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HIGHLIGHTS

GRAPHICAL ABSTRACT

e A standardisable method for mea-
surement of B—Ig immunoreactivity
changes has been developed.

e LOD for B—Ig detection has been
stablished in 114 ngmL~! (0.114 pg
mL~1).

e f—Ig concentration range to evidence
changes in immunoreactivity is
established between 0.078 ug mL~!
and 10 ug mL~ .

e Changes in immunoreactivity of
treated samples agree with those
obtained with milk allergic patients.

e The method could be also applied for
B—lg detection.
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Immunochemical detection of food allergens is usually based on the use of polyclonal or monoclonal
immunoglobulins G (IgG) antibodies. However, due to differences in epitopes recognition between IgG
and IgE, an epitope modification during food processing can potentially alter allergenicity and detection
in such different way. For that reason, the use of traditional immunological methods to anticipate or
study the protein allergenicity is not recommended.

The objective of this work was to develop a standardized competitive ELISA, based on recombinant IgE
antibodies to B-lactoglobulin (B-1g), to reveal and to measure changes in f-lg immunoreactivity provoked
by technological processes in foods containing this milk protein.

As a result, a sensitive immunochemical method (Limit of Detection, LOD < 0.2 pg mL~!) has been
developed for B-lg recognition. Also, this technique has been confirmed to detect modifications in B-lg-
IgE binding after food processing (thermal treatment) in a similar way to those results obtained with
allergic patients in previous works. Consequently, data obtained with this assay could be used as a
preliminary test to predict in vitro p-lg allergenic behavior in allergenicity studies in processed foods.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Cow's milk is one of the most common trigger foods causing
food allergy in the first years of life. It affects around 2.5% of young
children with severe consequences for the quality of life of both
patient and family [1]. Symptoms of cow's milk allergy (CMA) range
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from mild to anaphylactic reactions. The development of these
symptoms depends on immune mechanisms, being the one asso-
ciated with Immunoglobulin E (IgE), also called Type I Anaphylactic
Sensitivity the most common [2,3].

CMA can be caused by several allergenic proteins including ca-
seins, B-lactoglobulin (B-lg) and a-lactalbumin (e¢—la) [4]. Among
them, the B-lg is the main whey protein in the milk of many
mammals and it is considered to be the major cow's milk whey
allergen (Bos d 5); that is, the protein most frequently and inten-
sively recognized by human IgE [5,6].

Up to date, the only effective treatment of any food allergy is the
strict avoidance of the allergen-containing food. However, total
avoidance for CMA patients is sometimes difficult. Due to the low
cost of milk whey proteins, together with their worthy technolog-
ical properties (gelation, emulsifying and binding properties), they
are widespread used as ingredients in the food industry [7—9].

Prevention of allergies has become a clinical public health
concern, and many attempts have been made for reducing aller-
genicity of proteins. One of the strategies for reducing allergenicity
has been focused on protein modification. In IgE-mediated allergies
antibodies recognize specific regions (epitopes) in the allergen
molecule [10]. As food treatments have been showed that can
modify the structure of allergens, a reduction in their allergenic
potential could be easily addressed [11,12]. However, no standard-
ized methods are available to predict allergen modifications due to
food processing and there is still a need for improving of knowledge
about influence of processing in the structure of food allergens [13].
In fact, it has been published that a deep research to develop solid
and standardized methods to allow researchers meet how food
processing impact in food allergenicity is still needed [14].

Traditionally, the methods for immunoreactivity prediction are
based on the use of polyclonal IgG antibodies obtained from
immunized animals, human IgE serum pools isolated from allergic
patients or, in some cases, by monoclonal antibodies produced by
hybridoma technology. Various immunological detection methods
based mainly on polyclonal antibodies have been published during
recent years [15,16]. Polyclonal antibodies from immunized rabbits
have been used in sandwich-type ELISA for the sensitive detection
of B-lg from cow's milk and food products [17,18]. However, the
polyclonal and monoclonal antibodies usually used, recognize the
immunogenic epitopes of the protein, those recognized by IgG.
These are not necessarily the same as the allergenic epitopes
recognized by the IgE antibodies that trigger the allergenic
response.

Thus, due to the probable dissimilarities between IgG and IgE
epitopes recognition, it would be useful to count on a method based
on IgE antibodies for allergenic properties identification, in order to
relate protein detection with real potential allergenicity of B-lg-
containing foodstuff. However, the high variability between IgE
from sera collected from sensitized persons makes the standardi-
zation of the detection methods very difficult for commercial
purposes.

Nevertheless, today it is possible to produce human recombi-
nant antibodies [19] that would ensure the specific detection of the
harmful food content for a sensitized person [20]. Previous works
dealt with the development of a recombinant human IgE, which
could be used for standardized detection of p-lg, thanks to its ho-
mogeneity and specificity [21].

However, beyond recombinant-Ig development, the stan-
dardization and validation of a consistent method for protein
modification estimation must ponder many other parameters, such
as food matrix composition and the intensity of food processing
since they can have a great impact on the elicitation of allergic
reactions and protein modification [2,22]. The alteration in protein
structure by food processing can lead to epitope destruction,

modification, masking or unmasking [23—25], and due to the
mentioned differences between IgG and IgE epitopes, allergenicity
and detection can be altered in a different way. This fact
strengthens the value of a common and standardized method to
easy and fast estimation of changes in IgE bonding to p-lg.

