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The present study aimed to investigate the relationship between protein carbonylation and changes of
the IgE reactivity of turbot parvalbumin (PV) following electron beam (EB) irradiation. The concentration
of protein carbonyls, specific IgE binding, and IgE binding inhibition between irradiated and oxidized PV
were assessed. Irradiation resulted in a 3-fold enhancement in the protein carbonyl content. In purified
PV irradiated with a 10-kGy dose, specific IgE binding was reduced by 91.2 ± 6.2%. When raw PV was trea-
ted with reactive oxygen species (ROS), the protein carbonyl content increased 17.6-fold, with the specific
IgE binding being reduced by 87.9 ± 6.5% at an ROS concentration of 10 nmol/mL. The IgE binding inhibi-
tion between irradiated and oxidized PV was investigated using an inhibition ELISA. Results showed that
oxidized PV can inhibit the binding between irradiated PV and specific IgE with an IC50 of 8.2–58 ng
according to different doses of irradiation. These findings suggest that EB irradiation reduces specific
IgE binding, probably by the induction of protein carbonylation.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Seafood, especially fish, contains high quantities of protein and
polyunsaturated fatty acids. Due to its nutritional value, In part due
to its nutritional value, seafood is a popular and very commonly
consumed food (Jin, 2008). However, recent epidemiological data
suggest that fish allergies are increasing. In 2012, using a written
questionnaire, Connett et al. (2012) investigated fish allergies in
14–16-year old teenagers in the Philippines. According to this
report, the prevalence of fish allergies was 2.29%, which was higher
than that of self-reported fish allergies in the USA (0.7%). This
hypersensitivity rate was higher than that of eggs, peanuts, wheat,
and tree nuts (Vierk et al., 2007). Typical fish allergy patients have
clinical symptoms of diarrhea, vomiting, and even life-threatening
anaphylactic shock after hypersensitivity (Priftis et al., 2008).

In order to reduce the risk of fish allergy, one efficient way is to
reduce the allergenicity of fish parvalbumin (PV), which was the
first identified major allergen of fish (Elsayed and Aas, 1971; Lee
et al., 2007). Industrial processes such as heat (Arif and Hasnain,
2010), irradiation (Zhenxing et al., 2007), enzyme hydrolysis
(Untersmayr et al., 2005), and high pressure (Liu and Xue, 2010)
have been investigated to find an effective way to reduce allergen-
icity. Among these methods, irradiation is the most attractive
because it is convenient, has a low cost, and is efficient. The aller-
genicity of certain food allergens may be reduced by irradiation,
which has been confirmed in animal models (Seo et al., 2007).
However, most of this work focused on gamma ray (GR) irradia-
tion, with few researchers having used electronic beam (EB) irradi-
ation for allergenicity reduction. Nevertheless, EB irradiation has
advantages over the use of gamma irradiation: it is safe, cost-effec-
tive, easy to control and is acceptable to consumers (Park et al.,
2010). Studies on the changes in the IgE-binding ability to PV after
EB irradiation are imperative. Furthermore, elucidation of PV
changes during EB irradiation could help to construct a stable pro-
cedure for fish allergenicity reduction.

Previous research has shown that EB irradiation can generate
reactive oxygen species (ROS) in irradiated organisms (Alberti
et al., 2005). Exposure of protein to ROS resulted in alterations of
amino acid side chains mainly due to carbonylation (Estévez
et al., 2011; Utrera and Estévez, 2012). Consequently, the protein
structure is modified. Some researchers have found that protein
carbonylation changes water-holding capacity and gel-forming
ability during food preservation (Liu et al., 2010). It has therefore
been hypothesized that the changes in IgE binding ability during
irradiation may be caused by allergen carbonylation by ROS. In this
study, experiments were performed to evaluate the effect of pro-
tein carbonylation on IgE binding ability to turbot PV.
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2. Materials and methods

2.1. Fish

Fresh Turbot (Scophthalmus maximus) of approximately 1 kg body weight was
purchased from TaiDong fishery market in Qingdao, China. After removal of the guts
and head, washing, and filleting, back muscles were separated into 50 ± 2.0 g pieces
and sealed in sterile food-grade polyethylene plastic bags at �40 �C until further
use.

