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Purpose: The present study was performed to determine the factor, either duration or the temperature of heat treatment, exerting maximal and sig-
nificant influence on the composition and allergenicity of egg white (EW) proteins. Methods: Raw EW and 4 kinds of heated EW (fried EW, boiled
EW for 10 minutes, boiled EW for 30 minutes, and baked EW for 20 minutes at 170°C) were prepared, and subsequently protein extraction was car-
ried out. The proteins were separated by SDS-PAGE, and then immunoglobulin E (IgE) immunoblots were performed with the sera of 7 egg-allergic
patients. Furthermore, the antigenic activities of ovalbumin (OVA), ovomucoid (OM), and ovotransferrin (OT) in different EW samples were measured
by inhibition enzyme-linked Immuno-sorbent assay (ELISA). Results: In SDS-PAGE analysis, the intensity of the protein band at 45 kD (correspond-
ing to OVA) decreased significantly in boiled EW (30 minutes) and baked EW, but no change was observed in the case of boiled EW for 10 minutes.
In IgE immunoblots, the IgE response to 34-50 kD (OM and OVA) in boiled EW for 30 minutes decreased significantly, when compared with raw EW
and other heated EWs. In inhibition ELISA, a significant decrease in the OVA antigenic activity was observed in boiled EW for 30 minutes amongst
other heated EW samples. However, OM antigenic activity in all kinds of heated EW including boiled EW for 30 minutes did not reduce after heat
treatment. The OT antigenic activity nearly disappeared in heated EWs except in the case of boiled EW for 10 minutes. Conclusions: Amongst 4
kinds of heated EWs, the boiled EW for 30 minutes showed the most significant changes both in composition and reduction in allergenicity. Our re-
sults revealed that the duration of heat treatment had more influence on the composition and allergenicity of EW proteins than the temperature.
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INTRODUCTION ing allergenicity." When a protein is denatured by heat, most of

the original tertiary structure is lost, so that a number of sites

Hen eggs are one of the most frequent causes for adverse re-
actions to food'” affecting approximately 1.6% of children.** Egg
allergy has been shown to be the most common food allergy in
children with atopic dermatitis.>®

Allergic reactions are more frequently elicited by egg white
(EW) proteins than egg yolk.”® EW contains 24 different types of
glycoproteins. Ovomucoid (OM, Gal d1), ovalbumin (OVA, Gal
d2), ovotransferrin (OT, Gal d3), and lysozyme (Gal d4), com-
prising 10, 54, 12, and 3.5% of total EW protein, respectively,
have been identified as major allergens.”"* OM is considered to
be the dominant allergen in hen’s EW.*'>!* OM is resistant to
heat and remains in the soluble form even after heating. In con-
trast, although OVA is the most abundant protein found in EW,
it is sensitive to thermal denaturation, thus causing a resultant
decrease in allergenicity."

Heat treatment has been recognized as a simple way of reduc-
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recognized by antibodies on the native molecule are destroyed.
There are many examples of heat induced reduction in allerge-
nicity but not complete elimination. However, food allergy oc-
curs when we usually eat heat-treated foods. Heat-denatured
proteins can also present new antigenic sites, uncovered by the
unfolding process or created by new chemical reactions with
other molecules present in the food."” Although it has been well
known that the allergenicity of EW proteins is reduced to a great
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extent by heat treatment, it has not been studied about the fac-
tor which exerts more significant influence on the composition
and allergenicity of EW proteins; the duration of heat treatment
or the temperature of heat treatment.

In this study, we compared the composition and allergenicity
of raw EW and several kinds of heat treated EW samples with
different duration and temperature of heat treatment, and we
sought to determine that amongst the duration of heat treat-
ment and the temperature of heat treatment, which factor ex-
erts more significant influence on the composition and allerge-
nicity of EW proteins.

MATERIALS AND METHODS

Patient sera

We used the pooled sera from seven patients, who were aller-
gic to EW. We diagnosed the egg allergy when the patients ex-
perienced evident aggravation of atopic dermatitis, urticaria
and angioedema or anaphylaxis within 2 hours after the inges-
tion of EW, and having EW white-specific immunoglobulin E
(IgE) (>0.7 KUa/L, immunoCAP; Pharmacia, Uppsala, Sweden).
After informed consent was received, blood samples were ob-
tained and all the serum samples were stored at -80°C until use.
This study was approved by the Samsung Medical Center Insti-
tutional Review Board.

