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Milk allergens are common allergens occurring in foods, therefore raising concern in allergic consumers.
Enzyme-linked immunosorbent assay (ELISA) is, to date, the method of choice for the detection of food
allergens by the food industry although, the performance of ELISA might be compromised when severe
food processing techniques are applied to allergen-containing foods. In this paper we investigated the
influence of baking time on the detection of milk allergens by using commercial ELISA kits. Baked cookies
were chosen as a model food system and experiments were set up to study the impact of spiking a matrix
food either before, or after the baking process. Results revealed clear analytical differences between both

ELISA spiking methods, which stress the importance of choosing appropriate spiking methodologies for method
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validation purposes. Finally, since the narrow dynamic range of quantification of ELISA implies that dilu-
tion of samples is required, the impact of sample dilution on the quantitative results was investigated. All
parameters investigated were shown to impact milk allergen detection by means of ELISA.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Cow milk allergy (CMA) consists of an abnormal immunological
response due to the ingestion of milk or milk-derived products and
is considered the most common food allergy in children below
3 years (Monaci, Tregoat, van Hengel, & Anklam, 2006). The most
abundant milk proteins belong to the main classes of caseins and
whey accounting for 80% and 20% of the total milk proteins, respec-
tively. Casein (CN) represents the main fraction of milk proteins
and is subdivided into a number of families (¢, g, k). They are char-
acterised by a central hydrophobic part and a hydrophilic layer
with phosphorylated sites and a hardly clear tridimensional struc-
ture suggesting the presence of preferentially linear epitopes (Wal,
2001). By contrast, lactoglobulin (LG) and lactalbumin (ALA) are
the most abundant proteins of whey and together with caseins
are known to be the main allergic components of milk (Natale
et al., 2004; Wal, 2001). Either linear epitopes widely distributed
throughout the cow milk proteins or conformational epitopes can
be responsible for allergic reactions (Monaci et al., 2006). It is gen-
erally acknowledged that even minute amounts of an allergenic
food, like milk, can cause severe and sometimes fatal reactions,
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although insufficient knowledge is available on clinically relevant
threshold levels as established by human oral challenge studies
(Hourihane & Knulst, 2005). To protect sensitive individuals from
the risk of allergic reactions, Directive 2007/68/EC has been issued
(Commission of the European Communities, 2007) in the European
Union which requires that the most allergenic ingredients, like
milk, added to food products have to be declared on the respective
label. Since the allergic consumer relies on the information on the
label, it is of utmost importance that foods that do not declare milk,
or milk-derived products as ingredients should be truly free of milk
proteins. But, unfortunately contamination at any stage of food
production may occur, thus introducing the hazard of hidden aller-
gens (Kerbach et al., 2009). As far as baked products like cookies
are concerned, milk/dairy products are common ingredients and
therefore the risk of cross-contamination is high. As a consequence
there is a need for sensitive methods to ensure sanitation of pro-
duction lines and compliance with labelling legislation to improve
consumer protection.

Several analytical approaches for the detection of food allergens
are available to-date (Monaci & Visconti, 2009; Poms, Klein, &
Anklam, 2004b). They either target the allergenic proteins or mark-
ers (e.g. specific proteins, peptides or DNA fragments) that indicate
the presence of the allergenic food ingredient. Immunoassays are
currently commonly used for screening purposes because antibod-
ies can recognise specific proteins in a complex mixture of com-
pounds of different nature (Krska, Welzig, & Baumgartner, 2004;
van Hengel, 2007). They represent a good tool for screening
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purposes and generally offer a good sensitivity and specificity for
detecting traces of specified allergenic ingredients. Amongst
immunoassays, the enzyme-linked immunosorbent assay (ELISA)
is popular because of its ease of use, fast response and low limit
of detection. ELISA kits mainly employ polyclonal antibodies for
the detection of food allergens, since polyclonal antibodies offer
benefit of recognising a number of different epitopes in the target
protein and are less sensible to small changes. ELISA tests devel-
oped for the detection of milk traces are usually directed against
CN, LG or total milk and use either a sandwich configuration or a
competitive detection and several commercial kits as well as in
house developed ELISAs are now available (Shubert-Ullrich et al.,
2009). To date only few ELISA kits have been validated by interna-
tional organizations and none of these kits tailored for milk aller-
gen detection have undergone the AOAC-RI validation test yet.

