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Evalution of DNA extraction methods in order
to monitor genetically modified materials
in soy foodstuffs and feeds commercialised
in Turkey by multiplex real-time PCR
Aydin Turkec,a* Hande Kazan,b Aykut Baykutb and Stuart J Lucasc

Abstract

BACKGROUND: Soybean is one of the most important biotech crops, widely used as an ingredient in both foodstuffs and feed.
DNA extraction methods have been evaluated to detect the presence of genetically modified (GM) materials in soya-containing
food and feed products commercialised in Turkey.

RESULTS: All extraction methods performed well for the majority of soya foods and feed products analysed. However, the most
successful method varied between different products; the Foodproof, Genespin and the cetyltrimethylammonium bromide
(CTAB) methods each produced the highest DNA yield and purity for different soya foodstuffs and feeds. Of the samples tested,
20% were positive for the presence of at least two GM elements (35S/NOS) while 11% contained an additional GM element
(35S/NOS/FMV). Of the tested products, animal feeds showed a larger prevalence of GM material (50%) than the soya-containing
foodstuffs (13%).

CONCLUSION: The best performing extraction methods proved to be the Foodproof, Genespin and CTAB methods for
soya-containing food and feed products. The results obtained herein clearly demonstrate the presence of GM soybean in the
Turkish market, and that the Foodproof GMO Screening Kit provides reliable screening of soy-containing food and feed prod-
ucts.
© 2014 Society of Chemical Industry

Supporting information may be found in the online version of this article.
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INTRODUCTION
In 2013, biotech crops were planted in approximately 175.2 million
hectares in 27 countries.1 Due to the increased number of genet-
ically modified (GM) crops, more and more foods and feeds in the
market-place contain GM material.2 As a consequence, several
non-authorised GMOs are present in the food and feed industry
in many countries, while products containing authorised GMOs
may be imported involuntarily into other countries where their
approval status is different.3,4 Many countries now have Biosafety
Laws and Regulations for biotech food and feed; in some countries,
the production of genetically modified plants is forbidden, but
use of imported GMO products is allowed in the food and/or feed
industry.5 According to EU regulations, all food and feed prod-
ucts containing >9 g kg−1 (0.9%) authorised GMO or >5 g kg−1

unauthorised GMO are regulated, and must be labelled.6,7 The
labelling threshold in Turkey is very similar to that adopted by the
European Union (EU), and any imported biotech food and feed
above the 9 g kg−1 threshold must be labelled.8 – 10 Turkey has a
zero-tolerance threshold for unapproved Low Level Presence (LLP)
GMOs in food and industrial products, and has adopted a 1 g kg−1

threshold for unapproved events in feed material.11

Robust analytical methods are therefore increasingly required
to ensure food and feed safety,12,13 as detection and traceability
of GMOs in the food and feed production chain has become
essential to the implementation of labelling legislation in many
countries.14 DNA analysis by polymerase chain reaction (PCR) and
real-time PCR are the most widely accepted methods in the EU
and worldwide to identify and quantify GMOs.15 DNA extraction
is a critical step in GMO detection, and the quantity and quality of
extracted DNA can be affected by many factors, including matrix
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type and the presence of PCR inhibitors.16 Many DNA extraction
methods have been compared in order to detect the presence of
GM materials in feed and foodstuffs by several researchers, and
it has been proposed that a particular method should be chosen
on a case-by-case basis for different food matrices.17,18 In terms
of planted area, soybean (45% of total GMO field area) continues
to be the dominant biotech crop and most widely approved for
use in food and feed products.1,19 In Turkey, three different GM
soybean varieties have been approved for use in animal feeds,
but not foodstuffs: GTS40-3-2, MON89788 and A2704-12.11 Con-
sidering that soybean is an important staple food ingredient20,21

and that many previous studies of GMO screening methods have
examined a limited range of products, there is a need to determine
the most efficient DNA extraction methods for a wide variety of
soya products.22 – 24

The aims of our study were two-fold: firstly, the verification of
DNA extraction methods for soybean, and secondly screening for
GMO DNA in soybean-containing food and feed products
commercially available in the Turkish market, using multiplex
real-time PCR assays. Four commercial DNA extraction kits –
Foodproof, Genespin, Wizard, and DNeasy – as well as the CTAB

(cetyltrimethylammonium bromide) method were evaluated for
11 different soybean feed and food matrices. Their efficiency was
determined in terms of DNA yield and purity, and suitability for
amplification through multiplex real-time PCR with the Foodproof
GMO Screening Kit.

EXPERIMENTAL
Samples and reference materials
Forty-seven soy-containing foodstuffs (sauce, flour, biscuits,
chocolate, babyfood, bread, sprout, milk, meat) and animal feed
samples, imported or locally produced with imported ingredients,
were purchased from random local stores in Turkey. The samples,
obtained from different suppliers and/or brands, were grouped in
order to have reliable and wider results on each type of food and
feed products.22 The certified reference materials (CRMs) consist-
ing of soybean powder from GTS 40-3-2 (IRMM-410), MON89788
(AOCS 0906-B) and A2704-12 (AOCS 0707-B) GM plants were
obtained from Sigma–Aldrich or the American Oil Chemists
Society (AOCS), and used as controls.

