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Salt-soluble proteins from wheat flour have been described as main allergens associated with both
baker’s asthma and food allergy. However, most studies have used raw flour as starting material,
thus not considering potential changes in allergenic properties induced by the heat treatment and
other industrial processing to produce wheat-derived foodstuffs. Salt extracts from different commercial
wheat-derived products were obtained and their allergenic properties investigated by IgE-immuno-
detection, ELISA assays, and skin prick test. The IgE-binding capacity of salt-soluble proteins from
commercial breads and cooked pastas was reduced around 50% compared with that of raw flour,
the reduction being less dramatic in noncooked pastas and biscuits. Several wheat-derived foodstuffs
showed major IgE-binding components of 20 and 35 kDa, identified as avenin-like and globulin
proteins, respectively. These proteins, as well as most flour and bread salt-soluble proteins, were
hydrolyzed when subjected to simulated gastrointestinal digestion. However, the digested products
still exhibited a residual IgE-binding capacity. Therefore, processing of wheat flour to obtain derived
foodstuffs decreases the IgE binding-capacity of the major salt-soluble wheat proteins. Moreover,
simulated gastric fluid digestion further inactivates some heat-resistant IgE-binding proteins.
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INTRODUCTION

The prevalence of wheat food allergy is increasing, ranging
from 0 to 3.6% depending on diagnostic methods and geographic
areas (1). Wheat is also one of the most frequent allergenic foods
associated with food-dependent exercise-induced anaphylaxis
(2). Another type of wheat IgE-mediated hypersensitivity is
baker’s asthma, an important occupational disease, caused by
inhalation of wheat and other cereal flours (3).

On the basis of differential solubility, wheat grain proteins
have been classified as salt-soluble albumins and globulins and
gluten fraction or prolamins, which includes gliadins and
glutenins (4). Both salt-soluble and insoluble proteins have been
implicated in the development of wheat hypersensitivity (5).
Among salt soluble proteins, members of the R-amylase inhibitor
family seem to be the most important allergens responsible for

baker’s asthma (6, 7). They have also been described as wheat
food allergens (8, 9). Some other salt-soluble proteins, such as
a peroxidase and a non-specific lipid transfer protein, have been
implicated in allergy to wheat both by inhalation and ingestion
(9-11). Gliadins are involved mainly in IgE-mediated reactions
to ingested wheat (9, 12-16) and recently in baker’s asthma as
well (17). High and low molecular weight subunits of glutenins
have also been identified as potential wheat food allergens
(9, 18-21).

It is remarkable that most patients with baker’s asthma do
not present wheat food allergy (3, 22). A difference in
sensibilization (inhalation versus ingestion) and allergenic source
(wheat flour versus wheat processed foodstuffs) could explain
this fact, in spite of the fact that some wheat allergens, such as
R-amylase inhibitors or lipid transfer proteins, are implicated
in both types of allergy.

Heat treatment can modify the allergenicity of foods (23).
Although raw wheat flour is rarely consumed, most of the in
vitro and in vivo studies on wheat food allergy have been
performed with flour and thus do not take into account the effect
of heat treatment, during processing or cooking, on the IgE-
binding capacity of potential wheat allergens. Only in one study,
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cooked wheat flour was used in double-blind placebo-controlled
challenges (24). In another study, some wheat food allergens
lose the IgE-binding capacity in some patients, after a short
treatment at 100 °C (9). However, this treatment does not mimic
the complex process of baking or other processes to obtain
wheat-derived foods.

Additionally, wheat food proteins suffer a gastrointestinal
digestion, which could hydrolyze potential flour allergens.
Simulated gastrointestinal digestion of wheat flour protein
extracts shows that most of the salt-soluble and glutenin
allergens were rapidly digested and not detected in immuno-
detection with a serum pool from wheat food allergic patients
(25). Gliadins were stable to gastric enzymes but digested by
simulated duodenal fluid. However, heat treatment (for instance
during baking) can modify the digestibility of wheat proteins
due to aggregation or Maillard reactions with sugars (26). In
this context, a simulated gastrointestinal digestion assay has
shown a persistent IgE-binding capacity of bread crumb and
crust proteins, compared with those of bread dough, which were
readily digested (27). In a similar study using boiled pasta (28),
most of the wheat proteins were hydrolyzed, but the resulting
peptides still bound IgE from wheat food allergic patients.

