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ackground: The increasing consumption of shellfish can cause an increase in allergic symptoms. Shrimp
llergy can be species specific, but specific allergies in different organs have not been studied. Identification
f allergens in muscle and others organs of banana shrimp is necessary for improved diagnostics of allergies

for shrimp and food safety control.
Objective: To identify the IgE-binding proteins in various organs of Fenneropenaeus merguiensis by immu-
noblotting and tandem mass spectrometry.
Methods: Proteomic methods were used to investigate the allergenic proteins from banana shrimp. Proteins
frommuscle and various organs were separated by denaturing polyacrylamide gel electrophoresis. Allergens
were analyzed by immunoblotting with pooled sera from shrimp allergic patients (n ¼ 21) and tandem mass
spectrometry.
Results: The important allergens in banana shrimp are arginine kinase, sarcoplasmic calcium-binding
protein, myosin heavy chain, hemocyanin, enolase, and glyceraldehyde-3-phosphate dehydrogenase,
which can be demonstrated by immunoblotting in muscle and shell. Moreover, vitellogenin, ovarian peri-
trophin 1 precursor, b-actin, and 14-3-3 protein were suggested as allergens in the ovary at different stages
of ovarian development.
Conclusion: Ten allergens were identified as allergens in various organs, and they are suggested as novel
allergens in banana shrimp. The major allergen in muscle and shell from this shrimp is arginine kinase,
whereas the major allergen in the ovary is vitellogenin.
� 2014 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction and/or coastal countries3 because it can last a lifetime and, in cases
The Food and Agricultural Organization and World Health
Organization suggest that crustaceans are 1 of 8 important aller-
genic foods1 and that the number of allergic cases due to crusta-
ceans tends to increase every year, perhaps because the
consumption of crustaceans (shrimp, crab, and lobster) and mol-
lusks (squid, scallop, clams, and snail) has been increasing since
1970.2 Thus, shellfish allergy is a public concern in industrialized
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of sensitization, may cause life-threatening anaphylaxis.4 Shellfish
is the most frequently implicated food in allergies in not only adults
but also children,5,6 which has resulted in food allergy symptoms
being the most common reason for visits by allergy patients in the
pediatric emergency department.7 The major allergen in shellfish
has been identified as the 34- to 39-kDa muscle protein
tropomyosin.8e12 Minor allergens have been identified, such as
arginine kinase (AK; a 40-kDa protein)13,14 and the sarcoplasmic
calcium-binding protein (SCP; a 20-kDa protein).15,16 Proteins that
cause allergies are most studied in shrimpmuscle, so it is extremely
interesting to study these proteins in other organs of shrimp.

The banana shrimp, Fenneropenaeus merguiensis, is distributed
in the Indo-Pacific region.17 Cooking processing around the world
almost always uses the whole shrimp, especially in East and
Southeast Asia, where a shrimp dish composed of thewhole body is
popular for a better taste and high dietary value.18 The muscle,
lsevier Inc. All rights reserved.
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ovaries, and hepatopancreas are organs that are most likely to be
consumed. Consequently, some patients might be allergic to pro-
tein allergens from other organs apart from muscle. An under-
standing of the allergenic properties of shrimp organs is critical,
especially for individuals who are allergic to shrimp.

The aim of this study is to determine the allergens in the various
organs of banana shrimp (shell, hepatopancreas, and ovaries from
different states of ovarian development) by sodium dodecyl sulfatee
polyacrylamidegel electrophoresis (SDS-PAGE), immunoblottingwith
pooled sera from 21 patients allergic to shrimp and by liquid chro-
matography tandemmass spectrometry (LC-MS/MS).

