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ABSTRACT

Partially defatted peanut flour was processed in a twin-screw extruder. Resulting extrudates were dried, ground, and
incubated with simulated gastric fluid for various time periods. Soluble protein content of the resulting digesta was measured
after 10% trichloroacetic acid treatment to evaluate the digestibility. In vitro digestion using pepsin increased the solubility of
peanut protein in 10% trichloroacetic acid solution from 2 to 6% to 65 to 75%. Four strong IgE-binding subunits (65, 22, 17,
and 14 kDa) were found with immunoblotting in peanut proteins extracted from unextruded peanut flour; no IgE-binding
bands were observed in extrudates. The 65-kDa (putative Ara h 1) subunit was insolubilized during extrusion, and its IgE-
binding property was susceptible to in vitro digestion. Following extrusion cooking, no IgE-binding bands were detected by
immunoblotting, including the strongly IgE-binding 14-kDa fraction, a strong IgE-binding band from native peanut protein
that is stable in pepsin. The 22- and 17-kDa (putative Ara h 2) subunits retained a small amount of IgE-binding potential and

became susceptible to pepsin hydrolysis after extrusion.

Peanut (Arachis hypogea) is one the most important
causes of food allergy reactions in the United States, af-
fecting 1.1% of Americans (20). Peanut allergy is becoming
increasingly important because of the pervasive use of pea-
nuts in food manufacturing, making them difficult to avoid.
Peanut allergy is distinguished by its potential severity and
its tendency to be life-long (19). The threshold dose of pea-
nut protein ranges from milligrams to grams, depending on
theindividual (22). Peanut allergy is among the most severe
food allergies and can result in anaphylactic shock and even
death (23).

Peanut allergens are proteins or glycoproteins. Multiple
peanut allergens have been reported in the past two decades
(2, 10, 11); Arah 1 (63.5 kDa) (6) and Ara h 2 (17 kDa)
(5) have been most widely studied.

Peanut allergens are stable to heat processing over a
pH range of 2.8 to 10 (2). Roasted peanut has an even
higher level of IgE-binding capacity than does raw peanut
(15, 18). Food allergens tend to be stable to pepsin diges-
tion (1). However, proteolytic treatment, i.e., pepsin hydro-
lysis followed by hydrolysis with trypsin and chymotrypsin
to mimic human digestion, is more efficient in reducing
peanut 1gE-binding ability (100-fold) than is thermal treat-
ment (7). In a study of purified peanut allergens, Astwood
et a. (1) found that Ara h 1 lost immunoreactivity within
15 sin simulated gastric fluid (SGF) and Arah 2 was com-
pletely stable after 1 h of digestion.

Extrusion cooking reduces allergenicity of soybean and
buckwheat proteins (12). Proteins are susceptible to both
conformational changes and chemical reactions during ex-
trusion. Our previous research (9) has indicated that extru-
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sion with a single-screw extruder reduces IgE-binding po-
tential of phosphate-buffered saline (PBS)—soluble peanut
protein by 36 to 99%, as measured by radioallergosorbent
inhibition. The effect of high pH on peanut allergens was
critical; 99 to 100% of IgE-binding capability of peanut
proteins was destroyed when they were extruded at pH 9.
However, intensive alkaline treatment induces chemical re-
actions that deprive the final products of the desired sensory
properties as food. In another study (9), we found that twin-
screw extrusion at the natural pH of peanut meal reduced
IgE-binding potential by 53 to 95%. Hydrophobic interac-
tion and formation of disulfide bonds play an important role
in insolubilizing peanut allergens such as Arah 1 and Ara
h 2 in PBS buffer. Although insoluble proteins are unlikely
to enter the immune system and trigger allergenic respons-
es, the protein hydrolytic enzymes in the human digestive
system may solubilize these proteins, recovering their a-
lergenicity. The objectives of this research were to inves-
tigate (i) the allergenicity of PBS-insoluble peanut proteins,
(i) the fate of peanut allergens subject to in vitro digestion,
and (iii) the effects of extrusion on in vitro pepsin digestion
of alergenic peanut proteins.

MATERIALS AND METHODS

Raw materials. Partially defatted peanut flour was obtained
from Seabrook Enterprises (Sylvester, Ga.). The peanut flour con-
tained 6% fat, 5 to 6% moisture, and 60% protein.

