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Abstract The efficacy of pulsed ultraviolet light (PUV)
and high hydrostatic pressure (HHP) on the IgE binding to
the almond extracts was studied using sodium dodecyl
sulfate polyacrylamide-gel electrophoresis, Western blot,
and enzyme-linked immunosorbent assay (ELISA) probed
with human plasma containing IgE antibodies to almond
allergens and a polyclonal antibody against almond major
protein. Crude almond protein extracts were treated with
PUV (3 pulses/s, 10 cm from lamp) for 0.5, 1, 2, 3, 4, 6, 7,
and 10 min. In comparison, boiling treatments were also
carried out. The HHP treatments were conducted at
600 MPa for 5, 15, and 30 min at three temperatures of
4 °C, 21 °C, and 70 °C. Western blots and indirect ELISA
demonstrated a reduction in the levels of allergens and IgE

binding in PUV-treated extracts at 7 min, which was found
to be the optimal time for PUV exposure. Boiling was not as
effective as PUV in reducing the overall IgE-binding of the
almond extracts. Unlike PUV, HHP did not affect the
allergen levels and IgE binding under the conditions tested.

Keywords Almond . Allergen . Pulsed UV light . High
pressure . IgE binding

Introduction

According to the UN Food and Agriculture Organization
(FAO 2011), global production of almonds is around 1.7
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million metric tons at an average growth of 5% annually
from 1993 to date, with a low throughput of 1 million tons
in 1995 and a peak of around 1.9 million tons in 2002. In
2009, the US production increased to 734,000 tons, of
which 631,000 tons were exported, according to the 2009
statistics of California Almond Board (2010).

Almonds are globally popular and are often used as a
snack food and ingredients in food products (Venkatachalam
et al. 2002). In tree nut production, almonds rank the first in
the world. Almond is a highly nutritious food and a
natural source of various nutrients (Sathe and Sze
1997). In spite of their popularity and health benefits, tree
nuts like almond can induce acute generalized allergy
symptoms and even anaphylactic shock. Unlike some food
allergies that are temporary and only affect young
children, allergies to tree nuts are often lifelong and can
be life-threatening (Roux et al. 2001).

In almond, its major protein, amandin or AMP, is an
allergenic protein as recognized by almond-allergic
patients (Roux et al. 2001). AMP is an oligomeric
protein containing prunin monomers. It is a legumin seed
storage protein belonging to 11 S globulin families
which belong to cupin superfamily. Almond allergen
proteins are located in the 12, 20–22, 25, 30, 37, 42–46,
48–50, 62, 65, and 70 kDa regions (Bargman et al. 1992;
Scheibe et al. 2001).

There have been several approaches tested so far for
reducing almond allergens, including microwave heating
(Venkatachalam et al. 2002), thermal processing (Shriver
and Yang 2011), chemical processing (Acosta et al. 1999),
and gamma irradiation (Su et al. 2004) with partial
alterations or no reduction in almond allergens.

Pulsed ultraviolet light, an intermittent intense broad
spectrum, is also referred to as pulsed light and high
intensity light. In the PUV technology, the electrical energy
is stored in a capacitor and released as short-period (several
nanoseconds), intermittent pulses. An inert gas within the
PUV lamp is ionized by the electrical energy and produces
broad spectra of light containing wavelengths from
near-infrared to ultraviolet. Studies have shown that
pulses can be approximately 90,000 times more intense
than the sunlight at the sea level (Shriver et al. 2011).
Previous studies have shown reduction of peanut allergens
(Chung et al. 2008; Yang et al. 2011) and soybean allergens
(Yang et al. 2010) by PUV treatment.

Pulsed UV light is normally regarded as nonthermal
when the time of exposure is short (e.g., seconds), and the
product temperature rise is insignificant (Krishnamurthy et
al. 2010). However, recent discovery (Krishnamurthy et al.
2009; Yang et al. 2011) shows that extended exposure (e.g.,
minutes) with PUV, which contains approximately 54% UV,
25% visible, and 20% infrared light (Oms-Oliu et al. 2010;
Shriver et al. 2011), can induce significant photothermal

effect. As a result, considerable instantaneous temperature
rise and moisture loss can occur to the sample (Chung et al.
2008; Mwakatage 2008; Yang et al. 2010; Nooji 2011;
Shriver et al. 2011). Greenberg (1979), Fiedorowicz et al.
(2001), and Kramer et al. (1991) also found that prolonged
UV light treatment caused formation of insoluble complex
in food, depolymerization of starch, peroxidation of
unsaturated fatty acid, carbohydrate crosslinking, protein
crosslinking, and protein fragmentation.

