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Abstract Food allergens are more or less denatured
mixtures of non-defined proteins in complex matrices. The
most common technique to measure these proteins is an
antibody-based system as, e.g., a commercial ELISA sys-
tem which consists of an extraction procedure, suitable
antibodies and a calibrator. Until now, only a few attempts
to standardize these different ELISA systems were per-
formed and the most promising way seems to be a
standardization of the calibrator. It is shown that we have
currently no methods to fully characterize these calibrators,
which are always complex protein mixtures. This also
means that the production of reference materials containing
these calibrators is not possible. It is proposed to choose a
different way because we will never have an unbroken
traceability chain. As described in ISO 17511:2003 for the
clinical area, one possibility could be the selection of a
commercial preparation (e.g. skim milk powder) to which
all test kit manufacturers will relate their results on and in a
second step to select a reference method.
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Background

Certain proteins from different food stuffs exert allergic
reactions in sensitized consumers. Since these allergic
reactions could range from mild symptoms up to life
threatening anaphylactic shock situations, the analysis of
these proteins in food is an important part to protect con-
sumers from this hazard. In many cases, sensitized
consumers are not able to recognize visually the existence
of low concentrations of the allergenic part or even to
assume their existence in food (hidden allergens). Con-
sumers are therefore highly dependent on precise
laboratory analysis and risk analysis procedures. To protect
consumers, the legislative bodies all over the world set-up
a need for declaration for allergens irrespectively of their
allergenic status or protein content several years ago. Since
there is no single allergenic protein in each foodstuff, there
is a need to detect the protein fraction of the allergenic food
for the most part in all possible processed ways. As an
example, there are 10 known allergenic peanut proteins
(Ara hl up to Ara hl0; [1]), and their allergenicity is
dependent or independent on a heat treatment during pro-
cessing of the peanuts (cited in [2]), or we learned from
LC-MS/MS analysis that due to different manufacturing
processes, skim milk powders are not comparable to
each other. They showed different forms of agglomerates
of B-lactoglobulin and different lactosylation degrees
of caseins and B-lactoglobulin (Johnson, pers. comm.).
Furthermore, there are polymorphisms of the casein or
B-lactoglobulin genes, e.g., 11 polymorphisms for the
bovine B-lactoglobulin gene and that they all result in
amino acid exchanges [3]. Therefore, the ‘allergen analyte’
is always a mixture of more or less denatured proteins and
need to be extracted from composed food matrices by
special extraction buffers.
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Measurement and standardization

All methods for measurement of allergens are mainly based
on the detection of specific markers that allow extrapola-
tion for the presence of the allergenic food of interest. The
methods can be divided into three groups due to their
different measurement principle. This publication will
concentrate on antibody-based methods, since the alterna-
tive DNA-based methods are not traceable to proteins and
the most chromatographic methods seem suitable for
practical use but are still under development. For antibody-
based methods, suitable extraction methods are necessary
in addition to well-characterized antibodies/antisera and
calibrants. For more details, especially for antibody-based
methods see also [4].

Persons using commercial ELISA test kits are always
confronted with the situation that each test kit is calibrated
in a different way and, therefore, each test kit gives a
different value. It is speculative but antibodies may
sometimes differentiate the previously mentioned different
forms of, e.g., B-lactoglobulin or will differentiate amino
acid exchanges, which will maybe also influence the
enzymatic digestion before LC-MS/MS determination. To
complicate the situation, analysts have no advice if they
should refer their obtained value to the protein content, or
to the whole food or to the dried food content. This con-
fusion will grow in the future if scientist and the legislative
bodies will finish their discussion about threshold values
for allergens in food and set-up legal levels for allergen
intake. One should bear in mind that threshold levels are
given as amounts per serving, e.g., 10 mg per serving. In
contrast, ELISA results are always expressed as a con-
centration, e.g., 10 mg/kg. Therefore, we also need an
official or recommended food intake per serving amount,
which should be different between the different groups of
food, e.g., spices or chocolate or ice cream. Furthermore,
the different groups of consumers (children, adults) need to
be considered.

