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1 Introduction

In the past few decades, the prevalence of allergic diseases has increased

dramatically and food allergies play a major role in this increase. Food allergy affects

approximately 6–8 % children and 3–4 % adults in Europe (Mills et al. 2007).

Legumes are increasingly regarded as beneficial food ingredients. In fact, they are

recommended as a staple food by health organizations, and dieticians now tend to

encourage their consumption in counseling (Leterme 2002). The allergenic potential

ofmany legumes such as lupines (Lupinus albus), peanuts (Arachis hypogaea), lentils
(Lens culinaris), chickpeas (Cicer arietinum), and soybeans (Glycine max) is well
established (Verma et al. 2012). As legume allergy affects a significant proportion of

the population, some effective methods should be adopted to minimize its risk.

Consumption of legumes may provoke mild to severe anaphylactic symptoms in

sensitized individuals. The usual symptoms are angioedema, vomiting, urticaria,

allergic rhinitis, diarrhea, skin rashes, swelling of the tongue or throat, and asthma.

Moreover, there is a significant degree of immunological cross-reactivity within the

group of legume allergens and between this group and other plant allergens. Conse-

quently, there is a growing interest in the development of newermethods to overcome

this type of allergic problem and several strategies are being tested to minimize the

allergenicity potential of legume crops (Chung and Reed 2011).

Heating promotes protein denaturation, aggregation, and structure disruption

and it can therefore modify the allergenic properties of proteins. The molecular

basis of changes in allergenic activity is the inactivation or destruction of epitope

structures, the formation of new epitopes, or an enhanced access to cryptic epitopes

by denaturation of the native allergen (Besler et al. 2001). Plant protein
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allergenicity may be variably affected by thermal processing due to an increase or

decrease in IgE immunoreactivity. Thus, the overall effect of such procedures on a

complex food matrix cannot be predicted (Beyer et al. 2001; Mondoulet

et al. 2005). A better understanding of how thermal processing induces biochemical

and immunological changes in food allergens may contribute to the development of

new diagnostic tools and to alleviate the problem of allergies.

Our previous studies have shown that boiling in an autoclave under harsh

conditions markedly reduced lupine, lentil, chickpea, soybean, and peanut

allergenicity (Álvarez-Álvarez et al. 2005; Cabanillas et al. 2012; Cuadrado

et al. 2007, 2009). However, several extremely resistant immunoreactive proteins

still remained in some legumes, such as lentil and chickpea, even after these

extreme treatments. Similar results have been found using instant controlled pres-

sure drop (DIC®), a procedure that combines heat and steam pressure as in

autoclaving (Cuadrado et al. 2011; Guillamón et al. 2008). In the present chapter,

we have summarized the impact of DIC technology on the IgE-binding capacity of

proteins from legumes such as lupine, peanut (raw and roasted), lentil, chickpea,

and soybean. Its effect is compared with that produced by other thermal treatments,

with and without pressure.

2 Major Legumes and Their Predominant Allergens

Legumes are a rich source of protein and other nutritious elements that have

functional properties, which is why they are an important ingredient in manu-

factured foods today. Indeed legumes have become an important ingredient of the

human diet throughout the world (Duranti 2006). Unfortunately, they are one of

the common types of food that have the potential to elicit an allergenic response.

Some common allergenic legumes are peanut, soybean, lentil, lupine, pea, chick-

pea, red gram, and black gram. Several legume allergens have been identified and

characterized as belongings to the cupin superfamily of storage proteins (Mills

et al. 2002). The major allergens of soybean and peanut have been extensively

studied and Ara h 1, a 65 kDa glycoprotein belonging to the vicilin family, is one of

the best characterized (Burks et al. 1998). Several legume allergens are strongly

resistant to digestion and food processing, thus strengthening their allergenic

potential (Mills et al. 2004). Fewer investigations have been carried out on lentil

and chickpea allergens. No chickpea allergens have been identified and only three

lentil allergens have been characterized until now. Research is being performed by

various groups to identify more legume allergens (Verma et al. 2012).

The pattern of legume sensitization varies in different parts of the world,

probably due to the genetic status of individuals, consumption habits, or maybe

the involvement of other factors. A higher prevalence of peanut allergy is found in

the UK, France, and North America, whereas a major incidence of soybean allergy

has been reported in south-east Asia. Lentil, chickpea, and lupine allergic reactions

are more widespread in the Mediterranean area (Crespo and Rodrı́guez 2003).
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According to UE regulations it is mandatory to label a list of 14 groups of potential

allergenic foods. These include peanut and soybean, which were among the first to

be included, and they have been followed more recently by lupine and any

ingredients derived from it (Commission Directive 2006/142/EC).

