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In vitro digestibility and immunoreactivity of thermally
processed peanut
Huan Rao, Yang Tian, Wenhui Fu and Wentong Xue

Beijing Advanced Innovation Centre for Food Nutrition and Human Health, College of Food Science and
Nutritional Engineering, China Agricultural University, Beijing, People’s Republic of China

ABSTRACT
Food processing affects the bioavailability and immunoreactivity of
allergens. However, there was a lack of the combined study of the
influence of the processing and gastrointestinal digestion on
peanut matrix. Digestibility of peanut matrices was assessed by
using an in vitro digestion model and monitored by SDS-PAGE,
immunoblotting with polyclonal antibody and serum from
peanut-allergic patients. The IgE-binding ability of digested
samples will be assessed by immunoassay. Peanut proteins were
digested by pepsin after only 2 min which was accompanied by a
loss of high molecular weight proteins and enrichment in
polypeptides with molecular weight lower than 10 kDa. Ara h 1
and Ara h 3 were partly proteolysis, and Ara h 2/6 containing a
digestion-resistant fragment. All soluble fractions after 120 min
gastric digestion reduced a higher IgE-binding ability than that
after 10 min. Our findings provide a more realistic picture,
considering the role of food processing and food matrix.
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Introduction

Peanut allergy is a common disease and the cause of fatal food-allergic reactions. Accord-
ing to the data of epidemiological studies, the disease currently affects 1–2% of children in
the UK (Nicolaou et al., 2010). An increasing trend has been noticed in the USA (Husain &
Schwartz, 2012). It was reported that there was a significant increase in peanut allergy in
children, from 0.4% in 1997 to 0.8% in 2002 to 1.4% in 2008 (Sicherer & Sampson,
2014). It is estimated that the prevalence of peanut allergy has nearly doubled in Europe
and America over the past two decades (Finkelman, 2010). Therefore it is obvious that
greater knowledge of the underlying mechanisms and characteristics of food allergens is
crucial for a better understanding of this disease.

Each food processing is known to have various effects on the allergenicity of proteins.
The extent of the effects depends on food matrix, processing conditions and the
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biochemical and immunological properties of allergen (Sathe & Sharma, 2009; Verhoeckx
et al., 2015). For example, epitope conformation may be modified by various thermal pro-
cessing treatments leading to reducing, increasing or non-effect on IgE-binding (Benchar-
itiwong, van der Kleij, Koppelman, & Nowak-Wegrzyn, 2015; Rao et al., 2016; Shen et al.,
2015). Several studies reported that compared to boiling, the roasting of whole peanuts
could enhance the IgE-binding capacity of proteins may due to advanced glycation end
adducts (Chung & Champagne, 2001). However, the animal study observed that
roasted peanut did not significantly impact on sensitization potential in Brown Norway
(Kroghsbo et al., 2014). Other treatments such as acid or enzyme hydrolysis of an
allergenic protein may influence the degree of reduction in IgE-binding capacity of
some peanut proteins (Koppelman, Hefle, Taylor, & de Jong, 2010; Toomer, Do,
Pereira, & Williams, 2013).

Food intake is the major way for human exposure to a food allergen. Stability during
digestion is considered another important feature in determining the allergenic potential
of food (Fu, 2002). Approximately 70% of the immune cells distributed throughout the
gastrointestinal tract. Poor digestibility contributes to maintain the structural integrity
of food allergen, which may induce a high sensitizing potential (Moreno, 2007).

Several previous studies have investigated digestibility of peanut allergens by in vitro
simulated digestion (Burks, 2008; Di Stasio et al., 2017; Hazebrouck et al., 2012). Most
of that related to the effects of processing or gastrointestinal digestion on immunoreac-
tivity focused on purified peanut allergens or peanut extracts. Regardless of different
digestion model, Ara h 2/6 showed higher pepsin resistance compared to Ara h 1
and Ara h 3 (Apostolovic et al., 2016; Prodic et al., 2018a). However, the effect of
thermal processing on the digestion and immunogenic potential of allergenic proteins
in whole peanut matrix is poorly investigated so far. Therefore, the aim of the present
study was to assess the bioavailability and IgE reactivity of thermally processed peanuts
in the upper GI tract.