High hydrostatic pressure treatment (HHP), a non-
thermal food processing technology, achieves food preser-
vation by applying a hydrostatic pressure ranging from 100
to over 800 MPa to foods placed in a pressure vessel, which
is filled with transmitting fluid compressed by a pump or
pressure intensifier (Spilimbergo et al. 2002; Norton and
Sun 2008). The subsequent high pressure has the ability to
break non-covalent bonds, including hydrogen, ionic, and
hydrophobic bonds (Hoover et al. 1989). Soybean seeds
treated with HHP grew sprouts with a significant
reduction in antigenicity but no reduction in nutritional
value (Peñas et al. 2011). In eggs treated with HHP
(600 MPa) at 70 °C, the allergen reactivity was reduced by
8.9-fold, because the treatment caused a change in the
structure of the egg allergens (Hildebrandt et al. 2010).
Conversely, HHP with and without heat supplement was
reported to increase the reactivity of major milk allergen
(ß-lactoglobulin; Kleber et al. 2007).

The objectives of this study were to determine the
effectiveness of PUV and HHP treatments for reducing
almond allergen and the optimal treatment condition for
reducing the IgE-binding of almond extracts.

Materials and Methods

Materials

Sera

Plasmas containing almond-specific human IgE antibodies
were pooled from three donors with history of almond
allergy (PlasmaLab International, Everett, USA). Rabbit
anti-AMP antisera were obtained from the Florida State
University, Tallahassee, FL.

ELISA, SDS-PAGE, and Western Blot Reagents

Tris buffered saline (TBS), phosphate buffered saline (PBS),
o-phenylendiamine dihydrochloride (OPD), StartingBlock
TBS/T-20 blocking buffer, Gelcode Blue stain reagent,
bicinochoninic protein assay kit, 2-mercaptoethanol, and
Tween-20 were obtained from Pierce Chemical Company
(Rockford, IL). Precast Tris glycine minigels (4–20%) and
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reagents for sodium dodecyl sulfate polyacrylamide-gel
electrophoresis (SDS-PAGE) were obtained from BioRad
Laboratories (Hercules, CA). Costar 96-well enzyme
immunoassay plates were purchased from Corning
Incorporated (Corning, NY) and were used for
enzyme-linked immunosorbent assay (ELISA). Immobilon
P blotting membrane was obtained from Millipore
Corporation (Bedford, MA). Horseradish peroxidase-
labeled goat anti-rabbit IgG and goat anti-human IgE
were purchased from Invitrogen (Carlsbad, CA). SuperSignal
West Pico Chemiluminescent Substrate (Pierce) was
purchased from Thermo Scientific (Rockford, IL).

Equipment

A Xenon Steripulse XL-3000 batch PUV system (Xenon
Corporation, Woburn, MA) was used for the PUV
treatments. In the Xenon PUV unit, the distance
between the sample and the quartz window of the
PUV lamp can be changed by moving the sample rack
up or down. The total energy at 14.6 cm distance in a similar
unit was determined to be 0.92 J/cm2/s (Krishnamurthy
2006). In this study, a distance of 10 cm from the sample
to the quartz window was used. Since the distance from
quartz window to lamp is 10.5 cm, the total distance from
the lamp to the sample was 20.5 cm.

A handheld infrared thermometer (Omega OS423-LS,
OMEGA, Stamford, CT) was used for measuring the
temperature of the samples immediately after PUV
treatment. BioRad electrophoresis and semi-dry transfer
equipment were used for SDS-PAGE and Western
blotting. A Spectramax 340 (Molecular Devices, Sunnyvale,
CA) was used to read the 96-well plates. Laboratory-scale
high-pressure unit (model Avure PT-1; Avure Technol-
ogies, Kent, WA) monitored with DASYLab ® 7.0
software (DASYTEC USA, Bedford, NH) was used for
HHP treatment.