DNA extraction and quantification
The DNA extraction methods were chosen from those previously
reported to be successful for food and feed products.22,25 – 28 Total
DNA was isolated with four commercial kits: Foodproof GMO Sam-
ple Preparation (Biotecon Diagnostics GmbH, Potsdam, Germany),
DNeasy Plant Mini (Qiagen, Valencia, CA, USA), Wizard (Promega,
Madison, WI, USA), Genespin (GeneScan, Freiburg, Germany) as
described by the manufacturers’ instructions, and by the CTAB
(cetyltrimethylammonium bromide) method with some modi-
fications, specifically adding RNase A (10 mg mL−1) in the DNA
precipitation step.22 Samples of 100 mg each were used for all
extractions with exception of the Genespin method (200 mg sam-
ples) as recommended in the producer’s manual.26 The DNA yield
and purity were evaluated using the NanoDrop 2000c UV–visible
spectrophotometer (Thermo Scientific, Wilmington, DE, USA), and
integrity assessed by 1% (w/v) agarose gel electrophoresis. All
samples were extracted in triplicate to assay reproducibility of the
methods and extracted DNA was stored at −20 ∘C for subsequent
steps.

The evaluation of DNA extraction methods for real-time PCR
All extracted samples were screened by real-time PCR using a plant
specific control gene provided in the Foodproof GMO Screening
Kit (Biotecon Diagnostics) as a reference and control for DNA
extraction efficiency.29 In addition, the PCR efficiency and the lin-
earity of the calibration curves obtained for this reference by each
extraction method were evaluated by the amplification of serially
diluted extracts of CRM (MON89788), which is an unprocessed
sample with defined particle size.26 The extracted DNA was first
diluted to the concentration used in the reactions (40 ng μL−1).19

From this sample, a four-fold dilution series was prepared (from 1:4
to 1:256) in triplicate. Threshold cycle (Ct) values measured for the
diluted samples were plotted against the logarithm of the dilution
factor. The efficiency of the PCR reaction was then calculated by
the formula: E = [10(−1/slope)]−1,30 where E is the efficiency.

GMO screening
A multiplex real-time PCR screening kit, the Foodproof GMO
Screening Kit (Biotecon Diagnostics) was used to detect
plant-derived DNA and GMO target sequences (P-35S, T-NOS, bar
gene and FMV P-35S) in soybean foodstuffs and feeds.31 PCR reac-
tions were set up according to the producer’s instructions, mixing
1 μL enzyme solution and 1 μL dye solution (35S/NOS/bar/FMV
system) or Internal Amplification Control (Plant Gene system), with
18 μL of the appropriate Master Mix. To each 20 μL PCR reaction
mix was added 5 μL PCR grade water (negative control), control
DNA, or sample DNA for a final volume of 25 μL. Real-time PCR was
carried out on the LightCycler 480 Instrument (Roche Diagnostics
GmbH, Mannheim, Germany). The reaction was incubated at 37 ∘C
for 4 min and 95 ∘C for 10 min followed by 50 cycles at 95 ∘C for
5 s and 60 ∘C for 60s. Negative and positive control DNA provided
with the kit were analysed and compared with the corresponding
results, and their Ct values used to determine the presence or
absence of 35S/NOS/bar/FMV and plant genes in food and feed
samples. All PCR reactions were performed in six replicates. For
control and validation, the reference materials were included in all
assays.31

Statistical analyses
All statistical analyses were performed using ANOVA models in
SPSS Statistics for Windows, version 20.0 (Released 2011. IBM
Corp., Armonk, NY, USA). When method, matrix effects or interac-
tions were significant, Duncan’s multiple range test was applied to
compare the significant differences at 95% probability.28 To esti-
mate differences in amplificability of serial dilutions of extracted
DNA, two-way ANOVA (𝛼 = 0.05) was used to compare the calcu-
lated real-time PCR efficiencies, slopes and correlation coefficients
(R2).32 The comparative analysis of Ct values was performed using
the Shapiro–Wilk distribution and the Levene test to check for
homoscedasticity of variances.22

RESULTS
Comparison of DNA extraction methods with DNA yield
and purity
Four commercial kits and the CTAB extraction method were evalu-
ated for different kinds of soybean foodstuffs and feeds, in regard
to DNA yield and purity, and PCR efficiency. All samples extracted
were evaluated both spectrophotometrically (Nanodrop) and
by 1% (w/v) agarose gel electrophoresis. In general, a smear of
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Table 1. The statistical analysis of the DNA yield, DNA purities
(A260/A280 values) and plant cycle threshold (Ct) values obtained by
the five DNA extraction methods

Variable Factor df F value P value

DNA yield Method 4 3203.937 0.000
Matrix 11 2577.419 0.000
Interaction 44 735.890 0.000

DNA purity Method 4 104.712 0.000
Matrix 11 78.008 0.000
Interaction 44 67.369 0.000

Ct value Methods 4 770.713 0.000
Matrix 11 2699.603 0.000
Interaction 44 92.964 0.000

extracted DNA was always visible on the agarose gel (data not
shown).