Preparation of EW protein extracts

The time and temperature of boiling, frying and baking were
determined considering the usual methods of cooking in daily
life. We compared the allergenicity of EW boiled for 10 minutes
and for 30 minutes to find whether or not prolonged boiling
than usual could reduce the antigenic activity of EW. In addi-
tion, we compared the allergenicity of EW boiled at 100°C and
EW baked at 170°C to know the effect of heat temperature.

Hen’s eggs were purchased from a local grocery store, stored
at 4°C and used in this experiment within 2 days of purchase.
Heated EW samples were prepared by frying the eggs in vegeta-
ble oil for 3 minutes without checking the temperature, boiling
whole egg for 10 minutes and 30 minutes, baking EW at 170°C
for 20 minutes, respectively. After freeze drying, the preparations
were milled into a powder by using a homogenizer. Raw EW was
prepared by directly freeze-drying liquid EW before homogeni-
zation. Subsequently, the proteins were extracted from the raw
EW and 4 EW samples prepared from different kinds of heating
methods.

EW protein extract was prepared by adding 10 g of fresh EW to
90 mL of phosphate-buffered saline in sterile centrifuge tubes.
The mixture was rotated for 90 minutes at 4°C, centrifuged at
9,000 rpm for 20 minutes, and then decanted and placed in
sterile tubes. The supernatants were filter-sterilized through
0.45 um filters (Millipore, Corringlwohill, Co. Cork, Ireland) and
Iyophilized. Protein concentrations were determined by using
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microplate reader (VersaMax) with a Bradford protein assay (Bio-
Rad, catalog No. 5000006). All the extracts were stored at -80°C
until further use.

SDS-PAGE

The extracts and purified proteins were separated by SDS-
PAGE according to Laemmli methods. Extracts and proteins
were reduced by heating with 4 X SDS-PAGE gel loading buffer
(LDS sample Buffer, Invitrogen, catalog No. NP0007; mixed 1:10
with reducing agent, Invitrogen, catalog No. NP0004) and load-
ed into each well of the gel (4-12%Tris-Glycine gels, 1.0 mmX 10
wells, Novex pre-cast gel; Invitrogen, catalog No. NC0321Box).
Precision plus protein standards (Bio-Rad, product No. 161-
0374) were used as molecular weight markers to estimate pro-
tein size. The separated proteins were transferred onto 0.45 um
pore-sized polyvinylidene fluoride (PVDF) membrane (Invitro-
gen, catalog No. IB4010-02) by means of the dry-blotting meth-
od using a iBlot” gel transfer device (Invitrogen Corporation,
Carlsbad, CA, USA, catalog No. IBL001EU).

IgE immunoblots

Immunoblotting was carried out by electrophoretically trans-
ferring the samples subjected to SDS-PAGE to a supported PVDF
membrane. Subsequently, IgE immunoblots were performed
with the individual serum of 7 egg-allergic patients. Immunob-
lots were pre-incubated for 1 hour at room temperature with
blocking reagent (phosphate buffered saline tween 20 [PBST]
with 2% non-fat dry milk [NFDM]) and then incubated over-
night with allergic and non-allergic sera (diluted to 1:10 v/v in
blocking reagent). Unbound IgE was removed by performing
repeated rinses with PBST. For detection of bound IgE, the
membranes were incubated with biotin-labeled goat poly-
clonal IgG-anti-human IgE (KPL, Gaithersburg, MD, USA), fol-
lowed by washing and then incubation in NeutrAvidin-HRP
(Pierce Biotechnology, Rockford, IL, USA). Detection of bound
IgE was achieved using enhanced chemiluminescence (ECL
reagents [Amersham, Arlington Heights, IL, USA] or SuperSig-
nal reagents [Pierce, Rockford, IL, USA]) with multiple exposure
times per membrane to provide optimal signal to noise ratio on
the X-ray films. Blotted membrane was then exposed to High
performance chemiluminescence film (GE Healthcare Limit-
ed, Buckinghamshire, UK) and the film was then developed. As
a control, one membrane was incubated with the secondary
antibody and ECL detection, but without human serum to eval-
uate the specificity of the detection system. Immunoblots were
compared with a reflective densitometer (Chemi documenta-
tion UVP [DDS-8000]) and Quantity One software (Bio-Rad).

