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In the last few years awareness for allergen management has increased among operators in the food
chain. Since a small quantity of allergenic food can trigger an allergic reaction, accurate information in
food product labels is essential for people who suffer from food allergy. A key point to reduce the risk of
uncontrolled allergen contamination is to implement a strict and validated cleaning process. In this work
a sampling method based on swabbing has been optimized with two analytical methods (ELISA and
lateral flow tests) for milk and egg analysis on surfaces. Swab material, extraction buffer composition,
temperature, time for recovery and the quantity of the allergen residue on the surfaces have been
evaluated and a specific procedure was proposed. The new method has demonstrated a good perfor-
mance to recover egg or milk proteins from two typical working surfaces (stainless steel or Formica). Egg
and milk powder were detected by ELISA at a level as low as 0.04 and 0.2 mg, respectively. However, the
detection level with lateral flow tests rose to 0.07 mg for egg powder and 0.6 mg for milk, depending on
the kind of surface. On average, repeatability of swabbing method ranged from 18 to 32%. Both methods
could be applied for validation the cleaning processes and for a routine verification after cleaning.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Food allergy is recognized as an important public health issue.
Prevalence of food allergy in Europe has been estimated between 3
and 4% in both children and adults (EFSA Panel on Dietetic Products,
Nutrition and Allergies, 2014). According to World Allergy Organi-
zation (WAO), between 240 and 550 million people over the world
suffer from food allergy (Pawankar, Canonica, Holgate, Lockey, &
Blaiss, 2013).

Although more than 160 food ingredients have been docu-
mented to cause allergic reactions, the Allergen Labelling and
Consumer Protection Act (FALCPA) has identified themost common
allergenic foods which account for 90% of food allergic reactions
(Hefle, Nordlee, & Taylor, 1996). Individual and environmental
factors produce geographical variation in prevalence (EFSA Panel
on Dietetic Products, Nutrition and Allergies, 2014). Age is also an
alo, P., et al., Detection of eg
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important factor being children more susceptible to suffer allergy
against cow milk, egg, peanut, fish and nuts. This distribution can
be explained by the early introduction of these foods into the child’s
diet. In some cases, tolerance can be developed in the adulthood
(Fern�andez-Rivas, 2009). Since very little amounts of an allergen
can trigger an allergic reaction, sensitized people must avoid the
intake or exposition to the allergens as the most effective caution
(Taylor et al., 2014). To protect consumers from the harmful effects
of food allergens, the European authorities have established a
legislation framework to ensure consumers are appropriately
informed as regards the ingredients of the food they consume
(Regulation EU 1169/2011). Among other indications, food labels
should include information about the presence of food ingredients
with allergenic properties. In this context, the inclusion of any of
the 14 allergens that are on the regulatory list (Regulation EU 1169/
2011) is mandatory.

In order to assure the accurate labelling on allergen content,
food industry, distribution and restoration must implement
allergen control plans (ACP) inside their Hazard Analysis Critical
Control Points system (HACCP). Two out of the six main
g and milk residues on working surfaces by ELISA and lateral flow
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components of ACPs are the prevention of cross-contact, also
named cross contamination, during processing operations and the
use of validated cleaning procedures for equipment (Jackson et al.,
2008). Allergen cross-contact is produced mainly by allergenic
protein residues that remain onworking surfaces after the cleaning
process (Jackson et al., 2008; Sakiyama, Sato, Tsuda, Sugiyama, &
Hagiwara, 2013). Since these “hidden” allergens may not be
controlled through a visual inspection it is very difficult to avoid
their presence in final products. Therefore, the effectiveness of the
cleaning process should be assessed after each manufactured batch
by using appropriate and validated methods.

