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Abstract

Peanut allergy is a typical IgE mediated immune disease and has become
a major health concern worldwide. Even a low intake of peanuts or peanut
containing foods can cause severe and sometimes fatal allergic reactions
in sensitive individuals. Differences in the preparation of peanuts before
consumption could contribute to whether an individual will eventually display an
allergic reaction. Several thermal and non thermal treatments might account for
this change in allergenicity due to an alteration of the allergenic proteins therein
contained. Such paper will report and review the different strategies aimed to
reduce peanuts allergenicity.

Peanut Allergy and Allergens Modification

Peanut is a seed crop legume widely employed for human
consumption thanks to its high nutritional value and sensory qualities
[1]. It is characterized by a high oil (44-56%) and protein content (22-
30%) and represents a good source of energy and proteins. On the
other hand peanut is also very rich in allergenic proteins capable of
triggering allergic reactions in sensitive individuals. It is well known
that even few milligrams of peanuts ingested might provoke allergic
reactions in predisposed individuals that can be sometimes life-
threatening. Evidence of peanuts specific IgE can be established by
allergy skin-prick test (SPT) or by in vitro determinations although
negative tests to IgE do not always exclude an allergic reaction.
Symptoms of IgE mediated disorders are typically related to the skin,
the gastrointestinal tract, and the respiratory tract. Anaphylaxis, a
systemic allergic response to allergen ingestion, can include other
additional cardiovascular symptoms such as hypotension and
dysrhythmia. It has been estimated that about two thirds of all deaths
are due to anaphylaxis caused by accidental exposure to peanuts
[2]. About the prevalence of peanut allergy worldwide, recent data
suggest that the incidence of allergic reactions has increased in the
North America and in several European countries during the past
decades. In a self-reported population survey it was calculated that
the prevalence of peanut allergy in US children was around 1.4% in
2008 compared to 0.8% in 2002 [3], whereas in Europe accounts for
1.3% in 4-18-years-old youngsters [4]. It is in Figure 1 reported a
graphical representation of the prevalence of clinical peanut allergy
worldwide according to the studies carried out in different countries.
Data reported a prevalence ranging between 1.2 and 3% of the adult
population calculated in the different geographical areas.

According to the Allergen Nomenclature Sub-Committee of the
International Union of Immunological Societies, 17 Ara h proteins
were identified as capable of inducing allergic reactions and that are
recognized by IgE allergic patients upon peanut ingestion [5]. Despite
the identification and characterization of various peanut allergens, to
date no cure exist and a diet based on the strict avoidance of peanut
containing foods is still the safest choice to protect allergic consumers
from displaying undesired reactions. Given the constant increase of
peanuts allergies mainly diagnosed in industrialized countries and
given the focus placed in the recent years on consumers’ health,
new challenges have been recently posed to the food industry and

regulatory agencies in terms of food safety. An alternative strategy to
the avoidance of the allergen from the diet relies on the availability of
processed peanuts endowed with a reduced allergenic potential that
could significantly lower consumer risk and industry liability factors
[6,7]. The development of processing technologies aimed to inhibit
allergen activity or to remove allergens, represents a common goal
for obtaining low allergenic foods [8]. However, little is known about
how food processing may affect allergic sensitization and subsequent
elicitation of adverse reactions to peanut proteins. Depending on
the conditions and the type of processing applied, an alteration of
immunodominant epitopes can take place thus affecting the final
protein allergenicity [9]. Processing may alter existing epitopes spread
along a protein or may generate a change in protein conformation. In
addition, an alteration of the food might also induce a masking or
unmasking of the epitopes. As a result, allergenicity of the offending
food can change, reduced or enhanced [9] and then increasing or
decreasing IgE reactivity [10,11]. Considering that, the IgE binding
capacity of proteins or foods is a prerequisite for observing a clinical
reactivity, i.e. ability to elicit an allergenic reaction in sensitized
populations, as well as the properties conferring to proteins the ability
to induce sensitization [12]. Many types of processing reported in the
literature are known to influencing peanut allergenic potential such
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Figure 1: Prevalence of peanut allergy in the different geographical areas.
Data are referred to self reported and prevalence of “clinical peanut allergy”,

according to sIgE-based criteria reported in literature [3,4,49].
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Table 1: Summary of thermal and non thermal treatments on peanuts proteins.