Methods

Shrimps and Human Serum

Live banana shrimp, each weighing approximately 30 to 40 g,
were purchased in Chonburi, Thailand. After cold shock and
washing, shrimp were peeled and organs (muscle, shell, hepato-
pancreas, and ovaries with 3 different levels of gonadosomatic in-
dex [GSI]) were collected. Shrimp were defined by the different
stages of their developing ovaries as follows: stage 1 (mean [SD]
GSI, 0.995 [0.104]) as previtellogenic, stage 2 (mean [SD] GSI, 2.998
[0.175]) as early vitellogenic, and stage 3 (mean [SD] GSI, 8.273
[0.092]) as vitellogenic.19 The GSI measures the cyclic changes in
gonad weight in relation to total tissue weight and is represented
by the following formula: [Gonad Weight/Total Tissue Weight] �
100.20 The sera used in this study were allergen specific to shrimp
and were obtained from 21 shrimp allergic patients at Phra-
mongkutklao Hospital and Phyathai Hospital (Bangkok, Thailand).
Of the 21 patients, 13 were male and 8 were female, ranging in age
from 4 to 41 years. Most patients presented with urticarial
dermatitis and/or angioedema, with 1 patient having asthma. The
patients had their quantitative serum IgE levels measured and/or
underwent skin tests to food allergen. The uses of sera were
approved by the institutional review board at Phramongkutklao
Hospital. The antibody IgE in the sera from allergic patients was
verified at the levels greater than 0.35 kU/L using modern EURO-
LINE inhalation Southeast Asian test strips (EUROIMMUN AG;
Schleswig Holstein, Lübeck, Germany). Control sera were obtained
from healthy individuals without reported adverse reactions to
shrimp and any food stuff. The quantitative IgE levels of all 21 pa-
tients ranged from 2.1 to 90.0 kU/L. After verification of the IgE
antibody, the sera from shrimp allergic patients were pooled.
Shrimp organs and human sera were frozen at �80�C until use.

Shrimp Extract Preparation

Separate samples of frozen shrimp organs were ground to a
powdered liquid nitrogen. The samples were solubilized by adding
200 mg of shrimp powder to 400 mL of phosphate-buffered saline
extraction buffer (9mMNa2HPO4,1.13mMNaH2PO4 H2O, and 0.152
M NaCl, pH 7.4) with a protease inhibitor cocktail (P8340: Sigma-
Aldrich, St Louis City, Missouri) and incubated for 1 hour at 4�C.
The mixture was centrifuged at 16,215g for 30 minutes at 4�C, and
the supernatant was collected. Protein concentration was deter-
mined using UV-VIS spectrophotometry (UV-1700; Shimadzu,
Nakagyo-Ku, Kyoto, Japan) with the Bio-Rad protein assay (Bio-Rad,
Hercules, California). The protein concentration was calculated
from a standard curve of known concentrations of bovine serum
albumin.

Total Protein Determination and IgE-Binding Immunodetection

Each shrimp organ extract was separated by SDS-PAGE, using
the method of Laemmli et al.21 Samples with a concentration of 30
mg were loaded onto a 12.5% separating gel and 4% stacking gel of
SDSepolyacrylamide Tris/glycine gel and electrically separated by
theMini-PROTEAN Tetra system (Bio-Rad). The protein standard for
SDS-PAGE was a PageRuler prestained protein ladder (Thermo
Fisher Scientific, Waltham, Massachusetts). The gels were stained
with Coomassie Brilliant Blue R-250.22 For immunodetection of IgE-
binding proteins, the separated proteins from the SDS-PAGE gels
were electroblotted onto an Immobilon-P transfer membrane
(Millipore Corporation, Billerica, Massachusetts) with a constant
voltage according to the methods of Towbin et al.23 After that,
transfer membranes were blocked with Block Ace (Dainippon
Sumitomo Pharma, Fukushima-Ku, Osaka, Japan) and incubated
with pooled sera from shrimp allergic patients. The bound IgE
antibody was detected using horseradish peroxidaseeconjugated
goat anti-human IgE (Immunology Consultants Laboratory Inc,
Newberg, Oregon). Finally, the immunoreactive bands were visu-
alized using Amersham ECL Plus Western blotting detection
reagents (GE Healthcare Bio-SciencesAB, Little Chalfont, Buck-
inghamshire, England) exposure with Amersham Hyperfilm ECL
(GE Healthcare Bio-Sciences AB) in a dark room.

Glycoprotein Staining of SDS-PAGE

The protein membrane was stained using a GelCode glycopro-
tein staining kit (Thermo Fisher Scientific). The membrane was
washed with 3% acetic acid and transferred to 10 mL of oxidizing
solution. Membrane was washed with 3% acetic acid before being
added to GelCode glycoprotein staining reagent. After that, the
membrane was transferred to reducing solution then washed
extensively with 3% acetic acid and then with ultrapure water.
Glycoprotein staining membranes were produced in triplicate.

