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Abstract 

 

Peanut allergy is one of the most severe food allergies. It represents a serious health issue and a 

food safety issue in the developed country. The peanut allergy is triggered by allergenic peanut 

proteins and 17 such proteins have been identified. Among these proteins, Ara h 1, Ara h 2, Ara h 

3 and Ara h 6 are defined as major allergens because of their high contents in the peanut and their 

high allergenic potential. The eliciting dose of peanut allergy is low and the severity of allergic 

reaction increased with peanut protein dose. Due to the increasing applications of peanuts in food 

products, it is very difficult for people who are sensitive to completely avoid from exposure to 

peanut. Technologies that can reduce the allergenicity of peanuts will greatly contribute to the 

allergic safety of peanuts, reduce the severity of allergic reaction due to accidental exposure, and 

ease the stress of individuals who are allergic to peanuts. Although many methods have been 

proposed to reduce allergenicity or immunoreactivity of peanut and other food protein, enzymatic 

treatment is apromising because it is safer and practical although this method cannot completely 

desensitize peanut allergens. This review covered the characteristics of peanut allergy, methods 

of allergenicity evaluation, and effects of proteolytic hydrolysis on the allergenicity of peanut 

protein, peanut flour and peanut kernels. 
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1. Introduction 

Although more than 170 foods have been 

reported to cause allergic reactions, milk, egg, 

peanut, tree nuts, wheat, soy, fish and 

crustacean shellfish are the eight major food 

allergens responsible for most of the serious 

food allergic reactions in the United 

States.
1
Peanut allergy is a growing public 

health problem. It is a medical issue and food 

safety issue. The prevalence of peanut allergy 

among children in the United States increased 

from 0.4% in 1999to approximately 2% 

among children in 2010 in a national survey 
2, 

3
, similar to the results reported in a regional 

cohort.
4
 Worldwide, peanut allergy is more 

prevalence in developed countries such as the 

Canada, United State, European countries, 

Australia. The incidence and severity of 

peanut allergy seems to be on the rise in 

recent years. In 2002, about 0.8% of young 

children and 0.6% of adults were reported to 

be allergic to peanuts in the United States and 

this rate increased to 1.4 % in 2008.
5, 6

 In 

Canada, the percentage of children allergic to 

peanuts also increased from 1.3% in 2000-

2002 to 1.6% in 2005-2007.
7
 There is no cure 

about peanut allergy so far although early oral 

immunotherapy has been reported to be a safe 

and highly effective treatment.
8
 Avoidance 

has been the best practice to protect peanut 

sensitive individuals from the risk of peanut 

allergy. To protect consumers, food 

companies in the US are mandatorily required 

to label any possible allergens in the 

prepacked food products according to Food 

Allergen Labeling and Consumer Protection 

Act of 2004.
9
 However, It is very difficult for 

people who are sensitive to peanut to 

completely avoid from exposure to peanut 

because not everybody reads the label before 

consuming the food and because the wide 

applications of peanut or peanut-derived 

products in different types of foods as protein 

source and flavor enhancer.
10

 Up to 75% of 

individuals with known peanut allergy 

experience reactions caused by accidental 

exposure.
11

 This accounts for about 59% of 

the reported allergy related deaths.
12

 The 

causes for this increase remain unclear 

underscoring the need to develop new 

methods to inactivate allergens before they 

cause allergic reactions. 

 

2. Characteristics of Peanut Allergy 

Peanut allergy is a typical IgE-mediate type I 

hypersensitivity.
13

 The symptoms of an IgE-

mediated disorder are typically related to the 

skin, gastrointestinal tract, and respiratory 

tract.
14

 Most food allergies, such as allergies 

to milk, egg, wheat and soy, begin early in 

life and often resolve during their childhood, 

but allergies to peanut, tree nuts, fish, and 

shellfish usually persist, becoming a lifelong 

burden.
1 

People who are allergic to peanuts 

seldom outgrow.
15

 For example, 65% of 

children outgrow their wheat allergy by 

age12, 55% of children with egg allergy and 

45% with milk allergy outgrew their 

symptoms by age 6-7, but only 16-22% 

outgrew their peanut allergy, 13% out 

outgrew their shellfish allergy.
15-18, 3

 In 

addition, peanuts can cause a severe, 

potentially life-threatening allergic reaction 

(anaphylaxis). The allergic reactions can be 

unpredictable, and even very small amounts 

of peanut can cause one. Peanut allergy is one 

of the most common causes of food-induced 

anaphylaxis (FIA) in the United States, 

United Kingdom, and Australia and peanut 

and tree nuts are overwhelmingly and 
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disproportionately represented in case series 

of severe and fatal outcomes, severe allergic 

reaction, and visits to the emergency 

department for food anaphylaxis.
19 

 

