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Development of a real-time quantitative PCR assay using a TagMan
minor groove binder probe for the detection of a-lactalbumin in food
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ABSTRACT

Here, we report the development of a real-time PCR
assay using a TaqMan minor groove binder (MGB,
Genecore, NCBI: AF249896.1, 806-820) probe and
primer sets designed to recognize the a-lactalbumin
gene from the cow (Bos taurus). We evaluated the ef-
ficacy of this assay for detecting and quantifying cow
a-lactalbumin in commercial foods. Our results demon-
strated that the developed method was highly sensitive
and showed high specificity for cow milk, with consis-
tent detection of 0.05 ng of bovine DNA. We tested
42 commercial food samples with or without cow milk
listed as an ingredient by using the developed assay.
Among the 42 samples, 26 products that listed milk
as an ingredient and 3 products might contain milk
showed positive signals, whereas the other 9 products
that did not contain milk and 4 products that might
contain milk tested negative. Therefore, this method
could be widely used for the detection of cow milk al-
lergens in food.

Key words: milk allergen, a-lactalbumin, TagqMan
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INTRODUCTION

Milk is one of the most common food allergens for
infants and young children, with an incidence of ap-
proximately 2 to 3% in the general population (Bock,
1987; Hgst and Halken, 1990; Schrander et al., 1993;
Saarinen et al., 2005; Pan et al., 2013). Milk allergies
can cause severe adverse reactions, including digestive
problems and respiratory disorders such as asthma.
Many of these reactions lack general treatment options
and can only be prevented by avoiding contact with
allergens (Businco et al., 1995; Boyce et al., 2011). To
help prevent contact, labeling of food products that

Received August 14, 2015.
Accepted November 11, 2015.
! Corresponding author: chengincc@staff.shu.edu.cn

contain milk allergens is mandatory (Eissa et al., 2012).
However, many allergic reactions still occur when the
presence of milk allergens is not indicated on food pack-
aging. Therefore, to protect the health of consumers, it
is imperative to establish a simple, feasible method for
the detection of milk allergens in food.

Enzyme-linked immunosorbent assay and PCR are
most commonly used methods for the detection of food
allergens (Stephan and Vieths, 2004; Rodriguez-Lazaro
and Hernandez, 2013; Rodriguez-Lazaro et al., 2013).
Recently, more novel methods were developed for food
allergens detections such as chromatography, mass spec-
trometry, and magnetoimmunosensing (Posada-Ayala
et al., 2015; Ruiz-Valdepenias Montiel et al., 2015). An
ELISA is an immunoassay method that is frequently
used to detect allergens in food (Koch et al., 2003;
Lépez-Calleja et al., 2013). To determine whether food
items contained milk allergens, Docena et al. (2002)
used both ELISA and immunoblotting to detect the
milk protein casein. To improve the speed of detection,
Song et al. (2014) developed an immunomagnetic bead
ELISA to detect 3-CN in cow milk. Compared with
a classical sandwich ELISA, this method significantly
shortened the time required for detection. However,
ELISA-based detection has been shown to be unreliable
because proteins can be easily denatured during food
processing, especially when exposed to high tempera-
ture or pressure (Johnson et al., 2010). For example,
Wijesinha-Bettoni et al. (2007) reported that mono-
meric, dimeric, and oligomeric forms of a-LA are pres-
ent after 120 min of heating. In addition, the presence
of other biomolecules (e.g., lipids and sugars) in milk-
containing products, such as biscuits and chocolate,
might interfere with the ELISA results (Khuda et al.,
2012; Qing-jin et al., 2012). Furthermore, the efficacy
of each immunoassay depends on the activity of the
specific antibody used, and antibody cross-reactivity
can often lead to false-positive results (Scaravelli et al.,
2009). As DNA molecules are more stable than proteins
and can withstand the harsher treatments used during
food processing, the current study aimed to develop a
real-time PCR-based assay involving a TagMan minor
groove binder (MGB, Genecore, NCBI: AF249896.1,
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806-820) for the detection of the Bos taurus (dairy cow)
a-LA gene and to use the developed assay to detect
milk in food products.