Protein Image Analysis

The stained gels and immunoreactive bands from the films were
scanned using an image scanner (ImageScannerIII; GE Healthcare
Bio-Sciences AB). Images of the protein gels and films were
analyzed using ImageQuant TL Plus 7.0 software (GE Healthcare
Bio-Sciences AB). The volume values for immunoreactive bands
from the films were detected and calculated by volume ratio. The
datawere presented as interleaved bar graphs with a mean value of
the volume ratio from each protein using GraphPad Prism 5 soft-
ware (GraphPad Software Inc, La Jolla, California) to compare the
allergenicity of the IgE-binding protein between each organ.

Protein Identification by LC-MS/MS

The protein bands of interest were excised, destained, and
digested with trypsin for LC-MS/MS analysis performed using a
Waters capillary liquid chromatography system coupled to a
quadruple-time-of-flight (Q-TOF) mass spectrometer (Micromass;
Wythenshaw, Manchester, United Kingdom) equipped with a
Zspray ion sourceworking in the nanoelectrospray mode according
to Srisomsap et al.24 The Mascot search engine (Matrix Science Ltd,
London, United Kingdom) is associated with more protein data-
bases than others and also provides the number of hits for peptides.
For some proteins that were difficult to find, the Mascot search tool
available on the Matrix Science site screening NCBInr was used.
Mascot MS/MS ions search (http://www.matrixscience.com) was
used, and the search parameters were set as follows: peptide mass
tolerance, 1.2 Da; MS/MS ion mass tolerance, 0.2 Da; enzyme,
trypsin; allowance, up to onemissed cleavage; and peptide charges,
limited to 1þ, 2þ, and 3þ. The proteins were identified at P� .05, and
Mascot scores greater than 35 were considered promising hits.

Results

Total Protein Extraction From SDS-PAGE Separation

The electrophoretic pattern of shrimp extracts from various
organs revealed multiple protein bands ranging from 17 to 170 kDa

http://www.matrixscience.com


Figure 1. Sodium dodecyl sulfateepolyacrylamide gel electrophoresis pattern with Coomassie Brilliant Blue R-250 staining (A) and immunoreactive bands (B) of various
banana shrimp organ extracts. MW indicates molecular weight of the protein ladder. The arrows represent allergen identified by liquid chromatography tandem mass
spectrometry.
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with different patterns (Fig 1A). The protein pattern of hepato-
pancreas was not clear with smears on the protein bands and had
low molecular masses of proteins of less than 17 kDa of molecular
mass when compared with the other shrimp protein samples. The
protein pattern of the ovaries revealed the 3 different stages with
similar patterns but with some slight differences in the intensity of
some proteins. The intensity of the proteins was dependent on the
different vitellogenic stages. Fingerprint and identification of the
allergen protein are given in Table 1.
Immunodetection of IgE-Binding Protein

To identify the IgE-binding proteins from various organs of ba-
nana shrimp extract, the allergens were analyzed using Western
blotting. Pooled sera from 21 shrimp allergic patients were tested
on immunoblotting for IgE binding to shrimp extract. IgE binding to
the protein bands ranged in molecular mass from 17 to 170 kDa (Fig
1B). These protein bands could be identified as banana shrimp al-
lergens. Lane FM was a protein from F merguiensis muscle extract
that contained 6 immunoreactive bands. Lane SH was a protein
from F merguiensis shell extract that contained 4 immunoreactive
bands. Lane HP was a protein from F merguiensis hepatopancreas
extract that did not have an immunoreactive band, whichmay have
been due to smearing and the low-molecular-mass pattern of the
protein. Lanes OV1 to OV3were proteins from F merguiensis ovarian
extracts at different vitellogenic stages that contained 6 immuno-
reactive bands. No immunoreactive bandwas detected using serum
from nonallergic individuals (data not shown).

