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Egg white has high protein content and numerous biological/functional properties. However, reported

allergenicity for some of the proteins in egg white is an issue that needs to be paid exclusive attention. A

consideration of the structure of IgE epitopes and their sequences, as well as a comprehensive under-

standing of the effects of various processes on epitopes and the impact of the gastrointestinal tract on

them, can help target such issues. The current study focuses on the identified IgE epitopes in egg white

proteins and evaluation of the effects of the gastrointestinal digestion, carbohydrate moiety, food matrix,

microbial fermentation, recombinant allergen, heat treatment, Maillard reaction and combination of

various processes and gastrointestinal digestion on egg white allergenicity. Although the gastrointestinal

tract reduces the immunoreactivity of native egg white proteins, some of the IgE epitope-containing frag-

ments remain intact during the digestion process. It has been found that the gastrointestinal tract can

have both positive and negative impacts on the IgE binding activities of egg white proteins. Elimination of

the carbohydrate moiety leads to a reduction in the immunoreactivity of ovalbumin. But, such effects

from the carbohydrate parts in the IgE binding activity need to be explored further. In addition, the inter-

action between the egg white proteins and the food matrix leads to various effects from the gastrointesti-

nal tract on the digestion of egg white proteins and their subsequent immunoreactivity. Further on this

matter, studies have shown that both microbial fermentation and Maillard reaction can reduce the IgE

binding activities of egg white proteins. Also, as an alternate approach, the thermal process can be used

to treat the egg white proteins, which may result in the reduction or increase in their IgE binding activities

depending on the conditions used in the process. Overall, based on the reported data, the allergenicity

levels of egg white proteins can be mitigated or escalated depending on the conditions applied in the

processing of the food products containing egg white. So far, no practical solutions have been reported

to eliminate such allergenicity.

1. Introduction

An egg is known to be a well-balanced and nutritious food
ingredient to be used in a variety of menus in human diets.1,2

Generally, egg white contributes to 60–63% of egg weight3 and
contains numerous proteins components at different concen-
trations.4 However, quantitatively, ovalbumin (OVA) at 54%
(w/w), ovotransferrin (OVT) at 12%, ovomucoid (OVM) at 11%,

ovomucin (OVC) at 3.5% and lysozyme (LYS) at 3.5% are con-
sidered major proteins in the egg white.2 OVT is a glycoprotein
whose peptides have been shown to have antioxidant, anti-
microbial, iron transportation and anti-cancer properties inhi-
biting tumor growth in vitro.5,6 LYS is an antimicrobial agent
and is used in the pharmaceutical industry.2 Several in vitro
studies have shown that egg white protein isolates can also be
used as antidiabetic agents.7 Egg white hydrolysates have also
been reported to be effective for neuroprotection against neu-
ropathic disorders (in the rats) induced by mercury.8

Despite the health benefits and functional properties men-
tioned for the egg white, reported allergenicity for its proteins
is considered to be a major concern for its application in the
food industry. The egg is the second most allergenic food after
milk9 and one of the most common sources of food allergies
among infants and children affecting up to 9% of children
worldwide.10 Due to the occurrence of various egg products, it
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is difficult to entirely remove this commodity from the diet. As
a consequence, unwanted use of egg products may cause
serious dangers. In addition, egg allergy can also concurrently
occur with other allergies from other food components, in
which case, avoiding the consumption of these foods may
result in the risk of a shortage in the nutritional compounds
in the diet.11 Therefore, the production and development of
egg products that are safe for allergic consumers are highly
justifiable.

A part of protein known as epitope reacts with antibodies
or receptors on T cells. IgE-binding epitopes in allergens are
classified under two categories (sequential or linear and con-
formational). IgE identifies sequential epitopes by successive
amino acids, while conformational epitopes are recognized by
IgE due to amino acids that are lined up by a tertiary structure
of the protein.12 Epitope mapping not only helps understand
the mechanism and allergic potential of allergens but also
helps develop the appropriate approach and method to reduce
or eliminate food allergies.13

The destruction of sequential and conformational IgE epi-
topes by applying various processes is shown in Fig. 1. Of the
major allergens reported for eggs, four are in egg whites,
which include OVM, OVA, OVT and LYS. Protein YGP42 and
α-livetin are present in the yolk. The current review focuses on
the allergens in egg whites, since most of the allergens in eggs
are found in egg white.14 Studies have reported on such treat-
ments as caffeic acid cross-linking,15 irradiation,16 pulsed elec-
tric fields,17 heat,18,19 interactions between epigallo-catechin
3-gallate and allergens,20 high-intensity21 acid treatment,22

nitration,23 plastein reaction24 and proteolysis25,26 to reduce
egg white allergenicity. In order to select appropriate methods
to combat the allergenicity from egg white proteins, a correct

understanding of the influential factors such as epitope
mapping, epitope type (linear or conformational), the effect of
process and gastrointestinal digestion has to be compiled and
therefore the objectives of this study were to investigate the
structure and amino acid sequences in IgE epitopes for the
main allergens of egg white proteins and evaluate the effects
of various processes and gastrointestinal digestion in this
regard.

2. Sequence and structure of IgE
epitopes

The following sections report on the findings related to epi-
topes and allergic properties of OVM, OVA, LYS and OVT. No
studies have so far been reported on epitopes and allergic pro-
perties of OVC, which is suggested to be considered in future
studies.

