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Summary
Food allergies can be defined as immunologically mediated hypersensitivity reactions;
therefore, a food allergy is also known as food hypersensitivity. The reactions are caused
by the immune system response to some food proteins. The eight most common food
allergens are proteins from milk, eggs, peanuts, tree nuts, soya, wheat, fish and shellfish.
However, many other foods have been identified as allergens for some people, such as
certain fruits or vegetables and seeds. It is now recognized that food allergens are an
important food safety issue. A food allergy occurs when the body’s immune system reacts
to otherwise harmless substances in certain foods. For these reasons, one of the requirements from the European Union is that allergenic food ingredients should be labelled in
order to protect allergic consumers. According to the European Federation of Allergy and
Airways Diseases Patients’ Associations, about 8 % of children and 4 % of adults suffer
from some type of food allergy.
Food allergies often develop during infant or early childhood ages, affecting mainly
the gastrointestinal tract (stomach and intestines). In some cases, the allergy may persist in
adult age, for example, coeliac disease, which is an abnormal immune response to certain
proteins present in gluten, a type of protein composite found in wheat and barley. Almost
all allergens are proteins, and highly sensitive analytical methods have been developed to
detect traces of these compounds in food, such as electrophoretic and immunological methods, enzyme-linked immunosorbent assay (ELISA) and polyacrylamide gel electrophoresis.
The purpose of this review is to describe the allergenic components of the most common causes of food allergies, followed by a brief discussion regarding their importance in
the food industry and for consumer safety. The most important methods used to detect
allergenicity in food will also be discussed.
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Introduction
The term food allergy is commonly used for any adverse reaction, immediate and abnormal, to a harmless
food or food component normally tolerated (1,2). The substances that cause this abnormal reaction of the defence
(immune) system are called allergens (1). There are two

different types of allergic food reactions involving the
immune defence system, namely reactions that are immunoglobulin E (IgE)-mediated and non-IgE-mediated,
or a combination of both (3,4). The majority are IgE-mediated, making the non-IgE-mediated reactions to food
scarce (5). The incidence of allergies continues to increase
year after year, with a higher incidence in developed
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countries (6,7) and, apparently, involves not only diet and
environmental factors, but also the interaction between
these and genetic factors (8).
Food allergies can have a significant impact on life
quality in a profoundly negative way, restricting food
choices and increasing the cost, thus causing anxiety
(9,10). Allergy sufferers sometimes have difficulty in
managing their social life, a fact which has an important
effect on family relationships, since they frequently face
isolation (9–11).
Most common foods are generally safe at all levels
of intake for most people (in a percentage of almost 95
%), and are nutritionally valuable (12). Food allergens as
contaminants are only dangerous for people with a specific allergy, and can even be lethal (13). In general, the
rates and the prevalence of food allergy are not precise;
nevertheless, even in small amounts, it can sometimes
induce a wide variety of hypersensivity reactions (10).
Recent studies have shown that approx. 1 in 20 children
under the age of 5 and approx. 1 in 25 adults are allergic
to one type of food at least (1).
During the last two decades, food allergies have been
recognized as a rising problem for public health (14). It
is, therefore, essential to have access to information about
potential allergens contained in a food product. Consequently, methods for allergen detection are needed and
legislation for food product labelling must be improved
(15). The declaration of certain allergenic ingredients is
obligatory and clearly defined in Directives 2003/89/EC
(16) and 2005/26/EC (17).

Allergenicity of Food Proteins
Although any food protein can be potentially allergenic, only some proteins cause allergic reactions. Therefore, food allergies can be caused by various food proteins,
those from animal origin, such as from milk (casein, b-lactoglobulin, a-lactalbumin), eggs (ovomucoid, ovalbumin,
conalbumin, lysozyme), fish (parvalbumin), and shellfish (tropomyosin), or from plant origin such as peanuts
(7S seed storage globulin, 11S seed storage globulin, 2S
albumin), tree nuts (2S albumin, 7S storage globulin, 11S
seed storage globulin, non-specific lipid transfer proteins, Bet v 1 homologue), soya (7S seed storage globulin,
11S seed storage globulin, Bet v 1 homologue, inactive
papain-related thiol protease), seeds (2S albumin) and
wheat (seed storage prolamins, a-amylase/trypsin inhibitors, glycosylated peroxidase) (11,18). Furthermore, an
allergenic protein can only induce an allergic reaction in
individuals sensitive to this allergen. Additionally, allergic incidence is dependent on the consumer’s age; the
foods related to allergic reactions in children are mostly
eggs and milk; adults usually experience allergic reaction to the food that tends to continue beyond infancy,
these are mostly caused by peanuts, tree nuts, seafood
and fruit (7,11).
