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Food allergies represent an important health problem
in industrialized countries. Undeclared allergens as
contaminants in food products pose a major risk for
sensitized persons. A proposal to amend the European
Food Labelling Directive requires that all ingredients
intentionally added to food products will have to be
included on the label. Reliable detection and quantifica-
tion methods for food allergens are necessary to ensure
compliance with food labelling and to improve con-
sumer protection. Methods available so far are based
on protein or DNA detection. This review presents
an up-to-date picture of the characteristics of the major
food allergens and collects published methods for the
determination of food allergens or the presence of
potentially allergenic constituents in food products.
A summary of the current availability of commercial
allergen detection kits is given. One part of the paper
describes various methods that have been generally
employed in the detection of allergens in food; their
advantages and drawbacks are discussed in brief.
The main part of this review, however, focuses on
specific food allergens and appropriate methods for
their detection in food products. Special emphasis is
given to allergenic foods explicitly mentioned in the
Amendment to the European Food Labelling Directive
that pose a potential risk for allergic individuals,
namely celery, cereals containing gluten (including
wheat, rye and barley) crustaceans, eggs, fish, peanuts,
soybeans, milk and dairy products, mustard, tree-nuts,
sesame seeds, and sulphite at concentrations of at least
10mg kg�1. Sulphites, however, are not discussed.

Keywords: allergen methods, RAST/EAST inhibi-
tion, SDS-PAGE immunoblotting, rocket electro-
phoresis, ELISA, dot immunoblotting, polymerase

chain reaction (PCR), biosensors, celery, cereals,
crustaceans, eggs, fish, peanuts, soybeans, milk and
dairy products, mustard, tree-nuts, sesame seeds

Background

Food allergy and food intolerances

Food allergies represent an important health problem
in industrialized countries. According to several
European and American authors (Sampson 1999,
Wüthrich 2000, Ortolani et al. 2001, Sicherer et al.
2003), food allergies affect up to 2% of the adult
population and up to 8% of children, although the
perceived prevalence of food induced symptoms may
be as high as 22% of the general population (Woods
et al. 2002). In highly sensitized individuals, even the
intake of minute amounts of allergens can provoke
digestive disorders (emesis, diarrhoea), respiratory
symptoms (rhinitis, asthma), circulatory symptoms
(oedema, hypotension), and skin reactions (urticaria,
atopic dermatitis/eczema). For some allergic individ-
uals, contact with a specific food allergen can pro-
voke life-threatening reactions (anaphylactic shock).
Recent reports indicate an increase in food allergen
induced life-threatening reactions (Sampson 1999,
Wüthrich 2000, Ortolani et al. 2001).

Food allergies must be distinguished from food intol-
erances. Food allergies are abnormal immunological
reactions to a food or food component. The involve-
ment of the immune system distinguishes food aller-
gies from other types of food sensitivities. According
to the classification scheme by Gell et al. (1975) most
allergic reactions to food can be classified as type I
reactions (although types III and IV are also com-
mon). Type I reactions are often referred to as acute
or immediate hypersensitivity reactions. Thus, allergic
reactions are typically characterized by a rapid onset
of symptoms and are mediated by allergen-specific
immunglobulin E (IgE) (Taylor 1987, Holgate et al.
2001).
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Most other food sensitivities do not involve the
immune system and are not considered true food
allergies. They may be caused by pharmaceutical
reactions to food additives (e.g. benzoates, salicylates,
sulphites, or infectious agents such as bacterial or
viral products); by enzyme deficiencies (e.g. lactose
intolerance); by diseases of the digestive system
(e.g. obstructions); by idiosyncratic reactions (indivi-
dualistic adverse reactions with unexplained mechan-
isms) to food or even psychological reasons. Non-
immunological food sensitivities are characterized by
the absence to produce allergen-specific IgE (or IgA
and T cells) and the delayed onset of symptoms,
thereby often masking the possible link between the
cause (offensive substance) and the effect (symptoms).

A special mention should also be given to celiac
disease, also known as celiac sprue or gluten sensitive
enteropathy. This disease is characterized by malab-
sorption of nutrients from the intestine because of
damage to the absorptive epithelial cells of the small
intestine. This intestinal damage occurs in susceptible
individuals after they consume the protein fraction of
wheat, rye, barley (and rarely after the consumption
of oats). The gliadin fraction of wheat protein and the
equivalent prolamin fractions of barley and rye are
responsible for the damage (Taylor 1987, Holgate
et al. 2001). Investigators from several recent studies
concluded that the consumption of oats was safe for
adults with celiac disease (Janatuinen et al. 1995,
Storsrud et al. 2003). However, one has to keep in
mind that if oats themselves are safe, they nonetheless
may be contaminated with wheat, rye, or barley.
Although celiac disease is not classified as an allergy,
an immunological aspect does exist, as celiac disease
may be mediated at least partly by IgA and cytolytic
T cells (Ciclitira 2002) There is also an important
interaction leading to the induction of endogenous
transglutaminase, which modifies glutamines of the
glutens and of endogenous proteins in the patient.

Currently, the only effective treatment for food
allergy, and for celiac disease, is avoidance of the
allergen-containing food or those with the offending
glutens. However, total avoidance is sometimes diffi-
cult for the allergic individual, since processed food
products contain a large variety of ingredients includ-
ing allergenic foods. Sensitive individuals may also
be inadvertently exposed to allergenic proteins by
consumption of food products that are supposed to
be free of a certain allergen. Food products can
be contaminated with ‘foreign’ food constituents
during shipping and storage, during processing, from

carry-over due to inadequate cleaning of shared pro-
cessing equipment, or through rework of allergen-
containing products (Huggett and Hischenhuber
1998). Moreover, refined ingredients are employed
in food production as substitutes for expensive raw
materials, which do not appear on the label, e.g.
deflavoured peanuts have been used and sold as other
types of nuts, such as almonds (Keating et al. 1990).

Allergen labelling — legal status

Over 160 food materials have been identified so far to
be allergenic. Only eight of them report for more than
90% of all food allergies (FAO 1995, Hefle et al. 1996,
Ellman et al. 2002). For the allergic consumer it is
particularly important to have full information about
potential allergens contained in a food product. Thus,
the European Commission reacted to recommenda-
tions by the Codex Alimentarius Commission (1999)
and issued a proposal to amend the food European
Food Labelling Directive 2000/13/EC (European
Commission 2000), which is intended to ensure that
all consumers are informed of the complete contents
of foodstuffs and to enable consumers with allergies
to identify any allergenic ingredients that may be
present. The proposal for amendment (European
Commission 2002) will abolish the ‘25% rule’ which
currently means that for some products it is not
obligatory to label the components of compound
ingredients that make up less than 25% of the final
food product. The new proposal however intends that
all ingredients intentionally added will have to be
included on the label. The proposal also contains a
list of ingredients liable to cause allergies or intoler-
ances and will include alcoholic beverages if they
contain an ingredient on the allergen list. The foods
or food ingredients listed are generally in accordance
with the list of common allergenic foods adopted by
the Codex Alimentarius Commission (1999) and the
US Food and Drug Administration (FDA 2001).
Only celery, mustard, and sesame were added to the
list in the proposal due to recent evidence for concern.
The list of ingredients to be labelled comprises the
following:

. Celery and products thereof.

. Cereals containing gluten and products thereof.

. Crustaceans and products thereof.

. Eggs and products thereof.

. Fish and products thereof.

. Milk and dairy products (including lactose).

2 R. E. Poms et al.
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. Mustard and products thereof.

. Nuts and nut products.

. Peanuts and products thereof.

. Sesame seeds and products thereof.

. Soybeans and products thereof.

. Sulphite at concentrations of at least 10mgkg�1.

Numerous other food allergens have been identified
(Sicherer et al. 2001), including fruits, vegetables and
latex. However, the scope of this review is restricted
to those allergenic foods listed in the amendment of
the European Food Labelling Directive 2000/13/EC
(European Commission 2002). Thus, all other poten-
tially allergenic foods are not discussed here.
Moreover, sulphites, which are also listed due to their
association with asthmatic reactions in sulphite-
sensitive subjects (Taylor et al. 1986, 1988), are not
included in this article, since they are no allergens.

Methods/techniques for detection of allergens and
potentially allergenic food or food constituents

Food allergens can be defined as those substances in
foods that initiate and provoke the immunological
reactions of allergy. In IgE-mediated food allergy,
the allergens are usually naturally occurring — often
abundant — proteins found in a particular food
(Taylor 1992).

Reliable detection and quantification methods for
food allergens are necessary in order to ensure com-
pliance with food labelling and to improve consumer
protection. However, the detection of allergens in
food products can be very difficult, as they are often
present only in trace amounts or are masked by the
food matrix. Another question yet to be answered is
how sensitive the detection methods need to be, as
there are little data available about established thresh-
old levels that have been determined by human oral
challenge studies. Threshold levels for specific allergic
reactions determined by double-blind placebo con-
trolled food challenges (DBPCFC) range between less
than 1mg and more than 1 g of allergenic protein,
depending on the food concerned and the sensitivity
of selected allergic individuals (Taylor et al. 2002).
There is general agreement that the detection limits
for different food products need to be somewhere
between 1 and 100 ppm (mg allergenic protein kg�1

food), depending on the respective food (Koppelman

et al. 1996, Taylor and Nordlee 1996, Poms and
Anklam 2003).

Nearly all allergens (antigens) are proteins or glyco-
proteins. Polypeptide masses usually range between
5 and 70 kDa (Taylor 1992, Bredehorst and David
2001), however, many allergens are oligomers with
molecular masses greater than 200 kDa (Besler et al.
2000). The determination of the allergenicity of a food
or a food product is generally based on human IgE
binding from sera of sensitized individuals with a
clear clinical disease associated with exposure. Once
allergens are identified and purified, antibodies can be
raised in animals like rabbit, rat, goat, sheep or
chicken to be employed in immunological detection
methods for routine food analysis.

Currently, there are several technical possibilities for
the detection of potential allergens in food products.
The methods employed are either targeting the aller-
gen (protein) itself or a marker that indicates the
presence of the offending food. While the ideal
marker is the offending allergenic protein, at present
detecting the allergen per se is not always feasible, as
the chemical properties may not be well characterized
or the detection limit of the used methodology is
insufficient. Additionally, many allergenic foods
contain multiple allergenic proteins that can vary in
abundance. As markers for the presence of potentially
allergenic food products or ingredients, specific pro-
teins or DNA fragments are targeted. Protein-based
methods usually involve immunochemical detection
protocols such as the radio-allergosorbent test
(RAST), enzyme allergosorbent test (EAST), rocket
immuno-electrophoresis (RIE), immunoblotting,
and enzyme-linked immunosorbent assay (ELISA).
Whereas RIE and immunoblotting render only qua-
litative or semiquantitative results, RAST, EAST
and ELISA are quantitative methods. Presently, only
the ELISA technique is used in routine food analysis
due to its high precision, simple handling and good
potential for standardization. Methods operating
on the DNA level are based on an amplification of
a specific DNA fragment by the polymerase chain
reaction (PCR). With real-time PCR highly accurate
quantitative results can be obtained.