Until now, there are only a few attempts to ‘standardize’
commercial ELISA systems. It is not the problem of ‘why’
to standardize but of ‘how’ to standardize. From a practical
point of view, the calibrator could be standardized [4]. This
seems simple on the first view but is complicated by the
nature of the analytes as described previously.

Fractionated allergens

Milk and egg are important allergens but also important
food ingredients. The food industry uses different prepa-
rations from both materials, e.g., skim milk powder, whey
protein, caseins, or egg white powder, liquid egg white,
lysozyme, whole egg powder, raw liquid egg and
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sometimes also fresh egg or fresh milk. Depending on the
specificity of the antibodies and the calibrators used in the
test kit, the appearance of these ‘fractionated’ allergens in
an unknown sample will end up in different results if the
customer is not able to specify the fraction. As an example,
an ELISA was set-up to measure total milk proteins.
It consists of a set of antibodies, which will detect the main
fractions of milk (caseins and B-lactoglobulin) and uses
skim milk powder as a calibrator. A possible sample con-
tains only caseins or whey proteins (8-lactoglogulin and
o-lactalbumin). The result is an underestimation of the
concentrations, which is more pronounced in the case of
the whey protein-containing sample, because the calibrator
skim milk powder only contains about 20% whey proteins
(approx, 10% B-lactoglobulin; mass fraction).

On the opposite, we have allergens (e.g. peanut) that
could not be fractionated in that way and problems using
different test kits are not so imminent. In this case, it is
very important to distinguish between defatted and non-
defatted peanut materials concerning their protein content.

Pitfalls in the production of reference materials

The first productions and testing of materials (designed to
be ‘reference’ materials) ended up in a bunch of different
results depending on the different test kits used. Only
homogeneity testing using one test kit and the same test kit
used by different persons gave acceptable results. These
materials are often incurred samples, which are produced
under practical conditions, e.g., cookie dough was incurred
with 10 mg whole egg powder per kg, heated consecutively
and milled. This approach has two pitfalls: (a) the unde-
fined nature of the whole egg powder and (b) the
processing of the material after adding it to the dough.

Before starting to produce such a material, we empha-
size that the producers think about

(1) The water content and the whole protein content of
the whole egg powder

(2) The mass fractions of the different allergenic constit-
uents ovalbumin, ovomucoid, ovotransferrin and
lysozyme

(3) The variation of these constituents when comparing
whole egg powders

(4) Important polymorphisms of proteins when compar-
ing different egg preparations

(5) Post-translational modifications or modifications due
to processing of the powder

(6) The availability of a method to determine point (2) up
to (5)

(7) The extraction recovery before the quantification by
ELISA
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(8) Denaturation of the egg material during heat treat-
ment of the cookies

Taken the previously mentioned points together, neither
antibody-based systems nor chromatographic methods are
traceable to a primary standard ‘whole egg powder’
because there is no primary standard until today and maybe
there will be none in the future. We have, therefore, no
information about the ‘traceable value’ of the ‘egg’ con-
centration in the cookie and, in consequence, we have no
reference material.

From a technical point of view, it seems to be possible to
set-up chromatographic methods for each protein from, e.g.,
egg powder or skim milk powder to characterize each
constituent of the protein mixture. This approach seems to
be labour-intensive but possible. Nevertheless, how could
we use this concentration of a single protein to achieve
the ‘goal’ of traceability for the determination of allergens
in food? The npitfalls are the legislative directives
which mandatory order the declaration of the allergen (e.g.
‘milk’), which is a composed protein mixture and not a
single protein. How should we recalculate a (traceable)
value for B-lactoglobulin in skim milk powder into a
(traceable) value for ‘milk’? From this point of view, it will
be possible to standardize ELISA systems for the determi-
nation of B-lactoglobulin or casein or ovalbumin, but it is
not possible to standardize an ELISA system for the
determination of milk or egg or undefined fractions of them.