The various organs revealed allergenic reactions to F mer-
guiensis. The results from immunoblotting indicated that each
allergic patient had different immunologic reactions to different
allergens and different intensities of the IgE-binding protein shown
in Figure 2. Six proteins could be identified as muscle allergens,
with the highest volume ratio for AK, followed by a myosin heavy
chain (MHC), glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), hemocyanin (HC), SCP, and enolase, respectively. In the
shell, the 3 proteins AK, SCP, and GAPDH were identified based on
the volume ratio. Three allergens were identified as vitellogenin
(VG), AK, and ovarian peritrophin 1 precursor (SOPs) in the stage 1
ovaries. Allergens from ovaries were VG and 14-3-3 protein at
vitellogenic stage 2 and VG, HC, b-actin, and 14-3-3 protein at
vitellogenic stage 3.
Glycoprotein Staining of SDS-PAGE

Staining can identify glycoprotein. Glycoproteins appear on the
membrane as magenta bands (Fig 3). In this study, 3 glycoproteins
with allergenic properties from muscle were identified: enolase,
AK, and GAPDH. In the ovaries at different vitellogenic stages, 3
allergens were identified as glycoproteins: SOPs in an ovary at
vitellogenic stage 1 and 14-3-3 protein in ovaries at vitellogenic
stages 2 and 3. Moreover, VG was identified as a glycoprotein at
every vitellogenic stage.

Discussion

Allergens were identified in 4 organs: muscle, shell, hepato-
pancreas, and ovaries with 3 different levels of the GSI. Allergenic
proteins were recognized using the IgE of pooled sera from patients
with shrimp allergy. The same 3 proteins were identified in the
muscle and shell of banana shrimp. Subsequent LC-MS/MS analysis
of a 22-kDa protein identified SCP, AK (approximately 40 kDa), and
GAPDH (approximately 30 kDa). Both SCP and AK have been sug-
gested as minor allergens in whiteleg shrimp (Litopenaeus vanna-
mei)14,16 and giant tiger prawn (Panaeus monodon).13 GAPDH has
not been reported as an allergen in shellfish, but it was confirmed
as the most abundant allergen in indoor mold (Aspergillus versi-
color)25 and common wheat (Triticum aestivum).26 Moreover,
GAPDH was suggested as an important allergen in occupational
sensitization to fish.27 In addition, muscle also contained 3 other
proteins that may be allergens in banana shrimp, namely, MHC, HC,
and phosphopyruvate hydrates or enolase. The volume ratio of the
IgE-binding proteins suggests that AK is the most important
allergen in muscle and shell, whereas VG is the major allergen in
ovaries (Fig 2).

AK, SCP, and MHC are muscle proteins and play important roles
in muscle mobilization and use.28,29 Moreover, the muscle protein
found in shell may be due to the connective tissue between shell
and muscle. In the current research, HC was identified as an
allergen in banana shrimp and giant freshwater prawn (Macro-
brachium rosenbergii).30 This protein is important in the hemo-
lymph system of crustaceans and mollusks as an oxygen-carrying
protein.31 GAPDH was considered a classic glycolytic protein and
has been examined for its pivotal role in energy production; it was
also used as a model protein in the analysis of protein structure and
enzyme mechanisms.32 Enolase is homodimeric enzymes that



Table 1
Identified allergens from various organs of Fenneropenaeus merguiensis Using LC-MS/MS

