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A B S T R A C T

Food industries rely on swabbing to control allergen and gluten occurrences in their manufacturing plant.
However, collecting allergens from a surface with a swab and further analysis can be affected by numerous
aspects, like the operator, the allergen, the swab fabric, the ELISA kit, and the procedure. In addition, food
companies often send swabs to external laboratories, but there are no available data to describe the effect of time
and temperature on the allergen or gluten stability on the swabs. This study presents the stability of milk and
gliadin collected from a stainless-steel surface using different swab types (cotton, Dacron, rayon, polyester, and
polyurethane). The protein concentrations were tested on days 0, 1, 2, 3, and 7 by an ELISA technique to follow
the protein concentration over time. The swabs with gliadin were stored at 37 °C for 7 days to mimic poor
storage conditions. The swabs used to collect milk were stored at 4 and 37 °C. The experiments indicated that,
except for two cases, there was no difference in gliadin concentrations between day 1 and the other days; the
same observation was made for milk. However, the swab types were not equivalent and some led to false-
negative results. Validation of those observations was undertaken at a commercial laboratory. To reduce the risk
of false-negatives and the effect of factors influencing the result (operator, swab, procedure, and allergen), it is
recommended to swab an area in triplicate.

1. Introduction

Allergies represent a potentially high risk for public health.
Allergenic food and ingredients have received increasing attention from
industries, regulators, and consumers in the past decades. Moreover,
studies have shown that the prevalence of food-induced allergies in
children is estimated to be 8% in the USA and 7% in Canada (Gupta
et al., 2011; Soller et al., 2012).

Since 2012, the Canadian legislation requires that priority allergens
and gluten must be declared on the food label products for the pro-
tection of allergic consumers and coeliac patients (Canadian Food
Inspection Agency, 2018). Gluten is managed as an allergen based on
this regulatory standpoint. In addition, as part of a Hazard Analysis
Critical Control Point (HACCP) plan or a Global Food Safety Initiative
(GFSI) program, preventive measures have to be taken to control al-
lergens by minimising the risks of their presence in food products due to
cross-contamination of ingredients.

One of the key steps in controlling cross-contamination is the

cleaning procedure, which requires document of presence or absence of
food allergens on surfaces. Manufacturers can use several analytical
methods for this purpose but they mostly rely on rapid detection tests,
like lateral flow devices or enzyme-linked immunosorbent assays
(ELISA), to assess allergen presence and concentration in ingredients,
final products, and on surfaces (Jackson et al., 2008). However, the
efficiency of capturing these substances from a surface is likely to be
multi-factor-dependent (e.g., operator, swab fabric, surface, pre-wet
solvent, and allergen types). Besides, the detection of allergens from
swabs is likely to depend on their interaction with the selected pieces of
soft material, the capacity of the material to release the proteins in the
extraction buffer, the food matrices collected during sampling, the so-
lution, the procedure used to extract, and the detection system. To
better understand this aspect of preventive control, several studies have
been performed to measure the allergen concentrations on surfaces
(Ortiz et al., 2018; Röder et al., 2008; Schelgel, Yong, & Foo, 2007;
Wang, Young, & Karl, 2010). These studies relied on swabs and ELISA
or SDS-PAGE to measure the allergen presence and highlighted some
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issues regarding protocols, recovery and sensitivity.
A research team recommended strategies to prevent the allergen

cross-contamination and suggested swabbing with ELISA testing as part
of the cleaning process validation and verification (Jackson et al.,
2008). Another study presented data on the egg and milk allergen re-
covery using different swab fabrics, solvents, and surfaces; a testing
procedure was proposed based on their results (Galan-Malo et al.,
2017). Meanwhile, it is worth noting that control of cleaning proce-
dures remains a “go”/“no-go” step in a preventive plan, but collecting
allergen samples with a swab has not been standardised yet.

In this regard, data on the efficiency of swabbing are greatly needed
to support decision-making in the industry to prevent and control al-
lergen contamination. Besides, guidelines from Food and Drink Europe
recommend proceeding to swab analysis within 24 h following the swab
sampling (FoodDrinkEurope, 2013). However, as a result of a trans-
portation delay or delay at the external laboratory, it may be challen-
ging to respect the 24 h timeline. To our knowledge, no prior study
presents allergenic protein stability on a swab over time, which would
illustrate a situation when the swab is shipped to sub-contractors for
analysis and tested later.