Nonetheless, the reliability of some ELISA kits was assessed in
an interlaboratory evaluation study that focussed on the detection
of milk protein in extracts of sausage, cookie, cereal and pasta
sauce, which demonstrated that the investigated ELISA methods
were reliable and reproducible (Akiyama et al., 2004) The perfor-
mance of ELISA showed to be compromised when extensive food
processing techniques like baking are applied to the allergen-con-
taining food under investigation. Some consequences of thermal
processing on food proteins are: loss of conformational Ig-E epi-
topes, Maillard reactions, decrease of protein solubility and/or
extractability or stability as described by several authors (Faeste,
Levberg, Lindvik, & Egaas, 2007; Poms & Anklam, 2004). Notably,
heating and technological food processing might lead to changes
in the target protein structure affecting some antigenic determi-
nants and epitope binding sites (Maleki, 2004). As a consequence,
the detection of allergens by antibodies may be affected, hamper-
ing their final detection and changing the outcome of the test
(Paschke & Besler, 2002). This is a matter of concern for allergic
consumers since hidden milk allergens might remain undetected
after analysis of food products.

This study aims to investigate the influence of the baking pro-
cess on the detection of milk allergens by commercial ELISA Kits
in cookies chosen as model food matrix. Experiments were set up
to evaluate the effect of adding milk powder to the matrix, before
(incurred samples) or after (spiked) baking, on target recovery. Dif-
ferent baking periods were investigated and the milk allergen con-
tent was estimated before and after thermal treatment by
employing four ELISA kits provided by different manufacturers
and targeting CN, LG or total milk proteins (see Table 1). Since most
ELISA kits have a rather narrow dynamic range (e.g. 1.6-25.6 ppm
for CN), the analysis of serial dilutions of the samples is usually re-
quired. Therefore we also investigated to which extent dilution
may affect the quantitative results. A better understanding of the
strengths and limitations of ELISA used for the detection of milk
allergens is important to monitor and control the problem of aller-
gen cross-contamination which will ultimately protect the allergic
consumer.

2. Experimental
2.1. Chemicals

Skimmed milk powder and whey powder were purchased from
Sigma-Aldrich (St. Louis, MO, USA) while protein quantification kit
based on copper binding was from GE Healthcare (Uppsala, Sweden).

2.2. Model food matrix

Blank cookies were prepared according to the following recipe:
three medium sized eggs, 190 g wheat flour (ANCO Flour Patisserie
with the following composition: proteins 10.6 g, glucids 70.6 and
lipids 1.1 g per 100 g, humidity 15.5%), 90 g sugar, 20 ml extra vir-
gin olive oil, and 50 ml of water (blank cookies) or skimmed milk
powder solution (incurred cookies). The total weight for each
dough prepared was approximately 500 g. Virgin olive oil was used
in replacement of any milk derived product in order to avoid milk
traces in the blank. In this study “incurred sample” is defined as a
sample in which a known amount of food allergen (e.g. milk pow-
der) has been incorporated and undergoes the overall processing
(including baking). Alternatively, “spiked samples” where a known
amount of the food allergen (e.g. milk powder) was added after
their manufacturing were also prepared. Such samples are usually
easier to prepare and can be representative for food products that
are accidentally contaminated with allergens after their production
(e.g. milk powder dust settling on baked cookies) (Diaz-Amigo &
Popping, 2010).

Incurred cookies were prepared as follows: skimmed milk pow-
der, was used to prepare aqueous solutions. Briefly, 10g of
skimmed milk powder was dissolved in 1 L of water and left stir-
ring at ambient temperature with a magnetic bar for 15 min to
have a homogeneous solution. A 1/10 dilution was also prepared
from the stock solution in order to produce cookies incurred at a
lower level. An aliquot of 50 ml of both solutions were added to
the original dough (approximately 450 g) instead of water (used
for the blank) with the aim to obtain a dough with a final milk
powder concentration in cookies of 1000 mg/kg and 100 mg/kg,
respectively.

Cookies incurred with whey powder were prepared as de-
scribed for milk powder spiking, with the difference that the final
concentration in cookies was 10,000 and 1000 mg/kg, due to the
fact that these proteins are less abundant as compared to the case-
in fraction.