The choice of method is mainly dependent on the
food concerned (availability of specific antibodies/
DNA primers and the achievable detection limit)
and on the history of processing involved during food
production.Protein- andDNA-basedmethods, respec-
tively, have their characteristic merits and drawbacks
concerning their applicability in the detection and

3Methods for allergen analysis in food
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quantification of allergens in various food products
(Poms and Anklam 2003). However, the employment
of DNA analysis in allergen detection is discussed
controversially, since proteins are the allergenic
component and processing may differentially affect
nucleic acids and proteins.

In the following, several commonly used methods for
the detection and quantification of food allergens are
discussed in detail.

RAST/EAST inhibition

With RAST (radio-allergosorbent) or EAST (enzyme
allergosorbent) assays allergen-specific IgE can be
determined. RAST and EAST assays are in-vitro tests,
which are mainly used in clinical diagnosis of
food allergy (Holgate et al. 2001). However, RAST
and EAST inhibition tests have been applied for
qualitative allergen detection and for the assessment
of potential allergenicity in a wide range of food
(Nordlee et al. 1981, Oldaeus et al. 1991, Herian
et al. 1993, Wigotzki et al. 2000, 2001). Only very
few applications of RAST for quantitative allergen
determination have been published (Fremont et al.
1996, Koppelman et al. 1999) with detection limits
of 1mgkg�1. RAST and EAST inhibition repre-
sent competitive IgE binding assays. In principle,
an antigen/allergen bound to a solid phase binds
specific human IgE. Antigens in a sample solution

inhibit IgE binding to the antigen immobilized on the
solid phase. An anti-IgE antibody labelled with
an isotope (RAST), e.g. 125I, or an enzyme (EAST),
e.g. horseradish peroxidase, followed by addition of
a substrate that changes colour or emits light, is
used to detect the bound human IgE antibodies.
The bound IgE is quantitatively measured using a
gamma counter, or a spectrophotometer as appropri-
ate. Commercial applications of RAST and EAST for
allergen quantification are limited due to the reliance
on human sera from appropriately allergic subjects
and difficulties in standardizing these assays (Nordlee
and Taylor 1995).

SDS-PAGE/immunoblotting

One-dimensional sodium dodecyl sulphate (SDS)
polyacryl gel electrophoresis (PAGE) followed by
immunoblotting represents the standard procedure
for protein/allergen separation and identification.
The SDS denatures and coats the proteins, giving
them a strong negative charge. The proteins are
separated according to their molecular mass irrespec-
tive their original electrochemical charge (figure 1).
Separated proteins are then transferred onto a mem-
brane and detected with radio- or enzyme-labelled
antibodies. Individual bands typically represent one
protein, however, additional proteins may migrate at
the same molecular weight. Human IgE blotting

4 R. E. Poms et al.
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Figure 1. SDS-PAGE protein pattern of various hazelnut extracts (last lane on the right: molecular weight marker
8–200 kDa.
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allows the detection and identification of individual
allergens. SDS-PAGE and immunoblot with human
IgE antibodies are used extensively to identify and
characterize new allergens (Pastorello and Trambaioli
2001). However, the same method may be used for
the qualitative determination of potentially allergenic
food contaminants down to a detection limit of
5mgkg�1 (Scheibe et al. 2001). The major disadvan-
tages of SDS-PAGE and immunoblotting with
IgE for routine food analysis are the elaborate and
time-consuming procedures and the reliance on
appropriate human sera. However, once an allergen
is characterized, antibodies may be raised in animals
(e.g. rabbits or goats) for use in similar immunoblot-
ting procedures, replacing the human sera.

Cell response factor release assays

The basophil histamine release assay is usually used
for confirmation of the identification of allergens and
for allergy screening. The assay is based on allergen
induced, IgE-mediated histamine release from blood
basophils (a type of white blood cell) from allergic
individuals. As little as 20ml freshly collected blood
sample are added to an allergen extract and the
histamine release is measured by fluorescence or
radioactive immunoassay. For a given human sample,
the histamine release is proportional to the concen-
tration of a specific allergen in the extract, which
offers the possibility to adapt the assay for allergen
quantification. The test is as sensitive as the RAST
and it takes only a few hours, but it is usually perfor-
med only by specialized laboratories (Holgate et al.
2001).However, as the assay is based on humandonors
and fresh samples, the method is difficult to standar-
dize for allergen quantification and has therefore not
been employed for routine analysis of food samples.

Assessing the release of b-N-acetylhexosaminidase in
a mucosal mast cell line is another cell-based technique
to measure the allergenic potency of food. This kind
of assay has been employed for the quantitation
of allergenic soy proteins in various food products,
but depends on the production of IgE from rodent cells
to the allergen of interest (Yamanishi et al. 1995, 1997).

Rocket immuno-electrophoresis (RIE)

Rocket immuno-electrophoresis employs an anti-
body containing gel. Antigens to be analysed migrate

according to their electrophoretic mobility until
antigen–antibody complexes precipitate in the gel.
Rocket-shaped precipitates are formed at a constant
antigen/antibody ratio. The height of the rockets is
proportional to the amount of antigen applied
(figure 2).

Rocket electrophoresis was applied to detect several
allergens in various food products (Malmheden
Yman et al. 1994, Holzhauser et al. 1998) with
detection limits of 30 and 2.5mg kg�1, respectively.
However, rocket immuno-electrophoresis is not
widely used for allergen determination due to labor-
ious gel preparation and immuno-staining procedures
(Besler et al. 2002b).

Dot immunoblotting

Dot immunoblotting allows simple and inexpensive
screening of food samples. Sample protein extracts
are spotted onto a nitrocellulose or PVDF membrane
and incubated with enzyme-labelled, protein specific
antibodies, which bind to the target antigens. The
dots are visualized by the formation of a coloured
product after enzyme–substrate interaction (figure 3).
Alternatively, it is also possible to use radioactively
labelled antibodies and subsequently analyse by
radiography. The intensity of the dots is proportional
to the amount of antigen. This test is semiquantitative
and allows detection of target proteins (e.g. peanut) in
food down to 2.5mg kg�1 (Blais and Philippe 2000).

Enzyme-linked immunosorbent assay (ELISA)

Currently, the ELISA technique is the most com-
monly method used in laboratories of the food indus-
try and official food control agencies to detect and
quantify hidden allergens in food. With ELISA tests
allergens or specific marker proteins can be detected
by colorimetric reaction following binding with a
specific enzyme-labelled antibody. The concentration
of this antigen/antibody complex can be subsequently
estimated based on a standard curve generated with
purified reference standards (figure 4).

Two ELISA approaches are available for the quanti-
fication of allergens or proteins of potentially aller-
genic food: competitive ELISA and sandwich ELISA.
The latter is the most common type of immunoassay
for the detection of potential food allergens. This assay

5Methods for allergen analysis in food
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involves a capture antibody immobilized on a solid
phase, which is usually a microtitre plate or a multiple
well strip. Specific proteins in the sample are captured
by the first antibody, and detected by a second
protein-specific,enzyme-labelledantibody,whichbinds
to the analyte, forming a ‘sandwich’. A particular

substrate reacts with the enzyme tagged on the second
antibody producing a coloured product. The meas-
ured absorption is directly proportional to the con-
centration of the analyte. Sandwich ELISA methods
have been developed for several food allergens
(Mäkinen-Kiljunen and Palosua 1992, Hefle et al.
1994, 2001, Tsuji et al. 1995, Bando et al. 1998,
Holzhauser and Vieths 1999a, Koppelman et al. 1999,
Hlywka et al. 2000) and numerous test kits have
become commercially available in this format during
the last decade (table 1).

The competitive ELISA is the preferred format for
the detection of relatively small proteins. It involves
immobilized antigens bound to a solid phase. The sera
and appropriately diluted sample extract (inhibitor)
are pre-incubated, then added to the solid-phase
antigen. If no sample antigen is present in the inhi-
bitor sample, the enzyme-labelled antibody shows
maximal binding to the solid phase bound antigen,
resulting in high absorption of the coloured product
formed. Antigens in the sample inhibit the binding of
the enzyme-labelled antibody to the immobilized
antigen. The absorbance is inversely proportional
to the concentration of antigen in the sample.
Competitive ELISA methods have been described

6 R. E. Poms et al.

Figure 2. Rocket immuno-electrophoresis for the detection of egg protein in pasta samples (Malmheden Yman 2003).

Figure 3. Dot blots of peanut extracts coupled with
human IgE and detected by enzyme labelled, anti-IgE,
goat IgG (Koch et al. 2003).
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for some food allergens (Mariager et al. 1994, Yeung
and Collins 1996, Plebani et al. 1997, Holzhauser and
Vieths 1999b, Koppelman et al. 1999, Roux et al.
2001) with sensitivities down to 0.4 mg kg�1. For
some allergens, competitive ELISAs are marketed in
kit format (table 1).

An alternative to the ELISA format has earned
increasing importance in recent years: dipstick assays
(lateral flow test strips). Dipstick tests are very
inexpensive, rapid, and portable, do not require ins-
trumentation and are extremely simple to perform.
Currently, dipstick tests are only qualitative.
However, a recently developed dipstick assay for
egg (Baumgartner et al. 2002) was shown to be highly
specific and extremely sensitive with detection limits
down to 0.02mgkg�1 food. Currently only one dip-
stick assay is marketed in kit format (table 1).

Polymerase chain reaction (PCR)

DNA-based methods are increasingly used for the
detection of foreign food constituents, such as micro-
bial pathogens (Allmann et al. 1995, Malorny et al.
2003), or the presence of genetically modified crop
material (Hübner et al. 2001, Holst-Jensen et al.
2003). The methods are very specific and provide
sensitive tools for the detection of specific allergenic
components in food. However, they do not detect
the allergen or any specific protein. Therefore,
results cannot be tied to actual allergenic exposure.

Moreover, food processing can affect proteins
(allergens) and DNA rather differently and, more-
over, protein and DNA could be separated during
certain processing steps yielding erroneous results
regarding the presence of allergens in the product.
Despite these limitations, DNA-based methods offer
many advantages over protein-based methodologies,
primarily that the target DNA is efficiently extracted
under harsh denaturing conditions and is less effected
than the extraction of proteins from food matrices.
Another advantage of analysing DNA is its stability
against geographical and seasonal variations, which
may vary protein composition.

In principle, a specific DNA fragment, flanked by two
oligonucleotides serving as primers for the reaction, is
amplified by a thermostable polymerase. The reaction
consists of three functional steps per cycle of ampli-
fication, each determined by a different temperature
to allow melting of the double stranded DNA,
annealing of the primers, and extension of the primers
by the polymerase. Typically, 25–45 cycles of this
temperature profile are run to produce a detectable
quantity of copies of the template DNA fragment.
The amplified product is visualized by staining with
a fluorescent dye (figure 5) or by southern blotting
following electrophoresis in an agarose gel. Ordinary
PCR results are only qualitative. However, by
incorporating internal standards, the results provide
semiquantitative measurements (Studer et al. 1998,
Jankiewicz et al. 1999). Superior quantification
can be achieved by employing real-time PCR or a
PCR-ELISA.