2.1. Ovalbumin

OVA is found at the highest content among the egg white pro-
teins27 and with a molecular weight of ∼45 kDa, it has 385
amino acids, four thiol groups, one disulfide bond and an
attached carbohydrate chain to asparagine 298 residue.27,28

Benedé et al.29 applied human and simulated gastrointestinal
fluids for digestion of OVA and investigated the immuno-
reactivity levels of the produced peptides using human sera.
One hundred and eighteen peptides were identified after the
digestion of OVA by human sera. However, when simulated
gastrointestinal fluids were applied, only 84 peptides were
found in the hydrolysates. Among the identified peptides, 47
were found to be common for both media, among which seven

Fig. 1 The schematic representation of the destruction in the sequential and conformational IgE epitopes applying any possible destruction
process.
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peptides showed IgE binding properties. In another study,
Mine and Rupa30 sequenced the IgE epitopes of OVA and
identified five linear epitopes, some of which were exposed to
the surface and had β-turn and β-sheet structures. Mine and
Yang31 used the murine model for epitope mapping of OVA.
The results showed that there were eight, two and five linear
epitope regions for oral, intraperitoneal and subcutaneous
entry routes, respectively. With oral sensitization, two epitopes
were relatively hydrophobic and six epitopes were relatively
hydrophilic. Among the amino acids in the epitope sequences,
the highest levels were found for hydrophobic, polar and
charged ones, including valine, alanine, phenylalanine, iso-
leucine, serine and arginine amino acids. Table 1 shows some
of the reported sequences for OVA linear IgE epitopes. Among
the studies, the most frequent common sequences are
326–332, 375–384 and 323–332.

2.2. Ovomucoid

OVM has been reported as the main allergen among egg white
proteins.36 It has the highest content of carbohydrate (25%) in
its structure, where the carbohydrate chains are attached to
the protein moiety via asparagine.37,38 This protein has 186
amino acids, three domains (domain I is from residue 1 to 64,
domain II from residue 65 to 130 and domain III from residue
131 to 186) and 9 disulfide bonds.3,39 There are three intra-
domain disulfide bonds in each domain that leads to its heat
or enzymatic stability.38,40 The tertiary structure of OVM is
globular.41

Numerous studies have tried to identify the IgE epitopes of
OVM. Martinez-Botas et al.42 used peptide microarray
immunoassay for mapping sequential IgE epitopes. Among
the 50 patients whose sera were investigated, 34% did not

Table 1 Selected studies on the OVA linear IgE epitopes

Amino acid sequence Position Position in tertiary structure Secondary structure Method Ref.

YRGGLEPINF 125–134 ND ND Human 29
ARELINSWVESQTN 141–154 ND ND
NSWVESQTNGIIRNVLQPSSVDSQTAMVLVN 146–176 ND ND
NVLQPSSVDSQTAM 159–172 ND ND
FKDEDTQAMPF 188–198 ND ND
AVHAAHAEINE 326–336 ND ND
HIATNAVLFFGRCVSP 370–385 ND ND

LAMVYLGAKDST 38–49 Exposed to surface α-Helix & β-turn Human 30
DVYSFSLA 95–102 Exposed to surface β-Sheet & random
EDTQAMPFRV 191–200 Hidden in structure β-Sheet & β-turn
VLLPDE 243–248 Exposed to surface β-Turn
GLEQLESIIN 251–260 Exposed to surface β-Sheet & β-turn

INKVVRFD 53–60 Exposed to surface α-Helix BALB/c 31
VNVHSSLR 77–84 ND α-Helix & β-turn
SRLYAE 103–108 Exposed to surface Random
GGLEPINFQT 127–136 Exposed to surface α-Helix
ERKIKV 275–280 ND β-Turn & α-helix
GITDVF 301–306 ND α-Helix
ISQAVHAAHA 323–332 Exposed to surface β-Turn & random
AVLFFGRCVS 375–384 Hidden in structure β-Sheet & β-turn

ISQAVHAAHAEINEAGT 323–339 ND ND BALB/c 32

AGVDAASVSEEFRADHPFLF 347–366 ND ND Human 33
AGVDAASVSEEFRADHPFLFCIKHIATNAVLFFGRCVSP 347–385 ND ND
EFRADHPFLF 357–366 ND ND
EFRADHPFLFCIKHIATNAV 357–376 ND ND
CIKHIATNAVLFFGRCVSP 367–385 ND ND

ISQAVHAAHAEINEAGT 323–339 ND ND Murine model 34

VYLGAKDSTRTQINKVVRFDKLPGFGDSIEAQCGTSVN
VHSSLRDILNQITKPNDVYSFSLASRLYAEERYPILPEYL
QCVKELYRGGLEPINFQTAADQARELINSWVESQTNGII
RNVLQPSSVDSQTAM

