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INTRODUCTION

Allergy is one of the most oppressive ailments of a con-
temporary man living in highly-developed societies. It occurs 
irrespective of age, race, or sex of a person affected by it and 
is characterised by various pathological symptoms. It is esti-
mated that ca. 10-35% of human population world wide is af-
fected by allergic conditions [Sicherer et al., 2000], including 
0.5-8% of the population with allergic response to ingested 
foodstuffs. To a greater extent, this problem affects children 
(4% to 8%) due to immaturity of their immune system and 
systems protecting mucous membranes of the gastrointestinal 
tract. With age, a phenomenon of an allergic march may be 
observed that consists in a change of pathological symptoms 
from allergic enteritis or atopic dermatitis (at an early age) to 
the development of inhalatory allergy or bronchial asthma (in 
adolscence). Adults are less susceptible to food allergy (from 
1% to 2%) [Nowak-Węgrzyn et al., 2001; Schäfer et al., 2001]. 
Likewise in other countries, in Poland the incidence of aller-
gies, including food allergies, has been observed to increase 
distinctly in recent years [Jędrychowski, 2003].

Extensive and in-depth analysis of the phenomenon of al-
lergy epidemiology in a world wide scale has enabled deter-
mining food products that pose the greatest allergenic risk. In 
the Member States of the European Union, the major aller-
gens (inducing 90% of allergic reactions) include: cow’s milk, 
peanuts, eggs, soybeans, wheat, nuts, fish, crustacea and 
molluscs, celery, lupine, mustard, sesame seeds and prod-
ucts containing them as well as products obtained from their 
processing. Food producers have been obliged to indicate the 
presence of sulfites occurring in products in the concentration 
exceeding 10 mg/kg or 10 mg/L, expressed as SO2

-. Being sub-

stances with low molecular weights, sulfites belong to a group 
of haptens and are incapable of inducing allergic reactions, 
though they may be a causative agent of food hypersensitivity 
[Directive 2003/89/EC, 2003]. 

Nowadays, allergic risk is considered in a wide context of 
food acquisition. In discussing issues linked with the occur-
rence of food allergies, particular stages of the food produc-
tion process should be taken into account while stipulating 
standards of health safety of food (Figure 1).

The extent of incidence and epidemiological characteris-
tics of food allergies vary between countries, namely:

– in the USA 65% of allergic patients react to milk, 45% to 
chocolate and Coca-cola type drinks, 33% to peanuts, 30% to 
cereal grains, 26% to vegetables, whereas in 26% of children 
allergic reactions to fish are observed to predominate;

– in France food allergies are induced mainly by egg white 
(46.3%), peanuts (40%), mustard (20%), and cow’s milk 
(7.5%);

– in the Netherlands, amongst patients suffering from al-
lergy 28% of allergic reactions are elicited by milk, 23% by 
broad bean, 22% by coffee, 18% by tomatoes, 16% by egg 
white, 14% by chocolate, 13% by fish and 11% by oranges;

– in Denmark 2.2% of the total population of children are 
allergic to cow’s milk;

– in Poland allergy symptoms are most often induced by 
cow’s milk (45%), egg white and poultry meat (30-37%), ce-
real products and other plant proteins (25%), and to a lesser 
extent by tomatoes, potatoes and fish [Jędrychowski, 2001; 
Kaczmarski, 1997].

In the Member States of the European Union, an increas-
ing risk is observed that results from the intake of lupine and 
lupine-containing products, whereas 30-60% of patients with 
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allergy to peanuts display allergic reactions to lupine. Diet 
supplementation with molluscs (gastropods, bivalves and ce-
phalopodes) caused that 1/5 of persons with allergic reactions 
to sea fruits, i.e. 0.4% of the total population, reacts also to 
molluscs [Commission Directive 2006/142, 2006].

Extension of the array of allergenic products is affected 
by processes of globalization, international turnover of food, 
increasing cultivation area and popularization of Western cul-
tural habits [Iikura et al., 1999]. Recently, attention has been 
paid to a variety of food additives (e.g. of biotechnological 
origin) being a potential cause of the appearance of an al-
lergic reaction. 

Quite troublesome, both from the viewpoint of clinical di-
agnostics, health safety of consumers as well as dietetics, is the 
fact linked with difficulties in precise determination of minimal 
doses of an allergen capable of inducing allergic reactions. 
The doses are highly diversified and result from biochemical 
and biological properties of allergen components. A threshold 
dose (minimal dose) of wheat proteins capable of inducing 
allergenic reactions accounts for 500 mg of wheat [Directive 
2003/89/EC – Annex, 2003], on the other hand such a reac-
tion may also be evoked by a few µg of nuts. For fish allergens 
the threshold value reaches 1 mg and for shrimps – 1 g. Exact 
determination of threshold doses is additionally difficult due 
to the fact that allergenicity of products may be affected by 
technological processes as well as these linked with digestion 
and absorption of food.

A serious problem and health risk posed to allergic per-
sons is the occurrence of the so-called “hidden allergens”. 
They include: egg, milk, and peanuts being constituents of 
complex products. There have been cases of anaphylaxy in-
duced by milk proteins after consumption of ice creams, cot-
tage cheese, pancakes, frankfurter-type sausages and wafers 
[Kurek, 2004].

Analytical difficulties in the identification of allergens re-
sult often from structural and conformational similarity of 
epitopes in proteins originating from various sources, cross

‑reactivity between proteins of different food products as well 
as between air-borne and food or contact allergens [Sharma 
et al., 2001]. A severe problem is posed by an analytical is-
sue linked with the detection of new epitopes likely to induce 
allergic reactions, including advanced analytical methods for 
investigations of spatial structures of allergens.

A severe health risk is also elicited by cross-reactivity 
between proteins from raw materials of similar origin. It is 
due to structural affinity resulting from homology of linear 
epitopes and similarity of spatial conformation (homology of 
conformational epitopes).

An important group of food allergens is constituted by 
panallergens, components of mainly plant origin, which – 
though phylogenetically distant – exhibit cross-reactivity. 
Their presence is usually linked with unexpected cross reac-
tions, typical of the clinical picture of Oral Allergy Syndrome 
(OAS) and latex-fruit syndrome. Panallergens include: pro-
philins, Bet v 1 homologs, class 1 chitinases, Lipid Transfer 
Proteins (LTPs) and pathogenesis-related proteins (PRs) oc-
curring in vegetables, fruit and plant pollens [Jędrychowski, 
2001].

The need of providing health safety to allergic patients 
necessitates educational activities, in-depth knowledge on a 
wide spectrum of allergens as well as correct labeling of food 
products [Commission Directive 2006/142, 2006].

ALLERGENS OF PLANT ORIGIN

Plants, vegetables, fruit and seeds are a source of a num-
ber of valuable nutrients and health-promoting components 
on the one hand and a vast number of allergens with diversi-
fied biological and functional properties on the other.

The knowledge on allergens as well as their data bases are 
subject to ceaseless and dynamic development and extension. 
Currently, data referring to allergen data base “AllFam” point 
to 831 defined allergens classified to 182 protein families. 
The latest studies have brought a rapid increase in the number 

Figure 1. Sources of allergens at particular stages of the food production process.
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of isolated and characterized plant allergens [Breiteneder & 
Mills, 2005; Jenkins et al., 2005; Mills et al., 2003]. A total of 
357 allergens of plant origin have been identified thus far. They 
have been divided into 58 families based on their functional 
properties and knowledge of their structure. Proteins are in-
cluded into the same family once they contain at least 30% of 
identical amino acid residues or have lower sequential affinity 
but their functions and spatial structures are similar. The most 
widespread groups of plant proteins containing allergens are 
cupin superfamily and prolamin superfamily (Table 1) and 
families of pathogenesis-related proteins – PRs (Table 2).