The in vitro IgE-binding capacity and the in vivo allergenic
potency of salt-soluble proteins from raw flour and wheat-
derived foodstuffs with different heat processing, as well as the
effects of simulated gastrointestinal digestion, are reported here.
Furthermore, two main potential allergens from wholemeal tin
loaf bread have been also identified.

MATERIALS AND METHODS

Patient Recruitment and Collection of Serum Samples. A serum
pool from 14 patients who have suffered from allergic symptoms
(asthma, urticaria, and/or anaphylaxis) related to ingestion of cereal
processed foods was used in the study. These patients were recruited
from the database of cereal allergic patients (Hospital Rio Hortega,
Valladolid, Spain) diagnosed by skin prick test (SPT), specific IgE,
and challenge tests to wheat. Specific IgE antibodies to wheat, other
cereals, and a battery of foods were determined using the ImmunoCAP
100 System (Phadia AB, Uppsala, Sweden). The clinical data of the
included patients are summarized in Table 1. Informed consent was
obtained from each patient and ethical approval from the Ethical
Committee of the Hospital Rio Hortega.

Skin Prick Test. Skin prick tests were performed with a commercial
panel of food allergenic extracts (Bial-Aristegui Laboratories, Bilbao,
Spain). Additionally, salt-soluble protein preparations (2 mg of protein/

mL) from raw flour, wholemeal tin loaf bread, wholemeal toast bread,
and boiled pasta were tested in 10 patients.

Wheals were measured after 15 min and outlined by tracing on
adhesive paper. The diluent of the prick solution (physiologic saline
solution) was used as negative and histamine (10 mg/mL) as positive
controls. A wheal area greater than 7 mm2 was considered positive.

Salt-Soluble Protein Extracts. The following wheat-derived foods
were purchased at a supermarket: French bread, wholemeal bread, white
tin loaf bread, wholemeal tin loaf bread, toasted bread, wholemeal toast
bread, white pasta, wholemeal pasta, fresh pasta, biscuit, pizza, baby
cereal food, and breakfast cereals. The pastas were boiled during 10
min for dry and 2 min for fresh ones. Wheat flour and bran (Triticum
aestiVum, cultivar Astral) were also used.

All these wheat-derivatives were freeze-dried and defatted with cold
acetone (2 × 1:10 [wt/vol] for 1 h at 4 °C) and, after drying, extracted
(1:5 [wt/vol] for 1 h at 4 °C with 2 pulses of sonication) with 0.1 M
Tris-HCl, pH 7.5, and 10 mM EDTA. After centrifugation (9000g for
30 min at 4 °C), the supernatants were dialyzed against H2O (cutoff
point, 3.5 kDa) and freeze-dried. Protein concentration was determined
by the method of Bradford (29).

Specific IgE Determination and ELISA-Inhibition Assays. Direct
ELISA to determine specific IgE was carried out as previously described
(30), using 30 µg of protein/mL in solid phase and a serum pool (1:10
dilution) from 14 wheat-food-allergic patients. Bovine serum albumin
(3 µg/mL) was used as negative control. All tests were performed in
triplicate.

ELISA-inhibition assays were performed by the same method, using
30 µg of protein/mL of salt-soluble proteins from raw flour as solid
phase and the serum pool preincubated with 30 µg of protein/mL of
salt-soluble proteins from wheat foodstuffs, during 3 h at room
temperature. All tests were performed in triplicate.

SDS-PAGE and IgE Immunodetection. Samples (30 µg of protein
of salt-soluble protein extracts) were separated by SDS-PAGE on
10-20% precast gradient polyacrylamide gels (Invitrogen, Carlsbad,
USA), using 0.1 M Tris-Tricine running buffer under reduction
conditions, and stained by Coomassie Blue. Alternatively, protein bands
were electrotransferred onto polyvinylidene difluoride (PVDF) mem-
branes as previously reported (31). After blocking and washing,
membranes were incubated with the serum pool from wheat-food-
allergic patients (1:10 dilution) and then with peroxidase-conjugated
antihuman IgE (Biosource, Camarillo, USA; 1:3000 dilution). Detection
of IgE binding components was achieved by means of enhanced
chemiluminescence, according to the manufacturer’s instructions
(Thermo scientific, Rocford, USA). An immunodetection, in the same
conditions, with a serum pool from eight patients allergic to mites but
not to plant foods or pollens was performed as negative control.

