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It is now well known that an incident investigated in
the United Kingdom in 2015 of cumin alleged to be
contaminated with almond, a risk for people with
almond allergy, was caused by the Prunus species,
Prunus mahaleb. In the United Kingdom, the
Government Chemist offers a route of technical
appeal from official findings in the food control
system. Findings of almond in two official samples,
cumin and paprika, which had prompted action to
exclude the consignments from the food chain,
were so referred. Herein are described the
approaches deployed to resolve the analytical
issues during the investigation of the incidents.
The cross-reactivity of ELISA to Prunus species
was confirmed, and although this is useful in
screening for the genus, orthogonal techniques are
required to identify the species and confirm its
presence. Two novel PCR assays were developed:
one specific for P. mahaleb and the other

a screening method capable of identifying common
Prunus DNA. Peptides unique to almond and
mahaleb were identified, permitting LC-tandem MS
and criteria were developed for peptide
identification to forensic standards. This work
enables a staged approach to be taken to any
future incident thought to involve Prunus species
and provides a template for the investigation of
similar incidents.

United Kingdom in 2015 of cumin alleged to be
contaminated with almond, a risk for people with almond
allergy, was caused by the Prunus species, Prunus mahaleb.
Also now well known is the potential for ELISA cross-reactivity
to closely related Prunus species.
The integrity of the food supply chain has recently been
notably compromised, e.g., in the horse meat scandal (1), but
also by allergens fraudulently introduced into the supply chain,

It is now well known that an incident investigated in the
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with a risk of acute ill health or fatality (2). In October 2014,
Canadian authorities reported undeclared peanut and almond
protein in products containing cumin, Cuminum cyminum, an
umbelliferous fruit of the Apiaceae (celery, carrot, or parsley)
family. Hence, it was feared that a further, potentially life-
threatening, breach of supply chain integrity had occurred (3).
Suspicions in North America initially fell on adulteration
(bulking out) of spices with cheap almond shells, or in
parallel findings of peanut in spices, adulteration with cheaper
peanut hulls or peanut meal (animal feed). Cross-contamination
in harvesting, transport, storage, or milling was also a possibility,
and this was considered the more likely scenario in the U.K.
incidents. In the United Kingdom, the Government Chemist is
mandated to offer a route of technical appeal from official
findings in the food control system (4, 5). Two official
samples, cumin and a paprika (Capsicum annuum), both of
which had prompted official action to exclude their
consignments from the food chain, were so referred. Figure 1
shows the timeline in which these U.K. technical appeals were
set. Herein are described the complementary approaches
deployed to resolve the analytical issues during the live
investigation of the incidents in 2015.

Almond and the Prunus Family

Almond P. dulcis (sweet almond), is part of the genus
Prunus that contains over 400 species including apricot
(P. armeniaca), cherry (P. avium), sour cherry (P. cerasus),
peach (P. persica), plum (P. domestica and P. salicia), and
mahaleb (P. mahaleb), all of which have multiple cultivars
developed for commercial fruit production. It is also apparently
common for almond to be grafted to peach rootstock
(Berryman, P., personal communication, 2016). Mahaleb
(also mahlab, white mahlab, mahleb, English cherry, Rock
cherry, or St. Lucie cherry; P. mahaleb L. of the Rosaceae
family, subfamily Prunoidae) is grown where the flesh and seed
are important, e.g., in Turkey. Mahaleb puree, flour, and oil are
produced from mahaleb fruit. Mahaleb seeds are an important
source of protein and oil. The stones are cracked to extract the
seed kernel, which is about 5 mm in diameter (6—8); however,
little was known about P. mahaleb in the United Kingdom until
2015.

Analytical Strategy

Table 1 outlines the typical steps in a Government Chemist
technical appeal (i.e., “referee”) case. The default analytical
strategy is multiple replicate analyses on multiple days by
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* 31 Jan 2015 UK Government Food Standards Agency, FSA, issues recall of ground‘
cumin suspected to contain almond not listed on the label (9)

J

¢ 10 Feb 2015 FSA refer technical appeal to Government Chemist, portion of
original cumin sample was submitted for ‘referee analysis’

e March 2015 cumin supplier announces suspicion that mahaleb gives a positive
reading for almond using ELISA (see for example ref. 10)

J

® 30 April 2015 Canadian authorities rescind recalls of cumin and cumin—containing‘
products citing false positives caused by mahaleb (11)

