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benefiting compounds such as beta-carotenes, vitamin A, 
minerals and anti-oxidants in ample amounts. However, 
some people cannot consume carrots because of food aller-
gies [1–4]. Although carrot is not listed as the “big eight” 
food allergies, which account for 90 % of all food-allergy 
reactions, it is also an important elicitor of food allergy 
[5]. Symptoms of a carrot allergy will vary with each per-
son and can depend on how much carrot was consumed, 
whether the carrot was raw or cooked, and what other foods 
were eaten with the allergen [1, 2, 6]. Hypersensitivity to 
carrot is frequently associated with allergy to Apiaceae 
spices and sensitization to birch and mugwort pollens [7]. 
The most common signs and symptoms of carrot allergy 
include itching, swelling, and gastrointestinal discomfort. 
In most cases, these symptoms are bothersome but not life 
threatening and will dissipate within a few hours. Some-
times, a person’s reaction can be severe enough to consti-
tute anaphylaxis and require emergency medical interven-
tion [1, 8]. Complete and strict avoidance of the offending 
food is the only way to prevent these allergic reactions. To 
protect carrot-allergic consumers, carrot is required to be 
declared on food labels in some regulations [9, 10]. Even 
with the regulations, mistakes in food labeling and cross-
contamination occur from time to time, though not always 
intentionally [11]. So, the development of a rapid, sensitive 
and specific method for the detection of carrot materials is 
in demand.

The routine methods for the detection of food aller-
gens involve ELISA and PCR, the former is protein-based 
method, and the latter is a method operating on the DNA 
level. Due to changes of protein structure in food process-
ing, and sometimes the case that special food matrix will 
inevitably affect the performance of the protein-based 
assays, the molecular detection assays are more desir-
able for processed products. Loop-mediated isothermal 

Abstract Carrot is an important elicitor of food allergy. 
In this study, we developed a novel molecular detection 
assay based on loop-mediated isothermal amplification 
technology for the detection of carrot in food materials. 
The assay had sensitivity up to 4 pg of the purified carrot 
DNA and had no cross-reactions with other species, such 
as fennel, parsley, anise, caraway, cumin, walnut, pecan, 
peanut, cashew, almond, pistachio, sunflower seed, sesame 
seed, chestnut, soy, barley, wheat, oat, rye, rice, cabbage, 
green pepper, onion, celery, cucumber, beef, mutton, pork, 
chicken and shrimp. The validation study demonstrated 
high reproducibility and specificity. This assay was proved 
to be a potential tool for the detection and label manage-
ment of carrot allergens in foods.

Keywords Carrot · Allergen · Detection · Loop-mediated 
isothermal amplification

Introduction

Naturally sweet, delicious and crunchy carrots (Daucus 
carota, belong to Umbelliferae family) are healthy addi-
tions that people can make to the vegetable list in the diet. 
Indeed, these root vegetables come with wholesome health 
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amplification (LAMP), a novel molecular amplification 
method, has been developed by Notomi [12]. Compared 
to PCR and real-time PCR, it amplifies the target sequence 
at a constant temperature without a significant influence of 
the co-presence of non-target DNA. Moreover, the set of 
specially designed primers can identify six distinct regions 
on the target genes, which adds highly to the specificity. 
The amount of DNA produced in LAMP is equivalent to 
the real-time PCR and higher than that of the PCR-based 
amplification. The cycling reaction continues with accu-
mulation of 109 copies of target in less than an hour [10]. 
Since LAMP assay was developed, it has been widely used 
for diagnosis of disease, detection of pathogens and other 
fields [13–17]. In this study, we reported a LAMP-based 
assay by designing the specific primers to detect carrot 
materials in foods.

Materials and methods

Samples

Fifty-one carrot cultivars samples were used in our study, 
which were from different countries: 11 roots specimens 
were obtained from carrot planting base (Shouguang, 
China), and 40 seeds specimens were samples from the 
trading companies for exit-entry inspection and quarantine 
(14 imported from Japan, 11 from Korea, 6 from Amer-
ica, 5 from France, 4 from Australia). Other Umbelliferae 
plants such as fennel, parsley, anise, caraway, cumin and 
common allergenic food such as walnuts, pecans, peanuts, 
cashews, almonds, pistachios, sunflower seeds, sesame 
seeds, chestnuts, soy, barley, wheat, oats, rye, rice, beef, 
mutton, pork, chicken, shrimp, as well as common veg-
etables, such as cabbage, green peppers, onions, celery, 
cucumber were used for the analysis of assay specificity 
and were purchased in local supermarket in Qingdao. The 
processed foods were also purchased in local supermarket, 
too (Table 1).