41–172 ND ND Human 35

GITDVFSSSANLSGISSAESLKISQAVHAAHAEINEAGTEV
VGSAEAGVDAASVSEEFRA
DHPFLFCIKHIATNAVLFFGRCVSP

301–385 ND ND

A and C represent alanine and cysteine; D and E represent aspartic and glutamic acids; F and G represent phenylalanine and glycine,
respectively. H and M represent histidine and methionine; L, K and I represent leucine, lysine, and isoleucine, respectively. N, P and Q represent
asparagine, proline and glutamine; R, S and T represent arginine, serine and threonine; V, W and Y represent valine, tryptophan and tyrosine,
respectively. Not defined: ND.
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react with any sequential IgE peptides and 20% reacted with
more than 10 sequential peptides. They introduced three epi-
topes in domains 1 and 2 as IgE epitopes that reacted with 26,
24 and 38% of the studied sera. Martinez-Botas et al.42 further
reported that the efficacy of peptides with 20 amino acids was
at higher levels than those with 15 amino acids. By altering the
sequences of epitopes by replacing a new amino acid in each
epitope, Mine and Zhang43 found three, four and two IgE epi-
topes in domains 1, 2 and 3, respectively. Altogether, 87 amino
acids were present in 9 IgE epitopes of OVM. The IgE epitopes
consisted of a higher proportion of charged hydrophobic and
polar amino acids. Table 2 lists some related studies for IgE
epitopes of OVM, where the most common sequences are
4–20, 51–56, 1–10, 101–104 and 121–124.42–46

2.3. Lysozyme

LYS is a monomeric enzyme with a molecular weight of
14.4 kDa and has 129 amino acid components and four di-
sulfide bonds between cysteine amino acids (in positions
6–127, 30–115, 64–80 and 76–94).47–49 Two of the disulfide
bonds in LYS are responsible for its high thermal resistance
and the other two contribute to its enzymatic activity.3 Many
studies have reported on the immunoreactivity of LYS but only
a few have investigated structures and sequences of IgE epi-

topes in LYS. Jiménez-Saiz et al.49 investigated the type,
immunoreactivity properties and biological activities of the
derived peptides from simulated in vitro gastrointestinal diges-
tion and reported that immunoreactivity of LYS is maintained
due to the incomplete digestion of LYS in the stomach and
intestine. They identified three IgE epitopes as follows in the
LYS: 11–27, FLPLAALGKVFGRCELA; 57–83, NTQATNRNTDGST
DYGILQINSRWWCN and 108–122, ASVNCAKKIVSDGNG.

2.4. Ovotransferrin

OVT (conalbumin) is a glycoprotein with a molecular weight of
∼78 kDa containing 2.6% carbohydrates. It belongs to the
family of iron-binding proteins with 686 amino acids and 15 di-
sulfide bonds with no free sulfhydryl groups.50,51 The carbo-
hydrate moiety in OVT consists of four residues of mannose
and two residues of N-acetylglucosamine.52 The structure of
OVT consists of an N lobe and C lobe.50 Each lobe has two
domains and an iron-binding site.52 Generally, the secondary
structure of OVT is composed of α-helix (17.9%), β-sheet
(28.8%), β-turn (17.3%) and random coil (36.0%).53 So far, no
experimental studies have been conducted to identify OVT IgE
epitopes. However, Tong et al.53 used a web-based allergen data-
base for predicting the IgE epitope mapping in OVT (Table 3).

3. Relation between gastrointestinal
digestion and the allergenicity of the
protein

Protein digestion is dependent on several factors and varies
from person to person. When passing through the gastrointesti-
nal tract, proteins are exposed to different pH levels and several
enzymes and as a consequence, the changes in the structure
and sequence of the epitopes can influence the protein’s aller-
genicity.54 For example, when food moves into the stomach, pro-
teins are exposed to an acidic pH and undergo a certain level of
denaturation and hydrolysis by the pepsin.54 Also, further down
in the intestine, pancreatic enzymes (trypsin, chymotrypsin, car-
boxypeptidases A and B, enteropeptidases and elastase) can
break down the proteins and change their allergenicity levels.55

Table 2 Reported linear IgE epitopes of OVM in human egg-allergic
patients

Amino acid sequence Position

Position in
tertiary
structure Method Ref.

DCSRFPANTDKEGKDVL 4–20 Domain 1 Human 42
YSIEFGTNISKEHD 46–59 Domain 1
FNPVCGTDGVTYDN 91–104 Domain 2

TDGVTYTNDCL 32–40 Domain 1 Human 43
DCLLCAYSIEF 40–50 Domain 1
KEHDGECKETV 56–66 Domain 1
SSYAN 71–75 Domain 2
DGKVMVLCNRA 80–90 Domain 2
TYDNE 101–105 Domain 2
KRHDGGCRKE 121–131 Domain 2
KTYGNKCNFCNAVVES 159–174 Domain 3
TLSHFGKC 179–186 Domain 3

AEVDCSRFPN 1–10 Domain 1 Human 44
ATDKEGKDVL 11–20 Domain 1
SIEFGTNISK 47–56 Domain 1
VEQGASVDKRHD 113–124 Domain 2

AEVDCSRFPANTDK 1–14 Domain 1 Human 45
NTDKEGKDVLVCNK 11–24 Domain 1
GTDGVTYTNDCLLC 31–44 Domain 1
GTNISKEHDGECKE 51–64 Domain 1
ECKETVPMNCSSYA 61–74 Domain 2
TYDNECLLCAHKVE 101–114 Domain 2
KRHDGGCRKELAAV 121–134 Domain 2

AEVDCSRFPANTDKEGKDVL 1–20 Domain 1 Human 46
FGTNISKE 49–56 Domain 1
VLCNRAFNPVCG 85–96 Domain 2
QGASVDKR 115–122 Domain 2
NGTLTLSHFGKC 175–186 Domain 3

Table 3 Predicted OVT IgE epitopes using a web-based allergen data-
base in human

Amino acid
sequence Position

Amino acid
sequence Position Method Ref.