The work assessed the performance of different kinds of swab fab-
rics to capture, preserve, and release milk proteins or gluten in an ex-
traction buffer for analysis. The authors also monitored the effect of
time and storage temperature on the allergen stability on swabs under
different storage conditions. In addition, efforts were made to develop a
single procedure for swabbing both gliadin and milk with the same kind
of swabs.

2. Material and methods

2.1. Gliadin and milk reference materials

Pure gliadin was obtained by the Osborne fractionation. The sample
was used as previously described (Schalk, Lexhaller, Koehler, & Scherf,
2017) and resuspended in ethanol at 70%. The gliadin concentrations
were assessed using an ELISA detection kit (RIDASCREEN®FAST
Gliadin; R7002 lot #: 13436; R-Biopharm, Darmstadt, Germany). The
MoniQA Association milk allergen reference material (MQA092014)
was used for the milk assay. Concentrations were measured using the
ELISA detection kit RIDASCREEN®FAST Milk (R6254 lot #: 12517; R-
Biopharm). All ELISA kits were run on the ThunderBolt® platform (Gold
Standard Diagnostics, Davis, CA, USA).

2.2. Swab materials

Five swab types were assessed. These included a cotton-based
(Greiner Bio-One™, Monroe, NC, USA), a rayon-based (BD, Franklin
Lakes, NJ, USA), a polyester-based (Copan, Murrieta, CA USA), a
Dacron-based (World Bioproduct, Bothell, WA, USA), and a poly-
urethane-based swab prototype (r-Biopharm Inc., Washington, MO,
USA).

2.3. Surface contamination

Experiments with gliadin were performed on a stainless-steel sur-
face. Milk, butter, gliadin-free oat flour, ham slice, turkey slice, corn oil,
and potato peels were incorporated into a bag, applied onto the stain-
less-steel surface, and left to dry. All food items were separately tested
for the absence of gliadin prior to these experiments. There was no
evidence that the food items would contain microorganisms capable of
degrading gluten. The surface was only cleaned with cold water and
Kimwipes™. A 1-ml aliquot of the food mixture was put onto a total
flora medium Petri dish and stored at 37 °C for 24 h to assess the level of
microbial contamination. Square surfaces of 10 × 10 cm in dimension
were delimited, and two gliadin spiking solutions of 40.4 and 80.4 ppm
were deposited on the surface as spots before letting them dry. For milk,

assays were performed like those designed for gliadin with 10.2 and
19.8 ppm of milk. The composition of the food material to contaminate
the surface was almond milk, chocolate powder, strawberries, wheat
flour, corn oil, and sugar.

2.4. Sampling procedure

The protein solution spots were left to dry. After 1 h, gliadin was
collected with five swabs types on the 10 × 10 cm surfaces. The
polyurethane, cotton, and polyester swabs were tested in triplicate at
the two gliadin concentrations for days 0, 1, 2, 3, and 7. The Dacron and
rayon swabs were tested on all 7 days. All swabs were pre-wet in PBS,
and two operators performed the following procedure: swab firmly in a
horizontal direction from the left to the right of the square, in a vertical
direction up and down the surface, and diagonally (up left towards right
down and down left towards up right). Three swabs per concentration
were tested immediately (day 0), while the rest (triplicates per con-
centration per day) were stored at 37 °C. No extraction buffer was
added to the sample tube before storage. The negative control was
obtained by swabbing (triplicates) the surface with the dried food
mixture before adding gliadin. For the milk assay, only two types of
swabs (polyurethane and cotton) were applied in triplicate with the two
milk spiking dilutions for days 0, 1, 2, 3, and 7, using two storage
temperatures: 4 (fridge) and 37 °C.

2.5. Validation at an external laboratory

Validation of both assays on gliadin and milk was undertaken at an
external laboratory (Mérieux NutriSciences, Crete, IL, USA) with the
polyurethane swabs at three storage temperatures for both milk and
gluten proteins; experiment was performed on a stainless-steel surface
that was pre-cleaned with soap and ethanol. The experiment performed
was the same as described above (see section 2.4), except no food was
added on the stainless-steel surface and the ELISA analysis was un-
dertaken by external laboratory resources. The concentrations used
were 45 and 51 ppm gliadin, and 1.63 and 5.37 ppm milk.