DNA extraction

For DNA preparation, Plant DNA Mini-Prep Kit (Jiemen 
Biotech Co., Shanghai, China) was used according to the 
manufacturer’s instruction. Briefly, 100 mg ground sample 
was lysed with lysis buffer till no tissue was visible. Then, 
phenol/chloroform extraction was carried out. After cen-
trifugation, the upper aqueous phase was transferred into a 
new tube, and then, the buffer that was provided with the kit 
was added to precipitate DNA. The resulting DNA pellet 
was dissolved and applied to the silica column. Following 
the column was washed twice with the washing buffer, the 
DNA bound to the column was eluted with elution buffer. 

The purity and concentration of DNA was determined by 
measuring the absorption at 260 and 280 nm. After UV 
quantification, the concentration of each DNA sample was 
adjusted to 10 ng/µL.

Primers design

Primer design was performed using the online tool Primer 
Explorer version 4.0 (http://primerexplorer.jp/elamp4.0.0/
index.html) on ITS1-5.8SRNA-ITS2 carrot gene (NCBI 
accession number: AY552527.1). According to the guide 
to LAMP primer designing, four set of six primers were 
chosen and synthesized by Sangon Biotech (Shanghai) Co., 
Ltd. These primers were purified by polyacrylamide gel 
electrophoresis. After experimental verification, one set of 
primers was used to develop LAMP assay. The sequences 
of primers are listed in Table 2.

Loop‑mediated isothermal amplification (LAMP)

Optimized amplification system had a total volume of 25 μL: 
1× ThermoPol reaction buffer (containing 20 mM Tris–HCl, 
10 mM KCl, 10 mM (NH4)2SO4, 2 mM MgSO4, 0.1 % Triton 
X-100), 0.12 µmol/L forward outer primers (F3) and back-
ward outer primer (B3), 0.96 µmol/L forward inner primer 
(FIP) and backward inner primer (BIP), 0.48 µmol/L for-
ward loop primer (FLP) and backward loop primer (BLP), 
1.3 mmol/L dNTP, 0.8 mol/L betaine, 6 mmol/L MgSO4, 
0.32 U/L Bst DNA polymerase (New England Biolabs, 
USA), 4 μL of template DNA. Amplification was carried 
out in a general PCR machine (Authorized Thermal Cycler, 
Eppendorf, Germany), and the program was as follows: reac-
tion at 63 °C for 40 min; termination at 80 °C for 5 min. Each 
sample was amplified in triplicate. After amplification, the 
5 μL of LAMP amplified products was electrophoresed in 
2 % agarose gel and stained with GelRed (Biotium, USA). 
Furthermore, the results of the reaction were detected with 
the naked eye under day light by addition of 1.0 μL of 
1/10-diluted original SYBR Green I (Molecular Probes Inc.) 
to the mixture and observation of the solution color.

Inter‑laboratory validation

The inter-laboratory validation study was conducted by five 
Chinese laboratories accredited by China National Accredi-
tation Service for Conformity Assessment (referred to as 
CNAS). The validation study was designed to identify both 
the sensitivity and specificity of the testing system. Sam-
ples used in sensitivity test were prepared as follows: DNA 
was extracted from carrot and soybean, respectively. The 
concentration of each DNA sample was adjusted to 10 ng/
µL. Then, the DNA solution of carrot was serially diluted 
with soybean DNA solution. Sensitivity was determined 

http://primerexplorer.jp/elamp4.0.0/index.html
http://primerexplorer.jp/elamp4.0.0/index.html
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by evaluating five samples that contained 10, 1, 0.1, 0.01, 
0.005 % carrot. Specific verification material included 
five species belong to Umbelliferae. DNA samples were 

delivered to each laboratory in ice box and preserved at 
−20 °C. Each sample was required to be tested three times 
with LAMP method.

Table 1  Types and origins of the samples

Type Number Sample Origin

Carrot root 11 Jingxuanhongxing Carrot planting base; Shouguang, China

Shinongchun90 Carrot planting base; Shouguang, China

Hongchunxiu Carrot planting base; Shouguang, China

Hongying2 Carrot planting base; Shouguang, China

Hongxing Carrot planting base; Shouguang, China

Chunwangsheng Carrot planting base; Shouguang, China

Mingfu Carrot planting base; Shouguang, China

208 Carrot planting base; Shouguang, China

808 Carrot planting base; Shouguang, China

7585 Carrot planting base; Shouguang, China

415 Carrot planting base; Shouguang, China

Carrot seed 40 Batch1–7, Japan Shandong King Seed Agricultural Development Co., Ltd.

