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Abstract Since 2005, celery and celery products have to be
labeled according to Directive 2003/89/EC due to their aller-
genic potential. In order to provide a DNA-based, rapid and
simple detection method suitable for high-throughput analy-
sis, a loop-mediated isothermal amplification (LAMP) assay
for the detection of celery (Apium graveolens) was developed.
The assay was tested for specificity for celery since closely
related species also hold food relevance. The limit of detection
(LOD) for spiked food samples was found to be as low as
7.8 mg of dry celery powder per kilogram. An evaluation of
different amplification and detection platforms was performed
to show reliable detection independent from the instrument
used for amplification (thermal cycler or heating block) and
detection mechanisms (real-time fluorescence detection,
agarose gel electrophoresis or nucleic acid staining). The
analysis of 10 commercial food samples representing diverse
and complex food matrices, and a false-negative rate of 0 %

for approximately 24 target copies or 0.08 ng celery DNA for
three selected foodmatrices show that LAMP has the potential
to be used as an alternative strategy for the detection of
allergenic celery. The performance of the developed LAMP
assay turned out to be equal or superior to the best available
PCR assay for the detection of celery in food products.
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Introduction

Celery (Apium graveolens L.) is a widely used ingredient in
seasonings, sauces, bouillons, and instant meals. Allergy to
celery is one of the most common food allergies in Europe
causing digestive disorders, respiratory distress, and skin re-
actions when ingested [1, 2]. In severe cases, exposure can
even induce anaphylaxis of the affected individual. Doses
triggering such a response typically are around 0.7 g of fresh
celery; however, lower amounts may also elicit a reaction [3].
Celery is highly associated with an allergization to birch and
mugwort, termed birch-mugwort-celery syndrome [4, 5].
Known allergens of celery are the 16 kD heat-labile protein
Api g1, which is homologous to the profilin Api g4 and the
glycoprotein Api g5, and the protein Bet v1 from birch.
Several studies have proven Api g1 to be the most relevant
allergen in celery causing allergic reactions [6–8].

Avoiding the allergen-containing food is the only option to
prevent an allergic reaction which may often be difficult due
to the contamination of food products with allergenic ingredi-
ents. Contaminants can be introduced through food-
processing machines, storage, and shipping or are added de-
liberately for flavoring purposes. Directive 2003/89/EC con-
stituted by the European Union states the mandatory labeling
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of 12 groups of ingredients with known allergenic potential,
including celery and celery products [9].

This new legislation rises the demand for specific and
sensitive methods for the detection of allergens in food prod-
ucts. Although the characterization of celery allergens via
mass spectrometry (MS) has been reported [10], currently,
the two most prominent analytical techniques for allergen
detection in food are protein-based enzyme-linked immuno-
sorbent assays (ELISA) and nucleic acid-based polymerase
chain reaction (PCR) assays. At present, no ELISA assay is
available for the specific detection of celery due to cross-
reactions with parsley (Petroselinum crispum (Mill.) Nyman
& A.W. Hill) [11], carrot (Daucus carota (Hoffm.) Schübl. &
G. Martens), and other closely related members of the
Apiaceae family. So far, several real-time PCR assays have
been developed targeting the gene encoding sequence for Api
g 1. However, due to the high risk of cross-reactions, targeting
the celery-specific mannitol dehydrogenase is recommended
[12, 13]. Although two quantitative real-time PCR (qPCR)
assays for the detection of celery have been developed [13,
14], real-time PCR is still a laborious procedure, requiring
sophisticated equipment such as thermal cyclers and trained
personnel making it unsuitable for a simple on-site high-
throughput detection method for celery in food matrices.

An alternative DNA amplification method termed loop-
mediated isothermal amplification (LAMP) was developed
in 2000 [15]. The use of three primer sets binding six distinct
regions of the target sequence and a Bst polymerase with
strand displacement activity [16] initially forms a dumbbell-
like structure which then undergoes cyclic amplification pro-
ducing various sized DNA strands with alternately inverted
repeats of the target sequence [15, 17]. Based on the lack of a
denaturation step, the assay can be carried out under isother-
mal conditions eliminating the need for a thermal cycler and
thus making this method highly cost- and time-efficient as
well as field-applicable and easy-to-perform. The high effi-
ciency and sensitivity of a LAMP assay allows detection with
the naked eye through the use of an intercalating dye such as
SYBR Green I [18].