Peanuts and other grain legume seeds
Amongst plant products the strongest allergenic proper-

ties have been reported for peanuts and nuts. In the United 
States, it is estimated that 1 to 2% of the population is allergic 
to peanuts, tree nuts (walnut, Brazil nut, cashew, hazelnut), or 
both [Fleisher et al., 2005; Sicherer et al., 2001; 2003]. Investi-
gations prove that ca. 30,000 Americans are hospitalized due 
to symptoms of anaphylactic shock after ingestion of peanuts. 
Unfortunately, from 160 to 200 of cases end with death. Al-
lergic reaction to peanuts may be instantaneous (anaphylac-
tic shock) or may be manifested already after a few hours. In 
most cases allergic reactions appear after consumption of pea-

nuts, but less frequently may also be induced by saliva (kissing, 
utensils) [Maloney et al., 2006] or allergen inhalation [Ki-
lanowski et al., 2006]. Peanut (Arachis hypogea) belongs to the 
Papilionacea family of the Fabales order which also includes 
pea, bean, soybean, lupine, chickpeas and lentil. In seeds of 
peanuts there have been identified 10 allergens, the major ones 
being Ara h 1 (conarachin) and Ara h 2 (2S albumin). These 
two allergens are the cause of 95% of peanut allergy reactions 
[Long, 2002]. The other five proteins are associated with only 
50% of peanut allergic responses [Maleki et al., 2003]. The mi-
nor peanut allergens are arachin (legumin) – Ara h 3 and Ara 
h 4, profilin – Ara h 5, 2S albumins – Ara h 6 and Ara h 7, 
oleosin, agglutinin and Ara h 8 (Bet v 1 family).

The major peanut allergen Ara h 1 (also known as con-
arachin) is a 65-kDa glycoprotein with an acidic isoelectric 
point. It is a homotrimeric protein belonging to the cupin su-
perfamily that includes structurally related proteins – vicilins. 
The modelled vicilin monomers consist of a cupin motif made 
of two tandemly arrayed modules related by a pseudo-dyad 
axis. Each module consists of a β-barrel core domain built 
from two walls of antiparallel a-sheet associated to a loop 
domain which predominantly contains a-helices. An a-helix
‑containing linker region interconnects the two modules [Barre 
et al., 2005b]. Hydrophobic interactions were determined to 
be the main molecular force holding monomers together. Hy-
drophobic amino acids that contribute to trimer formation 
are at the distal ends of the three dimensional structure where 
monomer-monomer contacts occur. The majority of the IgE
‑binding epitopes are also located in this region, suggesting 
that they may be protected from digestion by the monomer
‑monomer contacts. On incubation of Ara h 1 with digestive 
enzymes, various protease-resistant fragments containing 
IgE-binding sites were identified. The highly stable nature of 
the Ara h 1 trimer, the presence of digestion-resistant frag-
ments, and the strategic location of the IgE-binding epitopes 
indicated that the quaternary structure of a protein may play 
a significant role in overall allergenicity [Shin at al., 1998; 
Maleki et al., 2000; Burks et al., 1997], using pooled serum 
IgE from a population of peanut-hypersensitive individuals, 
mapped 23 linear IgE binding epitopes of Ara h 1.

Seeds of other legumes contain also allergens belonging 
to vicillin proteins [Martínez et al., 2000; Mills et al., 2002]. 
An allergen called Len c 1 was identified from lentil [López
‑Torrejón et al., 2003], whereas allergenic fractions described 
as Pis s 1 and Pis s 2 – from pea [Sánchez-Monge et al., 
2004]. Burks et al. [1995] demonstrated that in the amino 
acid sequence of vicillin proteins of pea and peanuts (Ara 
h1) the affinity reaches 60-65%, which may be the basis of 
cross‑reactivity between those seeds. It is difficult to find un-
deniable proofs for the occurrence of clinical cross-reactivity 
between seeds of grain legumes. In soybean the major aller-
gens are glycinin (11S cupin), vicillin protein referred to as Gly 
m Bd 28k and cysteine protease Gly m Bd 30k sometimes de-
scribed as allergen P34. Glycinin belongs to 11S seed storage 
globulin. It is an oligomer with a molecular weight of ca. 320 
kDa, built as typical 11 S globulins from sub-units contain-
ing acidic and basic polypeptide chains. Most of the epitopes 
have been localized within acidic sub-units of glycinin that are 
exposed outside a molecule [Helm et al., 2000]. 

Table 2. Allergens from the plant defense system [Breitender & Radau-
er, 2004].

Protein family Examples

PRs
PR-2: endo-β1, 3-gluca-
nases
PR-3: class 1 chitinases
PR-4: Win-like proteins
PR-5: TLPs
PR-9: peroxidases
PR-10: intracellular PR-
proteins
PR-14: nsLTPs

Banana glucanase

Pers a 1 (avocado), Cas s 5 (chestnut)
Bra r 2 (turnip)
Pru av 2 (cherry), Mal d 2 (apple)
Tri a Bd 36K (wheat)
Api g 1 (celery), Mal d 1 (apple)

See Table 1
Proteases

Papain-like cysteine pro-
teases
Subtilisin-like serine pro-
teases

Act c 1 (kiwi), Gly m Bd 30K (soy-
bean)
Cuc m 1 (melon)

Protease inhibitors
Kunitz-type protease in-
hibitors
Cereal α-amylase/ protease 
inhibitors

Soybean trypsin inhibitor

See Table 1

Table 1. Allergens from the cupin and prolamin superfamilies [Breit-
ender & Radauer, 2004].

Protein family Examples

Cupin superfamily
Vicilins
Legumins

Ara h 1 (peanut), Jug r 2 (walnut)
Ara h 3/4 (peanut), Cor a 9 (hazelnut)

Prolamin superfamily
2S albumins
nsLTPs

Ber e 1 (Brazil nut), Ses I 2 (sesame)
Pru p 3 (peach), Cor a 8 (hazelnut)

Cereal α – amylase/ protease 
inhibitors Rice diametric α-amylase inhibitor

Cereal prolamins Tri a 19 (wheat), Sec c 20 (rye)
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Soybean glycinin displays high sequential affinity to aller-
genic proteins occurring in peanuts: Ara h 3 and Ara h 4, that 
have previously been described as two different allergens but 
currently are claimed to be one and the same allergen [Beard-
slee et al., 2000; Xsiang et al., 2002]. Both the acidic and basic 
chains of each glycinin sub-unit have been found capable of 
binding IgE originating from patients with allergy to peanuts 
[Koppelman et al., 2003].

Nuts
An important group of food allergens is constituted by 

nuts [Asero et al., 2004]. The major hazelnut allergen is Bet-
v-1-homologous protein (Cor a 1.04) with a molecular mass 
of 18 kDa. The epitopes of hazelnut Cor a 1.04 are less related 
to pollen Cor a 1 than to Bet v 1 from birch pollen [Lüttkopf 
et al., 2001]. The 9 kDa allergen hazelnut (Cor a 8) is pre-
sumably an LTP. Other major allergens are proteins with mo-
lecular weights of 47, 32 and 35 kDa [Pastorello et al., 2002]. 
The isoform of Cor a 1, Cor a 1.0401 is responsible for the 
majority of hazelnut allergies [Besler et al., 2001]. Cor a 1.04 
is thermolabile and rapidly denatures after heating. Vieths et 
al. [1998], Schocker et al. [2000] and Hansen et al. [2003] 
reported that roasting nuts at 140°C for 40 min did not com-
pletely remove IgE binding but reduced it by a factor of 100. 
This allergen is susceptible to the activity of proteases and 
readily undergoes pepsin hydrolysis [Vieths et al., 1999; Ak-
kerdaas et al., 2000].

Major walnut and Brazil nut allergens are 2S – albumins, 
Jug r 1 and Ber e 1 (9 kDa), respectively. They exhibit a 46.1% 
identity. The 2S family of seed storage albumin proteins have 
four disulfide bridges, they tend to be relatively resistant to 
denaturation and proteolysis. Allergens of that groups occur 
also in cashew (Ana o 3) [Robotham et al., 2005] or peanuts 
(Ara h 2, 6 and 7) [Barre et al., 2005a]. Recently it has been 
demonstrated that Ara h 2 possesses epitopes binding IgE an-
tibodies identical with those occurring in proteins of almonds 
and Brazilian nuts, which may explain a high degree of sus-
ceptibility to nuts in patients with allergy to peanuts [De Leon 
et al., 2007]. In addition, the 2S allergenic storage proteins are 
likely to be responsible for the occurrence of cross-reactivity 
between nuts and sesame seeds. The latter contain ca. 20% of 
protein, of which almost one fourth is constituted by 2S albu-
mins. It has been demonstrated that the amino acid sequence 
of sesame allergen Ses i 2 (albumin 2S) exhibits 38% affinity 
to that of walnut allergen (Jug r 1), 40% affinity to that of Bre 
e 1 (allergen of Brazilian nuts) and 34% affinity to that of Ara 
h 2 from peanuts [Beyer et al., 2002].