3 Effect of Thermal Processing on Legume

Allergenic Proteins

Foods are subjected to thermal and nonthermal processing methods to improve their

quality, preservation, safety, and suitability for specific product applications. The

degree of processing affects digestibility, solubility, and other related parameters.

During processing, proteins can form oligomers, become denatured, aggregate,

fragment, and reassemble, and these changes most often reduce solubility (Maleki

2004). Processing can alter the overall IgE-binding profiles of a particular extract,

which can become more or less antigenic or result in new allergens (neoallergens)

(Schmitt et al. 2010). Therefore, the study of processing is necessary to assess the

allergenicity of existing and newly introduced foods (Wal 2003). The effect of

thermal processing mainly depends on temperature and duration. Moreover, alter-

ation in the structure of a protein also depends on interactions with other food

matrix constituents. In general, when the temperature is around 70–80 �C a loss of

secondary structure occurs, whereas at 80–90 �C the formation of new bonds and

rearrangements of disulfide bonds occur. At higher temperatures (90–100 �C) there
is aggregate formation (Davis and Williams 1998).

Studies demonstrated that extracts from roasted peanut bind IgE at approxi-

mately 90-fold higher levels than those from raw peanuts (Maleki et al. 2000;

Chung et al. 2003). These studies showed that the major allergens from roasted

peanuts, Ara h 1 and Ara h 2, undergo structural alterations that enhance their

allergenic properties. Heat treatment probably increases the digestibility of

proteins, so their absorption through the gastrointestinal tract may also increase,

decreasing the possibility for an allergenic protein to elicit an allergenic response.

However, in some cases thermal processing may reduce the digestibility of a

particular allergen or neoantigens may be formed that were not originally present.

This general phenomenon may enhance the allergenic problem in sensitized

patients and the neoantigens may also present an additional problem. One major

factor responsible for the formation of neoantigens is the Maillard reaction, i.e., the

interaction of protein components with sugar residues upon heating, generating

sugar conjugated protein derivatives which enhance the allergenicity of proteins

(Maleki et al. 2000).

IgE antibodies recognize and interact with epitopes present on allergenic

proteins. IgE-binding epitopes can be either linear or conformational. In linear

epitopes, the amino acids are arranged in linear order along the polypeptide chain,

while in the conformational epitopes amino acids that are far apart in the primary
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sequence may come together during the folding of the polypeptide chain. Linear

epitopes may be more problematic compared to the conformational ones, as the

former are mostly resistant to heat treatment. Thermal processing mainly affects

conformational epitopes as heat can break the bonds. Refolding allows the forma-

tion of native conformational epitopes but a few new allergens may be formed,

requiring further efforts to minimize the risk associated with these neoantigens

(Sathe and Sharma 2009). Thus, thermal processing as well as other processing

events can dramatically alter the structure, function, and allergenicity of foods.

Incomplete knowledge of the allergens in processed foods increases the complexity

of food allergy diagnosis.

4 Effect of DIC on Immunoreactivity of Legume Proteins

In accordance with the aim of this chapter, the changes in the IgE-binding capacity

of lupine, raw and roasted peanut, lentil, chickpea, and soybean proteins produced

by DIC technology will be summarized.

All DIC treatments were carried out according to the experimental design

developed by Haddad et al. (2001). Briefly, the moistened product is placed in a

processing chamber and exposed to steam pressure (up to 8 bar) at high temperature

(up to 170 �C) for a relatively short time (a few seconds to some minutes).

An instant pressure drop towards a vacuum at about 50 mbar follows this high

temperature–short time stage. This abrupt pressure drop simultaneously provokes

an autovaporization of part of the water in the product and an instantaneous cooling,

which stops thermal degradation. Whole seeds of lupine, raw and roasted peanut,

lentil, chickpea, and soybean were treated at different pressures for different time

periods, using a 12 or 22 central point composite design (4 or 10 repetitions,

respectively). Some DIC-treated samples were selected for SDS-PAGE and immu-

noblotting studies: 3 and 6 bar for 1 and 3 min, with a constant initial water content

of 50 g of water per 100 g of dry matter.