A recently published assay for the detection of celery based
on LAMP [19] uses a primer set showing high-sequence
homologies for parsley, dill (Anethum graveolens), and fennel
(Foeniculum vulgare) in nBLAST (National Center for Bio-
technology Information NCBI), and for carrot and parsley as
experimentally proven by the authors of this study (see Elec-
tronic Supplementary Material, Fig. S1 and Table S1). Since
all of these plants are widely used, this assay is not a suitable
tool for the detection of celery in food-related products.

Here, we report the development of a highly specific
LAMP-based assay for the detection of celery in food prod-
ucts targeting a diagnostic fragment of the celery mannitol
dehydrogenase gene, which was demonstrated to be specific
in an earlier publication [20]. We evaluated species-specificity

and sensitivity by testing several different primer sets and
comparing it to conventional real-time PCR. To investigate
the potential of the assay for the rapid analysis of celery in
food, ten different commercially available products were test-
ed with LAMP and PCR. Celery-negative samples were
spiked with celery powder to ensure reliable detection despite
the potential of inhibition due to complex food matrices. The
LAMP amplification products were detected by real-time
fluorescence monitoring, via agarose gel electrophoresis and
by staining LAMP products with SYBR Green I for visual
detection and similarly compared with a previously published
real-time PCR assay for the detection of celery in food [13].

Materials and methods

Plant material and samples

Celery root (A. graveolens var. rapaceum), parsley (P. crispum
(Mill.) Nyman & A.W. Hill), carrot (D. carota (Hoffm.)
Schübl. & G. Martens), anise (Pimpinella anisum L.), dill
(A. graveolens L.), fennel (F. vulgare Mill.), coriander
(Coriandrum sativum L.), caraway (Carum carvi L.), cumin
(Cuminum cyminum L.), lovage (Levisticum officinaleW.D.J.
Koch), parsnip (Pastinaca sativa L.), Kotanyi steak season-
ing, Billa mushroom instant soup, Wasa sesame crisp bread,
Bad Ischler 7 herbs salt, Maggi vegetable bouillon cube,
Inzersdorfer wellness turkey spread, Kotanyi herbal mix, Hipp
vegetable baby food, Rio Mare tuna pastry and Lorenz Natu-
rals potato chips with garlic, and herbs were obtained from
local Austrian supermarkets. All samples except for the com-
mercial food products were extracted from fresh material.

DNA extraction

For specificity tests and for generating a calibration curve,
fresh celery root as well as all other plant materials were
lyophilized for 48 h and then ground to a fine powder using
a mortar and pestle. Extraction of nucleic acids was performed
using a CTAB extraction protocol as previously described
[21]. Briefly, 100 mg of plant material were used for extrac-
tion using a 10 % CTAB buffer and chloroform/
isoamylalcohol (24:1) solution. Subsequent to an ethanol
precipitation, the obtained DNA pellet was washed twice with
70 % ethanol and then resuspended in 10 mM Tris buffer.
Sensitivity tests, false-negative rate, and the analysis of com-
mercial food samples were performed using DNA extracted
with the SureFood® PREP Allergen Kit (Congen, Berlin,
Germany) according to the manufacturer’s instructions.
DNA concentration and purity were determined photometri-
cally using NanoVue Plus (VWR, Radnor, USA).
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Primers and probes

All oligonucleotides were synthesized by Eurofins MWG
(Ebersberg, Germany). Real-time PCR primers and probe
were used as published by Hupfer et al. [13]. LAMP primers
were designed using the Primer Explorer V4 software (Eiken
Chemical Co., Ltd.; Tokyo, Japan) on basis of the sequence
for celery mannitol dehydrogenase, GenBank acc. no.
AF067082. The LAMP primer sequences are given in Table 1.