7Methods for allergen analysis in food

Calibration curves
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Figure 4. Examples of calibration curves of three commercial peanut ELISA test kits (Poms et al. 2003).
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Real-time PCR

Real-time PCR requires more expensive laboratory
equipment, but it was shown to be extremely accurate
and less labour-intensive than other DNA quantifica-
tion methods (Desjardin et al. 1998). Real-time PCR
allows gel free product detection ‘in real time’ by
using a target-specific oligonucleotide probe with a
reporter dye and a quencher dye attached. The probe
anneals to the single-stranded amplified segment

within the region flanked by the two oligonucleotides
priming the enzyme reaction. Due to the proximity
of the quencher to the reporter fluorescence is
suppressed. During amplification the 50exonuclease
activity of the polymerase cleaves the hybridized
probe and separates the dyes, which are displaced
by the synthesized new copy strand and become
soluble, with the intensity of the fluorescence of the
free reporter dye producing a measurable signal.
The resulting increase in fluorescence is proportional

8 R. E. Poms et al.

Table 1. Commercially available ELISA test kits for allergen detection in food products — status by August 2003.

Allergenic food Target Format
LOD1

(mgkg�1)
Interlaboratory
validation Supplier

Almond almond protein quantitative S-ELISA <2.5 no Neogen
almond protein qualitative S-ELISA <5 no Neogen

Crustaceans tropomyosin quantitative S-ELISA 0.05 no ElisaSystems
Egg ovomucoid and

ovalbumin
quantitative S-ELISA 1 no ElisaSystems

egg protein quantitative S-ELISA 0.3 no Pro-Lab Diagnostics
egg white protein quantitative S-ELISA 2 no R-Biopharm
egg protein quantitative S-ELISA <2.5 no Neogen
egg protein qualitative S-ELISA <5 no Neogen

Hazelnut specific heatstable
hazelnut protein

quantitative S-ELISA 1 no ElisaSystems

hazelnut protein quantitative S-ELISA 10 no R-Biopharm
Milk b-lactoglobulin

and casein
quantitative S-ELISA 1 no ElisaSystems

casein quantitative S-ELISA ? no Announced for 2003
Pro-Lab Diagnostics

casein quantitative C-ELISA <5 no Tepnel BioSystems
BSA quantitative C-ELISA <5 no Tepnel BioSystems
b-lactoglobulin quantitative C-ELISA <5 no Tepnel BioSystems
b-lactoglobulin quantitative C-ELISA 5 no R-Biopharm
casein quantitative S-ELISA <2.5 no Neogen
casein qualitative C-ELISA <5 no Neogen

Peanut Ara h 2 quantitative S-ELISA 1 no ElisaSystems
peanut protein quantitative S-ELISA 1.6 no Pro-Lab Diagnostics
Ara h 1 quantitative S-ELISA <0.1 AOAC-RI 2003 Tepnel BioSystems
peanut protein quantitative S-ELISA 2 AOAC-RI 2003 R-Biopharm
peanut protein quantitative S-ELISA <2.5 AOAC-RI 2003 Neogen
peanut protein qualitative S-ELISA <5 AOAC-RI 2003 Neogen
peanut protein qualitative dip-stick ELISA <5 no Announced for 2003

Neogen
Sesame 2S albumin quantitative S-ELISA 1 no ElisaSystems

sesame protein quantitative S-ELISA <1 no Tepnel BioSystems
Soy soy trypsin inhibitor quantitative S-ELISA 1 no ElisaSystems

soy protein quantitative C-ELISA <5000 no Tepnel BioSystems
Wheat, rye, barley gliadin quantitative S-ELISA <2 no Tepnel BioSystems

gliadin quantitative S-ELISA 1.5 PWG 2002 R-Biopharm
gliadin qualititative dip-sick ELISA 10 no R-Biopharm

1LOD, limit of detection according to the manufacturer.
AOAC-RI, Association of Analytical Communities-Research Institute, first phase of validation completed.
PWG, Prolamine Working Group, laboratory validation completed, statistical validation ongoing.
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to the amount of specific PCR product. The cycle
number required until the fluorescence level exceeds a
passive reference dye is used to calculate quantitative
data (figure 6).

There are several real-time PCR kits for various
allergens on the market (table 2).

PCR-ELISA

PCR-ELISA combines the high specificity of a DNA-
based methodology with the rather simple and
economical ELISA assay for semiquantitative analy-
sis. With PCR-ELISA, a specific DNA fragment of an
allergenic food is amplified and the amplification
product is then linked with a specific protein labelled
DNA probe. This protein label is then coupled with
a specific enzyme-labelled antibody. The concentra-
tion of the DNA can be quantified by the colour
reaction resulting from an enzyme–substrate reaction.

Currently a few PCR-ELISA test kits are available
on the market (table 2).

Biosensors

Another emerging technology that has not yet been
commonly applied for food analysis is the use of
biosensors. Biosensor instruments make it possible
to measure specific molecular interaction in real-time.
By immobilization of a target molecule, which may
be an antibody (protein) or a single-stranded DNA

9Methods for allergen analysis in food

Figure 6. Result from a real-time PCR amplification of a fragment of the soy lectin gene (Poms 2003).

Figure 5. Agarose gel-electrophoresis after PCR amplifi-
cation of a 414 bp fragment of the soy lectin gene (Poms
2001).
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fragment to a sensor chip surface the binding inter-
action between one or more molecules can be
measured quantitatively. There is no need to label
molecules with fluorescent or radioactive tags, as
the detection and quantification are determined by
measuring the changes in refractive index. Attractive
features of this technology are the short analysis time
and a high degree of automation (Elliott 2002).

Biosensors can be used to detect either a specific
allergen or protein, or a specific DNA fragment.
Biosensors have been applied for the detection of a
few potentially allergenic food like hazelnut, egg and
milk (Jonsson 2002).

Detection and quantification of selected allergens in
food products

Celery and products thereof

Allergy characteristics. IgE-mediated reactions to
celery are common in food allergic adults in Europe
(not so in the USA, Nowak-Wegrzyn et al. 2001),
with about 30% of patients with oral allergy

syndrome (OAS) being allergic to celery (Andre et al.
1994, Ballmer-Weber et al. 2000a). Sensitization to
celery is frequently associated with birch (Central
Europe) and/or mugwort (Southern Europe) pollino-
sis (Wüthrich et al. 1990), hence the terms ‘birch–
mugwort–celery syndrome’ and ‘celery–mugwort–
spice syndrome’ have been established.

Ballmer-Weber et al. (2000b) found the lowest
provoking dose at 700mg celery.

Allergenic properties. The major allergen from
celery (Apium graveolens) is Api g 1, a 16 kDa homo-
logous to Bet-v-1 (Breiteneder et al. 1995). Several
additional allergens have been identified in the range
of 30–70 kDa (Jankiewicz et al. 1998), including two
heat stabile profilins (Api g 4, 15 kDa, Vallier et al.
1992, and Api g 5, 55/58 kDa, Ganglberger et al.
2000).

Celery tuber and stick are consumed as a raw or
cooked vegetable and as a spice, which is a common
hidden allergen in various processed foods, such as
soups, salads, or sausages (Rueff et al. 2001).

Detection methods. To date no methods for the
specific detection of celery in food products have been
published. However, a celery specific DNA-based test

10 R. E. Poms et al.

Table 2. Commercially available DNA-based test kits for allergen detection in food products — status by August 2003
(suppliers Congen GmbH and Tepnel BioSystems Ltd).

Allergenic food Target Method Qualitative/quantitative
LOD1

(ppm)
Interlaboratory

validation

Almond DNA3 DNA-ELISA qualitative <10 no
DNA3 real-time PCR quantitative4 <10 no

Celery DNA3 market introduction by
the end of 2003

Gluten DNA3 market introduction
by the end of 2003

Hazelnut Cor a 1.0401 DNA-ELISA qualitative <10 no
gene real-time PCR quantitative4 <10 no

Milk DNA3 market introduction
by the end of 2003

Peanut DNA3 PCRþ gel
electrophoresis

qualitative <10 no

DNA3 DNA-ELISA qualitative <10 no
DNA3 real-time PCR quantitative4 <10 no

Soya lectin gene DNA-ELISA qualitative <10 only for GMO5

lectin gene real-time PCR quantitative4 <10 only for GMO5

1LOD, limit of detection according to the manufacturer.
2 Total time of analysis, including incubation and hands on times.
3 Specific DNA fragment not specified by the manufacturer.
4Real-time PCR may be quantitative when internal standards are available.
5GMO, genetically modified organism.
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kit in the format of a PCR-ELISA and a real-time
PCR are announced to be on the market by the end of
2003 (table 2).

Cereals containing gluten and products thereof

Allergy characteristics. Cereals like wheat, rye, and
barley can cause IgE-mediated allergic reactions after
ingestion or inhalation (Walsh et al. 1987), however,
they have earned major attention due to their associ-
ation with celiac disease. According to the inter-
national World Congress of Gastronterology, celiac
disease or gluten-sensitive enteropathy affects one in
every 200 people of the European population (Stern
et al. 2001), and about one in every 250 in the USA
(Neuhausen et al. 2002). For some sensitive subjects
even 100mg gliadin caused clinical symptoms (Codex
Alimentarius Commission 2000).

Allergenic properties. Numerous distinct storage
proteins are present in the gluten fraction of wheat,
which consists of glutenins and gliadins (Stern et al.
2001). Different varieties of wheat often show subtle
differences in the prevalence of specific gliadin or
glutenin protein patterns. Celiac disease is apparently
triggered mostly by specific toxic peptides of the
gliadin fraction of wheat gluten (Devery et al. 1991,
Stern et al. 2001). The different subgroups of gliadins,
a-, g-, o12- and o5-gliadins and their subtypes are
characterized by their different molecular weight,
amino acid composition, binding motifs, and
N-terminal sequences and apparent contribution to
celiac disease. Recent studies by Stern et al. (2001)
describe a number of identified amino acid sequence
motifs in gliadins tested for celiac toxicity.

Detection methods. Currently, analyses of gluten in
food products face several challenges: (1) a clear
definition of the relevant analyte; (2) the heterogene-
ity of the analyte (gliadin, peptides); (3) effects of
processing on the molecular structure and biological
activity of the analyte; (4) the cultivar-dependent
variations in the composition of subgroups and
subtypes of gliadins; and (5) the heterogeneity of
the patient responses concerning the determination
of relevant epitopes capable of inducing adverse
reactions.

For the detection of gluten and gliadin in food a wide
array of methods has been employed. Published pro-
cedures include the determination of wheat specific

DNA by PCR (Allmann et al. 1993, Köppel et al.
1998), and detecting gluten and gliadin or fractions
thereof by SDS-PAGE in combination with immuno-
blotting, counter immuno-electrophoresis, or mass
spectroscopy and MALDI-TOF analysis (Mendez
et al. 2000, Hernando et al. 2002). The most fre-
quently used method is based on ELISA (Skerritt and
Hill 1991, Troncone et al. 1986, Chirdo et al. 1995,
Ellis et al. 1998).