Inhibition enzyme-linked Immuno-sorbent assay (ELISA)

We performed inhibition ELISA with the pooled sera of 7 egg-
allergic patients. OVA (Sigma A-5503, purity approximatively
98%), OM (Sigma T-2011) and OT (Sigma C-7786 ) were used as
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the plate-coating antigen. The EW proteins were dissolved in
deionized water (1 mg/mL for final conc.), aliquoted, and then
frozen until required.

The coating buffer (0.1 M carbonate/bicarbonate, pH 9.1)
containing OVA, OM or OT at a concentration of 50 ug/mL was
introduced into each well of a plate (Nunc-Maxisorp NO FDF).
The plate was covered with plate-sealing tape and was kept at
4°C overnight. Preincubation of the sample or standard in the
presence of pooled sera of egg allergic patients was utilized to
optimize the competition. The sera were diluted in PBS, pH 7.4,
containing 0.05% Tween 20 and 2% BSA (Sigma A-21536). One
volume (55 pL) of antibody solution (anti-OVA, anti-OM, or an-
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Fig. 1. SDS-PAGE analysis of raw and heated EWs. Lane 1: raw egg white (EW),
lane 2: fried EW, lane 3: boiled EW for 10 min, lane 4: boiled EW for 30 min,
lane 5: baked EW for 20 min at 170°C. OT, ovotransferrin; OVA, ovalbumin; OM,
ovomucoid.
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ti-OT) was added to one volume (55 pL) (vol/vol) of the stan-
dard or unknown eggshell extracts that had been previously di-
luted in assay diluents. The pooled sera were used at a concen-
tration of 1/100. The antibody-protein mixtures were kept in
tubes at 37°C for 1 hour. The optical density of each well was
measured in a plate reader (VersaMax) at 595 nm.

RESULTS

SDS-PAGE

The gel electrophoretogram revealed each EW proteins had
different changing patterns by heat treatment conditions (Fig.
1). Several dominant protein bands were observed at 37-50 kD
(overlapped bands of OVA and OM), 14 kD (lysozyme), and 76
kD (OT) in raw EW (Fig. 1, lane 1). Based on a previous report,'®
it was confirmed that the strong band around 45 kD in raw EW
corresponded to OVA. Overall, protein bands became weaker
and broader by heat treatment and the pattern of protein bands
changed according to the heating time (Fig. 1, lane 3, 4). The
protein band at 37-50 kD became broader by heating and it was
weakest in boiled EW for 30 minutes. The intensity of the protein
band at 45 kD decreased significantly in boiled EW (30 minutes)
and baked EW, but not in boiled EW for 10 minutes. The bands
corresponding to lysozyme completely disappeared by heating,
which signifies that lysozyme is very heat-labile and gets de-
graded by heat treatment. The OT (75 kD) became weak by all
kinds of heat treatment, and nearly disappeared in boiled EW
for 10 minutes, as can be seen from the gel electrophoretogram.
Several new weak protein bands were seen above 100 kD after
heat treatment, whereas they were not seen in boiled EW for 10
minutes and got stronger with an increase in time of heating.
The strongest band was observed in boiled EW for 30 minutes.

Patient5 Patient 6 Patient 7
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Fig. 2. IgE Immunoblots against egg white (EW) proteins extracted from raw EW and heated EWs with the sera of 7 egg-allergic patients. The IgE response to 34-50
kD (overlapped band of ovomucoid and ovalbumin of boiled EW (30 min) decreased significantly, compared with raw EW and other heated EWs. Lane 1: raw EW,
lane 2: fried EW, lane 3: boiled EW for 10 min, lane 4: boiled EW for 30 min, lane 5: baked EW at 170°C for 20 min.
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Fig. 3. Enzyme-linked Immuno-sorbent assay inhibition analysis for detecting changes in the antigenic activity of ovalbumin (OVA), ovomucoid (OM) and ovotransfer-
rinin raw, fried, boiled (10 and 30 min), and baked EW samples using pooled sera of 7 egg-allergic patients. OVA antigenic activity mostly decreased in boiled EW (30
min) amongst the other heated EW samples. Nevertheless, no reduction in OM antigenic activity in all kinds of heated EW samples including boiled EW (30 min) was

observed after heat treatment.

