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Abstract: To elucidate the capability of laboratories to determine allergen contents, an international interlaboratory
trial was conducted using meat products spiked with 12 allergens. The measurement uncertainty was calculated
independent of the applied method simulating realistic situations when comparing analysis certificates from
different laboratories. The measurement uncertainty was revealed to be in the best cases +/–100%, in the worst
cases quantification exhibited a measurement uncertainty of higher than 200% making quantitative analysis
impossible. The measurement uncertainty seemed to depend on the analyte and assays used.
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1. Introduction

For the wellbeing and safety of persons
with allergic reactions, ingredients causing
potential allergic reactions must be labeled
on each food product.[1,2] Therefore, food
control laboratories examine food prod-
ucts regularly for consequent implemen-
tation of these regulations by the produc-
ers. Currently, the following allergens are
listed by the food law of European Union
and Switzerland: cereals with gluten, crus-
tacean, egg, fish, milk, mollusks, soy, nuts
(almonds, peanuts, cashew, hazelnut, mac-
adamia, walnut, Brazil nut, pecan and pis-
tachio, Queensland nuts), sesame, celery,
mustard, lupin and sulphites.

To determine allergens from animal or
plant sources, real-time polymerase chain
reaction (PCR) and enzyme linked im-
munoassays (ELISA) are well-recognized
methods.[3–13] Both methods are prone to
matrix effects like loss of analyte during
production and inhibition. ELISA does
not need expensive equipment whereas

PCR needs a real-time thermocycler. Run
in multiplex format, PCR may have an ad-
vantage when analyzing mainly unknown
samples.

For most allergens no certified refer-
ence material is available. In addition, only
little information about stability and range
of allergen contents which are quantifiable
is available. Many studies, such as inter-
laboratory trials or proficiency studies, ad-
dress these questions for only a few aller-
gens. This interlaboratory trial tried to gain
an overview for meat products like raw and
boiled sausages for 12 allergens at once,
independent of the applied method.

To overcome the lack of certified refer-
ence material, both reference and sample
material was produced and provided for
the calibration of measurement of all par-
ticipants.

We decided to make our own meat
products because commercial products of-
ten contain undeclared allergens. Usually
boiled meat products are of finer texture
than raw matured products and therefore
would be more homogenous and suitable
as referencematerials. To assess the contri-
bution of homogeneity to the measurement
uncertainty both rough cut matured and
fine textured boiled meat-products were
produced. A set of boiled and a set of raw
matured reference sausages were produced
from the same starting material (see Table
1) as the unknown samples. These refer-
ence sausages were used for the calibra-
tion of the assays. Three of the unknown
samples belonged to the matured product
group (Cevapcici, Landjäger and Salami)
and one represented a boiled product
(Sucuk). In addition and prior to this in-

Table 1. Reference sausages and samples. Recipe for 100 kg of reference sausage (type
Landjäger, raw sausages and type boiled sausages) and sample sausage used in this study.
Values are given in kg for the production of 100 kg, taking reduction of the weight during the
production process in account.

Fraction
%

Kal A
LJ

Kal B
LJ

Kal
C LJ

Kal
D LJ

Kal E
LJ

Cevap­
cicci

Land­
jäger

Salami Sucuk

Beef 1 8 22 31 48 47.6 23.2 5 42

Pork 31 48 22 8 1 14.3 48 3

Horse 48 31 22 1 9 9.5 27.8 45 3

Sheep 8 1 22 48 31 23.8 1.85 2 28

Lard (pork) 39.8

Water / ice 2.4 2.4 2.4 2.4 2.4 2.4

Curing salt 2.44 2.44 2.44 2.44 2.44 0.1 2.32 20

Aller-
gens and
additives

10 10 10 10 10 2.4 5.05 4
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(AllAllA and AllAllB) determining DNA
contents of peanut, soya, celery, hazelnut,
beef, almond, egg, sesame, walnut, pista-
chio, cashew, white and black mustard and
lupin were published earlier[15,16] and ap-
plied where no other systems were avail-
able in the individual laboratory.