Portions of 20 g of incurred dough were spread into each open
cookie tin (diameter ca. 8 cm and 1 cm high) and baked at a tem-
perature of 180 °C for different periods of time (3, 6, 9, 12, 15,
20, 25, 30, 35 or 40 min). Care was taken that a constant and well
distributed temperature was applied by checking the temperature
at different locations in the conventional oven used for baking (GE,
Fairfield, CT, USA). The baked cookies were allowed to cool down at
ambient temperature and were subsequently ground in a mill un-

Table 1
Intended use of ELISA test kits claimed by producers and performance of the kits.
Target allergen Type of Food matrix Specificity Quantification range  Limit of detection  Supplier
assay (ppm) (ppm)
Total milk allergens S-ELISA Juices, cake mixes, cookies, sauces, sorbets Caseins and whey 2.5-25 1 Tepnel
proteins
Caseins C-ELISA Cooked and uncooked food Casein/caseinates 1.6-25.6 1 Tepnel
Lactoglobulins, whey C-ELISA Cooked and uncooked food B Lactoglobulin 2.5-40 2 Tepnel
proteins
Lactoglobulins S-ELISA Beverages and food containing whey, milk or B Lactoglobulin 0.010-0.810 0.2 R-
milk powder Biopharm

S-ELISA = direct sandwich ELISA; C-ELISA = indirect competitive ELISA.
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der liquid nitrogen to obtain a fine powder. The resulting cookie
powder was extracted and used in this study. An aliquot was with-
drawn from each batch baked for different periods of time in order
to determine the water content. According to the water content
values calculated for each batch, a mass correction factor was cal-
culated and taken into consideration to estimate the real concen-
tration in the final cookies.

2.3. ELISA kits and methodology

The following ELISA kits as schematized in Table 1 were uti-
lised: Veratox for Total Milk Allergen obtained from Tepnel Biokits,
(Lansing, MI, USA), B-LG Ridascreen Assay Kit obtained from R-
Biopharm (Darmstadt, Germany) BioKits BLG Assay Kit, and BioKits
Casein Assay Kit both obtained from Tepnel BioSkits.

All ELISA analyses were performed according to the manufac-
turer’s instructions and using the recommended buffers. While kits
for total milk allergen detection used PBS at pH 7.4 as extraction buf-
fer, those for casein detection employed a carbonate/bicarbonate
buffer at pH 9.6. Quantitative results were obtained by measuring
the optical density at the wavelength specified by the ELISA manu-
facturer using a spectrophotometer (1420 Multilabel Counter Victor
3V; Perkin Elmer, Singapore). All standard curves were constructed
with the standards provided with the test kits. Calibration curves
at five concentration points (three replicate for each point) were
constructed for the standard curves. CVs were in the range 1-5%.

Performance of Veratox kit targeting total milk allergens was
further investigated and the LOD and LOQ experimentally found
in standard solutions provided along the kit, were 1.07 and
2.71 pg/ml respectively.

Each cookie sample was analysed in triplicate and the mean of
two different samples was taken into consideration. Sample ex-
tracts with signals higher than that observed for the highest point
of the calibration curve obtained, were diluted in the appropriate
buffer or in blank cookie extract. The homogeneity of the cookie
material was assessed by using Veratox kit for total milk allergens.
Two samples were taken from 10 different batches of cookies at
both concentrations of 1000 and 100 mg/kg, respectively, analysed
in triplicate and the average of optical density was subjected to
ANOVA test.

2.4. Protein quantification in cookie extracts

To quantify proteins in cookies the same extraction protocol as
described for Veratox total milk ELISA test kit was followed. Ali-
quots of 1 g ground cookies were extracted with 25 ml PBS and left
shaking for 30 min at 60 °C since it was experimentally found that
protein yields at that temperature was higher than that obtained
performing the extraction at room temperature. Samples were vor-
texed for 1 min every 10 min of the incubation. The extracts were
then subjected to analysis by ELISA test kits for total milk and their
total protein content was determined by using the 2D quantifica-
tion kit based on a Cu®* binding assay. A calibration curve with bo-
vine serum albumin (BSA) standard was established in the range of
0-50 pg protein per ml, and protein quantification was performed
as described before (Chassaigne, Broheé, Nergaard, & van Hengel,
2007).