Materials and methods

Materials

Baisha peanut was selected from Liaoning Province of China and used for this study.
Enzymes used for digestion studies and their activities as provided by the manufacturer
are detailed in Supplementary Table 1. Chemicals used for preparing solutions such as
simulated salivary fluid (SSF), simulated gastric fluid (SGF) and simulated intestinal
fluid (SIF) were from Solarbio (Solarbio Science & Technology Co., Ltd, Beijing,
China). NuPAGE Bis-Tris (12%) gel, Mark 12™ marker and SeeBlue™ prestained
marker were also from Invitrogen. Anti-Ara h 1, -Ara h 2 and -Ara h 3 were produced
by Biotechnology (Beijing, China). Anti-rabbit IgG alkaline phosphatase conjugate,
rabbit anti-human IgE-peroxidase conjugate, Tween 20, Bovine serum albumin (BSA)
and phosphate-buffered saline (PBS) were purchased from Sigma Chemical Co. (St. Louis,
MO). Immobilon-P membrane was obtained from Millipore Corp (Bedford, MA).
BeyoECL-Star substrates were purchased from Beyotime Biotechnology (Shanghai,
China). Human sera with peanut allergy were obtained from the Fourth Hospital of
Hebei, China. Peanut allergy was confirmed in these patients by a clinical team according
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to physical examination, skin prick testing and objective manifestations observed after
peanut ingestion. The protocol was approved by the ethical committee of the China Agri-
cultural University and written informed consent was obtained (approval number
2017001).

Preparation of thermally processed peanuts

Whole shelled peanuts were subjected to further processing in 50 g batches by either roast-
ing or boiling. Roasting experiments were conducted in an oven for 20 min at 160°C.
Boiling experiments were conducted for 20 min in water. Soluble protein extractions of
raw peanut, roasted peanut and boiled peanut which as the control samples were per-
formed for 12 h at 4°C using 50 mM Tris-HCl pH 8.8. The concentration of soluble
protein was determined by BCA assay. All samples were aliquoted and stored at −20°C
for subsequent allergic protein and IgE-binding analyses.

In vitro oral-gastric-intestinal digestion

Simulated oral-gastric-intestinal digestion of processed peanuts was performed according
to the previously reported method (Minekus et al., 2014; Smith et al., 2015). The concen-
trations of electrolytes in stock solutions of SSF, SGF, SIF are presented in Table S2.

Briefly, in the oral phase, 500 μL SSF (pH 7) containing human salivary amylase and
lysozyme were added to 0.5 g each sample (solid milled raw peanut, roasted peanut and
boiled peanut) and mixed by hand for 2 min. The “chew” sample was chilled on ice
and kept for protein analysis.

For oral-gastric phase, SGF (pH 3) with pepsin (final concentration 2000 U/mL) was
added to each chew sample and the pH was adjusted to 3 the addition of 1 M HCl. All
gastric samples were placed in a shaking incubator at 37°C, with a speed of 170 rpm
and incubated for 0.3, 2, 10, 40, 70 and 120 min. Digestion was stopped by raising the
pH to 7.5 by the addition of 1 M NaOH. The gastric samples were chilled on ice and
kept for protein analysis.

Intestinal digestion was performed at 37°C by using the 10 min gastric digestion sample
addition of same volume SIF either alone (Intestinal undigested control) or containing
enzymes: trypsin (100 U/mL), chymotrypsin (25 U/mL), amylase (200 U/mL), lipase
and colipase (2:1 molar ratio with lipase). Samples were incubated in a shaking incubator
at 37°C at a speed of 170 rpm over the following time-course: 5, 15, 30 and 60 min. Pro-
teolysis were stopped by addition of 0.3 mL 0.1 M PMSF/mL digest. All the samples were
chilled on ice and kept for protein analysis. All the gastric and duodenal digestion samples
were centrifuged at 16,000 g for 20 min at 4°C, the supernatant removed and stored the
pellet at −20°C until required for further analysis.

