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Abstract A novel analytical method for the detection of

peanuts was developed. The method is based upon single-

tube nested real-time polymerase chain reaction, which

uses two pairs of primers in one reaction tube, with

different annealing temperatures to control the first and

second rounds of PCR, and with real-time fluorogenic

probe-based monitoring of the second round of PCR. The

gene Ara h 3 was used as a marker specific for peanut. The

developed method had an improved sensitivity compared

with the initial real-time PCR, the detection limit being

0.375 pg DNA isolated from leaves. An improvement by

an order of magnitude was determined also with DNA

isolated from raw and roasted peanuts. The method rep-

resents a contribution to the efforts for the effective

detection and quantification of peanut allergen traces in

food products.

Keywords Peanut � Allergen � Polymerase chain reaction

(PCR)

Introduction

Peanut (Arachis hypogaea) is a leguminous plant, the

roasted seeds of which are widely used as ingredients of

bakery and confectionery products. However, peanuts

possess a strong allergenic potential. Peanut allergy

belongs to the most severe food allergies and is often

life-threatening, even after the ingestion of minor doses at a

level of 100 lg peanut protein [1, 2].

Analytical methods currently available for the detection

of peanuts in food products include protein-oriented

methods based on enzyme-linked immunosorbent assays

(ELISA) and DNA-oriented methods based on real-time

polymerase chain reaction (PCR). In principle, ELISA-

based methods for the detection of peanuts are highly

sensitive, but may suffer from insufficient specificity

and/or reproducibility [3–5]. Highly specific detection of

peanuts can be achieved by real-time PCR-based methods,

which may target a gene encoding for either the allergenic

protein or a species-specific region of the genome. The

marker gene most often used in real-time PCR systems for

the specific detection of peanuts is Ara h 2 [6–8]. However,

these PCR-based methods do not reach the sensitivity

facilitating the detection of minute peanut levels in food

products that are responsible for allergic reactions of

the sensitive consumers [9, 10]. For this reason, real-time

PCR-based detection of peanuts has been revisited, and

three new, potentially more sensitive real-time PCR sys-

tems have been developed. The improvement in sensitivity

has been achieved by targeting a multicopy Ara h 3 gene

[11]. Unfortunately, the sensitivity of the recently pub-

lished methods was increased only slightly and remained

insufficient.

In an attempt to improve the sensitivity of the detection

of peanut DNA, we utilised a new approach recently

developed in our laboratory for the sensitive detection of

Cryptosporidium parvum oocysts in food, namely single-

tube nested real-time PCR. This method is based on the

application of two pairs of primers (outer and inner) in

one reaction tube, with different annealing temperatures

to control the first and second rounds of PCR, and with
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real-time fluorogenic probe-based detection of the second

round of PCR. The method has been shown to improve the

sensitivity of detection of the microorganism by at least one

order of magnitude. A practical advantage of the method is

its contained format, which helps to prevent laboratory

contamination by amplified DNA fragments, which may be

responsible for false-positive results [12, 13].

Materials and methods

Plant materials

Leaves of Arachis hypogaea grown in a greenhouse were

obtained from Dr. Peter Siekel. The kit of peanut reference

materials IRMM 481 was obtained from the Institute for

Reference Materials and Measurements, Geel, Belgium.

This kit contained materials IRMM 481a (blanched, air-

roasted at 140 �C for 20 min), IRMM 481b (raw, air-roasted

at 160 �C for 13 min), IRMM 481c (blanched, oil-roasted at

145 �C for 25 min), IRMM 481d (blanched, oil-roasted at

140 �C for 9 min) and IRMM 481e (blanched only). Further

peanut and plant samples were obtained from supermarkets

in Bratislava, Slovakia, and Vienna, Austria.

DNA isolation

DNA was isolated from the leaves by chaotropic solid-

phase extraction (SPE) using DNeasy Plant Mini kit

(Qiagen, Hilden, Germany). For DNA isolation from

beans, these were homogenised in a mixer AY47R1

(Moulinex, Barcelona, Spain). From the homogenised

material, DNA was extracted by liquid–liquid extraction

with solubilisation using CTAB [14, 15]. DNA concen-

tration was determined fluorimetrically with the intercala-

tion dye PicoGreen (Quant-It DNA assay kit; Invitrogen,

Carlsbad, Calif., USA). Solutions of bacteriophage lambda

DNA (Fermentas, St. Leon-Rot, Germany) were used to

construct the calibration line. Fluorescence was measured

in a Safire 2 fluorimeter (Tecan, Grödig bei Salzburg,

Austria) at an excitation wavelength of 492 nm and emis-

sion wavelength of 520 nm.