MATERIALS AND METHODS

Materials

Milk from the domestic dairy cow (Bos taurus) and
goat (Capra hircus), as well as soybean (Glycine max)
milk, peanuts (Arachis hypogaea), hazelnuts (Cory-
lus heterophylla), Atlantic salmon (Salmo salar), and
various commercial food products were purchased from
a local supermarket. The peanuts, hazelnuts, Atlantic
salmon, 6 kinds of candies, 17 kinds of biscuits, and
7 kinds of chocolates were ground in preparation for
DNA extraction and then stored at 4°C. Liquid sam-
ples, including cow milk, goat milk, soybean milk, and
12 kinds of other drinks, were directly used for DNA
extraction without any pretreatment.

DNA Extraction

The DNA from the milk samples (cow milk, goat milk,
and soybean milk) was extracted as described by Xian
et al. (2008). First, 100 mL of liquid was centrifuged
at 2,100 x g for 10 min at 4°C. After decanting the
supernatant, the fat that had adhered to the inner side
of the centrifuge tube was removed with alcohol-soaked
cotton, and then the sediment was resuspended in 880
pL of TEN (10 mM Tris, 1 mM EDTA, 100 mM NaCl)
and 120 pL of 200 mM NaOH and incubated at 95°C
for 8 min. After incubation, the samples were centri-
fuged at 2,100 x g for 10 min at 4°C. The supernatant
was transferred to a new 5-mL capped centrifuge tube,
mixed with an equal volume of phenol-chloroform-
isoamyl alcohol (25:24:1), vortexed, and centrifuged at
2,100 x ¢ for 15 min at 4°C. The upper aqueous phase
was transferred to a new 2-mL tube and mixed with
an equal volume of chloroform-isoamyl alcohol (24:1).
After centrifugation at 2,100 x ¢ for 10 min at 4°C, the
sediment was washed with 70% ethanol, air-dried, and
then dissolved in 50 pL of TE solution (2 mM Tris, 0.2
mM EDTA).

Genomic DNA from the candies, biscuits, chocolates,
and drinks was extracted using the cetyltrimethylam-
monium bromide method (Reguant and Bordons,
2003; Zhang et al., 2015). The DNA concentration was
measured by UV absorption spectrophotometry (Co-
libri, Pforzheim, Germany) at a wavelength of 260 nm.
All the chemicals were provided by SCRC (Shanghai,
China).
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Oligonucleotide Probe and Primers

Using Primer Express 3.0 (Applied Biosystems,
Thermo Fisher Scientific, Waltham, MA), a set of
primers and a probe were designed for use in real-time
PCR amplification based on the DNA sequence of the
bovine (Bos taurus) a-LA gene (NCBI AF249896.1).
The sequences of the oligonucleotides synthesized were
as follows: Forward primer: F1 (22 bp, 5'-CACCCAG
GCTGAACAGTTAACA-3"); reverse primer: Rl
(22 bp, 5-TCCGTAGCCCTTCAAGTCTTTC-3);
and MGB probe: P1 (15 bp, FAM-AGGTGTTCCG
GGAGC-MGB). The amplicon sequence for TagMan
MGB was as follows: 797-CACCCAGGCTGAACAGT
TAACAAAATGTGAGGTGTTCCGGGAGCTGAAA
GACTTGAAGGGCTACGGA-864.

TagMan MGB Real-Time PCR Conditions

The reaction mixtures contained 2 pL of DNA tem-
plate, 10 pL of real-time PCR Master Mix (Toyobo,
Osaka, Japan), 0.4 pM probe, 0.2 pM each primer
(forward and reverse), and molecular biology grade
water (Takara, Shiga, Japan) in a final volume of 20
pL. The thermal cycling program was an initial DNA
denaturation step at 95°C for 10 min, followed by 40
cycles of DNA denaturation at 95°C for 15 s, anneal-
ing at 59°C for 30 s, and elongation at 72°C for 30 s.
Amplicon production was measured during the anneal-
ing and elongation steps of each cycle. All reactions
were run in a CFX96 Touch system (Bio-Rad, Hercules,
CA). Three independent replicates were used for each
reaction, and the data are presented as the mean cycle
threshold (Ct) values and standard deviations. For
each 96-well plate, 3 reactions without templates and 3
positive samples were used as the negative and positive
controls, respectively.