SSPEEK 32–37 GVDTK 294–298 Database 53
NNLRD 40–44 PVLKDL 312–317
QQERISL 47–53 KDEKSK 371–376
TEGSTT 104–109 VALDGGLV 411–418
AVVKKGTEF 115–123 TAGVC 420–424
GKTSC 130–134 PPNSRL 512–517
TGLGRS 136–141 GSGGI 523–527
IESGSVE 162–168 EKYFG 538–542
GDPKTKC 195–201 YRECNLA 600–606
LKDGKG 217–222 KANKIRD 619–625
DQKDEY 238–243 RFGVN 633–637
SFLSK 284–288 DLTKCL 658–663
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According to Moreno,56 OVA is partially resistant to pepsin
and gastrointestinal digestion. Intact OVA were detectable after
120 min of exposure to the stomach conditions [pH = 2.0,
pepsin to substrate ratio of 1 : 20].57 However, unlike LYS, OVA
can undergo duodenal digestion due to the bile salts.57

Duodenal digestion has a larger effect on the hydrolysis of OVA
than gastric digestion but digestion by human gastric fluids
leads to the production of shorter and less immunoreactive
fragments compared to the simulated in vitro digestion.33

No major structural changes have been observed in
the secondary structure of OVA due to the changes in the pH
in the presence of bile salts and phosphatidylcholine
but acidic pH can disrupt its tertiary structure.57 Generally,
the IgE-binding activity of OVA is significantly reduced
after gastrointestinal digestion, but due to the intact
epitopes, some of its immunoreactivity properties are
maintained.33,57,58

OVM is another important allergen found in egg white pro-
teins. Among the three domains in OVM, the third one has
more allergenicity levels than the other two.59–61 This protein
is relatively resistant to heat and digestion by proteases.62 In a
similar way, the antigenicity and allergenicity properties of
OVM are resistant to heat and enzymatic digestion. Therefore,
these properties are attributed to linear epitopes in OVM.62

The digestion rate of OVM in the stomach is partially depen-
dent on the pepsin to protein ratio. The gastric digestion of
this protein begins at the end of the first domain and then it
is converted into smaller fragments.63 The produced fragments
of pepsin digestion still show IgE-binding activity. Digestion
with pepsin increases the sensitivity of OVM to trypsin and
chymotrypsin but retains its trypsin inhibiting activity.64

Kovacs-Nolan et al.64 reported that the digestibility of OVM was
increased by reducing S–S bridges, which further resulted in
lower allergenicity levels.

Based on the reported studies,49 LYS hydrolysis can occur at
both pH 1.2 and pH 2.0 conditions and produce peptides that
are resistant to pepsin activity for at least two hours. At lower
pH levels, LYS is hydrolyzed at a faster rate. In the stomach,
the effect of pH on hydrolysis is higher than that of pepsin.
The presence of bile salts can lead to the precipitation of LYS
in the duodenum (due to the electrostatic interaction between
the bile salts and LYS). On the other hand, phosphatidyl-
choline helps improve the partial solubility of LYS.49

According to Jiménez-Saiz et al.,65 the allergenicity of LYS
was maintained even after gastrointestinal digestion. This was
due to the incomplete hydrolysis of LYS in the gastrointestinal
tract due to the precipitation with bile salts and also further
due to the production of peptides with higher allergenicity
levels.65 In a later study, Jiménez-Saiz et al.49 reported that
even if the remaining LYS of gastric digestion were soluble in
the absence of bile salts, the duodenal digestion on them was
minimal and did not result in new or more abundant frag-
ments. So far, no information has been provided on the effects
of gastrointestinal digestion on allergenicity and allergenic epi-
topes of OVT and therefore such objectives should be con-
sidered in future studies.

4. The effect of the carbohydrate
moiety on the allergenicity

Other than the proteins, some carbohydrates have been shown
to be the sources of epitopes.66 Of the four major allergens in
the egg white, three of them (OVA, OVM, OVT) are
glycoproteins,67,68 which are types of compounds where pro-
teins and carbohydrates are linked by covalent bonds.69 In this
section, the effect of the carbohydrate moiety on the allergeni-
city of egg white protein is discussed. Studies show that the
carbohydrate moiety in OVA has a significant contribution to
its immunoreactivity.70,71 However, the terminal carbohydrate
cleavage of N-glycan by N-acetylglucosaminidase reduces its
IgE-binding activity.70,71 Hwang et al.70 reported a 40-fold
reduction in the allergenicity of OVA by using
N-acetylglucosaminidase extracted from Ascidian viscera. On
the other hand, when using galactosidase and mannosidase
enzymes, no changes were observed in the immunoreactivity
of OVA.71 Investigating the secondary structure showed that the
level of α-helix content increases after the deglycosylation,
resulting in a possible decrease in the allergenicity of OVA.70