Wheat
The key allergens of cereals belong to the family of pro-

lamines. The latter are the major storage proteins of most 
of cereals (except for oat and rice) and are characterised by 
a high content of proline and glutamines. The highest aller-
genic activity has been reported for low-molecular glutenins 
of wheat, i.e. α-gliadins and γ-gliadins. ω-5Gliadin has been 
described as the major wheat allergen referred to as Tri a 19. 
It is extremely significant in inducing food allergy in small 
children. This allergen is a protein with a molecular weight 
of ca. 65 kDa, possessing 7 epitopes capable of reacting with 

antibodies of patients manifesting allergy to wheat. It may be 
a causative agent of an anaphylactic reaction after ingestion 
of wheat flour by especially sensitive persons. It has also been 
demonstrated that wheat ω-5gliadin cross-reacts with γ-70 
and γ-35 secalins of rice (Sec c 20) as well as with γ-3 hordein 
from barley (Hor v 21) [Palosuo et al., 2001]. That allergen 
is characterised by high stability and has been confirmed to 
maintain its allergenic activity even after baking of bread or 
cooking of pasta [Varjonen et al., 1996].

Barley and its derivatives
The area of barley cultivation (Hordeum sativum) is not 

large (10% of cereals crop size), yet – due to its extensive ap-
plication in the food industry (groats industry, brewery indus-
try) and as a feed component, it may pose allergenic risk to 
allergic patients.

In Poland, barley is most commonly applied for the pro-
duction of brewery and distillery malt. Barley groats constitute 
ca. 70% of the total groats produced on the Polish market.

According to the most up-to-date data of the Allergme 
data base, 21 allergens have been identified in barley (includ-
ing forms of isoallergens and various sites of allergen occur-
rence e.g. Hor v – in pollen, bran and seeds). Barley allergens 
detected so far include: Hor v (occurring in seeds, pollen and 
bran), Hor v 1, Hor v 12, Hor v 12.0101, Hor v 13, Hor v 15, 
Hor v 15.0101, Hor v 16, Hor v 16.0101, Hor v 17, Hor v 
17.0101, Hor v 2, Hor v 21, Hor v 21.0101, Hor v 4, Hor v 5, 
Hor v 5.0101, Hor v LTP, and Hor v Z4. Some of these aller-
gens are characterised by high thermal stability and resistance 
to proteolysis upon proteolytic enzymes of the gastrointestinal 
tract. The aforementioned characteristics determined by the 
structure stabilized, among others, by disulfide bonds cause 
that also beer – being a highly-processed product of barely 
and containing allergenic proteins with molecular weights of 
9 kDa (most likely LTP), 14 kDa and 43 kDa – may induce 
food allergies with severe pathological symptoms, including 
the anaphylactic response [Gorinstein et al., 1999; Garcia
‑Casado et al., 2001].

Fruits and vegetables
Fruits and vegetables have been identified to posses a 

number of allergens that play various biological functions. 
The most significant of them are referred to as “panallergens”. 
They are, usually, low-molecular-weight compounds widely 
distributed in nature. They occur in a number of plant cells 
and others. Panallergens exhibit a high degree of structural af-
finity between one another and owing to this are the cause of 
strong cross-reactivity between numerous food products and 
tree pollens, grass pollens or latex. Panallergens include such 
groups of compounds as profilins, namely proteins linked 
with pathogenesis, or non-specific lipid transport proteins 
(nsLTP) [Pastorello et al., 2004]. Ca. 62.5% of patients with 
food allergy display positive responses to panallergens [Ricci 
et al., 2005].

Profilins are proteins with molecular weights of 12–15 kDa 
that participate in the process of actins binding in eucaryotic 
cells and in signal transduction on the pathway of photosyn-
thesis. Profilin sequences of various plant species have been 
shown to contain as much as 70-85% of identical amino acid 
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residues. The key profilins inducing allergy are those which 
cross-react with an allergen of birch pollen (Bet v 2). In ad-
dition, they include allergens isolated from pear (Pyr c 4), 
cherry (Pru av 4), peach and hazelnuts (Cor a 2). Celery, 
banana and melon contain profilins that induce allergic reac-
tions in patients with allergy to pollens and weeds. Profilins 
are relatively susceptible to heat denaturation and digestion 
and are usually the causative agent of the so-called Oral Al-
lergy Syndrome (OAS) linked with the consumption of raw 
foodstuffs.

In contrast, the non-specific lipid transfer proteins 
(nsLTP) are highly resistant to proteolysis, a rapid change of 
pH or thermal treatment. They have been demonstrated to 
be capable of returning to their native form after product’s 
chilling. Those properties of nsLTP result from their stable 
structure [Breiteneder & Radauer, 2004]. The nsLTP cover 
momoner proteins with a molecular weight of 7-9 kDa, that 
are linked with four disulfide bonds and constitute a form of 
a tunnel with hydrophobic properties. The nsLTP are major 
allergens of peach (Pru p 3), apples (Mal d 3), apricot (Pru ar 
3), sweet cherry (Pru av 3), plum (Pru d 3), and grapefruit (Vit 
v 1). Although allergic reactions to lettuce are not very often, 
its nsLTP was the cause of an anaphylactic shock in sensitive 
patients and ever since has been referred to as Lac s 1 [Borges 
et al., 2006; Breiteneder & Radauer, 2004; Fernández-Rivas et 
al., 2006; Pastorello et al., 2004].

The non-specific lipid transport proteins are usually accu-
mulated under the skin, and that fact is usually used to explain 
high allergenicity of skins as compared to flesh of some fruits, 
especially those of the family Rosaceae (apple, peach, apricot, 
plum). Up-to-day literature indicates, however, that explicit 
determination of that fact is difficult. Still, persons with severe 
food allergy are recommended to consume peeled fruits. In 
addition, it is worth remembering that contents of allergens in 
particular varieties of fruits (apples in particular) may differ 
to a considerable extent [Borges et al., 2006; Fernández-Rivas 
et al., 2006].

Proteins of the defense system of plants enable their resis-
tance to biotic and abiotic stress. They include pathogenesis
‑related proteins (PRs), some proteases and protease 
inhibitors. The pathogenesis-related proteins represent a het-
erogenous collection of a few families of proteins (Table 2), 
amongst which the strongest allergenic properties have been 
attributed to proteins being homologs of the major birch aller-
gen (Bet v 1), belonging to the PR-10 family, I class chitinases 
(PR-3 family) or the previously-described lipid transport pro-
teins (PR-14 family) [Asensio et al., 2004]. The PR proteins 
are responsible for the syndrome of cross reactivity between 
fruits and pollens (Oral Allergy Syndrome) and between fruits 
and latex (latex-fruit syndrome) [Cudowska & Kaczmarski, 
2003; Fernández-Rivas et al., 2006]. The major allergens cross 
reacting with a latex allergen – hevein (Hev b 6.02) – belong to 
the PR-3 family that encompasses I class chitinases and oc-
cur in banana, kiwi, avocado, chestnuts, apricots and grapes. 
In turn, the OAS (itching, swelling and numbness of mouth, 
lips or throat, and sometimes rush or paroxysmal erythema 
around mouth) is induced by fruits of the family Rosaceae 
(apple, apricot, peach) and vegetables (celery, carrot) that 
cross react with allergens occurring in birch pollen, i.e. Bet v 1 

(or sometimes with Bet v 2 homologous to profilins) [Ricci et 
al., 2005]. Allergens of that family occur, e.g. in cherry (Pru av 
1), celery (Api g 1), and apple (Mad d 1).

Fruits contain also a vast group of allergens with the activ-
ity of proteases and protease inhibitors. Cystein proteinases 
(of papain type) are enzymes built of two domains, one pre-
dominated by the α-helix structure and the other by a cylindri-
cal structure (β-barrel), that are stabilized by disulfide bonds. 
The name of that group derives from papain occurring in pa-
paya. Similar proteases have been identified in other fruits: 
bromelain in pineapple, actinidin in kiwi and phycin in figs. 
Actinidin (Act c 1) is the major allergen of kiwi with a mo-
lecular weight of ca. 30 kDa, that constitutes nearly 50% of 
the total soluble protein of those fruits. Its significance as an 
allergen may be indicated by the fact that as much as 90% 
of patients allergic to kiwi responds exactly to that allergen. 
In addition, IgE of patients with allergy to kiwi fruits binds 
papain from papaya with bromelain from pineapple [Cuesta
‑Herranz et al., 2003].