To protect consumers against the presence of eventual hidden
allergens, manufacturers can label their products with the pre-
cautionary allergen statement “may contain”. However, indis-
criminate use of preventive labelling restrict people choice and
could undermine the valid warnings (Schubert-Ullrich et al., 2009).
For this reason, food chain operators should consider all the
possible countermeasures to prevent cross contamination in order
to avoid the use of the precautionary label. Only when the proba-
bility of allergen cross contamination is significant, meaning a high
risk to the allergic consumer, then the statement “may contain”
becomes a useful risk communication tool (Muraro et al., 2014;
Reese et al., 2015). In this respect, the U.S. Food and Drug Admin-
istration (FDA) has stated that precautionary labelling cannot be
used as a substitute for Good Manufacturing Practices (U.S. Food
and Drug Administration, 1996). According to EU legislation all
the stakeholders must share responsibility in protecting allergic
consumers and “may contain” statement should not be applied
without a thorough risk allergen management included in their
HACCP systems (Muraro et al., 2014; Reese et al., 2015).

Analysis of surfaces is a useful tool to monitor the cleaning
effectiveness and to perform mapping studies for cross contami-
nation in food facilities. However, until now the available methods
to detect allergens on surfaces have been scarcely characterized.
Traditionally, the visual inspection has been the most applied
technique for this purpose in food industry. Albeit this approach is a
good alarm signal in a first step, negative results should be
confirmed by analytical methods (Jackson et al., 2008). Besides
visual inspection, samples should be taken with a swab on surfaces
after the cleaning to provide an evidence of the protocol effec-
tiveness at the process point. Thus, Schlegel, Yong, and Foo (2007)
reported the use of a swabbing technique combined with an un-
specific protein analysis based on a colorimetric technique or SDS-
PAGE to assess the recovery of peanuts proteins. However, due to
their laboriousness, these methods are not suitable for routine
control in food manufacturing plants. Alternatively, methods based
on ATP detection have been also used as a good hygiene indicator
but they do not specifically detect allergenic proteins and their use
is limited to wet-cleaned surfaces (Jackson et al., 2008). Moreover,
these methods are prone to interferences by ATP from the micro-
flora in water supply and need to establish the ATP background
levels at each facility (Shama & Malik, 2013).

Taking into account that allergen reactions are triggered by
specific proteins, the analytical methods for detecting those specific
proteins are more adequate when applied in allergen risk man-
agement (Taylor et al., 2006). Hence, food companies should use
quantitative ELISA methods to validate cleaning effectiveness since
they achieve a suitable level (milligram per kilogram) of detection
(Crevel et al., 2014; Jackson et al., 2008). Once the cleaning process
validation is completed, the use of qualitative tests such as lateral
flow strips and specific swabs could be employed as the most
simple, rapid and cost-effective method for routine monitoring
(FoodDrinkEurope, 2013; U.S. Food and Drug Administration, 1996).
It seems clear that food industry needs rapid, easy and reliable
methods to verify the absence of allergens on the food-contact
Please cite this article in press as: Galan-Malo, P., et al., Detection of eg
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surfaces. However, such methods need be validated before they
are implemented in the routine control of food industry.

In addition, the analysis of allergens on surfaces should focus on
two steps: sample recovery (i.e. by swabbing) and analytical mea-
surement. Both parts have to be performed together and evaluated
as a whole. To our knowledge, no completely standardized method
of swabbing for specific detection of egg andmilk proteins has been
described up to date. Some authors has compared different
methods for allergen detection on surfaces but they were focused
only on the analytical method step and the sample recovery from
swabs was not evaluated (Al-Taher, & Jackson, 2007; Jones, Griffith,
& Salter, 2006).

The aim of this work has been to optimize an allergen sampling
procedure and its subsequent analysis by lateral flow immunoassay
(LFIA) and ELISA methods to detect milk and egg allergens. Swab-
bing was optimized and the recovery and reproducibility of the
methods were studied for two different kinds of surfaces.