Extrusion. Extrusion was carried out on a corotating twin-
screw extruder (model MPF1700-30, APV Baker Ltd., Peterbor-
ough, UK) with a dlit die measuring 1 by 20 mm. Barrel and die
temperature was set at 115 or 135°C, but the first temperature-
controlled zone close to the feeder was set at 100°C. Screw speed
was set at 300 or 500 rpm. A screw configuration recommended
by the manufacturer was used to impart sufficient mechanical en-



J. Food Prot., Vol. 68, No. 8

ergy to feed materials containing significant fat. Peanut meal was
fed into the extruder inlet port with a volumetric feeder (model
K2VT20, K-Tron, Pitman, N.J.). The feed rate was set at 10 kg/
h (dry basis). Moisture content of the raw material was adjusted
to the lower level (20%) before extrusion. Peanut meal was hy-
drated to the desired moisture content by slowly adding water in
amixer (model A-200, Hobart Mfg. Co., Troy, Ohio) at the lowest
speed. The material was mixed for 15 min to make it homoge-
neous. The higher moisture level (40%) was achieved by pumping
the calculated amount of water into the barrel during extrusion
through a proportioning pump (type N-P31, Bran and Lube, Buf-
falo Grove, Ill.). Material was collected for several minutes after
steady state at each condition had been achieved.

In vitro digestion with pepsin. Extrudates were dehydrated
at 60°C overnight in a laboratory oven (Jouan, Inc., Winchester,
Va.). The resulting dry products (moisture, <<5%) were ground in
a coffee mill for 1 min. The fine powder obtained was defatted
by extraction overnight with petroleum ether using a Goldfisch
extractor (model 3500, Laboratory Construction Co., Kansas City,
Mo.). SGF contained 0.32% (wt/vol) pepsin (Sigma, St. Louis,
Mo.) and 0.03 M NaCl at pH 1.2 (3). In vitro digestion was per-
formed as follows. Defatted samples (0.050 g) were suspended in
2.0 ml of SGF and incubated at 37°C in a shaking water bath for
1 h. The effect of digestion time on protein solubility was studied
with an extrudate sample (extruded at 135°C, with 20% moisture
content and screw speed of 500 rpm) using various incubation
times: 0, 15, and 30 sand 1, 2, 4, 8, 15, 30, and 60 min. Digestion
was quenched by neutralization with 0.635 ml of 0.24 M Na,CO;
to obtain a fina pH of 8. The quenched digests contained 138
mM Na*, which provided the same ion strength as did the saline
solution. Part of the digesta was centrifuged at 20,000 X g for 20
min at 25°C in arefrigerated centrifuge (model J2-21M, Beckman
Instruments, Palo Alto, Calif.). The supernatant was subjected to
protein assay for evaluation of protein solubility in saline, sodium
dodecy! sulfate—polyacrylamide gel electrophoresis (SDS-PAGE),
and immunoblotting. The remaining digesta was treated with 10%
(wt/val) trichloroacetic acid (TCA) to precipitate large undigested
protein molecules (16) and evaluate the digestion. The suspension
was centrifuged at 20,000 X g for 20 min at 25°C in the refrig-
erated centrifuge. The supernatant was collected for protein con-
tent determination.

SDS and 2-mercaptoethanol extraction. To extract the in-
soluble protein after in vitro digestion, SDS and 2-mercaptoeth-
anol were added to the quenched digests to obtain final concen-
trations of 1% and 0.1 M, respectively. After 2 h of incubation at
room temperature with gentle agitation, the extracts were centri-
fuged at 20,000 X g for 20 min at 25°C. The resulting supernatant
was subject to protein content assay, SDS-PAGE, and immuno-
blotting.

Protein content determination. Nitrogen content of all sam-
ples was measured by the Dumas combustion method using an
FP-2000 protein/nitrogen analyzer (LECO Corporation, Warren-
dale, Pa)). The percent nitrogen obtained was multiplied by 5.46
to give protein content (24).

SDS-PAGE. SDS-PAGE was performed according to the
method of Laemmli (13) using discontinuous gels (12% separating
gel and 4% stacking gel).

