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Peanut allergy affects 1-2% of the world’s population. It is dangerous, and usually lifelong, and it greatly decreases the life quality
of peanut-allergic individuals and their families. In a word, peanut allergy has become a major health concern worldwide.
Thirteen peanut allergens are identified, and they are briefly introduced in this paper. Although there is no feasible solution to
peanut allergy at present, many methods have shown great promise. This paper reviews methods of reducing peanut allergenicity,
including physical methods (heat and pressure, PUV), chemical methods (tannic acid and magnetic beads), and biological methods

(conventional breeding, irradiation breeding, genetic engineering, enzymatic treatment, and fermentation).

1. Introduction

Food allergy is a worldwide health problem. It affects approx-
imately 5% of young children and 3% to 4% of adults in
westernized countries [1], and it becomes more and more
common in developing countries. Although virtually any
food can cause allergy, over 90% of food allergy is triggered
by eight food sources: milk, egg, peanut, tree nuts, shellfish,
fish, wheat, and soy [2]. Among them, peanut is one of the
most allergenic. Peanut allergy affects many individuals and
its prevalence is increasing rapidly (the prevalence of peanut
allergy in some countries is summarized in Table1). In
western countries, the prevalence of peanut allergy in chil-
dren in the USA increased from 0.4% in 1997 to 1.4% in
2008 [3]; the prevalence of sensitization to peanuts of 3-
year olds in the UK rose from 1.3% to 3.2% between 1989
and 1995 [4]; over 1% of Canadian children are allergic to
peanuts [5]; the prevalence of peanut allergy in Denmark
and France is 0.2-0.4% and 0.3-0.75%, respectively [6, 7]. In
Asia, although few epidemic studies of peanut allergy have
been carried out, a study suggests that 0.47% of 14-16-year-
old local Singapore schoolchildren and 0.43% of 14-16-year-
old Philippine schoolchildren are allergic to peanuts [8].

Considering that 76.8% of Singapore residents are Chinese
[9], peanut allergy is likely to become serious in China in
the future. Moreover, peanut allergy can sometimes be life-
threatening and usually cannot be outgrown, and it is almost
impossible to avoid accidental ingestion [10, 11]. Therefore,
peanut allergy greatly reduces the life quality of the patient
[12] and brings trouble to food industry in allergen labeling.
Solving this problem has a great significance not only to the
peanut-allergic individuals but also to the food industry.

2. Peanut Allergen

To date, 13 peanut allergens (Ara h 1 through h 13) have been
recognized by the Allergen Nomenclature Sub-Committee of
the International Union of Immunological Societies. These
allergens come from 7 protein families. Except for Ara h 1
(150 kD) and Ara h 3 (360-380 kD), the molecular weight of
the other allergens ranges from 5 to 17 kD [13]. The genes cor-
responding to the 13 allergens have already been elucidated,
the sequence of many linear epitopes of peanut allergens has
been identified (Table 2), and the 3D models of Arah 1-Arah
6 have been built. Although the allergenicity of these allergens
has not been thoroughly studied and there is still some debate



TABLE 1: The prevalence of peanut allergy in some countries [3-8].

Countries Prevalence
US children 1.40%
Britain children 3.2%
Canadian children 1.03%
Denmark 0.2-0.4%
France 0.3-0.75%
Local Singapore schoolchildren (14-16 years old) 0.47%
Philippine schoolchildren (14-16 years old) 0.43%

TABLE 2: Sequence of linear epitopes of peanut allergens [17, 19, 26,
30].

Allergen fgiipei Epitope sequence
7* PGQFEDFF
8 YLQGFSRN
9% FNAEFNEIRR
10° QEERGQRR
11° DITNPINLRE
12° NNFGKLFEVK
?e;ilnl core g GNLELV
14* RRYTARLKEG
15° ELHLLGFGIN
16° HRIFLAGDKD
17 IDQIEKQAKD
18* KDLAFPGSGE
19° KESHFVSARP
21° NEGVIVKVSKEHVEELTKHAKSVSK
1 HASARQQWEL
2 QWELQGDRRC
3 DRRCQSQLER
4 LRPCEQHLMQ
Arah 2 5 KIQR.DEDSYE
6 YERDPYSPSQ
7 SQDPYSPSPY
8 DRLQ..GRQQEQ
9 KRELRNLPQQ
10 QRCDLDVESG
1 IETWNPNNQEFECAG
Arah 3 2 GNIFSGFTPEFLAQA
3 VTVRGGLRILSPDRK
4 DEDEYEYDE--EDRRRG

*Determined by [17]. YDetermined by [19].

about the definition of major allergens, the major peanut
allergens that are most widely accepted are Arah 1, Ara h 2,
and Arah 3.

2.1. Arahl. Arahlisaglycoprotein and belongs to the vicilin
(7S) family. It comprises 12-16% of the total peanut protein
[14] and affects 35-95% of peanut-allergic patients in different
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populations [15]. Native Ara h 1 exists as a trimer formed
by three identical monomers, and the crystal structure of its
core region has been elucidated (Figure 1) [16]. The topology
and basic structure of its core region are very similar to other
known structures of 7S globulins. Those similarities indicate
that there is a high possibility of cross-reactivity between 7S
globulins [16]. To date, 21 linear epitopes have been identified
on the mature Ara h 1 [17-20], and 14 epitopes were found in
the core region [16]. It is found that most epitopes on the core
region become either slightly (<50% burial) or significantly
(=50% burial) buried upon trimer formation [16]. The burial
of those epitopes likely explains the relatively weak activity
of native (trimer) Ara h 1in cross-linking IgE and the strong
binding of IgE to denatured monomers [18, 21].