2. Materials and methods

2.1. Egg and milk samples

Spray-dried whole egg specific for allergen detection (RM 8445)
and Non-fat milk powder (SRM 1549) both from NIST (National
Institute of Standard and Technology, USA) were used as egg and
milk material, respectively. Both were prepared according to
manufacture instructions; powder was diluted in distilled water at
a concentration of 10 mg/ml. Quantitative ELISA results for egg
analysis were expressed as whole egg powder concentration (ppm).
Standards used in assay were calibrated against the reference ma-
terial NIST RM8445 and therefore no conversionwas needed. ELISA
results for milk analysis were obtained as ppm of b-lactogloblulin.
In order to transform results in equivalents of non-fat milk powder
reference material, a conversion factor of 45 was empirically
calculated. Thus, results for milk analysis in this work were
expressed as non-fat milk powder.

2.2. Surface contamination

Different concentrations of allergens (egg or milk powder) were
prepared in distilled water from the stock dissolution (10 mg/ml). A
volume of 50 ml from each allergen dilution was spread over two
different kinds of surfaces, Formica (HPL according to standard EN-
438:2005) or stainless steel (AISI-304). Then, samples were dried at
room temperature during at least three hours before performing
the swabbing procedures.

2.3. Sampling method

Once the sample was dried, swabbing was performed in a
delimited surface of 100 cm2 with the help of a hollow square card
(10 � 10 cm). To improve the allergen recovery swab was dipped
into 0.5 ml of the corresponding extraction buffer and this pre-
wetted swab was rubbed in all possible directions on the surface.
Afterwards, the swab was placed again in the extraction buffer and
incubated for 30 min at room temperature unless otherwise spec-
ified. Four different extraction buffers were assayed: 0.1 M Tris-HCl
pH 8.0, 0.15 M NaCl; 0.1 M Tris-HCl pH 8.0, 0.15 M NaCl, 0.02%
Tween-20; 0.1 M Borate Buffer pH 9.0, 0.15MNaCl and 0.1 M Borate
Buffer pH 9.0, 0.15 M NaCl, 0.02% Tween-20. Several swab materials
were also evaluated: foam (0.05 g of absorbent material) from VWR
International Eurolab S.L, Spain; viscose (0.04 g of absorbent ma-
terial) from Ltd Technical service consultants, UK; Nylon (0.06 g of
absorbent material) from COPAN Diagnostics Inc., USA; cotton
(0.04 g of absorbent material) and polystyrene (0.05 g of absorbent
g and milk residues on working surfaces by ELISA and lateral flow
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material) from Deltalab, S.A., Spain. A surface without spiked al-
lergens was also analysed in each experiment as negative control.

2.4. Analytical methods

Samples were qualitatively analysed by a LFIA test and quanti-
fied by ELISA tests based on the determination of ovoalbumin or b-
lactoglobulin.

LFIA strip tests: PROTEON BLG Express and PROTEON Egg Ex-
press (ZEULAB, Spain) were used for milk and egg detection,
respectively. Once the sample was extracted as described above the
strip test was placed in the sample extraction buffer during 10 min.
Then, result was visually interpreted. If only a blue line was dis-
played the result was negative. When a second red line appeared
the test was positive.

ELISA tests: PROTEON Milk and PROTEON Egg (ZEULAB, Spain)
were used for milk and egg analysis, respectively. Assays were
based on a previously developed method (de Luis, Lavilla, S�anchez,
Calvo, & P�erez, 2009; de Luis et al., 2008). A volume of 100 ml of
samples or standards was added to wells of a 96 microtiter well
plate coated with specific antibodies depending on each test. The
plate was incubated for 30 min at room temperature. Then, wells
were washed three times with the corresponding buffer. After that,
100 ml of conjugate-antibody were added to each well and incu-
bated for 30 min at room temperature. After three washes, 100 ml of
substrate were added and incubated for 30 min at room tempera-
ture. Finally, 100 ml of stop solution were added to each well and
then absorbance at 450 nmwasmeasured in aMultiskanmicrotiter
plate reader (Labsystem, Finland).

2.5. Swabbing performance testing

Performance of the swabbing procedure was evaluated by
determining the recovery and the intra-laboratory repeatability of
the corresponding allergens.