J

® 26 June 2015 Government Chemist certificate issued confirming referred cumin
sample contained mahaleb rather than almond

e 13 Aug 2015 FSA refer sample of paprika alleged contaminated with almond to
Government Chemist, (the consignment had not entered UK food chain)

* 9 Nov 2015 Government Chemist certificate issued confirming referred paprika
sample contained almond rather than mahaleb

) (-C-C-C-C- - 4

Figure 1. Timeline of cumin and paprika recall episodes in relation to UK technical appeals (9-11).

more than one technique, if possible. In the United Kingdom,
food law falls under criminal law, and confirmation of the
presence of an allergen to the forensic burden of proof
(beyond reasonable doubt) requires orthogonal approaches.
Initially, five approaches were considered: protein ELISA,
bioinformatics, DNA PCR, protein MS, and GC-MS of
volatile compounds.

Materials and Methods

Control materials were sourced as shown in Table 2. Unless
preground, materials were ground to a fine powder using an IKA
Tube Mill control with single-use milling vessels (IKA-Werke
GmbH & Co. KG, Germany). Their species identity was
subsequently confirmed using PCR sequencing primers
annealing to the internal transcribed spacer 2 (ITS2) and

ribulose bisphosphate carboxylase long chain (rbcL) regions
of the nuclear and chloroplast genomes, respectively, followed
by Sanger DNA sequencing of the resultant PCR products and
sequence confirmation using the Barcode of Life Database
(BOLD; 12) and GenBank database (13; data not shown).

ELISA

Three commercial ELISAs were applied: R-Biopharm
RIDASCREEN FAST Almond kit, Romer Agraquant Almond
kit, and ELISA Systems Mandel/Almond Residue kit (batch
numbers on file). Kit instructions were followed and three
replicates of the controls and the samples were plated in
duplicate. Absorbances were read on a Tecan Sunrise plate
reader (Miannedorf, Switzerland). Quantification was done by

Table 1. Typical steps in a Government Chemist technical appeal (“referee”) case
Step Description
Decision to accept and appropriate funding contribution
2 Scientific and administrative case meeting to identify appropriate techniques and methods (more than one technique when possible),
allocate tasks and responsibilities, and schedule work
3 Appropriate legislation identified and checked
Method(s) investigated, and, if necessary, modified
5 Experimental work, multiple replicates on multiple days, reference materials and certified reference materials when possible, spikes, and
all key steps witnessed by a second scientist
6 Data compiled and all data transcriptions checked
7 Results reviewed against quality criteria
8 Batches repeated or new analytical runs if required
9 Statisticians review datasets for outliers and batch effects and case-specific measurement uncertainties are calculated as appropriate
10 Results interpretation
1 Certificate drafted and reviewed and data independently checked
12 Formal case review meeting with Government Chemist for examination of the case file, queries addressed, appropriate steps repeated if

required, and rereview if necessary
13 Certificate (official report typically 1500-3000 words) released to the immediate parties concerned
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Sample Brand/purchased from Variety/cultivar Country of origin Batch No.
Organic cumin seeds Just Ingredients (via Amazon) Unknown Unknown DO-04-2014-H
Ground mahaleb Steenbergs (via Amazon) Unknown Lebanon 17023

Mahaleb seeds Supplied by the Food Standards Agency P. mahaleb Turkey L131217
Almonds in shell Buy Whole Foods Online (via Amazon) Unknown Australia/United States Best before July 13, 2015
Whole almonds Neal’s Yard Wholefoods, Holland and Barrett Unknown United States 15071 09:15 2 90209
Apricots Asda Bebeco South Africa 716975

Peach Asda Ohenry Chile 728360

Peach (2) Tesco Florida Prince Egypt DPT4394

using the calibration curves of the standards supplied with each
kit, with both kits specifying curve-drawing instructions, and an
in-house quadratic equation.

