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Allergen analysis is central to implementing and
monitoring food allergen risk assessment and
management processes by the food industry, but
current methods for the determination of allergens
in foods give highly variable results. The European
Union-funded “Integrated Approaches to Food
Allergen and Allergy Risk Management” (iFAAM)
project has been working to address gaps in
knowledge regarding food allergen management
and analysis, including the development of novel
MS and immuno-based allergen determination
methods. Common allergenic food ingredients
(peanut, hazelnut, walnut, cow’s milk [Bos
domesticus], and hen’s egg [Gallus domesticus])
and common food matrixes (chocolate dessert and
cookie) have been used for both clinical studies
and analytical method development to ensure that
the new methods are clinically relevant. Allergen
molecules have been used as analytical targets and
allergenic ingredients incurred into matrixes at
levels close to reference doses that may trigger the
use of precautionary allergen labeling. An
interlaboratory method comparison has been
undertaken for the determination of peanut in
chocolate dessert using MS and immuno-based
methods. The iFAAM approach has highlighted the
need for methods to report test results in allergenic
protein. This will allow food business operators to
use them in risk assessments that are founded on

clinical study data in which protein has been used
as a measure of allergenic potency.

Self-reported immunoglobulin E (IgE)-mediated allergies
are thought to affect around 6% of the European
population, although the prevalence of food allergy

defined by oral food challenge tests is only 0.9%, with a wide
geographic variation in prevalence, with rates being higher in
Northern Europe (1). In the United States, the self-reported
prevalence of food allergy has been estimated at around 8.0%,
with peanut, milk, and seafood, such as crustaceans, being
important allergenic foods (2). In the United Kingdom, peanut
has been estimated to cause food allergy in around 2% of school-
age children (3–5), whereas in Australia, up to 9% of infants have
been estimated to suffer from egg allergy (6). With regards to the
prevalence of severe and fatal reactions, a recent analysis of
fatalities in the United States has shown food anaphylaxis to be
the least common cause of fatal anaphylaxis in the United States,
with 164 fatalities recorded between 1999 and 2010 (7), and the
rate (6.7% of all deaths due to anaphylaxis) is similar to that
defined in Australia and the United Kingdom (8, 9).
In the absence of an accepted treatment for food-allergic

individuals diagnosed with the condition, these individuals
have to practice food avoidance, often life-long, and those
thought to be at risk of severe reactions are given medication,
such as self-injectable adrenaline (epinephrine) to treat a reaction
should they accidentally consume their “problem” food. In order
to help patients avoid such problem foods, a list of priority
allergenic foods was identified by the Codex Alimentarius
Commission, which recommended these allergenic foods
should be listed on ingredient labels of prepackaged foods
irrespective of the level at which they might be included
in a recipe (10). These recommendations have now been
implemented into local food-labeling regulations across the
world, with an amendment in 2014 in the European Union
(EU) bringing certain cereals causing IgE-mediated allergies
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and gluten intolerance (celiac disease) and foods with added
phytosterols, phytosterol esters, phytostanols, or phytostanol
esters into scope [European Regulation (EU) No. 1169/2011,
with amendment No. 78/2014). Although mandatory allergen
labeling has helped allergic consumers avoid problem foods,
there remain uncertainties with regards to the accidental
contamination of foods with allergenic ingredients not
declared in the ingredient label, which may occur through,
e.g., the use of common food-processing lines. As a result of
such unintended allergen presence, precautionary allergen labels
(PALs) are often applied to warn consumers of the potential risks
such allergens might pose (11).
The philosophy underpinning food allergen management is

QA, which spans the food chain, from primary production
through to point-of-sale. This means systems are designed and
maintained with the aim of ensuring that untoward events do not
occur (12). Central to implementing such an approach is the
availability of tools able to determine effectively the levels of
allergenic food protein(s) to monitor either factory cleaning or
ingredients and finished products. However, surveys undertaken
in Europe and North America have shown that the way in which
PAL has been applied means that the presence of a label is not
necessarily related to the level of unintended allergen in a food
product, indicating that problems remain with regards to the
implementation of effective food allergen management (13–17).
Of particular concern are levels of unintended allergens around
the threshold dose likely to trigger reactions in 5–10% of the
allergic population (18), such data forming the basis for the
Voluntary Incidental Trace Allergen Labelling (VITAL) expert
group reference doses (19). For example, residues of milk in dark
chocolate not carrying any PAL have been found to range
between 3 and 3000 mg/kg, the latter sample having the
potential to trigger reactions in more than 60% of the milk-
allergic population (18). The same issues relate to products
carrying positive “free from” claims, with 21% of bakery
products containing >3 mg cow’s milk protein per serving
(20). Such surveys have relied on immunoassay test kit