Considering the effects of carbohydrate part[s] on the aller-
genicity of OVM, two carbohydrate chains are attached to each
of the domains 1 and 2 and one carbohydrate chain is
attached to domain 3.72 In the study reported by Besler et al.,73

the deglycosylation of OVM was performed using a chemical
process and the results showed no changes in immuno-
reactivity potency. It was concluded that the epitopes present
in the protein structure can lead to immunoreactivity but the
carbohydrate moiety does not have IgE-binding activity.
Studies on the deglycosylated OVM (carried out by the effect of
PNGase F enzyme) before and after the gastrointestinal diges-
tion shows that before the digestion, 80% of the patients have
fewer-allergic symptoms to the deglycosylated OVM, when
compared to the intact OVM despite the fact that there were no
apparent changes in the secondary and tertiary structures of
OVM during the deglycosylation process.74 Therefore, it was
concluded that some specific epitopes are located on the
carbohydrate moiety of OVM.74 In the presence of α-amylase,
both types of OVM were not affected by oral digestion.
However, after the gastrointestinal digestion, the deglycosy-
lated OVM was digested at higher levels than intact OVM and
as a result, the produced fragments of the deglycosylated form
indicated less allergic potential, which was related to the sensi-
tivity of OVM to the proteolytic hydrolysis.74

5. Influence of food matrix on the
allergenicity

An accurate assessment of the allergenic potential of foods can
always help understand the allergenicity levels of proteins.75

To be active, allergens need to maintain their immunological
forms during their stay in the entire digestive tract.76 The food
matrix can impact the allergenicity levels of food proteins by
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interacting with allergens during a food process77 or by the
digestion and absorption of food ingredients in the digestive
tract.78 For example, chemical reactions (such as the Maillard
reaction) between proteins and other food components can
have a positive or negative impact on the allergenicity of pro-
teins. Also, the formation of neoallergens during food proces-
sing can increase the allergenicity of the foods.78

Jiménez-Saiz et al.79 studied the effect of different types of
polysaccharides on the simulated in vitro digestion and
immunoreactivities of OVM and OVA. Before the digestion, the
presence of polysaccharides (pectin, gum Arabic and xylan) in
the protein solution did not show any differences in SDS-page
bands of the proteins. But, the presence of a higher-molecular-
weight protein resulted in some interactions between portions
of proteins and polysaccharides in the mix samples. According
to Jiménez-Saiz et al.,79 digestibility level of OVA was reduced
in the presence of polysaccharides and such inhibitory effects
from polysaccharides were at higher levels in the gastric diges-
tion than in duodenal digestion. Regardless of the presence of
polysaccharides, gastric and duodenal digestion can generally
reduce allergic potencies of proteins. However, polysaccharides
can increase the allergic potencies of OVA and OVM due to
reduced digestibility by the formation of new complexes and/
or enhancing the viscosity of stomach fluids.79 According to
Wang et al.80 and Fraeye et al.,81 uronic acid, which is a part of
gum Arabic and pectin structures, is responsible for anionic
properties of these polysaccharides. In the duodenum, there is
a possibility of the occurrence of electrostatic interactions
between the positive regions of proteins and the negatively
charged polysaccharides.79 As a subcategory of polysacchar-
ides, pectin can also increase the viscosity of gastric fluids
impacting the overall performance of proteins and their inter-
actions with the surrounding environment.79

Martos et al.14 investigated the effect of egg yolk on digesti-
bility and the immunoreactivity levels of egg white proteins
and reported that at the end of the duodenal digestion, part of
LYS, OVA and OVM remained intact in the absence of egg yolk
and a large number of resistant fragments with a wide range
of molecular weights were observed. According to Martos
et al.,14 the highest levels of IgE binding activities were due to
intact OVA and its four derived peptides as well as two frag-
ments of LYS degradation. No peptides were found due to the
OVM digestion. Although the presence of the egg yolk resulted
in slight changes in the digestibility levels of egg white pro-
teins, the amount of intact LYS was increased in the presence
of egg yolk after duodenal digestion.14 Tong et al.82 reported
that heat treatment (100 °C for 20 min) and egg addition (at
1 : 2 ratio, v/v) in custard formulations resulted in losses on
allergenicity levels of the final product.

6. Effect of microbial fermentation
on the allergenicity

Some studies have reported on the effects of bacterial fermen-
tation on reducing the allergenicity levels of several food ingre-

dients. Frias et al.83 showed that fermentation by Aspergillus
oryzae led to a reduction in the allergic effects of soybean pro-
teins. In a similar way, some bacteria from Lactobacillus and
Streptococcus families have reportedly reduced the allergenic
effects of milk, soybean and wheat.84–87 Li et al.88 fermented
egg white using several strains of Lactobacillus and reported a
reduction in the allergenicity due to L. delbrueckii, which was
related to the possible cleavage of the OVM carbohydrate
moiety. Similar results were reported by Li et al.89 when using
Aspergillus oryzae (ATCC 16868).

7. Hypoallergenic egg white
allergens

Studies have shown that the allergic potency can be changed
by modifying the epitope sequences (e.g., by substituting an
amino acid through a mutation process).90,91 One way to
modify the sequence and also the structure of epitopes is to
use a recombination process. Recombinant proteins are not
entirely similar to their native analogues and some changes
may occur in their structures.92 One of the important appli-
cations of recombinant allergens is their use in the treatment
of some allergic diseases and skin prick.93,94 Several studies
have reported on the food recombinant allergens such as soy-
beans, peanut, English walnut, hazelnut, wheat and fish.95

The recombinant allergens from egg white proteins are investi-
gated in this section.