Insoluble protein was extracted before use in SDS-PAGE and immunoblot analyses.
10 mg undigested materials or digestion pellets were extracted into 500 μL extraction
buffer (7 M urea, 2 M thiourea, 2% CHAPS, 50 mM DTT, pH 8.8) by sonication (3 ×
5 min, 60°C). Insoluble material remaining was separated by centrifugation at 16,000 g
for 20 min and discarded. Protein concentration was determined using BCA assay (Solar-
bio Science & Technology Co., Ltd, Beijing, China).
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SDS-PAGE

Digested proteins were analysed by SDS-PAGE (under reducing conditions). SDS-PAGE
samples were prepared with 50 μL of supernatant and 10 μL of loading buffer (5 × SDS-
PAGE Loading Buffer, Solarbio Science & Technology Co., Ltd, Beijing, China) were
heated to 90°C for 5 min in a heat block. For electrophoresis separation, 20 μg protein
samples were loaded into each well. Electrophoresis was performed for 35 min at 200 V
for separating. The gels were stained with Coomassie brilliant blue (R-250) for 30 min
and then destained overnight (about 12 h) in washing buffer (50% v/v Methanol, 10%
v/v acetic acid). The grey values were visualized with the Electrophoresis Gel Imaging
Analysis System (Multi Gauge V3.1, Fujitsu, Japan).

Immunoblotting

Unstained SDS-PAGE gels were soaked in transfer buffer (25 mM Tris-HCl, 125 mM
glycine, 20% v/v Methanol) for 10 min. Electro-blotting was performed with nitrocellulose
membrane using a MiniProtean III system (BioRad) at 300 mA for 80 min. Membranes
were blocked 1 h at room temperature with wash buffer containing 5% w/v skimmed
milk powder (blocking buffer). Membranes were then washed for 4 × 5 min with wash
buffer and dipped into human plasma (1:10 diluted in blocking buffer) or anti-Ara h 1,
anti-Ara h 1and anti-Ara h 3 (1:5000 diluted in blocking buffer) and incubated overnight
at 4°C. The washing step was repeated before incubating membranes with secondary
mouse-anti-human IgE labelled with or goat-anti-rabbit IgG labelled with Horseradish
Peroxidase (HRP) (1:10,000 diluted in blocking buffer) for 1 h. Membranes were
washed for 4 × 15 min with wash buffer and then incubated with a chemiluminescent
BeyoECL-Star for HRP labelled secondary antibody. Images of the separated proteins
were taken using a BIO-RAD GelDoc 2000 gel imaging system.

In-gel tryptic digestion

Polyacrylamide gel pieces were manually picked from the protein bands of interest and in-
gel trypsin digested at 37°C for 18 h. Each sample was separated by capillary high-per-
formance liquid chromatography and mass spectrometry was carried out by a Q-Exactive
mass spectrometer (Thermo Scientific). The analysis was carried out by software Sequest
and Proteome Discoverer (Thermo Scientific).

ELISA inhibition

The IgE-binding properties of the liquid phase from the digestion mixtures were analysed
using an inhibition ELISA. Flat-bottom 96 well plates were coated with 100 μL per well of
10 μg/mL with raw peanut protein extract, and incubated overnight at 4°C in coating
buffer (15 mM Na2CO3, 35 mM NaHCO3 pH 9.6). The plate was washed with ELISA
wash buffer (0.05% Tween in 0.01 M PBS, pH 7.4) and blocked with 350 μL per well of
blocking buffer (1% BSA, 0.01 M PBS, pH 7.4) for 2 h at 37°C. The plate was washed
three times with ELISA wash buffer, and then incubated with 100 μL of each inhibitor
(digested raw peanut, digested roasted peanut, digested boiled peanut, final concentration
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range 100–0.01 µg/mL) and 100 μL diluted pooled sera from peanut-sensitized patients
(1:50) in ELISA blocking buffer overnight at 4°C. Both inhibitors and patient serum
were diluted with blocking buffer to twice the desired concentration as the concentration
would be half when mixed together. The plate was washed with ELISA wash buffer four
times to remove any unbound primary antibody, and incubated with diluted 1:10,000
HRP conjugated secondary antibody in ELISA blocking buffer for 1 h at 37°C. After
removing any unbound secondary antibody by washing with ELISA wash buffer four
times, the plate was incubated with 100 μL per well of TMB substrate for 30 min at
room temperature in the dark. After 15 min, the enzymatic reactions were stopped by
adding 100 μL per well of 1 M HCl.

Statistical analysis

Statistical analyses were performed using GraphPad Prism 7.01 (GraphPad Software, San
Diego, CA, USA).