High-performance liquid chromatography and capil-
lary electrophoresis were employed to analyse wheat
proteins in food (Scanlon et al. 1989, Wieser 1994).
Gel permeation–high-performance liquid chromato-
graphy (GP-HPLC) has been described for the quan-
titative determination of both, gluten and gliadin. For
starch samples a detection limit of about 10mgkg�1

was achieved and sensitivities of at least 20mgkg�1

with high repeatability were demonstrated for a
variety of other matrices (Wieser and Antes 2002).
Most recently a reference material for ‘Gliadin from
European wheat’ was produced by the Institute for
Reference Materials and Measurements of the
European Commission’s Joint Research Centre and
undergoes at present a certification for its gliadin
content, pattern and composition (Klein and
Franchini 2003). A reference measurement system is
currently under development in cooperation with the
Codex Alimentarius Working Group on prolamine
analysis and toxicity and EC-IRMM (van Eckert
2002, Klein and Franchini 2003).

The ELISA approach seems to be the method
of choice for the determination of gluten in the
mg kg�1 range. A number of protocols were devel-
oped and published (Denery-Papini et al. 1999).
Skerritt and Hill (1991) first developed an ELISA
method based on monoclonal antibodies that was
used to detect trace quantities of gluten in various
food products. Assays using several polyclonal anti-
bodies specific to different binding sites have been
used to overcome the problem of cultivars-dependent
variation of obtained analytical results (Troncone
et al. 1986, Chirdo et al. 1995). The o-gliadin fraction
is the most heat stable gliadin and therefore analyses
employing antibodies specific to this fraction are least
affected by heat processing. Unfortunately, these
analyses are highly specific, discriminating between
different cultivars, and therefore no single test or
protocol is applicable for a large number of cultivars
(Skerrit and Hill 1991). Prolamine from barley (and
oats) is detected poorly by these immunoassays.
However, a modified version of the method developed

11Methods for allergen analysis in food
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by Skerrit and Hill (1991) was adopted by the
Association of Official Analytical Chemists (AOAC)
International. The accuracy of the method was tested
only at relatively high concentrations of gluten and
not at levels stipulated by the Codex Alimentarius
Commission (2000) as relevant concentrations
(20mgkg�1) to guarantee food safety for sensitive
individuals. Another approach to circumvent the
problem of excluding various cultivars from the
analytical scope is the employment of antibodies
specifically detecting the toxic motifs of gliadins as
described by Ellis et al. 1998.

Presently, there are several sandwich ELISA test kits
commercially available. All of them are targeting the
gliadin fraction and the tests show sensitivities
between 1 and 2mgkg�1 (table 1). However, these
assays show only weak detection of contaminations
from barley (and oat). Monoclonal antibodies with a
wider specificity are currently investigated in a colla-
borative study to overcome this problem (Klein et al.
2002). Additionally, a qualitative dipstick assay is
commercially available with a detection limit of
10mgkg�1 (table 1).

A PCR assay for the detection of residues from gluten
containing cereals will be introduced later in 2003
(table 2).

Crustaceans and products thereof

Allergy characteristics. As seafood has gained in
popularity, there has been an increase of repor-
ted adverse reactions to these foods (O’Neil and
Lehrer 1995).

Shrimp represents the most common allergen
amongst other crustaceans such as prawn, crab,
crawfish and lobster. It is estimated that 0.6–2.8%
of allergic individuals suffer from shrimp allergy
(Besler et al. 2001). Threshold doses for shrimp
allergic individuals were 16 g in Daul et al. (1988).

Allergenic properties. At least 13 IgE binding pro-
teins have been detected in shrimp meat, however,
muscle tropomyosin has been identified to be the
only major allergen in shrimp (Lehrer et al. 2002).
Depending on the shrimp species the molecular
weight ranges between 34 and 39 kDa and the pro-
teins are named as Pen a 1 from Penaeus aztecus
(Daul et al. 1994), Pen I 1 from Penaeus indicus
(Shanti et al. 1993), Pen o 1 from Penaeus orientalis

(Besler et al. 2001b), and Met e 1 from Metapenaeus
ensis (Leung et al. 1994). Moreover, crabs may
contain unique allergens in the ranges of 5–14 and
25–45 kDa molecular mass (Hefle et al. 1995).

Seafood proteins may be carried over during food
processing and therefore may not always be labelled
appropriately.

Detection methods. An ELISA assay using shrimp
tropomyosin specific antibodies was recently devel-
oped by Ben Rejeb et al. (2002). The detection limit of
the test was around 2.5mgkg�1. The assay showed
significant cross-reactivity to other crustaceans like
scampi, lobster, and crab, but demonstrated no cross-
reactivity to vertebrate tropomyosin from chicken
and pork, even though they are approximately 55%
identical to shrimp tropomyosin (Reese et al. 1997).
Applicability of this immunoassay to determine traces
of crustaceans in various food preparations (e.g.
soup, frozen prepared meals) was demonstrated
(Ben Rejeb et al. 2002). Another ELISA assay deter-
mining Pen a 1, a major shrimp allergen, was devel-
oped by Jeoung et al. (1997), to standardize allergen
concentrations of shrimp extracts used for clinical
in vivo testing. The detectable levels for Pen a 1 ranged
between 4 and 125 ng Pen a 1ml–1 extract.

Currently there is only one ELISA test kit commer-
cially available for the detection of crustacean resi-
dues in food products. This assay is a sandwich
ELISA targeting tropomyosin with a sensitivity of
0.05mgkg�1 tropomyosin (table 1).

Eggs and products thereof

Allergy characteristics. Hen’s egg is one of the most
frequent causes of adverse reactions to foods in
children. The prevalence of egg allergy is about
35% in food allergic children and children with
atopic dermatitis, respectively (Crespo et al. 1995,
Resano et al. 1998), whereas the frequency of egg
allergy in food allergic adults is about 12% (Wüthrich
1993).

Threshold doses between 1 and 200mg egg (0.13–
20mg egg protein) were determined by several oral
challenge studies with egg allergic individuals (Taylor
et al. 2002). More recently, Hefle et al. (2003)
described symptoms in an allergic individual after
ingestion of 0.03mg spray dried whole egg.

12 R. E. Poms et al.
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Allergenic properties. Several allergens have been
identified in egg (Langeland 1982, 1983, Hoffman
1983, Anet et al. 1985, Holen and Elsayed 1990). The
major allergens in egg white are ovomucoid Gal d 1
(28 kDa), ovalbumin Gal d 2 (44 kDa), ovotransferrin
Gal d 3 (77 kDa), and lysozyme Gal d 4 (14 kDa).
The major allergen in egg yolk is a-livetin, also
called chicken albumin, with a molecular mass of
70 kDa. Egg white was shown to be more frequently
responsible for allergic reactions in egg-allergic
individuals than egg yolk (Wüthrich 1981, Anet et al.
1985) with the predominant allergen being ovomu-
coid (Bernhisel-Broadbent et al. 1994, Urisu et al.
1997).

Egg or egg components that are potentially allergenic
are used in many different food products and may not
be easily identified as such, especially when they are
listed according to their functions e.g. as binder,
emulsifier, or coagulant. Egg may be an ingredient
in noodles, or it is used to give pretzels, bagels,
and other baked goods their shiny appearance.
Other foods that can contain egg are creams, soups,
dressings, sauces, processed meat products, break-
fast cereals or drinks. Egg derived products such
as lecithin (emulsifier), provitamin A (colorant), or
lysozyme (preservative) — an allergen per se — are
sources of potential allergens for egg-sensitive
individuals.

Detection methods. Several methods based on gel-
electrophoresis or ELISA have been developed for
the detection of egg in food products.

Egg was detected by rocket immuno-electrophoresis
in various food products including processed meat
products, noodles, chocolate and cake, with a detec-
tion limit of 30mgkg�1 (Malmheden et al. 1994).
Leduc et al. (1999) compared isoelectric focusing
(IEF) gel elelctrophoresis/immunoblotting with a
newly developed ELISA involving rabbit anti-hen’s
egg white antibodies or human IgE sera for the
detection of egg residues in meat products. Immuno-
blotting was able to detect 2% egg-white ingredients
in pork meat, while the ELISA assays showed sensi-
tivities between 0.03% (300mgkg�1) for raw and
pasteurized egg product and 0.125% (1.25 g kg�1)
for sterilized egg product.

Recently, a highly sensitive ELISA test for the detec-
tion of egg in food products was described by Yeung
et al. (2000). This assay involved polyclonal antibo-
dies specific to whole egg proteins. The ELISA was
applied to ice creams, noodles, pasta, and breads, and

showed a detection limit of 0.2mg kg�1. Another
sensitive sandwich ELISA employing a capture
antibody raised against egg white and a detection
antibody specific for ovalbumin was described by
Hefle et al. (2001). The detection limit of this
assay was 1mgkg�1 when tested on various pasta
products.

Sato et al. (2001) developed a fully automated
chemiluminescence sandwich enzyme immunoassay
for lysozyme detection in food using antibody-
conjugated bacterial magnetic particles (BMPs).
BMPs are extracted from magnetic bacteria that
synthesize intracellular magnetic particles (50–100 nm
in size), which can be coupled with antibodies that
specifically recognize an antigen. The BMP antibody–
antigen complexes are separated magnetically and
subsequently quantified by an enzyme immunoassay.
This system allowed sensitive detection of lysozyme
within 20min.

Most recently, the development of a dipstick immu-
noassay for the detection of trace amounts of egg
proteins in food was published by Baumgartner et al.
(2002). The assay involved polyclonal antibodies
against egg white protein. The dipstick assay rendered
qualitative results with a detection limit of
0.02mgkg�1.

Additionally, a biosensor-based protocol for the
quantitative determination of ovomucoid in food
products was presented recently, but to date this test
is not available in a kit format (Jonsson 2002).

Several ELISA test kits have become available during
recent years (table 1). The quantitative tests are based
on sandwich ELISAs involving polyclonal antibodies
recognizing total egg protein, egg white protein, or
a specific allergen (ovalbumin and/or ovomucoid),
respectively, with detection limits ranging between
<1 and 5mgkg�1 for the respective test kit.
Semiquantitative test devices for rapid screening of
food products for the presence of egg are also on the
market based on competitive ELISA with a detection
limit of <2.5mgkg�1.

Fish and products thereof

Allergy characteristics. Together with peanuts, tree
nuts, and shellfish, fish accounts for the vast majority
of severe food anaphylactic reactions in the US
(Sampson 2000). In a Spanish study evaluating food
allergy in children, fish was the third common food

13Methods for allergen analysis in food
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allergen after eggs and cow’s milk (Boyano et al.
1987). However, symptoms of fish allergy usually
diminish with age (Kayosaari 1982). Skin reactivity
seemed to be more evident than symptoms associated
with oral consumption. Individuals who are allergic
to fish may be able to consume one or more kinds
of fish other than the offending species without
showing any adverse allergic reactions (Bernhisel-
Broadbent et al. 1992), however, most fish-allergic
people cannot eat other fish (Poulsen et al. 2001,
Sicherer 2001).

Amounts of a few mg of codfish were found able to
provoke allergic reactions (Besler et al. 2000). Various
other studies determined threshold doses for fish in
fish allergic subjects between 5 and 6000mg (Taylor
et al. 2002).