Thus, in this work, our objective was to implement an analytical
technique which allows to evidence changes in the immunoreac-
tivity of the B-lg protein due to different processing conditions: the
detection of the protein in its native and thermally-treated forms
has been studied to check the tangible potential of this method to
be used for detecting potential modifications of -lg recognition by
IgEs and consequently, to be used as a preliminary in vitro predic-
tion of B-lg allergenic behavior in processed foods.

2. Materials and methods
2.1. Materials

B-lactoglobulin (B-lg) lyophilized powder (L0130 > 90% purity)
from bovine milk was purchased from Sigma-Aldrich chemicals (St.
Louis, MO). Bovine serum albumin (BSA) fraction V was obtained
from Fisher Scientific (Leics, UK). Goat anti-human Kappa-HRP IgG
(2060—05) was collected from SouthernBiotech (Birmingham,
Alabama, USA) and Ultra TMB-ELISA substrate (tetramethylbenzi-
dine) was acquired from Thermo Scientific (Rockford, USA). Raw
milk was ordered to a local supplier (Vascolac, Zamudio, Spain).
Microtiter polystyrene MaxiSorp 96 U-well plates were obtained
from NUNC (Roskilde, Denmark).

2.2. Methods

2.2.1. Optimization of direct ELISA for isolated (-lactoglobulin

Anti B-lactoglobulin (B-lg) recombinant Immunoglobulin E (IgE)
was obtained as previously described [21] and was kindly donated
by VTT Technical Research Centre of Finland (Espoo, Finland). In
order to test the optimal assay conditions, IgE/B-lg proportions and
reagent concentrations for subsequent competitive method
development, a preliminary direct ELISA was performed. For that,
microtiter plates were coated with 100 uL per well of a 5 pg mL~! or
10pgmL~" B-lg solution in NayCO3/NaHCOs 0.05M (carbonate
buffer, pH 9.6). After incubation overnight at 4 °C, the wells were
washed three times with PBST (14 mM NaCl, 2 mM KCl, 1 mM
KH,PO4, 8 mM NapHPO, pH 7.4 -phosphate buffered saline —PBS—,
with 0.05% [v/v] Tween 20). Then, wells were blocked with 300 puL
of 1% (w/v) BSA in PBS and incubated for 1 h at room temperature
(RT). After washing three times with PBST, wells coated with the
two different concentrations of B-lg, were incubated with 100 pL of
serial dilutions of IgE (Fab) ranging from 1/3000 to 1/24000 in PBS
for 1 h. Plates were then washed three times with PBST and incu-
bated with 100 pL of different dilutions of the goat anti-human
Kappa-HRP, from 1/2000 to 1/16000, in PBS for 1 h at RT. Finally,
plates were washed three times with PBST and TMB substrate was
added in a volume of 100 pL per well and incubated for 15 min at RT.
The enzyme reaction was stopped by adding 50 uL of 2 M H,SO4 per
well, and the absorbance was determined at 450 nm using a
microplate reader Thermo Scientific ™ Varioskan Flash (Waltham,
MA, USA). Each sample (each B-lg/IgE/anti-human Kappa-HRP
combination) was tested in triplicate in two independent
experiments.

2.2.2. Optimization of the competitive indirect ELISA method
Competitive indirect ELISA (ciELISA) procedure was adapted
then, using the best conditions obtained in the previous step. Mi-
crotiter plates were coated with 100 L per well of a 5 ug mL™! p-Ig
solution and blocked as previously described. After washing three
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times with PBST, plates were incubated with 100 pL of a mixture
(1:1) of serial double dilutions of samples with a known concen-
tration of B-lg, ranging from 10 ugmL~! to 0.039 pg mL~", and IgE
(Fab) at 1/4000 (final concentrations), all diluted in PBS. As negative
controls, 100 pL of a mixture (1:1) of PBS (no B-lg) and IgE (Fab) at 1/
4000 (final concentration) were also assayed. The competitive re-
action took place in the wells for 2 h at RT. Plates were then washed
three times with PBST and incubated with 100 uL of goat anti-
human Kappa-HRP 1/8000 in PBS for 1h at RT. Finally, plates
were washed three times with PBST and 100 pL per well of TMB
substrate were added and incubated for 15 min at RT. After color
development, the reaction was stopped by adding 50 uL of 2 M
H,SO4 per well, and the absorbance determined at 450 nm using a
microplate reader Thermo Scientific ™ Varioskan Flash. Each
sample was incubated by duplicate in at least three independent
experiments.

2.2.3. Thermal treatments

In order to study the effect of the matrix conditions and thermal
processing on the detection of B-lg by the ciELISA developed, the
samples were prepared and subjected to different treatments as
follows.

Protein solutions of 2000 pgmL~! of B-lg were prepared dis-
solving protein powder in NaH;PO4/NaHPO4 0.1 M (phosphate
buffer, pH 6.8), and C;H40,/C;H3NaO, 0.1 M (acetate buffer, pH 4.6).
Skimmed milk (SM) was obtained from raw whole milk by centri-
fugation of milk samples at 2500 rpm and 4 °C for 20 min in an
Ortoalresa Digitor 20R centrifuge with a rotor RT191 (Madrid,
Spain). Skimmed milk was then carefully separated from solid fat
remaining at the top phase. Acid whey (AW) was obtained by
acidifying raw skimmed milk by adding 1M HCI until the pH
reached a value of 4.6. Precipitated caseins were separated from
AW by centrifuging once at 2500 rpm at 4 °C for 20 min.