3. Eliciting dose of peanut to cause 

objective allergic symptoms 

Peanut allergy is triggered by allergenic 

proteins and peptides in peanuts.Accidental 

ingestion of a small amount of any peanut 

product can produce lethal allergic reactions 

among hypersensitive individuals.
12

 The 

threshold dose inducing symptoms varies a 

great deal according to the individual and 

from study to study. The lowest observed 

adverse-effect level (LOAEL) determined by 

standardized double-blind placebo-controlled 

food challenges is usually used as eliciting 

dose.
20

 It was reported that the minimum dose 

of peanut protein capable of eliciting an 

allergic reaction in highly sensitized 

individuals was 100µg for subjective 

symptom and 2mg for objective signs.
21

 

Studies in children under 5 years of age show 

that 10 mg of defatted peanuts caused 

subjective symptoms while 100 mg to 3g 

caused objective symptom. For the adults, the 

doses of defatted, roasted peanut flour that 

trigger subjective and objective symptoms 

were found to be 10mg and 300mg - 3g, 

respectively.
12

 A study conducted in Demark 

with 487 patients (age 0.5-73.5 years) shows 

that the objective dose was 106.5 (59.7-190.6) 

mg roasted peanut, and adults showed more 

severe symptoms and signs than children, and 

peanut caused more severe reactions than the 

egg, milk and whole hazelnut.
22

 However, a 

study conducted in Netherland found that 

objective eliciting doses (ED05) values for 

children and adults were comparable (2.86 mg 

peanut protein in adults and 6.38 mg in 

children).
23

 Another study conducted in 

Ireland shows that a single administration of 

1.5 mg of peanut protein elicited objective 

reactions in fewer than the predicted 5% of 

patients (average age 6.8 years) with peanut 

allergy  and this dose of was suggested as safe 

single-dose for oral challenge.
24

 A 

retrospective analysis of allergic reaction 

severities and minimal eliciting doses for 

peanut, milk, egg, and soy oral food 

challenges concluded that peanut allergic 

patients who experienced severe reactions had 

significantly higher minimum eliciting doses 

and threshold distribution doses than those 

who experienced mild and moderate 

reactions.
25

 The determination of eliciting 

dose can help industry choose tests with a 

level of sensitivity capable of detecting food 

allergens hidden in industrial products and to 

specify protective measures for highly allergic 

individuals in order to prevent recurrent 

severe anaphylaxis.
26 

 

4. Allergenic Peanut Proteins 

Many studies have been conducted to 

characterize the specific proteins responsible 

for peanut allergy. So far, 17 allergenic 

proteins in the peanuts have been identified as 

shown in Table 1.
27-28 

Among these proteins, 

Ara h 1, Ara h 2, Ara h 3 and Ara h 6 have 

been considered as major peanut allergens 

due to their high content in peanut or high 

allergenic potential.  Ara h 1 is a 64 kD 

protein that comprises 12-16% of the total 

peanut protein. Ara h 2 (16-17 kDa) accounts 

for 5.9–9.3% of the total peanut protein.
29

 It 

has been reported that all known peanut 

allergens comprise 85% of the total protein 

content of peanut while Ara h 1, Ara h 2, and 
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Ara h 3 together account for 75%.
30

 Ara h 6 

has been recently recognized as potent as Ara 

h 2. Ara h 6 shares 59% sequence identity 

with Ara h 2. Ara h 2 and Ara h 6 have 

similar immunoreactivity in chimeric IgE 

ELISA and are considered the most potent 

peanut allergens accounting for the majority 

of effector activity in peanut extracts.
31-35

 

Research also shows that peanut allergy has 

different clinical and immunologic patterns in 

different geographical areas of the world. A 

study conducted in Netherland found that Ara 

h 1 is not a major allergen for the 

participants.
36

 American patients frequently 

had IgE antibodies to rAra h 1 to 3 (56.7% to 

90.0%) and often presented with severe 

symptoms; Spanish patients recognized 3 

recombinant peanut allergens (rAra h 1 to 3) 

less frequently (16.0% to 42.0%), but were 

more sensitized to the lipid transfer protein 

rAra h 9 (60.0%); while Swedish patients 

detected rAra h 1 to 3 more frequently than 

Spanish patients (37.1% to 74.3%) and had 

the highest sensitization rate to the Bet v 1 

homologue rAra h 8 (65.7%).
37

 

Peanut proteins were found to contain 

multiple binding sites for immunoglobulins. 