2.2. Ara h 2. Ara h 2 (16-17kDa) is also a glycoprotein and
accounts for 5.9-9.3% of the total peanut protein [22]. Itisa 2S
albumin, also known as conglutin, and functions as a trypsin
inhibitor [23]. More than 95% of peanut-allergic individuals
in the USA have specific IgE to Ara h 2, and Ara h 2 was
found to be a more potent allergen than Ara h 1 [21, 24, 25].
The structure of Ara h 2 is five a-helices arranged in a right-
handed superhelix and connected by several extended loops
(Figure 2). This three-dimensional conformation is stabilized
by four conserved disulphide bridges. Ten epitopes have been
mapped on Ara h 2, and these epitopes show a fairly well
exposition on the molecular surface [26].

2.3. Ara h 3. Ara h 3 is a seed storage protein and belongs
to the legumin (11S) family [27]. It is recognized by 50% of
peanut-allergic individuals and also functions as a trypsin
inhibitor [28, 29]. Ara h 3 and soybean glycinin result in a
sequence identity of 47.2% [30]. Mature Ara h 3 is a hexamer
(360-380 kD) formed by a head-to-head association of two
trimers (Figure 3) [30]. Each monomer was found to have 4
linear epitopes [31]. In the natural form of Ara h 3, epitope 4
is fully exposed, while the side chains of most of the critical
residues of the other three epitopes are completely or nearly
completely buried. This suggests that linear epitopes 1 and 2
may not be recognized by IgE antibodies in the intact form,
while epitope 4 and part of epitope 3 may be allergic in the
natural form of Ara h 3 [30].

2.4. Ara h 4. Arah 4 is actually an isoform of Ara h 3. Now,
it is no longer thought to be a distinct allergen and renamed
to Ara h 3.02 [13, 32].

2.5.Arah5. Arah5 (15kD) belongs to the profilin family and
regulates the polymerization of actin [13, 32]. It is presented
at low levels in peanut extracts and is recognized by 13% of
40 patients’ sera [27, 33]. The structure of Ara h 5 is shown in
Figure 4.

2.6. Ara h 6. Ara h 6 is a 15kD protein and belongs to the
conglutin family [13]. It is 59% homologous to Ara h 2 and has
similar allergenicity [34, 35]. Ara h 6 is a heat and digestion
stable protein and showed resistance to proteolytic treatment
[36, 37]. The structure of Ara h 6 is shown in Figure 5.
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FIGURE 1: IgE epitopes are mapped on the surface of the 3D model
of Ara h 1 core region [16].

FIGURE 2: Ribbon diagram of Ara h 2 [26].

2.7.Arah 7. Arah7isalsoal5kD protein and belongs to the
conglutin family [13]. The sequence identity between Ara h 2
and Ara h 6 is 35%, and it is recognized by 13% of 40 patients’
sera [23].

2.8. Other Peanut Allergens. Arah 8 (17 kD) is a Pathogenesis-
related protein. Ara h 9 (9.8 kD, 2 isoforms) is a nonspecific
lipid-transfer protein. Ara h 10 (16 kD, 2 isoforms) and Ara h
11 (14 kD) belong to oleosin. Ara h 12 and Ara h 13 are defens-
in, with molecular weight ranging from 5 to 12kD [13].

3. Harm of Peanut Allergy

Peanut-allergic reactions involve the skin, the respiratory
tract, and the gastrointestinal tract [39]. The common symp-
toms include acute urticaria, acute vomiting, laryngeal oede-
ma, hypotension, and dysrhythmia [40, 41]. Peanut allergy is
very dangerous. Ingestion of even a trace amount of peanut
may elicit life-threatening reactions within minutes [42].
Peanut, together with tree nuts, causes most of the fatal or
near-fatal food-related anaphylaxis, and peanut allergy leads
to 100-200 deaths each year in the USA [43, 44]. Moreover,
peanut allergy is usually lifelong, with only 10% of peanut-
allergic children outgrowing it [10]. Last but not least, due
to the ubiquitous use of peanut in food industry, it is almost
impossible for a peanut-allergic patient to completely avoid
peanut even if he/she strictly obeys the doctor’s guidance.
Studies suggest that up to 75% of individuals with known
peanut allergy experience reactions caused by accidental
exposure [11]. Thus, peanut allergy gives enormous pressure
to the patients and their families and greatly impairs their life

FIGURE 3: Ara h 3 is represented with each of the monomers shown
in a different color. In the gray monomer, linear epitope 1, 2, and 3
are shown in red, green, and blue, respectively [30].

FIGURE 4: Ribbon diagram of the three-dimensional model of Arah
5. Strands of b-sheet and stretches of a-helix are in yellow and red,
respectively. Coil structures or loops are in green, N and C indicate
the N- and C-terminus of the polypeptide, respectively [38].

quality [12]. In addition, the US law demands that allergen
content be labeled on any product sold in the USA [45], and
tracing and determining peanut allergens in food products
increase the cost and bring inconvenience to the food trade.