Identification of Major IgE-Binding Proteins. Fractions enriched
in the two main IgE-binding proteins from wholemeal tin loaf bread
were isolated by two sequential chromatographic methods. The salt-
soluble proteins were first fractionated on a Sep-Pak Vac RC cartridge
(500 mg; Acell Plus CM, Waters, Mildford, USA), using 20 mM formic
acid (pH 4) as equilibration buffer and eluting the retained material in
three steps with 0.2, 0.5, and 1 M NaCl in the same buffer. Fractions
containing the main IgE-binding bands were subjected to reverse-phase
HPLC on a Vydac 300 C4 column (22 × 250 mm; particle size 10
µm; The Separations group, Hesperia, USA), eluting with a two-step
linear gradient of acetonitrile in 0.1% trifluoracetic acid (10% to 60%
in 120 min and 60% to 85% in 30 min; 1 mL/min). Two HPLC
chromatographic fractions, enriched in the IgE-binding proteins, were
further fractionated by SDS-PAGE and transferred to PVDF mem-
branes as described above. Bands corresponding to the IgE-binding
proteins excised from the gel were characterized by fingerprinting after
tryptic digestion using a Mascot search. Alternatively, membrane
excised bands were N-terminal amino acid sequenced by using standard
methods on an Applied Biosystem 447 gas-phase sequencer (Foster
City, USA).

Simulated Gastrointestinal Digestion. Salt-soluble protein extracts
from raw flour and wholemeal tin loaf bread were submitted to
simulated gastrointestinal digestion following the method described by
Moreno et al. (32). Digested samples were fractionated by SDS-PAGE
and used for ELISA-inhibition assays as described above.

Table 1. Demographic and Clinical Data of Selected Patients

specific IgE

patient
no.

age/sex
reported

symptomsa
wheat
(kU/L)

other foodsb

(sIgE > 0.35kU/L)
SPT wheat

(mm2)

1 30/F As 7.7 ba, ry 20
2 45/F As >100 ba, ry, ri 78
3 20/F As 27.9 ba, ri, co, pe 20
4 61/F As, An 4.9 ba, ry, or 28
5 28/M As, An 11.4 ba, ry, le, so 38
6 46/F As 3.1 ba, ry 20
7 25/M As,U 2.3 ba, ry 19
8 22/F As 2.3 ba, ry 20
9 73/F As, U 4.4 ba, ry 20
10 25/F As, U 3.3 ba, co 20
11 27/M As, An 4.2 - 38
12 32/M As 5.3 ry 28
13 25/F As 4.8 eg 28
14 2/M As, U 3.2 le 28

a As, asthma; An, anaphylaxis; U, urticaria. b ba, barley; ry, rye; ri, rice; co,
corn; pe, peach; or, orange; le, lentil; so, soybean; eg, egg.

3326 J. Agric. Food Chem., Vol. 57, No. 8, 2009 de Gregorio et al.



Statistical Analysis. SPT responses (wheal areas) to commercial
and salt-soluble protein extracts from raw flour and wheat-derived
foodstuffs were compared by using a two sided T Student’s test. A
level of significance <5% (p ) 0,05) was considered to be significant.
The Kolmogorov-Smirnov test was previously used to ascertain the
normal distribution of data.

RESULTS

Clinical Characteristics of Patients with Food Allergy.
Thirteen adult and one pediatric patient (mean ( SD age, 32.9
( 18; range, 2-73 years) were included in the study (Table
1). Clinical manifestations reported by patients after ingestion
of wheat-derived products consisted of asthma (7/14), asthma
and urticaria (4/14), and asthma and anaphylaxis (3/14). All
included patients showed specific IgE to wheat (mean, 16.02
kU/L; range, 2.3 to >100 kU/L)), and positive SPT responses
to a wheat commercial extract (mean ( SD wheal areas: 29 (
15.5 mm2). Most patients were also sensitized to other plant
foods, particularly barley (10/14) and rye (9/14).