Almond Protein Extract Preparation

Finely grounded almond flour (meal) from blanched
whole almonds (Bob’s Red Mill, USA) was purchased
from the local market. The flour contained 6 g of
protein per 28 g of flour and was defatted by multiple
extractions with cold acetone (meal to acetone ratio of
1:5 w/v) with constant magnetic stirring. After each
extraction, the slurry was filtered through Whatman filter
paper #4, and the residue was used for the next extraction.
Residue from final extraction and filtration step was dried
in a fume hood and collected for treatment. The residue
was then extracted with 0.1 M sodium phosphate buffer
pH 7.0 (flour/buffer 1:20 w/v) for 30 min at 25 °C with
gentle shaking to obtain a protein extract. The samples

were then centrifuged at 15,000×g for 20 min, and the
supernatant was stored at −20 °C for use in HHP and
PUV experiments.

Protein Determination

Protein concentrations of the untreated and PUV- and
boiling-treated samples were measured by Bradford
assay. Protein concentration was determined using
10 μl of sample and 300 μl of Coomassie Plus Reagent
in a 96-well plate at room temperature. The plate was
read at 595 nm with a plate reader; diluted bovine
serum albumin was used as standard. For boiling and
PUV treatment, a volume of 10 ml of the untreated
sample at a concentration of 5 mg/mL was used. After
the PUV treatment, some moisture was lost due to the
photothermal effect of the PUV treatment. Prior to
protein determination, the volume of PUV-treated and
boiled samples was adjusted to the initial volume
(10 mL) in order to maintain the same level of total
protein concentration including soluble and insoluble
proteins. The adjusted samples were also used for SDS-PAGE,
Western blot, and ELISA tests.

Pulsed Ultraviolet Light and Boiling Treatment of Almond
Extracts

Almond extracts, 10 mL each, placed in an aluminum
dish 7 cm in diameter, was treated with PUV at a
preset time. Although the sample surface temperature
before and after PUV treatment was recorded using the
foregoing handheld infrared thermometer, the instanta-
neous temperature of the sample during PUV treatment
could be higher than the recorded temperature because
there was a few seconds delay in opening the door of
the chamber before measuring and recording the
sample temperature.

For boiling treatment, the almond extracts (10 mL each)
in capped centrifuge tube were placed in a boiling water bath
(100 °C) for 0.5, 1, 4, 6, and 7 min. The purpose of heating the
sample was to determine if boiling treatment affected almond
allergens in the same way as PUV treatment.

After treatments with PUV and boiling, the volume of
treated samples was adjusted to the initial volume (10 mL)
prior to analyses.

High Hydrostatic Pressure Treatment of Almond Extracts

Almond extract (1.5 ml) was transferred to a sterile
polypropylene pouch (Fisher Scientific, Fair Lawn, NJ),
heat-sealed, and enclosed in a secondary pouch for HHP
treatment. Treatment was carried out using a laboratory-
scale high-pressure unit (model Avure PT-1; Avure Tech-
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nologies, Kent, WA) monitored with DASYLab ® 7.0
software (DASYTEC USA, Bedford, NH). The experi-
ments were conducted at 600 MPa for 5, 15, and
30 min at 4 °C, 21 °C, and 70 °C, respectively, using
water as the hydrostatic medium. The pressure was
increased at a rate of approximately 22 MPa/s, and
pressure release was almost immediate. Pressurization
time reported in this study did not include the time
needed to bring the pressure up for treatment or the
time following pressure release. Three independent trials
were conducted.

SDS-PAGE

Following PUV-treatment, sample extracts with equal
amount of proteins in Laemlli sample buffer containing
0.05% 2-mercaptoethanol were heated in a water bath
(100 °C) for 10 min, and then loaded onto the wells of 4–
20% Tris glycine gel in a BioRad Mini-Protean tank
apparatus. Electrophoresis was performed for 1.5 h at
150 V. The gel was then stained with a GelCode Blue
solution and destained with distilled water.

