, 1074, 215–221. [CrossRef]

69. Hidalgo, F.J.; Zamora, R. Peptides and proteins in edible oils: Stability, allergenicity, and new processing trends. Trends Food Sci.
Technol. 2006, 17, 56–63. [CrossRef]

70. Chew, S.C. Cold-pressed rapeseed (Brassica napus) oil: Chemistry and functionality. Food Res. Int. 2020, 131, 108997. [CrossRef]
71. Kotecka-Majchrzak, K.; Sumara, A.; Fornal, E.; Montowska, M. Identification of species-specific peptide markers in cold-pressed

oils. Sci. Rep. 2020, 10, 19971. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s00217-008-0863-5
https://doi.org/10.1016/j.foodchem.2014.09.101
https://doi.org/10.1016/j.foodres.2012.12.006
https://doi.org/10.1007/s00217-007-0644-6
https://doi.org/10.1016/j.foodchem.2010.07.029
https://doi.org/10.1007/s00217-009-1164-3
https://doi.org/10.1016/j.lwt.2013.10.039
https://doi.org/10.1016/j.mcp.2014.11.006
https://doi.org/10.1016/j.mam.2005.12.007
https://www.ncbi.nlm.nih.gov/pubmed/16460794
https://doi.org/10.1373/clinchem.2008.112797
https://www.ncbi.nlm.nih.gov/pubmed/19246619
https://doi.org/10.1007/s00217-011-1484-y
https://doi.org/10.2116/analsci.20.935
https://doi.org/10.1016/j.chroma.2005.03.081
https://doi.org/10.1016/j.tifs.2005.10.006
https://doi.org/10.1016/j.foodres.2020.108997
https://doi.org/10.1038/s41598-020-76944-z

	Introduction 
	Results and Discussion 
	DNA Extraction 
	Selection of a Specific System to Detect Almond or Hazelnut 
	Sensitivity in DNA Isolated from Vegetable Oils 
	Detection of Almond and Hazelnut in Olive Oils 

	Materials and Methods 
	Plant Tissue and Oil Samples 
	DNA Extraction 
	Oligonucleotide Primers 
	qPCR Assay 
	Evaluation and Selection of the qPCR Systems 
	Detection of Olive Oil Adulteration 

	Conclusions 
	References