Since the allergy to cow’s milk has become the most
common allergy in early childhood, it is important to establish the role of each of the milk proteins in allergic reactions, but this is still a controversial topic (19). Milk
proteins are composed of asl-casein, as2-casein, b-casein,
k-casein, b-lactoglobulin and a-lactalbumin (20). Al-

though the importance of the most abundant proteins is
recognized, those found in smaller quantities have a role
in determining the extent of allergies. Casein fractions
are well-known allergenic proteins of cow’s milk, but in
this case the identification of individual fractions responsible for this aspect is still controversial (19). In the
case of eggs, the allergy is most frequent in children. Regarding these two allergenic foods, milk and eggs, the
allergy can be outgrown during school age. Ovomucoid
and ovalbumin represent 10 and 50 % of egg white proteins, respectively, and are the major egg allergens. In
the egg white, lysozyme is also to be considered, for it
represents a high risk due to its wide employment in the
food industry (cheese preparations and wine) and large
populations might be allergic to this enzyme (21,22).
In the case of fish, more than 20 proteins, mainly
parvalbumins, have been classified as the major allergens. These proteins are found in various fish species
such as cod, salmon, mackerel and herring (23,24). Consumers that are allergic to fish must avoid not only all
kinds of fish, but also fish products, as even a low amount
in their diet can cause an allergic reaction (25). The major allergenic protein in shellfish and seafood is tropomyosin, a heat-stable protein. It is found in various types
of seafood, for example, in squids, lobsters, crabs and
shrimps.
In the case of peanuts, contrary to other allergens
such as milk or eggs, the allergic reaction tends to persist for life (25), and no significant differences have been
observed among peanut varieties concerning allergic properties. Additionally, during production processes, contaminations with peanuts are common; therefore, undeclared peanut traces can be found in processed food
products (26).
Food processing can change the allergenicity of certain food proteins, particularly from fruits and vegetables, which become less allergenic when processed; however, the allergenicity of other foods remains unchanged.
These differences are related to the thermostability of
the proteins involved in the allergic reactions, some of
which are sufficiently changed by heating so that they
no longer cause an allergic reaction. According to Paschke
(13), the combination of enzymatic and heat treatment
decreased the allergic potential of hen´s egg about 100-fold. Different food processing methods have diverse
effects on food protein structure; therefore, some food
processing methods may increase, decrease or have no
effect on allergenicity of specific food proteins, since chemical or conformational changes can be induced during
industrial food processing. The degree of maturity of some
fruits and vegetables can also affect their level of allergenicity.
Allergies have increased in the last years, particularly in the developed countries. The main reason for the
increase is that the human immune system is less exposed to infection agents during infancy, as a consequence
of more hygienic sanitary environment and modern medical practices such as immunizations. Therefore, our
immune system does not need to recognize and fight the
infection agents, as it would have to do if it was exposed to them. This theoretical explanation is given in
the 'hygiene hypothesis' (27).
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Allergenicity of Protein Processing Aids Used
in Beverages
Beverage production usually involves protein fining,
one of the many processing techniques used to clarify
and stabilize beverages. Proteins derived from bovine
milk (casein and potassium caseinate), hen eggs (egg albumin and lysozyme), and fish (fish gelatine and isinglass from fish swim bladder) are used as processing
aids. These proteins coagulate with the colloids present
in the beverages, resulting in flocculation and sedimentation of these substances. They also eliminate the insoluble and unstable colloidal substances and thus improve
the beverage sensorial properties. Phenolic compounds
such as tannins and monomeric flavonols responsible
for astringency or bitterness are also removed. Through
the European Union (EU) legislation, Directives 2000/
13/EC (28) and 2003/89/EC (16), the listing of all allergenic ingredients specified in the Annex IIIa that are
used in processed food became mandatory in order to
get a higher level of protection for allergic individuals.
