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Abstract: We have developed and validated post-PCR (polymerase chain reaction) high resolution melting (HRM) based
assays that allow identifying the presence of two major allergenic foods — soybean and bovine milk — in food products. A
new set of primers for PCR was developed for detection of the gene encoding the soybean protein lectin. The assay was
validated using reference samples and used for analysis of artificially prepared mixed samples of dairy and soy products
of different matrices, as well as of real products available in the market (spray creams). The limits of detection (LODs)
of the soybean (8 copies) and bovine milk (4 copies) assays were lower compared to LODs of other previously published
PCR-based assays. The analysis of several commercial spray creams revealed an undeclared presence of soybean in one
of the samples. The newly developed HRM assays are precise and robust alternatives for the control of food composition

and falsification by competent authorities.
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The quality and safety of foods are of utmost impor-
tance and are increasingly followed by both consumers
and state authorities. The food on consumers’ tables
may come from very different sources and it is thus
necessary to confirm the source of the food products
(Lockley & Bardsley 2000). Occasionally, food produc-
ers replace more expensive ingredients with cheaper
alternatives to increase the profit; it is therefore nec-
essary to investigate the true product composition to
avoid deception and fraud. Moreover, with the increas-
ing prevalence of food allergies, the detection of trace
amounts of food constituents is crucial to protect pub-
lic health (Nwaru et al. 2014). A dependable system of
food controls based on sensitive and robust analytical
methods is thus necessary for food constituent or con-
taminant detection and species identification.

Dairy products and their substitutes, such as soy-
bean, are a prime example of this necessity. Both
milk and soybean are major allergenic foods (Foucard

& Malmheden Yman 1999; Nwaru et al. 2014). In Eu-
rope, about 6.0% and 2.5% of the population declare
a self-reported lifetime prevalence of allergy to cow’s
milk and soybean, respectively (Nwaru et al. 2014).
Soybean has even been shown to cause life-threaten-
ing reactions in sensitive patients (Foucard & Malm-
heden Yman 1999). Undeclared substitution of soy
alternatives for milk protein is a fraudulent practice,
and soy products need to be checked since people al-
lergic to milk proteins use it as an alternative to dairy.
The analysis and proper labelling of milk and soy prod-
ucts is therefore of great importance.

Several approaches have been used for milk and soy-
bean detection in food products. These methods in-
clude immunological (Song et al. 2011; Ren et al. 2014),
electrophoretic (Wu et al. 2014; Ibanez et al. 2016)
and chromatographic (Jablonski et al. 2014; Rani et al.
2015) techniques which detect specific differences
in protein or fatty acid composition of the products.
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The protein-based methods are however unsuitable
for the analysis of heat-treated materials as proteins
get denatured, whereas chromatographic methods
are expensive and quite laborious for routine appli-
cations (Lockley & Bardsley 2000). Therefore, using
DNA-based methods, namely polymerase chain re-
action (PCR) and its variants like quantitative real-
time PCR (qPCR), represents a suitable alternative
in many areas of food analysis due to simplicity, re-
liability, cost efficiency, and stability of DNA during
food processing (Lockley & Bardsley 2000). (q)PCR
has been used to analyse various food constituents
and several studies have also investigated detection
of soybean in dairy products (Phipps et al. 2003) and
vice versa (Mayer et al. 2012). Another option is to use
post-PCR techniques, including high resolution melt-
ing (HRM). HRM consists in measuring the rate by
which a double-stranded DNA dissociates (or melts)
to single-stranded DNA with rising temperature us-
ing an intercalating fluorescent dye. The melting be-
haviour is distinctive of the DNA segment. In general,
HRM technique allows accurate and sensitive quan-
titation of adulterants in commercial food products
both plant- and animal-derived.
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In this study, we developed post-PCR HRM assays
for detection of bovine DNA in soy products and vice
versa. A new set of primers for PCR was developed for
detection of the gene encoding the soybean protein
lectin. The assays were optimised and validated, and
used for the analysis of both artificially prepared sam-
ples of dairy and soy products of different matrices and
real products available in the market.