2.6. Statistical analysis

T-tests (comparison between two means) and one-way ANOVA
(comparison between more than two means) were applied to compare
triplicate means. A threshold of 0.05 was used to identify significant
differences between the swab, the storage temperature, and the storage
time. All data were analysed using R software (R Core Team, 2013).

3. Results

3.1. Stability of gliadin on the swabs during storage at 37 °C

Food items tested for gliadin were gluten-free, and no gluten was
detected on the stainless-steel surface prior to the addition of the
spiking solutions. Colony-forming units (CFU) were observed on the
total flora medium, but no further microbial identification was per-
formed.

The protein recoveries calculated on day 0 varied between 23.1%
(±14.1%) for rayon and 41.6% (±0.7%) for cotton for the 80.4 ppm
concentration, and from 25.9% (±2.5%) for polyurethane to 45.5%
(±5%) with cotton for the 40.4 ppm concentration.

Fig. 1 displays the gliadin concentrations over 7 days. The gliadin
concentration (mean of triplicates) was above the limit of quantifica-
tion (LOQ; 5 ppm) with polyurethane, cotton, and rayon when stored at
37 °C for 7 days.

No statistical difference was observed between gliadin concentra-
tions recorded on days 1, 2, 3, and 7 for the five types of swabs, except
for rayon with the 80.4 ppm concentration. Hence, no significant de-
crease was recorded over time, except for the rayon at 80.4 ppm
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(P > 0.05).
With the polyester swabs, gliadin was detected on day 0, but the

measurements on most individual swabs were below both the LOQ and
the limit of detection (LOD; 0.5 ppm) on days 1, 2, 3, and 7, using both
concentrations.

The gliadin recovered on the Dacron swabs on day 7 using the
40.4 ppm concentration was inferior to the LOQ (4.82 ppm). Besides,
for the same swab type, at the 80.4 ppm concentration, at least one

individual swab obtained a value below the LOQ or the LOD within the
triplicate group on days 3, 4, 5, 6, and 7 (data not shown).

The same observation was made with the rayon swabs, with at least
one individual that resulted in a value below the LOQ or the LOD within
the triplicate on days 2, 3, and 7 for either the low or high con-
centration (data not shown).

The cotton and polyurethane results were constant over time, and
no results below the LOQ were recorded with both concentrations.

Fig. 1. Recovered gliadin on the swabs during storage at 37 °C with two gliadin spiking concentrations.

Fig. 2. Recovered milk protein on the swabs during storage at 4 and 37 °C with two milk spiking concentrations. Concentrations are displayed in ppm of milk protein
with no dilution factor; 1/20 dilution factor should be applied, as the extraction occurred in 1 ml instead of 20 ml.
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When comparing all swabs together on days 1 and 7, there was a
significant difference between the five swab types with both con-
centrations. For the 80.4 ppm concentration, on days 1 and 7, the
Dacron, rayon, cotton, and polyurethane means were statistically equal
and different from the polyester one. For the 40.4 ppm concentration,
there was a significant difference between the five swabs on each day.

3.2. Stability of milk on the cotton swabs and the polyurethane swabs during
storage at 4 and 37 °C

The cotton swabs and the polyurethane swabs were used for the
milk analysis because, for those two swab types, all gliadin con-
centrations were above the LOQ with no false negatives.

Negative controls confirmed the absence of milk on the stainless-
steel surface and in food items used to prepare the mixture. CFU and
mould colonies were observed on total flora medium, but no further
research was conducted to identify the species. The allergen recoveries
at day 0 for the 10.2 and 19.8 ppm concentrations were 12.5%
(±6.91%) and 16.3% (± 6.9%), respectively, with cotton. For the
polyurethane swabs, recoveries were 24.9% (±0.9%) and 29.4%
(±13.2%) for the 10.2 and 19.8 ppm concentrations, respectively,.