4. Methods of Reducing Allergenicity

Although there is now no feasible solution to peanut allergy,
many methods have shown great prospect, including oral
immunotherapy and some methods to reduce peanut aller-
genicity. The methods of reducing peanut allergic potential
are reviewed as follows.

4.1. Physical Methods

4.1.1. Heat and Pressure Treatment. There are three ways to
decrease peanut allergenicity by heat treatment. The first is
roasting. Roasting has been recognized as a process that can
increase peanut allergenicity [46]. However, Vissers et al.
found that after heating Ara h 2/6 (purified from raw peanuts)
in a dry form for 20 min at 145°C, the IgE-binding capacity
and the degranulation capacity of Ara h 2/6 were 600-700-
fold lower than those in the native form [47].



FIGURE 5: Ara h 6 (PDB Entry IW2Q, first molecule in the entry).

The second is boiling. Boiling native Ara h 2/6 (15 min,
110°C) and boiling native Ara h 1 (15 min, 100°C) resulted in
decreased IgE reactivity and mediator-releasing capacity; but
for Ara h 2/6 and Ara h 1 extracted from roasted peanut,
boiling had no effect [48, 49].

The third one is autoclaving. Cabanillas et al. discovered
that IgE-binding capacity of peanut allergens is significantly
decreased by autoclaving at 2.56 atm, for 30 min [50]. How-
ever, this method obviously comes with high energy con-
sumption and expensive devices.

4.1.2. PUV. Pulsed ultraviolet light (PUV) is another effective
method in reducing peanut allergenicity. Yang et al. treated
protein extracts from raw and roasted peanuts and peanut
butter slurry in a Xenon Steripulse XL 3000 PUV system. The
treatment time was 2, 4, and 6 min for protein extracts and 1,
2, and 3 min for peanut butter slurry. The distance from the
central axis of the lamp was varied at 10.8, 14.6, and 18.2 cm.
The research found that PUV treatment resulted in reduction
in the level of Ara h 1, Ara h 2, and Ara h 3 and decreased
IgE binding ability by 12.9% to 6.7% [51]. However, like all
the other irradiation technologies, this method comes with
concern of food safety.

4.2. Chemical Methods

4.2.1. Tannic Acids. Chung and Reed reduced the allergenic-
ity of peanut butter by adding tannic acid. The principal is
that tannic acid interacts with allergens to form indigestible
complex, and epitopes on the allergens are covered during
complex formation, making the epitopes inaccessible to
antibodies and resulting in reduced allergenicity. Chung and
Reed added tannic acid to a peanut butter extract (5 mg/mL;
pH=72) and discovered that when pH =2 and pH =8, the
complexes do not release Ara h 1, or Ara h 2, and the
IgE binding ability is decreased; and when concentration of
tannic acid is 1-2 mg/mL, the IgE binding ability of the com-
plex is reduced substantially [52]. Since tannic acid interacts
with both allergen and non-allergen peanut proteins, such
treatment has two obvious deficiencies: first, peanut nutrition
is reduced to a great extent, and second, intake of much
indigestible food may cause stomach discomfort and thus
greatly limit consumption of peanut products.
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4.2.2. Magnetic Beads. Magnetic beads can also be used to
remove peanut allergens. The principle is that phenolic com-
pounds and ferric ions (Fe’*) can bind to peanut allergens;
thus, one can reduce peanut allergenicity by using magnetic
beads attached with or without phenolics to capture peanut
allergens or allergen-Fe’* complexes and then separate the
beads by a magnetic device. Chung and Champagne found
the following: treating peanut extracts by CHL beads (mag-
netic beads covalently attached with chlorogenic acid, a
phenolic) resulted in marked decrease of Ara h 1 and small
reduction of Ara h 2; when using magnetic beads without
phenolic compounds to treat peanut extracts that have been
incubated with Fe** and dialyzed, both Ara h 1 and Ara h
2 were markedly reduced; those two methods reduced IgE
binding ability of the treated extracts by 28-47%. Chung and
Champagne believed that the magnetic beads system was a
simple way to partially remove peanut allergens from peanut
extracts, and it could be a potential approach to produce
hypoallergenic peanut products and beverages [53].

4.3. Biological Methods

4.3.1. Conventional Breeding. The rationale of conventional
breeding is crossing hypoallergenic varieties to produce a
variety that is more hypoallergenic. Perkins et al. crossbred
peanuts that were missing either an Arah 2 or Ara h 3 isoform
and produced a variety lacking both isoforms. The observed
numbers of the new variety conformed to the 15 : 1 Mendelian
dihybrid ratio [54]. However, considering the large amount of
peanut allergens, the progress of this method seems very slow.

