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Abstract: The extraction of DNA is a critical step for species identification by PCR analysis
in processed food and feed products. In this study, eight DNA extraction procedures were
compared—DNeasy Blood and Tissue Kit, DNeasy mericon Food Kit, chemagic DNA Tissue 10 Kit,
Food DNA Isolation Kit, UltraPrep Genomic DNA Food Mini Prep Kit, High Pure PCR Template
Preparation Kit, phenol—chloroform extraction, and NucleoSpin Food—Using self-prepared samples
from both raw and heat-processed and/or mechanically treated muscles and different types of meat
products and pet food (pork, beef, and chicken). The yield, purity, and suitability of DNA for
PCR amplification was evaluated. Additionally, comparisons between the effectiveness of various
extraction methods were made with regard to price, and labor- and time-intensiveness. It was found
that the DNeasy mericon Food Kit was the optimal choice for the extraction of DNA from raw muscle,
heat-treated muscle, and homemade meat products from multiple and single species.

Keywords: DNA yield; meat products; polymerase chain reaction; DNA degradation; food analysis;
food authenticity

1. Introduction

Authenticity of species origin in food and feed products is important for law enforcement and
for the protection of consumer health, as well as for economic and religious reasons. Total accuracy
is not always guaranteed by labeling. For the identification of species in processed food products,
an analytical approach must be used. Most analyses target proteins or DNA molecules which are
extracted from tissues [1]. As the heating or canning process (121 ◦C, 15 min, 200 hPa) causes protein
denaturation [2], DNA is a more suitable molecular marker for species authentication. In fact, DNA
is also degraded into small fragments during the thermal process, but these are still detectable [3].
Moreover, DNA is largely unaffected by tissue source or sample damage [4,5]. However, fragment
size is a limiting factor for the subsequent PCR [6]. Thus, DNA-based analytical methods represent a
crucial approach for species identification in raw and highly processed meat products due to their high
thermal stability and their very low detection limits. PCR and real-time PCR proved to be fast, reliable,
and sensitive methods for species identification in foods and feeds with complex compositions [7–14].
Sequences of mitochondrial [15–17] and genomic DNA [18] were reported to be targeted as markers.
The critical step in these approaches is the extraction of high-quality DNA in sufficiently large quantities
from heterogeneous food matrices. Due to the fact that raw muscles are subjected to different treatments
during the manufacturing process (high temperature, high pressure, addition of certain ingredients,
etc.) which considerably influence the quality of DNA [19–22], it is necessary to individually optimize
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DNA isolation procedures for each type of food product. In addition, the chemical compounds present
in food matrices (polysaccharides, proteins, collagen, polyphenols, fulvic acids, or lipids) may not
be completely removed during the DNA extraction protocol and can affect the integrity of DNA or
cause inhibition of subsequent PCR analysis [6]. Inhibitor compounds can interfere with PCR by
decreasing or even completely inhibiting the activity of DNA polymerase [23]. Moreover, chemical
reagents used in the isolation procedure may persist as contaminants, which can influence the purity
of extracted DNA. Several authors already discussed various procedures for DNA extraction from
raw and processed meat products [24,25] and raw beef [26], or compared the quality of DNA isolated
from samples cooked at different temperatures [22,27]. A DNA extraction system should be effective
in the sense that it should allow for the isolation of high quantities of good quality DNA with good
PCR amplification ability; moreover, such a system should be affordable and should not impose heavy
demands on labor and time.

The aim of this study was to determine the degree to which DNA is influenced by the technological
processes used in the food industry (mechanical, thermal, chemical, and enzymatic treatments)
using self-prepared samples from the muscle tissue of pigs, chickens, and cattle. We also intended
to determine how the subsequent sample preparation and extraction procedure could affect the
qualitative and quantitative parameters of DNA. It was also our objective to find suitable methods
for homogenization and isolation of nucleic acids from samples obtained from raw, heat-treated,
and/or mechanically processed muscle, and alternative types of meat products and animal feeds.
Several extraction procedures for isolating DNA from meat products were tested and evaluated.
The quality and yield of DNA were checked by measuring the absorbance (A) and determining the
A260/A280 ratio using a spectrophotometer. Gel electrophoresis was performed to determine the
level of DNA fragmentation caused by technological processing. Amplification ability was determined
using PCR.