On day 7, regardless of the starting concentrations and the swab
type, milk concentration was above the LOQ of 2.5 ppm, if stored at
4 °C. At 37 °C, using the 19.8 ppm concentration, milk allergen was still
detected after 3 days when selecting both types of swabs (Fig. 2), but on
day 7, one cotton swab and one polyurethane swab had a value below
the LOQ. For the 10.2 ppm concentration, at 37 °C, milk concentrations
below the LOQ were observed on days 2 and 3 using the cotton swabs,
and on day 7 with the polyurethane swabs.

Milk concentration remained constant over time (from day 1–7) at
37 °C, except for the polyurethane swabs for which a statistical differ-
ence was recorded from day 3–7 for the 10.2 ppm concentration (one-
way ANOVA). Statistical differences were also observed at 4 °C with the
two swab types, for the 19.8 ppm concentration, due to the high con-
centrations recorded on days 1 and 2.

T-Tests were applied to compare the swab types on the same day. At
37 °C, for the concentration 19.8 ppm, there was no significant differ-
ence between polyurethane and cotton on days 1, 3, and 7 (P > 0.05).
For the concentration 10.2 ppm, the authors observed a statistical dif-
ference between the swabs on days 1, 2, and 7. When comparing the
swabs stored at 4 °C, regardless of the day and concentration, there was
no significant difference between both swab types.

Finally, the influence of storage temperature was assessed. For
cotton, statistical differences were observed on days 2, 3, and 7 for both
concentrations, and on day 1 for the 10.2 ppm concentration. Milk
concentration was higher when the cotton swab was stored at 4 °C
compared to the 37 °C storage temperature. No statistical difference
was observed for polyurethane, except for the 10.2 ppm concentration
on day 7 for which the milk concentration was statistically higher for
the swabs stored at 4 °C.

3.3. Validation at the external laboratory

3.3.1. Gliadin
The two gliadin spiking solutions were assessed by two different

operators. The recoveries for both assays were 23% for operator 1
(51 ppm) and 8.8% for operator 2 (45 ppm). The concentrations of
gliadin collected by operator 1 were statistically different from the ones
collected by operator 2. The results are displayed in Fig. 3.

For the 51-ppm gliadin concentration, the swabs stored at room
temperature and in the fridge remained above the LOQ and were in-
terpreted as positive results for 7 days. There was no significant dif-
ference between days 1 and 7 for the swabs stored in the fridge, nor
between the swabs tested on day 7 and stored in the fridge and at room
temperature. However, for those stored at 37 °C, one swab had a gliadin
concentration below the LOQ on day 2. The gliadin concentration fell

below the LOQ and remained as a negative result according to Mérieux
interpretation guidelines until the end of the 7 days. For the swabs used
to collect the 45-ppm gliadin concentration from the surface, all of
them had a gliadin concentration below the LOQ on day 2 and for the
rest of the experiment, regardless of the storage temperature.

3.3.2. Milk
The milk concentrations, 1.63 and 5.37 ppm, were tested by the

same two operators who analysed for gliadin. The results are reported
in Fig. 4. The assay with 5.37 ppm milk showed that milk can still be
detected (above the LOQ) and interpreted as a positive result when
tested on days 2, 3, 4, and 7, except on day 2 when stored in the fridge.
It is worth noting that among all the swabs for the assay with the
5.37 ppm concentration, 8 swabs had a negative result (below LOQ).
For this assay, there was no significant difference between days 1 and 7
for the swabs stored in the fridge, although the milk concentrations
were higher on days 3 and 4 than on days 2 and 7. For the swabs stored
at room temperature and at 37 °C, there was no significant difference
between days 2, 3, 4, and 7. Milk concentrations on day 7 were not
different if stored in the fridge or room temperature, but there was a
difference between the swabs at 4 and 37 °C. Regarding the assay with
the 1.63 ppm concentration, the results were below the LOQ, except on
day 4 for two swabs (in the triplicate) stored in the fridge. As observed
for gliadin, the two operators highlighted a difference in the milk re-
covery with the swabs: 19% for the 5.37 ppm milk concentration and
35% for the 1.63 ppm milk concentration.

