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Food laboratories have
developed methods for

testing allergens in foods. The
efficiency of qualitative and
quantitative methods is of prime
importance in protecting allergic
populations. Unfortunately,
food laboratories encounter
barriers to developing

efficient methods. Bottlenecks
include the lack of regulatory
thresholds, delays in the
emergence of reference
materials and guidelines,

and the need to detect
processed allergens. In this
study, ultra-HPLC coupled

to tandem MS was used

to illustrate difficulties
encountered in determining
method performances. We
measured the major influences
of both processing and matrix
effects on the detection of egg,
milk, soy, and peanut allergens
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in foodstuffs. The main goals

of this work were to identify
difficulties that food laboratories
still encounter in detecting and
quantifying allergens and to
sensitize researchers to them.

ood allergies are increasingly
Fprevalent, affecting over 220

million people worldwide (1).
To avoid allergy, allergic consumers
must exclude the prohibited food from
their diet. Yet, despite many efforts and
actions of the food industry, it is very
hard to achieve complete elimination of
cross-contact with allergens during food
manufacturing, transport, and storage (2,
3). To limit the risk of allergy, the industry
widely uses precautionary labeling (i.e.,
“may contain...”), but food recalls due
to unlabeled allergens are constantly
increasing (4). The lack of correlation
between precautionary labeling and the
presence of allergens frequently leads
allergenic people to ignore the labeling
(5). In addition, the absence of regulatory
thresholds for allergens does not help food
producers establish trustworthy labeling.
To help food producers, thresholds
have been set by the Allergen Bureau’s
Voluntary Incidental Trace Allergen
Labeling (VITAL) Program (6, 7), but
despite manufacturers’ improvements and
the emergence of allergen thresholds, it

Mélanie Planque
was one of the five contest
winners for first time AOAC poster
presenters at the 130th AOAC
Annual Meeting.

remains necessary to check for possible
contaminations using reliable analytical
methods.

The ELISA is the test most widely used
in routine laboratories to detect allergens
in food products. Yet, detecting highly
processed allergens at VITAL thresholds
by ELISA is very difficult because of
protein modifications and interfering
compounds  (polyphenols, high fat
content, etc.; 8, 9). This limitation has
led to the development of methods based
on ultra-HPLC (UHPLC) coupled to
tandem MS (MS/MS) for the detection
ofallergens in products processed at high
temperature (10-12). Although several
methods are available for detecting
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allergens, a lack of harmonization between laboratories remains
common. Although AOAC INTERNATIONAL Standard
Method Performance Requirements (SMPR® 2016.002; 13)
recommend using appropriate reference materials from
the National Institute of Standards and Technology (NIST;
Gaithersburg, MD) or from LGC Standards, some reference
materials are still unavailable (cashew, pistachio, Brazil nut,
and others), or food laboratories do not use them routinely.
This lack of harmonization makes it difficult to compare
method performances between laboratories. Food allergen
detection methods are mostly characterized by sensitivity
thresholds in spiked materials (14, 15), and it is hard to relate
method sensitivity determined in this manner to method
performances in food industry processes. Problems such as
the absence of conversion factors between reporting units and
the lack of correspondence between analytical methods such
as PCR (DNA copies; 16) and ELISAs or MS (ingredients,
soluble proteins, and total proteins; 10, 11) further complicate
comparing the performances of methods used for food allergen
detection. In the present study, we have sought to illustrate
the consequences of this lack of harmonization between
laboratories using UHPLC-MS/MS analysis. This technique
was used to analyze highly processed and spiked materials. The
impacts of processing and matrix effects were systematically
evaluated and compared for the detection of egg, milk, soy,
and peanut allergens in ice cream (fat), cookie (processed), and
tomato sauce (acid) matrixes.