IgE-Binding of Salt-Soluble Proteins from Wheat-Derived
Foodstuffs. 1. Specific IgE Determination. The specific IgE to
salt-soluble proteins from wheat raw flour and bran, and 16
wheat-derived foodstuffs was determined by ELISA assays,
using a serum pool from 14 selected patients (Figure 1).
Samples from biscuit and nonboiled pastas (numbers 12-15)
retained a high proportion (97-64%) of the IgE-binding capacity
of raw flour, whereas those from boiled pastas (numbers. 9-11)
displayed a substantial decrease (35-28%). Similar results, but
with lower values, were found for breads (numbers 3-6;
56-51%) and toasted breads (numbers 7 and 8; 32-31%).
Extracts from baby cereal food and breakfast cereals showed
the lowest IgE-binding capacity (numbers 17, 18; 11-8%).

To explore whether or not the IgE-binding components from
raw flour and wheat-derived products shared common epitopes,

ELISA-inhibition assays were preformed using the extract from
raw flour as solid phase and those from foodstuffs as inhibitors
(Figure 2). High inhibition values (89-47%) were observed
in most extracts from wheat-derived products, including baby
cereal food (number 17), toasted breads (numbers 7 and 8), and
boiled pastas (numbers 9-11). Only the breakfast cereal sample
(number 18) exhibited no inhibition.

2. IgE Immunodetection of Salt-Soluble Proteins from Wheat
Foodstuffs and Identification of IgE Binding Proteins. The salt-
soluble proteins from the different wheat-derived products were
separated by SDS-PAGE and stained by Coomassie Blue
(Figure 3A). A complex pattern of protein bands with apparent
molecular mass from 5 to 120 kDa was found in all samples
analyzed, except in breakfast cereals, which did not present
appreciable bands. In contrast, the immunodetection of replica
gels with the serum pool from wheat food allergic patients
rendered differential IgE recognition patterns for most extracts
(Figure 3B). Raw flour and bran (numbers 1 and 2), biscuit
(number 9), and nonboiled pasta (numbers 13-15) samples
exhibited from 5 to 10 prominent IgE-binding components,
covering approximately a 5-100 kDa range of apparent
molecular mass. Extracts from boiled pastas (numbers. 10-12)
showed a few number of reactive bands (from 5 to 2), mainly
in the 20-50 kDa range. The qualitative and quantitative
decrease of IgE recognition was even greater in the case of pizza,
baby cereal food, and breakfast cereal extracts (numbers 16-18).
A clear-cut pattern was uncovered in breads (numbers 3-6),
with two main IgE-binding bands of 20 and 32 kDa, whereas
no band was detected in the toasted breads (numbers 7 and 8)
preparations.

The identification of the two major reactive proteins from
bread samples, which have retained the IgE-binding capacity
after the baking process, seems to be warranted. Therefore,
chromatographic fractions enriched in the 20 and 32 kDa bands
were obtained from the wholemeal tin loaf bread extract and

Figure 1. Specific IgE of a serum pool from patients with wheat food
allergy to salt-soluble proteins from wheat flour (1) and bran (2) and the
following wheat-derived products: French bread (3), wholemeal bread (4),
white tin loaf bread (5), wholemeal tin loaf bread (6), toasted bread (7),
wholemeal toasted bread (8), boiled white pasta (9), boiled wholemeal
pasta (10), boiled fresh pasta (11), white pasta (12), wholemeal pasta
(13), fresh pasta (14), biscuit (15), pizza (16), baby cereal food (17), and
breakfast cereals (18). Means (n ) 3) and SD (bars) are represented.
Numbers above bars represent the percentage of IgE levels to each
sample with respect to that of raw flour (1). Values were considered
positive when greater than 0.12 OD units (mean + 3 × SD of BSA as
solid phase).

Figure 2. Inhibition (%) of specific IgE-binding capacity to salt-soluble
proteins from wheat raw flour by the equivalent extracts from wheat raw
flour (1) and bran (2), French bread (3), wholemeal bread (4), white tin
loaf bread (5), wholemeal tin loaf bread (6), toasted bread (7), wholemeal
toasted bread (8), boiled white pasta (9), boiled wholemeal pasta (10),
boiled fresh pasta (11), white pasta (12), wholemeal pasta (13), fresh
pasta (14), biscuit (15), pizza (16), baby cereal food (17), and breakfast
cereals (18). Assays were carried out using the same samples and serum
pool as described in Figure 1.
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the protein bands from PVDF membranes or SDS-PAGE gels
subjected to N-terminal sequencing and fingerprinting analysis.
The results are summarized in Figure 4. No clear N-terminal
sequence of the 32 kDa protein was obtained, but 5 of its tryptic
peptides corresponded (38% of sequence coverage) with internal
amino acid regions of a putative Triticum turgidum globulin
with a calculated molecular size of 24.5 kDa. Interestingly, a
highly similar homologue to this globulin has been described
in bread wheat (T. aestiVum) as well (9). A tryptic peptide from
the 20 kDa protein allowed us to identify an avenin-like protein
from Aegilops sharonensis, which had a calculated molecular
size of 32.4 kDa. However, the N-terminal sequence obtained