Batch8–11, Japan Shandong Nuoer Seed and Seedling Co., Ltd.

Batch12–14, Japan Shandong Tiantai Seed Industry Co., Ltd.

Batch15–21, Korea Shandong King Seed Agricultural Development Co., Ltd.

Batch22–25, Korea Shandong Seed Co., Ltd.

Batch26–31, America Shennisi Seed (Beijing) Co., Ltd.

Batch32–36, France Shennisi Seed (Beijing) Co., Ltd.

Batch37–40, Australia Shennisi Seed (Beijing) Co., Ltd.

Umbelliferae plant 5 Fennel Local supermarket; Qingdao, China

Parsley Local supermarket; Qingdao, China

Anise Local supermarket; Qingdao, China

Caraway Local supermarket; Qingdao, China

Cumin Local supermarket; Qingdao, China

Common allergenic food 20 Walnut Local supermarket; Qingdao, China

Pecan Local supermarket; Qingdao, China

Peanut Local supermarket; Qingdao, China

Cashew Local supermarket; Qingdao, China

Almond Local supermarket; Qingdao, China

Pistachio Local supermarket; Qingdao, China

Sunflower seed Local supermarket; Qingdao, China

Sesame seed Local supermarket; Qingdao, China

Chestnut Local supermarket; Qingdao, China

Soy Local supermarket; Qingdao, China

Barley Local supermarket; Qingdao, China

Wheat Local supermarket; Qingdao, China

Oats Local supermarket; Qingdao, China

Rye Local supermarket; Qingdao, China

Rice Local supermarket; Qingdao, China

Beef Local supermarket; Qingdao, China

Mutton Local supermarket; Qingdao, China

Pork Local supermarket; Qingdao, China

Chicken Local supermarket; Qingdao, China

Shrimp Local supermarket; Qingdao, China
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Real‑time PCR

DNA was amplified using Mastercycler (Eppendorf Real-
plex4, Germany). Amplification was carried out in a 
96-well plate in a final volume of 25 μL: 1× Master Mix 
(containing HotStarTaq DNA polymerase, MgCL2, dNTP; 
Tiangen Biotech Co. Ltd., Beijing, China), 400 nmol/L 
each primer, 400 nmol/L probe, 40 ng template DNA. The 
forward primer was 5′-CGACAAGCAAGCTTTACTC-
CAA-3′, and the reverse primer was 5′-CGTCTGACAC-
CCATGAGTCTGT-3′. The probe was 5′-FAM-TCAAAA-
CAGCCTTGAAAAACCCCACCA-TAMRA-3′. PCR 
program was as follows: pre-denaturation at 95 °C for 
2 min; 45 cycles of amplification (95 °C for 15 s, 60 °C for 
40 s) [18]. Each sample was amplified in twice.

Results

Applicability of the assay

To determine the efficiency of the primers, a total number of 51 
carrot samples were collected. All carrots samples were evident 

upon agarose gel electrophoresis as a ladder-like pattern on the 
gel, which is characteristic of the LAMP reaction and indicates 
the production of stem-loop DNA with inverted repeats of the 
target sequence, and the solution turned green in the presence 
of SYBR Green I, while the negative control remained orange 
with no amplification. Part of the results is shown in Fig. 1. 
Five carrot DNA samples were randomly chosen as LAMP 
template, and amplified in triplicate in one experiment and car-
ried out three times. No difference in the results of intra-exper-
imental and inter-experimental was observed. This implied the 
method had good repeatability and reproducibility.

Ten commodities were purchased from local supermarket 
and detected with carrot specific primers to further validate 
the applicability of the assay. 8/10 were found to harbor car-
rot materials, including one labeled with “may contain traces 
of carrot” (Fig. 2). These commodities were detected with real-
time PCR method too. Two samples labeled with “may contain 
traces of carrot” did not yield positive amplification (Table 3).

Sensitivity of the assay

To study the detection limit of the LAMP assay, serial 
tenfold dilutions of the carrot genomic DNA were 

Table 1  continued

Type Number Sample Origin

Common vegetable 5 Cabbage Local supermarket; Qingdao, China

Green pepper Local supermarket; Qingdao, China

Onions Local supermarket; Qingdao, China

Celery Local supermarket; Qingdao, China

Cucumber Local supermarket; Qingdao, China

Processed food 10 Baby food in jar Heinz®; Qingdao, China

Infant cereal Nestle®; Shuangcheng, China

Cereal Heinz®; Guangzhou, China

Noodles 1 Heinz®; Shenzhen, China

Noodles 2 Biomate®; Juxian, China

Vegetable juice 1 Weiquan®; Hangzhou, China

Vegetable juice 2 Huiyuan®; Beijing, China

Fruit-flavored drink Together®; Beijing, China

Dumpling Wanchai Ferry®; Shanghai, China

Steamed stuffed bun Gou Buli®; Tianjin, China

Table 2  Sequences of primers 
for carrot LAMP reaction

Primer Sequence (5′–3′)