Materials and Methods
Reagents and Materials

Standard Reference Materials (SRMs) of whole egg powder
(SRM 8445; 48% proteins), whole milk powder (SRM 1549a;
25.64% proteins), soy flour (SRM 3234; 53.37% proteins), and
peanut butter (SRM 2387; 22.2% proteins) were from NIST.
Ultra-performance LC (UPLC) grade acetonitrile and formic
acid were from Biosolve Ltd (Valkenswaard, the Netherlands).
Acetic acid was purchased from Acros Organics (Geel, Belgium)
and hydrochloric acid from Fisher Chemical (Loughborough,
United Kingdom). The cleanup step was performed with a Sep-
Pak tC18 SPE column (Cat. No. WAT036790; 6 cc, 500 mg),
and UPLC separation was done with a Peptide C18 BEH 130A
column (2.1 x 150 mm), both from Waters Corp. (Milford,
MA). Urea, ammonium bicarbonate, tris(hydroxymethyl)
aminomethane (TRIS), dimethyl sulfoxide (DMSO),
dithiothreitol (DTT), iodoacetamide (IAA), bicinchoninic acid
(BCA) protein assay kit, and trypsin from bovine pancreas
(Cat. No. T8802) were obtained from Sigma-Aldrich (Bornem,
Belgium). The labeled peptides GGLEPINF (Ring-D5)
QTAADQAR-NH2 (egg peptide), FFVAPFPEVFGK (U-13C6
15N2)-OH (milk peptide), EAFGV (D8)NMQIVR-OH (soy
peptide), and TANELNLLIL (U-13C6 15N)R-OH (peanut
peptide), as internal standards, were from Eurogentec (Seraing,
Belgium).

Preparation of Food Samples and Standards

Allergen-free matrixes.—Cookie dough was prepared with
flour (53.4%), sugar (15.2%), water (14.8%), oil (16.1%), salt

(0.3%), ammonium bisulfate (0.1%), and sodium bicarbonate
(0.1%). Ice cream was mixed in a blender and consisted of
coconut milk (29.6%), sugar (11.0%), lemon juice (0.4%),
and banana (59.0%). Tomato sauce [tomatoes (75%), onions,
carrots, and celery] was purchased from a local shop and
homogenized with a blender.

Allergen solutions.—Two allergen solutions (Solutions A and
B) were prepared in extraction buffer (200 mM TRIS-HCI; pH 9.2,
2 M urea) and used to spike matrixes at different concentrations.
Solution A was prepared by combining all four NIST reference
materials (egg powder, milk powder, soy flour, and peanut butter)
with the extraction buffer, applying the extraction protocol to
this mixture, centrifuging it, and retaining the final supernatant.
Ingredient and buffer proportions were chosen so that 1 mL
Solution A corresponded, on the basis of NIST protein content,
to 0.6 mg total egg proteins, 0.1 mg total milk proteins, 1.0 mg
total soy proteins, and 0.5 mg total peanut proteins. Solution B
was prepared by extracting each starting material separately,
measuring the soluble protein content of each extract (BCA
determination), and combining the different extracts so that 1 mL
Solution B contained 0.1 mg soluble milk proteins, 0.6 mg soluble
egg proteins, 1.0 mg soluble soy proteins, and 0.5 mg soluble
peanut proteins. The allergen concentrations of these two solutions
were, therefore, not identical, although both can be described as
containing, e.g., “milk proteins at 0.1 mg/mL.” In what follows,
we therefore specify “total proteins” or “soluble proteins” when
referring to spiking levels obtained with Solution A or Solution B,
respectively.

Contaminated matrixes.—Three kinds of contaminated
matrixes were prepared: incurred (incorporation of allergens
before processing at 180°C during 18 or 36 min); spiked
(incorporation of allergens after processing of tomato sauce,
ice cream, and cookie matrixes); and digested (spiking
the tomato sauce, ice cream, and cookie matrixes with
digested allergens after the digestion step). Calibration
curves (n = 3) were constructed for determining protein
concentrations in milligrams of total proteins per kilogram
(NIST protein content) or in milligrams of soluble proteins
per kilogram (BCA quantification). The concentrations used
were 0, 3, 6, 15, 30, 60, and 120 mg/kg for egg; 0, 0.5, 1,
2.5,5, 10, and 20 mg/kg for milk; 0, 5, 10, 25, 50, 100, and
200 mg/kg for soy; and 0, 2.5, 5, 12.5, 25, 50, and 100 mg/kg
for peanut.