2.5. Matrix-matched calibration curves

For the construction of matrix-matched calibration curves in
spiked and incurred food material, cookies baked for a standard time
of 9 min were employed. As for calibration curve in spiked cookies,
ground cookies were fortified with milk powder solutions at the fi-
nal concentrations of 12.5, 25, 50 or 100 mg/kg (adding an equal vol-
ume of solutions at different milk powder concentrations), then left

to dry for 1h at room temperature and carefully mixed before
extraction. To prepare incurred samples, dough incurred with milk
powder at 1000 mg/kg (previously described) was first diluted with
blank dough in order to obtain the following concentrations 200,
100, 50, 25, 12.5, 6.25 mg/kg and then baked for 9 min. Likewise
for the construction of LG calibration curves, cookies were exter-
nally spiked with whey powder at the final concentrations of 50,
25, 12.5, 5, 2.5 mg/kg while for incurred cookies, samples were in-
curred with whey powder (same procedure as described above) at
10,000 mg/kg and further diluted with blank dough to obtain the
following concentrations: 5000, 2500, 1250, 625, 312.5 mg/kg. Each
point in the calibration curve represented the mean of two different
cookie samples (three replicates each sample) and CVs obtained
were in the range 2-9% for both calibration curves.

3. Results and discussion

3.1. Calibration curves in baked cookies for total milk allergens and
lactoglobulins

Contamination of food products with milk or milk-derived
products can occur at different stages during food production
(Diaz-Amigo & Popping, 2010). In order to investigate whether
the stage of the production process, during which the contamina-
tion occurs, has an effect on the final detection of milk allergens
by ELISA, two calibration curves were constructed, one for cookies
incurred with milk powder, and one for cookies that were spiked
after baking. All cookies were baked for a standard time of 9 min
at 180 °C since this represented a good compromise between the
protein content and the appearance of the cookie such as the final
colour and its palatability (see Section 2.2 for details). Ground
cookies were extracted and analysed with the ELISA kit for total
milk protein detection (Veratox kit) targeting both caseins and
whey proteins. Final data were corrected for the loss in water con-
tent due to baking in order to calculate the actual amount of milk
proteins in the samples.

For the construction of the matrix-matched calibration curves,
an aliquot of incurred cookie extract was progressively diluted
with blank cookie extract to target the concentration range of the
kit. As shown in Fig. 1, when milk powder was introduced in the
cookie dough before thermal treatment, the calibration curve
shows a slope that halves that of externally spiked samples. This
gives rise to a reduced recovery of ELISA target molecules when in-
curred samples are analysed.
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Fig. 1. Recovery determined for cookie samples incurred or spiked with milk
powder. All cookies were analysed with the Tepnel ELISA kit for total milk protein
detection. Equation for incurred cookies (line with squares), equation for spiked
cookies (line with circles) and equation for standard solution are reported.
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Since baking was found to cause a severe impact on the immu-
nological detection of LG in the cookie extracts, we also analysed
whey proteins (data not shown) containing cookies and compared
incurred and spiked material by using Tepnel BioSystems ELISA kit
for LG detection. Results obtained with incurred samples appear to
be dramatically different from those obtained with externally
spiked samples showing a reduction to nearly 1/50 of LG detected
in externally spiked samples. The resulting equations were:
y=0.027x+0.445 (R?*=0.9942) for spiked cookies and
y=0.00055x +0.276  (R®=0.9789) for incurred cookies,
respectively.

In general, reasons for such decreased signal when baking milk
allergens within the food matrix can be due to a structural and/or
chemical modification that allergens undergo during baking with
matrix components resulting in a decreased protein solubility/
extractability. It has been already reported that denaturation of
milk proteins can remove conformational epitopes as a result of
the loss of tertiary protein structure (Wal, 2003). Heating may also
induce formation of aggregates (Kleber, Krause, Illgner, & Hinrichs,
2004) increasing the allergenicity of heated products. The allergen-
icity of cow milk (CM) proteins does not only depend on the tem-
perature and time applied but also on the possible interaction with
food components. Besides, it is known that applying temperatures
above 100 °C Maillard reactions can take place. These types of reac-
tions resulting in the attachment of reducing sugars to the free
amino groups of lysine on CM proteins can lead to the formation
of Amadori products thus modifying the overall allergenicity of
the specific food (Monaci et al., 2006).