Results

In vitro digestibility of peanut proteins

Digestibility of raw peanut during simulated oral-gastric-intestinal digestion at physiologi-
cal condition was assessed at the beginning (Figure 1). The regions of 67, 35–45 and
14–20 kDa which corresponding to Ara h 1, 3 and 2/6 can be clearly recognized in the
gel of non-digested raw peanut. The soluble fraction of chew sample from non-processed
peanuts was similar profile as raw peanut extract (Figure 1(A)). Figure 1(B) showed that
peanut proteins were digested by pepsin after only 2 min which was accompanied by a loss
of high molecular weight proteins and enrichment in polypeptides with molecular weight
lower than 10 kDa. Although the bands around 67 and 38 kDa which corresponding to
Ara h 1 and Ara h 3 acidic were degraded, they seemed to be proteolyzed mainly to

Figure 1. SDS-PAGE analysis of simulated oral (A), oral-gastric (B,C) and oral-gastric-intestinal (D,E)
digestion of raw peanut. R – undigested raw peanut extract; C – chew sample; G – no enzyme
gastric control; I – no enzyme intestinal control; Panels B and C Lanes 1–6 are gastric digestion time
points – 0.3, 2, 10, 40, 70 and 120 min; Panels D and E Lanes 1–4 are intestinal digestion time
points – 5, 15, 30 and 120 min.
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other smaller forms, such as 55 kDa form and 23 kDa form (arrowmarked in Figure 1(B)).
We analysed the band around 23 kDa, which was increased significantly with time on,
using Mass spectrometry. The result (Table 1) indicated it belonged to Ara h 3 isoforms
(Q0GM57, Q647H4). In contrast, Mr ∼14 and ∼9 kDa polypeptides which corresponding
to Ara h 2/6 were clearly evident even for 120 min of gastric digestion. Furthermore, still
many intact peanut proteins were observed in insoluble fraction even after 120 min
(Figure 1(C)).

Subsequently, the effect of two processed peanuts on allergen digestibility was investi-
gated. Compared with non-digested raw peanut, non-digested roasted peanut showed
weaker bands around 67 and 50 kDa, but more aggregations at high molecular weight
as Maillard reaction occurred during heat processing (Figure 2(A)). It seemed no differ-
ences of protein profile between non-digested boiled peanut and non-digested raw
peanut (Figure 3(A)). However, when SSF with amylase treated with roasted and boiled
peanuts, less peanut proteins expressed in gels compared to raw peanut chew sample.
That may because that heat unstable protein has been degrade and more aggregations
cannot be release to soluble fractions.

During gastric digestion, the soluble fraction for bands at 67 kDa and 38 kDa corre-
sponding to Ara h 1 and acidic Ara h 3 were rapidly digested. Bands around 14–
20 kDa which supposed to be Ara h 2/6 were poorly digested and was still present in
the soluble fraction after 120 min of exposure to pepsin in all processed peanuts
(Figures 2(B) and 3(B)) . Low molecular weight proteins (<10 kDa) and digestion frag-
ments were resistant to pepsin digestion. The intensity of bands around 20 kDa after
digestion of boiled peanut was degraded more quickly compared to roasted peanuts

Table 1. Proteins identified in gels by tryptic digestion (bands annotated in Figures 1(B ) and 3(B)).
Band Accession Description Coverage Peptides Unique peptides MW [kDa] Area

1 Q0GM57 Ara h 3 33.0 13 11 58.2 5.61E + 09
1 Q647H4 Ara h 3 30.6 14 5 61.5 2.99E + 09
2 Q6PSU2 Ara h 2 41v3 11 11 20.1 1.23E + 09

Figure 2. SDS-PAGE analysis of simulated oral (A), oral-gastric (B,C) and oral-gastric-intestinal (D,E)
digestion of roasted peanut. R – undigested roasted peanut extract; C – chew sample; G – no
enzyme gastric control; I – no enzyme intestinal control; Panels B and C Lanes 1–6 are gastric digestion
time points – 0.3, 2, 10, 40, 70 and 120 min; Panels D and E Lanes 1–4 are intestinal digestion time
points – 5, 15, 30 and 120 min.
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indicating a slightly faster rate of digestion. The band around 20 kDa (arrow marked in
Figure 3(B)) was hard to seen after digestion for 10 min. We analysed this band from
gels using Mass spectrometry (Table 1) and the result indicated this was isoforms
(Q6PSU2) of Ara h 2. Furthermore, significantly more non-digested proteins especially
aggregations were observed in an insoluble fraction of roasted peanuts compared to
boiled peanuts (Figures 2(C) and 3(C)).