These binding sites are called epitopes which 

contains different types and number of amino 

acids. Each peanut allergen contains many 

IgE-binding epitopes and so far the epitopes 

of Ara h1, Ara h 2, Ara h 3, Ara h 6 have 

identified by different researchers.
38

 Twenty 

epitopes have been identified within the 

molecule of Ara h 1, 26 epitopes for Ara h 2, 

7 epitopes for Ara h 6and 5 epitopes for Ara h 

3.
39-44

 The lengths of epitopes vary greatly 

and the smallest eiptope identified is 6 amino 

acids in length. The structural modification or 

breakdown of epitopes should contribute to 

reduced allergenicity of peanut proteins. 

 

Table 1. Major peanut allergens, their biochemical name and molecular weight (MW) 
27

  

Allergen Biochemical name MW(SDS-PAGE) 

Ara h 1 Cupin (Vicillin-type, 7S globulin) 64 

Ara h 2 Conglutin (2S albumin) 17 

Ara h 3 Cupin (Legumin-type, 11S globulin, 

Glycinin) 

60, 37 (fragment) 

Ara h 4 renamed to Ara h 3.02, number not available 

for future submissions 

  

Ara h 5 Profilin 15 

Ara h 6 Conglutin (2S albumin) 15 

Ara h 7 Conglutin (2S albumin) 15 

Ara h 8 Pathogenesis-related protein, PR-10, Bet v 1 

family member 

17 

Ara h 9 Nonspecific lipid-transfer protein type 1 9.8 
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Ara H 10 16 kDa oleosin 16 kDa 

Ara h 11 14 kDa oleosin 14 kDa 

Ara h 12 Defensin 8 kDa (reducing), 12 kDa (non-

reducing), 5.184 kDa (mass) 

 Ara h 13 Defensin 8 kDa (reducing), 11 kDa (non-

reducing), 5.472 kDa (mass) 

Ara h 14 Oleosin 17.5 kDa 

Ara h 15 Oleosin 17 kDa 

Ara h 16 non-specific Lipid Transfer Protein 2 8.5 by SDS PAGE reducing 

Ara h 17 non-specific Lipid Transfer Protein 1 11 kDa by SDS-PAGE reducing 

 

5. Methods for evaluating the allergenicity 

of peanuts 

Theoretically, any method that is used to 

diagnose peanut allergy can be used to test the 

allergenicity of peanuts or peanut derived 

product. However, some of the methods such 

as skin prick test and oral challenge are 

restricted to clinical research. There are both 

in vitro and in vivo methods which can 

provide important information about the 

relative allergenicity of a food product. The in 

vitro methods include IgE-testing, 

competitive inhibition ELISA, immune-

blotting, and basophil activation methods. 

Because peanut allergy is IgE-mediated 

immunoreactivity, the plasma and sera of 

patients allergic to peanut or animals 

sensitized with peanuts contain peanut 

specific IgE. Conventional IgE testing uses 

natural extracts containing a complex mixture 

of proteins, while allergen sIgE to component 

allergen tests for IgE binding to single 

allergens, allowing more precise profiling of 

the allergen-sIgE repertoire.
45

 Western blot 

with individual or pooled sera containing 

peanut specific IgE can give detailed 

information about the allergenicity of specific 

proteins.
35, 46-48

 The competitive inhibition 

ELISA (CiELISA) measures the ability of a 

protein extract to inhibit the IgE from binding 

to allergens using pooled plasma and can 

provide information about the relative 

allergenicity of several peanut extracts.
29, 49, 50

 

IgE test using serum samples from individuals 

with peanut allergy history is an important 

adjunct tool inaccurate identification of causal 

food allergens.
51

The human’s specific IgE 

antibody measurement has been useful in 

diagnosis with specific levels predictive of 

diseaseseverity in egg and peanut allergies.
52, 

6
 But in some unusual cases, a clinical 

reactivity may be absent despite presence of 

demonstrable foods specific IgE antibodies. 

Component-resolved diagnostics (CRD) tests 

the specific IgE (sIgE) to specific allergens. 

This method can be used to identify major 

causal allergens of different individuals. 