Thermal treatments Effects References
Roasting
Boiling
Denaturation; protein conformational change; Maillard reaction. [6,17-30]
Frying
Autoclaving
Non thermal treatments
High pressure Denaturation; Protein conformational change. [31-33]
Pulsedultravioletlight Photothermal, photophysical, and photochemical. [34-37]
Gamma Irradiation Protein fragmentation and aggregation. [38,39]
Chemical and enzymatic Protein crosslinking; protein modification; protein fragmentation. [40-47]

as heating (thermal processing), fermentation including endogenous
enzymatic hydrolysis, enzymatic and acid hydrolysis, physical
treatments (such as high pressure processing or extrusion), the use of
preservatives, changes in pH, or combinations of any, two or more of
these [13-15]. In this paper the different types of processing, herein
categorized in thermal and non-thermal treatments, and the impact
on antigenic and allergenic integrity of peanuts proteins will be
reviewed and discussed.

Strategies to Reduce Peanut Allergenicity

Peanuts can undergo different types of processing in order to
decrease their allergenic potential. These can be divided into two
categories: thermal and non thermal treatments here after described
and resumed in Table 1.

Thermal Processing

Significant alterations in protein structure may occur during heat
treatment, with the nature and the extent depending on the specific
thermal treatment and the binary duration/temperature applied.
In general, heat-treatments were found to significantly reduce the
IgE reactivity of well known allergens, most likely as the result of
unfolding mechanisms [16]. Several studies already demonstrated
that heat treatments alter the conformation of the heat-labile
proteins, with a loss of conformational epitope(s), and the reduction
or abolition of allergenic potential for some of them [14,17].
Denaturation like boiling can cause a reduction of the IgE-binding
capacity of peanut proteins in vitro. Beyer et al. showed that boiling
peanuts for 20 minutes in water (100°C) caused a decrease of the IgE-
binding capacity of all tested allergens (Ara h 1, 2 and 3) compared
to roasted peanuts [17]. Another study concluded that IgE-binding
capacity of proteins extracted from boiled peanuts (100°C, 30min)
was significantly lower than that observed for raw peanuts [18]. In the
same paper it was also reported that Low-Molecular-Weight (LMW)
proteins were transferred into the cooking water during boiling. A
similar decrease in allergenicity of peanuts allergens after boiling was
documented by Visser et al. [19]. In this case, native forms of Ara
h 2/6 purified from raw and heated peanuts and placed in aqueous
solution at 100°C for 15min induced a significant loss in IgE-binding
capacity and ability of the protein to elicit histamine release with a
significant decrease of the mediator release. Turner et al.,, found
that boiling peanuts for 6 hours resulted in a loss of Arah 2, Arah 6
and Ara h 7 proteins. Moreover, it was also demonstrated that oral
food challenge with boiled peanuts induced desensitization in four

peanuts allergic patients [20]. However, boiling treatment did not
always produce a decrease in allergenicity as reported by Cabanillas
et al. showing that one out of seven peanuts allergic patients elicited a
positive reaction towards boiled peanut extracts in a SPT study [21].

Beyond boiling also other thermal processes can alter
conformational epitopes, with a consequent production of linear
epitopes available for the antibody binding [22]. In particular,
roasting has been reported to induce important modifications
consequent to the Maillard reactions, leading to the formation of
stable Advanced Glycation End-Products (AGE) through the reaction
of reducing sugars with the free amino groups on proteins [23,24]. It
was documented that these Advanced Glycation End (AGE) adducts
formed upon the roasting of purified Ara h 1 and Ara h 2 enhanced
the IgE-binding capacity up to 90-fold, concluding that the high
level of AGE adducts can be correlated with the level of IgE binding
[25]. On the other hands, Maillard reaction does not always affect
the allergenicity of peanut proteins, and a lot depends on the type
of protein or the conditions under which the Maillard reactions take
place. On this regards, Maleki et al. compared the proliferative ability
and IgE production of both purified Ara h 1 and Ara h 2 extracted
from raw and roasted peanuts, towards T-cells demonstrating the
higher IgE reactivity recorded for roasted Arahl compared to the
raw protein; however a general decrease in T-cell proliferation was
observed for roasted peanuts on five patients sera analysed [6]. Other
studies accomplished on different types of roasting, in the presence or
absence of glucose, resulted in an increased degranulation capacity in
cellular Mediator Release Assays (MRAs), upon incubation with Ara
h1. Conversely, a decrease was recorded when cells were incubated
with Ara h 2/6 [26].