Our findings ultimately confirm the labile behaviour of LG when
submitted to thermal treatments like baking (see Section 3.2). Sim-
ilar behaviour was already pointed out by other authors in differ-
ent model processed matrices (de Luis, Lavilla, Sinchez, Calvo, &
Pérez, 2009; Diaz-Amigo, 2010b).

For validation purposes ELISA validation studies should either
validate a method by using incurred samples or opt for a validation
with externally spiked samples whereby the limitations of the
method to analyse incurred samples are acknowledged.

3.2. Influence of baking time on protein extraction

Dough incurred with skimmed milk powder at a level of
1000 mg/kg was prepared and baked for different periods of time.
Samples were extracted with PBS (as recommended by Veratox kit)
and submitted to protein quantification. Total protein content here
described represented the amount of protein extracted by using
PBS as extraction solution and it mirrors the protein fraction of
all the ingredients used for cookie production including egg, wheat
flour and milk proteins. Fig. 2 reports the relative results (ex-
pressed in %) obtained by normalising all values to the one ob-
tained for the dough. As appearing, the extraction efficiency
dropped with the increasing of the baking time. Since increasing
the baking time also resulted in a water loss, the water content
was determined and the values for protein extraction were cor-
rected for the water content (water content ranging from 35% in
the dough to 4% in cookies baked for 40 min). A marked drop oc-
curs between 0 and 9 min baking hence representing the most cru-
cial part. After 9 min baking the extractable protein dropped by
nearly 80% compared to 3 min baking, and henceforth the curve
started to flatten.

The decrease in protein extraction efficiency as observed for
highly processed cookies is likely due to changes in protein struc-
ture due to denaturation and/or chemical complexation/modifica-
tions phenomena occurring within the food matrix that can impair
protein extractability (Poms & Anklam, 2004; van Hengel, 2007).
During baking protein denaturation will take place and since the
solubility of denatured proteins decreases with the increase of
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Fig. 2. Relative measurable extracted proteins determined in cookie extracts after
different periods of baking. All values are expressed as a percentage of the value
obtained from the dough referred to the amount of protein in unbaked cookie
dough.

heating, the total protein yield is expected to be affected by the
physical-chemical characteristics of the extraction solution (Poms,
Capelletti, & Anklam, 2004a; Westphal, Pereira, Raybourne, &
Williams, 2004). It has to be underlined that buffer composition
plays an important role on protein extraction and consequently
on allergen extraction. It is therefore essential when dealing with
method development, to find the most suitable buffer to ensure
the highest extraction efficiency of the target proteins. Previously
the effect of food processing on the detectability of other allergenic
proteins has been investigated and the results have shown that
ELISA test kits gave significant lower estimates for peanut
(Chassiagne et al., 2007; Scaravelli, Brohée, Marchelli, & van
Hengel, 2009), egg (Diaz-Amigo, 2010a; Faste et al., 2007) and
milk (Diaz-Amigo, 2010b) after heat treatments. This might be par-
tially attributed to conformational changes of the epitopes that re-
duce antibody binding during ELISA analysis or to the Maillard
reaction occurring inducing protein modification, and partly it
might be due to a reduction of the extraction efficiency that is dif-
ferent for the individual peanut proteins.

Heating time and temperature, as well as the presence of other
ingredients, such as fats and sugars also affect the patterns and
kinetics of food protein denaturation and aggregation (de la
Fuente, Singh, & Hemar, 2002; Wal, 2003). Moreover, a breakdown
of the protein structure is also likely to occur after prolonged heat
exposure. With the analysis of baked cookies we have confirmed
that the duration of heat exposure has a strong effect on the pro-
tein extraction efficiency. For further experiments in the present
study requiring the construction of calibration curves (incurred
and spiked cookies with milk powder), a standard baking time of
9 min was set since shorter baking times resulted in cookies that
were partially raw and deemed not representative for cookies des-
tined for human consumption. In general employing baking times
between 9 and 40 min resulted in still edible cookies.