Annealing Temperature and Probe Concentration

We tested the effect of different annealing tempera-
tures (55.0, 55.7, 57.0, 59.0, 61.4, 63.3, 64.5, and 65.0°C)
and different probe concentrations (0.1, 0.2, 0.3, 0.4,
and 0.5 pM). All other PCR conditions were the same
as described above.

Specificity
The specificity of the real-time PCR assay for cow

milk was determined by testing DNA extracts from
goat milk, soybean milk, peanuts, hazelnuts, and At-
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lantic salmon. The extracts were used as templates in
the real-time PCR assay described above. Each sample
was tested in triplicate, using 2 pL of each DNA extract
(15 ng/pL) as a template.

Sensitivity, Standard Curve Generation,
and Amplification Efficiency

To determine the detection Ct of the assay, bovine
genomic DNA samples were serially diluted 10-fold
(25, 2.5, 0.25, 0.025, 0.0025, and 0.00025 ng/pL) and
2 pL of each dilution was used as the template in the
real-time PCR assay. Standard curves were generated
using the Ct values obtained, and then the slope of the
standard curve, standard deviations, and amplification
efficiency were calculated.

Comparison of PCR Methods

To compare the specificity and sensitivity of our Tag-
Man MGB real-time PCR assay with another method,
we also performed SYBR Green (Toyobo) real-time
PCR using the same templates. A second set of primers
was designed using Primer Premier 5.0 (Premier Bio-
soft International, Palo Alto, CA) based on the DNA
sequence of bovine a-LA. The primer sequences were
as follows: Forward primer, F2 (20 bp, 5- GTGGTATT
GGTGGTTGGGGA-3'), and reverse primer, R2 (20
bp, 5- TGGTTCCTTGTTGAGTGGTCA-3"). The
amplicon sequence for TagMan MGB was as follows:
60-GTGGTATTGGTGGTTGGGGATGGGGAGGCT
GATAGCATCTCAGAGGGCAGCTAGATACTGTCA
TACACACTTTTCAAGTTCTCCATTTTTGTGAA
ATAGAAAGTCTCTGGATCTAAGTTATATGTGAT
TCTCAGTCTCTGTGGTCATATTCTATTTCTACT
CCTGACCACTCAACAAGGAACCA-243.

The SYBR Green real-time PCR mixtures contained
2 pL of DNA template, 10 pL of 2 x SYBR Green real-
time PCR Master Mix (Toyobo), 0.15 pM each primer
(forward and reverse), and double distilled water in a
final volume of 20 pL. Amplifications were carried out
in a CFX96 Touch system (Bio-Rad), using an initial
denaturation step at 95°C for 30 s, followed by 40 cycles
of denaturation at 95°C for 10 s, annealing at 56°C for
15 s, and extension at 72°C for 25 s. Amplicon produc-
tion was measured during the annealing and elongation
steps of each cycle.

The specificity of the real-time PCR reactions for
cow milk was determined by testing DNA extracts
from goat milk, soybean milk, peanuts, hazelnuts, and
Atlantic salmon. In addition, various amounts of DNA
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template (50, 5, 0.5, 0.05, and 0.005 ng) were used in
the PCR reactions to test the sensitivity of the SYBR
Green real-time PCR.

Validation of TagMan MGB Real-Time PCR

The DNA extracts from 42 commercial food items
were tested by using the real-time PCR method de-
scribed above. Then, the test results were compared
with the declarations of ingredients on the food labels
to determine the reliability of the method.

RESULTS
Determination of the Optimal Annealing Temperature

To optimize the method, the TagMan MGB real-time
PCR was carried out using a bovine-specific probe and
primer sets and with various annealing temperatures.
The amplification curves obtained are shown in Figure
1. Signals were detected in all reactions; however, the
specific Ct values and relative fluorescent units (RFU)
varied. The highest RFU and lowest Ct values were
obtained when an annealing temperature of 59°C was
used. Therefore, this annealing temperature was used
for all subsequent reactions.