Real-time PCR reaction

DNA extract (2 μL) either undiluted or diluted 1:4 was added
to 13 μL of reaction mix containing Kapa™ Probe® Fast
(Peqlab, Erlangen, Germany), primers and probe (in a final
concentration of 0.3 μmol/L each). Amplification reactions
were performed on a 7500 Fast Real-Time PCR system (Ap-
plied Biosystems, New York, USA) according to the follow-
ing thermal cycling protocol: initial steps of 2 min at 95 °C,

followed by 60 cycles of 15 s at 95 °C and 1 min at 60 °C.
Unless noted otherwise, amplification reactions were carried
out in five replicates.

LAMP reaction

LAMP reactions were carried out in a total reaction volume of
25 μL containing 1.4 μM each FIP and BIP, 0.2 μM each F3
and B3, 0.8 μM each LoopF and LoopB, 1.4 μM of each
dNTP (Peqlab, Erlangen, Germany), 0.8 M betaine solution
(Sigma-Aldrich, St. Louis, USA), 8 U Bst DNA polymerase
(New England Biolabs, Ipswich, USA), 20 mM Tris-HCl
(pH 8.5), 10 mM KCl, 10 mM (NH4)2SO4, 6 mM MgSO4,
0.1 % Triton X-100 (Sigma-Aldrich, St. Louis, USA), 1 μL
Syto® 9 Green Fluorescent Nucleic Acid Stain (Life Technol-
ogies, Carlsbad, USA) [22], and 2 μL undiluted DNA extract.
The reaction mixture was incubated for 60 min at 65 °C.
Amplification reactions were carried out in five replicates.
Aliquots of 10 μL of LAMP products were used for agarose
gel electrophoresis. For the detection with the naked eye 1×
SYBR® Green I Nucleic Acid Stain (Life Technologies) was
added to aliquots of 15 μL of LAMP products and viewed
under UV light.

Results

Design and specificity of LAMP primers

To ensure efficient and specific amplification of celery DNA,
five primer sets were designed and tested. All subsequent
experiments were performed using the primer set given in
Table 1, which showed the highest fluorescence intensity
and the lowest Ct value without amplifying DNA other than

Table 1 List of LAMP primers and their sequences targeting the celery
mannitol dehydrogenase gene from celery (GenBank acc. no. AF067082)

LAMP
primer

Sequence 5′–3′

FIP GCTGCAAAATCAAGCATTTCTTGTGCAGGGAGA
AAGCTTCTTGG

BIP AACAGCTGATGTTGAAGTTATTCCTAAATCTGT
ATCGAACATCTGAC

F3 CATTGTTATACTAAATGTGAGTCAC

B3 CGTATTTGCAATGTCGATGAC

LoopF CTTTATCCCACCATTAATAGTGCCT

LoopB ATGGACTATGTGAACACCGCA

Fig. 1 Calibration curve shows
standard deviation (SD)
increasing from 0.01 % for 3,093
target copies to 55 % for three
target copies. The increasing error
for decreasing target copies
clearly demonstrates that this
assay cannot be used for a reliable
quantification of trace amounts of
celery DNA
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celery and lacks relevant homologies with other closely relat-
ed species as checked byNCBI Blast search. To rule out cross-
reactive detection of other members of the Apiaceae family,
genomic DNA from herbs and spices commonly used as food
ingredients (see plant material & samples) was extracted and
analyzed. All tested species did not produce an amplicon in
LAMP which demonstrated the specificity of the assay (data
not shown).

Sensitivity and limit of detection

To evaluate the potential of the assay for quantitative analysis,
DNA was extracted from fresh celery roots, nucleic acid
concentrations were determined photometrically in order to
prepare serial dilutions ranging from 10 to 0.0039 ng/μL.
Based on the estimation that celery contains 3.0 pg DNA per
haploid nucleus [23] and one base pair has a molecular weight
of 650 Da, the target copy number can be calculated. There-
fore, 10 ng/μL celery DNA correspond to a dilution of 3,093
target copies. Each concentration was analyzed in 20 repli-
cates. A calibration curve was generated by plotting the aver-
age threshold time against the corresponding DNA amounts
(Fig. 1). The European Network of GMO Laboratories re-
quires a correlation coefficient higher than R2≥0.98 for the
real-time PCR quantification of genetically modified organ-
isms [24]. The assay failed to meet this requirement due to its
deviating Ct values, even though 20 out of 20 replicates gave a
positive signal for an estimated concentration of three target
copies. Although development of quantitative real-time
LAMP assays for several targets using intercalating dyes has
been reported, it is pointed out that the quantitative capability
relates to ranges of 1×104–1×1010 target copies [25–27]. This
clearly shows that the designed celery LAMP assay is not
suitable for the accurate quantification of trace amounts of
DNA.