2.2. Chemicals

HRP-conjugated goat anti-human IgE antibody, butylated hydroxyanisole
(BHA), 6-hydroxy-2,5,7,8-tetramethyl-2-carboxylic acid (Trolox), ethylene diamine
tetraacetic acid (EDTA), were procured from Sigma Chemical Co. (St. Louis, MO,
USA). The enhanced chemiluminescent (ECL) substrate for immunobloting was
from Pierce (Rockford, IL). Sodium dodecyl sulfate (SDS) was procured from Bio-
Rad Laboratories (Hercules, CA, USA). All other chemicals and reagents were of ana-
lytical grade.

2.3. Human sera

Sera from volunteers with fish allergies were collected from The Affiliated Hos-
pital of Medical College Qingdao University. Turbot fish PV-specific IgE was
detected in 10 serum samples. Their specific IgE level for turbot PV and total IgE
level were determined by AllergyScreen (MEDIWISS Analytic GmbH, Moers, Ger-
many). Their specific IgE levels were 1.1, 0.81, 0.44, 0.62, 0.71, 1.2, 0.64, 0.52,
0.54, 0.76 kU/l, respectively. And the total IgE levels were 186.2, 84.3, 91.5, 113.6,
98.7, 123.6, 149.7, 76.5, 94.3, 113.4kU/l, respectively. One serum sample from a
non-allergic healthy volunteer was used as a negative control. The specific IgE level
and total IgE level was 0.08 kU/l and 12.1 kU/l respectively, and the patients did not
show any food allergy symptoms. All serum samples were stored at -80 �C until fur-
ther use.

2.4. Sample irradiation

Turbot muscle samples were sealed in a sterile food-grade polyethylene plastic
bag, placed in an open box with ice, and irradiated with varying doses (1 kGy, 3 kGy,
5 kGy, 7 kGy, 10 kGy, 13 kGy) by electron beam irradiation at 10 MeV. The real
absorbed dose was estimated by Amber Perspex (from Harwell Company, U.K.).
After irradiation, the samples were stored at �40 �C until further use.

2.5. Turbot parvalbumin purification

Turbot parvalbumin (PV) was purified according to the previously described
method with minor modification (Cai et al., 2010). Briefly, turbot muscles (treated
or raw samples) were placed in separate aseptic homogenizer cups (Kinematica,
SW-2100, China), and homogenized with 5-fold of 20 mM Tris–HCl (pH 7.4) buffer.
Followed by centrifugation at 6000g for 20 min, the supernatant was separated and
precipitated with 70–90% ammonium sulfate overnight. Subsequently, protein pre-
cipitate was suspended in a minimal volume of 20 mM Tris–HCl (pH 7.4) and dia-
lyzed in the identical buffer overnight. After adjusting the pH to 4.5, the dialyzed
solution was centrifuged at 8000g for 20 min, the resulting precipitate was col-
lected and dissolved in a minimal volume of 20 mM Tris–HCl (pH 7.4) and dialyzed
against the same buffer overnight. A Sephacryl S-200 column was equilibrated with
20 mM Tris–HCl, 0.15 M NaCl (pH 7.4) buffer solution. The dialyzed solution was
loaded onto the gel column. This was followed by fraction collection to purify PV
at a 1.0 mL/min flow rate. Eluted PV fractions were lyophilized for further experi-
ments. The presence of PV during all purification steps was monitored by SDS–PAGE
and absorbance at 220 nm. All procedures were performed at 4 �C.

2.6. Protein concentration determination

Based on the Bradford method, Bio-Rad protein assay kit was used to determine
protein concentration. Briefly, dye reagent dilutions were mixed separately with
standard BSA and PV samples, followed by incubation at room temperature for
5 min. Concentrations were calculated after OD measurement at 595 nm. Experi-
ments were performed in triplicate.

2.7. Parvalbumin oxidation with ROS

Fish PV was oxidized as previously described by Cui et al. (2012). In brief, fish
PV solution (20 mg/mL) was incubated at 20 ± 1 �C for 10 h in hydroxyl radical gen-
erating system (HRGS), which consists of 0.1 mM FeCl3, 0.1 mM ascorbic acid, and
four concentrations of H2O2 (0.1, 1.0, 5.0, and 10.0 mM) in PBS (0.01 M, pH 7.4).
The oxidation reaction was stopped by adding BHA/Trolox/EDTA (1 mM each).
The negative control (nonoxidized) sample was run without HRGS components in
same buffer. All treated and nontreated samples were lyophilized for further
experiments.
2.8. Protein carbonylation determination

The carbonyl content in PV was determined according to Xia et al. (2009), by
protein hydrazones formed by DNPH and reacted carbonyls. Absorbance of
DNPH-treated samples was measured by TU-1800 spectrophotometer (Beijing Pur-
kinje General Instrument Co. Ltd., Beijing, China) at 365 nm with HCl as control. The
amount of carbonyl was expressed as nmol carbonyl per mg protein using an
absorption coefficient of 2.2 � 104 M�1 cm�1 for the protein hydrazine.