4.3.2. Irradiation Breeding. As for mutation breeding, a type
of technology is well worth mentioning. It is the heavy-ion
beam irradiation (HIBI). This technology leads to mutation
and inactivation of a single gene or multiple genes in a plant,
thus inducing stable knockout mutants [55, 56]. Cabanos et
al. treated a Japanese peanut variety—Nakateyutaka—with
either N or C heavy-ion beams at a dose of 100 Gy and
obtained seventeen knockout mutants from 11,335 screened
M2 seeds. Among the seventeen mutants, eight lacked either
one of the two isoforms of Ara h 2, and the other nine are
missing one of the isoforms of Ara h 3 [57]. Cabanos et al.
believe that HIBI is a powerful means of producing knock-
out hypoallergenic peanuts and has many advantages [57],
including low radiation exposure levels, less cellular damage,
no need for tedious tissue culture or regenerative procedures,
no severe growth inhibition, and, in general, less plant death
and a high rate of mutation producing diverse kinds of
mutants [55, 56, 58]. However, like all the other irradiation
technologies, HIBI comes with the concern of food safety.

4.3.3. Genetic Engineering. Great advance has been made in
removing peanut allergens by genetic technology. Chu et al.
silenced Ara h 2 and Ara h 6 by RNA interference and pro-
duced three independent transgenic lines. All the three lines
were featured by significant reduction in human IgE binding
to Arah 2 and Ara h 6 as well as the level of Ara h 2, whereas
the level of Ara h 6 was only reduced in two lines. In addition,
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there were no significant differences between the seed weight
and germination data of transgenic and nontransgenic plants
[59]. Another research comes from Ananga et al. who tried
to produce hypoallergenic peanuts by silencing Ara h 1, Ara
h 2, and Ara h 3 with RNA interference. Ananga et al. have
found the following: the percentages of transgenic peanut that
showed reduction in Arah 1, Ara h 2, and Ara h 3 were 9%,
10%, and 16%, respectively 3% transgenic seeds were free of
all three allergens; the IgE-binding capacity was significantly
reduced in at least nine transgenic seeds with reduction in
Arahlor Arah2, Arah 3 [60]. Although genetic technology
has shown great promise to produce allergen-free peanut,
this technology also has two big drawbacks. One is people’s
increasing repulsion to transgenic food. The other is the fact
that peanut allergens account for 20-30% of total peanut
proteins, and if all the allergens are removed, peanuts may
not taste like peanuts.

4.3.4. Enzymatic Treatment. Enzymatic treatment is full of
potential to produce allergen-free peanut and there are two
types of enzymatic treatment.

One is using enzymes to cross-link allergen proteins,
resulting in the burial of epitopes. Chung and Champagne
treated protein extract from roasted and raw peanuts with
peroxidase (POD) and transglutaminase (TGA) at 37°C. Both
enzymes catalyze cross-links between proteins. Chung and
Champagne found the following: POD treatment of roasted
peanut resulted in partial loss of Ara h 1 and Ara h 2
along with reduced IgE binding ability and formation of
new polymers; on the other hand, TGA treatment of roasted
peanut had no effect on the content of Arah 1and Arah 2 as
well as IgE binding ability; both POD and TGA had no effect
on the IgE binding ability of protein extract from raw peanut.
Chung and Champagne believed that POD may be useful in
desensitizing peanut while TGA should be useless [61].

The other is using enzymes to break down allergens,
destroying their epitopes. Cabanillas et al. studied the effect of
hydrolysis with alcalase and flavourzyme on the allergenicity
of the soluble protein fraction of roasted peanut. Parameters
for alcalase hydrolysis were S = 2%, E/S = 0.4AU/g of
protein, T = 50°C, and pH 8.0; parameters for flavourzyme
hydrolysis were S = 2%, E/S = 100 LAPU/g of protein, T =
50°C, and pH 7.0. Cabanillas et al. discovered the following:
30 min alcalase treatment resulted in an important decrease
of Arah1, Arah 2, and Ara h 3 levels and reduced IgE binding
reactivity by 98%; 90min alcalase treatment could fully
eliminate IgE binding reactivity; while 30 min flavourzyme
treatment caused an increase in IgE reactivity, hydrolyzing
with flavourzyme for 300 min led to a 65% inhibition of
IgE reactivity [62]. Although Cabanillas et al. demonstrated
that enzymatic treatment with alcalase or flavourzyme could
reduce IgE reactivity in peanuts, Guo et al. found that the
allergenicity was retained after treating roasted peanut pro-
tein extract in a similar way [63]. The two researches adopted
different methods to assess the allergenicity of enzymatic
products, and the liability of such assessment methods is still
in debate. It is unclear whether alcalase and flavourzyme have
an effect or not.

The most promising enzymatic method for desensitizing
peanut is the research of Ahmedna et al. Mohamed’s team
has been working on the subject for over 7 years. They have
developed a method which is very likely to completely
eliminate peanut allergenicity in a quick, simple, and inex-
pensive way, without greatly changing the flavor and texture
of natural peanuts. Since Mohamed’s team are using their
research to apply a patent, only a little detail of the method
can be obtained. It is only told that peanut allergenicity is
reduced by direct application of enzymatic solution to either
raw, blanched, or roasted peanuts, or peanut products or
derivatives (including but not limited to peanut butter, peanut
kernels, peanut skins, peanut protein isolate, peanut flour, or
peanut milk); the enzymatic solution used in this method
contains at least one endopeptidase whose hypoallergenically
effective amount is at least 0.001% (w/w) [64].