4.1 Effect of DIC on Lupine (L. albus) Allergens

White lupine is considered to be a rich source of protein with a high lysine content

and is increasingly used both for its multifunctional properties and its potential

hypocholesterolemic and hypoglycemic effects (Duranti 2006). However, lupine

seed flour has been reported to be a causative agent of allergic reactions, especially

in patients allergic to peanut (Moneret-Vautrin et al. 1999). Moreover, lupine seed

proteins have proved to be an interesting model for the study of the thermal

conformational stability of proteins under different pH conditions from both

biochemical and technofunctional points of view (Duranti et al. 2000).
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In a previous study, microwave cooking, boiling, and extrusion cooking

produced minimal changes on IgE binding to lupine proteins; however, boiling in

an autoclave at 2.6 bar (138 �C) for 20 min produced a significant decrease

in allergenicity (Álvarez-Álvarez et al. 2005). Only two proteins of 23 and

29 kDa had IgE-binding capacity after autoclaving for 20 min, whereas autoclaving

for 30 min completely abolished the IgE binding of these components, suggesting

that lupine allergens are relatively heat stable. Two main allergens were subse-

quently identified as Lup 1 (conglutin β, 34.5 kDa, 7S protein) and Lup 2 (a basic

subunit of conglutin α, 20 kDa, 11S protein) (Guillamón et al. 2010). Both were

partially sequenced and their high degree of homology with major allergens from

peanut, lentil, pea, and soybean could explain the IgE cross-reactivity of lupine with

these legumes.

Guillamón et al. studied the effect of DIC treatment on lupine allergenicity

(Guillamón et al. 2008). The SDS-PAGE and IgE-immunoblot analysis of raw and

DIC-processed lupine proteins are shown in Fig. 1a, b. Raw lupine and lupine

processed with DIC at 3 bar for 1 and 3 min had similar SDS and IgE-immunoblot

band patterns; Lup 1 (34.5 kDa) and Lup 2 (20 kDa) were still present in these

samples. A similar protein pattern was found by Álvarez-Álvarez et al. in autoclaved

lupine seeds processed at 1.2 bar for 20 min (Álvarez-Álvarez et al. 2005). A major

decrease in the number and intensity of the bands was observed when DIC was

applied at 6 bar for 1 min, but Lup 1 (34.5 kDa) was still present. However, after

3 min at 6 bar neither Lup 1 nor Lup 2 were detected (Fig. 1b). This study confirmed

the results of previous work that demonstrated the thermal resistance to autoclave

treatment of the major lupine allergens (Álvarez-Álvarez et al. 2005). Both results

suggest that lupine seeds treated with processing technologies combining heat and

steam pressure, such as DIC and autoclaving, could almost completely eliminate the

in vitro immunoreactivity of lupine.

Fig. 1 (a) SDS-PAGE pattern of whole protein extract from raw (lane 1) and DIC-processed

(lanes 2–9) lupine samples. (b) IgE immunoblot of whole protein extract from raw (lane 1) and
DIC-processed (lanes 2–4) lupine samples, using a serum pool from patients sensitized to lupine

(20 μg of protein per lane)
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4.2 Effect of DIC on Peanut (A. hypogaea) Allergens

Peanut allergy is one of the most common IgE-mediated reactions to food because

of its severity and lifelong persistence (Sicherer and Sampson 2007). Considerable

effort has been spent in characterizing peanut allergens and 11 allergenic proteins

have been identified until now (Ara h 1–Ara h 11). The major peanut allergens, Ara

h 1 (65 kDa, vicilin) and Ara h 2 (17 kDa, conglutin), are recognized by 70–90 % of

sensitized subjects (Burks et al. 1998) while Ara h 3 (11S legumin) is considered to

play a lesser allergenic role (Rabjohn et al. 1999). Thermal treatment has a signifi-

cant effect on peanut immunoreactivity. As previously mentioned, roasting peanut

enhances its IgE-binding capacity (Maleki et al. 2000), while boiling decreases its

allergenicity (Beyer et al. 2001).

According to Cabanillas et al., the IgE immunoreactivity of roasted peanut

decreases significantly at extreme conditions of autoclaving (2.6 bar, 30 min)

(Cabanillas et al. 2012). Results obtained by circular dichroism spectroscopy

indicated that most of the α-helical structure was lost after autoclave treatment.

The fact that many of the IgE-binding epitopes of major peanut allergens (Ara

h 1, Ara h 2 and Ara h 3) are located on the α-helical regions may explain this

decrease (Barre et al. 2007; Mueller et al. 2011).

When DIC treatment was used at 3 bar for 1 and 3 min and at 6 bar for 1 min with

raw and roasted peanut proteins, it did not produce any relevant change in the

immunoblot profile compared to untreated samples (Cuadrado et al. 2011).