Immunoblotting. Immunoblotting was applied to visuaize
the peanut-specific IgE-binding proteins in the polyacrylamide
gels. Proteins were transferred to a 0.45-pm nitrocellulose mem-
brane (Bio-Rad Laboratories, Hercules, Calif.) with a semidry
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blotter (Bio-Rad). The membrane was blocked with 0.01 M PBS
(pH 7.4) containing 1% casein and 0.025% Tween 20 for 1 h at
room temperature. After blocking, the membrane was incubated
with an 11:1 dilution (PBS) of pooled sera from allergic individ-
uals (kindly supplied by the Food Allergy Resource and Research
Program, University of Nebraska, Lincoln) overnight at 4°C. The
membrane was washed four times with PBS solution containing
0.025% Tween 20 and then incubated with goat anti-human IgE—
horseradish peroxidase conjugate (1,000:1) (Bethyl Laboratories,
Montgomery, Tex.) overnight at 4°C. The membrane was again
washed four times, and chemiluminescence blotting substrate
(POD, Boehringer Mannheim GmbH, Mannheim, Germany) was
added for 1 min before determination of chemiluminescence with
a model 440 image station (Kodak, Rochester, N.Y.). Negative
controls were treated in the same manner except that the serum
did not contain peanut-specific IgE.

RESULTS AND DISCUSSION

Effects of extrusion on in vitro digestion of peanut
extrudates. In vitro digestion was carried out to imitate the
fate of proteins in the human digestive system. In a prelim-
inary experiment (data not shown), incubation of defatted
extrudates with SGF for 1 h hydrolyzed most of the protein
substrate. Therefore, we chose to perform in vitro digestion
of extrudates from all extrusion treatments for 1 h.

The solubility profile of the proteins before and after
digestion without TCA treatment is shown in Figure 1. Pro-
tein solubility was expressed by percentage of soluble pro-
tein in the total protein of the samples (grams per 100 g of
total protein). In vitro digestion drasticaly improved the
solubility of peanut protein in saline. Extrusion reduced the
solubility of peanut protein by 5 to 70%, depending on the
extrusion conditions. Unextruded peanut protein and pro-
teins in extrudates from low-temperature and low-moisture
conditions became approximately 100% soluble after pep-
sin treatment. Under other extrusion conditions, there was
till asmall amount of protein (8 to 17%) that was insoluble
after digestion, although solubility increased by four- to
sevenfold after digestion. Protein denatured by extrusion
has a linear random structure and is more susceptible to
enzymatic cleavage (8). However, if the denatured proteins
aggregate by hydrophobic interaction and form large ag-
glomerates, inner proteins may be isolated from enzymes,
accounting for the insoluble protein after pepsin digestion.
Chemical reactions induced by extrusion, such as inter-
molecular cross-links of the lysinoalanine and lanthionine
types, Maillard products, and isopeptides (21), may also
generate products that are resistant to enzymatic hydrolysis.

TCA is widely used as a precipitant of protein from
digesta (4, 14, 24), even though there is little information
on its efficiency. TCA treatment resulted in comparable
overall values for the free amino acids plus small (<700
Da) peptides (16), which are considered hydrolyzed protein.
Extrudates, before and after digestion, were treated with
TCA, and the solubility is shown in Figure 2. Less than
6% of TCA-soluble proteins or small peptides existed in
extrudates and unextruded peanut flour before digestion.
After in vitro digestion, 65 to 75% of protein was TCA
soluble. The extrudates had an average of 69% TCA-sol-
uble protein, whereas unextruded peanut had 66% TCA-
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soluble protein. This finding indicates that extrusion may
dightly increase the overal digestibility of peanut protein.

The effect of digestion time on protein solubility was
also determined. The soluble protein content was deter-
mined before and after TCA precipitation (Figs. 3 and 4).
Protein solubility increased with the time of pepsin treat-
ment (Fig. 3). Unextruded peanut had 53% soluble protein
at the beginning of digestion, but the solubility increased
to 100% within 4 min. The extruded sample also exhibited
increasing solubility with digestion time. However, it took
a longer time (15 to 30 min) for the percentage of soluble
protein to reach a consistent high level (around 90%). Fig-
ure 4 shows the percentage of hydrolyzed protein (TCA
soluble) with digestion time. Both the extrudate and unex-
truded sample displayed a rapidly increasing rate of hydro-

lysis in the first 4 min. After that, the hydrolysis slowed
down because of lack of substrate and the increasing dif-
ficulty of access to substrate receptor sites. At the end of
30 to 60 min of digestion, both samples reached the highest
point of around 65% hydrolyzed protein (Fig. 2).