analysis as the best available methodology, with many using
more than one test kit and showing divergent results between test
kit methodologies (15, 16). Interlaboratory comparisons of five
different allergen immunoassay test kits each for egg and milk
showed that although all the kits could detect allergen protein at
the 3 mg/kg level. ISO 5725-2:1994 criteria were used, which
define the general principles for designing interlaboratory
experiments were used to allow the numerical estimation of
the precision of measurement methods. Using this approach,
only one egg kit accurately determined egg protein at the 3mg/kg
level (97% recovery of egg-white protein) and one milk (casein)
kit accurately determined milk at the 6 and 15 mg/kg levels (103
and 101% recovery of milk protein, respectively; 21). Such poor
analytical performance hampers effective food allergen
management, making the validation of food allergen
management plans and the monitoring of their implementation
an uncertain process. This is further complicated by the known
effects of food processing and the food matrix on allergen test kit
performance (22), which mean test results for allergen
determination in foods can be highly variable and matrix-
dependent and the methods themselves have only undergone
limited validation.
The EU-funded “Integrated Approaches to Food Allergen and

Allergy Risk Management” (iFAAM) project partnership has
been working to address many gaps in knowledge with regards to
patient-focused food allergy management and food industry-
focused issues regarding food allergen management. One aim
has been to address shortcomings in allergen analysis by linking
the development of effective multianalyte allergen analysis tools
to a characterization of how the tools perform with regards to the
nature of the allergenic hazard they are attempting to quantify
(Figure 1). Analytical methods explored include those
potentially suitable for in-factory testing (e.g., immuno-based)
and confirmatory in-laboratory analysis (e.g., MS-based). This
was implemented for five important allergenic foods that cause
many food allergies, including more severe reactions (1, 9), and
are frequently involved in food product recalls: peanut and

Figure 1. Diagrammatic overview of iFAAM’s holistic approach to the development of clinically relevant allergen analysis.
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selected tree nuts (e.g., hazelnut and walnut), together with egg
and milk (23). The same ingredients used for the development of
analytical methodology were also used for clinical studies,
including oral food challenges, thus allowing outputs from
analytical methods to be more easily related to clinical
reactivity (Figure 1).
Raw ingredients in which allergenic proteins are still in their

“native” state are relatively easy to analyze using proteomic
approaches. However, both manufacture of processed allergenic
ingredients and formulated foods in which an allergenic
ingredient is included into the food microstructure (also
known as the food matrix) can result in complex changes in
allergen structure. The physicochemical changes induced in
allergens by food-processing procedures (such as protein
unfolding, aggregation, and thermally induced chemical
modifications, such as Maillard adducts) have the potential to
change IgE reactivity and, hence, the potency of a food to cause a
reaction in an allergic individual. Similarly, the food matrix may
also impair the extraction, detection, and quantification of food
allergens, adversely affecting analytical method performance,
usually by underestimating the actual concentration of an
allergenic ingredient. There is evidence that food processing
can affect both clinical reactivity to foods (24–26) and allergen
analysis (27), often by modifying allergen extractability (28, 29).
However, little is understood regarding the rules governing how
food processing (mechanical, thermal, physical, or biochemical) in
combination with food composition canmodify either the intrinsic
allergenicity or detection and quantification of food allergens,
making it difficult to predict how different processing conditions
and formulations may affect analytical method performance.
In order to address such knowledge gaps and develop robust

analytical methodology, the iFAAM project used three food
matrixes—chocolate dessert, chocolate bar, and cookie—into
which the five main allergenic ingredients were incurred. The
chocolate dessert and chocolate bar had previously been used for
oral food challenges in allergic patients in the EuroPrevall project
(18, 25), whereas the cookie matrix had been used to collect oral
food challenge data as part of a clinical matrix comparison study
in iFAAM. All three products represent matrixes thought to be
difficult to analyze: the chocolate matrixes containing
polyphenols and lipids, whereas the cookie is a high-starch,
high-fat matrix. The polyphenols are known to interact with
proteins, including allergens such as the peanut allergen, Ara h 2,
through hydrophobic or hydrophilic interactions (30). The
formation of such complexes can affect the bioavailability and
digestibility of the allergenic proteins, possibly modulating their
allergenic potential, including IgE reactivity (31).