Two food samples, previously tested negative for celery
DNA, were spiked with defined amounts of dry celery
powder as given in Table 2 and were then extracted two
times each. Tuna pastry and crisp bread were both selected
due to their high contents of salts and carbohydrates or
proteins which can act as inhibitors of amplification reac-
tions [28]. Each sample was analyzed by PCR and LAMP
in five replicates. Table 2 shows that 7.81 mg celery/kg
sample still could be detected with 100 % positive repli-
cates in tuna pastry whereas 500 mg/kg are required for
five positive replicates for crisp bread. This variation be-
tween the two food matrices might be due to the high
amount of carbohydrates typical for crisp bread which can
compromise the accurate amplification of DNA. However,
both samples representing both matrices could still be
identified as positive even if a low amount of 1.95 mg
celery powder was spiked to 1 kg food.

False-negative rate

The determination of a false-negative rate is used to identify
the lowest concentration at which the assay detects celery
positive samples correctly. Below this concentration, a certain
percentage of celery DNA containing replicates appear to be
negative. DNA isolated from crisp bread, turkey spread, and
baby food, previously tested negative for the presence of
celery, was spiked with a decreasing number of celery DNA
target copies. Figure 2 shows that decreasing the estimated
target copy number below 24, leads to false negative repli-
cates. If 24 or more copies per assay are present, the false-
negative rate drops down to 0 % for all three food matrices.
These results indicate that LAMP is quite insensitive to co-
isolated amplification inhibitors and enables analysis of

Table 2 Results of spiking experiments with LAMP for two food ma-
trices. One hundred grams of food sample were spiked with 5 g of celery
powder and then diluted with the same homogenized sample matrix to
obtain low concentrations of celery. Both matrices were extracted twice
and analyzed in five replicates per extraction

Celery content
(mg celery/kg)

Wasa sesame crisp bread
positive reactions

Rio Mare tuna pastry
positive reactions

Extraction 1 Extraction 2 Extraction 1 Extraction 2

1.95 2/5 2/5 4/5 3/5

7.81 2/5 2/5 5/5 5/5

31.25 2/5 2/5 5/5 5/5

125 3/5 2/5 5/5 5/5

500 5/5 5/5 5/5 5/5

1.000 5/5 5/5 5/5 5/5

5.000 5/5 5/5 5/5 5/5

10.000 5/5 5/5 5/5 5/5

50.000 4/5 5/5 5/5 5/5

Fig. 2 DNA extracted from celery-free food samples was spiked with
different amounts of celery DNA. The false-negative rate rate was 0% for
24 or more target copies for all tested matrices and increased to 50 %
when analyzing concentrations lower than 16 copies. Number of repli-
cates n=20
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samples without extensive clean-up procedures before intro-
ducing isolated DNA into the amplification reaction [29, 30].

Analysis of commercial food samples

Ten food samples obtained from local supermarkets were
selected with regard to a broad spectrum of matrices rich in
carbohydrates, proteins, fats and other components known to
inhibit amplification reactions [26, 27]. Three different
batches of each product were used for the extraction of
DNA. For each extraction, both, PCR and LAMP reactions
were performed in five replicates (Table 3). The analyte could
be detected in four samples that were declared to contain
celery. Interestingly, celery DNA was found in the herbal
mix which was not declared to contain celery, while turkey
spread, positively declared, could not be confirmed to contain
celery neither with PCR nor with LAMP. This might be due to
DNA fragmentation caused by extensive food processing like

heat treatment or harsh chemical conditions during the pro-
duction. The remaining four samples crisp bread, baby food,
tuna pastry and potato chips did not indicate the presence of
celery in compliance with their declaration. Figure 3 shows
that the numbers of positive and negative signals for the
analysis of these samples correlate closely between PCR and
LAMP. For mushroom soup and bouillon cube, the LAMP
reactions showed more positive replicates than PCR. LAMP
resulted in a positive amplification signal for the herbal mix,
whereas with PCR no signal could be detected.