4. Discussion

One way of controlling cross-contamination risks lies in the effi-
ciency of cleaning and preventing the allergen presence on the pro-
duction site. Even if the cleaning procedures already demonstrated ef-
ficiency in removing traces (Stephan et al., 2004), too many gaps in the
process persist and should be addressed. Some notable issues include
the efficiency of the swabs to capture and release the allergenic proteins
and their stability on the pieces of soft material during transportation
from a facility to an external laboratory and storage, for example. Due
to the limited data about the allergen stability on swabs, the re-
commendations are to test swabs within 24 h after sampling. Accord-
ingly, the external testing laboratory involved in the study currently
processes and tests all swabs within 24 h after receipt.

This work aimed to provide data on milk and gliadin stability on
different kinds of swabs over time and under different storage condi-
tions. In addition, one of the objectives was to develop a standard
procedure for both gliadin and milk.

Our first observation was the low recoveries obtained with both
milk and gliadin. The cotton swabs were the most efficient to capture
and release gliadin properly, with 43.5% recovery, but were less effi-
cient with milk proteins (14.4%). Milk protein was better captured and
released by the polyurethane swabs, with a recovery of 27.1%, and the
gliadin recovery was 29.4% with the same swab type. Gliadin re-
coveries with Dacron, rayon, and polyester, were around 30%
(±5.1%). This result indicates the need to optimise and standardise
swabbing procedures to better assess the real concentration of allergens
on a surface in the context of a validation procedure and for mon-
itoring.

To study the swab capacity to preserve the allergen protein over
time, the authors compared the milk and gliadin concentrations on day
1 with the concentrations of the days that followed. It was shown that
for milk and gliadin, there was no statistical difference between days
(from 1 to 7) regardless of the swab types, the concentrations and the
storage temperature, except for the following:

- rayon with 80.4 ppm gliadin, for which day 1 was different from the
three other days, and

- polyurethane with 10.2 ppm milk at 37 °C, for which day 7 was
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different from the three other days.

In addition, statistical differences were observed among days for the
cotton swabs and the polyurethane swabs at 4 °C with 19.8 ppm milk.
However, those differences were due to a high concentration on day 2
for polyurethane, and a low concentration on day 1 for cotton, which
did not lead to a significant decrease over time, as observed with the
two previous cases. Overall, the milk and gliadin can remain on a swab

for a long time and still be detected after several days. This first ob-
servation could initiate a discussion regarding the 24-h testing re-
commendation, but beforehand, this approach should be confirmed by
other studies with the same proteins, and also, with other allergens, like
eggs or peanut.

Figs. 1 and 2 show the protein concentrations on day 0. Those data
were used to calculate the protein recovery per swab. Overall, day 0
data were statistically equal to that on day 1. The only statistical

Fig. 3. Recovered gliadin on the polyurethane swabs stored at three different temperatures with two concentrations over time.

Fig. 4. Recovered milk proteins on the polyurethane swabs stored at three different temperatures with two concentrations over time. Concentrations are displayed in
ppm of milk protein with no dilution factor; 1/20 dilution factor should be applied, as the extraction occurred in 1 ml instead of 20 ml.
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difference observed was for cotton and gliadin for both concentrations,
for polyester with the 40.4 ppm gliadin concentration, and poly-
urethane with milk at the 10.2 ppm concentration at 37 °C.

Gliadin was detected with the polyurethane swabs and the cotton
swabs for all assays (concentration > LOQ), indicating good stability
of gliadin over a long time on the swab types and under poor storage
conditions (at 37 °C). With the objective to propose a single procedure
for both milk and gliadin, the Dacron and rayon swabs were not applied
in the milk experiment after these two types gave inconsistent results
with gliadin, as at least one swab within the triplicate group had a value
below the LOQ or the LOD, resulting in a false negative. In addition, the
polyester piece was also removed from the milk assay because the
gliadin concentrations found on this swab type were below the LOQ on
the first days of the experiment. Therefore, the cotton swabs and the
polyurethane swabs were selected for further analysis. A temperature of
37 °C was chosen to represent the worst-case scenario that might
happen during poor transportation/storage conditions, in seasons when
this condition could persist for several days in a row. Regarding the
microbiological aspect, lactic bacteria are found in numerous food
commodities, but those that can digest gluten are less common.
However, both the gluten-free oat flour and the potato peels were
added to the food mixture for the gliadin study in order to maximise the
chances of having bacteria that could degrade the storage protein in
grains. The authors have studied milk at both 4 and 37 °C, as it was
expected that milk would be degraded by microorganisms and un-
detectable after a few days at the highest temperature.