Band Protein name/species/accession No. Theoretical value LC-MS/MS analysis

Molecular weight, kDa pI Score No. of peptidematches Coverage, %

FM-1 Myosin heavy chain type b/Marsupenaeuse japonicus/BAK61430 21.887 6.00 172 15 10
FM-2 Hemocyanin/Litopenaeus vannamei/CAA57880 74.984 5.27 70 11 11
FM-3 Enolase (phosphopyruvate hydrates)/Penaeus monodon/AAC78141 47.235 6.18 249 6 17
FM-4 Arginine kinase/P monodon/C7E3T4 40.115 6.05 273 41 44
FM-5 Glyceraldehyde-3-phosphate dehydrogenase/M japonicus/BAD95643 17.017 6.56 192 13 39
FM-6 Sarcoplasmic calcium-binding protein/P monodon/BAL72725 22.106 4.76 59 5 18
SH-1 Sarcoplasmic calcium-binding protein/L vannamei/ACM89179 22.064 4.73 156 6 20
SH-2 Arginine kinase/Homarus gammarus/P14208 39.958 6.05 168 3 8
SH-3 Glyceraldehyde-3-phosphate dehydrogenase/Nephropidae/671058A 35.694 6.24 82 17 18
SH-4 Sarcoplasmic calcium-binding protein/L vannamei/ACM89179 22.064 4.73 64 16 47
OV1-1 Vitellogenin/F merguiensis/Q6RG02 282.850 6.36 740 18 5
OV1-2 Vitellogenin/F merguiensis/Q6RG02 282.850 6.36 378 9 3
OV1-3 Vitellogenin/F merguiensis/ACV32381 283.130 6.47 468 11 4
OV1-4 Vitellogenin/F merguiensis/Q6RG02 282.850 6.36 317 8 3
OV1-5 Arginine kinase/Homarus gammarus/P14208 39.958 6.05 113 3 8
OV1-6 Ovarian peritrophin 1 precursor/P monodon/AAM44049 30.870 4.80 90 2 6
OV2-1 Vitellogenin/F merguiensis/ACV32381 283.130 6.47 1038 26 9
OV2-2 Vitellogenin/F merguiensis/Q6RG02 282.850 6.36 390 10 3
OV2-3 Vitellogenin/F merguiensis/Q6RG02 282.850 6.36 622 16 6
OV2-4 b-Actin/L vannamei/AAG16253 41.841 5.30 90 5 9
OV2-5 Arginine kinase/P monodon/AAO15713 40.087 6.05 179 6 17
OV2-6 14-3-3Z/F merguiensis/ADI87601 27.915 4.68 113 3 10
OV3-1 Vitellogenin/F merguiensis/Q6RG02 282.850 6.36 764 15 5
OV3-2 Vitellogenin/F merguiensis/Q6RG02 282.850 6.36 206 4 1
OV3-3 Vitellogenin/F merguiensis/Q6RG02 282.850 6.36 126 3 1
OV3-4 b-Actin/L vannamei/AAG16253 41.841 5.30 130 3 8
OV3-5 Arginine kinase/L vannamei/ABI98020 40.134 6.19 107 3 8
OV3-6 14-3-3elike protein/P monodon/AAY56092 27.834 4.61 151 3 10

Abbreviation: LC-MS/MS, liquid chromatography tandem mass spectrometry; pI, Isoelectric point.
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catalyze the reversible dehydration of 2-phospho-D-glycerate to
phosphoenolpyruvate as part of the glycolytic and gluconeogenesis
pathways. There are no reports that enolase is an allergen in
shellfish, but it has been suggested as an allergen in many fish
species, such as Wuchang bream (Megalobrama amblycephala), Nile
perch (Lates niloticus), and Atlantic cod (Gadus morhua).33,34

Furthermore, it has been found in insects, such as German cock-
roach (Blattella germanica).35

In this study, no allergenwas identified in the hepatopancreas of
banana shrimp. This may have been due to the lowmolecular mass
in the SDS-PAGE/immunoblotting analysis. SDS-PAGE used glycine
and SDS-PAGE for separation of proteins in the range from 1 to 100
kDa. For very small proteins, it is necessary to increase the acryl-
amide concentrations or use tricine as the trailing ion to allow for
the resolution of small proteins at lower acrylamide concentra-
tions.36 Before extraction, shrimp muscle and the other organs
Figure 2. Volume ratio of sodium dodecyl sulfateepolyacrylamide gel electropho-
resis/immunoblot binding of IgE from pooled human sera to banana shrimp aller-
gens from various organs. Nine allergens were identified for banana shrimp.
were stored at �80�C for several weeks, and the hepatopancreas is
an organ where proteases are present and there are enzymatic
activities that occur under various conditions that cannot be
completely inhibited by protease inhibitor.37 The enzymatic prop-
erties may cause the degradation of shrimp allergens.38 Sen et al39

suggested that peanut allergen disulfide bond reduction and their
accessibility to IgE-binding epitopes can reduce overall allerge-
nicity. Thus, the structure/epitope degradation of the allergen may
reduce the allergenicity.