Dhanapala et al.96 produced four main egg white allergens
using E. coli as an expression system. Three of these allergens
(OVA, OVM and OVT) were IgE reactive and simulated the
immune system but LYS lost its immunoreactivity properties.
They did not provide a reason for reducing the immuno-
reactivity of LYS. Arita et al.97 used Saccharomyces cerevisiae AH
22 to produce two types of polymannosyl-attached LYS. They
replaced glycine (position 49) with arsenic and also replaced
arginine (position 21) with threonine to produce the potential
N-linked glycosylation sites. The recombinant LYS had lower
enzymatic activity than the natural ones. According to Arita
et al.,97 the long polymannosyl chain (310 and 340 residues on
49 and 21 positions) resulted in the Steic’s inhibition of the
substrates around the enzyme’s active sites. As a major
improvement, the IgE- and IgG-binding of recombinant LYS
were greatly suppressed. The carbohydrate chain could mask
(hide) the epitopes due to its large and branched structure.

Mine et al.98 produced recombinant allergens from the
third domain of OVM using E. coli as an expression system by
four single-site mutations at glycine 32, phenylalanine 37,
threonine 49, and lysine 55 and a double-site mutation at
glycine 32 and phenylalanine 37. The data showed that the re-
placement of phenylalanine (position 37) with alanine and the
simultaneous replacement of glycine (position 32) and phenyl-
alanine (position 37) with methionine and alanine resulted in
complete elimination of IgE and IgG binding but substitution
of threonine at position 49, lysine at position 55, and glycine
at position 32 did not indicate any changes in the immuno-
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reactivity levels of the protein. Investigating the secondary
structure of the protein showed that α-helix had decreased in
the recombinant allergen when compared to the native
protein. They suggested that phenylalanine (position 37),
which is at the core of the α-helix structure, plays an important
role in stimulating the immune system. But, glycine at position
32 (the core of the β-bend structure) shows a synergistic effect
in the immunoreactivity of the third domain of OVM.
Dhanapala et al.99 removed two disulfide bridges from 9
cysteine–cysteine bonds in the structure of OVM by replacing
alanine at cysteine 192 and cysteine 210 using site-directed
mutagenesis. The recombinant allergen showed less immuno-
reactivity than did the wild type. As Dhanapala et al.99 con-
cluded, the structure and S–S bonds play a major role in the
allergic reactivity of OVM.

Rupa and Mine100 produced recombinant OVA using
Escherichia coli. The IgE- and IgG-binding activities of the
recombinant OVA were higher in some of the sera samples
from the patients when compared to the native protein. They
attributed the increased immunoreactivity of recombinant OVA
to the changes in the structure of the protein as the recombi-
nant variant had a lower α-helix and β-structure, which was
also less compacted.

8. Changes in the allergenicity due
to the Maillard reaction

The Maillard reaction is a common phenomenon occurring in
some foods containing both protein and carbohydrates when
they are exposed to heat. A series of rearrangements such as
condensation, oxidation and hydration (and dehydration) are
taking place during this reaction.101,102 As a result, the aller-
genicity levels of proteins can change through the formation
of new epitopes or destruction of the existing epitope(s) when
they undergo the above rearrangements.103,104

Rupa et al.105 showed that the mannosylated egg white (pro-
duced by a 3-day Maillard reaction at a protein/mannose ratio
of 1 : 1 at 55 °C) in BALB/c mice decreased the levels of such
parameters as specific IgG, IgE, histamine and mouse mast
cell protease that are associated with the allergenicity and anti-
genicity. In a different study,97 it was reported that the attach-
ment of galactomannan to LYS by the Maillard reaction (at a
protein to galactomannan ratio of 1 : 4, 60 °C and 65% relative
humidity) leads to a reduction in the allergenicity and increase
in the antigenicity.

Ma et al.106 investigated effects of various parameters
(temperature: 60–100 °C; time: 10–120 min; pH: 2.0–10.0;
glucose/lysine ratio: 1–100 and OVA concentration at 4.00, 2.40,
0.40, 0.24 and 0.04 mg mL−1) on the reduction of immuno-
reactivity of OVA. The results showed that depending on the
conditions applied, the Maillard reaction can impose a posi-
tive or negative impact on IgE- and IgG-binding capacities of
the proteins studied. According to this study, the temperature
was the most effective parameter in reducing IgE-binding due
to the Maillard reaction and, under optimal conditions, IgE-

and IgG-binding can be reduced by 62 and 64%, respectively.
Ma et al.106 reported that the immunoreactivity of OVA can be
reduced by adjusting the conditions applied to the Maillard
reaction. Studies have been reported on lysine 227 and lysine
323 as two reaction sites for the glycation of OVA with ribose
leading to a reduction in the immunoreactivity of OVA due to
masking of IgE and IgG epitopes.107

9. The effect of thermal processing
on the allergenicity

Heat treatment is a conventional approach in food processing
applied to reduce microbial load, which increases the shelf life
and improves the quality of food products.108 However, pro-
teins can undergo some changes due to the applied heat.
Depending on the temperature, process time, structural pro-
perties of the proteins, environmental variables (such as moist-
ure, and pH), the type and extent of changes are different.109

Thermal process can also impact the susceptibility levels of
the proteins to gastrointestinal digestion, which ultimately
leads to changes in the allergenicity levels.110

Stanciuc et al.111 investigated the impact of heat treatment
(for 20 min at 80 or 100 °C) at various pH levels (4.5, 7.0 and
9.5) on the structure and antigenicity of OVM. The highest
levels of hydrophobic groups were found at pH 7.0. But, the
highest structural compression was observed at pH 9.5.
However, such thermal treatments did not result in significant
changes in the antigenicity of OVM at pH 4.5 and 7.0.
However, when pH 9.5 was applied, a significant decrease
(91%) was observed in the antigenicity of OVM.