Forward outer primers (F3) GAAATTGGCCTCCCGTGC

Backward outer primer (B3) GCTTAAACTCAGCGGGTAGT

Forward inner primer (FIP, F1c–F2) AACCACCGATGTCGCGATGCCTTTTGTGTGCGGTTGGC

Backward inner primer (BIP, B1c–B2) GTCGTTGTGTATACCCGCCGCGGGTCACAATCGAAGTGCA

Forward loop primer (FLP) CGTCACCAGAGACTCATTTTTGA

Backward loop primer (BLP) GGCCCTTGGGCACAGCAAA
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Fig. 1  The LAMP amplifica-
tion result of partial carrots 
samples. a Electrophoresis of 
LAMP products in 2 % agarose 
gel stained with GelRed™ 
DNA staining solution. Lanes 
M marker (DL2000, Takara); 
N negative control; 1–6 from 
left to right, carrot samples 
from Japan, Korea, America, 
France, Australia and China, 
respectively. b Visual appear-
ance of LAMP products after 
addition of 1 µL of 1/10 dilution 
of SYBR Green I to each reac-
tion mixture under day light. N 
negative control; 1–6 from left 
to right, carrot samples from 
Japan, Korea, America, France, 
Australia and China, respec-
tively

Fig. 2  The LAMP amplifica-
tion results of commodities. a 
Electrophoresis result. Lanes 
M marker (DL2000, Takara); 
N negative control; 1–10 from 
left to right, baby food in jar, 
infant cereal, cereal, noodles 
1, noodles 2, vegetable juice 1, 
vegetable juice 2, fruit-flavored 
drink, dumpling and steamed 
stuffed bun. b Visual detection. 
N negative control; 1–10 from 
left to right, baby food in jar, 
infant cereal, cereal, noodles 
1, noodles 2, vegetable juice 1, 
vegetable juice 2, fruit-flavored 
drink, dumpling and steamed 
stuffed bun
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tested. The initial amount of the purified DNA was 
40 ng/25 μL. The results of the assay were analyzed 
through visual detection and accurately confirmed by 

gel electrophoresis. As can be seen from the results, the 
data were consistent between the two reading methods 
and as low as 4 pg of carrot genomic DNA, an equiva-
lent of dilution 10−4, yielded reproducible positive 
results (Fig. 3), which implied the LAMP assay is highly 
sensitive.

Specificity of the assay

Specificity is always of primary concern. To determine 
the specificity of the assay, DNA were extracted from 
fennel, parsley, anise, caraway, cumin, cabbage, green 
peppers, onions, celery, cucumber, walnuts, pecans, pea-
nuts, cashews, almonds, pistachios, sunflower seeds, ses-
ame seeds, chestnuts, soy, barley, wheat, oats, rye, rice, 
beef, mutton, pork, chicken and shrimp and then ampli-
fied with carrot specific primers. No typical amplification 
bands and changes of color were observed, which dem-
onstrated that primers had no cross-reactions with the 
species above.

Table 3  The results of field samples detected by LAMP and real-
time PCR

M May contain traces of carrot

Sample Carrot declara-
tion

LAMP result Real-time 
PCR result

Baby food in jar − − −
Infant cereal + + +
Cereal + + +
Noodles 1 + + +
Noodles 2 + + +
Vegetable juice 1 + + +
Vegetable juice 2 + + +
Fruit-flavored drink + + +
Dumpling M − −
Steamed stuffed bun M + −

Fig. 3  The LAMP amplifica-
tion results of serial dilutions of 
carrot DNA. a Electrophoresis 
result. Lane M marker (DL2000, 
Takara); N negative control; 
1–6 various dilutions of carrot 
DNA: neat (10 ng), 10−1 (1 ng), 
10−2 (100 pg), 10−3 (10 pg), 
10−4 (1 pg), 10−5 (100 fg). b 
Visual detection. N negative 
control; 1–6 various dilutions 
of carrot DNA: neat (10 ng), 
10−1 (1 ng), 10−2 (100 pg), 
10−3 (10 pg), 10−4 (1 pg), 
10−5 (100 fg)
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Inter‑laboratory reproducibility (reliability)

All the assay results showed high reproducibility of the 
parameters at the participating laboratories. Although 
there were differences in the carrot detection system 
used, i.e., instrument, the outputs obtained from each 
laboratory were consistent. 0.01 % DNA sample could 
be detected by all the participants. No cross-reactions 
with other closely related species were reported. Based 
on the AOAC worksheet (www.aoac.org/imis15_
prod/AOAC_Docs/NEWS/09trad04_AOAC_binary-
v2-3.xls), repeatability relative standard deviation 
(RSD(r)) and reproducibility relative standard devia-
tion (RSD(R)) for the replicates in the inter-laboratory 
study were calculated. The full report is available in 
Table 4. These results clearly demonstrated the high 
reproducibility.