3.3. Influence of baking time on immunological detection of total milk
allergens, caseins and lactoglobulins by commercial ELISA kits

The same 1000 mg/kg incurred cookies (with milk powder)
used to assess protein extraction efficiency were successively ana-
lysed with different commercial ELISA test kits for the detection of
milk allergens. This allowed the investigation of the impact of bak-
ing time on the immunological detection of different classes of
milk allergens.
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Fig. 3 shows a graph reporting four curves relative to the detec-
tion of caseins (curve a), total milk proteins (curve b), and lacto-
globulins (curves c, dotted lines) carried out with ELISA Kkits
provided by different manufacturers. In all curves a decrease in
the detection of milk proteins was observed with increasing baking
time.

The curve obtained for total milk proteins (curve b) shows a
marked drop of immunoreactive total milk proteins detected espe-
cially in the first minutes of baking, followed by a slighter decrease
at the longer baking times (from 6 to 40 min). After baking the
cookies for 9 min, approximately 30% of total milk allergens were
still detectable.

Besides the decreased protein solubility, it is well known that
food processing is likely to affect the integrity of allergenic proteins
inducing chemical modifications and change in its three-dimen-
sional conformation (Davis, Smales, & James, 2001). When a pro-
tein is denatured by heat, most of the original tertiary structure
is lost and many of the three dimensional epitopes recognised by
antibodies on the native molecule are destroyed (Davis et al.,
2001). In addition, chemical modification of antigenic determi-
nants is also likely to occur. This gives rise to a reduced recognition,
resulting in a decreased detection by ELISA, as observed between 0
and 6 min (curve b). However, the relative stable signal between 6
and 15 min might be due to appearance of relatively heat stable
linear epitopes bound by antibodies in the ELISA. Despite, the trend
observed for caseins (curve a) appears smoother compared to what
found for total milk proteins (curves b), especially in the first part
of the curve (from 0 to 6 min).

Although caseins represent 80% of total milk fraction many rea-
sons can account for the different behaviour displayed between to-
tal milk proteins and caseins. The most relevant are the antibody
specificity/affinity used by the two Kits, the specific extraction buf-
fer and the protocol used. Whereas the ELISA kit for the extraction
of CN employed a carbonate/bicarbonate solution at pH 9.6, the kit
for total milk protein detection used PBS solution at pH 7.4. This
difference in buffer composition might generate a different solubil-
ity of processed proteins. Moreover it has been demonstrated that
also the format of the ELISA kits (whether competitive or sand-
wich) can have an influence on the performance of the kit in use
(de Luis et al., 2009).

100
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relative % content
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Fig. 3. ELISA analysis of incurred cookies prepared with milk powder at a level of
1000 mg/kg and baked for different periods of time. The samples were analysed
with the following ELISA kits: for total milk detection (line a), caseins (line b) (from
Tepnel) and lactoglobulins (lines c) kit A = Biokit from Tepnel and kit B = Ridascreen
from R-Biopharm) as explained in the legend. The relative ELISA signal is expressed
as a percentage of the value obtained from the dough.

Concerning casein detection the curve obtained for this class of
proteins (curve a) shows a smoother trend. As displayed in the fig-
ure, the CN content was halved between 0 and approximately
12 min, and dropped to nearly 20% after 30 min of baking. CNs
are mainly dynamic structures and comprise an ensemble of inter-
changing conformations. They have been reported to be relatively
unaffected by severe heat treatments (van Hengel, 2007; Wal,
2001). On the other hand, in incurred cookies we found that casein
content decreased with the increase of baking time, then confirm-
ing results already shown by Diaz-Amigo (2010b). This should not
surprise since the majority of studies performed in the past were
carried out in a simpler matrix (like buffers) while now there are
other factors involved such as the food matrix and the baking
conditions.

The same samples that were analysed in the experiments de-
scribed above were also analysed with LG specific ELISA kits. How-
ever, the level of residual whey proteins detected was very low. In
order to investigate the effect of baking time on the detection of
the whey protein LG, incurred cookies were prepared with whey
powder at a level of 1000 mg/kg instead of milk powder. Two ELISA
kits provided by different suppliers (R-Biopharm and Tepnel) were
used to detect LG in cookies that were baked for different periods
of time. As shown in Fig. 3 (dotted lines referred to curves c), a first
steep drop of the signal occurred between 0 and 9 min, followed by
a progressively smoother decrease between 9 and 25 min of bak-
ing. Finally, after 25 min both curves appear to be flattened. The
trend observed confirmed more labile behaviour displayed by this
class of proteins compared to CN, when exposed to thermal treat-
ments. The results of the analyses with both ELISA test Kkits
highlighted a high agreement of the responses obtained, where a
3- to 5-fold drop of the ELISA signal is apparent between O and
6 min baking time. Also in this case, the overall trend observed
confirmed the obstacles encountered in protein extractability/sol-
ubility. Besides, as appearing from the figure, baking leads either
to a decrease of soluble lactoglobulin available or to a loss of lacto-
globulin epitopes along the proteins moiety leading to a reduced
signal compared to unbaked cookie dough.