The analysis of variance showed that the method, matrix and
method–matrix interaction all contained statistically significant
differences in DNA yield and purity as well as PCR efficiency at the
95% confidence level (P < 0.0001) (Table 1). Therefore the analysis
was carried out separately for each of the matrices, in order to
determine the performance of the extraction methods for each
matrix.

Based on the statistical analysis (Table 2), the CTAB method was
the most efficient extraction method for extracting high amounts
of DNA from soya-containing biscuits, chocolate and babyfood,
soya sprouts, soya feed and soya seeds, compared to the commer-
cial kits. The CTAB method gave not only the highest DNA yields
but also the highest DNA purities for soya biscuits, babyfood and
seed samples; however, the purity of DNA extracted from soya feed
by this method was lower than Foodproof and Genespin, as was
that extracted by the Wizard and DNeasy methods (A260/A280 ratios
of 1.7). DNA extraction from soya-containing chocolates resulted
in low DNA purities regardless of the method used (A260/A280 ratios
of 1.5). Compared to the other methods, the Foodproof kit was
found to be the most suitable for isolating DNA from soy sauce,
soya-containing meat and bread, and CRM’s, with the highest
DNA yields and the best A260/A280 ratios. The extraction efficiency
of total DNA from soy sauce with the Genespin kit gave similar
yields to the Foodproof method, but lower DNA purity, while the
CTAB method showed significantly lower DNA yield and much
lower purity. In contrast, the DNA extracts from soya-containing
meat by CTAB and Genespin methods gave adequate yields and
purity, not much lower than the Foodproof method. The DNA
extraction from soya bread resulted in low yields regardless of
the extraction method used. In the case of CRMs, the Genespin
method provided very good results for DNA yield and purity,
comparable to the Foodproof method. The Genespin method also
produced the highest DNA yields and purities from soya flour and
soya milk. In the case of soya flour, the mean of DNA yield and
purity for the Foodproof extraction method was statistically sim-
ilar to the Genespin kit, but those for soya milk were significantly
lower. The CTAB method provided moderate DNA yields for both
soya flour and milk samples, but lower purities than any of the
commercial kits. In the majority of samples tested both the Wizard
and DNeasy kits gave lower DNA yields and purities than the other
methods, although they still gave DNA of sufficient quality for PCR
amplification.

Comparison of the DNA extraction methods on real-time PCR
All five DNA isolation methods performed well in providing DNA
suitable for RT-PCR from the soy foodstuffs and feeds analysed, as
evidenced by the amplification of the plant-specific control gene
(Table 2). In general, higher Ct values (indicating smaller amounts
of amplifiable plant derived-DNA) were obtained for seeds, food
matrices and feeds than for CRM materials, for all extraction
methods. As expected, higher purity DNA generally gave lower
Ct values, although interestingly DNA from the Foodproof kit
gave the lowest or joint lowest values even when other methods
gave equivalent or better A260/A280 ratios. Some differences in
the efficiency of screening for GMO elements (P-35S, T-NOS, bar,
FMV promoter) were observed between the extraction methods
tested. Only the Foodproof method enabled consistent positive
amplification of the 35S/NOS/FMV screening elements from all of
the matrices which contained detectable soybean DNA (Table 1S,
supporting information). In contrast, when the Wizard, DNeasy
and CTAB methods were applied to soy sauce, the Genespin
and Wizard to soya-containing chocolate, and the DNeasy to
soya-containing meat and milk, no amplification was observed for
GMO screening elements (35S/NOS/bar/FMV) in at least one of six
replicates.

Differences in R2, slope and efficiency of the PCR were evaluated
for serial dilutions of the DNA extracts using ANOVA, with the
Shapiro–Wilk test for normality and the Levene test for uniformity
of variances; in all cases distortion from the normal distribution
was not observed (P > 0.05) (Table 3). The coefficients of cor-
relation for the calibration curves (R2) were >0.98 in all cases,
although the Foodproof and Genespin kits gave slightly higher
values than the other three methods. The slope of the regression
line and the PCR efficiencies of DNA amplification from each of
the five extraction methods were not statistically different from
each other (P > 0.05). The average PCR efficiencies of Foodproof,
Genespin and CTAB methods were similar and close to 100%,
while Wizard and DNeasy methods displayed higher efficiency
(>100%).