Out of the serine proteinases (of subtilysine type) exhibit-
ing allergenic properties only cucumisin from melon (Cuc m 1 
allergen) has been described in detail so far. It is a thermally
‑stable protein with a molecular mass of ca. 67 kDa [Breit-
eneder & Radauer, 2004]. Significant allergens of that group 
are protease inhibitors, proteins with a molecular weight of 
ca. 20 kDa, occurring in potato and classified as Sola t 2, 3 
and 4 [Seppälä et al., 2001].

ALLERGENS OF ANIMAL ORIGIN

Cow’s milk allergens
Milk allergy is an adverse reaction to proteins that are 

present in milk. It is one of the most common food allergies 
especially in early childhood. During the first 3 years most 
children outgrow from cow’s milk allergy (CMA), never-
theless about 15% remain allergic. CMA is manifested as 
a IgE-mediated (I-st type of allergic reaction) or delayed 
reaction, according to IV-th type of allergic reaction. Milk 
of ruminant species (cow, goat and ewe) contains almost 
the same or very homologous proteins which share the 
same structural, functional, biochemical and immunologi-
cal properties. Experts of two independent European orga-
nizations, i.e the European Society of Pediatric Allergy and 
Clinical Immunology (ESPACI) and the European Society 
of Pediatric Gastroenterology, Hepatology and Nutrition 
(ESPGHAN), are of the opinion on prohibiting the use of 
milk of animal species other than cow as well as the so
‑called “partly” hydrolysed formula in the case of allergic 
reactions [Høst et al., 1999].

Cow’s milk (CM) contains proteins that are antigenic 
and capable of inducing immune responses and sensitiv-
ity. The most abundant proteins, like β-lactoglobulin (β-lg), 
α-lactalbumin (α-la), and casein (CN), are the major CM al-
lergens, but also the proteins that are present in low quanti-
ties, e.g. bovine serum albumin (BSA), lactoferrin (LF) and 
immunoglobulins, can induce milk allergy.

CM contains 3-3.5% of protein divided into two main 
groups: caseins (80%) and whey proteins (20%). Whey pro-
teins remains soluble in milk serum after acidic precipitation 
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of caseins at pH 4.6 as a coagulum. The allergic and physico-
chemical properties of those two classes of cow milk proteins 
are different.

Caseins (CN) are subdivided into subclasses: αs1-, αs2-, 
β-, κ- and γ-casein named Bos d 8 as an allergen [Bernard et 
al, 1998]. The central section of casein micelles is of hydro-
phobic character whereas its peripheral part is constituted by 
hydrophilic components with exposed C-terminus fragments 
of κ-casein particles. Particular casein fractions display diver-
sified I-order structure and are characterized by various func-
tional properties, αS1-, αS2-, and β-casein – unlike κ-casein 
– are susceptible to the action of calcium ions. A molecule 
of casein is resistant to the action of high temperatures but 
susceptible to the presence of proteinases and exopeptidases. 
It readily undergoes proteolytic hydrolysis in the course of di-
gestive processes. Patients with allergy to casein are usually 
allergic to all four fractions of that protein. Immunological 
defense of a body, manifested by the production of IgE anti-
casein antibodies, is linked with the phenomenon of cross re-
actions between epitopes of individual casein fractions. It has 
been demonstrated that one of the epitopes with immuno-
reactive potential and resistant to digestive processes is the 
phosphorylation site occurring both within αS1, αS2, as well 
as β-casein.

Homologies in amino acidic milk protein composition 
of different animal species could justify the cross-reactivity 
observed between individual proteins. Also the phylogenetic 
difference between animals could be responsible for the failed 
recognition of camel proteins by circulating IgEs in patients 
allergic to cow’s milk. In our study we concluded that the af-
finity between goat proteins and cow α-la and β-lg  was 66% 
and 7.2%, respectively.

Whey proteins
The strongest allergens amongst whey proteins are 

β-lactoglobulin (β-lg – Bos d 5) and α-lactalbumin (α-la – Bos 
d 4).

The β-lg protein belongs to a superfamily of lipocalins as it 
demonstrates capability for binding retinol, β-carotene, satu-
rated and unsaturated fatty acids, and aliphatic bicarbonates. 
In cow’s milk it occurs in the form of dimers with a molecular 
weight of 36 kDa and constitutes ca. 50% of the whey pro-
teins fraction. It is represented by two genetic form: A and B, 
differing in mutations at positions 64 and 118 of amino acid. 
The A form contains aspartame acid and valine whereas the 
B form – glycine and alanine. Each of its molecules contain 
2 disulfide bridges and 3 free cysteine groups. Such a struc-
ture enables its interactions with casein during thermal treat-
ments. Guyomarc’h et al. [2003] reported that large micellar 
aggregates (4×106 Da) are formed on heating milk which con-
tains 3:1 ratios of β-lactoglobulin: α-lactalbumin together with 
κ-casein and αS2 casein. The β-lg is relatively resistant to acid 
hydrolysis and activity of proteases, hence its major part re-
mains undigested during transport through the gastrointestinal 
tract. A highly advantageous phenomenon is the possibility of 
inducing organism’s tolerance by administration of low doses 
of an antigen in the form of e.g. selected hydrolyzed fractions 
of β-lg. A partly hydrolyzed product has been demonstrated to 
be capable of inducing organism’s tolerance, whereas hydro-

lyzates with a high degree of hydrolysis (built of amino acid) 
not to posses such properties [Isolauri et al., 1995].

The α-la protein is a monomeric globular whey protein 
composed of 123 amino acid residues with 4 disulfide bridges 
with a molecular weight of 14.4 kDa. It exhibits strong affinity 
for binding calcium ions that are capable of stabilizing the 
II-order structure of protein. α-Lactalbumin’s folded struc-
ture is destabilized at low pH with the formation of a mol-
ten globule [Redfield, 2004]. The stability to denaturation is 
also strongly reduced by reduction of the disulphides [Chang, 
2004]. Disulphide exchange can occur during thermal dena-
turation, leading to the formation of aggregates [Livney et al., 
2003]. The α-la is a constituent of an enzymatic system of 
galactoside transferase responsible for the process of lactose 
synthesis. In terms of structure, α-la derived from cow’s milk 
shows high affinity to α-la of human origin. Investigations 
carried out with animals have demonstrated that the most ac-
tive antigenic region is an amino acid loop with a disulfide 
bridge (60-80):S-S:(91-96).

Egg allergens
Eggs of hens (Gallus domesticus) are the second, after 

cow’s milk, xenogenic food introduced into a child’s diet. 
Studies have shown that the major allergenic proteins of hen 
egg white are: ovotransferrin (53%), ovomucoid (38%), ovoal-
bumin (32%) and lysozyme (15%). Amongst proteins occur-
ring in egg yolk worthy of notice is α-livitin that may induce 
allergic reactions through airways [Poulsen et al., 2001].

Ovomucoid (Gal d 1) is a glycoprotein with a molecular 
weight of 28 kDa. It is built of 186 amino acid residues and 
has been demonstrated to be resistant to high temperature 
(100oC/30 min) [Hirose et al., 2004] and other denaturating 
factors.

Ovoalbumin (Gal d 2) is a monomeric phosphoglyco-
protein with a molecular weight of ca. 43÷45 kDa, built of 
385 amino acids, belonging to the family of serpins. Three 
ovoalbumin fractions have been isolated, namely A1, A2, and 
A3, that differ in the number of phosphate groups in a mol-
ecule. Usually, 100% of examined patients allergic to hen eggs 
display a positive reaction to the presence of ovoalbumin 
[Langeland, 1983a,b]. Ovoalbumin is resistant to the action 
of simulated digestive and intestinal juice, and preliminary 
denaturation with high temperature results in its increased 
proteolytic stability [Takagi et al., 2003].