4.3.5. Fermentation. Few studies have been reported on
reducing peanut allergenicity by fermentation. It is only
reported that Dr. Ahmedna et al. found that fermenting
whole or ground peanuts with an edible fungus reduced the
detectable level of major allergenic proteins Ara h 1 and Ara
h 2 by as much as 70 percent, and this study is still in the early
stages [65]. Although fermentation method has rarely been
reported, this method has already successfully reduced the
allergic potential of soybean meal and bovine whey proteins
[66, 67] and is very likely to reduce the allergenicity of
peanuts. The major principle of fermentation is almost the
same as that of enzymatic treatment, and fermentation has all
the merits of the enzyme method. Furthermore, this method
is usually much cheaper. Therefore, fermentation is still a very
promising method to produce hypoallergenic peanuts.

5. Prospect

Breeding is an effective way, but some problems cannot be
ignored. The advance of conventional breeding seems very
slow, and mutation breeding is always involved with the
problem of food safety; all of these impede the development
of the breeding method.

Heat and pressure treatment is another effective approach
to reduce peanut allergenicity. However, it still has some defi-
ciencies: roasting can only be an assistant method; the effect
of boiling is very limited; autoclaving requires high energy
consumption and expensive devices. All of these constitute
obstacles to the development of this method.

Transgenic technology is very promising to produce
allergen-free variety in the near future. However, with peo-
ple’s repulsion to transgenic food and flavor problems, it has
a long way to go to have transgenic allergen-free peanuts in
the market.

Tannic acid is a useful agent, but considering its obvious
drawbacks, it can only be an assistant approach. PUV has
the same problem of mutation breeding which hinders its
development. Magnetic beads capture is a promising way to
decrease peanut allergenicity.

At present, enzymatic treatment is the most promising
way to produce nonallergic peanuts. Compared with breed-
ing and gene technology, enzymatic treatment is mild, is nat-
ural, usually does not produce harmful substance and can be



readily accepted by the public. Compared with autoclaving,
the approach of Mohamed’s team is very cheap. Moreover,
enzymatic treatment does not impair peanut nutrition value.
Therefore, the authors believe that it is the most promising
approach nowadays.

Fermentation is full of potential to reduce peanut aller-
genicity. Moreover, it has all the merits of the enzyme method
and is usually much cheaper. Although this method has rarely
been reported, it may be the best way to reduce peanut aller-
genicity.

References

(1] S. H. Sicherer and H. A. Sampson, “Food allergy;” Journal of
Allergy and Clinical Immunology, vol. 125, supplement 2, pp.
S116-S125, 2010.

[2] S. L. Hefle, J. A. Nordlee, and S. L. Taylor, “Allergenic foods,”
Critical Reviews in Food Science and Nutrition, vol. 36, supple-
ment 1, pp. S69-589, 1996.

[3] S. H. Sicherer, A. Mufoz-Furlong, J. H. Godbold, and H. A.
Sampson, “US prevalence of self-reported peanut, tree nut, and
sesame allergy: 11-year follow-up,” Journal of Allergy and Clinical
Immunology, vol. 125, no. 6, pp. 1322-1326, 2010.

[4] J. Grundy, S. Matthews, B. Bateman, T. Dean, and S. H. Arshad,
“Rising prevalence of allergy to peanut in children: data from 2
sequential cohorts,” Journal of Allergy and Clinical Immunology,
vol. 110, no. 5, pp. 784-789, 2002.

M. Ben-Shoshan, R. S. Kagan, R. Alizadehfar et al., “Is the
prevalence of peanut allergy increasing? A 5-year follow-up
study in children in Montreal,” Journal of Allergy and Clinical
Immunology, vol. 123, no. 4, pp. 783-788, 2009.

[6] M. Morisset, D.-A. Moneret-Vautrin, and G. Kanny, “Preva-
lence of peanut sensitizion in a population of 4,737 subjects-
an allergo-vigilance network enquiry carried out in 2002,
European Annals of Allergy and Clinical Immunology, vol. 37, no.
2, pp. 54-57, 2005.

M. Osterballe, T. K. Hansen, C. G. Mortz, A. Hest, and C.
Bindslev-Jensen, “The prevalence of food hypersensitivity in an
unselected population of children and adults,” Pediatric Allergy
and Immunology, vol. 16, no. 7, pp. 567-573, 2005.

L. P. Shek, E. A. Cabrera-Morales, S. E. Soh et al., “A population-
based questionnaire survey on the prevalence of peanut, tree
nut, and shellfish allergy in 2 Asian populations,” Journal of
Allergy and Clinical Immunology, vol. 126, no. 2, pp. 324-331,
2010.

[9] Central Intelligence Agency, Library, Publications, The World
Factbook, Singapore, people and society, ethnic groups, 2000,
https://www.cia.gov/library/publications/the-world-factbook/
geos/sn.html.

[5

N

[8

[10] Berger and Smith, “Science commentary: why do some children
grow out of peanut allergy?” British Medical Journal, vol. 316, p.
1275, 1998.

[11] R.S.Kagan, L. Joseph, C. Dufresne et al., “Prevalence of peanut
allergy in primary-school children in Montreal, Canada,” Jour-
nal of Allergy and Clinical Immunology, vol. 112, no. 6, pp. 1223-
1228, 2003.