Some recent studies found that Ara h 2 was 

most relevant in peanut allergy of children 

and adults, and both Ara h2 and Ara h 6 were 

best predictor of adult peanut allergy.
53-54

 A 

systematic review found that the best 

combination of diagnostic accuracy measures 

was found for sIgE to Ara h 2, while the worst 
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diagnostic accuracy measures were found in 

general for sIgE to Ara h 8 and sIgE to Ara h 

9. This finding was independent of 

geographical location. Compared to SPT and 

sIgE to peanut extract, sIgE to Ara h 2 was 

mainly superior in diagnosing peanut allergy 

in case of a positive test result.
23

 Therefore, 

accurate quantification of Ara h 2 and Ara h 

6can help predict the allergenicity of peanut 

or peanut derived product. 

Basophil activation test (BAT) is a flow 

cytometry-based functional assay that uses 

live basophils in whole blood to detect the 

ability of IgE to mediate activation of 

basophils after stimulation with allergen. It 

measures the expression of activation markers 

such as CD63 or CD203c on the surface of 

basophils following stimulation with 

allergen.
55

 BAT should be performed as early 

as possible after blood sample is withdrew, 

preferably within 4 hour because the 

expressions of CD63 and CD203C start 

decreasing after blood withdrawing.
56

 BAT 

provide information about the cross-link 

capacity of allergenic proteins.
57

 This method 

also effectively discriminates between allergy 

and tolerance in peanut-sensitized children, 

showing 97% accuracy, 95% positive 

predictive value, and 98% negative predictive 

value.
58

 The findings of a recent study with 47 

people severe allergy to peanuts, 22 subjects 

with peanut sensitization and 22 control 

subjects, all in the age range of 18–60 years, 

show that BAT-detected reactivity to peanut 

was significantly higher in patients who had a 

history of severe allergy to peanuts, as 

compared with patients who were sensitized 

to peanuts (p < 0.001), and the receiver 

operating curve (ROC) analysis showed that 

BAT had high sensitivity and specificity for 

predicting severe peanut allergy.
59

 Despite the 

fact that the BAT has been validated for a 

wide-range of IgE-mediated conditions, there 

is still considerable variation in the 

performance of this test.
60

 This method is 

interfered by several factors including 

population, study design, purity and 

concentration of allergens or extract, interval 

of blood collection and BAT performance 

procedure, etc. 
58

 It was suggested to limit 

BAT to subjects with a discrepancy between 

history and traditional tests, particularly, 

when total IgE were low.
61

 

Other In vitro evaluation methods include 

bioinformatic analysis, serum screening, 

simulated gastric digestion, and heat stability 

as well as cell models, which may be widely 

used in studies to explore allergic pathways 

and mechanisms.
62

 

In vivo evaluation methods include animal 

models and human clinical trials. Mouse and 

rat are small animalscommonly used to study 

food allergy, while pigs, dogs, and sheep are 

the main examples of large animal models 

that have been used for food allergy studies.
63

 

Among different mouse strains, C3H/HeJ and 

BALB/c more readily display Th2 responses 

than other common murine strains without 

developing oral tolerance.
64

 Brown Norway 

(BN) rat is the strain most suitable for 

inducing specific IgE after oral 

sensitization.
65

 However, there are reports that 

BALB/c mice can develop a robust IgE 

antibody response to peanuts without clinical 

reactivity.
66

 

Skin prick test (SPT) using patients who are 

allergic to peanuts is the most common 

methods. SPT is an indirect measure of 

specific IgE bound to skin mast cells and it 

has been widely used for the diagnosis of IgE-
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mediated allergic disease because the results 

are available quickly.
67

 A positive SPT, with 

specificity < 100%, does not necessarily 

prove that the food is causal. In contrast, a 

negative SPT, with a negative predictive 

accuracy > 90%, suggests the absence of IgE-

mediated allergic reactivity.
68

 A recent study 

found that in children with anaphylaxis to 

peanut, basophil activation, peanut SPT and 

the ratio of peanut sIgE/total IgE were 

associated with reactivity threshold and 

LOAEL, but not with allergy reaction 

severity.
69

 The golden standard method to 

diagnose if somebody is allergic to peanut or 

to test if a food item is allergenic to a specific 

population is oral food challenge (OFC). But 

OFC is dangerous because it can trigger 

severe reactions and must be administered in 

a specialized facility capable of dealing with 

anaphylactic shock.
70 

 

6. Current methods to reduce peanut 

allergenicity 

Because peanuts are directly consumed and 

widely used in many food products as an 

ingredient, it is imperative to reduce the levels 

of allergenic proteins in peanuts and peanut 

derived products before they are mixed with 

other food ingredients in order to protect 

consumers from potential life threatening 

allergic reactions related to accidental peanut 

exposure in addition to labeling the presence 

of peanut. Many approaches have been 

studied to reduce allergenicity of peanuts and 

peanut protein extracts. These approaches 

include genetic, physical, chemical and 

enzymatic modifications of peanut proteins. 