After that, the European Community issued Directive
2007/68/EC (29), which states that 'any substance used
in production of a foodstuff and still present in the finished product' has to be declared on the label, especially
if it originates from allergenic ingredients. This was initially mandated to take effect on 31 May 2009, but had
been suspended until 30 June 2012 due to the limited
scientific data available concerning their actual permanence as residual proteins (30,31).
Milk casein is a heterogeneous group of four major
phosphoproteins and phosphoglycoproteins whose molecular mass (Mr) ranges from 11.6 to 24.1 kDa with an
average isoelectric point (pI) of 4.6 (32,33). Likewise, egg
white is composed of diverse proteins, with ovalbumin
(phosphoglycoprotein) representing the main protein,
having a Mr of 45 kDa and an isoelectric point of 4.6
(34,35). Isinglass, a product obtained from fish swim bladder, is used as fining agent, comprising three hydroxyproline-rich polypeptide chains in a helical conformation,
mainly composed of collagen with a high molecular mass
(Mr=300 kDa) (36). It seems that due to the anatomical
location and tissue composition of the fish swim bladder
of different species, isinglass probably does not contain
the major allergenic fish protein, parvalbumin (Mr=10–13
kDa) (37). Lysozyme (Mr=14.3 kDa; pI=10.7) can also present a risk for consumers allergic to hen’s egg (22,35). The
major allergenic component of bovine milk is casein, as
described by Docena et al. (38) and Lam et al. (39). Nevertheless, there is no indication of the existence of detectable casein residues in the final wines able to cause
allergic reactions. It is known that casein is insoluble at
the wine pH. Consequently, casein is considered to be
totally coagulated and sedimented (40). Kirschner et al.
(41) demonstrated that wines treated with fining agents
containing proteins from egg, milk or fish in commercial
concentrations were tolerated by consumers allergic to
these proteins. Rolland et al. (42) investigated if wines
treated with fining agents containing proteins from egg,
milk or fish could incite allergic reactions (anaphylaxis)
in consumers with confirmed immunoglobulin E–mediated food allergy. After performing a double-blind, placebo-controlled trial, these authors concluded that no
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allergic reaction was induced by the consumption of wine
produced with the proteins mentioned previously, according to good manufacturing practice, which suggests that
the traces of fining agents remaining in the wine after
treatments are insignificant. Vassilopoulou et al. (43) also
concluded that even if traces of residues of casein, isinglass or egg proteins are found in the treated wine, the
risks for allergic consumers are very low. It is known that
if the wine is manufactured according to good oenological practices, the amount of processing aids that remain in the finished wine is negligible. Nevertheless, the
production of allergen-free food products has become
important due to consumer safety concerns and new international labelling regulations. Therefore, research has
been carried out in order to search for alternatives to allergenic proteins (43–47).

Methods to Detect the Allergenicity and
Antigenicity of Protein Residues in Food
and Beverages
The precise and sensitive methods for the detection
and quantification of food allergens are essential to the
food industry to guarantee the correct labelling of their
products in order to protect allergic consumers. All substances purposely added to food products have to be labelled according to the European Food Labelling Directive. At the same time, in order to control allergens in
foods, it is also important to know what quantity of an
allergen can trigger an allergic reaction in an individual.
However, the threshold at which all allergens can cause
allergic reactions (lowest adverse effect level observed
for peanuts: 0.25–10 mg of protein, soya: 88–522 mg of
protein, tree nuts: 0.02–7.5 mg of protein, egg: 0.13–1 mg
of protein, milk: 0.36-3.6 mg of protein, fish: 1–100 mg of
protein (48)) is not well known; therefore, it is not clear
how sensitive the detection methods need to be. Additionally, allergens frequently exist in trace quantities,
making detection and quantification in food products
difficult, and this difficulty is increased in processed
food products as the food matrix frequently camouflages
them.