for the 20 kDa protein (EPQQEA) is nearly identical to an
internal sequence (EPQQQA) of the putative avenin-like protein.
Furthermore, the calculated molecular size for a potentially
processed fragment of the latter protein, with a N-terminus
similar to that of the 20 kDa protein, was 19.4 kDa.

SPT Responses to Salt-Soluble Proteins from Wheat-
Derived Foodstuffs. Extracts from raw flour, two bread
samples, and boiled pasta were tested in 10 of the selected
patients by SPTs (Table 2). The salt-soluble protein extract from
wheat raw flour provoked higher responses than the commercial
extract (mean, 48.9 versus 31 mm2; p ) 0.09357), but rather
similar to those of the wholemeal tin loaf bread (mean, 50.1
mm2; r ) 0.8296; p ) 0.90162). In contrast, the toasted bread
(mean, 11.9 mm2; p ) 0.00036) and the boiled white pasta
(mean, 18.8 mm2; p ) 0.00283) showed a strong decrease of
allergenic potency compared to that of the raw flour extract.

Figure 3. Protein staining (A) and immunonodetection with IgE of a serum pool from wheat food allergic patients (B) of the following SDS-PAGE
separated samples: salt soluble protein extract from wheat raw flour (1) and bran (2), French bread (3), wholemeal bread (4), white tin loaf bread (5),
wholemeal tin loaf bread (6), toasted bread (7), wholemeal toasted bread (8), biscuit (9), boiled white pasta (10), boiled wholemeal pasta (11), boiled
fresh pasta (12), white pasta (13), wholemeal pasta (14), fresh pasta (15), pizza (16), baby cereal food (17), and breakfast cereals (18). The wheat raw
flour and bran are represented by a 3-fold less exposition. Arrows point to the 20 and 32 kDa bands further characterized.

Figure 4. Identification of the major 32 and 20 kDa IgE-binding proteins
from wholemeal tin loaf bread. The complete amino acid sequences
deduced from nucleotide sequences encoding a globulin from Triticum
turgidum (accession gi:37575362) and an avenin-like protein from Aegilops
sharonensis (accession gi:156630214) are represented. Internal sequences
obtained by fingerprinting analysis are underlined, and the N-terminal
sequence of the 20 kDa protein is marked by a square. Arrows indicate
the end of the predicted signal peptide.

Table 2. Results of SPTs to Salt-Soluble Protein Extracts from Raw Flour
and Wheat-Derived Foodstuffs

SPT (mm2 of wheal area) to

patient
no.a

commercial
extract

raw
flour

wholemeal tin
loaf bread

wholemeal
toasted bread

boiled
pasta

1 20 78 78 18 20
2 78 78 79 23 20
3 20 79 50 7 38
4 28 21 28 (3)b 13
5 38 39 51 13 20
6 20 19 27 13 13
9 20 20 22 (5) (5)
10 20 38 64 12 20
11 38 39 38 13 20
13 28 78 64 12 19

a Numbers as in Table 1. b Negative values are indicated in parentheses.
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Simulated Gastrointestinal Digestion of Flour and Bread
Salt-Soluble Proteins. Extracts from raw flour and wholemeal
tin loaf bread were selected as models to evaluate the effect of
simulated gastrointestinal digestion on the IgE-binding capacity
of wheat-derived products. Most salt-soluble proteins from both
samples were readily hydrolyzed after 120 min of gastrointes-
tinal digestion (Figure 5A). The lack of resolution by
SDS-PAGE of the digestion products suggested that IgE-
immunodetection should be discarded as a suitable method to
evaluate the effects of digestion on IgE-binding capacity.
ELISA-inhibition assays were chosen as an alternative approach
(Figure 5B). The simulated digestion drastically decreased, but
did not fully abolish, the IgE-binding potency of both raw flour
(3-fold) and bread (1.6-fold) salt-soluble proteins.