For the allergens walnut,[17] cashew,[18]
and mustard,[19] published single PCR
systems and a new designed system for
pistachio were combined to a multiplex
real-time PCR-system, called AllAllE.
After validation this system was provided
to the participants if required (for details
see Table 2). AllAllE exhibited a sensitiv-
ity of 0.032 ppm or better and a rSD of
32% or better for all analytes. Beside these
PCR-systems different in-house systems
were applied and one laboratory applied a
kit from Congen to determine the content
of almond.

terlaboratory trial, PCRmethods were pro-
vided and established at the participating
laboratories, if required. Finally, results for
the four unknown samples for all 12 aller-
gens had to be generated.

The results represent an overview of
the actual capabilities of ELISA- and PCR-
based methods for the determination of 12
allergens in sausages.

2. Materials and Methods

2.1 Allergens Used for Spiking
of the Reference Sausages and
Sample Sausages

Nuts: The following allergenic nuts
were used as spiking material: Peanut, ha-
zelnut, almond, sesame, walnut, pistachio
and cashew: Whole nuts and seeds were
purchased from a local retailer. Milling led
to big particles (due to the high fat concen-
tration) resulting in erratic spiking effects.
To solve this problem olive oil was added
to transform the nut paste into a slurry. The
slurry was filtered through a tea sieve to
remove big particles and the proportion of
nuts/seeds was determined in the slurry.
This slurry was used for spiking.

Soya: Partially defatted soya-flour
from Hensel Schoeneberg GmbH & Co,
71106 Megstadt, Germany was used.

Celery: Celery bulbs were purchased
from a local retailer. After cutting into
pieces they were dried overnight at 80 °C
and milled to a fine powder.

Egg: Whole egg powder from
Lüchinger Schmied, CH 8302 Kloten,
Switzerland Art. Nr 36051 was used.

Mustard: Commercially available
‘Coleman’s mustard’ was used. This prod-
uct was chosen because of its long tradition
(since 1814) and worldwide distribution. It
is a very fine powder of yellow and brown
mustard.

Lupin: Toasted lupin powder ‘FraluT’
from FA L.I. Frank, Oude Rijkstraat 32-40
7391 Me Twello, Netherlands

In total 12 allergens were spiked. Milk
and gluten were neither spiked nor deter-
mined. The spiking level was between 360
ppm and 4237 ppm. This range is at least
10 times above the detection level and
therefore suitable to be quantified.

2.2 Reference and Sample
Sausages

The production process and meat com-
position are briefly described in Table 1.
The precise production process of the ref-
erence and sample sausages was described
in a previous publication.[14] Calibration
curves were prepared from at least four ref-
erence points to exclude accidental corre-
lation. Five were chosen to be able to skip
one measurement point without compro-
mising the measurement. Cevapcicci and

Landjäger samples were produced by the
same butchers that produced the calibra-
tion sausages. Salami and Sucuk samples
were produced by two other butchers using
the identical spiking material. The amount
of spiking material was chosen to ensure
that only results were gained within the
quantification range, excluding false posi-
tive or false negative results. Therefore we
choose spiking levels between 32 and 3200
ppm (mg/kg).

2.3 DNA Isolation and PCR
Each laboratory applied its own DNA

isolation method. To compensate for dif-
ferent isolation efficiencies, all participants
were asked to determine the concentration
of the DNA photospectrometrically after
isolation and to use 100 ng DNA in total
as template for the PCR.

Two tetraplex real-time PCR-systems

Table 2. Multiplex real-time PCR-System AllAllE for the simultaneous detection of walnut,
pistachio, cashew and mustard (Sinapsis Alba and Brassicacea).

Primer/
Probe

Final
conc.
μM

Sequence Size GenBank acc.no.
/source/labelling

Walnut

Jugl F 0.5 GCG CAGAGAAAG CAGAG 88bp AF066055

Jugl R 0.5 CTCATG TCT CGA CCTAAT GCT [4]

Jugl
Fam

0.05 ATT GTG CCT CTG TTG CTC CTC
TTC CCG

FamBHQ1

Pistachio

Pis1 F 0.5 CCAAGG TGA TCAACA TGG
ACA GG

77bp Y07600 Pistacia
vera

Pis1 R 0.5 CCT CTT TGT GCT CCC CGTATT
C

this work

Pis1 Joe 0.05 AGCAGCACCACG GCGAAT
ACA GGC

Joe/BHQ-1

Mustard

Senn F2 0.1 CC CAA CYT TGAAAG GAG
CWT CCAAAG C

170–
180bp

sinA genes e.g.
S54101

Senn R5 0.1 C ATG GTC TTC TKGAAG GGA
CAAACA CTAACT TG

[6]