Ovotransferrin (conalbumin, Gal d 3) is a protein with 
a molecular weight of 77 kDa, built of 686 amino acids. It 
is characterised by antibacterial properties and capability 
for binding iron ions. Investigations of Langeland [1983b] 
proved that out of 68 examined sera of patients allergic to egg 
allergen, 48 had positive reactions to ovomucoid and 35 – to 
ovotransferrin.

Lysozyme (Gal d 4) is a protein with a molecular weight 
of 14.3 kDa, built of 129 amino acid its single polypeptide 
chain is linked with four disulfide bridges. It is a protein with 
a week allergenic potential, yet data have emerged on its ca-
pability to induce occupational inhalatory allergy as a result 
of inhalation.

Apovitelin (Gal d 5) is an allergen isolated from a lipopro-
tein fraction of hen egg yolk. It has been shown that apovietlin 
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I (di- or tetramer with 9 kDa sub-units) and apovitelin IV with 
a high molecular weight (170 kDa) may pose major allergenic 
risk to some patients [Walsh et al., 1988].

Fish allergens
Fish may be the major cause of IgE-dependent allergic 

reaction. In the USA cases of allergy to fish occur in 0.4% 
of the population, whereas in countries with a high intake of 
fish (Norway, Japan) that percentage is remarkably higher. 
Its immunodominating allergen is thermostable parvalbu-
min (Gad c 1), i.e. one of the key proteins of fish muscles. 
That allergen was first isolated from muscle tissue of cod-
fish, though its presence has also been confirmed in muscles 
of other fish (carp or pike) or reptiles. Allergenic properties 
of Gad c 1 are not subject to a reduction even upon longer 
action of high temperature. The molecular mass of Gad c 1 
allergen reaches 12.3 kDa. In terms of chemical structure, 
it is built of 113 amino acid residues and one glucose mol-
ecule. At least 5 sites of IgE binding have been detected in 
the structure of Gad c 1n [Elsayed & Apold, 1983]. Trypsin 
hydrolysis enabled demonstrating a highly active site with al-
lergenic character (AA 33-44) and another site with a weaker 
potential (AA 88-96).

Allergy cases have also been noted as induced by the in-
take of fish infected with a parasite Anisakis simplex of the 
class of nematodes (Nematoda). Allergy may be induced by 
the contact of parasite larvae characterised by a relatively 
short life span but strong allergenic potential. Most likely, 
only a live larvae is capable of inducing allergy symptoms. 
It has been demonstrated that ingestion of a lyophylizate of 
over 100 larvae did not elicit clinical symptoms in patients 
with earlier diagnosed allergy to Anisakis simplex [Danek & 
Rogala, 2005].

Crustacea allergens
The consumption of shrimps is quite common world wide, 

e.g. in the United States of America there are differentiated ca. 
30 edible species of crustacea, including shrimps, crabs, spiny 
lobsters and crayfish. Daul et al. [1994] isolated allergens 
Pen a 1 and Pen i 1 with a molecular mass of 36 kDa from 
an extract obtained from two species of shrimps: Panaeus 
aztecus and Panaeus indicus. Shrimp tropomyosin has been 
found to be their allergenic component. It has been estimated 
that the intake of 1÷2 medium size shrimps may stimulate 
an anaphylactic response in allergic patients. Allergies to crab 
allergens have mainly been observed in the environment of 
persons occupationally related with the processing of crab 
meat. The  IgE-dependent reactions are mainly linked with 
extracts obtained during the cooking of crabs and not dur-
ing the contact with unprocessed raw material. A protein with 
a molecular weight of 37–42 kDa has been isolated from an 
extract obtained after thermal treatment of crabs or from an 
extract of cooked meat. Tropomyosin is also the major aller-
gen of spiny lobster (Panulirus stimpsoni) – Pan s 1, American 
lobster (Homarus americanus) – Hom a 1, and crab (Chabry-
dis feriatus) – Ch f 1. All those proteins have been cloned 
and analyses of their sequences enabled concluding that they 
show structural affinity to a shrimp allergen Pen a 1 [Leung et 
al., 1998; Stanley & Bannon, 1999].

Allergens of edible frogs and snails
In some countries, allergy risk may also be posed by the 

consumption of frogs or snails.
Allergy to protein of meat originating from edible frog 

(Rana esculenta) is restricted to cases of hypersensitiv-
ity observed in persons consuming frogs’ legs, often as a 
result of earlier allergy to fish protein. Two major protein 
allergens have been isolated from frog muscles, i.e. Ran e 1 
(α-parvoalbumin) and Ran e 2 (β-parvoalbumin) [Bugajska-
Schretter et al., 1998].

Allergy to meat of such molluscs as snails (Helix aspersa) 
is usually accompanied by more mild symptoms in the formal 
of the oral allergy syndrome (OAS), nettle rash or fever, yet 
some cases of the anaphylactic shock have been reported as 
well. A predominating allergen isolated from muscles of snail 
is tropomyosin (Hel as 1) with a molecular weight of 36 kDa. 
Persons allergic to snail protein are also observed to manifest 
allergy responses to protein of shrimp (i.e. tropomyosin being 
an allergen of both these species) and to house dust [Sidenius 
et al., 2001].

TECHNOLOGICAL POSSIBILITIES OF FOOD 
ALLERGENS REDUCTION

Food allergies are induced by antigens of foodstuffs be-
ing their natural constituents or additives applied deliberately 
to improve taste, aroma and consistency of a finished prod-
uct. They may appear in food upon technological treatments 
(thermal, enzymatic and chemical ones) that result in the gen-
eration of neoallergens. Enzymatic preparations, preserving 
agents and contaminants, e.g. microbiological contaminants 
and metabolites of microorganisms, may also pose allergenic 
risk [Sicherer et al., 2003].

The processes applied are tended reduce levels of aller-
gens in a finished product. The most important ones are those 
based on removing epitopes responsible for allergenic reac-
tions (applied mainly in the technological processing of fruit 
juices, e.g. ultrafiltration or extraction), destroying epitopes 
through physical processes and agents, chemical or enzymatic 
modifying epitopes, masking epitopes by using cross-linking 
enzymes (e.g. transglutaminase) or using genetic engineering 
with elements of genomics and proteomics [Soler-Rivas & 
Wichers, 2001].

Within the food production process, with respect to its 
safety in the context of possible allergenic reactions, all stages 
referring to environmental factors are significant, i.e. all links 
of the alimentary chain from producing materials on farms 
through storing, processing, distribution to home process-
ing. At each of these stages biological properties of nutrients 
can be altered, also those responsible for inducing allergic re-
sponses (Figure 1).

New technologies such as genetic engineering (the source 
of new antigenically different materials), irradiation of food, 
high-pressure technologies, extrusion and modified-atmo-
sphere packaging can all improve food production and food 
safety. However, the potential risks associated with their ap-
plication should be objectively and rigorously assessed well 
before these technologies are widely introduced. The effect 
of technological processes, especially those involving high 
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temperature, high pressure and microwaves on the immuno-
genic properties of proteins, seems unquestionable [Soler
‑Rivas & Wichers, 2001; Davis et al., 2001; Szymkiewicz & 
Jędrychowski, 2002; Wróblewska & Jędrychowski, 2002; ����Mie-
rzejewska & Kubicka, 2003]. Changes within both antigens 
themselves and the matrices in which they are localised may 
definitely differentiate their biological properties, biological 
activity, immunoreactivity, antigenicity as well as allergenicity. 
Antigen changes during technological processes (mainly pro-
tein-saccharides bonds) may be significant enough for some 
sensitizing agents to be destroyed or inactivated. There are 
also the possibilities of forming new antigens and allergens 
(neoantigens, neoallergens) during technological processes.

During technological processes various compounds can be 
separated, added or combined. In this context health threats 
resulting from possible food contamination, even in minimum 
amounts (detection limit of the assay – 1 ppm) during the pro-
duction process gain in significance [Hourihane, 2001]. This 
concerns mainly products posing high allergenic risk, such as 
peanut proteins, during processing of which it is significant 
whether a given product was manufactured on “shared equip-
ment” or “in a facility that also processes peanut” [Hourihane 
et al., 2000]. Thus, allergenic threat may be also caused by 
products obtained from such materials as oils which can con-
tain trace amounts of this allergen [Hourihane et al., 1997].