Clinically Relevant Allergen Analysis in iFAAM

Because protein is the hazard that causes allergic reactions,
risk assessment methods focus on this component, requiring
input data on allergen levels expressed in milligrams of total
protein. Therefore, whenever possible, methods should measure
protein from an allergenic source and either report in protein
units or be converted into protein units (12, 32, 33). Thus, the
focus of analytical method development in iFAAM was on
allergenic protein molecules in the five allergenic food
ingredients. This was essential in order to ensure test results
could be interpreted within the context of other iFAAM activities
focused on the development of risk models. Such integration

enables food allergen management undertaken by the food
industry to be more easily understood by patients and health
care professionals supporting them in managing their food
allergies (Figure 1). The second aspect was to ensure that test
methodologies could detect and quantify allergens at or close to
reference doses. As a consequence, the food matrixes were
incurred with allergen at a range of levels from 2 mg/kg
within the different matrixes.
In order to ensure that allergens detected are clinically relevant and

represent a risk to allergic consumers, a detailed characterization of
the allergens present in the peanut and hazelnut ingredients was
undertaken. Thiswas carried out by determining the IgE reactivity of
food using serum samples from peanut- and hazelnut-allergic
subjects. Complementary methods were combined: IgE
immunoblotting, IgE immunoassays (IgE-binding capacity), and
in vitro models of elicitation of the allergic reaction previously
used in the EuroPrevall (The Prevalence, Cost, and Basis of Food
Allergy across Europe) project (34). After ensuring the allergenic
activity of the ingredients, the effect of incurring the peanut flour in
the three matrixes (chocolate bar, EuroPrevall chocolate dessert, or
iFAAM cookie) on the extractability of IgE-reactive proteins was
assessed using the same methods.
In addition, the relationship between peanut allergen

extractability and detection from the different matrixes used in
analytical methods and their bioaccessibility was explored.
Bioaccessibility is a property that reflects the impact a food
matrix has on the release of a molecule (in this instance,
allergens) from the food matrix in the lumen of the
gastrointestinal tract. This was modeled using an in vitro
digestion system that mimics the way in which the body
extracts nutrients and subsequently breaks them down to
enable them to be absorbed. There are parallels with the way
in which food allergens are solubilised and digested in the
gastrointestinal tract and the way they are extracted prior to
analysis and in MS workflows and digested with gastrointestinal
proteases such as pepsin, trypsin, and chymotrypsin.

Development of Multianalyte MS Methods for Five
Major Food Allergens

MS methods have much to offer as a complementary method
to immunoassay, but are much less well developed. Therefore,
much of the iFAAM activity focused on the application of
multiplex-targeted MS methods for the selected allergenic
foods. Table 1 summarizes the MS-based methods developed
for food allergen detection and quantification in baked and
chocolate-based products. Because the workhorse instruments
of food allergen test laboratories are triple quadrupole mass
spectrometers, these were the platform of choice, working in
selected-reaction monitoring (SRM) mode. The targeted MS
approach monitors proteotypic peptides as a surrogate marker
for the precursor protein. This enhances the specificity and
sensitivity of a method and provides the opportunity to
multiplex the measurement of many analytes in parallel. Such
platforms can also deal with protein abundances that may span
4 or 5 orders of magnitude while still maintaining high mass
accuracy (27). The approach can also be made quantitative if
used with an isotopically labeled form of the target analyte as an
internal standard. These labelled peptides are identical in
physicochemical structure, chromatographic performance, and
ionization efficiency to the corresponding endogenous peptide
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despite their difference in mass (5–6 kDa). The isotopically
labeled peptides mitigate the effect of instrumental fluctuation,
such as interference in SRM ion transition and signal suppression
caused by matrix components because we only look at relative
measurements (the chromatographic peak area of the natural and
the isotopically labeled peptides are integrated and the ratio of the
two areas is calculated). The use of stable isotope-labeled peptide
internal standards has been widely demonstrated to provide the
highest level of detection confidence and precision (35). This is
because they coelute with the target analyte and fragment in the
same manner, allowing matrix effects that can cause poor spray
stability and ion suppression to be taken into account. Advances
in peptide chemistry, coupled with increased demand for
peptide drugs and the use of peptides in self-structuring
materials, are also helping reduce the costs of synthetic
peptides (36). QC criteria for peptide standards are being