According to Claude et al.,112 heating at 80 °C for 6 h under
opposite electrostatic conditions can lead to the formation of
small or large aggregates of OVA. The results showed that
small aggregates had less allergic potency than large ones.112

Relatively similar results were reported by Claude et al.,113 who
showed that the production of large aggregates of OVA by heat
treatment reduces IgE- and IgG4-binding ability in humans
and IgE- and IgG1,2a-binding ability in the mouse compared
with the native OVA. They stated that the applied conditions
(OVA solutions: 15 mg mL−1 in 0.8 M NaCl and pH 5.0 for 6 h
at 80 °C) did not eliminate all IgE-binding epitopes but led to
the loss or inaccessibility of some of them.113

Using the egg-allergic patients’ sera, Tong et al.11 examined
the effects of thermal processing on the structure and aller-
genicity of OVT. The heat treatment was performed at
55–100 °C for 5–60 min at pH 7.3. The antigenicity was
increased by heating at low temperatures (50, 60 and 70 °C for
5 min). Studying the secondary structure of heated OVT at
55 °C for 30 min showed that changes in the α-helix, β-sheets,
β-turn and random coils lead to protein unfolding and expose
some of the hidden epitopes to the outside environment.
There were no major differences between the structures of the
heated OVT (at 60 °C) and that of the native protein. However,
the structural changes in the protein were at higher levels
when heated at 80 °C and the number of sulfidryl groups was
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increased due to the cleavage of disulfide bonds.11

Consequently, the destruction of the structure due to the
breakdown of disulfide bonds decreased the antigenicity level
of OVA. Also, depending on the individuals, different levels of
allergenicity were obtained for different patients.11

10. Simultaneous effects of various
processes and gastrointestinal
digestion on the allergenicity

As discussed in section 3 of this article, one of the most impor-
tant factors in determining the allergenicity of egg white pro-
teins is the possibility of changes in allergens during gastroin-
testinal digestion.54 It was found that allergenicity levels for
proteins can be reduced using such methods as pulsed electric
fields, which result in masking the allergen epitopes in the
inner parts of aggregates.17 However, aggregates of proteins
can be unfolded by various digestive enzymes in the gastroin-
testinal tract resulting in the higher exposure of its epitopes to
IgE and an increase in the allergenicity, which is an adverse
effect against what a process may have done. This section
reviews the studies published on the effects of various pro-
cesses in combination with gastrointestinal digestion on aller-
gic potential.

Claude et al.19 applied two OVA aggregates at 50 nm and
65 μm sizes and two short and two long methods to investigate
the gastric, intestinal and jejunal digestion. The immuno-
reactivity effects of the samples being studied were completely
different. The native OVA showed the highest IgE binding
activity, but the smaller aggregate showed less IgE binding
activity. On the other hand, the impact of the gastric phase
was higher on the aggregates than on the native OVA. But, the
native OVA was more hydrolyzed at the intestinal phase.

Jejunal digestion did not have significant impacts on the
native OVA in the two methods under study but increased the
degree of digestion of aggregates, especially after 5 h. Overall,
the gastrointestinal phase led to the production of large pep-
tides from the native OVA, which limited more hydrolysis in
the jejunal phase. The results showed a positive effect of the
thermal process on digestibility but the correlation between
digestibility and IgE-binding capacity was opposite.19 These
findings are in good agreement with other published studies
on this matter. Jiménez-Saiz et al.114 reported that native OVA
maintains ∼30% of its IgE-binding activity after duodenal
digestion but OVA treated at 90 °C for 15 min showed a higher
reduction in immunoreactivity when compared to the native
one due to the higher susceptibility to gastrointestinal diges-
tion. Fushiki et al.115 reported that mild heat treatment or acid
denaturation can increase the effect of pepsin and pancreatic
digestion on OVA. But, native OVA was hardly affected by such
enzymatic treatments. In a similar study, Takagi et al.58

reported that 5 min heat pre-treatment at 100 °C could result
in more effective hydrolysis of OVA in the gastrointestinal tract.
However, milder heat treatments (60 °C for 30 min or 90 °C for
15 min) have not shown any major effect on the digestibility of
OVM. Treatment at 90 °C for 15 min resulted in ∼50%
reduction in the allergenicity of OVA.114

Lechevalier et al.18 investigated the effects of dry heat treat-
ment (60–90 °C for 1–10 days) on immunoreactivity and the
functional properties of egg white powder. A moderate dry
heat treatment led to more protein digestion due to the unfold-
ing or more flexibility of the protein structure, whereas severe
dry heat treatment led to more resistance to digestion due to
protein aggregation. Also, dry heat can impact the antigenicity
of proteins through changes in their structures.18 According to
Lechevalier et al.,18 greatest impacts on the antigenicity were
observed when a severe thermal process was applied. Such
effects were different for different proteins. For example, anti-

Table 4 Studies on physical and chemical methods related to allergenicity levels of egg white proteins

Protein Processing method Results Ref.