2. Results and Discussion

2.1. DNA Quantification and Purity

In processed products, DNA is exposed to heat and physical or chemical treatment, which can
result in the degradation of DNA molecules [19–21]. The quality and yield of extracted DNA are
critical for subsequent PCR analysis. In addition to the DNA quality and yield, it is also desirable that
DNA should contain as few contaminants as possible. These would include proteins, polyphenols,
polysaccharides, and any other PCR inhibitors [28]. The average DNA concentrations (ng/µL) obtained
using the selected extraction techniques are presented in Figure 1. The lowest DNA yield was obtained
using Food DNA Isolation Kit (Norgen Biotek) (kit D). The highest DNA concentrations were observed
when using extraction method G (phenol—chloroform extraction). Nevertheless, these results could
be misleading due to the particular procedure used for DNA extraction, which might have resulted in
the presence of chemical reagents in the purified DNA samples because of a less thorough purification
step. Such residual chemical contaminants could have caused an increase in absorbance (at 260 nm) of
the DNA solution. Measured DNA concentrations are determined by the linear relationship between
nucleic acid and absorbance in the ultraviolet (UV) region at 260-nm wavelength, and they are also
dictated by the extinction coefficient. Consequently, A260 absorbance measurements are also sensitive
to free nucleotides, ssDNAs and ssRNAs, as well as to some other organic contaminants such as
chloroform and phenol [26], which can interfere with spectrophotometric analysis and may result in
overestimation of the DNA yield. Musto (2011) reported that the denaturation of dsDNA to ssDNA,
referred to as the hyperchromic effect, may in part be responsible for increased absorbance (at 260 nm)
of DNA solutions [20].
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Figure 1. The average DNA concentrations obtained using the selected extraction methods A–H; A—
DNeasy Blood and Tissue Kit (Qiagen), B—DNeasy mericon Food Kit (Qiagen), C—Chemagic DNA 
Tissue 10 Kit (PerkinElmer), D—Food DNA Isolation Kit (Norgen Biotek), E—UltraPrep Genomic 
DNA Food Mini Prep Kit (AHN-Bio), F—High Pure PCR Template Preparation Kit (Roche), G—
phenol-chloroform extraction, H—NucleoSpin Food (Macherey-Nagel). 

In heat-treated muscle, the use of extraction method G (phenol-chloroform extraction) resulted 
in an amount of isolated DNA which was even higher than that from raw meat (Table 1). Similar 
findings were obtained by Reference [20], which claimed that the disruption of cell membranes 
during the heating process allowed more DNA to be released from the muscle cells. This contention 
was not confirmed when using other extraction methods. DNA yields of group 1 were higher, or at 
least comparable with DNA yields in groups 2, 3, and 4. The DNA was considered to be satisfactorily 
pure when the A260/A280 ratios were within the range of 1.7–2.0. Contamination of DNA with 
proteins usually reduces the A260/A280 ratio to values lower than 1.7 [29]. Residual impurities 
carried over from the DNA extraction procedure, such as phenol or ethanol, are also reported to 
reduce the A260/A280 ratio. The DNA yields differed significantly according to the type of extraction 
method; similarly, the purity of the extracts obtained did not always range within the above-
mentioned ratio of A260/A280, i.e., 1.7–2.0 (Figure 2). 

Figure 1. The average DNA concentrations obtained using the selected extraction methods A–H;
A—DNeasy Blood and Tissue Kit (Qiagen), B—DNeasy mericon Food Kit (Qiagen), C—Chemagic
DNA Tissue 10 Kit (PerkinElmer), D—Food DNA Isolation Kit (Norgen Biotek), E—UltraPrep
Genomic DNA Food Mini Prep Kit (AHN-Bio), F—High Pure PCR Template Preparation Kit (Roche),
G—phenol-chloroform extraction, H—NucleoSpin Food (Macherey-Nagel).

In heat-treated muscle, the use of extraction method G (phenol-chloroform extraction) resulted in
an amount of isolated DNA which was even higher than that from raw meat (Table 1). Similar findings
were obtained by Reference [20], which claimed that the disruption of cell membranes during the
heating process allowed more DNA to be released from the muscle cells. This contention was not
confirmed when using other extraction methods. DNA yields of group 1 were higher, or at least
comparable with DNA yields in groups 2, 3, and 4. The DNA was considered to be satisfactorily
pure when the A260/A280 ratios were within the range of 1.7–2.0. Contamination of DNA with
proteins usually reduces the A260/A280 ratio to values lower than 1.7 [29]. Residual impurities carried
over from the DNA extraction procedure, such as phenol or ethanol, are also reported to reduce the
A260/A280 ratio. The DNA yields differed significantly according to the type of extraction method;
similarly, the purity of the extracts obtained did not always range within the above-mentioned ratio of
A260/A280, i.e., 1.7–2.0 (Figure 2).