IgE immunoblots

The IgE immunoblots against EW samples of 7 egg-allergic
patients exposed to different heating conditions are shown in
Fig. 2. Based on the results of SDS-PAGHE, it is difficult to assess
the separate profiles of OVA and OM because of not only dif-
fused shape of OM, but also because of similar overlapping of
the mobile phases of the two respective proteins in the gel. Con-
sequently, we evaluated the IgE reactivity against OM and OVA,
as one thing without differentiating the two. The IgE response
to heated EW samples in all the patients showed similar pat-
terns except for minor individual variations in the level of IgE
responses. The IgE binding intensity to 37-50 kD (overlapped
band of OM and OVA) of boiled EW for 30 minutes was weakest
when compared with raw EW and other heated EWs in all the
patients. In most of the patients, except in the case of patient ‘5,
the IgE binding activity to 37-50 kD of fried EW and boiled EW
for 10 minutes was even more intense than that of raw EW. In
most of the patients (patient 1,2, 3, 6, 7), an increase in IgE re-
activity to 37-50 kD of baked EW was observed when compared
with raw EW. The IgE responses against the proteins around 75
kD and above 100 kD increased by heat treatment irrespective
of the level and type of heat treatment in most of the patients.
None of the patients exhibited IgE reactivity against lysozyme
regardless of the nature of heat treatment.

Inhibition ELISA

In inhibition ELISA, we could confirm the individual antigen-
ic activities of 3 major EW allergens, especially differentiating
the reactivity against OM from the reactivity against OVA. A de-
crease in the OVA antigenic activity was observed in all the
heated EW samples except in the case of boiled EW for 10 min-
utes by heating, also a major decrease was observed in boiled
EW (30 minutes). In boiled EW for 10 minutes, OVA antigenic
activity did not decrease when compared with raw EW. On the
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other hand, no reduction in the OM antigenic activity in all kinds
of heated EW including boiled EW for 30 minutes was observed.
On the contrary, an increase in antigenic activity was observed
after heat treatment. The OT antigenic activity nearly disap-
peared in heated EWs except in boiled EW for 10 minutes (Fig. 3).

DISCUSSION

In the present investigation, we evaluated as how the compo-
sition and allergenicity of EW allergens are altered by the de-
gree of heat processing and the cooking methods. And we con-
firmed that each EW protein had different changing patterns
depending on the nature of heat treatment condition. Among 4
kinds of heated EWs, the boiled EW for 30 minutes exhibited
the most significant changes in composition and reduction in
allergenicity. A decrease in the IgE reactivity against OVA was
observed in boiled EW for 30 minutes, but not in EW baked at
170°C for 20 minutes and in EW boiled for 10 minutes. Heat
treatment did not reduce the antigenic activity of OM regard-
less of the duration and temperature of the heat treatment. Al-
though no reduction in IgE reactivity against OM was observed
by boiling for 30 minutes, our results showed that the duration
of heat treatment had more influence on the composition and
allergenicity of EW proteins than heat temperature.

Generally, heating decreases protein allergenicity by destroy-
ing conformational epitopes. Heat denaturation of globular pro-
teins may disrupt their tertiary structure and lead to random-
coiled aggregation and insolubility. There are some reports,
which suggest that the changes in the antigenicity of food pro-
teins caused by heating can be different according to the dura-
tion of heating.''** There was a report showing that OVA de-
natured by heating at 80°C for 10 minutes had only little reduc-
tion in allergenicity.'® Similarly, in the present study, no reduc-
tion in the allergenicity of OVA in boiled EW for 10 minutes was
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observed. On the contrary, a study has demonstrated reduction
in IgE binding with OVA and OM by heating for 15 minutes at
95°C.* In a previous study, EW proteins boiled for 5 or 60 min-
utes showed a decreased allergenicity, especially after prolonged
boiling for 60 minutes when compared with unheated EW pro-
teins.” We found that the allergenicity of EW proteins other than
OM could be minimized after intensive heat denaturation for
30 minutes.