Internal standards.—The stock solution was prepared by
dissolving the labeled peptides in DMSO (10 mg/mL) before
diluting to 1 mg/mL with 0.1% formic acid. The working
solution, containing FFVAPFPEVFGK (U-13C6 15N2)-OH
and EAFGV (D8)NMQIVR-OH at 4 pg/mL, TANELNLLIL
(U-13C6 15N)R-OH at 10 pg/mL, and GGLEPINF (Ring-D5)
QTAADQAR-NH2 at 8 pg/mL in 0.1% formic acid, was
prepared using the stock solution.

Peptide Analysis Protocol

Incurred and spiked matrixes.—For extraction, digestion,
purification, and analysis by UHPLC-MS/MS, the protocol
described by Planque et al. (12) was used. Before extraction,
75 uL labeled-peptide working solution was added to each spiked
and incurred matrix sample. The digestion step was slightly
modified: 10 mL supernatant was diluted in 10 mL 0.20 mol/L
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ammonium bicarbonate. The proteins were reduced for 45 min
at 20°C by adding 1 mL 0.80 mol/L DTT, alkylated for 45 min
at 20°C in the dark by adding 2 mL 0.50 mol/L IAA, and
digested at 37°C for 1 h by addition of 1 mL 1 mg/mL trypsin
in 50 mM acetic acid. The reaction was stopped with 300 puL
20% formic acid, and the mixture centrifuged at 4660 x g for
5 min at 10°C. After purification, the extract was dissolved in
500 uL 0.1% formic acid and centrifuged (11754 x g for 5 min)
before analysis by UHPLC-MS/MS.

Digested matrixes.—Tomato sauce, ice cream, and cookie
matrixes were spiked with Solution A (described in the A/lergen
solutions section) and digested according to the above-described
protocol. After spiking the digested matrixes with digested
allergens, 37.5 pL labeled-peptide working solution was added.
After purification, the extract was dissolved in 500 pL 0.1%
formic acid and analyzed by UHPLC-MS/MS.

Results and Discussion
Validation Guidelines: Impact on Method Performance

Despite the establishment of guidelines, validation criteria are
still fuzzy. In particular, laboratories can still choose the manner
in which they determine method sensitivity. We examined how
different choices might affect the determined sensitivity of
UHPLC-MS/MS.

First, we focused on egg proteins in the incurred and the
spiked cookie matrix. In UHPLC-MS/MS, the sensitivity
(LOQ) is defined as the lowest concentration of analyte
corresponding to an S/N higher than 10. In the incurred
cookie matrix, having undergone heating at 180°C for 18 min,
the LOQ was approximately 3 mg total egg proteins/kg
(Figure 1B). When processing was longer (36 min at 180°C),
the threshold S/N value was not reached at this concentration
(Figure 1A). The use of spiked rather than incurred cookie
matrix increased the S/N ratio nearly 7-fold (Figure 1C versus
Figure 1A), and when the 3 mg/kg value referred to milligrams
of soluble proteins rather than total proteins, the S/N ratio was
even higher (Figure 1D).
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Figure 1.

These results highlight the difficulty in comparing method
sensitivities when the reporting units are not the same and when
different choices are made regarding processing conditions and
the use of spiked or incurred samples. Such discrepancies are an
obstacle to guaranteeing reliable detection of allergens in foods.

Next, we looked at the three matrixes (tomato sauce, ice
cream, and cookie) spiked with 0.5 mg/kg total milk proteins.
The sensitivity of the method was found to depend greatly on
the matrix used: the SN was 3.2 times as high in ice cream and
8.8 times as high in tomato sauce as in cookie (Figure 2).

These results show that the matrix effect can be considerable
and that foodstuff composition must be taken into account
when assessing method performance. AOAC SMPR 2016.002
recommends combining matrixes and allergens when validating
a method. It does not, however, indicate which ingredients,
proportions, and conditions of preparation should be used.
For harmonization, reference materials (e.g., MoniQA, LGC
Standards) should be tested/used by different laboratories in
order to use the same materials in determining the performances
of analytical methods for food allergens.

Quantification Strategies for Allergens: Comparing
Different Approaches

For better management of cross-contaminations in production
lines, the food industry requires quantitative data, but industrial
processes are known to cause protein modifications and
degradations, making it hard to deliver accurate quantitative
results (17). In the ELISA technique, the quantification of
allergens is based mainly on a single calibration curve done
in a solvent or extracted matrix, no matter what kind of food
matrix is to be analyzed (18). This means that matrix effects and
thermal processes are usually not taken into account and leads to
significant gaps between real and quantified amounts of allergens.