To calculate the recovery efficiency of the swabbing method for
each allergen, several areas from the surfaces in study were spread
with different amounts of allergen as was previously described. The
concentration of allergens in extracted samples was determined by
ELISA and the percentage of recovery was calculated using the
following formula:

Recovery (%)¼ mg of allergen (milk or egg) measured by ELISA/mg of
allergen placed over the analysed surface �100

Repeatability was estimated by analyzing six independent rep-
licates at different levels of allergen (milk or egg) over two different
kinds of surfaces using the ELISA test. For each of them, mean and
coefficient of variation (CV) were determined. Detection of the al-
lergens in the same samples was also determined by LFIA test.

2.6. Statistical analysis

Statistical analysis was performed with GraphPad 4.0 software
by applying ANOVA test with a Bonferroni post-test.

3. Results

3.1. Selection of swabs for allergen recovery from surfaces

Five different swab materials were assayed in order to select
those which have the highest ability to capture egg and milk al-
lergens from two different kinds of surfaces: Formica and stainless
steel. To test the performance of the swabs, a low amount of
Please cite this article in press as: Galan-Malo, P., et al., Detection of eg
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allergens (0.08 mg and 0.123 mg of egg and milk powder, respec-
tively) were used because in such conditions differences among
materials could be more evidenced. As Fig. 1A shows, swab 3 pre-
sented the highest capacity of egg recovery from Formica, while
swab 5 was the best to recover egg protein from stainless steel.
Viscose and cotton materials showed a very low recovery in both
surfaces (swabs 2 and 4). Great differences on egg recovery were
evidenced between surfaces when swabs 1 (foam) and 3 (nylon)
were used. Therefore, for practical reasons and considering results
as a whole, swab 5 (polystyrene) was chosen for analyzing surfaces
of stainless steel and Formica during the ongoing assays for egg
analysis. Regarding milk (Fig. 1B), swab 5 displayed the highest
capacity of recovery from both stainless steel and Formica surfaces.
Thus, suchmaterial was also selected. In general terms, swabsmade
of viscose or cotton should be discarded because of their low
allergen recovery capacity. However, swabs of foam, nylon and
polystyrene could be used depending on the surface properties.

3.2. Selection of the optimal conditions for allergen recovery

Once the allergenic proteins have been adsorbed by the swab,
they need to be released in an efficient manner and a suitable
structural conformation to allow their detection by ELISA or LIFC
tests. In this work, conditions favouring the allergen release from
the swabs into an extraction buffer have been studied to achieve
the highest recovery. Several conditions were assayed including the
incubation time of the swab with the extraction buffer previous to
analysis, the effect of shaking the sample during the incubation, the
temperature of the incubation and the buffer composition. The
effect of such variables on the recovery ofmilk and egg proteinswas
determined by ELISA.

Fig. 2 shows the effect of the incubation time of the polystyrene
swab after sampling a stainless steel surface with or without
shaking. An amount of 5 mg of egg or 2.5 mg of milk powder were
spread on the surface in study and recovered with a swab by using
0.1 M Tris-HCl pH 8.0, 0.15 M NaCl as extraction buffer. A volume of
100 ml was removed at different incubation times (10, 20, 30 and
40 min) either with or without previous shaking. Results after
40 min of incubation with shaking were assumed as the reference
value (100% of recovery) because it was considered to be the most
intensive condition. As Fig. 2 shown, both incubation time and
shaking affected allergen recovery. After 30 min of incubation with
shaking, recovery of egg and milk increased by 31 and 21%
respectively with regards the incubation without shaking. How-
ever, extending the incubation step up to 40 min with shaking
produced a slight decrease (around 20%) that could indicate protein
degradation. When swabs were not shaken, the recovery of aller-
gens increased steadily up to 40 min of incubation. Thus, it may be
concluded that shaking during the incubation with the extraction
buffers favours the release of allergens from the swab material. The
effect was more noticeable for milk analysis inwhich a similar level
of allergen releasewas reached after 10minwith shaking than after
40minwithout it. Regarding egg analysis, shaking did not showany
advantage in the range of incubation times evaluated. For practical
reasons, inclusion of shaking in the final protocol can be avoided
but bearing inmind that incubation times should never be less than
30 min.