Senn F6 0.1 C ATG GTC TTC TTGAAG GGA
CAAACR CTWACT TG

Senn R7 0.1 C ATG GTC TTC TGGAAG GGR
CAAATG CTAACT TG

Senn1
Cy5

0.05 TGCAGCAWG TRA TTA GCC
GTA TCTACCAGA CYK C

Cy5/BHQ-2

Senn2
Cy5

0.05 AGCAGCAAA TGG TGA GCC
GTA TCTACCAGA CCG C

Cy5/BHQ-2

Cashew

Cash2 F 0.5 TGC CAG GAG TTG CAG GAA GT 67bp AY081853

Cash2 R 0.5 GCT GCC TCA CCA TTT GCT CTA [5]

Cash
Rox

0.05 ACA GAA GGT GCC GCT GCC
AGAA

Rox/BHQ2
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deviation between the calibration sausages
and the measured values (false calibration,
cal). Possible explanations may include
e.g. different production process, different
material (different sub-species) or different
storage conditions (e.g. pH, fermentation).
Another group exhibited a high variation
of the results due to e.g. inhomogeneity
of the sample and/or the reference mate-
rial and/or high intrinsic variation of the
assays.

As all sausages (unknown samples and
calibration sausages) were spiked with the
same material different sub-species as a
reason for high systematic deviation can
be excluded. Inhomogeneity can also be
excluded if the result for at least one aller-
gen was acceptable in the sample sausages.
This was the case for Landjäger (pistachio
MU 102%), for Salami (walnutMU 101%)
and for Sucuk (sesameMU 120%). For the
Cevapcicci sample this was not observed
and high inhomogeneity cannot be exclud-
ed as a reason for the high measurement
uncertainty.

3.1 Results According to Sample
Sausages (Tables 3 to 6)

Setting the limit of acceptance was
done arbitrary. For acceptance (accept) the

2.4 ELISA
Five laboratories applied ELISA kits

from the following producers: Ridascreen
(egg, hazelnut, lupin, peanut, almond),
R-Biopharm (mustard, sesame, soya, al-
mond), Neogen (egg, hazelnut), Tepnel
(egg, peanut, sesame, soya), Transia (ha-
zelnut, lupin), BioKits (walnut), Veratox
(mustard)

3. Results and Discussion

Measurements were performed by each
laboratory individually and in accordance
with routine procedures.All data presented
in this study are expressed in ppm (mg/kg)
of allergen.

Twenty-one data sets were produced
by eighteen laboratories from Switzerland
and Germany. No data set was excluded.

In total, roughly 10,000 data points were
collected (not presented). All participants
used the standard reference sausages with
knownconcentrationsof the allergens (KLJ
and KBW) for the calibration of their as-
says. The concentrations of allergens in the
sample sausages were kept unknown for
the participants. Unusually to many profi-
ciency trials applying ELISA methods the
results were not grouped according to the
test-kits used and the true value (spike) was
taken to calculate the accuracy. Therefore a
realistic measurement uncertainty could be
calculated giving a realistic impression of
repeatability including the interlaboratory
variation.

The results indicated that lowest mea-
surement uncertainties were gained by
using calibration sausages of the boiled
type (fine texture). Therefore only results
gained by this type of calibration are pre-
sented here. We compiled the measure-
ment uncertainties (MU) calculated by
geometrical addition of rSD and relative
deviation from the true value extended by
a factor 2 in Tables 3 to 6.

Reasons for high MU were assessed
for each allergen and sample combination.
The reasons for insufficient results may be
divided in two groups: high systematically

Table 3. Compilation of the results for
Cevapcicci: Relative standard deviation (rSD)
and measurement uncertainty were calculated
from all datasets. Measurement uncertainty
was extended with the factor 2 leading to a
probability for a realisation of 95% interval for
one data point. The reason for a high MU was
estimated to be combinations of high rSD (rSD)
and/or false calibration (cal).