Molecular Biology

A commercial DNA PCR assay (14) was applied to almond,
apricot, and mahaleb kernels, all with positive responses. An in-
house assay (15) was assessed, but owing to the evident sequence
homologies, it was clear that no differentiation between Prunus
species would be possible. A real-time PCR screening assay
targeting the gene encoding for the Pru du 5 allergen in almond,
which uses a fluorescent intercalating dye and high-resolution
melt curve analysis (16), was applied, but we found that it was
not appropriate. National Center for Biotechnology Information
(NCBI; 17), GenBank, and BOLD databases were accessed to
evaluate the available DNA and amino acid sequence
information to assess the feasibility of designing bespoke
assays specific for almond not cross-reactive with other
members of the Prunus genus and/or applying a DNA-
sequencing approach. These focused on differentiating
between P. armeniaca (apricot), P. dulcis (sweet almond),
and P. mahaleb (mahaleb). At the time the searches were
conducted (March 24, 2015), 904 individual records of
Prunus in the BOLD database were found, representing 188
different species within this genus and originating from 19
different countries. A search of the GenBank database
revealed 236 565 nucleotide sequences for Prunus, 99 491
of which were derived from P. armeniaca and 1747 from
P. dolcis, but only 49 from P. mahaleb. Searches of the NCBI
nucleotide and BOLD Systems DNA databases were also
conducted to identify all available sequences for the
background matrix of C. cyminum (cumin) and, later,
C. annuum (paprika). Table 3 descriptively summarizes the
extent of bioinformatics available. Four common molecular
phylogenetic markers—rbcL, maturase K, 5.8s ribosomal
RNA, and ITS2—were examined for their potential to
differentiate between the three queried Prunus species. An
initial analysis of these markers revealed the existence of
a very high degree of sequence similarity. However,
a candidate ITS region was identified and a representative
P. mahaleb sequence selected for subsequent assay design.
DNA from the referred cumin sample and control samples was
extracted, cleaned up, and precipitated. DNA pellets were
washed and resuspended in nuclease-free water and the DNA
quantified. All control materials were represented by two
independent DNA extractions, whereas the referred cumin

sample was represented by four independent DNA extractions.
Full details and the experimental design of the real-time PCR
for the specific detection of P. mahaleb are described
elsewhere (18).

In addition, for the paprika investigation, a general Prunus
species real-time PCR-based assay was adapted from the above
P. mahaleb-specific assay. Real-time PCR was performed
under two-step thermal cycling conditions incorporating
a melt analysis step using a 7900HT Fast Real-Time PCR
System set to monitor fluorescence within the FAM™
dye spectral region (Life Technologies, Paisley, United
Kingdom). The mp (dissociation of double-stranded DNA)
of PCR product is a function of its constituent nucleotides
and is instrumentally exhibited as an inflection in the
fluorescence—temperature curve, in which the first derivative
thereof generates peaks at the melting temperature. Full details
of the developed novel rapid differentiation of common Prunus
allergen species by PCR product melt analysis are described
elsewhere (16).

Protein MS

MS following extraction—enzymatic (trypsin) digestion of
protein in a reproducible manner to yield chromatographed
peptides characteristic of and unique (20) to the protein of
interest—was investigated. The method described by Heick
et al. (21) was applied to kernel (apricot, almond, and
mahaleb) and shell (apricot and almond) specimens. Three
peptides resulting from the tryptic digests from the protein
prunin were monitored by LC-tandem MS (MS/MS) by
performing selective-reaction monitoring experiments. In
order to improve the recovery of the peptides from the food
matrixes and therefore increase sensitivity, an in-house

Table3. Summary of the bioinformatics data available as of
March 2015

Food Quality and quantity of bioinformatics available

Cumin Limited

Almond Extensive, but fragmented

Apricot kernel References linked to apricot in general
rather than the kernel

Mahaleb Very limited

Almond shell None

Apricot shell None
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developed extraction method was applied to the samples and
resulted in significantly improved extraction efficiency and
sensitivity (19). The amino acid sequence of the protein prunin
from almonds (P. dulcis) was also searched against sequences
reported on open access databases, and strong similarities were
observed when compared with the sequence of an uncharacterized
protein from peaches (P. persica). In order to identify potential
peptide targets not reported in the literature, which could
differentiate almonds from other members of the Prunus genus,
full-scan analysis of the above specimens was performed on a LC
quadrupole time-of-flight instrument. Full experimental details of
the applied method are described elsewhere (22).

GC-MS Volatile Compounds Profile

Spices impart aroma through volatile oils and taste through
oleoresins; hence, the volatile compound profiles of cumin,
almond, and mahaleb were explored by a combination of
simultaneous distillation and extraction and were semiquantified
based on a deuterated chlorobenzene internal standard. Several
compounds were identified (acetone cyanohydrin, 2-
hydroxypropanenitrile, and benzaldehyde) that may be
characteristic for P. mahaleb. However, this approach was not
taken forward in favor of the DNA and MS approaches, which
were deemed to be more capable of yielding definitive outcomes.