Real-time polymerase chain reaction

Real-time PCR was performed in a volume of 25 ll. Each

reaction contained 2.5 ll of template DNA solution, 1.5 U

thermally activated Taq DNA polymerase Cheetah (Bio-

tium, Hayward, Calif., USA), 19 PCR buffer (Biotium),

2.5 mmol/L MgCl2, 400 lmol/L dNTP mix (Invitrogen,

Carlsbad, Calif., USA), 500 nmol/L of each primer for

normal PCR or 200 nmol/L for the nested version and

200 nmol/L of the probe (oligonucleotides synthesised by

MWG Operon, Ebersberg, Germany). Sequences of prim-

ers and the probe are presented in Table 1. PCR was per-

formed in a Model 7900 real-time PCR cycler (Applied

Biosystems, Foster City, Calif., USA) using temperature

programmes presented in Tables 2 and 3. The threshold

cycle cT values were calculated by the internal software of

the cycler using the automatic threshold setting at a value

above the fluorescence of negative controls. Analyses were

carried out in six replicates. For LOD determination,

samples were taken as positive if cT B 38 at real-time PCR

or cT B 29 at single-tube nested real-time PCR for all 6

replicates, if not otherwise stated. LOQ was determined as

a value equal to or greater than LOD, laying on a linear

calibration line of r2 [ 0.9. At specificity determination,

analyses were done in triplicate and, for all samples with a

negative PCR output (cT [ 29), amplifiability was deter-

mined using universal eukaryotic real-time PCR [8].

Design of the primers

Primers were designed using the program Primer3

(Whitehead Institute for Biomedical Research, Cambridge,

Mass., USA; http://www.simgene.com/Primer3).

Results and discussion

In an attempt to improve the sensitivity of real-time PCR

for the detection of peanuts, we took the so far most sen-

sitive system of Scaravelli et al. (LOD = 2.5 pg DNA)

[11] and designed additional, outer primers for single-tube

nested real-time PCR on the sequence of Ara h 3 gene. The

Table 1 Primers and the probe

used in the study
Oligonucleotide Sequence (50 ? 30) Reference

Arah3(F) gaagcttaccatatagcccataca [8]

Arah3(R) cttgtcctgctcgttctct [8]

Arah3(P) FAM-tgctgtcctcgagggctaaattcacgctcttc-TAMRA [8]

Arah3N(F) aagcttaccatatagcccatacagcc This paper

Arah3N(R) gatgtttccaccttcgttttcttct This paper
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previously published specific primers amplifying a 105-bp

fragment were used as ‘inner’ primers, and the 50-nuclease

(TaqMan) probe was used as well [11].

In theory, the melting temperatures of the oligonucleo-

tides used in single-tube nested real-time PCR should be in

the following order: Tm (inner primers) \ Tm (probe) \ Tm

(outer primers). This rule had been followed in our previous

work on Cryptosporidium parvum, using Primer express

software for primer design. In this work, we used primer3

online software, which is more user-friendly, but uses a

different algorithm for calculating Tm. Recalculating values

by primer3 lead to different situation for our previously

published and empirically successful Cryptosporidium sys-

tem: Tm (inner primers) \ Tm (outer primers) \ Tm (probe).

We decided to design a system similar to Cryptosporidium

case as possible, rather than adhering to the initial theory of

what the oligonucleotides’ melting temperatures should be.

This decision was convenient, because we could keep the

original and empirically validated probe for Ara h 3

according to Scaravelli et al. [11], which has primer3-cal-

culated Tm of 76.59, and still we could avoid designing outer

primers with Tm [ 76.59. Thus, while designing novel Ara h

3 outer primers, we mimicked the Cryptosporidium system

both in outer primers’ Tm and length. As a result, outer

primers amplifying a 130-bp fragment were designed. Due

to a limited manoeuvrability within the sequence, the new

‘outer’ forward primer was to a considerable extent over-

lapping with the ‘inner’ forward primer (Fig. 1).

The temperature programme for the newly designed Ara

h 3 PCR system was, in principle, the same as optimised

for Cryptosporidium system [12]. This means that the

annealing temperature in Phase 2 was lower than that

originally used for the system of Scaravelli et al. [11].

Further, the number of cycles was optimised for Phase 1

when amplification with outer primers takes place. Using

decimal dilutions of DNA isolated from leaves, calibration

lines for Phase 1 accounting for 10, 15, 20 and 25 cycles

were constructed. The number of 15 cycles was found

optimal for Phase 1 in terms of the highest sensitivity at

best linearity (data not shown). This number of cycles in

Phase 1 is different from the previously published single-

tube nested real-time PCR system for Cryptosporidium

parvum, in which Phase 1 accounting for 25 cycles was

found optimal. This may mean that the number of cycles

that are optimal for Phase 1 are specific for individual PCR

systems and should be optimised in each specific case.