For thermal treatments, 300 pL of each sample were packed in
heat resistant bags and thermally sealed. Samples were treated in a
Lauda Controller E300 Baths EcoLine 012 (Lauda-Konigshofen,
Germany) at 75, 85 and 95 °C for 20 min. For treatments over 100 °C
(105 °C for 20 min) an autoclave Surdry APR-95 (Biscay, Spain) was
used. After treatments, all samples were placed in ice cold water for
fast cooling and analyzed by competitive ELISA method as
described below. All samples were treated by duplicate and sub-
sequently analyzed by triplicate.

2.2.4. Validation of the method for (§-lg-immunoreactivity changes
in raw and thermally-treated samples

Considering that milk contains on average 3000 pg mL~! of B-lg
(Wal, 1998), standard curves of SM and AW were firstly studied (in
serial double dilutions) together with isolated B-lg standard curve,
in order to adjust the proper sample dilution for analysis.

Afterwards, the ciELISA method in both untreated and treated
samples was carried out similarly as previously assessed. Briefly,
microtiter plates were coated, washed and blocked as described
above (section 2.2.2). After washing three times with PBST, plates
were incubated with 100 pL of a mixture (1:1) of the corresponding
diluted sample of non-treated/treated B-lg, SM or AW and 1/4000
of IgE (Fab) (final concentration) in PBS. All samples were diluted to
obtain a theoretical concentration of 10 pgmL~" (according to
absorbance obtained in standard curves previously described) and
then serial double dilutions from 5 ug mL~! to 0.313 pg mL~! were
made. As negative control, 100 pL of a mixture (1:1) of PBS (no B-1g)
and 1/4000 IgE (Fab) dilution was also analyzed. The competitive
reaction took place in the wells for 2 h at RT. Plates were then
washed three times with PBST and incubated with 100 pL of 1/8000
goat anti-human Kappa-HRP in PBS for 1h at RT. Finally, plates
were washed three times with PBST and TMB substrate was added

in a volume of 100 pL per well and incubated for 15 min at RT. The
reaction was stopped by adding 50 pL of 2 M H,SO4 per well, and
the absorbance was determined at 450 nm using a microplate
reader Thermo Scientific ™ Varioskan Flash.

Percentage of inhibition of IgE binding to the treated proteins
with respect to untreated protein (native commercial B-lg, un-
treated SM and AW, respectively) was calculated using the
following equation (adapted from Ref. [25]):

oD — 0D
IgE binding inhibition (%) = W x 100
100% — 0%

Where ODsample is defined as the value of absorbance of the treated
sample; ODgy as the value of control (untreated sample); and
OD1go% as the absorbance of the negative (no B-1g) control. Thus, a
positive value ranging from 0% to 100% of IgE-binding inhibition
would indicate a reduction of IgE-binding to the treated proteins (a
hypothetical reduction of the allergenicity), while negative values
would indicate an increasing on protein IgE recognition (theoretical
increase of allergenicity).

3. Results and discussion

In this work, a competitive indirect ELISA (ciELISA) has been
developed, optimized and used for B-lactoglobulin (B-lg) recogni-
tion and to determine Immunoglobulin E (IgE) binding differences
between native and treated protein in different matrix conditions.

The selection of this method was done based on the availability
of specific antibodies: Sandwich ELISA implementation requires at
least two different binding sites and consequently, the use of two
different antibodies to detect a protein. In this case, working with
one clone of a monoclonal antibody which recognizes only one
epitope of the protein, the competitive method was selected. The
ciELISA method developed and calculations are based on the
competition between native -Ig bound to the plate and the native
or modified (treated) protein contained in the standards or samples
for binding to the anti-B-lg IgEs. Thus, the differences in structure
and antibody binding caused by the treatments can be easily
determined by means of just one anti-f-lg antibody.

Preliminary tests with a direct ELISA were carried out to assess
the optimal B-lg coating, anti-p-lg IgE and anti-kappa-HPR anti-
body concentrations. This first aim was to find out the optimal re-
agent concentrations and conditions to be equal as the negative
control (the mixture without B-lg in the B-lg-IgE competition step)
for the subsequent competitive method development. For anti-
human Kappa conjugate dilutions, 1/2000 and 1/16000 dilutions
were discarded for leading to very high and too low absorbance,
respectively, and data are not shown. The absorbance results ob-
tained for the rest of the tested combinations of reagents are shown
in Fig. 1. As expected, the highest values of absorbance are given at
the lowest dilutions of IgE and at higher concentration of anti-IgE,
with slight differences between the coating -lg concentration. As
Fig. 1 shows, conditions giving an absorbance higher than two units
(ODg4sp>2) presented a higher variability. That can be due to
instrumental deviations from Lambert-Beer's Law [26], which
means working in the non-linear range of absorbance of the
spectrophotometer used. Consequently, the conditions that gave an
ODys50 over two units were discarded for following assays. Taking
into account that in a competitive method the relationship between
concentration and absorbance is indirect, the conditions selected
here will relate, accordingly, to the sample with the highest
absorbance inside the linear range of detection. Correspondingly,
too low absorbance (OD < 0.6) could not permit a proper quantifi-
cation of differences in B-lg concentration in the subsequent
competitive method, due to insignificant differences in absorbance
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Fig. 1. Absorbance levels related to anti-p-lg IgE dilution used for the different con-
ditions tested with the direct method: wells coated with 5 ug mL~' B-Ig and incubated
with 1/4000 (M) and with 1/8000 () anti-IgE antibody; and coated with 10 ug mL~!
B-lg and incubated with 1/4000 (@) and with 1/8000 (O) anti-IgE antibody, respec-
tively. Vertical error bars correspond to Standard Deviation (SD).

between the samples. Also, a rational use of reagents was taken into
account to select the optimal conditions (use of the minimum
quantity of reagents to obtain the best results): At the view of the
results, the selected conditions for subsequent experiments were as
follows: wells coated with 5 pugmL~" -lg, blocking step with 1%
BSA, a working dilution of 1/4000 (final concentration) for anti--1g
IgE and a working dilution of 1/8000 for anti-kappa-HPR antibody.