As the immune system is involved in producing allergic re-
actions also the changes proceeding during culinary process-
ing, digesting and absorbing nutrients in the organism as well 
as internal factors determining intercellular transmission are 
significant. Some possibilities of extending studies in this field 
are provided by gut perfusion techniques (on animal mod-
els) or by using complex computerised systems of bioreactors 
imitating digestive processes in the alimentary tract of mono-
gastric animals in vitro. In this aspect, the problem of food al-
lergies is highly complex; moreover, the degree of complexity 
increases when several (4-6) kinds of mechanisms according 
to which such specific reaction of the immune system can be 
triggered are taken into account.

At reducing allergenic threats caused by foods a significant 
position is held by technological solutions meant to modify, 
reduce or eliminate immunoreactive or allergenic properties 
[Soler-Rivas & Wichers, 2001].

CONCLUSIONS

Currently the key problems linked with the incidence of 
food allergies are still: hidden allergens whose occurrence re-
sults from the use of food additives as well as food contami-
nations and infections, and widely distributed allergens linked 
with universal functions in respective tissues (enzymes, lipid 
transfer proteins – LTP, pathogenesis related proteins – PR
‑proteins).

Newly encountered problems referring to allergic reac-
tions are: globalism in the area of international trade, wide 
commodity exchange and merging of cultures (greater con-
sumption of new foodstuffs), implementation of new technol-
ogies in the cultivation and processing of food products, e.g. 
GMO, high-pressure technologies, products with modified 
functional properties, and formation of neoallergens.

On the global scale, a need may be observed for the estab-
lishing of computer data bases of allergenic cross reactions 
linking health risk posed to consumers and the occurrence of 
other types of allergies (inhalatory and contact ones).

REFERENCES

	 1.	 Akkerdaas J., Hefle S., Aalberse R., van Ree R., Characterization 
of non-pollen-related hazelnut allergens. J. Allergy Clin. Immu-
nol., 2000, 105, abstr. 410.

	 2.	 Asensio T., Crespo J.F., Sanchez-Monge R., Lopez-Torrejon G., 
Somoza M.L., Rodriguez J., Salcedo G., Novel plant pathogene-
sis-related protein family involved in food allergy. J. Allergy Clin. 
Immunol., 2004, 114, 896–899.

	 3.	 Asero R., Mistrello G., Roncarolo D., Amato S., Walnut – in-
duced anaphylaxis with cross-reactivity to hazelnut and Brazil 
nut. J Allergy Clin. Immunol., 2004, 113, 358–360.

	 4.	 Barre A., Borges J.P., Culerrier R., Rouge P., Homology model-
ling of the major peanut allergen Ara h 2 and surface mapping of 
IgE-binding epitopes. Immunol. Lett., 2005a, 100, 153–158.

	 5.	 Barre A., Borges J-P., Rougé P., Molecular modelling of the ma-
jor peanut allergen Ara h 1 and other homotrimeric allergens of 
the cupin superfamily: a structural basis for their IgE – binding 
cross-reactivity. Biochemistry, 2005b, 87, 499–506.

	 6.	 Beardslee T.A., Zeece M.G., Sarath G., Markwell J.P., Soybean 
glycinin G1 acidic chain shares IgE epitopes with peanut allergen 
Ara h 3. Int. Arch. Allergy Immonol., 2000, 123, 299–307.

	 7.	 Bernard H., Creminon C., Yvon M., Wal J.M., Specificity of the 
human IgE response to the different purified caseins in allergy 
to cow’s milk proteins. Int. Arch. Allergy Immunol., 1998, 115, 
235–244.

	 8.	 Besler M., Steinhart H., Paschke A., Stability of food allerge-
nicity of processed foods-review. J. Chromatogr. B, 2001, 756, 
207–228.

	 9.	 Beyer K., Bardina L., Grishina G., Sapmson H.A., Identification 
of sesame seed allergens by 2-dimensional proteomics and Ed-
man sequencing: Seed storage proteins as common food aller-
gens. J. Allergy Clin. Immunol., 2002, 110, 154–159.

10.	 Borges J.P., Jauneau A., Brulé C., Culerrier R., Barre A., Didier 
A., Rougé P., The lipid transfer proteins (LTP) essentially con-
centrate in the skin of Rosaceae fruits as cell surface exposed 
allergens. Plant Physiol. Biochem., 2006, 44, 535–542.

11.	 Breiteneder H., Mills E.N.C., Plant food allergens – structural 
and functional aspects of allergenicity. Biotechnol. Adv., 2005, 
23, 395–399.

12.	 Breiteneder H., Radauer C.H., A classification of plant food al-
lergens. J. Allergy Clin. Immunol., 2004, 113, 821–830.

13.	 Bugajska-Schretter A., Elfman L., Fuchs T., Kapiotis S., Rum-
pold H., Valenta R., Spitzauer S., Parvalbumin, a cross-reactive 
fish allergen, contains IgE-binding epitopes sensitive to perio-
date treatment and Ca2+ depletion. J. Allergy Clin. Immunol., 
1998, 101, 67–74.

14.	 Burks A.W., Cocrell G., Stanley J.S., Helm R.M., Bannon G.A., 
Recombinant peanut allergen Ara h 1 expression and IgE binding 
in patients with peanut hypersensitivity. J Clin. Invest., 1995, 96, 
1715–1721.

15.	 Burks A.W., Shin D., Cockrell G., Stanley J.S., Helm R.M., Ban-
non G.A., Mapping and mutational analysis of the IgE-binding 
epitopes on Ara h 1, a legume vicilin protein and a major al-



173State of the art on food allergens

lergen in peanut hypersensitivity. Eur. J. Biochem., 1997, 245, 
334–339.

16.	 Chang J.Y., Evidence for the underlying cause of diversity of the 
disulfide folding pathway. Biochemistry, 2004, 43, 4522–4529.

17.	 Commission Directive 2006/142/EC of 22 December 2006 
amending Annex IIIa of Directive 2000/13/EC of the Europe-
an Parliament and of the Council listing the ingredients which 
must under all circumstances appear on the labelling of food-
stuffs. Official Journal of the European Union. L 368/110 EN. 
23.12.2006.

18.	 Cudowska B., Kaczmarski M., Allergy to latex in children and 
youth. Alergia Astma Immunologia, 2003, 8, 129–134 (in Pol-
ish).

19.	 Cuesta-Herranz J., Pator C., Figueredo E., Vidarte L., De Las 
Heras M., Duran C., Identification of cucumisin (Cuc m 1), a 
subtilisin-like endopeptidase, as the major allergen of melon 
fruit. Clin. Exp. Allergy, 2003, 33, 827–833.

20.	 Danek K., Rogala B., Anisakis simplex – a hidden allergen of fish. 
Alergia Astma Immunologia, 2005, 10, 1, 1–5 (in Polish).

21.	 Daul C.B., Slattery M., Reese G., Lehrer S.B., Identification of 
the major brown shrimp (Penaeus aztecus) allergen as the mus-
cle protein tropomyosin. Int. Arch. Allergy Immunol., 1994, 105, 
49–55.

22.	 Davis P.J., Smales C.M., James D.C., How can thermal process-
ing modify the antigenicity of proteins? Allergy, 2001, 56, Suppl. 
67, 56–60.

23.	 De Leon M.P., Drew A.C., Glaspole I.N., Suphioglu C., O’Hehir 
R.E., Rolland J.M., IgE cross-reactivity between the major pea-
nut allergen Ara h 2 and tree nut allergens. Mol. Immunol., 2007, 
44, 463–471.

24.	 Directive 2003/89/EC of the European Parliament and of the 
Council of 10 November 2003 (amending Directive 2000/13/EC, 
as regards indication of the ingredients present In foodstuffs. Of-
ficial Journal of the European Union L 308/15, 25.11.2003.

25.	 Elsayed S., Apold J., Immunochemical analysis of cod fish al-
lergen M: locations of immunoglobulin binding sites as demon-
strated by the native and synthetic peptides. Allergy, 1983, 38, 
449–459.

26.	 Fernández-Rivas M., Bolhaar S., González-Mancebo E., Asero 
R., Van Leeiwen A., Bohle B., Ma Y., Ebner C.H., Rigby N., San-
cho A.I., Miles S., Zuidmeer L., Knulst A., Breiteneder H., Mills 
C., Hoffman-Sommergruber K., Van Ree R., Apple allergy across 
Europe: How allergen sensitization profiles determine the clini-
cal expression of allergies to plant foods. J. Allergy Clin. Immu-
nol., 2006, 118, 481–188.

