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Abstract

In 2015 a number of cumin spice products were withdrawn from the international market because
of the suspected presence of almond, a known allergen from the Prunus genus. However, immuno-
assay results were unable to provide unequivocal evidence of the Prunus species present, because of
significant cross-reactivity with other species within the Prunus genus. A novel real-time PCR assay
was developed for the specific detection of Prunus mahaleb DNA, a species known to be capable of
causing false positives in almond immunoassays. The assay was developed based on available DNA
sequence information from the Internal Transcribed Spacer (ITS) region, and tested against repre-
sentative species within the Prunus genus to ensure no cross-reactivity. Results showed that ma-
haleb DNA was detected in a cumin spice product subject to the earlier international recalls, which
could not be unequivocally identified using immunoassay approaches alone. This short report de-
tails preliminary results from the application of this assay, and will be of interest to analytical labo-
ratories involved in trace detection of ingredients in support of relevant food labelling legislation.
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1. Introduction

The UK Government Chemist has a role in safeguarding the quality of public science, and many of its duties are
grounded in statute law such as the Food Safety Act 1990 [1]. In this capacity, the Government Chemist was
contacted in February 2015 to investigate the alleged adulteration of a ground cumin sample, in which it had
been reported that the presence of almond had been detected, posing an allergenic risk [2].
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Random testing conducted by the Canadian Food Inspection Agency in October 2014 revealed almond pro-
tein in products containing cumin, a risk for people with these allergies [3]. This resulted in a widespread recall
of cumin products and issuing of alerts on the EU Rapid Alerts System for Food and Feed [4]. In early 2015, the
UK Food Standards Agency issued recalls on ground cumin and meals/dinner kits which contained cumin sea-
soning mixes, but the identity and source of the almond protein remained unanswered. A company subject to a
recall of their cumin product later claimed another material in the supply chain, mahaleb, gave a positive reading
for almond using test methods [5]. In April 2015, the Canadian Food Inspection Agency rescinded 25 previous
product recalls, stating that new evidence had been provided that the almond allergen test kits showed signifi-
cant cross-reactivity with another species of the Prunus genus, Prunus mahaleb [3]. This new evidence sug-
gested that the undeclared presence of Prunus mahaleb in the ground cumin and cumin-containing products was
the source of the ELISA positive results initially thought to be due to almond.

Almond (Prunus dulcis) is a member of the Prunus genus, which includes species of “stone fruits” capable of
producing kernels, including apricot (Prunus armeniaca), cherry (Prunus avium), peach (Prunus persica), plum
(Prunus domestica) and mahaleb (Prunus mahaleb), the latter of which little was known about in the UK until
2015. Mahaleb grows as a deciduous tree/large shrub, thought to be native to the Mediterranean region. The
spice is often produced from the ground seed kernel of the species, and can be used to provide a sweet flavour
when added to foods [6].

The primary approach for detection of almond protein is to use an immunoassay, but a number of commer-
cially available kits for the detection of almond proteins are known to exhibit significant cross-reactivity with
other members of the Prunus genus, notably apricot [7]. This was verified experimentally where a range of
commercially available almond ELISA kits exhibited cross-reactivity with mahaleb and apricot kernels. Appli-
cation of these kits to the recalled cumin product resulted in detection of generic Prunus peptides without pro-
viding any further information on the species identity. Published DNA assays for almond also exhibited
cross-reactivity [8] and no real-time PCR assays were available for the specific detection of mahaleb DNA.

There was therefore a requirement to provide a more definitive analytical approach in order to specifically
identify the Prunus species actually present in the cumin sample. Internal Transcribed Spacer (ITS) regions pre-
sent in the plant genome have been recommended for use in possible DNA species barcoding, due to the high
copy number rRNA genes they represent, coupled with the low evolutionary pressure on the DNA sequence,
enabling highly conserved regions to be identified between members of the same genus [9]. This paper describes
the development of a real-time PCR approach as a qualitative screening test for the specific detection of DNA
from Prunus mahaleb. This assay was tested against a small set of representative Prunus species and cumin
controls, and showed that Prunus mahaleb DNA was present in the cumin spice sample that was subject to the
international recall.