The highest proportion of optimal absorbance values was obtained using extraction methods
DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany) (A), DNeasy mericon Food Kit (Qiagen) (B),
and G. By comparison, use of the F, E and C kits resulted in a high proportion of suboptimal values.
Kit D gave a high score of more than 2.0. All extraction methods (A–H) gave similar results in terms
of quality (purity ratios) for all four sample groups. We found extraction methods A, G and B to be
preferable to kits High Pure PCR Template Preparation Kit (Roche, Basel, Switzerland) (F), UltraPrep
Genomic DNA Food Mini Prep Kit (AHN-Bio) (E), and chemagic DNA Tissue 10 Kit (PerkinElmer) (C),
because the latter kits showed a great deal of suboptimal absorption. Kit D gave a high proportion of
high absorbance values (>2.0) for all sample types; however, with NucleoSpin Food (Macherey-Nagel,
Düren, Germany) (kit H), this was only observed for samples of group 1. The purity of DNA was
found to be highest in group 1 samples (raw meat), because most of the samples were in the optimal
range of A260/A280 with the use of all tested extraction methods, except kit H.
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Table 1. Comprehensive evaluation of individual extraction methods; A—DNeasy Blood and Tissue Kit (Qiagen), B—DNeasy mericon Food Kit (Qiagen), C—Chemagic
DNA Tissue 10 Kit (PerkinElmer), D—Food DNA Isolation Kit (Norgen Biotek), E—UltraPrep Genomic DNA Food Mini Prep Kit (AHN-Bio), F—High Pure PCR
Template Preparation Kit (Roche), G—phenol-chloroform extraction, H—NucleoSpin Food (Macherey-Nagel).

Group Extraction Conc Absorb % Opt. Abs. Effic. (%) Cost Laborious Conc Absorb % Opt. Abs. Effic. (%) Cost Laborious Weighted Average * Order

1 A 39.90 1.93 100 100 2 3 6 3 2 3.5 3.5 3.5 3.65 2
1 B 97.50 1.79 100 100 1 3 3 5 2 3.5 7 3.5 3.6 1
1 C 74.30 1.68 50 83.3 2 2 4 6 4.5 7 3.5 7 5.45 7
1 D 18.05 2.01 50 100 1 3 8 2 4.5 3.5 7 3.5 4.8 5
1 E 51.20 1.62 25 100 2 3 5 7 7 3.5 3.5 3.5 4.85 6
1 F 35.05 1.31 0 100 2 3 7 8 8 3.5 3.5 3.5 5.55 8
1 G 353.45 1.85 100 66.7 3 1 1 4 2 8 1 8 4.3 4
1 H 133.80 2.04 37.5 100 1 3 2 1 6 3.5 7 3.5 3.8 3

2 A 22.70 1.90 95.8 94.4 2 3 6 3 1 3 3.5 3.5 3.3 2
2 B 68.50 1.79 91.7 100 1 3 2 4 2 1 7 3.5 2.55 1
2 C 50.70 1.66 37.5 77.8 2 2 3 5 5 7 3.5 7 5.25 6
2 D 9.85 2.00 54.2 94.4 1 3 8 1 4 3 7 3.5 4.45 4
2 E 44.80 1.53 8.3 94.4 2 3 4 7 7 3 3.5 3.5 4.5 5
2 F 29.30 1.23 0 88.9 2 3 5 8 8 5.5 3.5 3.5 5.75 7
2 G 501.50 1.98 83.3 66.7 3 1 1 2 3 8 1 8 4.3 3
2 H 14.70 1.64 33.3 88.9 1 3 7 6 6 5.5 7 3.5 5.9 8

3 A 17.40 1.79 92.9 75 2 3 7 3 2.5 3 3.5 3.5 3.8 3
3 B 89.50 1.78 100 75 1 3 2 4 1 3 7 3.5 2.95 1
3 C 45.75 1.55 0 56.3 2 2 4 7 8 8 3.5 7 6.55 8
3 D 4.95 2.01 42.9 68.8 1 3 8 1 5 6.5 7 3.5 5.7 7
3 E 53.80 1.57 14.3 75 2 3 3 6 6 3 3.5 3.5 4 4
3 F 34.80 1.30 7.1 75 2 3 5 8 7 3 3.5 3.5 4.8 6
3 G 268.25 1.80 92.9 68.8 3 1 1 2 2.5 6.5 1 8 3.75 2
3 H 24.40 1.73 71.4 75 1 3 6 5 4 3 7 3.5 4.45 5