[12] R. M. King, R. C. Knibb, and J. O. Hourihane, “Impact of
peanut allergy on quality oflife, stress and anxiety in the family,”
Allergy, vol. 64, no. 3, pp. 461-468, 2009.

International Journal of Food Science

[13] “Allergen Nomenclature (IUIS Allergen Nomenclature Sub-
Committee);” http://www.allergen.org/search.php? Allergen
source=Arachis+hypogaea.

(14] E. C. de Jong, M. Van Zijverden, S. Spanhaak, S. J. Koppelman,
H. Pellegrom, and A. H. Penninks, “Identification and partial
characterization of multiple major allergens in peanut proteins,;’
Clinical and Experimental Allergy, vol. 28, no. 6, pp. 743-751,
1998.

[15] A.Mari, E. Scala, P. Palazzo, S. Ridolfi, D. Zennaro, and G. Cara-
bella, “Bioinformatics applied to allergy: allergen databases,
from collecting sequence information to data integration. The
Allergome platform as a model,” Cellular Immunology, vol. 244,
no. 2, pp. 97-100, 2006.

[16] C. Cabanos, H. Urabe, M. R. Tandang-Silvas, S. Utsumi, B.
Mikami, and N. Maruyama, “Crystal structure of the major
peanut allergen Ara h 1" Molecular Immunology, vol. 49, no. 1-2,
pp. 115-123, 2011.

(17] A. W. Burks, D. Shin, G. Cockrell, J. S. Stanley, R. M. Helm,
and G. A. Bannon, “Mapping and mutational analysis of the
IgE-binding epitopes on Ara h 1, a legume vicilin protein and
a major allergen in peanut hypersensitivity, European Journal
of Biochemistry, vol. 245, no. 2, pp. 334-339, 1997.

[18] D. S. Shin, C. M. Compadre, S. J. Maleki et al., “Biochemical
and structural analysis of the IgE binding sites on Ara hl,
an abundant and highly allergenic peanut protein,” Journal of
Biological Chemistry, vol. 273, no. 22, pp. 13753-13759, 1998.

[19] W.G. Shreftler, K. Beyer, T. T. Chu, A. W. Burks, and H. A. Samp-
son, “Microarray immunoassay: association of clinical history,
in vitro IgE function, and heterogeneity of allergenic peanut
epitopes,” Journal of Allergy and Clinical Immunology, vol. 113,
no. 4, pp. 776-782, 2004.

[20] H. J. Wichers, T. De Beijer, H. E J. Savelkoul, and A. Van
Amerongen, “The major peanut allergen Ara h 1and its cleaved-
off N-terminal peptide; possible implications for peanut aller-
gen detection,” Journal of Agricultural and Food Chemistry, vol.
52, no. 15, pp. 4903-4907, 2004.

[21] G.W.Palmer, D. A. Dibbern Jr., A. W. Burks et al., “Comparative
potency of Ara h 1 and Ara h 2 in immunochemical and
functional assays of allergenicity,” Clinical Immunology, vol. 115,
no. 3, pp. 302-312, 2005.

[22] S. J. Koppelman, R. A. A. Vlooswijk, L. M. J. Knippels et al.,
“Quantification of major peanut allergens Arah 1 and Arah 2
in the peanut varieties Runner, Spanish, Virginia, and Valencia,
bred in different parts of the world,” Allergy, vol. 56, no. 2, pp.
132-137, 2001.

[23] S.J. Maleki, O. Viquez, T. Jacks et al., “The major peanut aller-
gen, Ara h 2, functions as a trypsin inhibitor, and roasting
enhances this function,” Journal of Allergy and Clinical Immu-
nology, vol. 112, no. 1, pp. 190-195, 2003.

[24] A. M. Scurlock and A. W. Burks, “Peanut allergenicity;” Annals
of Allergy, Asthma and Immunology, vol. 93, supplement 5, pp.
$12-S818, 2004.

[25] S.]. Koppelman, M. Wensing, M. Ertmann, A. C. Knulst, and
E. E Knol, “Relevance of Ara hl, Ara h2 and Ara h3 in peanut-
allergic patients, as determined by immunoglobulin E Western
blotting, basophil-histamine release and intracutaneous testing:
Ara h2 is the most important peanut allergen,” Clinical and
Experimental Allergy, vol. 34, no. 4, pp. 583-590, 2004.

[26] A.Barre,]. Borges, R. Culerrier, and P. Rougé, “Homology mod-
elling of the major peanut allergen Ara h 2 and surface mapping
of IgE-binding epitopes,” Immunology Letters, vol. 100, no. 2, pp.
153-158, 2005.



International Journal of Food Science

(27]

(28]

(29]

(30]

(31]

(34]

[36]

(37]

(38]

(39]

S. J. Koppelman, E. F. Knol, R. A. A. Vlooswijk et al., “Peanut
allergen Ara h 3: isolation from peanuts and biochemical
characterization,” Allergy, vol. 58, no. 11, pp. 1144-1151, 2003.

H. W. Wen, W. Borejsza-Wysocki, T. R. DeCory, and R. A. Durst,
“Peanut allergy, peanut allergens, and methods for the detection
of peanut contamination in food products,” Comprehensive
Reviews in Food Science and Food Safety, vol. 6, no. 2, pp. 47—
58, 2007.