Samples obtained after 10 min of gastric digestion were submitted to duodenal diges-
tion. Due to the fact that most of the peanut proteins were digested during gastric diges-
tion, SDS-PAGE (after duodenal digestion) of soluble fractions did not show the presence
of peanut proteins in any of non-processed and processed peanuts (Figures 1(D), 2(D),
and 3(D)). The duodenal digestion phase consists of many enzymes, including amylase,
trypsin, chymotrypsin, lipase and colipase so the bands that were clear on the gel corre-
sponded to these enzymes. In the insoluble fraction, a very weak band that belonged to
Ara h 1 was rapidly digested after 15 min of digestion of all peanut matrices. Acidic
and basic Ara h 3 subunits were digested after 0.3 min whereas they were still visible
after 60 min of digestion in three matrices especially in raw peanut. Ara h 2/6 was
present in the insoluble fraction from peanut flour whereas their abundance was
weaker in the insoluble fraction from roasted peanut and boiled peanut.

Immunoblotting analysis of peanut allergens from different processed peanuts

The focus of the further analysis was on the soluble fraction since this is the material pre-
sented to epithelial surfaces and likely to play a key role in elicitation of reactions; it
traduce bioaccessible allergens or fragments derived thereof. Identification of allergen
profiles in both soluble fractions after 10 and 120 min of digestions was achieved using
polyclonal rabbit anti-Ara h 1, Ara h 3 and Ara h 2/6 antibodies in immunoblotting
(Figure 4). Ara h 1 can be only detected in non-digested peanut and its isoforms in
digested raw peanuts. Ara h 3 were not detected in soluble fraction after gastric digestion
of all peanuts. Ara h 2/6 was determined in soluble fraction after digestions but the

Figure 3. SDS-PAGE analysis of simulated oral (A), oral-gastric (B,C) and oral-gastric-intestinal (D,E)
digestion of boiled peanut. R – undigested boiled peanut extract; C – chew sample; G – no enzyme
gastric control; I – no enzyme intestinal control; Panels B and C Lanes 1–6 are gastric digestion time
points – 0.3, 2, 10, 40, 70 and 120 min; Panels D and E Lanes 1–4 are intestinal digestion time
points – 5, 15, 30 and 120 min.
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intensity of the band (mainly at 14 kDa) was higher after digestion for 10 min than for
120 min indicating that Ara h 2/6 can be slightly digested. However, the numerous diges-
tion-resistant fragments belong to Ara h 2/6 still present, even after intestinal digestion.

To determine whether digestion changed immunoreactivity of proteolytic fragments of
allergenic proteins, soluble fractions of digestion products obtained from non-processed
peanut, roasted peanut and boiled peanut after 10 and 120 min of oral-gastric digestion
were analysed by IgE-immunoblotting using plasma from two peanut-allergic patients
(Figure 5). In the non-digested control sample (lane 1), bands around 67, 38 and 13–22 kDa

Figure 4. Immunoblotting analysis of the soluble fraction of digested peanut and processing peanut.
Immunoblots were developed using polyclonal antibody preparations to Ara h1, Ara h3 and Ara h 2/6.
The order of the samples in lane 1: non-digested raw peanut; lanes 2, 4 and 6: soluble fractions after
10 min gastric digestion of raw peanut, roasted peanut and boiled peanut, respectively; lanes 3, 5 and
7: soluble fractions after 120 min gastric digestion of raw peanut, roasted peanut and boiled peanut,
respectively.

Figure 5. IgE immunoreactivity of digested peanut and processing peanut using plasma from peanut-
allergic patients. The order of the samples in lane 1: non-digested raw peanut; lanes 2, 4 and 6: soluble
fractions after 10 min gastric digestion of raw peanut, roasted peanut and boiled peanut, respectively;
lanes 3, 5 and 7: soluble fractions after 120 min gastric digestion of raw peanut, roasted peanut and
boiled peanut, respectively.
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were identified as IgE-reactive in patient 1 who was the highly sensitized to multiple aller-
gens. In the soluble fraction of processed peanut mainly Ara h 2/6/7 was. Boiled peanut
showed the lowest immune-reactive compare to raw and roasted peanut. Figure 1 clearly
shown the presence of peptides lower than 8 kDa after digestion of all digested peanuts,
but they were not IgE reactive (Figure 5). Similar allergen profiles were detected when
plasma was used from patients 2.