Results

The referred cumin sample had the appearance of ground
cumin and weighed 21.5 g. The referee paprika sample had the
appearance of ground paprika and weighed approximately 160 g.

ELISA

Figure 2 shows the ELISA response to control apricot and
mahaleb kernels relative to the response to almond kernel (set at
100%). The responses of each platform to milled almond and
apricot shell were negligible. These data demonstrated that the
then available ELISA kits were not a viable approach other than
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for screening Prunus species in general, although the impact of
the cross-reactivity of the items tested on kit C (see Figure 2) was
less than on the other two kits examined. As expected, milled
almond and apricot shell did not exhibit strong binding to the kit
antibodies. ELISA findings in the referred samples of cumin and
paprika are shown in Table 4 and confirm both samples
contained a Prunus protein. In the case of the referred cumin
sample, our findings were well below those of the official control
laboratory (i.e., almond 306 mg-kg ') that triggered the recall.
However, the Prunus protein was detected at concentrations
above the LOQs of three ELISA platforms with statistical
significance. The data do not include replication over different
days; hence, the day-to-day variability of the different platforms
has not been taken into consideration.

Real-Time PCR

Referred cumin sample—Extracted DNA was assessed for
quality and quantity, and the in-house real-time mahaleb-specific
PCR assay (15) was applied to four individual extractions of the
laboratory sample (at 25 ng and a 1:10 dilution; 2.5 ng total DNA
per PCR) and to DNA extracts of control material with the results
exhibited in Table 5. All samples were represented by a triplicate
level of PCR replication. The instrumental response to positive
and negative controls was completely satisfactory. DNA
extracted from the laboratory sample generated a real-time
PCR measurement response consistent with mahaleb being
detected. From the quantification cycle values obtained, it is
possible to infer that in relation to the control mahaleb and cumin
materials examined, the amount of mahaleb present in the
referred cumin sample was <0.01% (<100 mg-kg') and
could be <0.001% (<10 mg-kg™') based on the assumption
that no other Prunus species were present in the sample that
would compete as targets for the assay.

Referred paprika sample—Extracted DNA was assessed for
quality and quantity, and the in-house real time mahaleb-specific
PCR assay (15) applied to six individual extractions of the referee
sample (50 ng per PCR reaction) to 10% mahaleb and 10%
control materials spiked into a background of paprika and to
DNA extracts of control material. All samples were represented

Mahlab kernel

KitB mKitC

Figure 2. Relative responses of three ELISA platforms to almond, apricot and mahaleb kernels.



WALKER ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 101, No. 1, 2018 5

Table 4. Summary of ELISA results on the referred samples of cumin and paprika

ELISA platform results for referred sample

Cumin A B C
Presumptive Prunus protein mean result mg-kg™" (n = 3) expressed as almond kernel +U? 33104 11.1+11 14 +01
Prunus protein not less than, mg~kg‘1 expressed as almond kernel 2.9 10.0 1.3

LoQ, mg-kg~" as almond kernel 2.5 0.4 0.5

PP 0.012 <0.001 <0.001
Cumin control assumed free from Prunus species estimate expressed as mg-kg™"' almond kernel 0.4 0.4 0.5
Paprika

Presumptive Prunus protein mean result mg-kg™" expressed as almond kernel +U 590 = 110 390° Not performed

a
b

° n=1.

by at least a triplicate level of PCR replication. The instrumental
response to positive and negative controls was completely
satisfactory. Mahaleb was detected in all the spiked referred
paprika samples, indicating that a background matrix does not
inhibit amplification of mahaleb. Six independent DNA
extractions from the referred paprika sample alone generated
no amplification for mahaleb in any of the six PCR replicates
assayed. Hence, mahaleb was reported as not detected. These
findings were supported by the Prunus PCR screening assay with
species-specific capabilities, which detected two PCR products:
one characteristic of almond and the other of an unknown PCR
product that was not consistent with almond, mahaleb, apricot, or
peach DNA (Table 6, (19)).