Discussion

Studies have showed that the allergic reactions to food 
are highly individual, in other words, enormous vari-
ation in the sensitivity and severity levels exists among 
allergen sensitive individuals. For some hypersensitive 
patients, even trace amount of an allergen can probably 
elicit life-threatening allergic reaction [1]. It is difficult to 
determine safe doses of allergens (i.e., thresholds), which 
has been a challenge to researchers. In view of the above-
mentioned facts, the detection method for allergens 
should be as sensitive as possible. Internal transcribed 
spacer (ITS) refers to a piece of non-functional RNA 
situated between structural ribosomal RNAs (rRNA) on 
a common precursor transcript. Read from 5′ to 3′, this 
polycistronic rRNA precursor transcript contains the 5′ 
external transcribed sequence (5′ ETS), 18S rRNA, ITS1, 
5.8S rRNA, ITS2, 28S rRNA and finally the 3′ ETS. 
Nowadays, sequence comparison of the ITS region is 
widely used in taxonomy and molecular phylogeny. One 
reason is that the ITS region is easy to amplify even from 

small quantities of DNA due to the high copy number of 
rRNA genes. Another is that it has a high degree of vari-
ation even between closely related species. In our study, 
even trace carrot (4 pg) can be detected with the devel-
oped LAMP method and no cross-reactions with other 
species occur. The sensitivity of LAMP method is much 
higher than that of the real-time PCR method we devel-
oped before [18]. The real-time PCR method targeted at 
antifreeze protein gene of carrot, and the limit of detec-
tion was only 100 pg carrot DNA. The LAMP assay actu-
ally showed higher sensitivity in detecting commodities 
compared to real-time PCR, where the PCR could not 
detect carrot in one of the samples. This suggests that it 
is feasible to use ITS1-5.8S-ITS2 gene segment as detec-
tion marker of carrot materials.

The LAMP method continues to attract the atten-
tion of researchers in many fields owing to its simplicity 
and rapidity of use. Research and development efforts on 
LAMP technology in recent years have focus on further 
simplifying the LAMP test process [19]. Hope is coming 
from integrating LAMP method into simple genetic tests 
in order to be used as point-of-care (POC) diagnostics 
[20]. Lateral flow devices has been explored as a means of 
detecting positive LAMP reactions [21, 22], which can be 
portable, and does not require instrumentation or electrical 
power. The developed LAMP method for carrot, with high 
sensitivity and specificity, is greatly helpful to the detection 
and label management of carrot allergen in foods. The fur-
ther research consideration is to couple it with lateral flow. 
It will be a more rapid and easy-to-use method for timely 
diagnosis of carrot materials especially at POC.
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Table 4  Inter-laboratory repeatability evaluated on 10 test samples with LAMP assay

Lab Instrument Carrot Other Umbelliferae plants

10 % 1 % 0.10 % 0.01 % 0.005 % Fennel Parsley Anise Caraway Cumin

Lab A Thermal cycler 3/3 3/3 3/3 3/3 1/3 0/3 0/3 0/3 0/3 0/3

Lab B Heating block 3/3 3/3 3/3 3/3 0/3 0/3 0/3 0/3 0/3 0/3

Lab C Thermal cycler 3/3 3/3 3/3 3/3 0/3 0/3 0/3 0/3 0/3 0/3

Lab D Thermal cycler 3/3 3/3 3/3 3/3 0/3 0/3 0/3 0/3 0/3 0/3

Lab E Water bath 3/3 3/3 3/3 3/3 0/3 0/3 0/3 0/3 0/3 0/3

RSD (r) 0 0 0 0 387.3 0 0 0 0 0

RSD (R) 0 0 0 0 387.3 0 0 0 0 0

http://www.aoac.org/imis15_prod/AOAC_Docs/NEWS/09trad04_AOAC_binary-v2-3.xls
http://www.aoac.org/imis15_prod/AOAC_Docs/NEWS/09trad04_AOAC_binary-v2-3.xls
http://www.aoac.org/imis15_prod/AOAC_Docs/NEWS/09trad04_AOAC_binary-v2-3.xls
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