MATERIAL AND METHODS

Samples and DNA extraction. All soy and dairy
samples used in this study have been obtained from
Milcom Corp. (Czech Republic) — a Czech research
and production company in the field of dairy industry.
Organic quality soybeans and pure pasteurised organic
bovine milk were used as reference samples to validate
the assay and as positive control samples.

To verify the applicability of the assay to milk and
soy DNA isolated from samples with different ma-
trices, fifteen composite samples were deliberately
prepared by mixing a range of soy and bovine milk
products in various proportions (samples M1-M15,
Table 1). Eight samples were prepared by adding a soy

Table 1. Results of HRM analysis of the presence of bovine (COI) and soybean (Lec118) DNA in 15 samples artificially
prepared by mixing different dairy and soybean products in varying proportions

Soybean Melting point ~ Melting point
Sample Products product content COI Lecl18
(% wiw) (O S

Bovine milk 0 75.8+0.1 ND
Soybean 100 ND 81.1+0.1
M1 bovine milk yogurt, freeze-dried soy bacterial culture 1 76.2 + 0.1 81.1+0.1
M2 butter spread, soy flour 3 76.0 £ 0.1 81.1 £ 0.0
M3 dairy nutritional supplement, soy flour 6 76.0+ 0.1 81.1+0.0
M4 bovine milk quark, tofu 9 76.1 + 0.0 81.2+0.1
M5 bovine milk yogurt, dried soy milk 9 76.0 £ 0.1 81.1+0.0
M6 bovine milk quark, dried soy milk 10 76.0 £ 0.0 81.0+0.1
M7 semi-skimmed bovine milk, dried soy milk 12 75.5+0.1 80.4 +0.1
M8 yogurt from semi-skimmed bovine and soy milk 24 76.1 £ 0.0 81.1+0.1
M9 soy cream, dairy cream 70 75.8 £ 0.4 81.0£0.0
M10 soy yogurt, semi-skimmed bovine milk 75 75.6+0.1 80.7 £ 0.1
M11 dried soy milk, dried skimmed bovine milk 75 75,5+ 0.1 80.6 £ 0.0
M12 tofu spread, semi-skimmed bovine milk 86 76.1+0.1 81.2+0.1
M13 tofu spread, bovine milk yogurt 89 75.9 £ 0.3 81.3+£0.0
M14 yogurt from soy milk and bovine milk culture 91 75.8 £ 0.1 81.0 £ 0.0
M15 soy yogurt, skimmed bovine milk 97 75.6 £ 0.1 80.8 £ 0.1

Data are mean * SD (# = 3); ND — not detected
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Table 2. Results of HRM analysis of the presence of bovine (COI) and soybean (Lec118) DNA in ten commercial spray

cream samples

Containing vegetable fats/ Melting point Melting point

Sample containing soybean/ COI Lecl18

potential soybean presence declared °C) (°C)
Bovine milk - 75.8+ 0.1 ND
Soybean - ND 81.2+0.1
Cl No/No/No 76.2 £0.1 80.9 £ 0.0
C2 No/No/No 76.3 + 0.0 ND
C3 No/No/No 76.3+0.1 ND
C4 No/No/No 76.2+0.1 ND
C5 No/No/No 76.2 £0.1 ND
Co6 No/No/No 76.3 £0.1 ND
C7 No/No/Yes 75.7 £0.1 80.6 £ 0.2
C8 Yes/No/No 76.3 £0.1 ND
C9 Yes/No/No 76.2 £0.1 ND
C10 Yes/No/No 759 £0.1 ND

Data are the mean + SD (# = 3); HRM - high resolution melting; ND — not detected

product to a dairy product such as yoghurt, cream or
spread (M1-MS8) and seven samples were prepared by
adding a dairy product to various soy products such as
tofu, soy milk or flour (M9-M15).

Furthermore, ten different commercial spray creams
(samples C1-C10, Table 2) were purchased at local su-
permarkets and tested for the presence of bovine milk
and soybean. The samples included seven dairy-only
spray creams with no added vegetable fat (C1-C7)
and three dairy spray creams enriched with vegetable
fats (C8-C10).