Most of these approaches can be found in two 

reviews.
71-72

 This review discusses enzymatic 

modifications of peanuts for allergenicity 

reduction.  

Two types of enzymatic modifications were 

reported. One is cross-linking of allergenic 

proteins to bury the epitopes. Proteins can 

become cross-linked with other proteins or 

polysaccharides in the presence of peroxidase 

or transglutaminase because proteins contain 

tyrosine and glutamine residues.
49, 50

 

According to the amino acid sequences of 

identified epitopes of Ara h 1, Ara h 2, Ara h 

3 and Ara h 6., only a few epitopes contain 

tyrosin and glutamine 
43, 73

, thus enzymatic 

cross-linking may not be an effective 

approach to reduce the allergenicity of peanut 

protein. Another type is proteolytic hydrolysis 

of allergenic proteins to breaks down proteins 

into fragments/peptides without or with 

reduced allergenicity. Following discussions 

will focus on enzymatic hydrolysis on peanut 

allergenicity. 

 

7. Enzymatic Hydrolysis to Reduce Peanut 

Allergenicity 

In fact, enzymes are known to have played an 

important part in food production since 

ancient times. At present, nearly all 

commercially prepared foods contain at least 

one ingredient that has been made with 

enzymes. Enzymatic hydrolysis has long been 

used in food processing for different 

purposes, for example, proteases including 

chymosin, papain, and other peptidases have 

been used for protein hydrolysis, milk 

clotting, low-allergenic infant-food 

formulation, enhanced digestibility and 

utilization, flavor improvement in milk and 

cheese, meat tenderizer, prevention of chill 

haze formation in brewing.
74

 Protease 

preparations have been used by the food 
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industry to modify the functional properties 

(such as solubility, viscosity, gelling property, 

elasticity, cohesion, emulsification, foam 

stability and whipability of food proteins, to 

improve flavor and nutritional quality of food 

products, to produce bioactive peptides, and 

to produce hypoallergenic food ingredients.
75-

78
 Hypoallergenic infant formulas are 

produced from caseins or whey proteins by 

means of heat denaturation and enzymatic 

hydrolysis which are sometimes combined 

with ultrafiltration.
79-82

 It was found that 

incubation of heated whey with Alcalase, 

flavourzyme or papain for 60 minutes 

completely degraded the antigenic proteins 

beta-lactoglobulin.
81

  Similar results were 

obtained by Herranz and Colleagues who 

used Alcalase, Neutrase and bromelain to 

hydrolyze principal allergens from milk, β-

casein and β-lactoglobulin.
82

 Extensively 

hydrolyzed formulas (EHFs), derived from 

bovine casein or whey, are tolerated by 

approximately 95% of individuals with cow’s 

milk allergic.
80 

 

7.1 Proteolytic enzymes  

Proteolytic enzymes are also termed as 

peptidases, proteases or proteinases. In the 

United States, the enzymes used in food are 

under strict regulation of US Food and Drug 

Administration (FDA). Only those listed as 

General Recognized As Safe (GRAS) can be 

used for modification of food ingredients. The 

proteases on the GRAS list includes 

bromelain, papain, ficin, pepsin, trypsin, 

pancreatin, mixedprotease enzyme product 

derived from Bacillus licheniformis,rennet 

(animal derived) and chymosin preparation, 

Aminopeptidase enzyme preparation from 

Lactococcuslactis and urease enzyme 

preparation from Lactobacillus fermentum.
83

 

They are classified into endopeptidases and 

exopeptidases. The endopeptidase cleaves in 

the middle of protein molecule, while the 

exopeptidase acts near the end of polypeptide 

chains, for example, flavourzyme. 