Determination of the Optimal Probe Concentration

We performed the PCR with various concentrations
of probe. Although we did not detect a difference in
the amplification obtained with the different concentra-
tions of the probe (amplification curves not shown), the
Ct values calculated from the amplification curves were
lowest at a probe concentration of 0.4 pM. Therefore,
we used this concentration for all subsequent reactions.

Specificity

To assess the specificity of the reaction for bovine
DNA, we extracted DNA from cow milk, goat milk,
and soybean milk as well as other allergens (peanut,
hazelnut, and Atlantic salmon) commonly found in
commercial food products. We used these samples as
templates for our TagMan MGB real-time PCR assay.
The results of these experiments demonstrate the speci-
ficity of the assay (Figure 2). We obtained a positive
signal when DNA from cow milk was used as the tem-
plate, whereas no such signal was observed when DNA
from the other samples was used as the template. These
results demonstrate that the probe and primer set used
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Figure 1. Effect of annealing temperature on TagMan minor groove binder (Genecore, NCBI: AF249896.1, 806-820) real-time PCR. Curves
1-8: 55.0, 55.7, 57.0, 59.0, 61.4, 63.3, 64.5, and 65.0°C, respectively; curve 9 = negative control. RFU = relative fluorescence units. Color version

available online.

in our reaction mixture allowed for specific detection
of cow milk, with no amplification of DNA from other
tested species.

Sensitivity

To determine the sensitivity of the TagMan MGB
real-time PCR assay, we prepared 10-fold serial dilu-
tions of bovine DNA isolated from cow milk and used
it as the template (6 different amounts: 50, 5, 0.5, 0.05,
0.005, and 0.0005 ng) in the reaction. The fluorescence
profiles of the PCR products showed that a signal could
be detected in reactions with as little as 0.005 ng of
DNA (Figure 3). However, although we were occasion-
ally able to detect a signal using 0.005 ng of DNA within
40 amplification cycles, detection was inconsistent at
this concentration, and among the 3 replicates, only 1
positive result was obtained. Therefore, we concluded
that the lower limit for the reliable detection of a-LA
from cow milk DNA is 0.05 ng.

Standard Curve Generation
and Amplification Efficiency

To test the linearity of the TagMan MGB real-time
PCR amplification, the normalized Ct values were

plotted against the logarithm of the template DNA
concentrations. Linearity was observed over 5 orders
of magnitude. Using the Ct values from each 10-fold
dilution, the equation for the generated standard curve
was y = —3.673x + 31.496. The amplification efficiency
was 85.7%, with a coefficient of determination value of
0.998. This value of 0.998 indicates that 99.8% of the
variation in the Ct values is due to variations in the
concentration of cow milk DNA.

Comparison of PCR Methods

To compare the specificity and sensitivity of Taq-
Man MGB real-time PCR and SYBR Green real-time
PCR, we also tested the DNA we prepared from 6 food
samples (cow milk, goat milk, soybean milk, peanuts,
hazelnuts, and Atlantic salmon) using SYBR Green
real-time PCR (Figure 4). The amplification curves for
cow milk (curve 1) and goat milk (curve 2) had similar
melting temperatures, which indicated that the SYBR
Green method cannot distinguish between cow milk and
goat milk, whereas the TagMan MGB real-time PCR
assay could distinguish these 2 samples, indicating bet-
ter specificity. The amplification curve of soybean milk
(curve 3) showed negative signals, and peanuts, hazel-
nuts, and Atlantic salmon did not show up in the figure
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because of their low amplification signals. In addition,
in a sensitivity experiment using 5 different amounts
of purified DNA from cow milk (50, 5, 0.5, 0.05, and
0.005 ng), we detected as little as 0.5 ng of bovine DNA
over the 40 amplification cycles. However, similar to the
findings for TagMan MGB real-time PCR, variability
was noted at concentrations below 0.05 ng. Addition-
ally, the signals detected at 0.05 and 0.005 ng of DNA
were probably from primer dimers, which were identi-
fied by their lower melting temperatures. Therefore,
we concluded that our SYBR Green real-time PCR
method can be considered reliable only at 0.5 ng and
higher concentrations.