The DNA from all of the above-mentioned sam-
ples was isolated using the cetyltrimethylammonium
bromide (CTAB) method in accordance with the ISO
21571:2005 standard and dissolved in 60 pL of Tris-
EDTA (TE) buffer. The concentration and purity
of the DNA were determined using UV spectropho-
tometry (NanoPhotometer P300; Implen, Germany)

and by gel electrophoresis. In all cases, good quality
DNA of sufficient purity was obtained.

HRM assay. All primers used for the post-PCR
HRM (High Resolution Melting) analyses are listed in
Table 3. For detection of bovine milk, a primer pair
(COI-F and COI-R) previously designed by Feligi-
ni et al. (2005) for amplification of the bovine-specific
region of the cytochrome oxidase subunit I (COI) gene
was used. For detection of soybean, a new primer pair
(Lecl118-F and Lecl18-R) was designed to amplify
a 118-bp fragment of the soy lectin gene based on the
DNA sequence from the NCBI database (accession
code K00821.1) using the freely accessible software
Primer3Plus. The specificity of both primer pairs was
verified in silico using NCBI BLAST tool and in vitro
using several plant (rice, wheat, maize, flax, mustard,
papaya, canola, garlic, onion, cranberry, hops) and an-
imal (sheep, goat, chicken, turkey) DNA.

Table 3. Assay oligonucleotides used for HRM analyses for detection of bovine (COI) and soybean (Lec118) DNA

Assay Oligo Nucleotide sequence (5"°-3") Length (bp) Source
F d (COI-F GAACTCTGCTCGGAGACGAC 20
coI orward ( ) Feligini et al. (2005)
Reverse (COI-R) AGCACCAATTATTAGGGGAAC 21
Leclls Forward (Lec118-F) GTGACCTCCTCGGGAAAGTT 20 Thi h
e Reverse (Lec118-R) CGGTTTCTTTGTCCCAAATG 20 18 feseare

Bp — base pairs
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Amplification and melt curve analysis were per-
formed in StepOnePlus real-time PCR systems (Ap-
plied Biosystems, USA); data were analysed with the
HRM Software 3.0.1 (Applied Biosystems, USA).
The reaction of 25 pL had the following reaction mix-
ture components (final concentrations): 1 x MeltDoc-
tor™ (Applied Biosystems, USA) and 300 nM of the
forward and reverse primers. The remainder of the re-
action mixture volume consisted of 5 pL of the DNA
solution and 3.8 pL of nuclease-free water (NFW/;
Sigma, Germany). DNA concentration did not exceed
20 ng pL~!. The amplification temperature profile was
as follows: Initial denaturation at 95 °C for 600 s, fol-
lowed by 40 cycles at 95 °C for 15 s and at 60 °C for 60 s
with fluorescence acquisition after each 60 °C step.
The melt curve analysis was performed from 60 °C
to 95 °C (ramp rate of 0.1 °C s™%).

To determine the reference melting temperatures and
validate the assay, the reference samples (bovine milk
and soybean) were analysed in ten replicates and three
independent runs. Moreover, limits of detection (LODs)
of the two post-PCR HRM assays (COI and lectin) were
determined using the reference DNA samples which
were serially diluted using NFW (2.69 x 107°~0.55 ng
for bovine DNA and 1.25 x 1072-1.6 ng for soybean
DNA). Each reaction was performed in ten replicates;
the lowest DNA concentration resulting in a positive
and specific response (melt curve) in all ten replicates
was set as the LOD.