In the ovaries of banana shrimp at different vitellogenic stages,
AK was identified as in other organs. However, VG had a high in-
tensity in all the vitellogenic stages, which suggests it is an
important allergen in ovaries. The other identical proteins were
SOPs, b-actin, and 14-3-3 protein. VG is a female-specific protein
that has been found in the hemolymph of most crustacean species
studied. This protein is very important during ovarian development
in crustaceans, but its function is still not clear and research is
incomplete. In addition, VG has been suggested to be synthesized in
extraovarian tissue, secreted to the hemolymph, taken up by
developing ovaries, and intracellularly processed to generate
vitellin, the major yolk protein in the eggs.37,40,41 The Vg gene is
expressed only bymature F merguiensis females, and both the ovary
and hepatopancreas are possible sites for VG synthesis in this
species.42 The major site for vitellogenesis in banana shrimp is the
ovary, which was investigated by real-time polymerase chain re-
action to determine the VG messenger RNA level,20 and the protein
level at all stages of ovarian development was found to correlate
well with the GSI levels.37 This protein is a complex lipo-glyco-
carotenoprotein.43 VG has been suggested as an allergen in many
species. VG has also been reported as an allergen in salmonic
roe44,45 and Beluga caviar.46 In addition, there are reports that VG is
an allergen in insects such as German cockroach35 and in the
venom of western honey bee (Apis mellifera) and common wasp
(Vespula vulgaris).47



Figure 3. Electrophoretic pattern with arrows (A) and magenta bands (B) indicating glycoproteins. MW indicates molecular weight of the protein ladder. The arrows indicate
glycoprotein bands with allergenic properties identified by liquid chromatography tandem mass spectrometry.
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In the current study, SOPs were found as a part of shrimp
ovarian peritrophins. These proteins were found in the stage 1
ovary because this stage is prepared for spawning and the proteins
are extruded from the egg cortical crypts to form a protective layer
around eggs immediately after spawning.48 b-Actin is a member of
the actin family that exists in invertebrate and vertebrate cells in
several different isoforms.49 The 14-3-3 protein group of dimeric
acidic proteins is involved in many biological processes acting as
molecular chaperones and is found in many species of plants, ani-
mal, and fungi.50 Kaeodee et al51 suggested that 14-3-3b is likely to
be involved in hyperosmotic regulation in P monodon. The study of
the true functions of b-actin and 14-3-3 protein is still incomplete,
but there are many suggestions that these proteins are involved in
shrimp infection, including yellow head virus, white spot syndrome
virus, and Taura syndrome.52e54 SOPs, b-actin, and 14-3-3 protein
have not been reported as allergens in shrimp, but the current
study suggests these 3 proteins are novel minor allergens in F
merguiensis.

The most important posttranslational modification in newly
synthesized proteins is called glycosylation. Without exception,
glycosylation occurs in the integral membrane proteins of higher
organisms.55 From the glycoprotein staining results, 6 allergens
(enolase, AK, VG, GAPDH, SOPs, and 14-3-3 protein) have features of
glycoprotein that suggest that these 6 allergens are allergenic gly-
coproteins. Many studies about the structural analysis of glycan
moieties of allergenic glycoproteins reported isolated glycoprotein
binding to the IgE of allergic patients when compared with the
noneIgE-binding properties of pure glycan. The occurrence of al-
lergens with glycan moieties suggests that there are additional IgE
epitopes, but there is no direct evidence of their involvement in
allergenicity.56 Thus, the study of allergenic glycoproteins is
important because they take part in inducing an IgE response.

The current study suggests that muscle and other organs also
contain IgE-binding proteins. MHC, HC, enolase, AK, GAPDH, SCP,
VG, 14-3-3 protein, and b-actin were identified as allergens in ba-
nana shrimp. MHC, enolase, GAPDH, SOPs, 14-3-3 protein, b-actin,
and VG are novel allergens in shrimp. Thus, shrimp allergic patients
can react to the whole body of shrimp. Tropomyosin can cause an
allergenic reaction in approximately 71.4% of patients with shrimp
allergy.57 These novel allergens may be improved diagnostic
allergic methods for shrimp allergic patients because the only
measurement of IgE to tropomyosin in shrimp allergy diagnosis can
be missed. Avoidance of the offending foods is the only therapy
recommended for food allergic individuals. Steensma58 un-
derscores the importance of carefully counseling all patients who
are allergic to food that they must avoid exposure to offending
proteins via all potential routes of contact. Moreover, greater un-
derstanding of the resistance of food allergens to food processing
with heat is needed. Further work should study the effect of food
processing on the allergenicity of shrimp. An increased under-
standing of food allergens can be applied to manage food quality
and food safety procedures. Food processing is the first point of
interest and the most expedient way to study the alteration of
allergenicity in food and can generate the hypoallergenic food in
the future.
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