Validation of our TagMan MGB Real-Time PCR Assay

To validate our assay for practical application, we
tested various food products for the presence of milk.
We extracted DNA from 42 commercial food products
of different brands and with different label declarations
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of ingredients differing with respect to the presence or
absence of milk. The DNA concentrations were mea-
sured by UV absorption spectrophotometry, and the
amplification Ct values were determined using our real-
time PCR protocol (Table 1). Of the 42 tested food
products, bovine DNA was detected in all 29 prod-
ucts labeled as containing and may contain cow milk,
whereas we failed to obtain a signal from the other 13
products labeled does not contain and may contain cow
milk. Our results qualitatively corresponded with the
declarations of containing and does not contain cow
milk on food packaging. However, 3 products showed
positive signals of 7 products labeled may contain cow
milk.

DISCUSSION

Here, we describe a DNA-based method for the
indirect detection of milk allergens in food, in which
the target molecule is a specific DNA sequence that is
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Figure 2. The specificity of the TagMan minor groove binder (Genecore, NCBI: AF249896.1, 806-820) real-time PCR method. Curves 1-6:
cow milk (circle), goat milk (square), soybean milk (straight line), peanut (diamond), hazelnut (cross), and Atlantic salmon (triangle), respec-

tively. RFU = relative fluorescence units. Color version available online.
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detected by TaqgMan MGB real-time PCR (Iniesto et
al., 2013). Compared with methods that rely on pro-
tein detection, DNA-based technologies have distinct
advantages, including greater thermostability and the
ability to analyze highly processed food products. In
addition, these techniques are cheaper, faster, and more
sensitive (Herrero et al., 2012). In DNA-based methods,
DNA oligonucleotides are used to hybridize to target
DNA molecules, whereas protein-based detection meth-
ods are much more expensive (Espineira et al., 2010).
Moreover, the use of real-time PCR allows for monitor-
ing during the course of the assay, saving time compared
with assays that require gel-based visualization or the
use of secondary antibodies for visualization. The total
time required for DNA extraction and detection by
real-time PCR was approximately 3 h, which is much
faster than antigen detection by ELISA.

The MGB probes have greater sequence specificity
due to their shorter length (Akkutay et al., 2014).
Furthermore, the use of higher melting temperatures
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increases the stability of the hybridization, resulting
in higher sensitivity (Kutyavin et al., 2000). We tested
samples from 6 different food sources and a positive sig-
nal was detected only when using DNA extracted from
cow milk, whereas no signal was detected from DNA
extracted from other sources (goat milk, soybean milk,
peanuts, hazelnuts, or salmon). In our study, a Taq-
Man MGB real-time PCR method was developed for
the rapid and accurate detection of cow milk DNA and
to overcome the false-positive signals that are common
in SYBR Green real-time PCR-based assays caused by
the formation of primer dimers, which may form when
testing trace quantities of DNA. We were able to con-
sistently detect 0.05 ng of DNA, which corresponds to
2.5 mg of starting material (from which the DNA was
extracted). In a previous study, Koppel et al. (2009)
used real-time PCR. to detect the presence of 8 differ-
ent food allergens; for most of the allergens (except
for eggs and milk), 10 mg or more of input material
was required for detection. Similarly, Scaravelli et al.
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Figure 3. Amplification of a-LA gene fragment from cow milk DNA. Curves 1-6: 50 (circle), 5 (triangle), 0.5 (cross), 0.05 (square), 0.005
(diamond), and 0 (straight line) ng of DNA, respectively. RFU = relative fluorescence units. Color version available online.
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(2007) developed a method for real-time PCR detec-
tion of peanuts in food products. This assay was highly
sensitive, as it could detect as little as 2.5 pg of DNA;
however, the signal detection at these low amounts of
DNA was inconsistent. Lépez-Calleja et al. (2007b)
used a PCR-based method to detect the presence of
sheep and goat cheese in foods. In the same study, the
authors described a real-time PCR method for the
quantitation of the relative amounts of cow and ewe
milk components in mixtures. For this assay, 5 to 100
mg of starting material was required (Lépez-Calleja et
al., 2007a).