Screening of GMOs
Three CRMs (100 g kg−1 GTS 40-3-2, MON89788, A2704-12) were
tested to assess the specificity of the real-time multiplex PCR
kit. The GMO screening by qualitative real-time PCR gave the
expected results in each CRM for the 35S/NOS/bar/FMV screening
elements and the plant gene (summarised in Table 4). Of all 44
soya products screened, 35 (80%) were negative for 35S/NOS/FMV
GM elements. Nine samples (20%) tested positive for the presence
of two GM elements (35S/NOS), of which five samples (11%) also
tested positive for a third element (FMV), indicating the presence
of multiple GMOs in these samples. Soy feeds showed a larger
prevalence of GM material (5/10 samples; 50%) than the soy
foodstuffs tested (4/34 samples; 13%). GM material was found
in one sample each of soy sauce, soya milk, soya-containing
chocolates and meat, but not in any of the other foodstuffs. In
GMO-positive soy foodstuffs, with the exception of soya milk,
GM elements were detected only at high Ct values, indicat-
ing that relatively small amounts of GMO DNA were present.
However, the consistency of amplification across all extraction
methods indicates that GMO screening elements are present,
albeit in trace amounts, as screening for GM elements gave no
amplification from GMO-negative samples or negative controls
included on all RT-PCR plates. The Ct values for GM elements in
the GMO-positive soya milk sample were much lower than the
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Table 2. Comparison of DNA yield, purity and real-time PCR results for a positive control plant gene in soy-containing foodstuffs and feeds extracted
with different methods

Foodstuff and extraction method DNA yield* (ng μL−1) DNA purity* (A260/A280) Real-time (+/total) Ct*