However, DIC treatment at 6 bar for 3 min resulted in a marked decrease in the

protein bands of 65 kDa (putative Ara h 1) (Fig. 2) and no immunoreactive bands of

less than 20 kDa were recognized. However, some bands (e.g., 37 kDa, Ara h 3 acid

subunit) behave differently in raw and roasted peanuts (Fig. 2). Taking into account

the reduction of in vitro immunoreactivity observed at the highest pressure and

longest time, DIC seems to be more effective on the immunoreactivity of roasted

peanut proteins than on that of raw peanuts. From the literature, it is apparent that

changes in the immunoreactivity of peanut proteins following thermal treatment

may be in large part due to a modification in the structure and reactivity of each

individual peanut allergen and also to their interaction with the food matrix,

although more studies are required to provide a fuller understanding of this

question.
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4.3 Effect of DIC on Lentil (L. culinaris) Allergens

Lentil is commonly consumed in Mediterranean areas and it has been reported as a

cause of IgE-mediated hypersensitivity reactions, particularly in pediatric patients.

Multiple IgE-binding allergens have been detected in both raw and boiled lentil but

Fig. 2 SDS-PAGE patterns and IgE immunoblot from control and DIC-processed samples of raw

and roasted peanuts. The pool serum used was from subjects sensitized to peanut (20 μg of protein
per lane)
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studies investigating the allergenicity of lentils with well-documented clinical sera

are scarce. Two major lentil allergens, Len c 1 (48 kDa vicilin) (López-Torrejón

et al. 2003) and Len c 2 (66 kDa) were isolated from boiled lentils and characterized

(Sánchez-Monge et al. 2000). Recently, a third allergen, Len c 3, has also been

characterized (Akkerdaas et al. 2012).

Boiling lentil proteins does not seem to be an effective way of reducing their

allergenic potential. However, autoclave treatment of lentil (1.2 and 2.6 bar, up to

30 min) significantly decreased the activity of IgE-binding proteins. Autoclaving

at the highest pressure (2.6 bar) for 30 min significantly reduced the overall

IgE-binding capacity, although extremely resistant immunoreactive proteins still

remained even after this harsh treatment (Cuadrado et al. 2009).

When we studied the effect of DIC treatment on lentil, we observed that the

control sample was composed of numerous immunoreactive bands with molecular

weights of between 101 and 140 kDa, including a protein of 48 kDa (putative major

allergen Len c1) (Fig. 3a) (Cuadrado et al. 2011). DIC processing at 3 and 6 bar for

1 and 3 min produced a marked decrease in the overall immunoreactivity (data not

shown) but extreme DIC conditions (6 bar, 3 min) reduced the number of

IgE-binding proteins in a manner similar to that observed with autoclave treatment

under harsh conditions. After this kind of DIC treatment only four heat-stable

allergenic proteins of MW 29, 48, 57, and 68 kDa were still present (Fig. 3a).

These results confirmed the thermostability of some lentil allergens, which are also

detected after autoclaving.

76 C. Burbano and C. Cuadrado



Fig. 3 Relative band density (a.u., arbitrary units) of immunoreactive proteins vs. band molecular

weight (MW, kDa) obtained from IgE immunoblots from control and DIC-treated (6 bar, 3 min)

samples of lentils (a), chickpeas (b), and soybeans (c). The pool serum used was from subjects

sensitized to each legume. Where no dark bands are present the amount of material is below the

limit of detection (control: white; DIC: black)

Effect of DIC on the Allergenicity of Legume Proteins 77



4.4 Effect of DIC on Chickpea (C. arietinum) Allergens

Chickpea is an important source of proteins in several parts of the world. In Asian

countries it is widely consumed in many traditional dishes. The high consumption

rate of this crop in the Mediterranean area has also resulted in allergic problems in

sensitive individuals (Crespo and Rodrı́guez 2003). Chickpea and lentil are the most

common cause of allergic reactions to legumes in Spanish children and there is a

cross-reactivity between them (Crespo et al. 1995). Some subjects allergic to

this legume on ingestion also report symptoms when they inhale vapors from

cooking chickpeas (Niphadkar et al. 1997). Previous studies have detected multiple

IgE-binding bands in chickpea extracts in the molecular weight range of

10–106 kDa, of which the majority were found to be heat stable (Patil et al. 2001).

So far, chickpea allergens have not been immunologically characterized; only two

allergenic polypeptides from chickpea (2S albumin and 11S globulin) have been

identified (Vioque et al. 1999).