LC-MSIMS

The referred samples and control material were analyzed in
triplicate with simultaneous extraction and trypsin digestion,

U = Expanded measurement uncertainty, as at least a 95% confidence interval, with 2 degrees of freedom and a coverage factor of 4.3.
P = Significance of the difference between mean result and LOQ at 95% confidence level.

followed by solid-phase extraction cleanup and LC-MS/MS.
In the referred cumin sample, no peptides solely attributable
to almond were detected. All three transitions for one of the three
peptides shown to be unique for mahaleb were detected. In the
referred paprika sample, no peptides solely attributable to
mahaleb were detected. Two peptides were detected for which
the chromatographic retention times and response ratios between
the three SRM transitions acquired for each peptide were in
agreement with those observed in the sample of almond kernels.
In addition, four other peptides indicative of the presence of
Prunus were also detected. Further data are presented
elsewhere (22).

Discussion

The response by the U.K. Food Business Owner (FBO) to the
initial alleged finding of almond in cumin is instructive. It is
important to bear in mind that on the industry side, the response

Table 5. Real-time PCR DNA results control materials and referred cumin sample

Specimen Amplification Cq % SD?
Almond kernel 1 No amplification NAP
Apricot kernel 1 No amplification NA
Peach kernel 1 No amplification NA
Mahaleb kernel powder Strong detection exponential amplification plot 17.87 £ 0.06
2x independent cumin extractions No amplification NA
Referred cumin sample (1)° Strong detection exponential amplification plot 30.39 £ 0.10
Referred cumin sample (1), 1:10 Strong detection exponential amplification plot 33.49 + 0.34
Referred cumin sample (2) Strong detection exponential amplification plot 30.14 + 0.07
Referred cumin sample (2), 1:10 Strong detection exponential amplification plot 33.58 + 0.14
Referred cumin sample (3) Strong detection exponential amplification plot 30.40 + 0.04
Referred cumin sample (3), 1:10 Strong detection exponential amplification plot 34.04 + 0.22
Referred cumin sample (4) Strong detection exponential amplification plot 30.12 £ 0.15
Referred cumin sample (4), 1:10 Strong detection exponential amplification plot 33.65 + 0.25
1% DNA:DNA mahaleb:cumin® Strong detection exponential amplification plot 23.10 £ 0.14
Extraction blanks, n = 4 No amplification NA

@ Cq = Quantification cycle.

5 NA = Not applicable.

c

(n) where n is each of four successive extractions of the sample; 1:10 is a one in ten dilution.

1% DNA:DNA mahaleb:cumin sample: DNA was extracted from mahaleb powder and cumin (1) independently, normalized to 5 ng/uL, and then
combined on a volumetric basis to make 1% DNA:DNA mahaleb in the cumin sample based on 25 ng template DNA per PCR well.
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Table 6. Melt peak (T,,,) data quantitative PCR DNA referred
paprika sample

Sample Mean Peak(s) (Trm)?
Ground mahaleb 84.90
Apricot stone 85.33
Peach stone 89.20
Almond 88.37
Peanut 74.50°
Paprika 74.93°
Smoked paprika 74.90°
Cumin seeds 85.37
Paprika-based referred sample 1 82.60
Paprika-based referred sample 2 82.80
Paprika-based referred sample 3 82.60

10% w/w mahaleb in paprika referred sample DNA 1 85.23

10% w/w mahaleb in paprika referred sample DNA 2 85.10

10% w/w mahaleb in paprika referred sample DNA 3 85.07

10% mahaleb & 10% almond in paprika DNA 84.83 and 88.07
Extraction control 75.03°

No Template Control 74.63°

a

Mean T, results (expressed in °C) from triplicate technical replicates.
The predominant melt peaks (repeatable across all replicates) associ-
ated with each sample analysis are listed. Standard deviation associ-
ated with each mean value was always less than 1% of the mean
value.