Allergenic properties. In fish, the dominating aller-
gen is the homologues of Gad c 1 (12 kDa, Elsayed
and Bennich 1975, Elsayed and Apold 1983), also
known as allergen M, a parvalbumin from cod
fish (Gadus morhua). Several other fish species (e.g.
salmon, pike, carp, hake and whiting) show strong
cross-reactivities, only tuna does not cross react
extensively with other species (Bernhisel-Broadbent
et al. 1992). So far, more than 15 additional allergens
have been identified in codfish with molecular
weights ranging between 15 and 200 kDa (Besler
et al. 2000).

Although food processing, such as cooking and
canning, can change the allergenic potency of fish
allergens, some degree of allergenicity of the product
may remain (Besler et al. 2001c).

Detection methods. Although several protocols are
available to diagnose codfish allergy in sensitized
individuals (e.g. skin prick test, RAST), to date
there are no specific methods described to quantify
fish allergens in food products. However, a radio-
immunoassay involving pooled human sera from fish
allergic individuals was developed by Taylor et al.
(2000) to determine air-borne fish allergens in an
open-air fish market.

Several competitive ELISA test kit are commercially
available which determine fish histamine, which can
cause human scombroid poisoning and serve as an
indicator for microbial breakdown and elevated tem-
peratures and time abuse of harvested fish. To date no
ELISA assays are available for the detection of fish
allergens in foods.

Milk and dairy products (including lactose) and
products thereof

Allergy characteristics. The prevalence of cow’s
milk allergy (Bos domesticus) ranges from 1.6 to
2.8% in children younger than 2 years of age. Oral
tolerance is frequently acquired in about 50–90% of
children with cow’s milk allergy within the first 6 years
of life. However, severe allergy may persist into
adulthood. Due to the high homology of protein
composition sheep’s (Ovis ssp.) and goat’s milk
(Capra ssp.) are cross-reactive in approximately
80% of subjects with cow’s milk allergy (Besler et al.
2002a).

Allergenic properties. The major cow’s milk aller-
gens are caseins (Bos d 8, 20–30 kDa), and whey
proteins b-lactoglobulin (Bos d 5, 18 kDa), and
a-lactalbumin (Bos d 4, 14 kDa), and bovine serum
albumin (Bos d 6, 67 kDa) and bovine immunoglo-
bulins (Bleumink and Young 1968, Docena et al.
1996). Apparently, cow’s milk allergens are rather
stable and they retain their allergenicity after com-
mon industrial treatments (Host and Samuelsson
1988, Jedrychowski 1999).

Cow’s milk allergens could be present in breast milk,
infant formulas, milk and dairy products like cheese
and yoghurt, as well as in ‘non-dairy’ food occurring
as contaminants or unlabelled additives. Milk and
products thereof may be found in a large variety of
processed food, including confections, margarine,
pies, cookies, pudding, sausage, sauces and soups.
Extracted milk proteins are used as emulsifiers or
foreign protein source.

Detection methods. Several methods for the deter-
mination of milk in food products have been pub-
lished, most of them were developed primarily to
distinguish cow’s milk from sheep’s or goat’s milk
(Anguita et al. 1997, Plath et al. 1997, Negroni et al.
1988), or to determine residual allergens in hypoaller-
genic infant formulae or milk substitutes (Niggemann
et al. 1999, Docena et al. 2002). Moreover, RAST
(Fremont et al. 1996), HPLC (Garcia et al. 1998),
SDS-PAGE (Malmheden Yman et al. 1994, Molina
et al. 1998), and ELISA (Mäkinen-Kiljunen and
Palosuo 1992, Mariager et al. 1994, Plebani et al.
1997) have been employed to detect milk in food
products.

A competitive ELISA developed for the detection of
bovine milk in ovine and caprine milk and cheese

14 R. E. Poms et al.
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allowed the detection of 0.5–25% substitution
(Anguita et al. 1997). This assay used monoclonal
antibodies against bovine b-casein. Negroni et al.
(1988) described two sandwich immunoassays
employing pairs of monoclonal antibodies specific
against native and denatured b-lactoglobulin, respect-
ively. The detection limits were 0.03 mg l�1 for native
and 0.2 mg l�1 for reduced b-lactoglobulin.

Niggemann et al. (1999) evaluated various in vivo and
in vitro methods for determination of residual aller-
genicity of partially hydrolysed infant formulae,
including oral provocation tests, skin prick test,
EAST and RAST inhibition. All of these tested
methods were found suitable for the quantification
of residual allergenicity. A most recent study by
Docena et al. (2002) employed in vitro methods
including ELISA, EAST and immunoblotting to
quantify residual allergenicity in a hypoallergenic
infant formula.

RAST inhibition test was employed by Fremont
et al. (1996) to identify masked a-lactalbumin in
baby-food cereal flour at concentrations between
1 and 5mgkg�1.

A perfusion reversed-phase high-performance liquid
chromatographic method was developed by Garcia
et al. (1998) simultaneously to separate soybean
and bovine whey proteins (a-lactalbumin and
b-lactoglobulin), which achieved results in a very
short analysis time. However, the method was not
able to detect milk residues lower than 1%.

Malmheden Yman et al. (1994) detected milk proteins
in various food products by rocket immuno-electro-
phoresis with a sensitivity of 30mgkg�1. Molina et al.
(1998) found bovine milk proteins down to levels
of 0.1% in soy protein by employing SDS-PAGE
and immunoblotting (identifying a-lactalbumin and
b-lactoglobulin).

Mäkinen-Kiljunen and Palosuo (1992) developed a
sandwich ELISA involving anti-b-lactoglobulin
sera from rabbits. This assay showed a limit of
detection of 0.002mg l�1. A competitive ELISA was
developed by Mariager et al. (1994). A polyclonal
rabbit antibody against heat treated was compared
with a monoclonal mouse antibody against native
b-lactoglobulin. Sensitivities were 0.08 and 3.2 mg l�1

and measuring ranges were 0.1–1000 and
4–50 ngml�1 for the polyclonal and the monoclonal
antibodies, respectively. This study gave clear pre-
ference to the employment of polyclonal antibodies
for competitive ELISAs to be used for allergen

detection in food products. These findings were con-
firmed by Plebani et al. (1997), who evaluated the use
of monoclonal and polyclonal antibodies against
casein components of cow milk for determination of
residual antigenic activity in hypoallergenic infant
formulas.

Biosensors have also been employed to determine
b-lactoglobulin in food with a detection limit of
<10mgkg�1 (Jonsson 2002).

Methods for the detection of cow’s DNA in food
products and for the discrimination of milk from
various animal sources have been published (Plath
et al. 1997), however, their applicability for the
detection of the presence of potential milk allergens
is questionable, as many products contain only
concentrated or purified milk fractions such as milk
protein or milk fat.

Several methods for the detection of milk residues in
food products have become commercially available in
kit formats during the past few years (table 1). Most
test kits for the determination of milk residues in food
are based on competitive ELISA. They detect either
bovine serum albumin, casein, b-lactoglobulin, or
unspecified whey proteins, respectively, with detection
limits between <2.5 and <5mgkg�1. In addition,
sandwich-type ELISA test kits for the determination
of milk residues (targeting b-lactoglobulin) in food
products are on the market with sensitivities down to
1mgkg�1. Another qualitative rapid screening test
detects casein with a sensitivity of <2.5mgkg�1.

One PCR-based test kit for the detection of bovine
milk DNA was announced to be placed on the market
in 2003 with a detection limit <10 ppm (table 2).

Mustard and products thereof

Allergy characteristics. Although mustard is fre-
quently consumed, only isolated cases of mustard
allergy have been reported (Caballero et al. 2002).
However, the prevalence of mustard allergy is increas-
ing (Monsalve et al. 2001). According to a French
study, mustard accounts for 3% of all food induced
anaphylactic reactions (Andre et al. 1994). A thresh-
old dose of 1mg mustard (0.3mg mustard protein)
was sufficient to provoke adverse reactions in mustard
allergic subjects (Rance 2003).

Allergenic properties. The major allergens of mus-
tard, named Sin a 1 (Menendez-Arias et al. 1988) in

15Methods for allergen analysis in food
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yellow mustard and Bra j 1 (Gonzales de la Pena et al.
1991) in oriental mustard, have a molecular weight of
about 14 and 16 kDa, respectively, and belong to the
2S albumin class of seed storage proteins.

Table mustard is usually a blend of flour obtained
from the seeds of two different species: yellow (Sinapis
alba) and oriental (Brassica juncea) mustard. Mustard
is mainly used in the meat packing industry as an
aid to flavour, emulsification, water binding, and
seasoning of processed meats. It is also used for
pickles and as an essential ingredient in mayonnaise,
salad dressings, relishes and many sauces. Some
mustard is refined to oil and spices (Golz 1993).

Detection methods. To date no methods for the
specific detection of mustard in food products have
been published.

Nuts and nut products

The terms ‘nuts’ or ‘tree nuts’ refer to shell (nut) fruits
of various botanical families including almond, brazil
nut, cashew nut, hazelnut, pecan nut, pistachio, and
walnut. Peanut and/or tree-nut allergy affects
approximately 1.1% of the general population in
the USA (Sicherer et al. 1999), with walnut being
the most frequently reported tree-nut allergy in 34%
of respondents, followed by cashew (20%), almond
(15%), pecan (9%), pistachio (7%), and others at less
than 5% each (Sicherer et al. 2001). In Europe,
hazelnut has earned most attention as trigger for
atopic reactions in tree-nut allergic individuals
(Groot et al. 1996). However, a recent UK study
found allergy to Brazil nuts most prevalent with
15% of peanut and tree-nut allergic individuals,
followed by hazelnut (6%), almond (4%) and walnut
(4%) (Ewan and Clark 2001).

Almond (Prunus dulcis)

Allergenic properties. Almond major protein (AMP
or amandin) is the major allergen recognized by
almond-allergic patients (Sathe et al. 2001). Moreover,
the plant-pan allergens profilin and a lipid-transfer
protein are also present in almonds (Besler et al.
2001b, Poltronieri et al. 2002).

Almonds are used in various forms (whole, chopped,
sliced, or paste) predominantly in bakery products

such as cookies, cakes, and pies as well as in
confectionery products. Moreover, almonds are a
source of gourmet edible oils that potentially contain
residual protein.

Detection methods. A very sensitive protocol for
the detection of almond proteins in chocolates was
described using SDS-PAGE/immunoblot with a
chemiluminescence detection method (Scheibe et al.
2001). The limit of detection for the procedure was
5mgkg�1.

Hlywka et al. (2000) developed a sandwich ELISA
involving antisera from rabbit and sheep as capture
and secondary antibodies, respectively. The assay
had a detection limit of less than 1mgkg�1, however,
it showed also significant cross-reactivity to several
nuts and sesame seed. More recently, a competitive
almond ELISA was developed by Roux et al. (2001).
This assay involved polyclonal rabbit antisera recog-
nizing amandin. The ELISA showed minor cross-
reactivity to some globulins and albumins from other
nuts and legumes, and the limit of detection was less
than 5mgkg�1 almond in various food products.