The differences in the heat induced decrease of immunologi-
cally detected milk proteins indeed points at differences in their
heat stability. A comparison of the patterns observed for CN and
LG (curve a and c of Fig. 3) implies a higher heat stability of CN
within the cookie matrix compared to LG. In contrast to CNs, the
structure of whey proteins like LG is known to be labile when sub-
mitted to thermal treatments. On a molecular level LG as well as
lactalbumin possess well defined three dimensional structures.
Heating causes denaturation of proteins including folding/unfold-
ing and aggregation of the molecules as has been assessed by
employing a variety of different techniques (Chen et al., 2004;
Ngarize, Herman, Adams, & Howell, 2004). The heat-induced
behaviour of LG has been extensively studied as well as the mech-
anism of its aggregation that occurs at higher temperatures
(Breiteneder & Mills, 2005; de la Fuente et al., 2002; Shokker,
Singh, & Creamer, 2000). Heating generally results in a loss of ter-
tiary structure and recently MS methodology has been employed
to provide more insights into the structural modifications of LGs
(in standard solution as well as in milk) when submitted to ther-
mal treatments (Monaci & van Hengel, 2007). Nonetheless, the is-
sue of protein solubility/extraction still remains challenging for MS
analysis. On the other hand, modifications of allergenic proteins
(e.g. lactosylation) occurring in food matrices that might account
for an increase in allergenicity, can also be highlighted by MS ap-
proach (Monaci & van Hengel, 2007). Moreover, the interaction
of LG with other milk or food matrix components is likely to result
in irreversible structural changes of LG. All these changes can influ-
ence the antibody recognition and then hamper the final detection
by ELISA.
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3.4. Effect of sample dilution method on ELISA outcome

For ELISA analysis a proper quantification of milk allergens in
food products containing high levels of the analytes requires dilu-
tion of the sample. Suitable dilution buffers and/or instructions for
dilution of samples are usually provided with commercial ELISA
test kits for allergen detection. However, the introduction of a dilu-
tion factor might impact the quantification, since not only the
allergen is diluted, but also the extraction buffer and all compo-
nents that were extracted from the matrix. To investigate whether
the sample dilution method might affect the detection of milk pro-
teins we used incurred cookies (baked for 9 min) containing milk
powder at a level of 10,000 mg/kg that were diluted 100-fold at
the final concentration of 100 mg/kg either with blank cookie ex-
tract or with the recommended dilution buffer.

Ten samples diluted with PBS and 10 samples diluted with
blank cookie extract were analysed with the total milk ELISA kit.
This ELISA kit was chosen since the extraction buffer (PBS; pH
7.4) is identical to the recommended dilution buffer, and therefore
the nature as well as the concentration of extraction buffer compo-
nents is almost unaltered after dilution. ANOVA tests performed on
the resulting datasets revealed a clear statistically significant dif-
ference at a 95% confidence level between the data obtained for
the samples that were diluted with PBS, versus those diluted with
blank cookie extract. This implies that at the concentration tested
(=100 mg/kg), dilution of samples can affect the quantitative result
and that different dilution buffers can have a different impact on
this quantitative result. Interestingly, when the dilution buffers,
PBS and blank cookie extract, were analysed with the ELISA Kkit,
the results were not statistically different, which rules out any
cross reactivity with matrix components.