H. W. Dodo, O. M. Viquez, S. J. Maleki, and K. N. Konan,
“cDNA clone of a putative peanut (Arachis hypogaea L.) trypsin
inhibitor has homology with peanut allergens Ara h 3 and Ara
h 4, Journal of Agricultural and Food Chemistry, vol. 52, no. 5,
pp. 1404-1409, 2004.

T. C. Jin, A. E Guo, Y. W. Chen, A. Howard, and Y. Zhang,
“Crystal structure of Ara h 3, a major allergen in peanut;’
Molecular Immunology, vol. 46, no. 8-9, pp. 1796-1804, 2009.

P. Rabjohn, E. M. Helm, J. S. Stanley et al., “Molecular cloning
and epitope analysis of the peanut allergen Ara h 3, Journal of
Clinical Investigation, vol. 103, no. 4, pp. 535-542, 1999.

H. Breiteneder and C. Radauer, “A classification of plant food
allergens,” Journal of Allergy and Clinical Immunology, vol. 113,
no. 5, pp. 821-830, 2004.

T. Kleber-Janke, R. Crameri, U. Appenzeller, M. Schlaak, and W.
Becker, “Selective cloning of peanut allergens, including profilin
and 2§ albumins, by phage display technology,” International
Archives of Allergy and Immunology, vol. 119, no. 4, pp. 265-274,
1999.

S. J. Koppelman, G. A. H. De Jong, M. Laaper-Ertmann et
al., “Purification and immunoglobulin E-binding properties of
peanut allergen Ara h 6: evidence for cross-reactivity with Arah
27 Clinical and Experimental Allergy, vol. 35, no. 4, pp. 490-497,
2005.

X. Chen, Q. Wang, R. El-Mezayen et al., “Ara h 2 and Ara
h 6 have similar allergic effector activity and are substantially
redundant,” International Archives of Allergy and Immunology,
vol. 160, no. 3, pp. 251-258, 2013.

M. Suhr, D. Wicklein, U. Lepp, and W. Becker, “Isolation and
characterization of natural Ara h 6: evidence for a further
peanut allergen with putative clinical relevance based on resis-
tance to pepsin digestion and heat,” Molecular Nutrition and
Food Research, vol. 48, no. 5, pp. 390-399, 2004.

K. Lehmann, K. Schweimer, G. Reese et al., “Structure and
stability of 2S albumin-type peanut allergens: implications for
the severity of peanut allergic reactions,” Biochemical Journal,
vol. 395, no. 3, pp. 463-472, 2006.

C. Cabanos, M. R. Tandang-Silvas, V. Odijk et al., “Expression,
purification, cross-reactivity and homology modeling of peanut
profilin,” Protein Expression and Purification, vol. 73, no. 1, pp.
36-45, 2010.

S. H. Sicherer, A. W. Burks, and H. A. Sampson, “Clinical
features of acute allergic reactions to peanut and tree nuts in
children,” Pediatrics, vol. 102, no. 1, p. €6, 1998.

S. A. Bock, A. Muoz-Furlong, and H. A. Sampson, “Fatalities
due to anaphylactic reactions to foods,” Journal of Allergy and
Clinical Immunology, vol. 107, no. 1, pp. 191-193, 2001.

H. A. Sampson, L. Mendelson, and J. P. Rosen, “Fatal and near-
fatal anaphylactic reactions to food in children and adolescents,”
New England Journal of Medicine, vol. 327, no. 6, pp. 380-384,
1992.

H. A. Sampson, “Peanut allergy,” New England Journal of Medi-
cine, vol. 346, no. 17, pp- 1294-1299, 2002.

(43]
[44]

[45]

(54]

(55]

(58]

(59]

(60]

P. L. Jackson, “Peanut allergy: an increasing health risk for
children,” Pediatric Nursing, vol. 28, no. 5, pp. 496-504, 2002.
C. W. Leeand A. L. Sheffer, “Peanut allergy,” Allergy and Asthma
Proceedings, vol. 24, no. 4, pp. 259-264, 2003.

USDA, “Get the Facts: New Food Allergen Labeling Laws,”
2006, http://www.fns.usda.gov/fdd/facts/nutrition/FoodAller-
genFactSheet.pdf.

R. A. Kopper, N. J. Odum, M. Sen, R. M. Helm, J. S. Stanley,
and A. W. Burks, “Peanut protein allergens: the effect of roasting
on solubility and allergenicity,” International Archives of Allergy
and Immunology, vol. 136, no. 1, pp. 16-22, 2005.

Y. M. Vissers, M. Iwan, K. Adel-Patient et al., “Effect of roasting
on the allergenicity of major peanut allergens Ara h 1 and
Ara h 2/6: the necessity of degranulation assays,” Clinical and
Experimental Allergy, vol. 41, no. 11, pp. 1631-1642, 2011.

Y. M. Vissers, F. Blanc, P. S. Skov et al., “Effect of heating and
glycation on the allergenicity of 2S albumins (Ara h 2/6) from
peanut,” PLoS ONE, vol. 6, no. 8, Article ID €23998, 2011.

E Blanc, Y. M. Vissers, K. Adel-Patient et al., “Boiling peanut
Ara h 1 results in the formation of aggregates with reduced
allergenicity,” Molecular Nutrition and Food Research, vol. 55,
no. 12, pp. 1887-1894, 2011.