Buffer composition could also have an impact on the recovery of
allergens from surfaces. Two buffers with different pH or surfac-
tants were tested for egg and milk recovery at room temperature
and 40 �C. Buffer 1 was also used in previous assays to select the
swab material and the incubation time (Figs. 1 and 2); hence it was
referred as the control (100% of recovery). The highest recovery of
egg protein was obtained with buffer 2 and 4, around 2 or 3 times
more than the control for both Formica and stainless steel
g and milk residues on working surfaces by ELISA and lateral flow
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Fig. 1. Recovery of egg (A) and milk powder (B) from stainless steel and Formica surfaces with swabs made of different materials. Swab 1: foam. Swab 2: viscose. Swab 3: nylon.
Swab 4: cotton. Swab 5: polystyrene. Results are the mean ± SD of egg or milk powder recovered (mg) from each surface from four independent experiments. Each surface area to be
tested was spread with 0.08 mg of whole egg powder or 0.123 mg of milk powder and then dried for 3 h before applying the swabbing procedure.
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respectively (Fig. 3A). For the subsequent assays with this allergen
buffer 2 was selected. Similar behaviour was found for both sur-
faces at room temperature and at 40 �C for any of the buffers
evaluated.

Analysis of milk (Fig. 3B) showed that recovery with all buffers
was similar, although buffer 2 gave a slight improvement in re-
covery when incubation was performed at room temperature in
stainless steel. Thus, this buffer was selected for the subsequent
Please cite this article in press as: Galan-Malo, P., et al., Detection of eg
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assays with this allergen.
All together, results have demonstrated that performing the

incubation step at 40 �C did not produce an improvement on
allergen protein recovery. Consequently, the following assays were
performed only at room temperature. On the other hand, addition
of a surfactant (buffer 2 and 4) seems to improve the recovery of
egg proteins either in stainless steel or Formica whereas this effect
was not observed with milk proteins.
g and milk residues on working surfaces by ELISA and lateral flow
ont.2016.11.027



Fig. 2. Effect of the incubation time and shaking after swabbing on the allergen recovery. Stainless steel surfaces spread with egg powder (A) or milk powder (B) were analyzed at
different incubation times at room temperature without shaking (bars in white) or with shaking (bars in grey). Results are s the mean ± SD of three independent experiments.
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3.3. Effect of consecutive swabbings on the recovery of allergens

Performing consecutive swabbing steps is a way to evaluate the
efficacy of the whole swabbing process. To assess the final protocol,
a stainless steel surface were spread with 2 mg of milk powder or
0.8 mg of egg powder and then, three consecutive independent
swabbing samples were taken and analyzed by ELISA (Fig. 4). As
expected, the maximum recovery was found with the first swab-
bing for both allergens. However, recovery was higher for egg (63%)
than for milk (20%) proteins. Sum of 3 swabbing allowed detecting
around 80% of egg proteins and 40% ofmilk proteins. The low rate of
recovery found for milk proteins could be explained by a saturation
of the swab capacity as it was later evidenced in Table 2 in which a
very high recovery was found when 0,56 mg of milk powder were
placed on the stainless steel surface but recovery fell down when
Please cite this article in press as: Galan-Malo, P., et al., Detection of eg
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levels higher than 1 mg of milk powder were spread on the surface.
However, it could not be excluded that a portion of proteins could
remain tightly attached to the surface or it could not be totally
released into the extraction buffer after swabbing and then
remaining attached to swab material.