The effect of in vitro digestion on the SDS-PAGE pro-
file of unextruded peanut and extrudate is shown in Figures
5 and 6. Most of the bands from unextruded peanut faded
within 30 s of digestion, with increased smearing in the
low-molecular-weight area. This finding indicates a degra-
dation of high-molecular-weight proteins into numerous
smaller species. SDS-PAGE of extrudate produced a similar
profile, except that there were no strong bands above 30
kDa. Because the radioallergosorbent inhibition test is al-
ways applied to the soluble protein fraction, the incomplete
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FIGURE 3. Effect of digestion time on pro-

tein solubility of unextruded peanut flour
and peanut extrudates (extruded at 135°C,

with 20% moisture content and screw
speed of 500 rpm). Digestion time was set
to 0, 15, and 30 sand 1, 2, 4, 8, 15, 30,
and 60 min.
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recovery of theinsoluble proteinsin a digestive system may
challenge its accuracy as a method of evaluating IgE-bind-
ing potential.

Effect of in vitro digestion on peanut allergenic pro-
teins. To trace the fate of peanut alergens during in vitro
digestion, the digesta of extrudate and unextruded peanut
protein were subject to SDS-PAGE and immunoblotting
(Figs. 5 and 6). Negative controls for immunoblotting did
not produce any visible bands different from background
(data not shown).

Most of the bands in unextruded peanut flour disap-
peared after 30 s of pepsin treatment (Fig. 5). Large protein
molecules were cleaved by pepsin into smaller fragments.
Background smear increased with digestion time. Immu-
noblotting showed the 65-kDa band, putative Arah 1, was
not stable in SGF. This result confirmed what Astwood et
al. (1) found, that purified Arah 1 lost its immunoreactivity

within 15 s in SGE However, in that study, a monoclonal
antibody was used instead of IgE from allergic subjects.
They found that this monoclonal antibody failed to detect
fragments of Ara h 1. They aso used purified Ara h 1
instead of allergens from a food matrix. In our study, pu-
tative Ara h 1 lost its IgE-binding properties within 30 s
and these properties were not restored with increasing pro-
tein solubility due to digestion.

In addition to Ara h 1, three intensive IgE-binding
bands of 14, 17, and 22 kDa were seen on the membrane
before digestion. These bands were not as strong in the
polyacrylamide gel because of the sensitivity differences
between Coomassie blue stain and chemiluminescence de-
velopment. The 14- and 22-kDa allergens were fairly stable
in SGE Although the intensity was reduced with digestion
time, their IgE-binding bands were still visible after 4 min
of pepsin digestion. The 17-kDa allergen lost its IgE-bind-

FIGURE 4. TCA-soluble protein of unex-
truded peanut flour and peanut extrudates
(extruded at 135°C, with 20% moisture

content and screw speed of 500 rpm). Di-
gestion time was set to 0, 15, and 30 s and
1, 2, 4, 8, 15, 30, and 60 min.
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FIGURE 5. Gel electrophoresis (SDS
PAGE) and Western blot of unextruded

peanut proteins with IgE from pooled sera 2% K -
. . . 120K
of five peanut-allergic patients. Unextrud- g4k
ed peanut flour was incubated with SGF 52
for 0, 15, and 30 s and 1, 2, and 4 min. S
The soluble fraction of resulting digests Yo
(30 wg of protein) was loaded on the gel. '
An identical polyacrylamide gel was used
for the Western blot. =LIE
74K

MW 0

ing capacity within 1 min. Arah 2 (17 kDa) falls into the
molecular weight range where the three IgE-binding bands
were found. Astwood et al. (1) found that the purified Ara
h 2 was completely stable in SGF, which remained on the
gel after up to 60 min of digestion.

The SDS-PAGE and immunoblotting profiles of extru-
date are quite different from those of the unextruded peanut
protein (Fig. 6). No strong bands were seen in the poly-
acrylamide gel at the beginning of digestion. The bands
became weaker with digestion time, with an indistinct, hazy
background built up in the low-molecular-weight area. Im-
munoblotting did not produce visible IgE-binding bands
that could be distinguished from the background. Thus,
there was no IgE-binding potential observed in the digesta.