developed in the clinical arena, which are applicable to the
application of multiple-reaction monitoring technology in the
food arena (37). Purified protein standards have also been used,
although these are not readily available for food allergens,
making peptide standards cheaper and easier to obtain.
The proteomic pipeline used for method development in

iFAAM is summarized in Figure 2. In order to target the
allergenic protein hazard, a systematic approach to signature
peptide target identification from different foods and food
matrixes was undertaken. Initially, peptides were generated
via in silico digestion of allergenic proteins selected as
markers for the presence of the five allergenic foods. The
selection of the proteotypic peptides followed the design
criteria originally developed through the MoniQA
(Monitoring and Quality Assurance in the Total Food Supply
Chain) project (38) and were as follows:

Table 1. Summary of different extraction procedures used to develop MSmethods for the determination of allergens in foods

Food allergen and food matrix MS platform Extraction protocol Ref.

Raw and roasted peanut (140°C) Capillary HPLC-nano-QTOFa 20 mM TBS buffer, 150 mM NaCl, pH 7.4b (41)

Dark chocolate mixed with Ara h 1 HPLC-QTOF 0.05 M NH4HCO3, pH 8, 60°C (42)

Processed peanut HPLC-nano-QTOF 20 mM Tris-HCl, 150 mM NaCl, pH 7.4, 4°C (43)

Milk, egg, soy, peanut, hazelnut, walnut, and
almond in bread

HPLC-API-QTRAPc Tris-HCl, pH 8.2, 60°C (Buffer concentration not
provided)

(44)

Peanut and peanut-containing food LC-QQQd 0.2 M Tris-HCl, pH 8.2, 60°C (45)

Roasted peanuts and different commercial
breakfast cereals

LC-LTQ XL linear ion trap instrument 0.2 M Tris-HCl, pH 8.2, 60°C (46)

Cashew nut, hazelnut, almond, peanut, andwalnut
in cereals and biscuits

LC-LTQ XL linear ion trap instrument 0.05M bicarbonate (salt not defined), pH 8.0, 60°C (47)

Nuts from local markets HPLC-QTRAP 0.1 M NH4HCO3, pH 7.6, 4°C (48)

Milk in chocolates, cookies, baby foods, frozen
desserts, sausages, and ground meats

LC-QTOF 20mMTris-HCl and 0.1% (v/v) Tween 20, ambient
temperature

(49)

Milk in incurred cookies LC-QTOF 20 mM Tris-HCl and 0.1% (v/v) Tween 20, pH
10.20, 60°C

(50)

Milk and dairy products from local markets HPLC-QTRAP 50 mM NaHCO3, pH 9.6, 60°C (51)

Milk in baby food (puree), infant cereals, and
breakfast cereals

HPLC-QQQ 50 mM NH4HCO3 and 1 M urea, pH 8.0, 60°C (52)

Egg in pasta LC-QTOF 50 mM NH4HCO3, pH 7.8 (53)

Milk in baked cookie HPLC-XCT plus ion trap mass spectrometer 1% (w/v) SDS in NH4HCO3 buffer, pH 8.2, 60°Ce (54)

Egg, milk, and soy in baked cookies UHPLC-linear ion trap dual-pressure mass
spectrometerf

20 mM Tris-HCl, pH 8.2, 60°C (55)

Milk in baked product UPLC-QQQ 50 mM NH4HCO3 (56)

Milk in home-baked product UPLC-QTRAP Predigestion of starch using a-amylase (390 IU),
pectinase (22 IU), mannanase (4 IU), and 15%
(v/v) acetonitrile in 50 mM NH4HCO3, pH 9

(57)

Milk, soy, and gluten in home-baked cookies UPLC-QTOFg 250 mM 2-mercaptoethanol and 2 M guanidine
HCl in PBS, 60°Ch

(58)

Milk, egg, and peanut in cereal bars and muffins Nano-UPLC-QTRAP 2 M urea and 25 mM DTT in 50 mM TBS, pH 8.0i (27)