3.4. Evaluation of the whole method: swabbing and analytical test

Performance of the swabbing protocol was studied using a
qualitative rapid test (LFIA) and a quantitative method (ELISA).
Tables 1 and 2 show the efficacy of these methods for detecting egg
or milk in stainless steel and Formica. Results are expressed as the
percentage of recovery for ELISA tests and the ratio of positive re-
sults for LIFC tests (n ¼ 6). Variability of the ELISA method is shown
as the coefficient of variation (CV).
g and milk residues on working surfaces by ELISA and lateral flow
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Fig. 3. Effect of the incubation temperature and the buffer composition after swabbing on the allergen recovery. Stainless steel or Formica surfaces spread with egg powder (A) and
milk powder (B). Buffer 1: 0.1 M Tris-HCl pH 8.0, 0.1 M NaCl; buffer 2: 0.1 M Tris-HCl pH 8.0, 0.1 M NaCl, 0.05% tween-20; buffer 3: 0.1 M borate buffer pH 9.0, 0.1 M NaCl; buffer 4:
0.1 M Borate buffer pH 9.0, 0.1 M NaCl, 0.05% tween-20. At least three independent assays were performed for each condition including different days and analysts. Samples were
analyzed by ELISA. Results are the mean ± SD. RT: Room temperature. (*) p > 0.05, (**)p > 0.01.
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ELISA test was able to detect at least 0.04 mg of egg protein in
both stainless steel and Formica (Table 1) whereas no positive re-
sults were obtained by LFIA at such level. At 0.07 mg of egg powder 5
out of 6 samples gave a positive result by LFIA test. These results are
the normal consequence of the higher sensitivity of ELISA
compared to LFIA. On average, repeatability of swabbing method
for egg proteins was similar on stainless steel and Formica (28 vs.
32%) and no level-dependence relationship was observed. Amounts
of egg powder up to 0.75 mg were almost totally recovered. How-
ever, recovery decreased at higher doses on either Formica or
stainless steel.

In general, swabbing process showed good recovery and
repeatability at low levels of powder milk (less than 1 mg) on both
surfaces but the recovery decreased when the amount of milk was
increased at higher levels (Table 2). This could be explained because
the capacity of swab to uptake proteins was exceeded and at high
levels of allergen no more protein could be adsorbed to the swab
material. Thus, it could be inferred that the maximal capacity of
Please cite this article in press as: Galan-Malo, P., et al., Detection of eg
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swab to uptake the b-lactoglobulin (the target of the analytical
tests) in milk powder was between 0.5 and 1 mg. This level was in
the same range which that found for egg proteins and therefore, it
could evidence that the maximum capability of swabs to uptake
proteins was around 0.5 to 1 mg. ELISA testwas able to detect 0.16 mg
of milk powder in both stainless steel and Formica. However, LIFC
test was not able to detect 0.56 mg of milk powder in stainless steel
or 0.16 mg in Formica. As indicated previously it seems a normal
consequence of the different sensitivity between the two methods.
In the same way that for egg powder, variability of swabbing was
similar on stainless steel and Formica (average of 19 vs. 18%) and no
clear level-dependency was found.

4. Discussion

The aim of this work was to optimize and evaluate the perfor-
mance of a method for the detection of egg and milk proteins from
surfaces which combines a swabbing procedure with an ELISA or
g and milk residues on working surfaces by ELISA and lateral flow
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Fig. 4. Effect of three consecutive swabbing on the recovery of egg (A) and milk (B)
proteins from a stainless steel surface. Results, expressed as total quantity (mg), are the
mean ± SD of four independent experiments.

Table 1
Recovery and repeatability of the egg analysis from stainless steel and Formica with ELIS

Egg (mg) Stainless steel

ELISA LFIC

Recovery (%) CV (%) Positives (%

0.04 100 19 0
0.07 77 29 83
0.17 112 32 100
0.30 79 33 100
0.75 77 17 100
1.5 34 40 100
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LIFC assay. In the last years, food production operators have become
aware about allergen cross contamination to assure an accurate
food labelling on allergen content (Taylor et al., 2006). To accom-
plish with this task they need reliable methods to validate and
verify the cleaning procedures and the efficiency of anti-cross
contact measures. According to several authors, allergen risk
management can be approached with classical toxicology princi-
ples in a similar way to that followed in pharmaceutical industry
(Hattersley, Ward, Baka, & Crevel, 2014; Madsen et al., 2009;
Spanjersberg, Knulst, Kruizinga, Van Duijn, & Houben, 2010;
Spanjersberg, Kruizinga, Rennen, & Houben, 2007). In this
context, the ideal sampling method has to be capable of recover the
allergen from a cleaned surface and to detect efficiently the aller-
genic targets proteins (Yang, Burson, Feder, & Macdonald, 2005).