2.9. Estimation of the specific IgE binding ability by ELISA

Specific IgE binding ability to modified PV was assayed by ELISA, following the
procedure of Singh et al. (2006). In brief, raw or modified (irradiated or oxidized)
fish PV (1 mg/100 ml per well) was fixed in a microtiter plate (Nunc, USA), over-
night at 4 �C with carbonate buffer. After PBS-Tween 20 (0.05%) washing, wells
were filled with 1% BSA and incubated at 37 �C for 2 h, to block nonspecific sites.
After washing with PBS, microtiter wells were filled with test samples (1:5 v/v
diluted sera of fish-allergic patients), and incubated overnight at 4 �C. Sera of
healthy volunteers were used as negative controls. Horse radish peroxidase-linked
anti-human IgE (1:1000 v/v) was added to microtiter wells after washing, and incu-
bated at 37�Cfor 2 h. Reactions were read at 405 nm after color development by
TMB and reaction termination by 2.0 M H2SO4.

2.10. Effect of IgE binding inhibition between irradiated and oxidized parvalbumin

The IgE binding inhibition between irradiated and oxidized parvalbumin were
evaluated by inhibition ELISA with sera from fish allergy patients. Initially, microti-
ter plates were coated with irradiated PV (1 lg/100 lL per well) in carbonate buffer
overnight at 4 �C. In addition, different amounts of oxidized PV (10, 50, 100, 500,
1000 and 10,000 ng) were mixed with patient test serum (1:10 v/v) for the respec-
tive antigen, and incubated at 4 �C overnight. The mixture was then added to the
microtiter plate coated with irradiated PV. Control was run with normal human
serum. The concentration of protein that could inhibit 50% of IgE binding was
estimated using the following formula.

1� OD of sample with inhibitor
OD of sample without inhibitor

� 100
2.11. Statistical analysis

Treatments were performed at least in triplicate on the same turbot muscle
samples for each experiment. Data were analyzed using SPSS 19.0 software. Values
are represented as mean ± SD. Analysis of variance was done to determine the sig-
nificance of the changes with different treatments.

3. Results

3.1. ELISA-based comparison of specific IgE binding to PV from turbot
fish samples subjected to different doses of irradiation

ELISA was performed to evaluate the IgE binding ability to fish
PV using sera from patients with fish allergies. The IgE binding
ability was slightly reduced by 4.7–7.1% (mean 6.0 ± 3.1; p > 0.05)
when fish muscle was irradiated with a 1 kGy dose as compared
with IgE binding to raw fish PV (Table 1). When the irradiation
dose was increased to 5 kGy, the IgE binding ability was signifi-
cantly decreased by 57.6–66.8% (mean 62.0 ± 5.6; p < 0.01 vs.
3 kGy). The maximum decline was observed when the fish was
irradiated at 10 kGy: the IgE binding ability was reduced by
87.9–94.6% (mean 92.6 ± 6.1), revealing that most of the IgE bind-
ing of PV could be destroyed as compared with the raw fish muscle.
The reduction in IgE binding was not linear with increased PV irra-
diation; when the irradiation dose increased to 13 kGy, the IgE
binding of fish PV was slightly increased as compared with
10 kGy. These results show that the IgE binding ability was
reduced by more than 50% when the irradiation dose was more
than 5 kGy.

3.2. Changes in the protein carbonyl content following treatment with
different doses of EB radiation

This study shows for the first time the development of protein
carbonyls in fish PV by EB irradiation. As compared with raw PV



Table 1
Percent reduction in specific IgE binding of irradiated fish parvalbumin (PV) by ELISA.