27.	 Fleisher D.M., Conover-Walker M.K., Matsui E.C., Wood R.A., 
The natural history of tree nut allergy. J. Allergy Clin. Immunol., 
2005, 116, 1087–1093.

28.	 García-Casado G., Crespo J.F., Rodríguez J., Salcedo G., Iso-
lation and characterization of barley lipid transfer protein and 
protein Z as beer allergens. J. Allergy Clin. Immunol., 2001, 108, 
647–649.

29.	 Gorinstein S., Zemser M., Vargas-Albores F., Ochoa J.L., Pare-
des-Lopez O., Scheler Ch., Salnikow J., Martin-Belloso O., Tra-
khtenberg S., Proteins and amino acids in beers, their content 
with other analytical data. Food Chem., 1999, 67, 71–78.

30.	 Guyomarc’h F., Law A.J., Dalgleish D.G., Formation of soluble 
and micelle-bound protein aggregates in heated milk. J. Agric. 
Food Chem., 2003, 51, 4652–4660.

31.	 Hansen K.S., Ballmer-Weber B.K., Lüttkopf D., Skov P.S., Wüt-
hrich B., Bindslev-Jensen C., Vieths S., Poulsen L.K., Roasted 
hazelnuts-allergenic activity evaluated by double-blind, placebo-
controlled food challenge. Allergy, 2003, 58, 132–138.

32.	 Helm R.M., Cockrell G., Connaughton C., Sampson H.A., Ban-
non G.A., Beilinson V., Livingstone D., Nielsen N.C., Burks A.W., 
A soybean G2 glycinin allergen. 1. Identification and character-
ization. Int. Arch. Allergy Immunol., 2000, 123, 205–212.

33.	 Hirose J., Kitabatake N., Kimura A., Narita H., Recognition of 
native and/or thermally induced denatured forms of the major 
food allergen, ovomucoid, by human IgE and mouse monoclonal 
IgG antibodies. Biosci. Biotech. Biochem., 2004, 68, 2490–2497.

34.	 Høst A., Koletzko B., Dreborg S., Muraro A., Wahn U., Aggett P., 
Bresson J-L., Hernell O., Lafeber H., Michaelsen K.F., Micheli 
J-L., Rigo J., Weaver L., Heymans H., Strobel S., Vandenplas Y., 
Dietary products used in infants for treatment and prevention of 
food allergy. Arch. Dis. Child., 1999, 81, 80–84.

35.	 Hourihane J.O.B., Bedwani S.J., Dean T.P., Warner J.O., Ran-
domised, double blind, crossover challenge study of allergenicity 
of peanut oils in subjects allergic to peanuts. Br. Med. J., 1997, 
314, 1084–1088.

36.	 Hourihane J.O.B., Miemann L.M., Hlywka J.J., Hefle S.L., Im-
munochemical analysis of retail foods labeled as “may contain 
Peanut” or other similar declaration: implication for food allergic 
individuals. J. Allergy Clin. Immunol., 2000, 105, S188.

37.	 Hourihane J.O.B., The threshold concept in food safety and its 
applicability to food allergy. Allergy, 2001, 56, Suppl. 67, 86–90.

38.	 Iikura Y., Imai Y., Imai T., Akasawa A., Fujita K., Hoshiyama 
K., Nakura H., Kohno Y., Koike K., Okudaira H., Iwasaki E., 
Frequency of immediate-type food allergy in children in Japan. 
Intern. Arch. Allergy Immunol., 1999, 118, 251–252.

39.	 Isolauri E., Sütas Y., Mäkinen-Kiljunen S., Oja S.S., Isosomppi 
R., Turjanmaa K., Efficacy and safety of hydrolyzed cow milk 
and amino acid–derived formulas in infants with cow milk al-
lergy. J. Pediatr., 1995, 127, 550–557.

40.	 Jenkins J.A., Griffiths-Jones S., Shewry P.R., Breiteneder H., 
Mills E.N.C., Structural relatedness of plant food allergens with 
specific reference to cross-reactive allergens: AN in silico analy-
sis. J. Allergy Clin. Immunol., 2005, 115, 163–170.

41.	 Jędrychowski L., Food allergens as major health risk factors. 
Żywność, Nauka, Technologia, Jakość, 2001, 4, Suppl. 8, 62–81 
(in Polish).

42.	 Jędrychowski L., Examination of immunoreactive and immuno-
modulative properties of food components with the application 
of immunometric methods. Pol. J. Food Nutr. Sci., 2003, 12/53, 
SI 2, 32–39.

43.	 Kaczmarski M., Alergia pokarmowa u dzieci. 1997, in: Postępy w 
alergologii-II (ed. T. Płusa). Medpress, Warszawa, pp. 120–129 
(in Polish).

44.	 Kilanowski J., Stalter A.M., Gottesman M.M., Preventing peanut 
panic. J. Pediatr. Health Care, 2006, 20, 61–66.

45.	 Koppelman S.J., Knol E.F., Vlooswijk R.A., Wensing M., Knulst 
A.C., Hefle S.L., Peanut allergen Ara h 3: isolation from peanuts 
and biochemical characterization. Allergy, 2003, 58, 1144–1151.

46.	 Kurek M., Stany nagłe w alergologii. 2004, Medical Tribune 
Group. Warszawa (in Polish).

47.	 Langeland T., A clinical and immunological study of allergy to 
hen’s egg white. III. Allergens in hen’s egg white studied by cross 
radio – immunoelectrophoresis. Allergy, 1983a, 37, 521.



174 L. Jędrychowski et al.

48.	 Langeland T., A clinical and immunological study of allergy to 
hen’s egg white. IV. Specific IgE-antibodies to individual aller-
gens in hens’ egg white related to clinical and immunological 
parameters in egg-allergic patients. Allergy, 1983b, 38, 492.

49.	 Leung P.S.C., Chen Y.C., Gershwin M.E., Wong H., Kwan H.S., 
Chu K.H., Identification and molecular characterization of Cha-
rybdis feriatus tropomyosin, the major crab allergen. J. Allergy 
Clin. Immunol., 1998, 102, 847–852.

50.	 Livney Y.D., Verespej E., Dalgleish D.G., Steric effects governing 
disulfide bond interchange during thermal aggregation in solu-
tions of beta-lactoglobulin B and alpha-lactalbumin. J. Agric. 
Food Chem., 2003, 51, 8098–8106.

51.	 Long A., The bolts of peanut allergy. N. Engl. J. Med., 2002, 346, 
1320–1322.

52.	 López-Torrejón G., Salcedo G., Martin-Esteban M., Diaz-Per-
alez A., Pascual C.Y., Sánchez-Monge R., Len c 1, a major al-
lergen and vicilin from lentil seeds: Protein isolation and cDNA 
cloning. J. Allergy Clin. Immunol., 2003, 112, 1208–1215.

53.	Lüttkopf D., Müller U., Skov., Ballmer-Weber B.K., Wüthrich 
B., Skamstrup Hansen K., Poulsen L.K., Kästner M., Haustein 
D., Vieths S., Comparison of four variants of a major allergen 
in hazelnut (Corylus avellana) Cor a 1.04 with the major hazel 
pollen allergen Cor a 1.01. Mol. Immunol., 2001, 38, 515–525.

54.	 Maleki A.J., Viquez O., Jacks T., Dodo H., Champagne E.T., 
Chung S., Landry S.J., The major peanut allergen, Ara h 2, func-
tions as trypsin inhibitor, and roasting enhances this function. J. 
Allergy Clin. Immunol, 2003, 112, 190–195.

55.	 Maleki S.J., Kopper R.A., Shin D.S., Park Ch-W., Comparde 
C.M., Sampson H., Burks A.W., Bannon G.A., Structure of the 
major peanut allergen Ara h 1 may protect IgE-binding epitopes 
from degradation. J. Immunol., 2000, 164, 5844–5849.

56.	 Maloney J.M., Chapman M.D., Sicherer S.H., Peanut allergen 
exposure through saliva: Assessment and interventions to reduce 
exposure. J. Allergy Clin. Immunol., 2006, 118, 719–724.

57.	 Martínez S.I.M., Ibanez S., Fernandez-Caldas E., Hypersensi-
tivity to members of the legume family. J. Invest. Allergy Clin. 
Immunol., 2000, 10, 187–199.