In vitro digestion cleaves the peptide bond and breaks
protein molecules into smaller fragments. It affects the al-
lergens in two ways. First, enzymatic hydrolysis increases
the solubility of protein. As we found previously, Arah 1
(65 kDa) is insolubilized by hydrophobic interaction, and
the other three intensive IgE-binding protein subunits
around 22 kDa (including Ara h 2) are insolubilized by
formation of disulfide bonds (9) during extrusion. These
allergen aggregates might be dissolved by SGF and some
of their IgE-binding property recovered. However, pepsin
may aso hydrolyze the epitopes and eliminate their IgE-
binding potential. In our study, no IgE-binding potential
was observed in the digesta by immunoblotting, which in-

FIGURE 6. Gel electrophoresis (SDS
PAGE) and Western blot of peanut extru-

date protein (extruded at 135°C, with 20% ?gglg m
moisture content and screw speed of 500 34K .
rpm) with IgE from pooled sera of fivepea- 52K
nut-allergic patients. Peanut extrudatewas 3¢ 3w
incubated with SGF for 0, 15, and 30 sand 302K e
1, 2, and 4 min. The soluble fraction of ;
resulting digests (30 ug of protein) was 5 op ..
loaded on the gel. An identical polyacryl-
amide gel was used for the Western blot.
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dicates that either the epitopes were rapidly destroyed by
pepsin hydrolysis when the allergen recovered solubility or
some of the allergens were still insoluble after in vitro di-
gestion. Ara h 1, which is not stable to SGF is likely to
experience rapid hydrolysis and lose its IgE-binding capac-
ity early in the digestion process. Meanwhile, pepsin-resis-
tant allergens, such as 14- and 22-kDa allergens, may re-
main insoluble after digestion or may become less able to
bind IgE.

To evaluate the IgE-binding potential of the PBS-sol-
uble and -insoluble protein fractions, SDS and mercapto-
ethanol were added to digesta to extract as much protein as
possible. The resulting extracts were subject to protein con-
tent determination, SDS-PAGE, and immunoblotting. Both
SDS-mercaptoethanol treatment and in vitro digestion may
increase the solubility of peanut proteins, however, the
SDS-mercaptoethanol treatment does not affect |gE-binding
potential as enzymatic hydrolysis does.

Figure 7 shows the efficiency of SDS-mercaptoethanol
extraction. Unextruded peanut protein was highly soluble
(>90%) in most digesta. The solubility of extrudate in
SDS-mercaptoethanol increased with digestion time. Up to
88% of protein was extracted after incubation with pepsin
for 15 min. Compared with the results in Figure 3, SDS-
mercaptoethanol treatment helped to extract more proteins
from the digesta, especially for the samples with short di-
gestion times.

Immnoblotting
s

30: Im 2m 4m 0

Digestion time

15s
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SDS-PAGE and immunoblotting of unextruded protein
extracted by SDS-mercaptoethanol treatment are shown in
Figure 8. Negative controls for immunoblotting produced a
blank background (data not shown). Most of the subunits
on the polyacrylamide gel decreased in intensity with di-
gestion time. The 65-kDa band diminished with time and
was absent at the end of 4 min of digestion. Immunoblot-
ting revealed an increase of IgE binding at the first 1 min
of digestion. After that, binding tailed off with digestion
time. However, at the end of 60 min of digestion, there was
still a small amount of IgE binding remaining, especially
to the smallest subunits. The increase of IgE binding in the
first 1 min and the remaining |gE-binding potential was due
to increasing protein solubility in SDS and mercaptoetha-
nol, which suggests that some of the alergenic proteins
containing Ara h 1 remained insoluble in digesta

Two strong bands that did not bind to IgE, one at
around 40 kDa and another at around 25 kDa, were seen
on the polyacrylamide gel at the beginning of pepsin treat-
ment, and al bands became invisible within 4 min.

Three strong IgE-binding bands were found at 14, 17,
and 22 kDa, even though they were not intense bands on
the Coomassie blue-stained polyacrylamide gel. All these
protein subunits exhibited an increase in IgE binding in the
first 1 min of digestion, but binding decreased gradually
thereafter. The IgE binding of the 22-kDa fraction dimin-
ished within 15 min, whereas that of the 14- and 17-kDa
subunits was dtill visible after 60 min of digestion. This
finding suggests that the 14- and 17-kDa subunits are more
stable in SGF than is the 22-kDa subunit. The increase of
IgE binding in the first 1 min of digestion indicates that
these subunits are resistant to enzymatic hydrolysis and re-
main insoluble in digesta during this period of time. SDS-
mercaptoethanol treatment and in vitro digestion dissolved
these subunits and facilitated their increase in IgE-binding
capability.