Egg white Irradiation with UV (0.0–29.1 W m−2) for up
to 30 min at 8 °C

In all cases, a decrease in immunoreactivity was detected 16

Acid treatment - Decreasing in IgE binding of OVA (at pH’s 2.0 and 3.0) and IgG (at pH
2.0)

22

- No difference in IgE and IgG binding of OVM and OVT
Dynamic high-pressure microfluidization Dynamic high-pressure microfluidization treatment from 80–200 MPa

significantly reduced the allergenicity of egg white proteins, especially at
120 MPa due to reduction in α-helix content.

117

Double enzyme hydrolysis by pepsin and
chymotrypsin

IgE- and IgG-binding of peptide less than 3 kDa was significantly lower
than native proteins

118

Ovalbumin Covalent interaction between OVA and
chlorogenic acid (CHA)

OVA–CHA conjugates reduced the allergenicity capacity of OVA due to
structural changes of protein and covering of IgE epitopes by CHA

119

Polyphenol oxidase-mediated covalent
cross-linking of OVA with caffeic acid

Antigenicity and allergenicity of OVA considerably reduced after cross-
linking

120

Covalent interaction between OVA and
quercetin

In vivo study showed that conjugation with quercetin decreased the
allergenicity and antigenicity of OVA

121

Ovomucoid Nitration No effect 23
Electrolysis The allergic action of OVM was reduced after electrolysis on both the

anode and cathode sides due to S–S bond destruction
122

Ovotransferrin Iron-chelation Iron-chalated OVA made the immune system less stimulated than iron-free
OVA

123
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genicity for LYS was decreased and IgG-binding for OVT was
increased while OVM was not affected by such processes.

The Maillard reaction at 50 °C for 96 h for a protein/glucose
ratio of 20 : 1 (w/w) did not indicate any impact on the gastro-
intestinal digestibility of OVM but reduced digestibility of OVA,
especially in the gastric phase. In general, the Maillard reac-
tion exhibits adverse effects on the immunoreactivity of OVA
and OVM after digestion.114 According to Jiménez-Saiz
et al.,114 the immunoreactivity of OVM was increased by the
formation of a new epitope or glucose reaction with IgE but
that of OVA was reduced due to irreversible changes in the
protein structure and the destruction of structural epitopes.

Ma et al.116 examined the effect of transglutaminase-
mediated crosslinking on IgE binding of OVA. The samples pre-
viously subjected to high pressure were more affected by the
enzyme. Simultaneous or sequential enzymatic treatment and
high pressure resulted in the formation of high-molecular-
weight polymers.116 In addition to new bonds formed by the
enzyme, the new disulfide bonds occurring after high-pressure
treatment contributed to the production of such polymers.116

Results showed that the digestibility and allergenicity levels of
the polymers did not show significant differences with those of
native proteins. But, minor changes were found in the digesti-
bility of OVA. Table 4 lists some physical and chemical methods
that can impact the allergenicity of egg white proteins.

11. Considerations for future studies

1- LYS and OVT are among the major egg allergens with little
information about sequences and structures of their epitopes.
In order to select a proper process to remove allergenicity from
egg white proteins, a complete understanding of the structures
and sequences of allergic epitopes is needed. Therefore, more
studies have to be conducted in this field on all egg white
allergens, especially on LYS and OVT.

2- It should also be investigated whether the allergenicity
reduction is associated with any possible structural changes of
the epitopes.

3- Food matrix can impact the allergenicity levels of the pro-
teins by affecting their gastrointestinal digestion behavior.77,78

Therefore, some studies are needed to identify possible effects
of different types of food matrices on the allergen proteins
during different food processes

4- A comprehensive study is needed to identify the effects
of all steps of the digestive tract on the allergenicity levels of
egg white proteins, especially that of OVM.

5- The fermentation process is an easy, inexpensive and
practical approach that has shown good results in reducing
the allergenicity activities of egg white proteins.89,90 Therefore,
further studies on the effects of different bacterial and fungal
species on allergenicity reduction should be considered.

6- Although various processes for the allergenicity reduction
may cause some changes in the structure of the proteins, they
may also impact their functional properties that need to be
investigated.104 One ultimate goal for eliminating the aller-

genicity of egg white proteins is to use them in various appli-
cations without any concerns for allergic consumers.

12. Conclusion

In order to produce diverse products from egg white, elimin-
ation/mitigation of allergenicity from this commodity has to
be evaluated. This review considered investigations on the
changes in the structures and sequences of IgE epitopes from
the main allergens in egg white and the effect of various
factors on allergenicity levels of egg white proteins. According
to the studies, although different processes may result in redu-
cing the allergenicity levels of egg white proteins, so far, not a
single procedure has been proposed to eliminate the allergeni-
city in egg white proteins. Regardless of that, both positive and
negative effects of such processes have been reported on struc-
tural changes in the allergens during gastrointestinal diges-
tion. Such changes in the structure can in turn increase or
decrease the allergenicity level of the product. Therefore,
optimizations of processes may lead to reducing allergenicity
levels of egg white proteins. But, studies are needed to investi-
gate the quality, safety, functional and biological properties of
proteins after such changes.
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