These considerations led us to examine the utility of using
labeled peptides as internal standards in spiked and incurred
materials to be analyzed by MS (Figure 3). First, such standards
were introduced before extraction so as to test their ability to
correct for matrix-related effects and steps of the protocol.
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Chromatograms obtained for the most abundant multiple reaction monitoring (MRM) transition for egg peptide GGLEPINFQTAADQAR

(844.4 > 666.3) in cookie matrix: (A-B) incurred samples containing 3 mg total egg proteins/kg cookie (NIST content) processed at 180°C for
(A) 18 min or (B) 36 min; (C-D) spiked samples at a spiking level of 3 mg egg proteins/kg; however, this value refers to total proteins (NIST content)

in panel C and to soluble proteins (BCA determination) in panel D.
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Figure 2. Chromatograms obtained for the most abundant MRM transition for milk peptide FFVAPFPEVFGK (692.9 > 920.5) in spiked matrixes
of (A) cookie, (B) ice cream, and (C) tomato sauce. The spiking level was 0.5 mg total milk proteins/kg food product (i.e., the LOQ determined

in cookie matrix after processing at 180°C for 18 min; 12).
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Figure 3. Linear regression of peptide peak areas and responses (most abundant MRM transition) for egg peptide GGLEPINFQTAADQAR
(844.4 > 666.3) as a function of the concentration of egg proteins per kilogram of spiked: tomato sauce, ice cream, and cookie matrixes,
as well as incurred cookie matrix processed at 180°C for 18 and 36 min (A) without internal standard and (B) with internal standard
correction GGLEPINF (Ring-D5)QTAADQAR-NH2 (response = area of peptide + area of internal standard).

related

effects

As expected, the use of a labeled peptide did not allow
correcting for the effect of heating. Nor did it allow the
use of a single curve for ice cream, cookie, and tomato
sauce matrixes. To see whether the use of labeled peptides
as internal standards would allow correcting for matrix-

occurring during purification/analysis,
matrixes were extracted and digested before being spiked
with digested allergens and labeled peptides. As shown in
Figure 4, the calibration curves for cookie, tomato sauce,
and ice cream matrixes were found to coincide. These results
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Figure 4. Linear regression of the most abundant MRM transitions for (A) egg peptide GGLEPINFQTAADQAR (844.4 > 666.3), (B) peanut
peptide TANELNLLILR (635.4 > 741.5), (C) milk peptide FFVAPFPEVFGK (692.9 > 920.5), and (D) soy peptide EAFGVNMQIVR (632.3 > 760.4),
based on (A1-D1) peak areas, (A2-D2) responses with the labeled peptide correction (response = area of peptide + area of labeled peptide
internal standard), and (A3-D3) responses with the labeled peptide correction for digested matrixes spiked with digested peptides.
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are encouraging, but additional strategies are required for
correcting extraction and digestion steps.

These results support the use of labeled peptides as
internal standards, but correcting for effects occurring during
extraction/digestion seems crucial to allowing the use of a
single calibration curve to quantify an allergen in various
foodstuffs. Pending a solution for achieving this, alternatives
must be found. Currently, the method of standard addition
seems the most appropriate for quantifying allergens by
UHPLC-MS/MS.

Conclusions

The aim of the present study was to list and measure gaps
in food allergen detection and quantification, using UHPLC-
MS/MS. We have demonstrated the importance of determining
method performance in different matrixes under conditions
similar to those of industrial manufacturing in order to guarantee
the detection of allergens in real food products. For global
harmonization, reference materials should be tested and used by
the different food allergen control laboratories. We have further
found that for main egg, milk, soy, and peanut peptides, the use
of labeled peptides does not correct for matrix effects linked to
the extraction and digestion steps, but it does perfectly correct
for matrix effects, purification, and UHPLC-MS/MS analysis.
Therefore, right now, it seems that adding an allergen standard
for each foodstuff is the best way to quantify allergens. With the
aim to develop a quantitative method with a single calibration
curve, concatenated labeled peptides will also be tested in the
near future.
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