Only recently an almond ELISA test kit was placed
on the market. The kit is available in two formats: a
quantitative assay with a sensitivity of <2.5mgkg�1,
and a qualitative screening test including a reference
at 5mgkg�1 (table 1). Another almond detection
kit based on a PCR protocol is offered either as
PCR-ELISA or as real-time PCR with a sensitivity
of less than 10mgkg�1 (table 2).

Brazil nut (Bertholletia excelsa)

Allergenic properties. The 2S albumin was identified
as the major allergen from Brazil nut (Nordlee et al.
1996, Pastorello et al. 1998) and it constitutes about
30% of the total protein content (Sun et al. 1987).

Brazil nut is used as a minor ingredient in processed
foods, such as cookies, cakes, and confectionary
products (Clemente et al. 2003).

Detection methods. Most recently, an indirect com-
petitive ELISA was developed by Clemente et al.
(2003). The assay was based upon the detection of
the abundant 2S protein and showed a detection limit
of 1mg kg�1 for both raw and roasted Brazil nuts in a
range of food matrices.

16 R. E. Poms et al.
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Cashew nut (Anacardium occidentale)

Allergenic properties. The major allergens in cashew
nuts are anacardein (cashew major protein, CMP,
a 13S legumin-like protein), which accounts for about
50% of the total soluble seed protein, and 2S albumin
(Teuber et al. 2002). Another minor allergen of about
50 kDa was designated Ana o 1 (Wang et al. 2002).

Cashew nuts are widely used in snack foods and as an
ingredient in a variety of processed foods, such as
bakery and confectionary products (Wang et al.
2002).

Detection methods. Recently Wei et al. (2003) pub-
lished the development of a sandwich enzyme-linked
immunosorbent (ELISA) to detect the predominant
cashew protein fraction (anacardein or cashew major
protein, CMP). Protein G-purified goat antiwhole
cashew extract IgG and rabbit anti-CMP IgG were
used as capture and secondary antibodies, respect-
ively. The assay was optimized to detect as little as
0.02mgkg�1 of CMP and was successfully used to
quantify cashew in various food matrixes.

Hazelnut (Corylus avellana)

Allergy characteristics. In Europe hazelnut allergy
has earned major interest due to its high prevalence
0.1–0.5% of the general population in Europe was
estimated (Groot et al. 1996). Hazelnut allergy is
often associated with allergy to pollens from trees
like birch, alder, hazel, hornbeam, and oak, often
causing oral allergy syndrome (OAS). Prevalence of
IgE-mediated adverse reactions to hazelnut in tree
pollen allergic patients is approximately 50–70%
(Groot et al. 1996). There is also important non-
pollen related hazelnut allergy and anaphylaxis has
been reported (Ewan 1996, Schocker et al. 2000,
Pastorello et al. 2002).

In a recent study by Wensing et al. (2002), threshold
doses for eliciting adverse reactions varied from a
dose of 1–1000mg hazelnut protein (equivalent to
6.4–6400mg hazelnut meal).

Allergenic properties. The major hazelnut allergen is
Cor a 1 (18 kDa), which was found to be cross-
reactive with Bet v 1 from birch pollen. Up to now
four isoforms of Cor a 1 (Schenk et al. 1994) were
identified in hazel pollen (Cor a 1.01 to Cor a 1.03)

and hazelnuts (Cor a 1.04). A 14 kDa hazelnut
allergen showed cross-reactivity to birch profilin
(Bet v 2). Other allergens not related to pollens were
recently identified as Cor a 9 (40 kDa) and a 9 kDa
lipid transfer protein (Schocker et al. 1999, Beyer et al.
2002b, Pastorello et al. 2002).

Hazelnut is often used as a food ingredient in pastry,
confectionary products and ice cream. Hazelnuts are
also processed to oils. Undeclared hazelnut might be
present as cross-contaminant in cookies, muesli bars,
or nut-free chocolate products (Holzhauser and
Vieths 1999b).

Detection methods. Various techniques have been
described to detect and quantify hazelnut in food
products, including methods based on gel electro-
phoresis, ELISA, and PCR.

Rocket immuno-electrophoresis was used by
Malmheden Yman et al. (1994) to determine the
hazelnut content in various food products. The detec-
tion limit of this method was 30mgkg�1. Koppelman
et al. (1999) performed an SDS-PAGE/immunoblot
with human IgE sera and with polyclonal antisera
from rabbits, respectively. Hazelnut concentrations
between 0.3 and 10% depending on the food product
were detectable. More recently, Scheibe et al. (2001)
achieved a sensitivity of 5mg kg�1 by employing an
SDS-PAGE/immunoblot and a chemiluminescence
detection system for the qualitative detection of
almond and hazelnut proteins in chocolates.

A competitive ELISA involving human IgE sera was
performed by Koppelman et al. (1999) with a sensi-
tivity of 1mg kg�1. Recoveries from chocolate,
cookies, and cake ranged from 67 to 132%, however,
significant cross-reactivity for several nuts and peanut
were observed. While retaining the same sensitivity of
1mgkg�1, the specificity of the hazelnut ELISA could
be increased showing hardly any cross-reactivity
by designing a sandwich ELISA using polyclonal
antisera from rabbits (Koppelman et al. 1999).
Holzhauser and Vieths (1999b) published another
sandwich ELISA involving polyclonal antisera from
rabbit and sheep as capture and secondary antibodies,
respectively. This assay was tested on chocolate and
products thereof and on muesli; it performed well
down to a detection limit of 2mg kg�1. A very
sensitive hazelnut ELISA involving egg yolk antibo-
dies was published by Blais and Phillippe (2001).
Polyclonal egg yolk derived IgY antisera were used
for both capture and secondary antibodies and spe-
cific detection of hazelnut proteins in a large variety

17Methods for allergen analysis in food
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of food products was feasible with detection limits
ranging from 0.12 to 1mgkg�1, depending on the
food product analysed. The use of antibodies iso-
lated from egg yolk represents an inexpensive and
convenient alternative to the commonly used
immuno-reagents raised in animals and harvested
from blood.

Most recently, a competitive hazelnut ELISA was
developed by Ben Rejeb et al. (2003) by using poly-
clonal antibodies generated against a protein extract
of roasted hazelnut. No cross-reactivity was observed
in tests against 39 commodities, including many
common allergens, tree nuts, and legumes. An extrac-
tion and quantification method was developed and
optimized for chocolate, cookies, breakfast cereals,
and ice cream, which allowed detection of 1mgkg�1

hazelnut protein.

A dipstick immunoassay for the determination of
hazelnut in processed food was recently developed
by Stephan et al. (2002). Ten mgkg�1 hazelnut were
reliably detectable in milk chocolate and semisweet
chocolate. Even lower quantities of hazelnut were
detectable in various commercial food products
including chocolate products, cereals, and cookies,
when the performance was compared with a pre-
viously developed hazelnut ELISA (Holzhauser and
Vieths 1999b).

A Biosensor-based protocol was presented recently
that detected the major hazelnut allergen corylin in
food products at a detection limit of less than
10mgkg�1 (Jonsson 2002).

A DNA-based method for the detection of hazelnut
residues in food was developed based on a PCR assay
amplifying a 182 bp fragment of the major hazelnut
allergen Cor a 1.0401 that was able to detect
<10mgkg�1 hazelnut in various complex food
matrices (Holzhauser et al. 2000). When compared
with positive results obtained by employing a hazel-
nut ELISA, the PCR assay could also detect hazelnut
quantities <2mgkg�1, therefore being in the range
of the limit of quantification of the ELISA. More
recently, Holzhauser et al. (2002) improved the
hazelnut PCR assay and developed a PCR-ELISA
system that detects a 152 bp fragment of the Cor a
1.0401 gene. The modified assay avoided the forma-
tion of artefacts during PCR amplification and
thus increased the sensitivity of the system. The
DNA-based PCR-ELISA was shown able to detect
as little as 4mg kg�1 of hazelnut in various food
products.

Currently, there is one sandwich ELISA and one
PCR-based method in a kit format commercially
available (tables 1 and 2). The ELISA involves
antibodies recognizing hazelnut proteins in various
food matrices with a limit of detection of 10mgkg�1.
A slightly better sensitivity is achieved by the
PCR method detecting a 152 bp fragment of the
Cor a 1.0401 gene. The PCR assay is offered in
two different formats: as real-time PCR and as
PCR-ELISA.

Walnut (Juglans regia) and other nuts

Allergenic properties. Major walnut allergens are
2S albumin Jug r 1 (15–16 kDa) and vicilin Jug r 2
(44 kDa) (Besler et al. 2001c).

Detection methods. A sandwich ELISA for the
detection of undeclared walnut residues in food was
recently presented by Niemann and Hefle (2003). The
walnut ELISA had a detection limit of 1mg kg�1

walnut. The assay showed some cross-reactivity
with hazelnut, pecan, and sesame seed, but it did
not cross-react with any of the other 50 food and
food ingredients tested.

Peanuts and products thereof

Allergy characteristics. Among all other food aller-
gies peanut allergy has earned the greatest attention in
the medical and food production communities
because of the high frequency and the severity of
adverse reactions in sensitized individuals and
because of being responsible for the greatest number
of deaths the ubiquity of peanut products.
Epidemiological studies of the general population
estimate a prevalence rate of 0.5% in the UK
(Emmett et al. 1999) and 0.6% in the USA (Sicherer
et al. 1999); peanut allergy accounts for 10–47% of
food-induced anaphylactic reactions and for more
than 50% of food allergy fatalities (Bock et al. 2001).

Threshold doses for peanut allergic reactions have
been found to range from as low as 100 mg up to 1 g of
peanut protein (Hourihane et al. 1997, Wensing et al.
2002), which equal about 400 mg to 4 g peanut meal.

Although peanut shares cross-reacting proteins with
other legumes (e.g. soybean, pea), clinical cross-
reactivity is not common. Allergy to peanut most
commonly occurs in atopic individuals who may have

18 R. E. Poms et al.
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other food allergies (e.g. egg, milk, tree nut), but there
are no known clinically relevant cross-reacting pro-
teins with tree nuts (e.g. hazelnut, walnut). In most
cases peanut allergy persists through lifetime and may
increase over time (Sicherer 2002).

Allergenic properties. Allergens from peanut
(Arachis hypogaea) are seed storage proteins com-
posed of two major globulin families, arachin (legu-
min) and conarachin (vicilin) (Jones and Horn 1930,
Krishna et al. 1986). The major allergens in peanut
(Burks et al. 1998, Koppelman et al. 2001) are Ara h 1
(vicilin, 63.5 kDa) and Ara h 2 (17 kDa). Further
relevant allergens contained in peanuts are Ara h 3
and Ara h 4, which are glycinin proteins with a mol-
ecular mass of about 60 kDa and 14 kDa, respectively,
and the minor allergens Ara h 6 and Ara h 7 (both
conglutin-homologue proteins) as well as the pan-
allergen profilin Ara h 5 (Kleber-Janke et al. 1999).