Evaluation of different amplification and detection platforms

Several tests were performed to show the independence of this
method from experimental conditions. Table 4 shows that at
least 95 % of replicates containing approximately 40 target
copies (0.13 ng/μL) of celery DNA can be detected when

Table 3 Ten food samples from the supermarket were analyzed for celery DNAwith PCR and LAMP

Sample ID Product Declaration extraction 1 extraction 2 extraction 3

PCR LAMP PCR LAMP PCR LAMP

1 Steak seasoning (+) +++++ +++++ +++++ +++++ +++++ +++++

2 Mushroom soup (+) ++ − − − + − − − − +++ − − +++ − − ++ − − − ++++ −
3 Crisp bread − − − − − − − − − − − − − − − − − − − − − − − − − − − − − − −
4 Herbs salt + +++++ +++++ +++++ +++++ +++++ +++++

5 Bouillon cube + + − − − − +++ − − − − − − − − − − − − ++ − − − ++++ −
6 Turkey spread + − − − − − − − − − − − − − − − − − − − − − − − − − − − − − −
7 Herbal mix – − − − − − + − − − − − − − − − − − − − − − − − − − + − − − −
8 Baby food – − − − − − − − − − − − − − − − − − − − − − − − − − − − − − −
9 Tuna pastry – − − − − − − − − − − − − − − − − − − − − − − − − − − − − − −
10 Potato chips – − − − − − − − − − − − − − − − − − − − − − − − − − − − − − −

Labeling on the food packages: + contains celery, (+) may contain traces of celery, − contains no celery or not declared

Fig. 3 Both methods, PCR (blue) and LAMP (orange), give similar
numbers of positive replicates. In some cases LAMP shows to be even
more sensitive than the corresponding PCR assay

Table 4 Comparison of positive amplification signals obtained with one
thermal cycler (Applied Biosystems 7500 Fast Real-time PCR) and two
different heating blocks (Eppendorf Thermomixer plus and Peqlab Dig-
ital Block Heater HX-1), resulting in at least 19 of 20 positive replicates.
Three different methods for the detection of the amplified DNA were
chosen—Syto® 9 in a real-time PCR cycler, agarose gel electrophoresis
and staining with SYBR Green I, 40 target copies were applied per
reaction and the number of replicates was 20

Detection method
amplification instrument

Real-time
fluorescence
detection

Agarose gel
electrophoresis

SYBR
Green I
staining

Applied Biosystems 7500
Fast Real-Time PCR
System

20/20 20/20 20/20

Heating block Eppendorf Not possible 19/20 19/20

Heating block Peqlab Not possible 19/20 19/20
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changing the instrument for amplification (thermal cycler with
real-time detection and a simple heating block) and subse-
quent detection techniques (agarose gel electrophoresis and
nucleic acid staining). Figure 4 shows four celery-positive
samples resulting in a typical LAMP gel electrophoresis pat-
tern with various-sized amplification products. Staining with
SYBRGreen I results in a clearly distinguishable color change
from orange to green in accordance with the results from the
agarose gel electrophoresis.

Conclusion

The loop-mediated isothermal amplification assay was shown
to be a highly specific and sensitive method for the detection
of celery in food products. Although it is not suitable for the
quantification of low amounts of celery DNA, it represents an
accurate and robust technique that can be performed in less
than 1 h without special equipment and therefore is a valuable
tool for rapid and high-throughput analyses of food samples.
Furthermore, the naked eye detection using SYBR Green I
eliminates the need for a gel documentation system and allows
the on-site visualization of the amplified DNA. This work
contributes to a future approach on food analysis by describ-
ing a novel assay which meets the current demands for

analytical methods to be rapid, easy-to-perform and to have
the potential for on-site applications.
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