Probable primer artefact when no specific PCR product is amplified
with a T, of approximately 75°C.

to an incident such as this is handled by well-informed managers
with food technical experience who are generally not scientists,
let alone forensic specialists. After the initial adverse findings,
unless an immediate cause is self-evident, there are many
possibilities that must be considered under time pressure,
against pressing knowledge gaps, including the extent to
which other product lines are implicated and often in the glare
of publicity. Among other lines of inquiry, the FBO requested
a list of all materials milled in the same premises in Turkey as the
cumin. The FBO worked through the list, investigating any
unfamiliar species, in due course, focusing on mahaleb, then
largely unknown in the United Kingdom. Work commissioned
by the FBO suggested that almond ELISAs cross-reacted with
mahaleb (Corbishley, G., The Barts Ingredients Co., Ltd,
personal communications, 2016 and 2017). The investigation
described herein led to the confirmation of industry suspicions
that P. mahaleb and not P. dulcis (almond, a Regulation 1169/
2011 Annex II-listed allergen) was the contaminant in the
referred sample of cumin. Based on our findings, the recall
that had been issued by the Food Standards Agency (FSA)
was rescinded. We were also able to confirm that a sample
from a consignment of paprika that had been refused access to the
U.K. food chain did indeed contain almond. Our investigation
was conducted according to established forensic standards,
although additional MS criteria for the confirmation of
peptides had to be developed. The investigation of the cumin
incident was hampered somewhat by the small mass of sample
available; nevertheless, it was brought to a successful conclusion.
As aresult of the incidents, an industry best practice for assessing
and protecting supply chains for culinary dried herbs and spices
has been published (23).

Throughout the analytical investigations, regular written
and verbal updates were provided by a designated scientist
(the corresponding author of the present paper) to the
multidisciplinary team and to the parties involved via the FSA.
This communication proved valuable, but was challenging in the
face of the asynchronous emerging tentative findings until final
orthogonal resolution and parallel competing demand-led work
including other technical appeals.

ELISA is the workhorse technique for the detection of food
allergens and is likely to remain so for the medium-term future.
It has many advantages. However, drawbacks include variable-
and manufacturer-specific sensitivities, cross-reactivity, and
a potential for poor protein recovery: These contribute to
difficulties in obtaining accurate quantification (24-26).
Almond ELISAs are well known (27), but in 2015 were
known to exhibit cross-reactivities with apricot, which have
been acknowledged both by ELISA manufacturers (28) and
the literature (29). Application of PCR amplification of
extracted DNA is expected to be more species-specific than
ELISA. Nonexhaustively, PCR methods for almond have been
reported; some with reported negligible cross-reactivity for
a very limited number of phylogenetically closely related
Prunoideae foods (30-32), but others with higher (1.2%
signal) cross-reactivity to apricot (29). MS of allergen
proteins is a developing area, promising a number of
advantages over ELISA and PCR as MS can be made to be
specific for the protein to be quantified, provides protein identity
information, permits a wider linear dynamic range, is less prone
to be affected by food processing and, if appropriately applied,
can be used as a reference method or for the production of
certified reference materials. However, LC-MS methods remain
as vulnerable as other approaches with regard to poor extraction
efficiency and a difficulty in determining recovery owing to
a lack of reference methods and reference materials and a lack of
metrological traceability to secure standardization and
harmonization of results (33). Hence, during the live
investigation of the incidents, complementary approaches
were necessary, none of which would have alone satisfied the
criminal burden of proof (Table 7). It is interesting that the
semiquantitative data from both the ELISA and PCR were in
broad agreement.

Although, to our knowledge, there are no clinical records of
allergy to mahaleb, there is very probable risk to almond-allergic
individuals from mahaleb cross-contamination owing to amino
acid homology, which appears to have been recently confirmed
by the demonstration of mahaleb reactivity with almond-allergic
patient IgE (34). Thus, it was definitively important to identify by
MS detection peptides characteristic to mahaleb in the cumin and
almond in the paprika; detection of multiple Prunus peptides in
both confirmed the allergy risk.

Although members of the animal kingdom, particularly meat
and fish species, are well represented in publicly available DNA
databases, there is much less information available regarding
fruits and spices. What information is available regarding these
species requires very careful examination in order to identify and
capitalize on areas of sequence homology or polymorphism on
which to potentially design generic and specific PCR and MS
assays. It is often prudent to reinforce in silico data through
experimental evaluation and sequencing within the laboratory.