Patients 1 2 3 4 5 6 7 8 9 Mean ± SD

1 kGy 5.4 ± 2.1 6.7 ± 2.4 7.1 ± 4.3 4.8 ± 3.1 6.1 ± 2.6 6.4 ± 2.8 5.9 ± 3.5 4.7 ± 3.6 6.7 ± 3.7 6.0 ± 3.1
3 kGy 27.3 ± 5.2 25.6 ± 4.1 32.1 ± 6.2 35.4 ± 6.3 28.4 ± 7.1 26.1 ± 2.8 23.7 ± 5.9 25.7 ± 4.7 25.4 ± 6.2 27.7 ± 5.4
5 kGy 59.4 ± 7.1 65.2 ± 5.1 63.1 ± 4.4 58.7 ± 3.8 66.4 ± 3.6 57.6 ± 5.2 58.1 ± 6.9 66.8 ± 7.3 62.4 ± 6.8 62.0 ± 5.6
7 kGy 64.1 ± 5.8 67.5 ± 6.4 69.2 ± 3.9 71.4 ± 4.1 75.6 ± 6.7 65.8 ± 5.7 74.3 ± 6.4 71.2 ± 5.2 78.6 ± 6.7 70.9 ± 5.7
10 kGy 94.2 ± 7.8 88.4 ± 6.1 89.1 ± 5.9 87.9 ± 7.2 94.6 ± 4.3 91.2 ± 4.9 87.9 ± 7.1 93.5 ± 6.7 94.1 ± 5.4 91.2 ± 6.2
13 kGy 91.3 ± 6.3 87.2 ± 7.5 81.2 ± 5.6 80.9 ± 6.4 88.4 ± 4.2 85.4 ± 5.8 88.6 ± 6.4 84.9 ± 4.8 90.1 ± 5.6 86.4 ± 5.8

Patients with significantly high specific IgE (i.e., O.D. P3) as compared to normal human sera (0.09) were selected. All data are the mean ± SD values of triplicate experiments.
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Fig. 1. Concentration of carbonyl group changes in fish PV with different irradiation
doses. Results are the mean ± SD values of 3 replicated experiments. ⁄; p < 0.05 vs.
1 kGy; ⁄⁄; p < 0.01 vs. 3 kGy.
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(Fig. 1), the concentration of protein carbonyls in fish PV irradiated
with 1 kGy was 8.0 ± 0.2 nmol/mg, which was not statistically
significant (p < 0.05). When the irradiation dose was increased to
5 kGy, the protein carbonyl content in fish PV increased to
14.6 ± 0.6 nmol/mg, which was a significant (p < 0.01) change as
compared with that in the 3 kGy-irradiated samples. After a
10-kGy irradiation dose, the protein carbonyl content increased
almost 2-fold compared to that in raw turbot PV. At the irradiation
dose of 13 kGy, the increase in carbonyls was not significantly dif-
ferent from that in fish subjected to the 10-kGy dose. These results
indicate that protein carbonyls in PV were formed due to oxidative
deamination of the side chains of arginine, proline, and/or lysine in
the presence of ROS generated by EB irradiation.
3.3. Changes in specific IgE binding to parvalbumin (PV) with different
concentrations of FeCl3/H2O2/Asc

IgE binding was evaluated by ELISA using 9 individual fish
allergy patients’ sera. Briefly, irradiated fish PV was coated on
96-well microtiter plates. Serum from fish allergy patients was
added and bound IgE antibodies were detected using biotin labeled
anti-IgE antibody directed against human IgE and Streptavidin
HRP. The IgE binding ability was reduced to 9.8–14.4% (mean
12.2 ± 4.5%) when the concentration of free oxidative agent was
0.1 mmol/L (Table 2). The percent reduction in IgE binding ability
was proportional to the concentration of ROS. When the concentra-
tion of H2O2 increased to 10.0 mmol/L, the IgE binding ability
reduced by 84.9–89.2% (mean 87.9 ± 6.5%), which indicated that
only 10% of IgE binding ability remained as compared with raw fish
PV. Oxidation results revealed that, when lower concentrations of
H2O2 (up to 5.0 mmol/L) were used, the reduction of IgE binding
ability was very fast; however, the IgE binding ability was not rap-
idly changed with higher concentration of ROS. This may be due to
the availability and sensitivity of amino acids in PV. It is in accor-
dance with gamma irradiation in some way.
3.4. Protein carbonyl content changes with different concentrations of
FeCl3/H2O2/Asc