Western Blot

After electrophoresis, the gel was removed from the
cassette, equilibrated in transfer buffer for 1 h, and then
transferred onto Immobilon P blotting membrane using a
semi-dry transfer apparatus at 15 V for 30 min. The
unbound sites on the membrane were blocked using
StartingBlock for 15–30 min at room temperature with
gentle rocking. The membrane was then incubated with a
pooled patient plasma diluted in PBS/Tw (1:80) or anti-
AMP polyclonal antibody in PBS/Tw (1:40) at 37 °C
while rocking for 50 min. The membrane was washed
twice for 10 min while rocking. The blots were
incubated at room temperature for 1 h with a mouse
anti-human IgE–HRP (Invitrogen, Carlsbad, CA) diluted
in PBS/Tw at 1:1,000 or a goat anti-rabbit IgG-HRP
(1:2,500). The blot was then washed twice for 30 min,
each time with gentle shaking. All washes were with 1×
TBS/0.05% Tween 20. Finally, a SuperSignal West Pico
Chemiluminescent substrate was used for detection.

Indirect ELISA

Costar Enzyme Immunoassay polystyrene 96-well plates
were coated for 2 h at 37 °C with control, boiled, PUV-,
and HHP-treated almond extracts diluted in PBS to a
concentration of 20 μg/ml (100 μl per well). Following
washing, the plates were blocked with StartingBlock
(200 μl per well) at 37 °C for 1.5 h. Human plasma
containing IgE antibodies specific for almond allergens

was diluted in PBS/Tw (1:4) and added to each well
(100 μl). After incubation at 37 °C for 1 h, the plate
was washed three times with TBS/Tw and then
incubated with a monoclonal mouse anti-human IgE-
HRP (1:1,000) at 37 °C for 1 h (100 μl per well). After
incubation and a wash, a substrate solution (pH 5.5)
containing OPD (0.5 mg/mL) and 0.03% hydrogen
peroxide was added (100 μl per well). The color
reaction was stopped at 15–30 min with 2.5 N sulfuric
acid (100 μl per well). Absorbance was read on
Spectramax 340384 Spectrophotometer at 490 nm.

Statistical Analysis

Statistical analysis was conducted using one-way analysis
of variance (ANOVA) with SAS 9.0 (Cary, NC) software.
Differences were considered at α=0.05. In addition, least
significant difference test was conducted on treatment
ANOVA results to see if there were any differences between
the treatment time and treatment type.

Results and Discussion

Effects of PUV and Boiling Treatments on Almond
Proteins/Allergens in Extracts

Treatment Time—30 s to 4 min

From the SDS-PAGE result on Fig. 1, the control almond
sample contained proteins from around 20 to 70 kDa, with
higher concentrations at 22 and 38 kDa.

After 30-s and 1-min PUV or boiling treatment, the
heat-stable proteins (22–25 and 48 kDa) remained
almost unchanged, but the heat-labile proteins (38 and
∼70 kDa) were reduced, causing the appearance of
bands between 12 and 20 kDa.

From the Western blot result on Fig. 1, the two major
allergenic proteins at 22 and 48 kDa were detected. As
compared with control, PUV treatment for 30 s and 1 min
did not change the immunoreactivity of the two major
almond allergens, but the 30-s and 1-min boiling treatments
appeared to increase the reactivity slightly, as evidenced
from the darker and thicker bands on the last two lanes. In
addition, the two bands (12–14 kDa), which were reported
to be minor allergens (Pasini et al. 2000; Poltronieri et al.
2002) and appeared as dark bands in SDS-PAGE after 30-s
and 1-min PUV treatments, were markedly reduced in the
blots. This indicates that the minor allergens were not fully
recognized by the IgE antibody after PUV treatment. It is
possible that the allergens might have undergone some
conformational changes following PUV treatment, which
caused their IgE-binding sites to become unavailable.
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The current finding that major almond allergens (22 and
48 kDa) were not affected by short PUV exposure (30 s and
1 min) indicated that they were stable under PUV and were
comparable to other almond proteins that remain stable
under different food processing treatments (Su et al. 2004;
Venkatachalam et al. 2002). Unlike almond allergens, egg
and milk allergens have been found reduced substantially
following 30 s to 1 min PUV treatments (Anugu et al.
2009; 2010).