Milk, egg, soy, and peanut in cookies; sauce; ice
cream; and chocolate

UHPLC-QQQ 200 mM Tris-HCl and 2 M urea, pH 9.2 (59)

a QTOF = Quadrupole time-of-flight.
b TBS = Tris-buffered saline.
c API = Atmospheric pressure ionization.
d QQQ = Triple quadrupole.
e SDS = Sodium dodecyl sulfate.
f UHPLC = Ultra-HPLC.
g UPLC = Ultra-performance LC.
h PBS = Phosphate buffered saline.
i DTT = Dithiothreitol.
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(1) Target peptides were identified from allergen protein
sequences that are known and available in UniProt.
(2) All of the listed allergenic proteins were abundant (e.g.,

seed storage proteins) and found in widely used food ingredients.
(3) In order to increase the specificity of the method, peptides

were selected that were preferentially unique to a specific protein
or, when the protein exists as different isoforms, to the given
protein type (e.g., 7S or 11S seed storage globulins or 2S
albumins).
(4) Peptides were not subjected to natural post-translational

modifications. This was achieved by excluding peptides
containing phosphorylation and N-glycosylation sites.
(5) In general, 2+ and 3+ peptide ions were selected because

these generally fragment well in MS analysis.
(6) Peptides were chosen that ranged from 5 up to 12 amino

acids in length.

In order to increase the number of candidate peptides, the
search criteria had to be relaxed to accommodate peptides prone
to chemical modifications, such as oxidation and deamidation,
even though this increases the probability of poor
reproducibility. The stability of the peptides during storage
and sample processing was also evaluated during the
optimization of the digestion steps in the sample workflow
and the information fed into the decision-making process for
final signature peptide selection.
The success of the protein quantification by MS analysis of

peptide targets relies on the efficiency of the extraction and
the generation of an equimolar concentration of peptides from
the parent protein. The inclusion of peptides that are either not
fully released (e.g., as a result of partial cleavage and that
might be prone to further degradation) or are subject to
chemical modification might lead to an underestimation

Figure 2. Experimental workflow for the selection of markers and optimization of extraction and digestion for the development of
multianalyte allergen MS methods. PTMs = post-translational modifications; SRM = selected-reaction monitoring.
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of the parent protein concentration. Thus, the generation of
candidate signature peptides during digestion with trypsin
was confirmed using either purified standard proteins if they
were available or proteins extracted from the allergenic
ingredients and the processed food matrixes. In addition,
the chromatographic behavior and ionization efficiency of
the peptides were also determined by MS. This allowed the
best performing conditions for protease digestion,
chromatographic separation, precursor peptide-to-fragment
ion transitions, and the operational parameters of the mass
spectrometer to be determined experimentally.
Extraction conditions were optimized for the highest recovery

of protein as estimated by total protein analysis and relative
peptide quantification using the incurred matrixes and the
selected MS conditions. Both aspects were taken into account
because protein extraction efficiency alone may be poorly
predictive of the peptides released after digestion (29, 30).
The conditions evaluated included buffer type, detergent
addition, temperature, and time, all of which are known to
have a considerable effect on digestion efficiency, peptide
yields, and chemical modifications. After optimizing the
extraction efficiency an assessment of the in-solution protease
digestion step was undertaken using trypsin, an endoprotease
widely used in proteomic workflows was used because of its
high proteolytic activity and cleavage specificity. Ideally, the
signature peptide should be fully released from the parent
protein and stable during the entire time of digestion. Thus,
digestion kinetics and target peptide stability were evaluated
over the entire time course of digestion. The selection of
peptides was then revisited based on experimental observations
to arrive at a final peptide inclusion list used for multiplex MS
method development aimed at providing methods capable of
determining the five allergenic foods in each of the incurred
matrixes.

Interlaboratory Validation of ELISA and MS Methods
for Detection of Peanut: The iFAAM Ring Trial

ELISA-based tests are currently the method of choice for the
detection and quantification of allergens in food matrixes.
However, these have undergone limited validation and give
variable, matrix-dependent results. Multiplexed MS methods
are being developed that could provide confirmatory evidence
of allergen presence in a given sample. However, validated MS
methods for allergen detection in food matrixes are also lacking.
Based on the previously published approach for undertaking
an interlaboratory comparison of egg and milk determination
by ELISA (21), the iFAAM project has undertaken an
interlaboratory comparison of targeted MS and ELISA test
methods for the quantification of peanut in the chocolate dessert
matrix at candidate reference dose levels. The transferability of the
extraction, sample preparation, and MS methods among different
laboratories using diverse LC-tandem MS instrumentation was
studied, and the results compared with those obtained by ELISA.
In collaboration with ELISA test kit manufacturers, MS platform
vendors, and analytical laboratories from across Europe, North
America, Australia, and Japan, the trial has involved more than 20
different organizations, including the National Measurement
Institutes and other laboratories, such as public analysts.
Lightly roasted, mechanically defatted peanut flour