58.	 Mierzejewska D., Kubicka E., Effect of temperature on immuno-
reactive properties of cow milk whey protein. I. alpha-lactalbu-
min. Acta Aliment Hung., 2003, 32, 237–246.

59.	 Mills E.N.C, Jenkins J.A., Marigheto N., Belton P.S., Gunning 
A.P., Morris V.J., Allergens of the cupin superfamily. Biochem. 
Soc. Trans., 2002, 30, 925–929.

60.	 Mills E.N.C., Madsen C., Shewry P.R., Wichers H.J., Food aller-
gens of plant origin – their molecular and evolutionary relation-
ships. Trends Food Sci. Technol., 2003, 14, 145–156.

61.	 Nowak-Wegrzyn A., Conover-Walker M.K., Wood R.A., Food-
allergic reactions in schools and preschools. Arch. Pediatr. Ado-
lesc. Med., 2001, 155, 790–795.

62.	 Palosuo K., Alenius H., Varjonen E., Kalkkinen N., Reunala T., 
Rye gamma-70 and gamma-35 secalins and barley gamma-3 
hordein cross-react with omega-5 gliadin, a major allergen in 
wheat-dependent, exercise-induced anaphylaxis. Clin. Exp. Al-
lergy, 2001, 31, 466–473.

63.	 Pastorello A.E., Farioli L., Pravettoni V., Robino A., Scibilia J., 
Fortunato D., Conti A., Borgonovo L., Bengtsson A., Ortolani 
C., Lipid transfer protein and vicilin are important walnut aller-
gens in patients not allergic to pollen. J. Allergy Clin. Immunol., 
2004, 114, 908–914.

64.	 Pastorello E.A., Vieths S., Pravettoni V., Farioli L., Trambaioli 
Ch., Fortunato D., Lüttkopf D., Calamari M., Asaloni R., Scibil-
ia J., Ballmer-Weber B.K., Poulsen L.K., Wütrich B., Skamstrup 
H.K., Robino A.M., Ortolani C., Conti A., Identification of ha-
zelnut major allergens in sensitive patients with positive double
‑blind, placebo-controlled food challenge results. J. Allergy Clin. 
Immunol., 2002, 109, 563–570.

65.	 Poulsen L.K., Hansen T.K., Norgaard A., Vestergaard H., Skov 
P.S., Bindslev-Jensen C., Allergens from fish and egg. Allergy, 
2001, 56 39–42.

66.	 Redfield C., NMR studies of partially folded molten-globule 
states. Methods Mol. Biol., 2004, 278, 233–254.

67.	 Ricci G., Righetti F., Menna G., Bellini F., Miniaci A., Masi M., 
Relationship between Bet v 1 and Bet v 2 specific IgE and food 
allergy in children with grass pollen respiratory allergy. Molecu-
lar Immunol., 2005, 42, 1251–1257.

68.	 Robotham J.M., Wang F., Seamson V., Teuber S.S., Sathe S.K., 
Sampson H.A., Beyer K., Margaret S., Roux K.H., Ana o 3, an 
important cashew nut (Anacardium occidental L.) allergen of 
the 2S albumin family. J. Allergy Clin. Immunol., 2005, 115, 
1284–1290.

69.	 Sánchez-Monge R., Lopez-Torrejon G., Pascual C.Y., Varela 
J., Martinez-Esteban M., Salcedo G., Vicilin and convicilin are 
potential major allergens from pea. Clin. Exp. Allergy, 2004, 34, 
1747–1753.

70.	 Schäfer T., Bohler E., Ruhdorfer S., Weigl L., Wessner D., Hei-
nrich J., Filipiak B., Wichmann H.E., Ring J., Epidemiology of 
food allergy/food intolerance in adults: associations with other 
manifestations of atopy. Allergy, 2001, 56, 1172–1179.

71.	Schocker F., Lüttkopf D., Müller U., Thomas P., Vieths S., 
Becker W.M., IgE binding to unique hazelnut allergens: iden-
tification of non pollen-related and heat-stable hazelnut aller-
gens eliciting severe allergic reactions. Eur. J. Nutr., 2000, 39, 
172–180.

72.	 Seppälä U., Majamaa H., Turjanmaa K., Helin J., Reunala T., 
Kalkkinen N., Palosuo T., Identification of four novel potato (So-
lanum tuberosum) allergens belonging to the family of soybean 
trypsin inhibitors. Allergy, 2001, 56, 619–626.

73.	 Sharma S., Kumar P., Betzel C., Singh T.P., Structrure and func-
tion of proteins involved in milk allergies. J. Chromatogr., 2001, 
756, 183–187.

74.	 Shin D.S., Compadre C.M., Malekis J., Biochemical and struc-
tural analysis of the IgE binding sites on Ara h 1, an abundant 
and highly allergenic peanut protein. J. Biol. Chem., 1998, 273, 
13753–13759.

75.	 Sicherer S.H., Furlong T.J., Muòoz-Furlong A., Burks A.W., 
Sampson H.A., A voluntary registry for peanut and tree nut al-
lergy: characteristics of the first 5149 registrants. J. Allergy Clin. 
Immunol., 2001, 108, 128–132.

76.	 Sicherer S.H., Munoz-Furlong A., Sampson H.A., Prevalence of 
peanut and tree nut allergy in the United States determined by 
means of a random digit dial telephone survey: a 5-year follow-
up study. J. Allergy Clin. Immunol., 2003, 112, 1203–1207.

77.	 Sicherer S.H., Samson H.A., Burks A.W., Peanut and soy allergy: 
a clinical and therapeutic dilemma-Review. Allergy, 2000, 55, 
515–521.

78.	 Sidenius K.E., Hallas T.E., Poulsen L.K., Mosbech H., Allergen 
cross-reactivity between house-dust mites and other inverte-
brates. Allergy, 2001, 56, 723–733.



175State of the art on food allergens

79.	 Soler-Rivas C., Wichers H.J., Impact of (bio)chemical and physi-
cal procedures on food allergen stability. Allergy, 2001, 56, Suppl. 
67, 52–55.

80.	 Stanley J.S., Bannon G.A., Biochemical aspects of food aller-
gens. Immunol. Allergy Clin. North Am., 1999, 19, 3, 605 – 617.

81.	 Szymkiewicz A., Jędrychowski L., Influence of selected techno-
logical processes on immunogenic properties of pea proteins. 
Pol. J. Food Nutr. Sci., 2002, 11/52, SI 1, 100–103.

82.	 Takagi K., Teshima R., Okunuki H., Sawada J., Compara-
tive study of in vitro digestibility of food proteins and effect of 
preheating on the digestion. Biol. Pharm. Bull., 2003, 26, 7, 
969–973.

83.	 Varjonen E., Bjorksten F., Savolainen J., Stability of cereal aller-
gens. Clin. Exp. Allergy, 1996, 26, 436–443.

84.	 Vieths S., Reindl J., Müeller U., Hoffmann A., Haustein D., 
Digestibility of peanut and hazelnut allergens investigated by a 
simple in vitro procedure. Eur. Food Res. Technol., 1999, 209, 
379–388.

85.	 Vieths S., Hoffmann A., Holzhauser T., Müller U., Reindl J., 
Haustein D., Factors influencing the quality of food extracts for 
in vitro and in vivo diagnosis. Allergy, 1998, 53, Supp. 46, 65–71.

86.	 Walsh B.J., Barnett D., Burley R.W., Elliot C., Hill D.J., Howden 
M.E.H., New allergens from hen’s egg white and egg yolk; in 
vitro study of ovomucin apovitellin I and VI, and phosvitin. Int. 
Arch. Allergy Appl. Immunol., 1988, 87, 81.

87.	 Wróblewska B., Jędrychowski L., Effect of conjugation of cow 
milk whey proteins with polyethylene glycol on changes in their 
immunoreactive and allergic properties. Food Agric. Immunol., 
2002, 14, 155–162.

88.	 Xsiang P., Beardslee T.A., Zeece M.G., Markwell J., Sarath G., 
Identification and analysis of a conserved immunoglobulin 
E‑binding epitope in soybean G1a and G2a and peanut Ara h 3 
glycinin. Arch. Biochem. Biophys., 2002, 408, 51–57.

Received January 2008. Revision received and accepted March 
2008.