DISCUSSION

Most studies on wheat food allergens have used raw flour as
the reference wheat product, but almost all wheat-derived
foodstuffs that are extensively consumed suffer heat treatment
(and protein hydrolysis in some cases) during industrial process-
ing and home cooking. These processes can modify the
allergenic potency of wheat allergens as well as their solubility
properties. The IgE-binding capacity of salt-soluble proteins
from up to 16 different wheat-derived foodstuffs has been
evaluated here and compared to that of raw flour, by means of
several in vitro and in vivo assays.

A decrease in IgE-binding capacity, compared with that of
raw flour has been detected in all wheat-derived products
analyzed, both in native (ELISA) and denaturalizing (immu-
nodetection after SDS-PAGE) conditions. The loss of allergenic
potency seems to be related to the intensity of the heat treatment
used to make the product. Thus, toasted breads showed the
highest decrease (around 70%), whereas other types of breads,
with less drastic heat treatment, retained approximately half of
the IgE-binding level of raw flour. Furthermore, no reactive band
was detected in toasted bread samples when immunodetected
with sera from wheat food allergic patients. An even more
emphasized difference has been found in pasta products. Boiled
samples behaved as around half allergenic than raw pastas,
probably due to heat denaturation of allergenic proteins and/or
their flow to the cooking water. The loss of 12-15 kDa bands
in boiled pastas is noticeable, which probably corresponds to
allergens of the R-amylase inhibitor family. The inactivation
(by putative denaturation) of these allergens by heat treatment
has been previously described (27, 33).

Interestingly, the presence of common IgE-epitopes in raw
flour and wheat-derived foodstuffs has been ascertained by
ELISA-inhibition assays. Salt-soluble proteins from the pro-
cessed products inhibited from 89% to 47% the IgE-binding to
the raw flour extract, except that from breakfast cereals. Even
cereal baby food exerted a remarkable inhibition value (51%),
although its proteins are hydrolyzed and not detected by IgE-
immunodetection. The enzymatic hydrolysis of wheat proteins
renders peptides greater than 1 kDa, which are potentially
allergenic, as has been previously reported (34).

The in vitro results discussed above were confirmed by in
vivo tests. Similar SPT responses were reached by the raw flour
and wholemeal tin loaf bread extracts, whereas a strong
reduction (over 2.5-fold, statistically significant) was observed
for those of boiled pastas and toasted breads, as expected.

Besides being subjected to heat (and proteolytic) treatment
during industrial processing, the potential allergens of wheat-
derived foodstuffs undergo gastrointestinal digestion after
consumption. Therefore, the effect of simulated gastric followed
by intestinal juices on the salt-soluble proteins from raw flour
and wholemeal tin loaf bread samples was also tested. Most, if
not all, proteins from both extracts were hydrolyzed. However,
the digested products (peptides) retain a residual IgE-binding
capacity (2-3- fold decrease with respect to that of the untreated
samples).

Finally, the identification of the two major IgE-binding
proteins detected in different bread, but not toasted, samples
should be emphasized, thus indicating their partial heat-
resistance. A 32 kDa putative allergen has been identified as a
globulin, whose coding DNA sequence is linked to the Glu-1
locus (35), which encoded HMW-glutenin subunits, also
described as potential wheat allergens (20), and pivotal com-
ponents determining flour quality (36). This globulin family has
been previously located as wheat food allergens by Pastorello
et al. (9) in raw flour extracts. The second putative allergen
identified corresponds to an avenin-like protein, a group of seed
storage proteins, which seems to have a high expression in wheat
endosperm (37). Therefore, the avenin-like proteins of wheat
flour could represent a novel group of heat-resistant allergens
with a potential role in wheat-derived foodstuffs. Interestingly,
this protein group shows around 40% of amino acid sequence
identity to wheat prolamin allergens previously reported (16, 21).

Overall, the results presented here indicate that wheat-derived
foodstuffs have a lower allergenic potency than raw flour and
that substantial differences in the decrease of their IgE-binding
capacity are found among such commercial products. A further
analysis of the allergenic properties of the most consumed
wheat-derived foods as well as a detailed identification of their
main allergens will help to clarify the actual status of wheat
food allergy.
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