Subsequently, we investigated whether the ELISA results ob-
tained for the 100-fold diluted cookie samples (from 10,000 to
100 mg/kg) are comparable to those obtained by analysing undi-
luted cookie samples incurred with milk powder at the final level
of 100 mg/kg (Diaz-Amigo & Popping 2010). Fig. 4 shows the aver-
age relative ELISA signals obtained for the diluted and undiluted
samples. It is apparent from this figure that the results obtained
for cookie extracts diluted 100-fold with blank cookie extract
(blank dilution) at the concentration of 100 mg/kg are very similar
to those obtained for cookie material incurred at 100 mg/kg (undi-
luted). Statistical analysis by means of T-tests indeed confirmed
that there was no significant difference (P > 0.05). This implies that
the extraction efficiency of the milk allergen ELISA target mole-
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40

relative ELISA signal

20
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Fig. 4. Average relative ELISA signals obtained for diluted and undiluted samples.
Results obtained for the ELISA analysis of incurred cookie material spiked with milk
powder at a level of 10,000 mg/kg and diluted 100-fold (before analysis) with either
PBS (PBS dilution) or blank cookie extract (blank dilution) (10 replicates for each) is
shown in conjunction with ELISA results obtained for incurred cookies that were
generated with 100-fold less milk powder (10 replicates) and for which samples
were not diluted before analysis. The average ELISA signal obtained for the
undiluted incurred cookies that were prepared with milk powder at a level of
100 mg/kg was set as 100%. The standard deviation is indicated.

cules is comparable for incurred cookies prepared with 10,000 or
prepared with 100 mg milk powder per kg food matrix.

On the other hand, Fig. 4 also shows that the results obtained
for cookie extracts diluted 100-fold with dilution buffer (PBS dilu-
tion) to a final concentration of 100 mg/kg are significantly differ-
ent from those obtained for cookie material incurred at the final
concentration of 100 mg/kg (P < 0.05).

These results show that according to the type of dilution meth-
od applied, dilution of matrix components can occur thus altering
the final results obtained by ELISA. Matrix effects are known to af-
fect ELISA analysis (Poms et al., 2004b; van Hengel, 2007) and our
findings show that dilution of matrix components can also have a
negative impact on ELISA analysis. A matrix-matched calibration is
therefore preferred, although it has to be recognised that for the
analysis of market samples matrix matched blank controls are
not available.

4. Conclusions

Immunoassays are often the method of choice for the detection
of food allergens since their detection is based on antibodies that
can recognise specific proteins within a complex mixture of com-
pounds. Although the ELISA approach offers a number of benefits,
general limitations encountered in allergen detection, whatever
technique is being used for detection, are due to a decreased solubil-
ity/extractability of milk proteins in food undergoing processing.
Besides, modification of the epitopes is also likely to occur in pro-
cessed food matrix giving rise to a lack or reduction of antibody rec-
ognition thus impairing the outcome of the immunoassays.

Since the ELISA kits are used to detect milk traces in baked goods
we compared their capacity to detect milk traces in incurred sam-
ples and samples that were spiked with milk proteins after baking.
It can be concluded that the use of ELISA for the detection of milk
proteins is severely compromised for incurred samples, especially
in the case of LG detection. As far as ELISA validation studies are con-
cerned, it is in general recommended to validate a method using
either incurred samples and/or externally spiked samples.

Further studies aimed to evaluate how both protein extraction
and immunoreactivity are affected by the baking process. When
cookie dough is submitted to a heat treatment, the amount of pro-
teins that can be extracted is drastically reduced with the highest
drop in extraction efficiency occurring during the first 6 min of
heating. The reduction of protein extraction negatively impacts
the detection of milk allergens in incurred cookie samples. How-
ever, the reduction of the ELISA signal due to the baking process
also depends on the nature of the targeted (milk) proteins, since
the detection of CN is clearly less affected by baking compared to
that of the whey protein LG. This is in line with the known differ-
ences in their thermostability.

Finally, the effect of sample dilution was investigated leading to
the conclusion that sample dilution can affect the quantitative result
as demonstrated by using a specific ELISA kit for total milk allergens.
In conclusion, ELISA represents one of the most important analytical
tools to detect allergenic ingredients in food products, but food pro-
cessing and matrix effects are generally recognised to affect this
detection. In this study we have investigated the extent of the influ-
ence of baking and sample dilution on the detection of milk traces in
model cookies. A better knowledge of the benefits as well as the lim-
itations of ELISA kits will assist the correct identification of milk
allergen-containing food products and thereby improve the protec-
tion of allergic consumers.
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