Once reagents concentration and other conditions were fixed, a
ciELISA was developed to know the appropriate range of B-lg
concentration where the relationship between f-lg concentration
and absorbance at 450 nm was lineal and quantifiable.

The relationship between the absorbance and the B-lg concen-
tration (logarithm) was inversely linear (at higher concentration of
B-lg, lower values of OD) since this is a competitive method. The
linearity of the absorbance with the B-lIg concentration used in the
standards is maintained in the range from 0.078 pgmL™!
(78 ngmL~1) and 10 pgmL~! (10000 ng mL~ 1) (12> 0.98) (Fig. 2).
The detection limit (LOD) of the assay was defined as the protein
concentration corresponding to the mean absorbance of a negative
control minus 3.3 times the value of its standard deviation [27] and
corresponds to 0114 pg mL~! (114 ng mL™1).

These results are in agreement with results obtained by Jylha
[21] for native B-lg. In that previous work, studying decimal
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Fig. 2. Calibration curve obtained for indirect competitive ELISA for the determination
of linear range of B-lg concentration measured in standard solutions of pure B-lacto-
blobulin in PBS (r? =0.9899). Vertical error bars correspond to Standard Deviation
(SD).

dilutions of B-lg (10, 1, 0.1, 0.01 and 0.001 uM), apparently, the
highest absorbance variation for competitive ELISA was obtained in
a P-lg concentration ranged between 0.1 and 0.01uM B-Ig
(0.18—1.80 ug mL~') [21]. However, these authors did not test more
intermediate B-lg concentrations, and the LOD and linear range
could not be established. Although detection of B-lg is not the main
purpose of this work, here we have determined the detection limit
of the method using the recombinant human IgE. Our results
confirm that this method could be used for -lg detection with a
similar and even lower LOD than other competitive ELISA-based
methods [15,28]. Also, for further experiments, we have deter-
mined the working range of B-lg concentrations where the rela-
tionship with absorbance is linear, for reliable quantification of
protein modifications.

In addition, the developed method in this work allows the
protein recognition by means of an antibody that recognize a real
IgE epitope of B-lg [21], which are the first responsible of a type I
reaction. Contrarily, most of conventional commercial detection
methods are based on polyclonal IgG interactions with allergens
[29]. The detection of a protein is not always related to its allergenic
potential, and allergenic epitopes tend to escape the most
commonly utilized sandwich ELISA-based test [30]. With the
method developed in this work, now it is possible to acquire a
better relationship between changes observed in OD and potential
changes in human IgE immunoreactivity of the B-lg due to
processing.

3.1. Application of ciELISA in food matrices naturally containing (-
Ig

Although the recombinant IgE antibody used has a high speci-
ficity [21], in order to develop a reliable immunoassay, it is neces-
sary to check if the presence of other milk proteins and other food
components do not alter or mask the recognition of the target
protein (B-1g). Also, it is known that ELISA methods are sometimes
sensitive to the effect of matrix (matrix interferences) [31]. Thus,
the ciELISA developed was also checked, in this preliminary stage,
against complex food matrices where B-lg can be naturally found,
such in whey or milk, as main sources of $-lg. The same experi-
mental approach and conditions followed before for isolated B-Ig
were applied for raw milk and whey, and results are shown in Fig. 3.
The slight differences in concentration detected between B-Ig
standards (isolated B-lg) and milk and whey standard curves may
be due to the fact that the concentration in milk and whey was
calculated theoretically from a wusual concentration of
3000 pg mL~! [4]. Thus, the B-lg concentration in these products

0.700

0.600 1

0.500 1 R¥= 09943

0.400
R?=0.9929

DO45llnm

0.300

0.200 4

0.100 4

0.000

2.0 25 30 35 4.0
log B-lg concentration (ng/mL)

Fig. 3. Relationship between absorbance and B-lg concentration in B-lg standards in
PBS (@, r2=0.9929), in skimmed milk (O, r>=0.9943) and in acid whey (O,
2 =0.9514).
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can naturally vary and may not exactly coincide. Despite these
differences, as it can be seen, B-Ig recognition is not affected by the
presence of other proteins and food components, since the linearity
is maintained (r? > 0.95 in all cases) and the relationship between
detected B-lg concentration and absorbance keeps the same pro-
portionality for milk and whey than for the isolated protein (Fig. 3).

Finally, the recognition of allergens by immunochemical
methods can be affected not only by matrix composition, but also
by structural changes in proteins provoked to technological pro-
cesses [11]. Keeping in mind that one of our aims is to apply the
developed method for demonstrating allergen and allergenic po-
tential modifications, the next step was to check if this method is
valid for the identification and measurement of the mentioned
changes.