CRMs
Foodproof 547.2± 19.6a 1.7± 0.1a 6/6 12.59± 0.62d

GeneSpin 531.8± 39.2a 1.6± 0.1ab 6/6 14.73± 0.48c

Wizard 193.3± 18.7b 1.6± 0.1ab 6/6 17.38± 0.77b

DNeasy 130.9± 11.6c 1.6± 0.1ab 6/6 17.73± 0.77b

CTAB 204.21± 19.9b 1.5± 0.1b 6/6 19.83± 0.27a

Soya seed
Foodproof 283.9± 31.3b 1.7± 0.1b 6/6 20.19± 0.90bc

GeneSpin 197.4± 45.2c 1.6± 0.1bc 6/6 20.92± 0.52b

Wizard 30.9± 1.5d 1.5± 0.1c 6/6 22.12± 0.47a

DNeasy 217.8± 30.2c 1.4± 0.1d 6/6 22.36± 1.35a

CTAB 488.23± 41.5a 1.8± 0.1a 6/6 19.81± 0.69c

Soya feed
Foodproof 508.4± 35.9b 1.7± 0.2a 6/6 17.96± 0.45c

GeneSpin 369.7± 44.4c 1.7± 0.1b 6/6 18.21± 0.73c

Wizard 49.9± 5.1e 1.5± 0.1c 6/6 18.99± 0.98b

DNeasy 143.2± 8.2d 1.5± 0.1c 6/6 20.30± 0.79a

CTAB 1293.6± 47.3a 1.5± 0.1c 6/6 20.31± 0.72a

Soy sauce
Foodproof 8.6± 2.1a 1.5± 0.1b 6/6 25.47± 0.83d

GeneSpin 7.7± 1.1a 1.4± 0.1c 6/6 34.75± 0.68a

Wizard 3.8± 1.1c 2.1± 0.2a 6/6 33.77± 0.50b

DNeasy 1.7± 0.2d 1.5± 0.1bc 6/6 32.12± 0.60c

CTAB 6.1± 1.0b 1.2± 0.2d 6/6 31.76± 0.68c

Biscuit containing soya
Foodproof 106.9± 10.3b 1.7± 0.1a 6/6 20.52± 0.26 e

GeneSpin 84.4± 11.1c 1.7± 0.1a 6/6 21.10± 0.55d

Wizard 69.0± 8.0d 1.6± 0.1b 6/6 23.90± 1.59b

DNeasy 27.2± 5.7e 1.6± 0.1b 6/6 24.51± 0.22a

CTAB 469.3± 38.1a 1.7± 0.1a 6/6 22.37± 1.1.8c

Chocolate containing soya
Foodproof 27.9± 3.5c 1.3± 0.1b 6/6 17.45± 0.27e

GeneSpin 41.0± 9.0b 1.4± 0.1a 6/6 18.53± 1.14d

Wizard 31.4± 6.5b 1.4± 0.1a 6/6 22.21± 0.34b

DNeasy 2.7± 0.6d 1.4± 0.1a 6/6 25.35± 0.31a

CTAB 430.8± 61.0a 1.4± 0.1a 6/6 19.53± 0.22c

Soy flour
Foodproof 349.8± 28.6b 1.7± 0.1a 6/6 21.53± 0.23d

GeneSpin 437.0± 45.5a 1.7± 0.1a 6/6 20.39± 0.28 e

Wizard 186.5± 28.9c 1.5± 0.1b 6/6 25.24± 0.54c

DNeasy 140.5± 18.1c 1.6± 0.1b 6/6 27.32± 0.47b

CTAB 327.0± 92.3b 1.4± 0.1c 6/6 28.67± 0.46a

Babyfood containing soya
Foodproof 77.6± 9.4c 1.5± 0.1d 6/6 24.43± 0.99bc

GeneSpin 39.8± 6.1d 1.7± 0.1c 6/6 24.47± 0.62bc

Wizard 114.1± 34.2b 1.5± 0.1d 6/6 26.48± 0.75a

DNeasy 16.3± 2.6d 2.0± 0.1a 6/6 24.28± 1.19b

CTAB 1061.4± 87.6a 1.8± 01b 6/6 24.35± 1.31c

Bread containing soya
Foodproof 27.9± 3.1a 1.7± 0.1b 6/6 21.86± 0.39c

GeneSpin 21.1± 3.8b 2.1± 0.1a 6/6 22.48± 0.20b

Wizard 14.2± 0.6d 1.4± 0.1e 6/6 23.48± 0.44a

DNeasy 1.2± 0.2e 1.5± 0.1d 6/6 22.53± 0.39b

CTAB 16.8± 1.8c 1.6± 0.1c 6/6 21.96± 0.40c

Soya sprout
Foodproof 43.4± 5.5c 1.6± 0.1c 6/6 20.38± 0.17c

GeneSpin 115.5± 7.0b 2.0± 0.1b 6/6 21.10± 0.42b
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Table 2. Continued

Foodstuff and extraction method DNA yield* (ng μL−1) DNA purity* (A260/A280) Real-time (+/total) Ct*

Wizard 22.5± 0.3 e 2.1± 0.1a 6/6 24.20± 0.41a

DNeasy 35.1± 3.9d 2.0± 0.1b 6/6 20.90± 0.48b

CTAB 156.0± 5.8a 1.4± 0.1d 6/6 20.81± 0.17b

Soya milk
Foodproof 26.9± 3.7d 1.5± 01b 6/6 15.77± 0.40d

GeneSpin 102.2± 8.2a 1.8± 0.1a 6/6 16.69± 0.12c

Wizard 7.6± 0.9e 1.5± 0.1b 6/6 17.63± 0.20b

DNeasy 72.9± 4.2b 1.5± 0.1b 6/6 18.32± 0.46a

CTAB 44.0± 4.2c 1.4± 0.1c 6/6 17.67± 0.23b

Meat containing soya
Foodproof 1156.1± 83.8a 1.8± 0.1b 6/6 12.10± 0.70d

GeneSpin 711.9± 34.2c 2.0± 0.1a 6/6 12.77± 0.38c

Wizard 28.9± 3.9e 1.1± 0.1d 6/6 13.55± 0.16b

DNeasy 432.99± 40.0d 2.1± 0.3a 6/6 22.60± 0.21a

CTAB 900.8± 42.9b 1.6± 0.3c 6/6 20.31± 0.72a

*Values represented as average± standard deviation for six replicates.
CRMs, certified reference materials; Ct, cycle threshold; CTAB, cetyltrimethylammonium bromide.

Table 3. Coefficient of correlation and efficiency of real-time PCR
standard curves obtained from serial diluted DNA extracts from soy
flour (certified reference material), with plant DNA as the target

Extraction
method

Coefficient of
correlation (R2)

Angular
coefficient (slope) Efficiency

Foodproof 0.989± 0.006 −3.348± 0.34 99.2± 1.7
Genespin 0.992± 0.004 −3.373± 0.69 99.8± 0.7
Wizard 0.983± 0.009 −3.271± 0.22 102.1± 1.0
DNeasy 0.981± 0.003 −3.273± 0.13 103.3± 0.6
CTAB 0.986± 0.003 −3.336± 0.69 99.5± 2.8

Results are given as the mean± standard deviation.
The efficiency, E, is [10(−1/slope)]−1.
CTAB, cetyltrimethylammonium bromide.

other foodstuffs, similar to that observed for soya feed samples,
indicating a larger presence of GMO DNA (Table S1, supporting
information).

DISCUSSION
The comparison of five DNA extraction methods in this study
demonstrated that the choice of DNA extraction method can
produce significantly different DNA yields and purity for soy
foodstuffs and feeds. Irrespective of the extraction method used,
the presence of a smear when extracted DNA was loaded on to
an agarose gel indicated a certain level of DNA fragmentation.19

Of the kits, Foodproof and Genespin were found to be the most
reliable DNA extraction methods for complex soya-containing
foodstuffs, as verified by other authors,33,34 and to perform well
for CRMs and soya flour, in accordance with the result of Mafra
et al.22 The highest yields were obtained with the CTAB method
for the majority of processed soy foodstuffs and feed (Table 2).
These observations agreed with previous studies, in which the
CTAB method was generally considered the best for highly pro-
cessed food matrices,17,26,35 raw soybean, raw maize and animal

Table 4. Results of screening for genetically modified (GM) ele-
ments by qualitative RT-PCR in DNA extracted from commercial
soy-containing foods and feeds and certified reference materials
(CRMs)

Material and
products

Number of
samples 35S NOS BAR FMV PLANT

CRMs
CRM (RRS) 1 1 1 0 0 1
CRM (MON89788) 1 0 0 0 1 1
CRM (A2704-12) 1 1 0 0 0 1

Food
Soy sauce 4 1 1 0 0 1
Biscuit containing soya 4 0 0 0 0 1
Chocolate containing
soya