The assays described in this paper depend on validation with
randomly sourced commercial samples as control materials.
Although these were checked as to species and purity and
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Table 7. Summary of complementary approaches to resolve the disputed identity of Prunus allergen in the referred samples

Technique

Almond kernel

Mahaleb kernel

Commercial ELISAs

In the referred paprika sample two platforms
produced data in the range 390 — 700 mg kg™’
expressed as almond

Real time PCR assay demonstrated to be species-
specific

Real time screening PCR Prunus assay (This
assay was not developed until after the cumin
case)

LC-MS/MS Referred cumin sample

LC-MS/MS Referred paprika sample

No almond-specific assay available

Almond DNA detected in the referred paprika
sample

Capable of screening for Prunus species protein and ascribing presumptive quantitative data albeit

expressed as ‘almond’

In the referred cumin sample three platforms
produced data in the range 1.3 — 12.2 mg kg™’
expressed as almond

The developed mahaleb-specific assay detected
mahaleb DNA in the referred cumin sample in the
approximate range <10 - <100 mg kg™’
expressed as mahaleb. Mahaleb was not
detected in the referred paprika sample

Mahaleb DNA not detected in the referred paprika
sample

No peptides uniquely characteristic of almond were  Of 3 peptides known to be present in mahaleb 1
detected

Two peptides uniquely characteristic of almond
were detected

was detected

No peptides uniquely characteristic of mahaleb
were detected

every effort was taken to ensure they were representative of the
species in question (Table 2), there is a small likelihood that
different cultivars within the same species may exhibit small
differences in base pair and amino acid sequences. The mahaleb-
specific DNA assay, the Prunus PCR screening assay with
species-specific capabilities, and the LC-MS/MS investigation
have not been tested on all cultivars and species of almond,
apricot, plum, cherry, mahaleb, or peach. It is assumed that the
DNA and LC-MS/MS assays will not respond with false-
positives to untested Prunus species, but unless experimental
work is conducted to verify this, it remains a possibility, albeit,
we believe, of low probability. Indeed, the differing pattern of
ELISA platform cross-reactivity between the control materials
and the referred samples and the presence of an additional
unidentified peak in the melt curve of the referred paprika
sample, presumed to be a separate mahaleb cultivar, attest to
the complexity of the analysis of species in the Prunus genus.
We also note our cumin result was much lower than the
original official finding by ELISA of some 300 mg-kg ™' as
almond, suggesting that even in powdered spice matrixes,
inhomogenous distribution of contaminants is likely.

Conclusions

In the opinion of the parties involved (FBO, regulators, and
other interested parties), the U.K. cumin incident was handled
about as well as it could have been throughout, based on the
information and knowledge available at each stage, as the
investigation proceeded. The FSA was correct to advise
a product recall at the outset because the initial result was not
irrefutably incorrect and the putative allergen was one of possibly
significant impact. Subsequently there was open and honest
communication that allowed the true cause of the incident to
be uncovered and confirmed. Transparency throughout as to the
progress of the investigation, avoidance of apportioning blame,
or seeking damages for the cost of the incident were lauded as
helpful in achieving a true understanding of cause and thereby
assisting in the avoidance of a similar problem in the future
(Corbishley, G., The Barts Ingredients Co., Ltd, personal
communications, 2016 and 2017).

The utility of ELISA solely as a screening tool for the Prunus
family and extent of cross-reactivity has been confirmed. Two
novel PCR assays were developed: one specific for P. mahaleb
and the other a screening method capable of identifying common
Prunus DNA. Peptides unique to almond and mahaleb have been
identified, along with the conditions required for their extraction,
tryptic digestion, chromatography and MS, and criteria for
peptide identification to forensic standards. The publication of
this work enables a staged approach to be applied to any future
incident thought to involve Prunus species and provides
a template for the investigation of similar incidents.
Successful resolution of the incidents described was aided
by access to a multidisciplinary team of forensically aware
analytical chemists, molecular biologists, protein mass
spectrometrists, statisticians, and food law specialists. A
similar investigation of peanut and almond contamination of
cumin in North America bears out the complex nature of the
spice supply chain and the need for orthogonal confirmation of
ELISA screening results (35).

The suspicions of bulking out of expensive spices with much
cheaper almond or apricot shells were not born out by our
investigation, but remain live possibilities. ELISA, as
a screening tool, would be unlikely to pick up such
adulteration, although the described novel PCR screening
assay may be capable of doing so and MS confirmation may
be a possibility. However, this is an area of potential fraud in
which other techniques, such as multispectral imaging (36), may
be of more immediate utility.

The use of control materials deserves some thought and we
recommend multiple sources, knowledge of the supply
chain (if possible), recording and publication of label
details (see Table 1), and independent species confirmation
(DNA sequencing).
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