Furthermore, exopeptidases are termed 

aminopeptidases if they act at the N-terminus, 

and carboxypeptidases are those acting on 

peptide bonds from the C-terminus.
78

 

The specificity of a protease determines the 

position at which the enzyme will catalyze 

peptide bond hydrolysis. Some proteases are 

highly substrate specific, while some are less 

specific. For example, trypsin acts on lysine 

and arginine residues, while chymotrypsin 

acts on large hydrophobic residues such as 

tryptophan, tyrosine and phenylalanine.
84

 

Pepsin, an aspartic endopeptidase, is much 

less specific than serine endopeptidase trypsin 

and chymotrypsin.
85

 The selection of proper 

protease is usually based on the purpose of 

hydrolysis. Pepsin is usually used for 

simulating gastric digestion, trypsin and 

chymotrypsin are used for simulating intestine 

digestion. Serine protease subtilisin produced 

by different strains of Bacillus bacteria has 

different specificity and catalytic efficiency.
86

 

Alcalase is a protease preparation dominated 

by subtilisin from B. licheniformis. It is a 

liquid preparation of serine endopeptidase that 

can hydrolyze most of peptide bonds with 

higher specificity for aromatic (Phe, Trp, and 

Tyr), acidic (Glu), sulfur-containing (Met), 

aliphatic (Leuand Ala), hydroxyl (Ser), and 

basic (Lys) amino acid residues.
87

 Papain is a 

typical cysteine proteases from latex of unripe 

fruit of Carica papaya. This enzyme has 

exceptional stability to heat at neutral pH. 

Structurally, papain has seven subsites for 
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binding, and S1 subsite is relatively 

nonselective, but S2 subsite has strong 

preference for the hydrophorbic amino acid 

side chains of phe, Tyr, Val and Leu of 

substrates.
84

  Compared with trypsin and 

chymotrypsin, Alcalase and papain are much 

less specific. Flavourzyme is a protease 

preparation from Aspergillus oryzae. Eight 

enzymes including two aminopeptidases, two 

dipeptidyl peptidases, three endopeptidases, 

and one α-amylase have been identified from 

Flavourzyme preparation obtained from one 

strain of Aspergillusoryzae.
88

 This enzyme 

preparation has been widely used in food 

industry to improve flavors of animal and 

plant products.
89-91 

The non-selective/specific 

or less specific proteases are anticipated to be 

more effective in reducing allergenicity of a 

protein molecule because they can cleave the 

larger peptide at many more positions than 

specific proteases, which may destroy more 

IgE-binding epitopes.  

 

7.2 Proteolytic hydrolysis of purified 

peanut allergens 

Pepsin and trypsin have been used to 

investigate the changes of some major peanut 

allergens during gastric and intestinal 

digestions, respectively.  Western blot 

analysis of sera from 5 subjects with peanut 

allergy showed multiple IgE-reactive proteins 

in crude intact peanut extract that were 

eliminated after pepsin treatment of the 

peanut extract. In contrast, pepsin-digested 

peanut induced significant T-cell proliferation 

responses in vitro in PBMCs from 7 subjects 

with peanut allergy, albeit at lower levels than 

that induced by intact peanut.
92

 In vitro 

digestion of Ara h 1 with pepsin and porcine 

gastric fluid resulted in virtually identical 

hydrolysis patterns as observed on SDS-

PAGE.
93

 However, at low pepsin 

concentration, it took very long time (3-20hr) 

to achieve significant reduction of major 

allergens (Ara h 1 and Ara h 2) and their 

allergenicity.
94 

 The study of Koppelman and 

colleagues found that Ara h 1 and Ara h 3 

were rapidly hydrolyzed by pepsin, but Ara h 

2 and Ara h 6 were resistant to pepsin 

digestion even at very high pepsin 

concentrations.
95

 Trypsin digestion of Ara h 2 

resulted in large residual peptides with 

immunoreactivity similar to Ara h 2. This 

study also shows that at higher protease 

concentration, these allergens degraded faster 

than at lower enzyme concentration although 

Ara h 2 and Ara h 6 could not be completely 

hydrolyzed.  

 

7.3 Enzymatic hydrolysis of peanut protein 

isolate and peanut flour 

Typically, proteolytic hydrolysis of peanut 

proteins are conducted with aqueous 

suspension of peanut protein isolate or peanut 

flour for better contact between protease and 

target molecules. In addition, most of 

commercially available peanut protein isolate 

and peanut flour are made from roasted 

peanuts, in which the enzyme inhibitors are 

destroyed and the proteins are denatured or 

partially denatured depending on the degree 

of roasting. One study found that hydrolysis 

of roasted peanut protein extract by Alcalase 

for 90 minutes or the sequential treatment of 

Alcalase and flavourzyme for 30 minutes 

resulted in 100% reduction in IgE reactivity 

and the results were confirmed by Western 

blot with sera from peanut allergic 

individuals; the residual allergenicity of 

protein extracts varied with treatment 
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conditions; but single enzyme treatment with 