Few studies have been reported about sensitization of thermally
treated peanuts (boiled in aqueous buffer) on animal models.
Moghddam et al. demonstrated that extracts from roasted peanuts
increased the elicitation capacity of peanut allergens compared to
those obtained from blanched peanuts, and were also capable of
inducing sensitization across mucosal and cutaneous routes in mice
[27]. Similar results were obtained by Kroghsbo et al. although the
roasted peanuts did not show to impact sensitization in rats [28].

Other authors investigated the effect of heat treatment on Ara h
2 immunogenicity using an oral food allergy mouse model reporting
an increase of IgE levels when mice where immunized with heated
Arah 2 [29]. Data on the effects of frying are instead quite limited and
controversial. It has been demonstrated that frying reduced the IgE-
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binding capacity of Arah 1, Ara h 2 and Ara h 3 but did not reduce
mediator release by SPT [17,21].

In the last years new strategies have been investigated and adopted
to reduce peanuts allergenicity; in particular, the combination of
heating and high pressure appeared to be a promising approach. In
a recent study, Cabanillas et al. reported that intensive autoclaving
on different forms of peanuts (raw, roasted and fried) showed a
decreasing relative levels of the allergens Arah 2, Arah 6 and Arah 1
in P three treated peanuts [30]. Moreover, the level of reduction of the
major allergens was directly correlated with a decreased IgE-binding
capacity, diminished basophiles activation and a reduced mediator
release by skin prick test in allergic patients.

It has been hypothesized that the effects of autoclaving were
related to an unfolding of some basic protein structures (a-helix
and B-strand) and an increased formation of random coils that
consequently produced and increased digestibility of different peanut
proteins. However it was also reported that allergenic proteins such
as Ara h 2 and Ara h 6, thanks to the highly stable protein structure,
were extremely resistant to proteolytic digestion though the heat
treatment applied [21].

Non Thermal Processing

Most processing technologies are still based on heat physical
principles to alter the structure of food allergens. Although this
technology is frequently applied in traditional food processing, the
sensory quality and nutritional value of the processed food may be
impaired. Therefore, the development of non thermal processing
technologies has emerged in the last years.

Among the non thermal processing technologies many studies
reported the importance of High Processing Pressure (HPP) capable
of causing a reversible or irreversible structural modification of
proteins, determining changes of non covalent bonds such as
electrostatic and hydrophobic interactions, and leading to protein
denaturation and/or aggregation. All these modifications may finally
alter the allergenic potential of a certain food. Huang et al. reported
that of HHP treatment reduced Ara h 2 antigenicity, with 73.3% of
immunoreactivity reduction recorded in peanuts extracts treated
with high pressure at 800 MPa for 10 min [31]. Similar results were
obtained in other studies, where high-pressure micro-fluidization
treatment demonstrated to change the secondary structure of Ara h
2 decreasing its antigenicity by nearly 50% [32]. By contrast, Johnson
et al. showed that no changes in the secondary structure were
observed following high-pressure treatment at 20°C as well as at 80°C,
demonstrating a slight effect on the structure of the purified allergen
[33]. The HPP treatment can be associated or not, to other physical
treatments such as Pulsed Ultraviolet (PUV), or gamma irradiation.
PUV light system, consists in a high-voltage electrical energy stored
in a capacitor and released in a single burst, which passes through a
lamp filled with inert gas, such as xenon [34]. It is speculated that PUV
light has photothermal, photophysical, and photochemical effects on
food systems, which could alter allergen conformation [35] or cause
protein aggregation [36], resulting in the loss of conformational
epitopes.