Cevapcicci Hazelnut Lupine

Measured mean
value

1566 537

True value 1400 1200

rSD % 163 54

MU(ext) rel. % 327 270

Explanation
for high MU

rSD cal

Table 4. Compilation of the results for Landjäger.

Landjäger Celery Sesame Walnut Pistachio Mustard

Measured mean value 592 371 1005 538 249

True value 1400 500 1800 690 1400

rSD % 54 41 38 42 84

MU(ext) rel. % 294 108 175 102 940

Explanation for high MU cal accept cal accept cal + rSD

Table 5. Compilation of the results for Salami.

Salami Peanut Soya Celery Almond Egg Sesame Walnut Pistachio Cashew Mustard Lupin

Measured mean value 540 2371 1295 918 552 925 2310 1652 834 971 2724

True value 360 4556 805 597 1695 1599 1695 1556 4556 1243 932

rSD % 67 71 156 50 41 53 43 105 43 79 126

MU(ext) rel. % 150 233 321 122 422 180 101 210 897 168 283

Explanation
for high MU

cal +
rSD

cal +
rSD

rSD accept cal cal accept rSD cal cal +
rSD

cal +
rSD

Table 6. Compilation of the results for Sucuk.

Sucuk Peanut Celery Hazelnut Almond Egg Sesame Walnut Pistachio Mustard Lupin

Measured mean value 1994 871 315 3598 1361 1054 6366 1807 196 6439

True value 1182 554 386 1932 1438 1438 1438 1010 190 4237

rSD % 69 90 66 80 103 47 92 73 63 181

MU(ext) rel. % 160 195 139 185 207 120 240 171 126 372

Explanation
for high MU

cal +
rSD

rSD accept cal +
rSD

rSD accept cal +
rSD

cal +
rSD

accept rSD
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MU had to be below 150% focusing on a
single sample. Considering all samples the
limit was extended to 200%.

Cevapcicci: The results (Table 3) ex-
hibited a measurement uncertainty (MU)
of 327% for hazelnuts. This percentage is
high and estimated to be due to the bad pre-
cision of the applied method (rSD 163%).
The mean value corresponded well with
the true value.

The results for lupin also exhibited a
highmeasurement uncertainty of 270% but
this was mainly based on false calibration.
As all reasons for systematically devia-
tions are expected to affect hazelnut and
lupin analytes similarly, the reason for this
deviation remains unclear.

Landjäger: Considering that both PCR
and ELISA methods were applied, the re-
sults for sesame and pistachio were sat-
isfactory with a MU close to 100%. This
suggests that precise results can be attained
even when analyzing samples with rough
texture and different methods.

The results for walnut had an augment-
ed MU possibly due to false calibration.
This was also concluded for celery (MU
294%, see Table 4). The results for mustard
were simply false (MU 940%) and incom-
parable, possibly mainly due to false cali-
bration (reason unclear). But also the rSD
was high (rSD 84%).

Salami: The results for almond and
walnut exhibited an acceptable MU (see
Table 5). Results for cashew and egg were
not reproducible with a MU of 422% and
897%. The results for the other allergens
were placed in the middle field between
150% and 321%. The reason for insuffi-
cient results for cashew is highly possibly
a consequence of the cross reactivity of
the AllAllE between cashew and pistachio
(also spiked in this sample).

The amount of egg protein was exclu-
sively determined with ELISA assays. A
high deviation based on different calibra-
tion material can be excluded as the cali-
bration sausages contained the same mate-
rial as the unknown samples (see results
for egg in Sucuk). It seems that all applied
ELISA-Kits were affected by systematic
deviation which may origin from matrix
effects.

Sucuk:Results exhibited an acceptable
(see Table 6) MU for hazelnut, sesame and
mustard. Lupin exhibited an unacceptable

MU of 372%, possibly based in a false
calibration in conjunction with a high
deviation of 181%. The Salami sample
had already exhibited a high rSD for lu-
pin. Therefore it seems that the applied
methods intrinsically exhibit a high rSD.
The method for the determination of lupin
should be ameliorated to reduce the high
rSD of results. The other analytes exhib-
ited a MU between 160% and 240%, often
based in a high rSD.

3.2 Results According to Allergens
(Table 7)

Peanut, almond, sesame: The results
for these allergens were generated by
ELISA and PCR methods and reached an
acceptable MU.