Some of the most popular commercially grown
peanut types include Runner, Virginia, Spanish,
Valencia, and Chinese (Sholar et al. 1995, personal
communications). The major part of the global
peanut production enters the food market as salted
peanuts, as peanut butter, in confectionery (choco-
lates, biscuits, etc.), or further processed for oil. Other
peanut containing food products include breakfast
cereals, ice cream, peanut flour and peanut milk.
Peanuts are also used as supplemental protein source
in a wide variety of food and may be an ingredient in
highly processed, refined products, such as syrups,
sauces, soups, etc. (Singh and Singh 1991). However,
due to improper labelling or contamination during
food processing traces of peanut may also be present
in food supposed to be free of peanuts, which can
pose a potential risk for peanut allergic individuals
(Koppelmann et al. 1996).

It was shown that a level of 100mg orally admin-
istered peanut protein were capable of triggering mild
subjective reactions in peanut allergic individuals
(Hourihane et al. 1997, Wensing et al. 2002). Thus,
the consumption of 100 g of a food product contain-
ing 1mgkg�1 peanut protein (about 4mg peanut
meal) could cause an allergic reaction in a sensitized
person.

Detection methods. Several analytical techniques
have been employed for the detection of hidden
peanut proteins/allergens in food including immuno-
blotting, rocket immuno-electrophoresis (RIE),
radioimmunoassay (RIA), radioallergosorbent assay

(RAST), and enzyme-linked immunosorbent ELISA.
Furthermore, several peanut kits based on ELISA or
PCR are commercially available (tables 1 and 2).

RAST was employed by Yunginger et al. (1983) to
determine peanut butter contamination in sunflower
butter ranging from 0.3 to 3.3%.

Recently, several dot immunoblotting applications
were described for the detection of peanut in various
food including chocolate products, cookies and ice
cream (Blais and Philippe 2000, Schäppi et al. 2002)
with a detection limit down to 2.5mgkg�1.

Rocket immuno-electrophoresis was employed by
Malmheden Yman et al. (1994) to detect the presence
of undeclared peanuts in various food products with a
detection limit of 30mgkg�1. The sensitivity could be
improved to 2.5mg kg�1 by using an enzyme-labelled
IgG antibody based system rather than Coomassie
brilliant blue for staining the gel (Holzhauser et al.
1998).

Keating et al. (1990) established a solid-phase radio-
immuno inhibition assay (RIA) using pooled sera
from five peanut-sensitive patients, which provided
the first method for monitoring finished products
for potential peanut allergens. The assay was highly
specific for peanut allergens with a sensitivity of
0.00875% (w/w), which translated to 87.5mg
peanut kg�1 food. The use of radioisotopes and the
requirement of human blood sera limited the applic-
ability of RIA test formats and they were not useful
for most food industries.

The first enzyme-linked immunosorbent assay
(ELISA) for the detection of peanut proteins in food
was developed by Hefle et al. (1994). It was a
sandwich ELISA with immobilized monoclonal anti-
bodies against several selected peanut proteins with
molecular weights in the range between 14 and
44 kDa as capture antibody and a polyclonal rabbit
antiserum, which was raised against a crude peanut
extract, as detector. This method was able to detect
peanut protein in various food with a detection limit
4 40mgkg�1, which was well above the level of a
positive skin prick test result determined by Hefle et al.
(1994) in a parallel study with seven peanut-sensitive
adults. The obtained results were also compared with
radio-allergosorbent inhibition assay (RAST), which
appeared to be more sensitive. However, ELISA and
RAST results were proportional and showed a corre-
lation coefficient r2¼ 0.85. This newly introduced
method opened the door for the development of sev-
eral other ELISA formats with increased sensitivity

19Methods for allergen analysis in food
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for peanut protein/allergen detection in food by using
amplification systems, improved monoclonal and/or
polyclonal antibodies, and optimized extraction pro-
tocols to reduce food matrix interference problems.

During the following years several immuno-
chemical assays for peanut detection in food were
published: Yeung and Collins (1996) developed a
competitive ELISA with polyclonal antibodies
against a crude protein extract of roasted peanuts.
When testing various food matrices recoveries of
peanut protein ranged from 68 to 90% depending
on the commodity and the detection limit was 0.4mg
peanut protein kg�1 food product. Holzhauser and
Vieths (1999a) developed an indirect competitive
ELISA with a commercially available peanut-specific
polyclonal antiserum, which had been raised against
native peanut protein. This assay allowed detection of
hidden peanut residues down to 2mgkg�1, recogniz-
ing both native and roasted peanuts. In addition,
Holzhauser and Vieths provided extensive validation
data for the introduced assay. Koppelman et al.
(1996) developed a direct sandwich ELISA using
polyclonal antibodies raised against partially purified
Ara h 1. This assay could measure different peanut
species, either fried or raw, with recoveries between 35
and 75% and a detection limit of about 0.1mg
peanut kg�1 processed food. Pomes et al. (2003)
published another two-site antibody-based ELISA
employing monoclonal antibodies against purified
Ara h 1. This very specific assay showed a comparable
detection limit, however, Ara h 1 could not always be
recovered in spiked chocolate samples.

Another approach by Newsome and Abbott (1999)
combined the use of immunoaffinity chromatography
and ELISA to improve sensitivity for the detection of
peanut proteins in chocolate. Recoveries ranged
between 72–84% with a detection limit of
0.1mgkg�1.

Dipstick assays are also based on the ELISA tech-
nology, but they are only semiquantitative and they
allow fast and cost-effective screening of food. Several
dipstick assays for peanut detection in food have been
described in the literature. Mills et al. (1997) used
polyclonal rabbit sera against purified conarachin, the
7S globulin of peanut to develop a rapid dipstick
immunoassay. The dipstick sandwich ELISA was
able to detect peanut in various food such as marzi-
pan and chocolate at concentration levels of 100 and
1000mgkg�1, respectively. Although this dipstick
ELISA offered a rapid and easy-to-use format, it
lacked sufficient sensitivity for allergen control in

the food industry. Moreover, Stephan et al. (2002)
published the development and validation of a dip-
stick sandwich immunoassay for peanut determina-
tion with a sensitivity of 1mg kg�1. This assay was
validated against a peanut ELISA that had been
developed by Holzhauser and Vieths (1999a) and
showed similar detectability of peanut in various food
products. Currently, there are no dip-stick assays for
peanut commercially available, however at least one
such assay was announced to be placed on the market
shortly (table 1).

In recent years, several ELISA kits for peanut deter-
mination in food have been placed on the market
(table 1). Depending on the offered format, they yield
semiquantitative or quantitative results. Main differ-
ences between the offered kits are the target (Ara h 1,
Ara h 2, selected proteins, or a crude peanut protein
extract), the extraction procedure (sample prepara-
tion, extraction buffer, incubation time and tempera-
ture), the detection limit (between <0.1 and
<2.5mgkg�1), the time of analysis (between 30min
and 3.5 h), and the costs (Poms and Anklam 2003).
Drawbacks in the performance of the currently avail-
able commercial peanut ELISA kits are the impaired
recovery of peanut from highly processed material
and the comparability of results between kits. Several
recently performed studies showed that the commer-
cial ELISA kits tested were suitable for qualitative
screening for most products, but yielded significantly
varying results in quantitative assays (Hurst et al.
2002, Koch et al. 2003, Poms et al. 2003, Poms and
Anklam unpublished). These findings may be due to
the fact that the detection and in particular the
quantification of peanut allergens in food products
can be impaired by food matrix interactions (e.g.
tannins in chocolate), reduced solubility of heat
denatured proteins (e.g. variable temperature/time
profiles for oil or dry roasting of peanuts), differences
in antibody affinity/recognition of peanut proteins
form different species and geographical origin
(Keck-Gassenmeier et al. 1999, Hischenhuber 2001,
Hurst et al. 2002, Poms and Anklam unpublished).
Sensitivity of the currently available test kits is
around 1mgkg�1. Taking into account that as little
as 100 mg of orally administered peanut protein
(equals about 400 mg whole peanut) were found to
trigger a mild reaction in a peanut allergic person
(Hourihane et al. 1997, Wensing et al. 2002), this
seems to be a useful detection limit. However, data
about established threshold levels that have been
determined in human oral challenge studies are scarce,
and it may become necessary to revise the required

20 R. E. Poms et al.
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sensitivities of peanut ELISA kits, when more data on
threshold levels will be available.

In addition to immunochemical methods to detect
peanut antigens, DNA-based techniques have been
established for determination of the presence of
peanut in food products. Only recently, Hird et al.
(2003) published a real-time PCR protocol for the
detection of peanut traces in food products. The
method amplifies a specific fragment of the Ara h 2
gene, which encodes a major peanut allergen. The
method was in-house validated against a large variety
of food matrices and showed a detection limit of
2 ppm in spiked cookies.

PCR-based test kits for peanut detection in food are
becoming increasingly available. There are two test
formats on the market: DNA-ELISA and real-time
PCR, which are offered as qualitative kits with
detection limits below 10mgkg�1 (table 2).

Currently, there is no information available on the
specific DNA fragments that are targeted in the
offered assays.

Multiplex assays for peanut and tree-nuts

Ben Rejeb et al. (2002) presented a semiquantitative
multiscreening immunoassay for the detection of
peanut, hazelnut, almond, cashew and brazil nuts in
chocolate in one single run. The cut off level detected
with this assay was 2mgkg�1 of protein for each
ingredient.

Another very sensitive multiplex enzyme immunoas-
say system was recently published by Blais et al.
(2003). This assay used a reverse dot blot format in
which egg yolk antibodies (IgY) specific for peanut,
hazelnut, and Brazil nut, respectively, were immobi-
lized in discrete spots on a strip of polyester cloth.
The detection limits for the individual allergenic
foods in various food matrices ranged between 0.1
and 1mgkg�1 (hazelnut: 0.1–1mgkg�1, Brazil nut:
0.1–0.5mg kg�1, peanut 0.1mgkg�1).

Sesame seeds and products thereof

Allergy characteristics. Representing less than 1%
of all food allergy cases sesame seed (Sesamum indi-
cum) and sesame seed oil have been thought of as rare
causes of food allergy, however, anaphylactic reac-

tions after inadvertent consumption of sesame have
been reported frequently (Malish et al. 1981, Chiu
and Haydik 1991, Kagi and Wüthrich 1993, Asero
et al. 1999, Pajno et al. 2000) and severe allergic
reactions to sesame are increasing in frequency, which
is probably due to the growing use of sesame seeds
or sesame oil in food (Kanny et al. 1996, Fremont
et al. 2002).

Allergenic properties. White sesame seeds contain at
least 10 allergenic proteins (Beyer et al. 2002a,
Fremont et al. 2002), one of them has been identified
as the major sesame allergen: 2 S albumin (Pastorello
et al. 2001, Beyer et al. 2002a, Wolff et al. 2003).

In the food industry, sesame seeds are used as whole
seeds or for the production of sesame paste and oil.
Sesame containing products include salad dressings,
confections and various fast food bakery items.
Sesame is also used increasingly in vegetarian food
(vegetarian burgers) and gluten-free foods (e.g. bread,
cakes, pastries, and biscuits) used to treat celiac
disease (Kagi and Wüthrich 1993, Pajno et al. 2000).