In the present work, a similar approach to that implemented in
pharmaceutical industry to control cross contaminations was fol-
lowed. An allergen sampling method was developed that combines
a swabbing technique with an ELISA or LFIA test to detect egg or
milk residues on surfaces. When a swabbing method is developed,
two key steps have to be considered. The first is the capacity of
swabs to uptake the maximal quantity of the target allergenic
proteins from a surface. The second is the ability of the method to
release the proteins to a buffer in order to be detected for a selected
analytical method. Both of them are complementary and should be
considered to obtain the best swabbing performance.

As it was seen in previous sections, recovery of allergens de-
pends on many factors including the nature of allergen, the prop-
erties of the surface material, the ability of swab material to uptake
specific proteins and to release them in the adequate buffer and the
swabbing procedure itself. Therefore, several elements in the
swabbing process were optimized before the whole system was
evaluated, including the selection of the appropriate material that
the swab is manufactured, the specific buffer to release the
maximum quantity of egg and milk allergens from swabs and the
protocol conditions to get the highest recovery in a suitable
structural conformation to allow detection by ELISA or LIFC tests.
Our results have shown that swab material fromwhich the swab is
manufactured is one of the most important factors in allergen re-
covery. Swab material should be able to uptake allergens from a
surface and then release them into an extraction buffer for the
subsequent analysis. Food Allergy Research and Resource Program
(FARRP) guidelines about allergen swabbing also warned that all
kind of swabs are not effective in allergen testing. Thus, cotton
swabs used for cosmetic or personal hygiene can be made of ma-
terial that could contain allergens and therefore they could give
false-positive results during testing (Baumert & Taylor, 2013).
Swabs specially designed for clinical uses can be made of different
materials to be adapted to different applications, thus, the correct
choice depends on a previous evaluation of suitability for allergen
recovery. In addition to the swab material selection, the recovery
can be also influenced by the interactions among proteins and
A and LFIA tests. LFIC test results are shown as percentage of positives (n ¼ 6).

Formica

ELISA LFIC

) Recovery (%) CV (%) Positives (%)

100 31 0
77 69 83
101 34 100
91 26 100
77 20 100
60 14 100

g and milk residues on working surfaces by ELISA and lateral flow
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Table 2
Recovery and repeatability of themilk analysis from stainless steel and Formica surfaces with ELISA and LFIA tests. LFIC test results are shown as percentage of positives (n¼ 6).

Milk (mg) Stainless steel Formica

ELISA LFIC ELISA LFIC

Recovery (%) CV (%) Positives (%) Recovery (%) CV (%) Positives (%)

0.16 63 15 0 130 23 0
0.56 114 7 0 81 3 100
1.01 17 27 100 32 19 100
2.42 16 35 100 33 8 100
3.00 24 19 100 31 15 100
12.48 35 11 100 41 42 100
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surfaces themselves. Protein adsorption to surfaces depends on the
nature of the binding forces such as hydrophobic or electrostatic
(Nakanishi, Sakiyama, & Imamura, 2001; Thammathongchat,
Hagiwara, & Sakiyama, 2010). In fact, it has been demonstrated
that some products such as citric acid can prevent adsorption of egg
white protein to stainless steel (Hagiwara et al., 2015). Food matrix
composition can also affect allergen structure and therefore modify
its interaction with surfaces (Rabe, Verdes, & Seeger, 2011).
Therefore, the recovery of allergens when applying a swabbing
method could be compromised by the type of surface and the
characteristics of food residues on it. Some authors have reported
different interactions between glass, Formica or stainless steel and
ovomucoid (Al-Taher, & Jackson, 2007). In our study Formica and
stainless steel surfaces were selected because of their wide use in
food industry or catering facilities. Surfaces as glass were discarded
because others authors have found low allergen protein adsorption
(Al-Shabib, 2014) and that material is not widely used in food in-
dustry. Urethane, Teflon and Stainless Steel seems to present
similar difficulties to be cleaned with wipes (Jackson, & Al-Taher,
2010). For instance, it has been reported that detection of milk
and egg residues on urethane and Teflon was performed by ELISA
with a similar efficiency as on stainless steel (Al-Taher, & Jackson,
2007; Jackson et al., 2008). As it was mentioned above, food
matrices can affect the adsorption of allergenic protein, thus egg
and milk powders were preferred as a food matrix instead of spe-
cific purified allergens such as b-lactoglobulin or ovalbumin since
they are certainly real samples.