4 1 1 0 1 1

Soya flour 3 0 0 0 0 1
Baby food containing
soya

4 0 0 0 0 1

Bread containing soya 4 0 0 0 0 1
Soya sprout 2 0 0 0 0 1
Soya milk 4 1 1 0 0 1
Meat containing soya 2 1 1 0 0 1

Seed 3 0 0 0 0 1
Feed 10 5 5 0 4 1
Total 47 11 10 0 6 47

feed.23 The CTAB method is also listed by the ISO as validated
by inter-laboratory testing for soya bean samples.36 However we
obtained lower DNA purity (measured by the A260/A280 ratio) by
the CTAB method compared to commercial kits, which gener-
ally indicates contamination of the DNA with proteins.37 In our
hands the Wizard kit gave relatively low DNA yield and purity.
Accordingly, DNA extracted from a soya CRM by this method has
previously been reported previously to give highly variable PCR
efficiencies.26 In contrast, one study reported good performance
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of the Wizard method in the extraction of highly processed soy-
bean food products;22 here it provided satisfactory results of DNA
purity for more easily extracted samples such as soy flour. The
efficiency of extraction by the DNeasy kit was also low; in contrast,
Di Pinto et al.38 described satisfactory results from DNA extracted
by the DNeasy and Wizard methods for most food products.

Based on real-time PCR analysis, all five DNA isolation meth-
ods performed well enough for detection of plant DNA in
soy-containing foodstuffs and feeds. However, the significant
differences in the Ct values observed indicates the importance of
selecting appropriate extraction methods for different soy food
matrices, as previously demonstrated by other authors.22,39 With
regard to the dilution test with CRM DNA, the higher degree of
correlation of the calibration curves than the minimum acceptable
coefficient (R2

> 0.98) emphasises the adequacy of all extraction
methods for quantification.40,41 Furthermore, the slightly lower
R2 values obtained from CTAB, Wizard and DNeasy methods sug-
gests that the presence of impurities leads to greater variability
in plant-derived DNA target amplification in these methods. The
positive amplification of GMO screening elements was completely
consistent only with the Foodproof method, demonstrating that
the same level of robustness can be obtained for GMO screening
only if the appropriate DNA extraction procedure is used.26 The
average of PCR efficiency observed was close to 100%, which
shows the suitability of the extraction methods for real-time
PCR quantification,13,22 in agreement with other authors who
verified the similar performance of the Nucleospin, Genespin,
Wizard, DNeasy and CTAB methods.22,26 However, the amplifica-
tion efficiency of Wizard and DNeasy was apparently higher than
100%, which could be due to lower DNA yields giving a greater
variability in quantitation estimates.26 The GMO screening results
demonstrate the presence of GM material in soy foodstuffs and
feeds that are commercially sold in local Turkish markets. None of
the products that tested positive for GM material were labelled as
such. This finding indicates the need for a more strict control by
the authorities to ensure compliance with the labelling legislation
in Turkey and the EU, since the presence of soya must already be
reported on the label of food and feed products due to its potential
allergenic nature.42 However, the high Ct values of 35S/NOS/FMV
gene targets in most food samples suggests the presence only of
trace amounts of GMO material in these products, which could
be explained by unintentional contamination at the commodity
shipment stage.19 Furthermore, our results are in good agreement
with recent report of Arun et al.24 in which 25% of Turkish food
products tested were positive for GMOs. The prevalence of GM
materials in food and feed industries is the subject of studies in
many countries.28,39,43

Here, we show the utility of a qualitative multiplex real-time PCR
assay (the Foodproof GMO Screening Kit) for reliable screening of
soy food and feed. Usefully, the combination of screening targets
detected in positive samples gives information not only about the
presence of a GMO, but also about the possible identity of the
GMO present.31 For example, in Turkey a soybean sample with a
positive signal for the FMV 35S promoter should be further tested
for the presence of the event MON 89788 (Roundup Ready2Yield),
while those positive for the CaMV 35S promoter and NOS termi-
nator only may contain the event GTS 40-3-2. Both of these GM
events along with A2704-12 are already approved for use in feed
materials in Turkey.11

CONCLUSIONS
DNA extraction methods should be evaluated for each food and
feed matrix with regard to PCR efficiency, as well as DNA yield and
purity, since the performance of subsequent PCR analysis must be
taken into account.18 We verified that the universal DNA extraction
method for all soya-containing food and feed products does not
exist, but the Foodproof, Genespin and the CTAB methods were
the most efficient for DNA extraction from soybean foodstuffs and
feed; the best yields for all of the samples tested were achieved
by one or more of these three methods, all of which produced
high DNA purity and amplifiable DNA. To comply with labelling
regulations in the EU and Turkey, GM materials in the food and
feed chains must be traced. The qualitative multiplex real-time
PCR assay used here is a simple and rapid detection tool for this
purpose. Further investigation on identification and quantification
of GMOs would extend our knowledge and facilitate compliance
with the 9 g kg−1 threshold level for approved GMOs in the EU and
Turkey.