Cuadrado et al. found multiple IgE-binding proteins in chickpea boiled for

30 min (Cuadrado et al. 2009). A decrease in the number and intensity of the

bands was observed after autoclaving (1.2 bar, 12 min) and the immunoreactivity

decreased as pressure and time increased. At 2.6 bar (30 min) only two bands

(19 and 16 kDa) were still detected.

The effect of DIC treatment on allergenic proteins from chickpea and lentil was

similar. Untreated chickpea had numerous IgE-binding proteins with molecular

weights of between 12 and 82 kDa (Fig. 3b). The immunoreactive band pattern after

DIC treatment at 6 bar for 3 min also showed a marked decrease in the number and

intensity of IgE-binding proteins. However, in the chickpea experiment, there were

no apparent distinctions among the different pressure and time conditions used

(data not shown), and more heat-stable immunoreactive proteins were still present

at the same extreme DIC conditions (6 bar, 3 min) (Fig. 3b).

4.5 Effect of DIC on Soybean (G. max) Allergens

Soybean and peanut are the two main legumes involved in hypersensitive responses

in numerous countries. Soybean, with around 21 known allergenic proteins, is

widely consumed throughout the world. It is mainly used as an ingredient in

formulated foods, meat/poultry products, together with bakery, pastry, and dairy

products, and has many pharmaceutical and industrial uses (Endres 2001). The

large amount of soybean consumed has also been associated with a high risk of

allergy for consumers and the prevalence rate in the general population is around

0.3–0.4 %. Several major allergens have been identified in soybean, namely, P34

(Gly m Bd 30 K), Gly m 1, Gly m 2, Gly m 3, Gly m 4, and Gly m Bd 28 K (Verma

et al. 2012). Given the commercial use of soybean protein in food products, which

frequently include thermally processed proteins, it is of great importance to
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investigate the effect of heat treatment on the main allergens of this legume. Burks

et al. did not find any relevant decrease in IgE binding after heating soy proteins at

various temperatures and for various times (Burks et al. 1991). Wilson et al. (2005)

concluded that several procedures are needed to eliminate soybean allergenicity,

particularly that of P 34, the major allergenic protein.

To evaluate the effect of DIC, untreated soybean was used as a control

(Cuadrado et al. 2011). All the major allergens and other minor immunoreactive

proteins (13–119 kDa) were detected in the control soybean (Fig. 3c). Although

DIC treatment at 3 bar for 1 and 3 min resulted in a slight reduction in the soybean

immunoreactive bands (data not shown), when the pressure was increased to 6 bar

and applied for 3 min, no immunoreactive proteins could be detected on the

immunoblot pattern (Cuadrado et al. 2011) (Fig. 3c). Similar results were found

when this legume was autoclaved at 2.6 bar for 30 min (Cuadrado et al. 2007). The

DIC technique employed here had the strongest effect on the immunoreactive

proteins of soybean compared to the other legumes studied. The short processing

time (3 min) represents an advantage for future potential applications in the food

industry. Elimination of allergenic proteins via processing could eventually

enhance the safety of soybean products, making them available for soy-sensitized

individuals.

5 Conclusions

According to Thomas et al. (2007), food processing may impact the potential

allergenicity of proteins, although there are no general rules regarding how aller-

genic foods respond to physical, chemical, or biochemical processing methods. The

modifications may result in a loss of organized structure and protein denaturation.

Moreover, it has been demonstrated that the degree of processing can dramatically

affect digestibility, solubility, and other parameters related to IgE reactivity. In

some allergenic proteins, the epitopes are destroyed but they are unaltered in others.

Thus, processing can alter the overall IgE-binding profiles of legume proteins.

This chapter summarized the effect of DIC treatment (steam pressure, high

temperature, and short time) on different legumes and compared it with other

thermal procedures. DIC treatment significantly decreased the overall immunoreac-

tivity of lentil, chickpea, and peanut, mainly roasted, and almost completely

eliminated IgE recognition of lupine and soybean proteins. These DIC-treated

legumes could constitute an alternative to intact proteins in the development

of different food products. However, as in vitro IgE reactivity is an indicator of

potential in vivo allergenicity, further in vitro assays and in vivo clinical data are

required to confirm that DIC treatment can reduce the in vivo allergenicity of these

legumes. Only after such studies could these putative hypoallergenic foods be safely

consumed and even utilized as a desensitizing food.
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caractéristiques physico-chemiques du produit fini. Sci Aliment 21:481–498

Leterme P (2002) Recommendations by health organizations for pulse consumption. Br J Nutr

88:239–242
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