To detect traces of allergens, highly sensitive analytical methods have been developed, using either enzyme
immunoassay methods based on antibodies or, to a lesser
extent, polymerase chain reaction (PCR) or the electrophoretic method (sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE)) (6,49). Allergenic
proteins able to induce allergic reaction in their native
structural state or after chemical or conformational changes induced by the manufacturing treatments can nowadays be identified by using immunochemical methods
such as enzyme-linked immunosorbent assay (ELISA).
Sandwich and competitive ELISA methods, and dipstick
assays or lateral-flow devices (LFD) have been developed for several food allergens (37,50). Concerning the
detection of peanut, tree nut and soya bean proteins,
real time PCR and sandwich ELISA methods have been
developed with a limit of detection lower than 10 ppm
for peanuts in processed food (26). For allergenic fish
protein, electrophoretic techniques, ELISA, PCR and matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS) are currently used
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(37). Regarding wine samples, the method of widespread
use for the detection of fining proteins is based on antibody recognition. Antibody-based ELISA is commercially used for different allergenic targets, and this method
has the advantage of being fast and usually appropriate
for routine analysis. However, this technique suffers
from numerous restrictions since the target protein is indirectly detected. In numerous matrices antibodies recognize analogous structures not important for food allergy, which give a positive and indistinguishable signal
from those of the target allergen. This is called cross-reactivity and can lead to false negative results (51). Several ELISA test formats have recently been developed for
detection of casein, wheat gluten, parvalbumin, peanut
and ovalbumin residues (37,40,52–56), with the lowest limit of detection equal to 8 ng/mL for casein, 100 ng/mL
for parvalbumin, 8 ng/mL for peanut and 1 ng/mL for
ovalbumin (52). A quantitative indirect ELISA method for
the determination of casein, in the range of 0.01–10 mg/L,
has been reported by Weber et al. (54). Lifrani et al. (53)
developed animal models with allergy to ovalbumin, caseinate and isinglass, and also designed sandwich ELISA
tests specific to each protein, with the purpose of detecting their residue antigenicity. A weakness of ELISA test
kits is that they only detect one allergen in each test.
Nowadays, several authors have developed procedures
for the identification of allergenic proteins in food samples using mass spectrometry (MS), expecting to overcome certain limitations of the immunochemical assays
(56). The advantages of MS over the ELISA method are
that it is a direct detection method and can detect multiple allergens in the same analysis. Monaci and van Hengel (57) developed a method using solid-phase extraction
and liquid chromatography coupled with mass spectrometry to detect traces of three allergenic cow’s milk proteins (lactalbumin and lactoglobulins a and b) in mixed
fruit juice samples. The same authors developed, for the
first time, a method based on capillary liquid chromatography combined with electrospray ionization tandem
mass spectrometry (capLC–ESI-MS/MS) for the detection
and identification of casein-derived peptides in fined
white wine (58,59). More recently, a method based on
LC-ESI-high-resolution (HR)/MS analysis, using a single-stage Orbitrap mass spectrometer, for the quantification
of casein allergens (60) has been presented. Heick et al.
(15) developed a multi-method for the simultaneous detection of seven allergens (milk, egg, soya, hazelnut,
peanut, walnut and almond) based on liquid chromatography and triple quadrupole tandem mass spectrometry in a multiple reaction mode with a detection concentration ranging from 10 to 1000 mg/g. At the same time,
other authors (61) adopted the combinatorial peptide ligand library (CPLL) technology for the identification of
casein traces present in white wines. The authors demonstrated that the detection limit of this technique for
casein is around 1 mg/L (62). A fast detection method
without sample preparation was developed by Zhou et
al. (63) using an extractive electrospray ionization mass
spectrometry to determine the traces of egg lysozyme
present in white wine. With this method it is possible to
detect lysozyme at 5 mg/mL, this concentration being
lower than the quantity required to cause an allergic reaction.

Conclusions
Food allergies result from the reactions that are caused
by the immune system response to some food proteins.
The most common allergenic proteins are from milk,
eggs, peanuts, tree nuts, soya, wheat, fish and shellfish.
To guarantee the safety of allergic consumers, the European Union requires labelling of all allergenic food ingredients. For that reason, highly sensitive and expeditious analytical methods have been developed to detect
traces of these compounds in food.
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