ACKNOWLEDGEMENTS
This research has been financially supported by Republic of Turkey
Small and Medium Enterprises Development Organization (KOS-
GEB) and Elips Health Products Ltd.

SUPPORTING INFORMATION
Supporting information may be found in the online version of this
article.

REFERENCES
1 James C, Global Status of Commercialized Biotech/GM Crops: 2013. Brief

46. ISAAA, Ithaca, New York (2013).
2 Kim JH, Zhang D and Kim HY, Detection of sixteen genetically modified

maize events in processed foods using four event-specific pentaplex
PCR systems. Food Control 35:345–353 (2014).

3 Prins TW, van Dijk JP, Beenen HG, Van Hoef AMA, Voorhuijzen MM,
Schoen CD, et al., Optimised padlock probe ligation and microarray
detection of multiple (non-authorised) GMOs in a single reaction.
BMC Genomics 9:584 (2008).

4 Ruttink T, Demeyer R, Van Droogenbroeck B, Taverniers I and De Loose
M, Molecular toolbox for the identification of unknown genetically
modified organisms. Anal Bioanal Chem 396:2073–2089 (2010).

5 Broeders SRM, De Keersmaecker SCJ and Roosens NHC, How to deal
with the upcoming challenges in GMO detection in food and
feed. J Biomed Biotechnol 2012:402–418, DOI:10.1155/2012/402418
(2012).

6 European Union, Commission Regulation 1829/2003 of the European
Parliament and of the Council of 22 September 2003 on genetically
modified food and feed. Off J Eur Union L 268:1–23 (2003).

7 European Union, Commission Regulation 1830/2003 of the European
Parliament and of the Council of 22 September 2003 concerning the
traceability and labelling of genetically modified organisms and the
traceability of food and feed products produced from genetically
modified organisms and amending directive 2001/18/EC. Off J Eur
Union L 268:24–28 (2003).

8 Regulation of the Turkish Republic, Ministry of Agriculture and Rural
Affairs on import, export, processing, control and monitoring of
Genetically Modified Organisms and their products used as food and
feed. Off J 27388:Issue date: 26.10.2009 (2009).

9 Turkish Republic Biosafety law: law number 5977. Off J 27533:Issue
date: 26.03.2010 (2010).

10 Regulation of the Turkish Republic, Ministry of Food, Agriculture and
Animal breeding on Genetically Modified organisms and their prod-
ucts. Off J 27671:Issue date: 13.08.2010 (2010).

11 Global Agricultural Information Network, Agricultural Biotechnology
Annual_Ankara_Turkey_7-16-2013, http://gain.fas.usda.gov [21 April
2014].

J Sci Food Agric 2015; 95: 386–392 © 2014 Society of Chemical Industry wileyonlinelibrary.com/jsfa



392

www.soci.org A Turkec et al.

12 Samson MC, Gullí M and Marmiroli N, Multiplex real-time PCR assays
for simultaneous detection of maize MON810 and GA21 in food
samples. Food Control 30:518–525 (2013).

13 Mazzara M, Paoletti P, Corbisier P, Grazioli E, Larcher S, Berben G, et al.,
Kernel lot distribution assessment (KeLDA): A comparative study of
protein and DNA-based detection methods for GMO testing. Food
Anal Methods 6:210–220 (2013).

14 Holst-Jensen A, Testing for genetically modified organisms (GMOs):
Past, present and future perspectives. Biotechnol Adv 27:1071–1082
(2009).

15 Querci M, Van den Bulcke M, Zel J, Van den Eede G and Broll H, New
approaches in GMO detection. Anal Bioanal Chem 396:1991–2002
(2010).

16 Demeke T and Jenkins GR, Influence of DNA extraction methods, PCR
inhibitors and quantification methods on real-time PCR assay of
biotechnology-derived traits. Anal Bioanal Chem 396:1977–1990
(2010).

17 Gryson N, Messens K and Dewettinck K, Evaluation and optimisation
offive different extraction methods for soy DNA in chocolate and
biscuits. Extraction of DNA as a first step in GMO analysis. J Sci Food
Agric 84:1357–1363 (2004).

18 Gryson N, Effect of food processing on plant DNA degradation
and PCR-based GMO analysis: A review. Anal Bioanal Chem
396:2003–2022 (2010).

19 Kluga L, Folloni S, Van den Bulcke M, Van den Eede G and Querci M,
Applicability of the ‘Real-time PCR-based ready-to-use multi-target
analytical system for GMO detection’ in processed maize matrices.
Eur Food Res Technol 234:109–118 (2012).

20 Meyer R, Chardonnens F, Hübner P and Lüthy J, Polymerase chain reac-
tion (PCR) in the quality and safety assurance of food: detection soya
in processed meat products. Z Lebensm-Unters-Forsch 203:339–344
(1996).

21 Taski-Ajdukovic KZ, Nikolic M, Vujakovic M, Milosevic M and Petrovic
I, Detection of genetically modified organisms in processed meat
products on the Serbian food market. Meat Sci 81:230–232 (2009).