3.2. Validation of ciELISA based on recombinant human-IgE
antibodies for prediction of §-lg allergenicity changes in processed
samples

Processing can alter proteins by inducing denaturation (loss in
tertiary and/or secondary interactions), formation of new intra- or
inter-molecular bonds, aggregation, and/or rearrangements of di-
sulfide bonds, as well as other conformational modifications, which
can ultimately lead to changes in allergen reactivity [13,32,33]. To
properly determine the modification of the allergenic proteins in
real food products, it is essential to understand how changes pro-
duced by processing affect the antibody reactivity, more especially
when the method is desired to be used for related allergenic
potential.

The changes in the epitopes and allergenic potential of B-lg by
thermal treatments are well known [34] and have been already
quantified, so the validation of the capability of this method to
measure allergenicity modifications was done in thermally pro-
cessed samples. Accordingly, the effect of heating on the recogni-
tion of B-lg in buffer, milk and whey by recombinant IgE has been
studied. For buffer solutions, isolated B-lg was diluted in 0.1 M
phosphate buffer pH 6.8 being as is the milk pH, and 0.1 M acetate
buffer pH 4.6, the acid whey pH, in order to visualize the variability
of the relation pH and temperature with the immunoreactivity.
Also, it must be taken into account that, after recombinant IgE se-
lection, the reduction of the binding of D1 Fab fragment used in this
work to B-1g was already shown at 95 °C [21], but not at lower or
higher temperatures. So, for a complete validation of the method to
be applied for allergenicity-change measurements, samples were
subjected to 75°C, near the denaturation temperature of f-lg,
stablished at 70°C [34,35], 85°C, 95 °C and 105 °C.

Results are shown in Fig. 4, as the inhibition percentage of IgE
binding compared to the untreated sample (0% inhibition binding).
As it can be seen, there is a clear influence of the heat treatment in
the ability of IgE for recognition of -1g: The inhibition of the IgE-f-
lg binding increased with temperature and time of treatment in all
the studied matrices. That means that the IgE-immunoreactivity of
B-lg is reduced after heat treatment.

The milk whey protein B-lg, like many other proteins, is sensi-
tive to heating over 60°C. During heating, intramolecular and
intermolecular changes and reactions occur, which are generally
denoted as denaturation and aggregation [36,37]. This heat-
induced conformational modification of proteins may affect their
antigenic and allergenic properties.

In the case of the B-lg, our results agree with previous studies
using IgE from sera from allergic patients [34,38,39]. As these
studies reported, a decrease in B-lg recognition by IgE was also
detected when heating at temperatures between 80 and 100 °C.
Taheri-Kafrani et al. [39] reported changes in -lg molecular weight
following thermally induced denaturation and subsequent

aggregation and showed that heat-induced denaturation of B-lg
was associated with weaker binding of IgE from cow's milk allergy
(CMA) patients. That reorganization of B-lg is thought to mask the
conformational or lineal epitopes present on the major allergen,
thus reducing overall IgE binding. The additional increase in IgE- -
lg binding inhibition at 105 °C is in the same way as that observed
by Bu et al. [23], who revealed a decreased antigenicity of purified
B-lg to rabbit antibodies due to treatments for 20 min at tempera-
tures between 80 and 120°C. Correspondingly, other authors
studying more intense treatments (177 °C/30 min and 260 °C/
3 min) also found a total decrease in the allergenicity (measured by
skin prick tests) of B-lg in dairy products [40,41]. These authors
suggested that f-1g forms disulfide bonds with other proteins in the
food matrix resulting in decreased epitopes availability and
decreased allergenicity, especially in intensively heated milk
products, which would also explain, the higher inhibition of IgE
binding to B-1g when this protein is treated at higher temperatures.

Apart from these results, small and non-significant differences
in the B-lIg immunoreactivity in the different matrices have been
observed at the different temperatures. These results emphasize
the capability of this developed method to distinguish the immu-
noreactivity of the p-lg independently of the complexity of the
analyzed dairy matrix and is in accordance to our previous results
(section 3.1., Fig. 3). This fact can be due to the high specificity of the
recombinant IgE used, that would recognize an epitope that is
affected directly by thermal treatment [21] but not by the possible
interactions between matrix components during food processing
[40,42].

To summarize, regarding some previous works done with
allergic patient serum, similarities to our results obtained with
recombinant IgE can be found. At the view of this correspondence,
the method developed in this work could be used to preliminary
screening for B-lg structure modifications due to heat treatments
and other processing technologies and for prediction of allerge-
nicity without using CMA patients' sera. The use of the human IgE
antibody provides an element of specificity to the assay since it
detects clinically relevant allergenic proteins that can elicit allergic
symptoms in sensitized individuals [20,43]. However, the variable
results established by other researchers regarding processing ef-
fects on milk proteins allergenicity [28] advise that, if an important
reduction of immunoaffinity is found with this method, before
considering a product as “hypoallergenic”, confirmation tests with
real sera must be carried out to consider other milk proteins and
the variable and heterogenous human IgE response [44].

Finally, although it has not been the objective of this work, the
developed assay could be also useful to identify the presence of B-lg
in foods. With this future perspective, this method based on human
recombinant antibodies could be even exploited as an integration
into a new generation of innovative immunoenzymatic tests (e.g.
lab-on-chip devices), allowing a direct and on-field detection of
allergens [45—47]. However, as a reduction of the immunoreac-
tivity is evidenced, other complementary IgE would be recom-
mended to use to cover more allergenic epitopes, both thermally
sensitive and heat resistant. Also, for detection purposes a more
complete validation should be performed according to interna-
tional guidelines.