Possibilities

Do we have any examples of a traceable (protein) mixture
from other analytical areas? To our best knowledge, there
is no traceable protein mixture cited in the literature and no
accompanying reference method (an exception is given in
the next chapter). In the clinical area, there is an IFCC
reference method to detect total serum proteins but the
standard substance is still a (traceable) bovine serum
albumin (NIST material SRM 927c) and not a protein
mixture as in the sample. Nevertheless, this method was
published in 1981 and seems to work quite well from a
practical point of view [5, 6].

Alternatively, we could choose one material, e.g., a
commercial whole egg powder as a ‘reference material’ as
NIST did with RM 8445. This material is ‘intended pri-
marily for use in evaluating test kits for determination of
the presence of allergenic egg proteins’. Advantages of this
procedure are the practicability and the closeness to a
material that is used in the food industry. Imagine the use
of RM 8445 in reality to standardize commercial ELISA
test kits from different manufacturers. All of them would
start to adapt their kit calibrators to the ‘reference’ material

or simply use the material as a calibrator. Customers using
these ‘standardized’ test kits would measure the same value
for RM 8445. Disadvantages will occur when the same
customer will then use this ‘reference’ material to spike it
into a real sample or to produce an incurred material. In the
first place, the material is not soluble and therefore difficult
to handle. The constituents of RM 8445 will start to dena-
ture during the production of the incurred sample and/or
the extraction procedure. Since the extraction procedures
and the antibodies used in the test kits differ, the result of
each test kit would be different but the bias would be lower
compared to the situation without adapting the calibrators
to RM 8445. The next generation of this material should
base on a commercial egg white powder preparation
because it is soluble and contains all important egg aller-
gens [7].

The use of this material would be similar to the proce-
dure described in ISO 17511:2003 [8] for test systems used
in the clinical area. As we learned previously, a real “pri-
mary standard’ is far away from realization, and therefore,
the use of the calibration protocol of the highest level (ISO
17511; chapter 5.2) is not possible but the WHO (or in this
case the Codex Alimentarius) could set-up an international
reference method and an international calibration standard
as described in chapter 5.3 of this ISO protocol.

The future-gluten as a prototype?

In case of gliadin/gluten (the triggers of coeliac disease), a
reference method consisting of a defined antibody and an
extraction procedure was set by the Codex Alimentarius
commission [9]. After this decision, a clear step forward
was done, because all analysts used the same system and
the bias of the results was decreased [10]. Patients suffering
in coeliac disease benefit at all because limits were set for
‘gluten-free’ or ‘very low gluten’ food and clearly labelled
[11]. Until now, we have no decision about an international
accepted official standard material. The ‘inofficial” Prola-
min Working Group (PWG) gliadin material is accepted
within the ‘gluten community’ [12] but still under discus-
sion since years outside of the community. One reason was
(maybe) the attempt to use it as a primary standard. In the
light of these arguments, it is remarkable that there are
tendencies for a downgrading of the method, which are
discussed by the Codex Committee on methods of analysis
and sampling (CCMAS).

Conclusion

To our opinion it is clear that the traceability of measure-
ments of allergens in food is not comparable to other areas.
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Main problem is the declaration of allergens which man-
datory orders the declaration of protein mixtures (e.g. milk,
egg, peanut) in nearly all cases. Furthermore, analysts are
in the dilemma that the proteins in these protein mixtures
have no fixed relation to each other due to different vari-
eties, the time of year, processing, fractionation and
denaturation. We should accept that we will maybe never
have a primary standard for these complex analytes.

It was proposed to choose one material per allergen as a
calibrator as, e.g., NIST RM 8445 for egg or NIST RM
1549 for milk and let the test kit manufacturers calibrate
their ELISA systems on this material. In a second step, a
reference method could be chosen by the Codex Alimen-
tarius commission. This step would be much more
complicated because the choice would implicate the prior
extensive discussion of the requirements of the kit and then
to find the suitable one out of several test Kits.

But, every step forward is better than waiting and all
involved groups (consumers, industry and test kit manu-
facturers) will benefit from this step.
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