Chung et al. submitted peanuts and liquid peanut butter extracts
to PUV treatment finding a decrease in IgE binding from six- to

seven-fold compared to the control. PUV light treatment is likely to
cause protein aggregation of the major peanut allergen Ara h 1, thus
altering protein conformation and IgE binding epitopes [36]. The
efficacy of Pulsed Ultraviolet Light (PUV) was evaluated in another
study, where protein extracts from raw and roasted peanuts showed
a reduction in the intensity of Ara h 1, Ara h 2, and Ara h 3 bands
by using energy levels from 111.6 to 223.2 J/cm?® A reduction in
IgE binding up to 12.9- and 6.7-folds, was also observed in roasted
peanuts [37].

Another non thermal processing method that can structurally alter
the IgE binding epitopes creating free radicals and inducing protein
fragmentation and aggregation is based on Gamma irradiation.
The use of gamma irradiation on Ara h 6, caused alterations in its
conformational and antigenic properties with an important impact
on its secondary and tertiary structure [38]. In addition, Oh et al.
evaluated the changes of allergenicity and cytokine production
profiles after exposure of irradiated peanut extract to a peanut-allergy
mouse model [39]. Results showed a general increase of Th1/Th2 ratio
whereas a down-regulation of Th2 lymphocyte activity was recorded
in peanut-sensitized mice.

In other works, the use of non heat processing was explored
with the addition of chemical or enzymatical compounds, chemical
or enzymatic, with the aim to produce hypoallergenic foods with a
reduced sensitizing capacity. Molecules such as phenolic compounds
or phytic acid can lead to the formation of soluble and insoluble
complexes with modifications in the structure of the proteins and/
or polymerization of allergens into larger compounds, thus escaping
IgE recognition [40,41]. In this regard, it has been shown that copper
ions, peroxidase and hydrogen peroxide have the ability to cross-
link peanuts proteins via oxidation of tyrosine residues, showing
a reduction in the IgE binding [42]. On the other hand, the IgE
binding capacity can be also reduced upon production of protein
hydrolysates, that contain di- and tri-peptides which are absorbed
more rapidly than free amino acids along the intestinal tract [43].
In this regards, the combination of enzymatic treatment coupled
with post-hydrolysis food processing, such as heat treatment and
ultrafiltration, are considered to be effective in obtaining protein
products with a reduced allergenicity risk [44]. In particular, two
studies demonstrated that peroxidase or digestive enzymes, such
as a-chymotrypsin and trypsin, could hydrolyse and reduce the
IgE response for Ara h 1 and Ara h 2 in roasted peanuts, but not in
raw peanuts [24,45]. It has also been reported that boiling before
hydrolysis enhanced the effectiveness of enzyme treatment in
thermally treated peanuts, but not in raw products [45]. However, a
combined approach based on the pre-treatment before hydrolysis and
the correct choice of a proper enzyme(s), represents a fundamental
prerequisite in order to highly influence the IgE-binding capacity.
Interestingly, Shi et al. reported that although enzymatic hydrolysis
could significantly reduce IgE-binding capacity in ELISA, IgE cross-
linking capacity was still retained in the basophil activation tests,
indicating that a reduction in IgE binding capacity by hydrolysis does
not give a clear prediction of allergenicity reduction [46]. More recent
studies carried out by Mihajlovic et al. in in vivo mouse models,
showed that treating peanuts proteins with laccase did not produce
an increase of allergenicity in in vivo systems, instead resulting in a
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modulated immune response in the animals, recorded through an
increase of IgG2a [47].

Conclusion

Strategic approaches devoted to reducing peanut allergen
reactivity represents the main goal of the scientific community due
to the growing prevalence of peanut allergy worldwide. For this
reason, this report focuses on the impact of processing on antigenic
and allergenic integrity of proteins of the major recognized allergens.
According to what already known, every processing may influence,
but not completely abolish the allergenic potential of the major
peanut allergens. Many approaches herein described, have been
shown to modify peanuts reactivity by changes in protein structures
and alteration of their IgE binding sites. However, the use of one
treatment does not guarantee the total abolishment of allergenicity
and sometimes the combination of different treatments might be
the successful approach. The understanding of how the processing
can influence peanut allergenicity could help mitigating the risks
for allergic consumers reducing the likelihood to trigger allergic
reactions.
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