Detection methods. An immunoassay for sesame
proteins was developed by Brett et al. (1998), but
there was no validation data available.

Currently, there are only a few sandwich ELISA test
kits for the detection of sesame in food products
commercially available (table 1). The assays either
target total soluble sesame protein or a 2S albumin,
they have sensitivities of <0.1 and <1mgkg�1,
respectively.

Soybeans and products thereof

Allergy characteristics. Soybean allergy is less pre-
valent than peanut allergy in the food allergic popula-
tion (Bock and Atkins 1990, Sicherer et al. 2000),
however, reactions may occur to very small quantities
of soy protein, and anaphylaxis to soybean has been
reported (Sampson et al. 1992, Foucard and
Malmheden Yman 1999, Sicherer et al. 2000).

Allergenic properties. Major allergens from soybean
include the seed storage proteins Gly m Bd 30K
(30 kDa, also called P34 or oil body-associated pro-
tein), the glycinin acidic chain (40 kDa), and the
70 kDa a-subunit of b-conglycinin (Ogawa et al.
1993, 1995, Zeece et al. 1999, Helm et al. 2000).
Additional allergens are the 14 kDa profiling (Gly m 3)

21Methods for allergen analysis in food
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and the 20 kDa Kunitz-trypsin inhibitor (Rihs et al.
1999). Moreover, several inhalative soybean shell
allergens exist like the Gly m 1 and Gly m 2 with
molecular masses of 7 and 8 kDa, respectively
(Gonzalez et al. 1992, Codina et al. 1997).

Because of the almost unlimited uses of soy (e.g. as a
texturizer, emulsifier, or protein filler), it is a par-
ticularly insidious hidden allergen (e.g. in pastries,
bakery products, infant food, sausages, processed
meats, and hamburgers). Soy is widely used in
Asian food products, it is also used as substitute for
meat or milk protein in various food products. In
addition, many food products contain soy lecithin
and soy oil, which may exhibit allergenicity
(Awazuhara et al. 1998, Paschke et al. 2001).

Detection methods. Various methods have been
applied to detect soybean in food products. Several
methods based on electrophoretic separation coupled
with immunological detection have been developed
primarily to identify soy proteins in meat products
(Catsimpoolas and Leuthner 1969). Sensitivities of
these procedures were usually in the g kg�1 range.
Janssen et al. (1986) presented a more sensitive
protocol to determine soy in meat products by
SDS-PAGE/immunoblotting and dot blotting. This
procedure achieved a detection limit of 0.02%
(200mgkg�1) soy in meat.

SDS-capillary electrophoresis was applied to detect
soy protein in milk powder, however, a detection limit
lower than 10% corresponding to 100 g kg�1 could
not be achieved (Lopez-Tapia et al. 1999).

Several immunochemical assays have been developed
for the detection of soy allergens in food products.
Most of them were originally designed to determine
adulteration of meat products with soy protein
(Hitchcock et al. 1981, Griffiths et al. 1984, Rittenburg
et al. 1987, Yasumoto et al. 1990, Macedo-Silva et al.
2001). These protocols are lacking sufficient sensitiv-
ity for the control of soy traces in food products
below the g kg�1 range. Porras et al. (1985) developed
an ELISA for the detection of soy protein in soy
lecithin, margarine and soy oil, with a sensitivity
between 100 and 200mgkg�1.

To evaluate (residual) allergenicity of soy products
several ELISA methods based on the detection
of various immunogenic soy proteins were
employed. Heppell et al. (1987) selected glycinin and
b-conglycinin to determine allergenicity in soybean-
based infant formulae. However, levels of these

proteins below the detection limit of the employed
ELISA could still evoke an immune response
in various animal models. Brandon et al. (1991)
developed ELISA approaches using monoclonal
antibodies against the Kunitz and the Bowman-Birk
trypsin inhibitors. This assay was able to measure low
levels of these proteins in processed food. Tsuji et al.
(1995) and Bando et al. (1998) measured two soy
allergens by sandwich ELISA (Gly m Bd 30K and
Gly m Bd 28K, respectively) with monoclonal anti-
bodies for both the immobilized and the capturing
antibodies. These assays were developed for soy
products and processed foods that contain soybean
protein isolates. Soy protein was detected in various
food products within the range 140–700mgkg�1, but
could not be detected in fermented products.

Only a few ELISA test kits for soya detection in food
are commercially available at the moment (table 1).
However, the sensitivities are usually not much lower
than 0.1–1 g kg�1, which is not sufficient for insuring
safety of food products for soy sensitive individuals
(Meyer et al. 1996). However, most recently a new
ELISA kit was placed on the market with an attested
detection limit of <1mgkg�1 (table 1). This assay is
based on a sandwich ELISA determining the soy
trypsin inhibitor in the food sample.

Moreover, sensitivities of DNA-based methods gen-
erally show lower detection limits in the mgkg–1

range. Meyer et al. (1996) presented a PCR assay
for the detection of soy in processed meat products by
designing a nested PCR protocol for the amplification
of specific 414 and 118 bp fragments, respectively, of
the soy lectin gene. The PCR protocol detected less
than 1% soy hydrolysate and 0.01% soy suspension
in meat (100mgkg�1). A recent study showed that the
detection limit for soy DNA in milk and some dairy
products could be increased a 100-fold by analysing a
larger sample size (Poms et al. 2001). Furthermore,
several protocols for quantitative detection of soy
DNA in food by real-time PCR were published,
mainly with the aim to improve methodology for
determining genetically modified soy constituents
in food. Detection limits for PCR-based methods
were found to be between 0.0001 and 0.1%
(1–1000mgkg�1) depending on the food matrix and
the DNA extraction procedure employed (Hörtner
1999, Terry et al. 2002). Currently, two test kit
formats based on the amplification of a specific soy
DNA fragment (detailed information not available)
are on the market: a qualitative PCR-ELISA and a
semiquantitative real-time PCR kit. Both offer highly

22 R. E. Poms et al.



D
ow

nl
oa

de
d 

B
y:

 [S
ir 

F 
G

 B
an

tin
g 

R
es

ea
rc

h 
C

tr]
 A

t: 
19

:5
1 

16
 N

ov
em

be
r 2

00
7 

specific detection of soy in a variety of food products
with detection limits below 10mgkg�1 (table 2).

Soy DNA was also detected by employing biospecific
interaction analysis based on biosensor technologies
(Feriotto et al. 2002). This procedure used single
stranded biotinylated oligonucleotides containing
soybean lectin gene sequences, which were immobi-
lized on a chip.

Conclusion

Food allergy is an important health problem and the
prevalence of allergic reactions to foods has been on
the rise in recent years. Currently the only effective
treatment is total avoidance of the offending food.
International and national Organizations have
reacted to growing consumer concerns and have
stipulated a comprehensive labelling policy for pro-
cessed foods, including an explicit declaration of
allergenic ingredients. Major attention needs to be
paid to the problem of hidden allergens, which make
their way into the food product via unintended
routes, such as misformulation, improper clean up,
and cross-contamination by dust or by pieces of an
allergen remaining in the processing system (Deibel
et al. 1997). Only in a joint effort of the food industry
and governmental food safety control agencies
the safety of food products for all — including the
allergic — consumers can be assured.

This review shows that many methods have been
published to date to detect most of the allergenic
foods accounting for the majority of adverse reactions
in food allergic individuals. Some methods have
become commercially available in kit formats, which
make an easy and rapid quality/safety check feasible.
However, analytical methods that can be applied for
detection of potential allergens in food products do
not exist for all food allergens, such as for mustard
and celery. Sensitivity and specificity of the existing
methods are another important issues. Detection
limits need to be at least in the range of established
allergic threshold levels determined by oral food
challenge studies — or maybe even a magnitude lower
(Koppelman et al. 1996) — taking into account the
quantity of food product typically consumed. In the
case of peanut, with a very low threshold dose
potentially leading to severe symptomatic reactions

in highly allergic individuals, a test sensitivity of lower
than 1mgkg�1 may be required to assure food safety.

Currently the method of choice for allergen detection
in food is the ELISA. ELISA assays are sensitive and
specific tests, able to yield fully quantitative results.
In some instances sensitivity and specificty of the
currently available immunological tests may not be
satisfactory and a PCR-based test might be preferred
(e.g. soya detection in food products). However, the
employment of DNA analysis in allergen detection as
an attractive alternative to immunological methods is
discussed controversially, since proteins are the aller-
genic component and processing may differentially
affect nucleic acids and proteins. On the other hand
(quantitative) results obtained with protein-based
methods are subject to biological variations (e.g.
botanical variety, seasonal and geographical impacts)
and are sometimes strongly affected by food pro-
cessing (e.g. heat). Several studies — mainly done
on peanut detection — assessed significant variations
in quantitative results due to various processing con-
ditions, botanical variety, employed method or kit
(i.e. specificity and antigen recognition potency of
antibodies employed in immunological assays),
and food matrix (Keck-Gassenmeier et al. 1999,
Hischenhuber 2001, Hurst et al. 2002, Koch et al.
2003, Poms et al. 2003).

There is an urgent need for method validation in
order to sustain significance of obtained results. To
date none of the methods developed and none of the
offered test kits has been fully validated inter-
nationally in an interlaboratory study for real food
matrices. Currently, the allergens with highest priority
are gluten (from wheat, rye, and barley) and peanut.
In both cases, comparability of results is often diffi-
cult, due to a big variability of the raw material,
matrix effects during extraction and detection pro-
cedures, and a big variance of results obtained with
different test kits or methods.

Moreover, several validation studies for peanut detec-
tion in various food products are underway. The first
phase of an interlaboratory validation has been com-
pleted by the AOAC Research Institute in 2003
involving four selected laboratories. Three commer-
cial peanut detection kits (based on ELISA) were
approved as Performance Tested Methods (Douglas
L. Park, FDA, personal communications) on the
bases that they were able to detect a peanut butter
reference standard at a level of 5mg kg�1 in four
different food matrices (breakfast cereals, cookies,
ice cream, and milk chocolate). In addition, the

23Methods for allergen analysis in food



D
ow

nl
oa

de
d 

B
y:

 [S
ir 

F 
G

 B
an

tin
g 

R
es

ea
rc

h 
C

tr]
 A

t: 
19

:5
1 

16
 N

ov
em

be
r 2

00
7 

analytical quantitation performance of five different
peanut ELISA kits is being validated in an inter-
national collaborative study coordinated by the Joint
Research Centre of the European Commission. This
study involves processed samples (cookies and dark
chocolate) with various concentrations of peanut in
the lowmgkg�1 range.

Moreover, the European Commission has started a
work programme to investigate food allergens in
more detail. As food allergy is a global problem,
this work will be carried out in collaboration with
other international research organizations and
validation bodies. The European Committee for
Standardization (CEN) has recently established a
new working group on food allergens in order to
standardize analytical methods available so far. As
more knowledge will be gained on the structure and
composition of allergens, it can be expected that in a
few years from now there will be more analytical
approaches available to detect hidden food allergens.
These efforts and achievements will be for the benefit
of allergic individuals. Rapid screening methods
(e.g. dipstick assays) will certainly be an asset.
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