RESULTS AND DISCUSSION

The Lec118 primers for detection of the soy lectin
gene were newly designed in this study. The BLAST
(Basic Local Alignment Search Tool) sequence similar-
ity search confirmed the primer specificity (data not
shown). Moreover, the specificity of the primer pairs
was verified using several animal and plant DNAs; the
results were negative for all samples (data not shown).
Both assays were validated using the DNA templates
extracted from bovine milk and soybean, and two
distinct melting profiles were obtained (Figure 1).
The melting points for COI and Lec118 amplicons re-
flecting the presence of the bovine and soy DNA in the
reference samples were 75.8 + 0.1 °C and 81.1 + 0.1 °C
[mean + standard deviation (SD), #n = 30] with the co-
efficient of variation of 0.16% and 0.12%, respectively.
Practical LODs for the assays were determined to be
9.1 pg of soybean DNA (i.e. 8 copies) and 0.4 pg of bo-
vine DNA (i.e. 4 copies). Sensitivity (defined by LOD) of
the Lec118 [25-50 pg in end-point PCR (Phipps et al.
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Figure 1. Representative aligned melting curves of HRM as-
says of the presence of bovine (COI) and soybean (Lec118)
DNA in samples isolated from bovine milk and soybeans,
respectively (n = 10)

Black curves — COI blue curves — Lec118; red curves —
negative control samples

2002; Phipps et al. 2003; Rott et al. 2004; Espineira et al.
2010); 9.8-20 pg in qPCR (Berdal & Holst-Jensen 2001;
Espineira et al. 2010; Costa et al. 2017)] and COI assays
[1-5 pgin PCR (Rea et al. 2001; Mafra et al. 2004); 0.5—
200 pg in qPCR (Walker et al. 2003; Lopez-Calleja et al.
2005; Lépez-Calleja et al. 2007; Dalmasso et al. 2011;
Mayer et al. 2012); 20-200 pg in HRM (Sakaridis et al.
2013a; 2013b)] was higher than that of other reported
assays detecting soybean/bovine milk in food products.
The designed HRM assay is thus suitable for detection
of soy additives in dairy milk products and vice versa
even at very low concentrations.

The applicability for detection of soybean and bo-
vine milk in samples of different matrices (fat content,
heat or microbial processing, etc.) was verified in fif-
teen mixed samples (Table 1). The results of the COI
assay showed the presence of a signal specific to bovine
milk DNA in all tested samples with the exception of
the soybean reference sample. The same was observed
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in the Lec118 assay when soybean was detected in all
tested samples with the exception of the bovine milk
reference sample. Therefore, both bovine milk and soy
DNA were detected in the tested samples regardless
of the used concentration of the dairy/soy ingredient
and its nature.

Furthermore, the assays were used to analyse real com-
mercial samples — ten spray creams purchased in local
supermarkets (Table 2). To lower costs, spray creams are
often enriched with various vegetable fats that can con-
tain traces of soybean. The soy phospholipid lecithin can
also be added as an emulsifier to increase the stability of
the cream. Moreover, if the manufacturer makes different
kinds of products with different composition, the prod-
ucts can contain traces of soybean due to cross-contam-
ination which cannot always be avoided. Therefore, since
soybean is a powerful allergenic food, the declaration of
its even potential presence is obligatory in many coun-
tries [US Food Allergen Labelling and Consumer Protec-
tion Act of 2004; Regulation (EU) No. 1169/2011]. If not
declared, the presence of soybean in the product can
cause serious health problems in sensitive people. The as-
says confirmed the presence of bovine DNA in all spray
creams. All the samples were either directly made of bo-
vine cream or milk, or milk protein was added to a mix-
ture of vegetable fats (C8). On the other hand, soybean
was detected only in two samples (C1 and C7). The pres-
ence of soybean was declared only in sample C7 while
sample C1 had no such declaration. The consumption of
this spray cream might therefore pose a risk to consumers
who would consider it soybean-free.

CONCLUSION

In this study, we have developed HRM assays for
fast, accurate and convenient detection of soybean
in bovine dairy products and vice versa using species
specific DNA regions. The assays were able to identi-
fy bovine and soy DNA in a number of dairy and soy
samples with different matrices, including commercial
spray creams. The latter experiment revealed that one
of the spray creams had an undeclared content of soy-
bean. As soybean is an important allergenic food, there
is a need for development of cost-effective assays for
detection of food ingredients so that the competent au-
thorities can ascertain quality and safety of food prod-
ucts available in the market.
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