4. Conclusions

In this work, a novel immunochemical method for the recog-
nition of modifications in p-lactoglobulin (B-lg) allergen immuno-
reactivity has been developed. As it is based on a human
immunoglobulin E (IgE) recombinant antibody, the use of this
method and their results could help to preliminary assess and
predict potential allergenicity modifications of B-lg caused by
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Fig. 4. Modifications (measured as percentage of IgE inhibition) in recognition of p-lg by recombinant IgE due to thermal treatments for 20 minat 75°C, 85°C, 95°C and 105 °C.
Different treatment media were treated and analyzed by developed competitive ELISA: Isolated B-lg in pH 4.6 buffer (4.a.); isolated B-lg in pH 6.6 buffer (4.b.); acid whey (4.c.) and;

skimmed milk (4.d.).

protein changes due to food processing in different food matrices.
By this way, this method would be simpler and faster than using
human sera samples (more variable, non-standardized and difficult
to obtain). However, confirmation tests must be carried out to
consider the more variable real human serum IgE and in vivo re-
sponses in those samples resulting in a high IgE-binding reduction,
to assure allergic consumer safety.

Acknowledgements

Authors thank Basque Government (Economic Development
and Competitiveness Department) for funding the JAN4U (IE13-
356) project (Etortek program) and ALERTEC project. J. Orcajo ac-
knowledges the financial support for her doctoral studies from
Basque Country Government. We also thank to Dr. Marja-Leena
Laukkanen from VTT Technical Research Centre (Finland) for
kindly donate recombinant IgE used in this work.

References

[1] J. Skripak, E. Matsui, K. Mudd, R. Wood, The natural history of IgE-mediated

cow's milk allergy, J. Allergy Clin. Immunol. 120 (2007) 1172—1177.

K. Thomas, C. Herouet-Guicheney, G. Ladics, G. Bannon, A. Cockburn, R. Crevel,

J. Fitzpatrick, C. Mills, L. Privalle, S. Vieths, Evaluating the effect of food pro-

cessing on the potential human allergenicity of novel proteins: international

workshop report, Food Chem. Toxicol. 45 (2007) 1116—1122.

F. Wulfert, G. Sanyasi, L. Tongen, L. Watanabe, X. Wang, N. Renault, F. Falcone,

C. Jacob, M. Alcocer, Prediction of tolerance in children with IgE mediated

cow's milk allergy by microarray profiling and chemometric approach,

J. Immunol. Methods 382 (2012) 48—57.

[4] J. Wal, Cow's milk allergens, Allergy 53 (1998) 1013—1022.

[5] J. Wal, H. Bernard, C. Créminon, C. Hamberger, B. David, G. Peltre, Cow's milk
allergy: the humoral immune response to eight purified allergens, in:
J. Mestecky, et al. (Eds.), Advances in Mucosal Immunology, Plenum Press,
New York, 1995, pp. 879—881, 1995.

[6] J. Wal, Cow's milk proteins/allergens, Ann. Allergy Asthma Immunol. 89
(2002) 3—10.

[7] E. Bromley, M. Krebs, A. Donald, Mechanisms of structure formation in par-
ticulate gels of beta-lactoglobulin formed near the isoelectric point, Eur. Phys.
J. E 21 (2006) 145—152.

[8] S. Damodaran, Protein stabilization of emulsions and foams, J. Food Sci. 70
(2005) R54—R66.

[9] E.Foegeding, E. Cakir, H. Kog, Using dairy ingredients to alter texture of foods:

2

3

implications based on oral processing considerations, Int. Dairy J. 20 (9) (2010)
562—-570.

[10] K.M. Jarvinen, K. Beyer, L. Vila, P. Chatchatee, P.J. Busse, H.A. Sampson, B-cell

epitopes as a screening instrument for persistent cow's milk allergy, J. Allergy
Clin. Immunol. 110 (2002) 293—-297.

[11] E. Mills, I. Sancho, N. Rigby, J. Jenkins, A. Mackie, Impact of food processing on

the structural and allergenic properties of food allergens, Mol. Nutr. Food Res.
53 (8) (2009) 963—969.

[12] R. Jiménez-Saiz, S. Benedé, E. Molina, . Lopez-Exposito, Effect of processing

technologies on the allergenicity of food products, Crit. Rev. Food Sci. Nutr. 55
(13) (2015) 1902—1917.

[13] M. Besler, H. Steinhart, A. Paschke, Stability of food allergens and allergenicity

of processed foods, ]. Chromatogr. B 756 (2001) 207—228.

[14] A. Muraro, K. Hoffmann-Sommergruber, T. Holzhauser, LK. Poulsen,

M.H. Gowland, C.A. Akdis, E.N.C. Mills, N. Papadopoulos, et al., Protecting
consumers with food allergies: understanding food consumption,meeting
regulations and identifying unmet needs. EAACI Guidelines, Allergy 69 (2014)
1464—1472.

[15] R. Poms, C. Klein, E. Anklam, Methods for allergen analysis in food: a review,

Food Addit. Contam. 21 (2004) 1-31.

[16] A.van Hengel, Food allergen detection methods and the challenge to protect

food allergic consumers, Anal. Bioanal. Chem. 389 (2007) 111—118.

[17] S. Makinen-Kiljunen, T. Palosuo, A sensitive enzyme-linked immunosorbent

assay for determination of bovine beta-lactoglobulin in infant feeding for-
mulas and in human milk, Allergy 47 (1992) 347.