Figure 9 shows the SDS-PAGE and immunoblotting
profiles for the SDS-mercaptoethanol—extracted extrudate.
Immunoblotting without peanut-specific IgE (negative con-
trol) had a clean background (data not shown). The poly-

SDS-PAGE Immnoblotting FIGURE 8. Gel electrophoresis (SDS
205K e PAGE) and Western blot of unextruded
120K peanut proteins with IgE from pooled sera

R of five peanut-allergic patients. Unextrud-
o o ed peanut flour was incubated with SGF
52K for 0, 15, and 30 sand 1, 2, 4, 8, 15, 30,
and 60 min. After digestion, SDS (1%) and
363K mercaptoethanol (0.1 M) were added to
302K the digests. The soluble fraction of result-
ing digests (30 ug of protein) was loaded
219K on the gel. Anidentical polyacrylamide gel

was used for the Western blot.

ﬂ%“v L 1 S
74K we

MW 0 158308 Im 2Zm 4m &m 15m 30m 60m
Digestion time
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FIGURE 9. Gel electrophoresis (SDS
PAGE) and Western blot of proteins ex- 2058
tracted from peanut extrudates (extruded 1%2& -

at 135°C, with 20% moisture content and
screw speed of 500 rpm) with IgE from s
pooled sera of five peanut-allergic pa-

tients. Extruded peanut flour was incubat- 363K
ed with SGF for 0, 15, and 30sand 1, 2, 35,
4, 8, 15, 30, and 60 min. After digestion,

DS (1%) and mercaptoethanol (0.1 M) 219K
were added to the digests. The soluble

fraction of resulting digests (30 ug of pro-

tein) was loaded on the gel. An identical 74K

polyacrylamide gel was used for the West-
ern blot.

acrylamide gel with protein from the peanut extrudate had
a profile similar to that with unextruded peanut. Most of
the bands diminished with digestion time and were absent
after 4 min. However, the immunoblotting membrane did
not exhibit as much as IgE hinding as was seen in unex-
truded peanut. This finding suggests that extrusion reduced
the IgE-binding potential of peanut protein by both insol-
ubilizing the alergens and by eliminating the immunoac-
tivity of their epitopes.

Compared with the negative IgE-binding profile of di-
gesta in saline (Fig. 6), immunoblotting of samples dis-
solved in SDS-mercaptoethanol revealed that the 65-kDa
band remained insoluble in the digesta for up to 15 min
before it was hydrolyzed and deprived of its IgE-binding
property. Two IgE-binding bands (17 and 22 kDa) were
barely visible within the first 4 min of digestion, and the
14-kDa band, which was strong in unextruded peanut, was
completely absent. These findings indicate that small
amounts of the 17- and 22-kDa allergens remained insol-
uble in digesta after the first 4 min of digestion but were
hydrolyzed and destroyed after that. The 14-kDa allergen
lost its IgE-binding property during extrusion. Compared
with the strong IgE-binding profile of unextruded peanut
protein (Fig. 8), extrusion cooking helped to reduce the IgE
binding of these three allergenic protein subunits or made
them susceptible to enzymatic hydrolysis.

IgE binding is a prerequisite for elicitation of an im-
mune response; however, it does not necessarily predict the
cascade of allergic reaction because of the complex rela-
tionship between cross-linking of basophil- or mast cell-
bound IgE by allergens and the occurrence of allergic signs.
Also, the way in which the alergen gets into the immune
system is not well known. Therefore, an in vivo test, such
as a double-blind placebo-controlled food challenge, should
be conducted to evaluate the true allergenicity of the extru-
dates.

Extrusion cooking reduced overall protein solubility in
peanuts; however, it slightly increased protein digestibility.
No IgE binding was observed by immunoblotting for ex-
trudates at various stages of in vitro digestion. Four strong
IgE-binding protein subunits were found at 14, 17, 22, and
65 kDa. Ara h 1 (65 kDa) was susceptible to enzymatic
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hydrolysis. The 14-, 17-, and 22-kDa subunits were fairly
resistant to in vitro hydrolysis, but extrusion helped to re-
duce their IgE-binding capacities and made them more sus-
ceptible to enzymatic hydrolysis. These observations sug-
gest that extrusion cooking may substantialy reduce the
allergenic potential of peanut protein.
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