Many studies have revealed that OM was stable to digestion
and heat, and heated eggs can cause allergic reactions in OM
allergic patients.” Our study revealed that the antigenic activity
of OM did not decrease after heating regardless of the duration
and temperature of heating, and the results were similar to the
previous studies. In ELISA inhibition, OM reactivity of boiled
EW for 30 minutes did not decrease, showing that OM is even
resistant to prolonged heating. The OVA has been known to be
heat labile and easily lose its allergenicity by heating. However,
in our study the allergenicity of OVA did not decrease after boil-
ing for 10 minutes, and only a little decrease was seen after fry-
ing and baking for 20 minutes, showing that the allergenicity of
OVA cannot be reduced by short-time and light heating.

The majority of milk and egg-allergic children can tolerate ex-
tensively heated milk and eggs.”"* Nowak-Wegrzyn et al.”!
showed that the majority of children with milk allergy tolerate
heated milk, and subjects ingesting heated milk products had
significantly smaller skin prick test wheals and higher casein-
IgG4 when compared with baseline. Similar result was obtained
in children with egg allergy. One recent study reported that the
majority of 117 subjects with egg allergy were tolerant to heated
egg, 64 tolerated extensively heated egg products (muffin baked
at 350°F for 30 minutes or waffle baked at 500°F for 3 minutes),
on the other hand only 23 patients tolerated regular egg (scram-
bled egg or French toast).> Reaction to raw or lightly cooked egg,
but tolerance to more extensively cooked egg-containing foods
is a common finding.**

Heat treatment might also potentially increase protein aller-
genicity by formation of neoepitopes. In this study, the IgE
binding activities to 34-50 kD of fried EW and boiled EW for 10
minutes were more intense than that of raw EW in most of the
patients, demonstrating that insufficient heat treatment might
increase the allergenicity of some EW allergen. Such an obser-
vation can be attributed to the presence of newly formed epit-
opes due to incomplete heating. Similarly, the IgE-binding ca-
pacity of soy 2S-globulin has been reported to be strengthened
by heating.”® Moreover, roasting at high temperature can en-
hance allergenicity of peanut as a result of glycation.

Hen’s egg is mostly ingested in a heated state, and certain EW
allergens are especially labile to extensive prolonged heat treat-
ment. It has been reported that 50-70% of children with egg al-
lergy tolerated heated egg ingestion.'****** Continued inges-
tion of heated egg was associated with decreased skin test reac-
tivity and OVA-specific IgE levels and increased OVA- and OM-
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specific IgG4 levels.”? Continued ingestion of heated egg prod-
ucts would be better for the development of tolerance than
strict egg restriction. It can also prove useful in practical terms
for participation of the child in social activities.

Previously, it had been thought that the majority of children
with egg allergy become egg tolerant by school age.**” However,
a recent study in U.S.A. has suggested that egg allergy persists
well into the adolescent years for many children with egg aller-
gy.” If egg allergy persists beyond the infancy, although the ma-
jority is not life-threatening, egg allergy can exert a bad influence
on the quality of life of the patients who attend the day care
center or a school due to the difficulty of exclusion of egg from
the diet. Accordingly, the demand for oral immunotherapy
might increase in the treatment of egg allergy. Introduction of
extensively heated milk and egg proteins into the diet of allergic
children may represent an alternative approach to oral toler-
ance induction. The result of our study demonstrated that pro-
longed boiling of eggs for 30 minutes most significantly reduced
the allergenicity of EW allergen. The egg products with reduced
allergenicity by prolonged heat treatment for 30 minutes can be
used for oral immunotherapy of egg allergy. In the future, we
are going to try oral immunotherapy with the egg products
heated for more than 30 minutes in children with egg allergy.

In conclusion, the result of our study showed that boiling the
eggs for 30 minutes most significantly reduced the allergenicity
of EW amongst 4 kinds of heated EW proteins with different
temperature and duration, indicating that the duration of heat
treatment had more influence on the composition and allerge-
nicity of EW proteins than the heat temperature.
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