manufactured by the Golden Peanut Company (Alpharetta,
GA) was selected as the peanut ingredient to be incurred into

the chocolate dessert matrix for both the ELISA and MS arm of
the ring trial. As mentioned previously, peanut flour was chosen
as it had been used for undertaking oral food challenges in
EuroPrevall (18) and iFAAM and had well-characterized
allergen profiles that were known to be stable over many
years, as well as demonstrable clinical reactivity (39). Taking
the proposed estimated dose that elicits a reaction identified by
the VITAL scientific expert panel (0.2 mg protein), the dose
series in hydrated chocolate dessert created for the ring trial was
0, 2, 4, 10, and 30 mg peanut protein per kilogram of chocolate
dessert (19). The peanut-incurred dessert matrix was shipped to
all participating laboratories; for the laboratories undertaking the
ELISA and MS arms of the ring trial and for those undertaking
theMS arms, an aliquot of the peanut flour was also shipped to be
used as a reference control. Those undertaking the MS analysis
also received the synthetic peanut peptide mix solutions—one
consisting of unlabeled synthetic peanut peptides used as
external calibrants and the other consisting of synthetic peanut
peptides labeled with 13C and 15N C-terminal arginine or lysine
residues, used as internal standards. A set of standard operational
procedures was developed to provide guidance to the different
laboratories undertaking the study and maximize harmonization
of methodology. All activities undertaken were overseen by a
steering group responsible for reviewing all the steps of the ring
trial. Participants of the ELISA ring trial received kits and
protocols directly from the kit manufacturers.
An initial prering trial was undertaken for the ELISA and MS

arms in order for participants to familiarize themselves with the
materials and protocols. Following completion of the prering
trial, protocols were revised in consultation with the steering
group and the full ring trial undertaken.
A key aspect for analysis of the full ring trial data is the

conversion factors to apply. As was required for the previous egg
andmilk study (21), it was necessary to apply a conversion factor
to data obtained for those kits reporting in peanut to allow
comparison of results between kits and with the expected
values. Therefore, based on the average peanut seed
containing 25% protein (40), kit results reported in milligrams
of peanut per kilogram were divided by four to give milligrams
per kilogram of peanut protein. For the MS trial, this was more
complex because there is a need to convert from peptide to
peanut proteins. One approach being applied is to first convert
the peptide concentration to a concentration of individual
allergens using a set of predefined MWs (27) and to
subsequently develop a further conversion factor to arrive at
peanut protein based on the relative abundance of each allergen
type in the peanut flour sample, determined, e.g., using discovery
proteomics data (39). This can give an estimate of total allergen
protein, and subsequently, based on extractable protein content,
arrive at an estimate of allergenic ingredient protein. In addition
to allowing a comparison of the different platforms used in the
study, these calculations will also allow comparison of MS-
derived measurements with the ELISA test kit results.

Conclusions

Allergen risk assessment and management approaches are
being increasingly used by the food industry that are founded
on clinical data collected in food-allergic subjects undergoing
oral food challenges in which the allergenic component has been
defined in the mass of the protein that causes an allergic reaction.

88 NITRIDE ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 101, NO. 1, 2018

D
ow

nloaded from
 https://academ

ic.oup.com
/jaoac/article/101/1/83/5653890 by guest on 16 August 2022



The holistic approach used within the iFAAM project aimed to
link the data from clinical studies to the allergen risk assessment
and management approaches and the analytical measurement.
This has made it apparent that, in order to provide food business
operators with meaningful data that can be easily used to
implement such risk assessment action plans, the presence of
allergens in foods will need to be reported as a protein
measurement (e.g., peanut protein), rather than just as a
commodity (e.g., peanut).
The iFAAM activities with regards to allergen analysis will

help support the development of MS methods that can be
deployed in a complementary manner to immuno-based
methods such as ELISA. Parallel development of different
analytical methodologies accompanied by effective test
method validation and interlaboratory comparisons will
help improve the quality of allergen analysis and promote
best practices in allergen analysis across different analytical
laboratories around the world. However, the development of
metrologically traceable reference materials and standards
remains a priority, as does the definition of relevant
allergenic protein markers and conversion factors to allow
reporting of analytical test results as milligrams of total
allergenic protein. Such resources are time consuming and
costly to produce, but are vital if the results of allergen analysis
are to be trusted by the food industry, allergic consumers, and
regulators alike (11).
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