[18] R. de Luis, M. Lavilla, L. Sanchez, M. Calvo, M. Pérez, Development an evalu-

ation of two ELISA formats for the detection of B-lactoglobulin in model
processed and commercial foods, Food Contr. 20 (2009) 643—647.

[19] J. McCafferty, A. Griffiths, G. Winter, D. Chiswell, Phage antibodies: filamen-

tous phage displaying antibody variable domains, Nature 348 (1990)
552—554.

[20] J. Haka, M. Niemi, K. Iljin, V.S. Reddy, K. Takkinen, M. Laukkanen, Development

of recombinant antibodies for reliable and sensitive food allergen detection,
Clin. Transl. Allergy 5 (2015) P52.

[21] S. Jylhd, S. Makinen-Kiljunen, T. Haahtela, H. Soderlund, K. Takkinen,

M. Laukkanen, Selection of recombinant IgE antibodies binding the f-lacto-
globulin allergen in a conformation-dependent manner, J. Immunol. Methods
350 (2009) 63—70.

[22] K. Grimshaw, R. King, J. Nordlee, S. Hefle, J. Warner, ]. Hourihane, Presentation

of allergen in different food preparations affects the nature of the allergic
reaction - a case series, Clin. Exp. Allergy 33 (2003) 1581—1585.

[23] G.Buy,Y. Luo, Z. Zheng, H. Zheng, Effect of heat treatment on the antigenicity of

bovine a-lactalbumin and B-lactoglobulin in whey protein isolate, Food Agric.
Immunol. 20 (3) (2009) 195—206.

[24] S. Sathe, S. Teuber, K. Roux, Effects of food processing on the stability of food

allergens, Biotechnol. Adv. 23 (2005) 423—429.

[25] M. Lavilla, ]. Orcajo, A. Diaz-Perales, P. Gamboa, Examining the effect of High

Pressure Processing on the allergenic potential of the major allergen in peach
(Pru p 3), Innovat. Food Sci. Emerg. Technol. 38 (2016) 334—341.


http://refhub.elsevier.com/S0003-2670(18)31406-5/sref1
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref1
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref1
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref2
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref2
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref2
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref2
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref2
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref3
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref3
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref3
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref3
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref3
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref4
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref4
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref5
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref5
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref5
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref5
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref5
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref5
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref6
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref6
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref6
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref7
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref7
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref7
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref7
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref8
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref8
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref8
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref9
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref9
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref9
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref9
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref10
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref10
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref10
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref10
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref11
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref11
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref11
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref11
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref12
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref12
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref12
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref12
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref12
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref12
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref12
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref12
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref13
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref13
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref13
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref14
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref14
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref14
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref14
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref14
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref14
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref15
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref15
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref15
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref16
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref16
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref16
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref17
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref17
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref17
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref17
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref18
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref18
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref18
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref18
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref18
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref18
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref19
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref19
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref19
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref19
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref20
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref20
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref20
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref21
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref21
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref21
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref21
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref21
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref21
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref21
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref21
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref22
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref22
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref22
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref22
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref23
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref23
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref23
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref23
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref24
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref24
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref24
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref25
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref25
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref25
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref25

[26]

[27]

[28]

[29]

[30]

[31]

[32]
[33]

[34]

[35]

[36]

[37]

J. Orcajo et al. / Analytica Chimica Acta 1052 (2019) 163—169

M. Penner, Ultraviolet, visible and fluorescence spectroscopy, in: S.S. Nielsen
(Ed.), Food Analysis, Springer, US, 2010, pp. 387—405.

AOAC International, Validation Procedures for Quantitative Food Allergen
ELISA Methods: Community Guidance and Best Practices, Food Allergens
Analytical Community Guidance, 2012. Appendix M: 1-8.

L. Monaci, V. Tregoat, A. Can Hegel, E. Anklam, Milk allergens, their charac-
teristics and their detection in food: a review, Eur. Food Res. Technol. 223
(2006) 149—179.

L. Monaci, A. Visconti, Immunochemical and DNA-based methods in food
allergen analysis and quality assurance perspectives, Trends Food Sci. Technol.
21 (2010) 272—283.

R. de Luis, M. Pérez, L. Sanchez, M. Lavilla, M. Calvo, Development of two
immunoassay formats to detect B-lactoglobulin: influence of heat treatment
on P-lactoglobulin immunoreactivity and assay applicability in processed
foods, J. Food Protect. 70 (2007) 1691—1697.

J. Yeung, Enzyme-linked immunosorbent assays (ELISAs) for detecting aller-
gens in foods, in: S. Koppelman, S. Hefle (Eds.), Detecting Allergens in Food,
Woodhead Publishing Limited, Abington Hall, Abington, Cambridge (England),
2006, pp. 109—124.

G. By, Y. Luo, F. Chen, K. Liu, T. Zhu, Milk processing as a tool to reduce cow's
milk allergenicity: a mini-review, Dairy Sci. Technol. 93 (3) (2013) 211—-223.
S. Shriver, W. Yang, Thermal and nonthermal methods for food allergen
control, Food Eng. Rev. 3 (2011) 26—43.

B. Ehn, B. Ekstrand, U. Bengtsson, S. Ahlstedt, Modification of IgE binding
during heat processing of the cow's milk allergen B-lactoglobulin, J. Agric.
Food Chem. 52 (2004) 1398—1403.