In the present study, we established a real-time PCR
TagMan MGB-based method to detect cow milk DNA
in food items. We tested 6 kinds of candies, 17 kinds of
biscuits, 7 kinds of chocolate, and 12 kinds of drinks.
These samples represent 42 common goods that may
contain milk ingredients and are representative of the
diversity of goods that could be tested. The food items
we chose are processed differently during manufacture
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and contain a variety of additional ingredients. The
DNA extracts produced contained various unique im-
purities. The same amount of total DNA was used as
the input in all reactions, and our results were 100%
consistent with the absence or presence of milk, as in-
dicated on the food label. These results demonstrate
that the ability to detect bovine DNA using our Taq-
Man MGB real-time PCR method was not affected by
either the other ingredients, such as sugar and fat, in
the foods or the processing procedures, such as baking
(Monaci et al., 2011). Therefore, this method can be
widely used for the detection of milk allergens in differ-
ent types of food.

In the current study, we developed a TaqgMan MGB
real-time PCR-based method that can be used to de-
tect the presence of a-LA. Our data demonstrated that
this method is specific, sensitive, robust, and reproduc-
ible. The practical use of our assay was validated by
testing 42 commercial food items for the presence of
milk.
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Figure 4. Specificity of SYBR Green (Toyobo, Osaka, Japan) real-time PCR. Curves: 1 = cow milk; 2 = goat milk; 3 = soybean milk; 4 =
peanuts; 5 = hazelnut; 6 = Atlantic salmon. RFU = relative fluorescence units. Color version available online.
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Table 1. Analysis of DNA extracts from labeled commercial food products by using the TagMan minor groove binder (Genecore, NCBI:
AF249896.1, 806-820) real-time PCR assay

Containing Concentration Cycle threshold
Order Type Number cow milk’ 0D,/ ODag? (ng/pL) value
1 A: Candy Al C 1.11 13.85 30.27
2 A2 C 1.09 340.83 31.77
3 A3 MC 1.00 51.09 27.61
4 A4 C 0.94 63.90 29.27
5 A5 NC 0.98 47.29 ND?
6 A6 NC 1.04 258.1 ND
7 B: Biscuit B1 C 1.75 97.55 35.02
8 B2 C 1.88 253.8 36.67
9 B3 NC 1.81 277.6 ND
10 B4 NC 1.31 182.9 ND
11 B5 C 1.87 175.6 36.29
12 B6 C 1.89 140.0 38.91
13 B7 C 1.87 76.74 34.38
14 B8 MC 1.87 201.6 39.69
15 B9 C 1.84 115.5 32.34
16 B10 NC 1.34 289.4 ND
17 B11 C 1.98 128.9 38.31
18 B12 C 1.94 518.51 36.45
19 B13 NC 1.36 746.99 ND
20 B14 MC 1.79 46.85 ND
21 B15 MC 1.93 267.9 ND
22 B16 NC 1.69 85.43 ND
23 B17 NC 1.73 67.02 ND
24 C: Chocolate C1 C 1.34 74.32 30.11
25 C2 C 1.07 79.79 28.12
26 C3 C 1.20 417.53 31.39
27 C4 C 1.35 1,087.62 32.05
28 C5 C 1.06 330.45 29.63
29 C6 C 1.20 197.28 33.79
30 Ccr C 1.06 1,169.35 33.25
31 D: Drink D1 C 1.58 38.57 31.45
32 D2 C 1.32 4.591 31.01
33 D3 C 1.28 4.345 30.08
34 D4 C 0.97 42.38 33.23
35 D5 MC 1.35 12.55 31.45
36 D6 C 0.96 12.01 36.34
37 D7 C 0.91 2.286 36.64
38 D8 C 2.03 2,051 34.19
39 D9 C 1.62 16.10 31.77
40 D10 MC 1.22 349.1 ND
41 D11 MC 1.91 289.2 ND
42 D12 NC 1.02 53.43 ND

!C = containing; MC = may contain; NC = does not contain.
Ratio of optical density at 260 and 280 nm.
*ND = not detected.
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