Additionally, 2-, 3-, and 4-min treatments were per-
formed. Figure 2 shows the SDS-PAGE of almond extracts
resulting from 4-min boiling and 1-, 2-, 3-, and 4-min PUV
exposure. The profile of 1-min boiling was not shown
because it was similar to that of 4-min boiling. It can be
seen that, compared with 1-min PUV, the band pattern
and intensity for the major allergens (22 kDa and
above) were unchanged for 4-min boiling. However,

for 2-, 3-, and 4-min PUV treatments, the band intensity
decreased accordingly. Further investigations on the IgE
binding of these PUV-treated extracts in an ELISA
probed with pooled plasma from almond-allergic individuals
indicated that, despite the difference in band density
between the PUV treatments (1–4 min) in SDS-PAGE,
there were no significant changes in IgE binding
between 1- and 4-min PUV exposure (Fig. 3), suggesting
the immunological stability of almond allergens in the
extracts under PUV treatment for up to 4 min.

Treatment Time—6 to 7 min

Since there was no significant difference in IgE binding
between treatments at 1 and 4 min, samples were further
tested at two other exposure times for PUV and boiling—6
and 7 min—and Fig. 4 shows their SDS-PAGE profiles.
The pattern of the protein bands for the boiling-treated
extracts was similar to that of the control, except for
slightly increased intensity. This indicated that 6- and 7-min

Fig. 2 SDS-PAGE of almond extracts treated with boiling for 4 min
and with PUV for 1, 2, 3, and 4 min. Data for 1-min boiling were not
shown because they were similar to 4 min

Control PUV

10

15
20
25

37

50

75
100

150

250

PUV Boil Boil
30sec 1min 1min1min30sec

Control PUV PUV Boil Boil
30sec 1min 30sec

SDS-PAGE Western blotFig. 1 SDS-PAGE (left) and
Western blot (right) of almond
extracts treated with PUV and
boiling for a short time (30 s and
1 min). Western blot was probed
with pooled plasma from
almond-allergic individuals and
a goat anti-human IgE–HRP
conjugate

Fig. 3 IgE binding of almond extracts treated with PUV for 1, 2, 3,
and 4 min in ELISA probed with human plasma from almond-allergic
individuals. Values are mean of triplicates with standard error bars.
Values with different letters are significantly different (α=0.05)
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boiling did not seem to change much the almond
proteins in terms of molecular weight or structure. For
the 6- and 7-min PUV samples, heat-labile protein
bands between 25 and 50 kDa were hardly detected,
compared with the control. Also, the intensity of the
two heat-stable allergenic proteins (12 and 20–22 kDa)
was reduced, especially for the 7-min PUV treatment.
All this (protein reduction) was due to the combination
of PUV’s photothermal and nonthermal effects, which
probably caused the allergenic proteins to disintegrate or
cross-link with other proteins/peptides to form proteins
of lager molecular weight, thus resulting in the
appearance of smears seen on lanes 2 and 3 in Fig. 4.

Almond proteins were clearly shown to be affected
by the PUV illumination at this time range (6–7 min;
Fig. 4). The smears exhibited on lanes 2 and 3 indicated
that the cross-links or aggregates were obviously formed
and not able to run through the gel smoothly. Figure 4
also indicated that the energy introduced into the
extracts by boiling alone did not change the proteins
the way PUV did, and the reason for the PUV effect
was because extended PUV exposure entailed a com-
bined consequence of photothermal, photophysical, and
photochemical effects (Yang et al. 2011). Furthermore, it
was observed during the experiments that the PUV
treatment changed the color of almond extracts from a
transparent-white color to light-yellow color and showed
much more aggregation than the boiled sample.

Bargman et al. (1992) reported that the proteins from 45 to
50 kDa were stable and reactive after dry-roasting heat
treatment. Conversely, in this study, proteins from 45–50 kDa
were reduced instead by PUVas shown in Fig. 4.

Western blots with both human plasma from almond-
allergic individuals and polyclonal antibodies against

almond proteins for almond extracts treated with PUV and
boiling for 6 and 7 min are shown in Fig. 5. Figure 5a
shows that IgE binding of 20–22 kDa band of the boiled
samples (lanes 4 and 5) was almost the same as that of
control. This indicated that boiling treatment did not reduce
the IgE reactivity of almond allergens.