Flavourzyme for 30 and 300 minutes caused 

an increase and a 65% decrease in IgE 

reactivity, respectively.
48

 Another study 

showed that the sequential enzyme treatment 

by alcalase and flavourzyme of peanut protein 

extracts resulted in 91.8% reduced IgE-

binding in vitro, and only 1 of the 7 peanut 

sensitive individual had positive reaction to 

the enzyme treated peanut protein extract in 

the skin prick test.
96

 This study shows that 

sequential enzyme treatment by Alcalase and 

flavourzyme not only reduce the allergenicity 

of peanut protein, but also reduce the 

allergenicity of other legume proteins. Other 

studies of using Alcalase to reduce 

allergenicity of food products other than 

peanuts also reported that certain allergenicity 

retained after alcalase treatment.
97-98 

These 

indicate that some fragments produced by 

alcalase hydrolysis of allergenic proteins may 

remain epitopes which are and some 

allergenic proteins/peptides are resistant to 

further hydrolysis.  

Most of the studies regarding enzymatic 

hydrolysis of peanut proteins and peanut flour 

could not lead to completely desensitization 

of peanut allergens. In one study, hydrolysis 

of peanut flour by Alcalase (pH 8.0, 60 ° C), 

pepsin (pH 2.0, 37 ° C) or Flavourzyme (pH 

7.0, 50 ° C) for 60 min reduced IgE binding 

capacity as evaluated by Western blotting and 

inhibition ELISA, but IgE cross-linking 

capacity determined by basophil activation 

tests of hydrolysates were comparable to that 

of nonhydrolyzed control.
57

. However, these 

researchers also found that Alcalase treatment 

and sequential treatment by Alcalase and 

Flavourzyme of peanut flour had minimum 

IgE-binding and about 50% T-cell stimulation 

compared to the nonhydrolyzed peanut flour 

extract.
99

 Similar findings were obtained in a 

study of allergenicity of soybean protein 

isolate (SPI) hydrolyzed by Alcalase, trypsin, 

chymotrypsin, bromelain, or papain.
98

 This 

study found that the allergenicity of 

hydrolysate depended on the type of protease 

used. While the IgE immunoblot results with 

individual soybean-allergic sera showed an 

overall reduction in IgE binding to proteins 

for the SPI samples hydrolyzed with Alcalase, 

papain, and trypsin compared to the heated 

SPI control, the bromelain- and 

chymotrypsin-digested samples showed 

comparable staining patterns, and comparable 

IgE binding with the heated SPI control 

(observed with seven out of eight soybean-

allergic sera used in 1D-immunoblot). More 

research is needed to overcome the 

controversial issues. 

 

7.4 Enzymatic hydrolysis of peanut kernels 

Peanut belongs to legume and contains many 

antinutritional factors such as lectin, trypsin 

inhibitor, alpha-amylase inhibitor, phytic acid, 

and condensed tannin.
100, 101

 A major peanut 

allergen, Ara h 2, is considered as a trypsin 

inhibitor.
46

 The diffusion of enzyme through 

peanut kernel can be very difficult and slow. 

Therefore, enzymatic hydrolysis of proteins in 

peanut kernels is expected to be more 

difficult, but it has some advantages over the 

treatment of peanut protein isolate or peanut 

flour because treated kernels can be processed 

into any desired form.  

It is well known that the basic mechanism by 

which enzymes catalyze chemical reactions 

begins with the binding of the substrate (or 

substrates) to the active site on the enzyme 

which causes changes in the distribution of 
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electrons in the chemical bonds of the 

substrate and ultimately causes the reactions 

that lead to the formation of products; the 

products are released from the enzyme 

surface to regenerate the enzyme for another 

reaction cycle.
102

 According to this 

mechanism, it is hypothesized that when 

peanut kernels are immersed in enzyme 

solution, the protease initially binds to protein 

molecules on the surface of kernel to form 

first product, the regenerated/released enzyme 

then reaches the protein molecules near 

surface; by repeating this cycle, enzyme 

finally creates a path to reach the inner part of 

the kernels.
103

 Some pretreatment such as 

blanching and ultrasound sonication may 

loosen the structure of peanut kernels and 

facilitate the diffusion of enzymes. 