2. Materials and Methods
2.1. Referred Sample

The sample referred to the Government Chemist for a definitive determination of which Prunus species was
present was a ground sample labelled as “cumin”, originating from a UK local authority food law sampling ex-
ercise in which a positive result for apparent almond had been obtained by ELISA.

2.2. Control Material

Organic cumin seeds, ground mahaleb and almond were purchased from online retailers; apricots and peaches
were purchased from UK supermarket stores. Species identity of these control materials were independently
confirmed using DNA sequencing (data not shown).

2.3. DNA Extraction

DNA from the referred cumin sample and control samples was extracted using a cethyltrimethylammonium
bromide (CTAB) approach as follows: samples were incubated at 65°C for at least 12 hours in a mixture of
CTAB buffer (2% [w/v] CTAB, 1.4 M NaCl, 20 mM ethylenediaminetetraacetic acid, 100 mM Tris-OH/HCI),
B-mercaptoethanol (0.2% final concentration; Sigma), RNase A (100 mg/mL; Qiagen), Proteinase K (20
mg/mL; Qiagen) and nuclease-free water (Ambion). The DNA-CTAB complexes were stripped of lipids and
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carbohydrates following several centrifugation steps with chloroform (Sigma) before being precipitated using
CTAB and 1.2 M NaCl. DNA pellets were washed with Ethanol (Fisher Scientific) and re-suspended in 75 - 100
pL of nuclease-free water. Extracted DNA was quantified using a NanoDrop ND-1000 spectrophotometer
(Thermo Fisher Scientific). All control materials were represented by two independent DNA extractions, whilst
the referred cumin sample was represented by four independent DNA extractions.

2.4. Sequence Comparisons

A search of the available DNA sequence information was made in order to assess the feasibility of designing a
novel real-time assay for the specific detection of mahaleb DNA. The DNA databases of the Barcode of Life
Data System (BOLD) [10] and the National Center for Biotechnology Information (NCBI) GenBank [11] were
accessed for publically available sequence data on the Prunus genus. At the time the searches were conducted
(24th March 2015), 904 individual records of Prunus were available on the BOLD database, representing 188
different species within this genus, originating from 19 different countries. A search of the GenBank database
revealed 236,565 nucleotide sequences for Prunus, of which 99,491 were derived from Prunus armeniaca, 1747
from Prunus dulcis, but only 49 from Prunus mahaleb.

Searches of the NCBI nucleotide and BOLD Systems DNA databases were also conducted to identify all pub-
lically available sequences of the background matrix of Cuminum cyminum (cumin). Available sequence infor-
mation was then imported into BioEdit v7.1.11 [12] [13], and sequence alignment analysis performed using the
inbuilt ClustalW Multiple Alignment function [14], based on standard parameters. The resultant aligned se-
quences from the different Prunus species were inspected to identify regions of sequence homology and poly-
morphism to make an objective decision on the design a specific real-time PCR assay for Prunus mahaleb
(Figure 1).

2.5. Real-Time PCR Assay

A candidate ITS region was identified and a representative Prunus mahaleb sequence selected for subsequent
assay design. The high copy number of the ITS region should also make the assay more suitable for trace detec-
tion of Prunus mahaleb DNA if the Prunus species was present at as a minority target. The selected sequence
was imported into Primer Express 3.0.1 (Life Technologies, Paisley) and used as a template to design a
“Tagman® Quantitation” type assay, based on standard software design parameters. A single candidate assay
design was selected that showed primer binding within highly conserved regions for the Prunus genus, whilst
the probe bound to an internal sequence that appeared specific for Prunus mahaleb (Table 1).

The primer set specificity was assessed using Primer-Basic Local Alignment Search Tool (Primer-BLAST)
(NCBI) [15] against the broad Nucleotide database (based on standard parameters). Good primer set specificity
was observed which was typically restricted to Prunus species. This in-silico sequence analyses indicated that
the design was suitable for further experimental verification.

PCR was conducted using 900 nM forward and reverse primers; 200 nM probe; 2x TagMan® Universal PCR
Master Mix; DNA (maximum 25 ng per reaction); all made up to a 25 ul PCR reaction. Real-time PCR thermal
cycling conditions were: 50°C 2 min; 95°C for 10 min; 95°C 15s and 60°C for 60s, repeated for 45 cycles. PCR
was conducted using the ABI 7900 HT system (ThermoFisher).