However, IgE binding of the PUV-treated almond
extract was shown to be reduced (lanes 2 and 3), and
the reduction appeared to be much higher at 7 min PUV
than at 6 min PUV. Treatments with polyclonal anti-
AMP antibody gave the same result as with IgE
antibody. This suggests that the allergenic proteins at
12, 22, and 48 kDa were basically changed in terms of their
levels and probably epitopes after 6 and 7 min PUV
illumination, causing a reduction in IgE binding.

Furthermore, aggregates above 250 kDa were detected in
Western blot probed with IgE. As shown in Fig. 6, dark
bands corresponding to aggregates (>250 kDa) due to PUV
treatment for 7 min were seen. These bands were much
darker and more obvious when the PUV treatment time was
extended to 10 min. This demonstrates that PUV treatment
did promote and cause the formation of aggregates. As
mentioned before, aggregates and smears were formed
possibly because of the cross-linking between almond
proteins (peptides) as induced by PUV, which was then
accompanied by a pronounced decrease in the intensity of
the bands corresponding to the 22-kDa allergen.

The result from Western blot (Fig. 6) indicates that IgE
antibodies bound to the aggregates or cross-linked proteins
in the PUV-treated sample. Bargman et al. (1992) reported
similar results due to heating.

Although the almond cross-links had an affinity for
IgE antibodies in Western blot (Fig. 6), the overall IgE
binding of the PUV-treated almond extract was reduced.
This was demonstrated by the ELISA data (Fig. 7), which
showed a 76% reduction in the absorbance value
(representing IgE binding) with the 7-min PUV-treated
extract, as compared with control. The overall IgE
binding of the PUV-treated almond extract could have
been reduced even more if it was not because of the
cross-links that contributed to part of the overall IgE
binding. Another possible explanation for the reduction
in overall IgE binding is that the cross-links and the
reduced allergens were less allergenic than the original
allergens in the untreated extract.

In addition, the overall IgE-binding of 7-min boiling-
treated extract was compared with that of the control
and PUV-treatments. Data (Fig. 7) showed that boiling
caused a 40% reduction in the absorbance value (IgE
binding) compared with control. This was not so obvious
in Western blot (Fig. 5a), indicating that some unknown
components in the boiled extracts could play a role in the
reduction of IgE binding in ELISA. Compared with PUV,

Fig. 4 SDS-PAGE profile of almond extracts boiled- and PUV-treated
for 6 and 7 min. Molecular weights shown are in KDa
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boiling exhibited a higher IgE-binding than PUV, in
agreement with the results from blots.

In summary, PUV was capable of reducing the overall
IgE-binding of almond extracts to a great extent and was
more effective than boiling in this regard.

Effect of High Hydrostatic Pressure on Almond Proteins/
Allergens in Extracts

Almond extracts were also subjected to treatments with
HHP at various times (5, 15, and 30 min) and different
temperatures (4 °C, 21 °C, and 70 °C) to determine if HHP
has an effect. Results from SDS-PAGE and blots (Fig. 8)

show that there was no difference in the protein profile
between all the HHP treatments. This indicates that HHP
was not able to reduce the almond allergens or their
immunoreactivity under the conditions tested.

However, in one study (Messens et al. 1997), HHP
has been demonstrated to alter the reactivity of some food
allergens through modification of their structures. Further
investigation with ELISA in our study (Fig. 9) showed
that HHP treatments did not significantly change the IgE
binding, compared with the control.

In summary, HHP had no effect on the almond allergens
in the extract under the conditions tested.