Our research group has been conducted 

research on the enzymatic treatment of peanut 

kernels for reducing the allergenicity of whole 

peanut. One of the studies was conducted 

using digestive proteases trypsin and alpha-

chymotrysin to treat both raw and roasted 

peanut kernels at different enzyme 

concentrations for different time.
104

 This 

study found that trypsin and chymotrypsin 

rapidly reduced Ara h 1 and Ara h 2 in 

roasted peanuts, but the treatment was less 

effective in the case of raw peanuts even at 

high enzyme concentration due to the 

presence of enzyme inhibitors.  

For roasted peanuts, sequential treatment by 

trypsin and α-chymotrypsin demonstrated to 

be more effective in reducing Ara h 1 and Ara 

h 2 than single protease and ultrasound 

sonication seems improved the treatment 

efficiency.
105

 The results of IgE-binding test 

conducted using competitive inhibition 

ELISA showed that the IgE-binding of 

roasted peanut extract from ultrasound 

pretreatment and sequential treatment by 

trypsin and alpha-chymotrypsin was about 

40% lower compared to the untreated control.  

Non-specific protease Alcalase produced 

from Bacillus licheniformis was more 

effective in reducing peanut allergens and 

more complete degradation of Ara h 2 was 

achieved by alcalase than by trypsin. Under 

the best treatment conditions, the average 

reduction of allergenic potency of roasted 

peanuts was 50-60% in a human skin prick 

tests with 9 peanut allergic children.
106

 

In our recent study, Alcalase, papain, 

Neutrase and bromelain were used to treat 

raw peanuts under the optimal pH 

andtemperature of each protease. The 

quantitative results obtained by a sandwich 

ELISAshow that the reductions of Ara h 1, 2, 

3 and 6 in raw peanuts were 99–100%, 95–

99%, 35–46% and 85–88%, respectively, 

depending on the enzyme used and enzyme 

concentration. Alcalase was the most 

effective peptidase in degrading Ara h 1, Ara 

h 2 and Ara h 6 of raw peanuts; papain was 

effective in reducing Ara h 1 and Ara h 2, but 

less effective than alcalase in reducing Ara h 

6; bromelain was less effective in reducing 

Ara h 2 and Ara h6 compared with Alcalase 

and papain; and Neutrase was the least 

effective protease in reducing Ara h 2 and Ara 

h 6.
107

. SDS-PAGE did not show obvious 

presence of Ara h 3 in the extracts of protease 

hydrolyzed peanuts, but the sandwich ELISA 

detected significant quantity of Ara h 3. This 

suggests that the quantification method of Ara 

h 3 may need to be further validated.Western 

blots show that the IgE-bindings of both 

soluble and insoluble proteins of Alcalase and 

papain treated raw peanuts were the lowest 



Jianmei Yu. Medical Research Archives vol 6  issue 5. May  2018 issue 5             Page 12 of 20 

 
 

Copyright 2018 KEI Journals. All Rights Reserved                          http://journals.ke-i.org/index.php/mra 

although not completely eliminated. It was 

also found that roasting of enzyme-treated 

peanuts significantly reduced the solubility of 

Ara h 3 and Ara h 6 (P < 0.0001), but did not 

significantly affect Ara h 2. The post-enzyme 

treatment roasting slightly enhanced IgE-

binding of both soluble and insoluble portion 

of the peanuts.
103 

 

8. Conclusion 

Overall, enzymatic hydrolysis can reduce the 

allergenicity of peanut proteins to different 

degrees depending on the type of enzymes 

and the degree of hydrolysis. Less specific 

proteases such as Alcalase and papain are 

generally more effective in hydrolyzing 

peanut proteins than specific protease, 

especially for raw peanuts. However, 

proteolytic hydrolysis cannot completely 

desensitize peanut due to the presence of 

resistant allergens. These studies also 

confirmed that Ara h 1 can be quickly and 

completely hydrolyzed by any of most of 

proteases tested, but Ara h 2 and Ara h 6 are 

more resistant to the enzymatic digestion even 

at higher enzyme concentration. Therefore, to 

achieve complete desensitization, enzymatic 

hydrolysis of peanut or peanut derived 

products may need to be combined with other 

techniques. However, the allergenicity of 

peanut protein or protein extract obtained 

from different methods have been evaluated 

by in vitro IgE-binding test, ex vivo basophile 

activation test or in vivo skin- prick-test.  It is 

not very clear how well these tests represent 

the clinical reality. In addition, most of the 

allergenicity testing methods only tests the 

soluble portion of the peanut or peanut protein 

extracts, the allergenicity of insoluble portion 

is still unknown. Therefore, oral challenge 

study of enzymatically modified products 

should be conducted to evaluate the 

allergenicity of enzyme treated peanut 

products.  
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