B. Cabanillas, S. J. Maleki, J. Rodriguez et al., “Heat and pressure
treatments effects on peanut allergenicity;” Food Chemistry, vol.
132, no. 1, pp. 360-366, 2012.

W. W. Yang, N. R. Mwakatage, R. Goodrich-Schneider, K. Krish-
namurthy, and T. M. Rababah, “Mitigation of major peanut
allergens by pulsed ultraviolet light,” Food and Bioprocess Tech-
nology, vol. 5, no. 7, pp. 2728-2738, 2012.

S.Y. Chung and S. Reed, “Removing peanut allergens by tannic
acid,” Food Chemistry, vol. 134, no. 3, pp. 1468-1473, 2012.

S. Y. Chung and E. Champagne, “Using magnetic beads to
reduce peanut allergens from peanut extracts,” Journal of Allergy
Clinical Immunology, vol. 125, no. 2, supplement 1, p. AB223,
2010.

T. Perkins, D. A. Schmitt, T. G. Isleib et al., “Breeding a
hypoallergenic peanut,” The Journal of Allergy and Clinical
Immunology, vol. 117, supplement 2, p. 5328, 2006.

S. Kikuchi, Y. Saito, H. Ryuto et al., “Effects of heavy-ion beams
on chromosomes of common wheat, Triticum aestivum,” Muta-
tion Research, vol. 669, no. 1-2, pp. 63-66, 2009.

Y. Kazama, H. Saito, M. Fujiwara et al., “An effective method for
detection and analysis of DNA damage induced by heavy-ion
beams,” Bioscience, Biotechnology and Biochemistry, vol. 71, no.
11, pp. 2864-2869, 2007.

C. S. Cabanos, H. Katayama, H. Urabe et al., “Heavy-ion beam
irradiation is an effective technique for reducing major allergens
in peanut seeds,” Molecular Breeding, vol. 30, no. 2, pp. 1037-
1044, 2011.

T. Abe, T. Matsuyama, S. Sekido, I. Yamaguchi, S. Yoshida, and T.
Kameya, “Chlorophyll-deficient mutants of rice demonstrated
the deletion of a DNA fragment by heavy-ion irradiation,”
Journal of Radiation Research, vol. 43, pp. S157-S161, 2002.

Y. Chu, P. Faustinelli, M. L. Ramos et al., “Reduction of IgE
binding and nonpromotion of Aspergillus flavus fungal growth
by simultaneously silencing Ara h 2 and Ara h 6 in peanut,
Journal of Agricultural and Food Chemistry, vol. 56, no. 23, pp.
11225-11233, 2008.

A. Ananga, H. Dodo, and K. Konan, “Elimination of the three
major allergens in transgenic peanut (Arachis hypogea L), in
Vitro Cellular & Developmental Biology-Animal, vol. 44, pp.
S36-§37, 2008.



(61]

(62

[63

[67]

S. Chung and E. T. Champagne, “Effect of enzyme treatment
on the allergenic properties of peanuts,” Journal of Allergy and
Clinical Immunology, vol. 111, no. 2, 2003.

B. Cabanillas, M. M. Pedrosa, ]. Rodriguez et al., “Influence of
enzymatic hydrolysis on the allergenicity of roasted peanut pro-
tein extract,” International Archives of Allergy and Immunology,
vol. 157, no. 1, pp. 41-50, 2011.

R. Guo, X. Shi, B. White et al., “Allergenicity of peanut proteins
is retained following enzymatic hydrolysis,” Journal of Allergy
and Clinical Immunology, vol. 129, no. 2, p. AB367, 2011.

M. Ahmedna, J. M. Yu, and I. Goktepe, “Process for preparing
hypoallergenic and non-allergenic peanut butter and associated
products,” 2010, United States Patent Application Publication,
Pub. No: US2010/0080870 Al.

“New process removes allergy proteins from peanuts,” Magazine
of the Agricultural Research Program at North Carolina Agricul-
tural and Technical State University, vol. 2, p. 3, 2005.

Y. S. Song, J. Frias, C. Martinez-Villaluenga, C. Vidal-
Valdeverde, and E. G. de Mejia, “Immunoreactivity reduction
of soybean meal by fermentation, effect on amino acid com-
position and antigenicity of commercial soy products,” Food
Chemistry, vol. 108, no. 2, pp. 571-581, 2008.

G. H. By, Y. K. Luo, Y. Zhang, and E Chen, “Effects of fermen-
tation by lactic acid bacteria on the antigenicity of bovine whey
proteins,” Journal of the Science of Food and Agriculture, vol. 90,
no. 12, pp. 2015-2020, 2010.

International Journal of Food Science



o

International Joumal of

Peptide

BioMed Stem Ce||5 | ~ International \ urnal of
Research International International ( Genomics

Journal of

Nucleic Acids

Hindawi

Submit your manuscripts at
http://www.hindawi.com

Journalo 2 The SCientiﬁC
Signal Transduction World Journal

Anatomy y International Journal of Bio(jhemistry Advances in i
Research International Mlcroblology Research International Bioinformatics

Enzyme International Journal of Molecular Biology

Archaea Research Evolutionary Biology International Marine Biology