Factors to be Considered Using PUV

It should be noted that, during PUV treatment, factors such
as changes in sample temperature and volume may occur.
Therefore, before and after PUV treatments of almond
extracts, the sample weight was measured using a digital

Fig. 7 Indirect ELISA for untreated, 7-min PUV-treated and 7-min
boiled almond extracts using human plasma containing IgE antibodies
against almond and negative control (normal). The values show the
mean of six replicates with standard deviation bars. Values with
different letters are significantly different (α=0.05)

Fig. 6 Western blot profile of almond extracts treated with PUV for
10 min, compared with 7 min. Molecular weights shown are in kDa

Fig. 5 Western blots of treated
almond extracts probed with a
pooled plasma (1:80; HA) and
polyclonal anti-AMP antibody
(1:40; PA). Dilutions of
anti-human IgE-HRP and
anti-rabbit IgG-HRP were
1:1,000 and 1:2,500,
respectively
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balance to determine moisture loss. After PUV treatments,
temperatures of each sample were measured using an
infrared thermometer. Also, the volume of each treated
sample was adjusted (due to moisture loss) to the initial
sample volume (10 mL) before any analyses (e.g., SDS-
PAGE, Western blots, and ELISA) were performed. The
results for water loss and temperature increase after PUV
treatments are shown in Table 1.

The temperatures read from 60.9 °C to 115.0 °C after 1
to 7 min PUV treatment. It was noted that there was a few
seconds delay in temperature measurement, which was the
time spent to open the door of the treatment chamber, so the
instantaneous temperature during the PUV treatment could

be higher. After PUV treatments, all almond samples
exhibited changes in volume (mass) as a result of water
evaporation. The volumes (masses) were reduced by 5.7–58%
after 1 to 7 min PUV treatment.

It should be noted that, despite the temperature rise,
PUV is not considered a heat treatment but rather a
treatment with high energy produced by a combination of
photochemical, photothermal, and photophysical effects.
Such energy is instantaneous and ultimately converted into
heat, which is different from the normal heating process.

With this high energy from PUV, tests in this laboratory
showed that even a dry wood stick in the chamber of the
PUV equipment was ignited after 8 min exposure at 10 cm
from lamp. The distance and pulse rate were the same as in
the conditions for the almond extracts. Because the

Fig. 9 Indirect ELISA for HHP-treated and untreated almond extracts
using human plasma containing IgE antibodies against almond. The
negative control (normal) is also shown. The values are the mean of
nine replicates with standard deviation bars. Values with different
letters are significantly different (α=0.05)

Fig. 8 SDS-PAGE and Western
blot of HHP-treated almond
extracts probed with plasma
(1:80) from almond-allergic
individuals and a goat
anti-human IgE HRP (1:1,000).
Molecular weights shown are
in kDa

Table 1 Changes in temperature and mass of almond extracts as
affected by PUV

PUV treatment
time

Water loss (%) Temperature after
treatment

30 s 3.1 50.5±1.5

1 min 5.7 60.9±4.5

2 min 10.2 75.9±1.2

3 min 17.5 80.5±0.7

4 min 24.9 83.1±2.8

6 min 38.9 111.7±1.5

7 min 58.5 115.0±0.8

8 min Some area dried out Ignited a wood stick

Data are mean±standard deviation (n=3)
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temperature needed to auto-ignite wood is at least 204 °C or
above (Babrauskas 2001), so the instantaneous temperature
of the sample during the PUV treatment for the 8 min
duration could also be 204 °C or above. In this PUV unit,
the energy intensity is about 0.12 J/cm2 per pulse when the
distance from lamp to the sample is 20.5 cm, according to
Krishnamurthy (2006) and Yang et al. (2011).

Conclusions

Following PUV treatment, the almond extract exhibited a
reduction in the levels of allergens and IgE binding, as
demonstrated by SDS-PAGE, Western blots, and ELISA.
Results indicate that PUV was more effective than HHP
in almond allergen reduction. A 7-min time appeared to
be the optimal condition for PUV treatment while a
short-time (1–4 min) PUV treatment was not effective in
allergen or IgE-binding reduction. The HHP treatment
had little effect on the allergens under the conditions
tested. The mechanism behind the allergen and IgE-binding
reduction was likely that PUV induced protein cross-linking
and/or fragmentation due to its photothermal, photochemical,
or photophysical effect, with photothermal effect being
more prominent.

For future studies, one focus can be placed on PUV
treatment of whole almond kernels, and the PUV-treated
products will undergo a sensory test and nutritional analysis
to ensure the retention of nutrients and quality. In addition,
the wavelength region of PUV that played an important role
in altering the almond protein structures can be investigated.
Also, in vivo studies will be needed to verify the validity of the
current in vitro studies.
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