IgE-binding analysis of different digests

Inhibition ELISAs were also performed to assess the binding capacity of digested peanuts
compared to non-digested raw peanut extract. The Figure 6(a) showed that binding
capacity was reduced after digestion, and processed peanut even lower than a raw
peanut. The largest decreasing in binding capacity was observed in the extensively digested
of boiled peanuts. The IC50 values were determined as 2.61, 4.44 and 5.56 μg/mL for the
raw, roasted and boiled peanuts after digested for 10 min. When the raw, roasted and
boiled peanuts were digested for 120 min, the IC50 values were changed to 3.43, 4.83
and 8.47 μg/mL.

Discussion

Most of the food we consume in our society have been processed. These process-induced
food protein conformational changes may further affect the digestion/absorption of pro-
teins/peptides and their immune function (Netting, Makrides, Gold, Quinn, & Penttila,
2013; Rahaman, Vasiljevic, & Ramchandran, 2016; Teodorowicz, van Neerven, & Savelkoul,
2017). Furthermore, the sensitivity of food proteins to enzymatic hydrolysis appears to be an
important factor determining their allergenicity (Bogh &Madsen, 2016; Peram, Loveday, Ye,
& Singh, 2013). However, the effect of thermal processing on the digestion and immuno-
genic potential of allergenic proteins in whole peanut matrix is poorly investigated so far.
Previous literature has demonstrated that roasting increases and boiling decreases the
IgE-binding capacity of peanut (Beyer et al., 2001; Turner et al., 2014). Purified Ara h 1
and Ara h 2 were more resistant to digestive enzymes and heat than the untreated allergens
(Maleki, Chung, Champagne, & Raufman, 2003). Compared to these existing works (Man-
dalari et al., 2014; Moreno, 2007; Prodic et al., 2018b), the whole peanut matrix which con-
tains around 20% protein, 50% lipids and dietary fibre may affect allergen conformation
during heating and digestibility during the digestion process.

Figure 6. Comparison of the IgE-binding capacity of oral-gastric digesta. (a) samples were digested for
10 min, (b) samples were digested for 120 min and (c) IC50 values of all digesta.
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It can be seen in the comparison of thermally processed peanuts that not all food aller-
gens are resistant to heating. Because of allergen degradation or aggregation, the simulated
salivary or SGF could not release as much protein as raw peanut did. Roasted and boiled
peanut proteins in the soluble fractions were digested very fast that Ara h 1 and Ara h 3
can be hardly seen in the gels, even not detected by polyclonal antibodies. However, Ara h
1, Ara h 3 or other allergens which broken down by gastric-intestinal digestion did not
mean them to lose allergenic potential in the absence of the intact protein. The Ara h 3
isoforms were even identified in raw and roasted peanut after 120 min digestion proces-
sing by mass spectrometry. This finding coincides with the previous report that Ara h 3
contains a core region predicted to be preserved upon digestive enzyme attack in the gas-
trointestinal tract (Koppelman et al., 2010; Prodic et al., 2018a).

Binding of IgE antibodies is essential to elicit an allergic reaction. The degree of protein
hydrolysis increased with digestion time on. All soluble fractions after 120 min gastric
digestion reduced a higher IgE-binding ability than that after 10 min. Boiled peanuts
were more digestible than raw and roasted peanuts which we can conclude from SDS-
PAGE result. After 2 h digestion, the allergen species and content were less than raw
and roasted peanuts. This phenomenon could help us explain the IgE-binding capacity
of boiled peanut was reduced after digestion. In addition, it has been found that boiling
decreased the allergenicity of Ara h 2 due to the structural modification that can affect
IgE-binding epitopes. Maillard reaction is usually considered as one of the reasons for
increased sensitization of roasted peanut (Teodorowicz et al., 2017). However, the aggre-
gations induced by Maillard reaction were difficult to gastric digest, which can be seen in
the insoluble fraction. Proteins in the soluble fractions digested into low molecular weight
peptides which lead to its lower IgE-binding capacity than that in raw peanut.

Although peanut matrix was digested rapidly, there was still a great deal of intact and
partly proteolysis allergens even after gastric-intestinal digestion. This would provide a
source of peanut allergens for the gastrointestinal mucosal immune system. Compared
with the results of in vitro digestion of purified protein under similar conditions, the
digestibility of protein in the real food matrix decreased significantly. Processed
peanuts, especially boiled peanut, could reduce this effect to a certain extent. Our
findings provide a more realistic picture, considering the role of food processing and
food matrix.
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