2.6. Experimental Design

The mahaleb real-time PCR assay was tested across the range of control materials to assess the specificity of the

Table 1. Details of the putative LGC Prunus mahaleb specific real-time PCR assay.

Assay Type Target Marker Name Sequence (5’ - 3”) Length (bp) Amplégg? e
PRU_ITS_FWDI1 TAGCAGAACGACCCGAGAACTAG 23
Prunus
qPCR ITS PRU_ITS_REV1 CGCCGGTGTTCGTTTGTAC 19 ~133
mahaleb
PRU_ITS PROBELI TTCGCGCAACCGGCCCTTC 19
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PCR plate. In addition to the DNA extracted from the control materials, a 1% mahaleb:cumin sample was pre-
pared, based on a DNA:DNA volumetric dilution (a total of 25 ng of template DNA per PCR well).

3. Results and Discussion
3.1. Control Material

Commercially available cultivars of cumin (Cuminum cyminum), mahaleb (Prunus mahaleb), almond (Prunus
dulcis), peach (Prunus persica) and apricot (Prunus armeniaca), were sourced to verify experimentally the in-
cidence of any cross-reactivity using the real-time PCR assay. Following DNA extraction, typical DNA yields of
150 ng/ul for the referred cumin sample and cumin control, at least 10 ng/pl for the Prunus control materials
(apricot kernels, peach kernels, almond kernels, and mahaleb powder) were achieved. Species identity of the
control materials were independently confirmed using generic PCR primers annealing to the /7S 2 and rbcL re-
gions of the chloroplast genome, DNA sequencing of the resultant PCR products followed by sequence confir-
mation on the Barcode Of Life Data System (data not shown).

3.2. Experimental Results

A real-time PCR assay was chosen as the model to develop the Prunus mahaleb assay with because of the im-
proved selectivity afforded by the addition of a probe. Table 2 lists the quantification cycle (C,) values associ-
ated with applying the real-time PCR assay to DNA from the control materials, appropriate controls, and the re-
ferred cumin sample. Figure 2 shows the graphical interpretation of the real-time amplification plots associated
with the results.

Detectable PCR responses were observed when the real-time PCR assay was applied to the mahaleb control
material, as well as the referred cumin sample, and a 1% volumetric dilution of mahaleb DNA in a background
of cumin DNA. No detectable response was observed in any of the other control materials, including apricot,
peach, almond and cumin, or the negative controls of the extraction blanks and the PCR No Template Controls,
indicating that there was no contamination at the DNA extraction phase, or the PCR template addition phase.

Figure 2 exhibits the C, values associated with the responses from the referred cumin sample which was as-
sessed at template amounts of 25 and 2.5 ng per PCR well. The difference in mean C, values between the two
template concentrations was approximately 3.4, translating to a theoretical 10 fold difference in template con-
centration. This matched the actual difference in template concentration exactly (i.e. 1:10), demonstrating the
good quality of the DNA extracts with no observable inhibition in the referred cumin sample.

Table 2 and Figure 2 additionally illustrate the C, instrument response associated with the 1% mahaleb:
cumin volumetric dilution and the referred cumin sample. Both samples were normalised to 25 ng template

Table 2. Details of the putative LGC Prunus mahaleb specific real-time PCR
assay. The C, standard deviations were derived from triplicate PCR mea-

surements.
Sample Mean C, C, standard deviation

Almond Undetermined -

Apricot Undetermined -

Peach Undetermined -

Cumin Undetermined -

PCR No Template Control Undetermined -

Extraction Blanks Undetermined -
Mahaleb 17.87 0.06
1% DNA:DNA mahaleb:cumin 23.10 0.14
Refrerred cumin sample (25 ng) 30.26 0.16
Referred cumin sample (2.5ng) 33.69 0.30
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Figure 2. Real-time PCR amplification plot for all samples (cycle number is shown on the x-axis and change in florescent
intensity (AR,) is shown on the y-axis; the green horizontal line indicates the threshold setting).