22 Mafra I, Silva SA, Moreira EJMO, Ferreira da Silva CS, Beatriz, M
and Oliveira PP, Comparative study of DNA extraction methods
for soybean derived food products. Food Control 19:1183–1190
(2008).

23 Tung-Nguyen CT, Son R, Raha AR, Lai OM and Clemente Michael WVL,
Comparison of DNA extraction efficiencies using various methods
for the detection of genetically modified organisms (GMOs). Int Food
Res J 16:21–30 (2009).

24 Arun OO, Yilmaz F and Muratoglu K, PCR detection of genetically
modified maize and soy in mildly and highly processed foods. Food
Control 32:525 (2013).

25 Peano C, Ruijter JM, Deprez RHL and Moorman AFM, Qualitative and
quantitative evalutation of the genomic DNA extract from GMO
and non-GMO foodstuffs with four extraction methods. J Agric Food
Chem 52:6962–6968 (2004).

26 Cankar K, Stebih D, Dreo T, Zel J and Gruden K, Critical points of
DNA quantification by real-time PCR – effects of DNA extraction
method and sample matrix on quantification of genetically modified
organisms. BMC Biotechnol 6:37–51 (2006).

27 Smith DS and Maxwell PW, Use of quantitative PCR to evaluate several
methods for extracting DNA from corn flour and cornstarch. Food
Control 18:236–242 (2007).

28 Wang X, Teng D, Yang Y, Tian F, Guan Q and Wang J, Comparison of
three DNA extraction methods for feed products and four amplifi-
cation methods for the 5′-junction fragment of roundup ready soy-
bean. J Agric Food Chem 60:4586–4595 (2012).

29 Fandke M, Schneider A, Grönewald C and Berghof-Jager K, Real-time
PCR screening of genetically modified organisms with the lightcy-
cler instrument. Biochemica 2:14–16 (2002).

30 Bustin R and Nolan T, Analysis of mRNA expression by real-time PCR,
in Real-Time PCR: An Essential Guide, ed. by Edwards J, Logan K and
Saunders N. Horizon Bioscience, Norfolk, pp. 125–184 (2004).

31 Dorries HH, Remus I, Gonewald A, Gronewald C and Jager KB, Devel-
opment of a qualitative, multiplex real-time PCR kit for screen-
ing of genetically modified organisms (GMOs). Anal Bioanal Chem
396:2055–2064 (2010).

32 Zel J, Mazzara M, Savini C, Cordeil S, Camloh M, Stebih D, et al.,
Method validation and quality management in the lexible scope
of accreditation: an example of laboratories testing for genetically
modified organisms. Food Anal Method 1:61–72 (2008).

33 Di Bernardo G, Gaudio SD, Galderisi U, Cascino A and Cipollaro M,
Comparative evaluation of different DNA extraction procedures
from food samples. Biotechnol Prog 23:297–301 (2007).

34 Elsanhoty R, Ramadan MF and Jany KD, DNA extraction methods for
detecting genetically modified foods. Food Chem 126:1883–1889
(2011).

35 Pirondini A, Bonas U, Maestri E, Visioli G, Marmiroli M and Marmiroli N,
Yield and amplificability of different DNA extraction procedures for
traceability in dairy food chain. Food Control 21:663–668 (2010).

36 International Organization for Standardization, Foodstuffs – Methods
of analysis for the detection of genetically modified organisms and
derived products – Nucleic acid extraction, ISO 21571:2005(E). ISO,
Geneva, pp. 24–28 (2005).

37 Meyer R, Development and application of DNA analytical methods for
the detection of GMOs in food. Food Control 10:391–399 (1999).

38 Di Pinto A, Forte V, Guastadisegni MC, Martino C, Schena FP and Tantillo
GA, Comparison of DNA extraction methods for food analysis. Food
Control 18:76–80 (2007).

39 Fernandes TJR, Oliveira MBP and Mafra I, A survey on genetically
modified maize in foods commercialised in Portugal. Food Control
35:338–344 (2014).

40 European Commission, European Network of GMO Lab-
oratories, Definition of Minimum Performance Require-
ments for Analytical Methods of GMO Testing. Available:
http://gmo-crl.jrc.ec.europa.eu/guidancedocs.htm (Version, 13
October 2008). [15 January 2014]

41 Branquinho MR, Renata TB and Ferreira Paola CL, Survey of compliance
with labeling legislation in food containing GMOs in Brazil. J Food
Compos Anal 23:220–225 (2010).

42 European Union, Commission Directive 2003/89/EC of the European
Parliament and of the Council of 10 November 2003 amending direc-
tive 2000/13/EC as regards indication of the ingredients present in
foodstuffs. Off J Eur Union L 308:15–18 (2003).

43 Herzallah SM, Detection of genetically modified material in feed and
foodstuffs containing soy and maize in Jordan. J Food Compos Anal
26:169–172 (2012).

wileyonlinelibrary.com/jsfa © 2014 Society of Chemical Industry J Sci Food Agric 2015; 95: 386–392