J. de Wit, Structure and functional behavior of whey proteins, Neth. Milk Dairy
J. 35 (1981) 47—64.

T. Rahaman, T. Vasiljevic, L. Ramchandran, Conformational changes of -
lactoglobulin induced by shear, heat, and pH — effect on antigenicity, J. Dairy
Sci. 98 (7) (2015) 4255—4265.

S. Roefs, K. de Kruif, A model for the denaturation and aggregation of B-
lactoglobulin, Eur. ]. Biochem. 226 (3) (1994) 883—889.

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

169

Y. Morisawa, A. Kitamura, T. Ujihara, N. Zushi, K. Kuzume, Y. Shimanouchi,
S. Tamura, H. Wakiguchi, H. Saito, K. Matsumoto, Effect of heat treatment and
enzymatic digestion on the B cell epitopes of cow's milk proteins, Clin. Exp.
Allergy 39 (2009) 918—925.

A. Taheri-Kafrani, J. Gaudin, H. Rabesona, C. Nioi, D. Agarwal, M. Drouet,
J. Chobert, A. Bordbar, T. Haertle, Effects of heating and glycation of p-lacto-
globulin on its recognition by IgE of sera from cow milk allergy patients,
J. Agric. Food Chem. 57 (2009) 4974—4982.

A. Nowak-Wegrzyn, K.A. Bloom, S.H. Sicherer, W.G. Shreffler, S. Noone,
N. Wanich, H.A. Sampson, Tolerance to extensively heated milk in children
with cow's milk allergy, ]. Allergy Clin. Immunol. 122 (2008) 342—347.

A. Nowak-Wegrzyn, A. Fiocchi, Rare, medium, or well done? The effect of
heating and food matrix on food protein allergenicity, Curr. Opin. Allergy Clin.
Immunol. 9 (2009) 234—237.

N. Kleber, 1. Krause, S. Iligner, J. Hinrichs, The antigenic response of B-lacto-
globulin is modulated by thermally induced aggregation, Eur. Food Res.
Technol. 219 (2) (2004) 105—110.

R. Hamilton, Allergen-specific human IgE antibody based analysis of food, in:
S.J. Koppelman, S.L. Hefle (Eds.), Detecting Allergens in Food, Woodhead
Publishing Limited, Abington Hall, Abington, Cambridge (England), 2006,
pp. 79-97.

L. Selo, L. Negroni, M. Yvon, G. Peltre, J. Wal, Allergy to bovine B-lactoglobulin:
specificity of human IgE using cyanogen bromide-derived peptides, Int. Arch.
Allergy Immunol. 117 (1998) 20—28.

M. Angelopoulou, P.S. Petrou, E. Makarona, W. Haasnoot, 1. Moser, G. Jobst,
D. Goustouridis, M. Lees, K. Kalatzi, I. Raptis, K. Misiakos, S.E. Kakabakos, Ul-
trafast multiplexed-allergen detection through advanced fluidic design and
monolithic interferometric silicon chips, Anal. Chem. 90 (2018) 9559—9567.

A. Rios, M. Zougagh, M. Avila, Miniaturization through lab-on-a-chip: utopia
or reality for routine laboratories? A review, Anal. Chim. Acta 740 (2012)
1-11.

X. Weng, S. Neethirajan, Paper-based microfluidic aptasensor for food safety,
J. Food Saf. 38 (2018), e12412.


http://refhub.elsevier.com/S0003-2670(18)31406-5/sref26
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref26
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref26
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref27
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref27
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref27
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref28
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref28
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref28
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref28
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref29
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref29
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref29
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref29
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref30
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref30
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref30
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref30
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref30
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref30
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref30
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref31
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref31
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref31
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref31
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref31
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref32
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref32
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref32
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref33
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref33
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref33
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref34
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref34
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref34
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref34
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref35
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref35
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref35
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref36
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref36
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref36
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref36
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref36
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref37
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref37
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref37
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref38
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref38
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref38
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref38
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref38
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref39
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref39
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref39
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref39
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref39
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref40
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref40
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref40
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref40
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref41
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref41
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref41
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref41
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref42
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref42
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref42
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref42
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref43
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref43
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref43
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref43
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref43
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref44
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref44
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref44
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref44
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref45
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref45
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref45
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref45
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref45
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref46
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref46
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref46
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref46
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref47
http://refhub.elsevier.com/S0003-2670(18)31406-5/sref47

	Specific and sensitive ELISA for measurement of IgE-binding variations of milk allergen β-lactoglobulin in processed foods
	1. Introduction
	2. Materials and methods
	2.1. Materials
	2.2. Methods
	2.2.1. Optimization of direct ELISA for isolated β-lactoglobulin
	2.2.2. Optimization of the competitive indirect ELISA method
	2.2.3. Thermal treatments
	2.2.4. Validation of the method for β-lg-immunoreactivity changes in raw and thermally-treated samples


	3. Results and discussion
	3.1. Application of ciELISA in food matrices naturally containing β-lg
	3.2. Validation of ciELISA based on recombinant human-IgE antibodies for prediction of β-lg allergenicity changes in processed s ...

	4. Conclusions
	Acknowledgements
	References