DNA per PCR well. A difference of around 7.2 C, values is seen between the two sets of samples. Assuming
similar PCR efficiency between the samples and lack of any other Prunus DNA in the referred cumin sample it-
self, a C, difference of around 7.2 would indicate an approximate 150 fold difference in target template concen-
tration between the referred cumin sample and the 1% (w/w) control. This would infer the concentration of ma-
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haleb in the referred cumin sample could be less than 0.001% (w/w) (less than 10 ppm). This further reinforced
the applicability of using a real-time PCR approach for the detection of mahaleb, as even though the concentra-
tion may be less than 10 ppm in the referred cumin sample itself, a detectable response has been repeatedly ob-
served in all 24 PCR wells (representing four independent extractions at two dilution levels with three PCR rep-
licates per extraction), all with good precision.

The real-time PCR assay primers have been designed to anneal to conserved regions present in species com-
mon to the Prunus genus thus DNA templates from other members of the Prunus genus will also amplify, but
will not be detected as specificity to mahaleb has been conferred by the probe. However a positive result from
the assay for Prunus mahaleb does not preclude the possible presence of DNA from almond, apricot and peach.
For this reason, the C, based estimate of the level of mahaleb (<0.001% w/w) is on the assumption that no other
Prunus species are present in the referred cumin sample which could compete as targets for the assay.

The real-time PCR assay described in this Short Report has only been tested on the control samples indicated.
Whilst every effort was taken to ensure the control samples were representative of the specific species in ques-
tion, there is a small likelihood that different cultivars within the same species may have small differences in
their genetic makeup. There is an even smaller likelihood that such differences may manifest themselves as dif-
ferences in the genetic code in the targeted ITS region, although this has a very low probability as the ITS region
was chosen for its conserved and consistent sequence information between species within the Prunus genus.
This is reinforced through the available DNA sequence information on the Prunus species (e.g. on NCBI Gen-
Bank and BOLD) which provides evidence of conserved DNA sequences within Prunus species accessions.

Given the good selectivity of the assay as demonstrated in the above results, there is therefore evidence to
suggest that DNA extracted from the referred cumin sample generated a measurement response consistent with
mahaleb being present, although it cannot be ruled out conclusively that other Prunus species were absent.

4. Conclusions

This short report describes a rapid response and preliminary findings from developing a novel real-time PCR
assay as a qualitative screening test for the specific detection of Prunus mahaleb DNA, and its application to a
spice sample suspected of being adulterated on the international market. The assay was developed using avail-
able DNA sequence information from the ITS region for members of the Prunus genus, and then tested experi-
mentally on DNA extracted from a range of positive and negative control materials, inclusive of mahaleb mate-
rial mixed with cumin. No detectable response from the assay was observed when it was applied to DNA from
apricot, peach, almond and cumin, but repeatable positive responses were observed in the presence of DNA
from mahaleb and a 1% mixture of mahaleb DNA in a background of cumin DNA. Commercially available
ELISA immunoassay kits applied to the recalled cumin product detected the presence of peptides characteristic
of the Prunus genus, but were unable to provide unequivocal identification of the Prunus species present be-
cause of significant cross-reactivity amongst closely related members of the Prunus genus.

At the time of the international recall of cumin products which were suspected of containing almond in 2015,
commercially available immunoassay kits for almond were known to exhibit significant cross-reactivity with
other species within the Prunus genus, notably apricot [7]. Additionally, no DNA assays were available that
were specific to Prunus mahaleb [8]. This precluded positive and unequivocal identification of the mahaleb
DNA which was present in the recalled cumin products. The development of the novel real-time PCR assay for
the specific detection of mahaleb DNA, as described in this Short Report, will allow analytical laboratories to
test for the presence of mahaleb DNA, potentially precluding costly international recalls of food products due to
misidentification of ingredients. Given that authenticity of herbs and spices, and substitution affecting nut and
seed powders, are recognised as prominent areas of concern by the UK Food Standards Agency in their Food
Crime Annual Strategic Assessment 2016 [16], the issue of adulteration in this area is likely to remain of topical
importance for the immediate future. This assay will be of interest to analytical laboratories involved in trace
detection of ingredients in support of relevant EU labelling legislation on food and food stuffs.
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