The optimised single-tube nested real-time PCR system

was compared with the initial real-time PCR system using

DNA isolated from leaves. The sensitivity of the new

system was found superior, with LOD of 0.375 pg DNA

and LOQ of 0.76 pg DNA, while the original real-time

PCR had LOD of 3.125 pg and LOQ of 6.25 pg in our

experimental conditions (Fig. 2). The parameters of the

calibration line of the new system were as follows:

slope = -4.264, Y-intercept = 9.570, r2 = 0.9345.

Superior sensitivity of the newly designed single-tube

nested real-time PCR, although at higher LOD or LOQ

values, was observed also with samples of DNA isolated

from various types of raw and roasted peanuts, which is

important for the practical application of the method

(Table 4). The results demonstrate that with all 5 sample

Table 2 Real-time PCR temperature programme

Initial

denaturation

45 cycles

Denaturation Annealing/

polymerisation

95 �C 95 �C 60 �C

2 min 15 s 1 min

Table 3 Single-tube nested real-time PCR temperature programme

Initial denaturation Phase 1, 10–25 cycles Phase 2, 30 cycles

Denaturation Annealing Polymerisation Denaturation Annealing/polymerisation

95 �C 94 �C 67 �C 72 �C 94 �C 53 �C

2 min 30 s 30 s 1 min 15 s 1 min

Fig. 1 Sequence of the Ara h 3 gene (GenBank accession no. FJ041908.1) with the primers and the probe (bold). ‘Inner’ primers and probe

according to [8] are underlined, and the newly designed ‘outer’ primers are shaded
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types, LOD was 109 lower with the new system than with

the initial TaqMan real-time PCR. With 4 out of 5 sample

types, the calibration lines were linear in the entire extent,

which caused LOQ to be equal to LOD. With one sample

type, the lowest qualitatively detected DNA concentration

was outside the linearity range.

The absolute LOD and LOQ values determined for both

methods with DNA isolated from raw or roasted peanuts

were higher than with leaves, which may probably reflect

the difficulties in determining the concentration of the

amplifiable DNA. Compared with leaves, raw or roasted

peanut beans may contain different amounts of PCR

inhibitors, may contain degraded DNA that is unable to

serve as a template for PCR or may contain compounds

interfering with DNA determination [16]. The detection

and quantification limits in mg per kg, which are important

for practical food analysis, cannot be directly derived from

these values, as long as they depend on the food sample

matrix, form of peanuts present in the sample, effectiveness

of amplifiable DNA extraction from the sample, etc. These

values will have to be determined with specific food

products in frames of a thorough validation procedure.

In order to check whether the change in the temperature

programme, namely in the annealing temperature, did not

affect the specificity of the assay, an experiment was

conducted either with a panel of plants biologically related

to peanut (legumes) or with those that are often contained

together with peanuts in food products. No cross-reactivity

of the new system with non-peanut samples was deter-

mined (Table 5).

The newly developed single-tube nested real-time PCR

was found to be a highly sensitive version of peanut-spe-

cific real-time PCR targeting the Ara h 3 gene. The method

represents a contribution to the efforts for the effective

detection and quantification of allergen traces of processed

and unprocessed peanuts in food products. It may be useful

for the control of the contamination of food products by

traces of the peanut allergen.

Fig. 2 Calibration lines for real-time PCR (squares) and single-tube

nested real-time PCR (triangles). Average values of six replicate

analyses ± SD are presented; in some cases, the standard deviation

was too small to be depicted

Table 4 Comparison of sensitivities of real-time PCR and single-

tube nested real-time PCR at the analysis of DNA isolated from

various peanut reference materials

Sample LOD [pg]

PCR Nested PCR

IRMM 481a 312.5 31.25a

IRMM 481b 312.5 31.25a

IRMM 481c 312.5 31.25a

IRMM 481d 312.5 31.25a

IRMM 481e 312.5 31.25b

LOD was the lowest amount of DNA positively detected in at least 5

out of 6 replicates
a LOQ = LOD, b LOQ = 62.5

Table 5 Specificity of the single-tube nested real-time PCR

Species/sample PCR result

Peanut IRMM 481a ?

Peanut IRMM 481b ?

Peanut IRMM 481c ?

Peanut IRMM 481d ?

Peanut IRMM 481e ?

Peanut 1 unroasted ?

Peanut 2 roasted ?

Peanut 3 roasted, salted ?

Bean (Phaseolus vulgaris) -

Soya (Glycine max) -

Pea (Pisum sativum) -

Lentil (Lens culinaris) -

Broad bean (Vicia faba) -

Hazelnut (Corylus avellana) -

Walnut (Juglans regia) -

Brazil nut (Bertholletia excelsa) -

Macadamia nut (Macadamia integrifolia) -

Pistachio (Pistacia vera) -

Cashew nut (Anacardium occidentale) -

Wheat (Triticum aestivum) -

Rye (Secale cereale) -

Barley (Hordeum vulgare) -

Maize (Zea mays) -

Rice (Oryza sativa) -

Cocoa (Theobroma cacao) -
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