The performance of the analysis of allergens from surfaces has to
consider not only the effectiveness but also the easy and rapid
application by food industry staff. The final method consists of a
specific swab material together a specific buffer to capture and
release allergenic proteins, and finally a procedure to perform the
analysis of allergens. Our results have shown that not all allergens
are captured from the surfaces and released at the same level of
effectiveness with the same buffer. Thus, specific conditions have to
be determined for each allergen and even the specific surface. An
assessment of the performance of the swabbing protocol was done
and ELISA and LFIA tests were compared with the same sampling
method procedure. Milk recovery from Formica was slightly higher
than that from stainless steel (58 vs. 45% on average), whereas no
difference was observed for egg samples. Other authors have
described similar allergen recoveries for egg and milk from ure-
thane, Teflon and stainless steel surfaces (Al-Taher, & Jackson,
2007). The percentage of recovery could also be related to the
quantity of food material spread on the surface. Thus, levels up to
0.56 mg of milk powder presented at least 60% of recovery and levels
up to 0.75 mg of egg powder at least 70%. A recovery of 68% was
found for peanut extracts at a similar level (1.2 mg) from a stainless
steel surface (Schlegel et al., 2007). However, when food powder
was deposited on the surface at higher levels the recovery was
clearly reduced. As the remaining material could be recovered in
consecutive analysis, this decrease seems to reveal a saturation
Please cite this article in press as: Galan-Malo, P., et al., Detection of eg
immunoassay tests, Food Control (2016), http://dx.doi.org/10.1016/j.foodc
effect of the swab.
Other important issue to be studied in order to determine cross-

contact contamination is the minimum quantity of allergenic pro-
teins that can be detected by ELISA or LFIA tests in combination
with a suitable swabbing method. According to the technical
specifications of the ELISA test, theoretically, up to 0.013 mg of egg
powder and 0.09 mg of milk powder can be quantified if the swab
could capture all the allergenic proteins spread on the surface. In
our work, ELISA method was capable to detect 0.04 mg of egg and
0.16 mg of milk powder whereas around 0.07e0.17 mg of egg and
0.5e1 mg of milk powder could be detected by LFIA depending on
the kind of surface. Therefore, factors such as the strength of the
binding of proteins to the surfaces or to the swab could compromise
the allergen recovery of the system. In any case, detection levels
found in this work are lower than those described by other authors
(Al-Taher, & Jackson, 2007; Al-Taher, Jackson, & Salter, 2007) and
they seem to be adequate to protect consumers from harmful ef-
fects of cross-contaminations.

From a practical point of view, LFIA tests could be applied as a
routine analysis to check out whether the cleaning procedures have
been correctly performed and countermeasures against unin-
tended allergen presence during manufacturing are suitable.
However, initial validation of cleaning procedures should be per-
formed by ELISA test due to its higher sensitivity. Periodically or
when relevant changes in the cleaning process are introduced an
evaluation using the ELISA tests should be performed again. The
adequate use of these tools would allow to improve the allergen
risk management plans in food industry and to reduce precau-
tionary labelling based on analytical data.
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