The concentration of protein carbonyls in PV generally
increased with increasing H2O2 concentration (Fig. 2). Specifically,
the protein carbonyl content of non-oxidized PV increased from
0.59 nmol/mg to 1.21, 3.17, 9.9, and 11.6 nmol/mg after a 10 h
exposure to HRGS at 0.1, 1.0 5.0, and 10.0 nmol/mL of H2O2, respec-
tively. At 1.0 and 5.0 nmol/mL H2O2, the increase in protein carbon-
yls was quite significant (p < 0.01). These data show that when the
concentration of H2O2 increased two fold (from 5 nmol/mL to
10 nmol/mL), only a 14.7% increase in protein carbonyls was
observed. These results revealed that the concentration of protein
carbonyls was not directly proportional to the concentration of
H2O2.
3.5. Relationship between the reduction in IgE binding and the protein
carbonyl content

A nearly linear relationship was seen between the reduction in
IgE binding and the concentration of protein carbonyls produced
by EB irradiation (Fig. 3A). Similarly, a linear relationship was
observed for fish PV treated with different concentrations of HRGS
(Fig. 3B). However, when the reduction in IgE binding reached 50%,
the protein carbonyl concentrations were 13.8 nmol/mg and
6.11 nmol/mg in EB-irradiated and HRGS samples, respectively.
These results show that protein carbonyls were also formed by
ROS other than the H2O2 produced by EB irradiation, and the ROS
affected the IgE binding ability of fish PVs weakly, if at all.
3.6. The relationship between irradiated and oxidized parvalbumin
assessed by inhibition ELISA

Since the protein carbonyl content was increased by both EB
irradiation and oxidation, there could be a relationship between
the two treatments. The IgE binding inhibition by each treatment
was assessed by inhibition ELISA. Briefly, oxidized PV was coated
on a 96-well microtiter plate. Various concentrations of either oxi-
dized or irradiated fish PV were diluted with sera from fish allergy
patients and bound IgE antibodies were detected using biotin-
labeled anti-IgE antibody directed against human IgE and Strepta-
vidin HRP. The inhibition rate of oxidized PV was comparable with
PV irradiated at 10 kGy and 13 kGy when IC50 was compared
(Fig. 4). When fish PV was irradiated at 1 kGy, the inhibition rate
decreased by 10-fold, with the increase in irradiation dose, the
inhibition rate decreased. These results indicate that PV irradiation
and oxidation could result in some shared epitopes.



Table 2
Percent reduction in specific IgE binding of oxidized turbot parvalbumin (PV) by ELISA.

Patients 1 2 3 4 5 6 7 8 9 Mean ± SD

0.1 mmol/L 11.8 ± 4.8 12.6 ± 5.2 13.6 ± 3.6 12.8 ± 3.8 11.1 ± 4.8 14.4 ± 5.4 12.9 ± 3.5 10.7 ± 5.1 9.8 ± 4.2 12.2 ± 4.5
1.0 mmol/L 38.2 ± 6.2 35.6 ± 8.4 37.1 ± 6.7 36.2 ± 5.9 35.1 ± 3.9 36.2 ± 4.8 34.1 ± 5.9 37.2 ± 7.1 35.4 ± 6.7 36.1 ± 6.2
5.0 mmol/L 71.2 ± 4.7 75.3 ± 6.5 74.2 ± 7.2 73.2 ± 6.8 74.4 ± 5.4 77.1 ± 5.9 74.2 ± 6.4 71.8 ± 3.8 72.5 ± 8.4 73.8 ± 6.1
10.0 mmol/L 89.1 ± 5.1 88.4 ± 6.9 89.2 ± 8.1 88.6 ± 7.5 85.6 ± 6.4 87.3 ± 5.8 84.9 ± 6.3 88.6 ± 8.1 89.1 ± 4.6 87.9 ± 6.5

Patients with significantly high specific IgE (O.D.) i.e., P3 as compared to normal human sera (0.09) were selected. All data are the mean ± SD values of triplicate experiments.
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Fig. 2. Concentration of protein carbonyl group changes in parvalbumin with
different HRGS. Results are the mean ± SD values of triplicate experiments.
⁄; p < 0.05 vs. control; ⁄⁄; p < 0.01 vs. 0.1 or 1 nmol/mL.
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4. Discussion

The conserved structures of food allergens, which belong to a
few protein families, play a key role in determining allergenic
properties. Most allergens are stable to some extent after various
food processing methods involving heating, enzyme hydrolysis,
pH changes, etc. (Besler et al., 2001). In order to reduce the aller-
genicity of food allergens, many processing methods have been
studied. Among these, irradiation is most attractive due to its neg-
ligible effect on food textures (Shriver and Yang, 2011).