Milk stability on swabs was studied over time, with different storage
temperatures and with two types of swabs. Overall, from day 1–7, the
only difference observed was on day 7, 37 °C, for polyurethane with the
10.2 ppm concentration compared with the previous days. When stored
at 4 °C, the cotton swabs and the polyurethane swabs were equivalent
to preserve milk proteins. At 37 °C, the statistical analysis indicated that
there was no difference between the swabs for the 19.8 ppm con-
centration (except on day 2), but for the 10.2 ppm concentration, the
swabs were not equivalent. Finally, authors compared milk con-
centrations from the same swab type stored at either 4 or 37 °C and the
same day (1, 2, 3, and 7). It was shown that milk concentration is in-
dependent of the temperature when collected with the polyurethane
swabs, except on day 7 for the 10.2 ppm concentration for which the
milk concentration was higher when stored at 4 °C. If the allergen
swabbing is made with cotton, the authors found that storing the swabs
at 4 °C would be preferable than 37 °C.

The validation performed at Mérieux NutriSciences laboratory
supports the conclusions that gliadin and milk proteins can be stable on
the swabs presented in this work over time and, consequently, detect-
able after 24 h following the swabbing. However, gliadin was shown to
be less persistent on the polyurethane swabs if stored at 37 °C rather
than 4 °C. In addition, 5.37 ppm milk was applied for this experiment
and was still detected after storage at room temperature or in the fridge
for 7 days. The differences found with gliadin enhances the need for
similar studies to be conducted, ideally in a real allergen cleaning va-
lidation context. Besides, the assay with 45 ppm gliadin concentration
showed that if 4 ppm is collected on the swabs on day 0, testing the
swabs later would lead to negative results despite that gliadin was put
on the surface. The same observation can be made with milk.

According to the results from both the preliminary study and the
validation study, the authors recommend storing the swabs in a cold
place to enhance the allergen stability over time. If working with other
allergens, like peanut or eggs, a validation procedure should be un-
dertaken to select the right swab type when controlling cleaning ac-
tivities. Depending on the swab, the target protein of capture and the
concentration of a given protein allergen, the recovery and release ca-
pacities could greatly differ from one swab to another. In addition,
using the same piece, the recovery can differ, depending on the cap-
tured protein and its concentration. The pieces of soft material that
were tested also had different behaviours. When swabbing with Dacron,

rayon and polyester, the swabs dried quickly compared with the cotton
and the polyurethane ones. The high standard deviations observed
among the triplicates could be attributed to one or several factors
presented above, as well as the operator (if he/she is trained and his/
her relative experience), the procedure (the inclination, the angle, the
position relative to the covered area) or the ELISA analysis. It was ob-
served that a difference between executions of the protocol by two
distinct operators could lead to a variance in the amount of allergen
captured. Hence, with the same protocol, a change in the procedure
could influence results, enhancing the need for its standardisation. It is
suggested here that by doing triplicates, these biases might be reduced.
Testing triplicate would decrease this risk even if the conditions of both
swabbing and storage are poor. However, food industry operators do
not usually execute swabbing in triplicate but, according to our ob-
servations, only one swab analysed per area could potentially lead to a
false negative.

More research is needed to confirm the conclusions made from this
study and, also, to explore the behaviour of other allergens and propose
a single standard procedure to swab allergens on a surface. Our data
suggest that swabbing both milk and gliadin is feasible with PBS and
polyurethane or cotton swabs, but an internal validation should be
undertaken. In addition, a standard procedure should describe best
practices for swabbing, testing pieces of soft material, and how to relate
these results with production in order to support industry in controlling
allergen and gluten occurrences in agri-food plants. Food industries and
external laboratories could use this study to adapt their protocols and
eventually improve the interpretation of allergen swabbing results ac-
cording to the delay of transportation and treatment by third parties.
This same study could be performed with other allergens to enhance the
response to questions posed by food industries, test makers, regulators
and testing laboratories regarding the allergen swabbing performance.
Additionally, the results stemming from those studies could help to
support the development of common guidelines for allergen swabbing
in food industries and the implementation of training sessions to learn
how to swab surfaces to test for allergen presence.
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