Walnut, pistachio:The results for these
allergens were generated by PCR methods
only and reached an acceptable MU.

Soya: The results for soya were gener-
ated by ELISA and PCR and exhibited a
MU above 200%, which was decided to be
unsatisfactory. Systematic deviation and
high rSD led to the high MU. Lupin (taxo-
nomically close to soya) was also used as
spike. But the results underestimated the
true value, in consequence this potentially
cross reactive addition can be excluded as
reason for the high deviation. Therefore
the reason for the systematic deviation
remains unclear. However, reducing the
deviation of the assays should ameliorate
the MU.

Celery and hazelnut:Mainly high rSD
led to the high MU of 270% and 233%.
Development of more consistent methods
seems to be advisable for the determina-
tion of these two allergens.

Egg: To detect egg, which contains
very low amounts of DNA, PCR methods
are not appropriate. Therefore the results
for egg were generated using ELISA only.
Four different kits were applied. Obviously
these kits produced inconsistent results as
already discussed above.

Cashew: The results for cashew were
false. This may be the result of the known
cross reactivity produced by AllAllE in
conjunction with pistachio. More specific
PCR systems have to be designed.

Mustard and lupin: The high MU
seems to be mainly based on system-
atic deviation. Mustard includes different
Brassicaceae and Sinapsis species. There

are also several different subspecies of lu-
pin in use. For quantification choosing the
corresponding calibrator is crucial but will
remain impossible for unknown samples.
However, in our study reference material
and spike were the same. In consequence,
this reason can be excluded in this inter-
laboratory trial and therefore the reason for
the high MU remains unclear.

4. Conclusion

Often aMU of 30% can be expected for
single measurements in the same labora-
tory using e.g. real-time PCR (without ex-
tension factor 2). Including the extension
factor and different laboratories using dif-
ferent methods, a MU of 100% may be re-
alistic. Best results were gained whenmea-
suring walnut in the rough textured Salami
sample (MU 101%). These results may
define the benchmark in this interlabora-
tory trial which seems to be achievable in-
dependent of the applied method (ELISA
or PCR) and texture of the product.

For peanut, almond, sesame, walnut,
and pistachio, reproducible results may be
generated when using the same reference
material for calibration. Surprisingly, this
may even be the case using combinations
of ELISA and PCR methods. The methods
for egg (only ELISA), celery, hazelnut,
cashew, soya, mustard, and lupin must be
ameliorated. Their results exhibited an un-
acceptably high measurement uncertainty.
The reason for the systematic deviation
was not uncovered during this interlabora-
tory trial.

As allergens are determined absolute,
the definition of reference material is cru-
cial. This is a prerequisite for all actual
and future methods e.g. mass spectromet-
rically.[20] But at the moment no certified
reference material of broad acceptance is
available. Such material would have to
be designated, produced and accepted by
main laboratories and kit producers which
is not yet the case.

Often proficiency trials do not calcu-
late accuracy and group results according
to the kit manufacturer. This may have led
in the past to an over-optimistic perception
of achievable measurement uncertainty.
This does not help development of meth-

Table 7. Compilation of the overall performance according to the allergen determined. It was calculated by averaging the MU for all samples. For
acceptance the MU had to be below 200% or the probably main reason for high MU was estimated (rSD/cal).

Peanut Soya Celery Hazelnut Almond Egg Sesame Walnut Pistachio Cashew Mustard Lupin

Mean value
of MU

155 233 270 233 154 315 136 172 161 897 411 308

Explanation
for high MU

accept cal +
rSD

rSD rSD accept cal +
rSD

accept accept accept cal ok cal cal
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ods with adequate interlaboratory accuracy
and should be stopped.

In summary, comparable and reproduc-
ible quantitative results can only be pro-
duced in cases where the applied methods
exhibit an acceptable accuracy and preci-
sion in conjunction with commonly ap-
plied reference material. With ameliorated
methods (e.g. using multi-copy genes) and
commonly accepted certified reference
material this goal was shown here to be
achievable in principle for all allergens. At
the moment quantitative measurements of
allergens have to be interpreted with care
and in context of the production process.
Comparability and reproducibility have
not yet been achieved. However, the actual
methods remain important tools to control
and enhance product security for persons
with allergic reactions.
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