Until now, there have been several reports on allergenicity
changes during gamma irradiation (Vaz et al., 2011; Zhenxing
8

10

12

14

16

18

20

Pr
ot

ei
n 

ca
rb

on
yl

s(
nm

ol
/m

g)

IgE binding reduction (%)

Y=0.1161X+7.94

R2=0.981

Irradiation dose (kGy) 1kGy 3kGy 5kGy 7kGy 10kGy 13kGy
IgE binding reduction(%) 6 27.7 62 70.9 91.2 86.4

protein carbonyls(nmol/mg) 9 10.9 14.6 16 18.2 18.9

0 20 40 60 80 100

A

Fig. 3. (A) Relationship between the reduction in IgE binding and concentration of protein
binding and concentration of protein carbonyls produced by HRGS.
et al., 2007), however, little information was supplied on the effect
of EB irradiation on allergenicity of allergens. Katial et al. (2002)
have reported that EB irradiation could reduce the allergenicity
of glycerinated allergen extracts, while no further research work
was supplied. In the present study, the effect of irradiation on
the allergenicity of fish PV and its possible mechanism were
investigated.

The extent of loss of IgE binding ability depends on irradiation
dose. In the present study, EB irradiation significantly reduced spe-
cific IgE binding to fish PV as compared with raw fish PV using
ELISA to assay individual patient sera. With the irradiation dose
increasing, the reduction in IgE binding reached �90%. Similar
results were reported previously with gamma irradiation.
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(2012) demonstrated that irradiation was an effective method for
reducing the allergenicity of wheat-germ agglutinin. This may be
attributed to ionization of molecules at random positions with
the release of various radiolytic products that diffuse in the med-
ium (mostly water with the principal radiation products H+ and
OH�). Previous research illustrated that these ionized molecules
were responsible for 99.9% of protein damage (Zbikowska et al.,
2006). To some extent, these damages resulted in protein carbon-
ylation (Kempner, 2001). Further research with the HRGS system
showed that ROS (H+ and OH�) could increase protein carbonyl-
ation more than 10-fold while the IgE binding ability decreased
by almost 90% (Rababah et al., 2004). These preliminary results
demonstrated that there is a relationship between IgE binding abil-
ity and protein carbonyls of fish PV.

Protein carbonylation of fish PV is negatively correlated with its
IgE binding ability. Whether PV was irradiated or treated with spe-
cific ROS, the concentration of protein carbonyls was increased
along with the reduction of IgE binding ability. Previous studies
reported that fish PV has several epitopes that are critical for IgE
binding (Yoshida et al., 2008). Some of these epitopes contain
amino acid active side chains. These active side chains can react
with ROS and result in protein carbonylation. The reduction in
IgE binding may be caused by epitope modification or destruction.
Moreover, further analysis has confirmed that at 50% IgE binding
inhibition, the concentration of protein carbonyl groups after spe-
cific ROS treatment was 0.5-fold as compared with EB irradiation.
These results illustrate that protein carbonylation by ROS maybe
more responsible for IgE binding changes.

Immunological inhibition between ROS treated PV and EB irra-
diated PV showed that protein carbonylation by ROS is due to EB
irradiation. Significant inhibition was observed among the EB irra-
diated samples and the HRGS oxidized samples. When the irradia-
tion dose was increased to 10 kGy, a significant increase (10-fold)
in the IC50 was observed as compared with 1 kGy. This indicated
that when fish PV was treated with EB irradiation, the reduction
in IgE binding was mostly caused by H2O2, which induced protein
carbonylation.

Although more evidence is required to confirm that the allergen
changes during irradiation are caused by protein carbonylation,
this study suggests that IgE binding changes during EB irradiation
might be induced by protein carbonylation. Those amino acids
involved in protein carbonylation could be part of epitopes recog-
nized by IgE. Ultimately, the epitope modification could change the
IgE binding ability. In conclusion, EB irradiation could induce sig-
nificant reduction in allergenic potential of turbot PV. This reduc-
tion might be due to protein carbonylation by specific ROS
produced during EB irradiation. This possible mechanism will be
helpful to reduce the allergenicity by EB irradiation to prepare
hypoallergenic foods.
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