4 A 11.60 1.85 100 60 2 3 6 2 1.5 1.5 3.5 3.5 2.85 1
4 B 28.30 1.69 50 40 1 3 5 4 3.5 5.5 7 3.5 4.8 5
4 C 129.50 1.43 0 40 2 2 2 7 7 5.5 3.5 7 5.2 6
4 D 4.30 1.97 25 40 1 3 8 1 5 5.5 7 3.5 5.4 7
4 E 83.95 1.55 0 60 2 3 3 6 7 1.5 3.5 3.5 3.75 3
4 F 8.65 1.23 0 40 2 3 7 8 7 5.5 3.5 3.5 5.95 8
4 G 462.05 1.81 100 40 3 1 1 3 1.5 5.5 1 8 3.35 2
4 H 55.00 1.62 50 40 1 3 4 5 3.5 5.5 7 3.5 4.7 4

* Weights: 0.2 (Conc—Concentration), 0.1 (Absorb—Absorbance), 0.2 (%Opt. Abs.—Optimal absorbance), 0.3 (Effic—Efficiency), 0.1 (Cost), 0.1 (Laborious—laboriousness).
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Figure 2. Distribution of A260/280 absorbance ratios; A—DNeasy Blood and Tissue Kit (Qiagen),
B—DNeasy mericon Food Kit (Qiagen), C—Chemagic DNA Tissue 10 Kit (PerkinElmer), D—Food DNA
Isolation Kit (Norgen Biotek), E—UltraPrep Genomic DNA Food Mini Prep Kit (AHN-Bio), F—High
Pure PCR Template Preparation Kit (Roche), G—phenol-chloroform extraction, H—NucleoSpin Food
(Macherey-Nagel).

2.2. DNA Fragmentation and PCR Amplification

The data described above provide information about the approximate yield and purity of the
isolated DNA, but not about the potential fragmentation occurring during the technological processes
used in the food industry. Another qualitative parameter of isolated DNA is, therefore, its integrity.
DNA extracted from processed food is assumed to be fragmented [3], but the degree of fragmentation
may vary; thus, the result on the gel is not a sharp band, but instead appears as a greatly expanded
smear. When comparing different methods of isolation, one which gives a more compact band and
larger molecular weights is better. Regardless of the extraction method, a considerable level of DNA
degradation was observed in all samples. Some extraction methods lead to a higher fragmentation
of DNA, which is revealed as a smudge across the lane without distinct maxima. Depending on a
particular sample, some methods show low yields, as observed in almost all samples using methods
D, E, and G. In samples which were heat-processed (100 ◦C and 120 ◦C), low yields were detected
with almost all extraction approaches. The typical smear pattern of nucleic acid degradation of DNA
extracted from heat-treated meats was observed also by Reference [22]. These data showed that the
yield and integrity of DNA obtained from highly processed products were influenced by the type of
processing. The suitability of DNA for PCR amplification was checked according to Reference [30].
The results of PCR amplification of DNA extracted from meat products demonstrated that there are
measurable differences in the performance of each method (Table 2). Overall, the used extraction
methods are comparable in terms of the PCR amplificability of DNA, with the exception of methods C
and G which exhibited lower efficiencies (66.7% and 64.4%, respectively).

The results suggested that extraction methods G and C were least efficient for all sample types,
whereas the other kits exhibited efficiencies that were similar to each other. However, none of the
sample groups satisfied the null hypothesis of equal efficiency for all methods (p > 0.05, exact test for
contingency tables). Apart from method G, the highest degree of PCR amplification was demonstrated
in group 1 (raw meat), followed by groups 2 and 3. The samples in group 4 (feed samples) were less
successfully amplified, probably due to the technology involved in production (granulation/pelletizing,
canning) or the presence of other substances that can cause PCR inhibition. These observations suggest
that a more sophisticated extraction technique should be developed for such samples. DNA extracted
from heat-treated samples in group 2 exhibited bands of varying intensity in agarose gel electrophoresis
(the higher the temperature used during the thermal process, the weaker the signal), indicating that
some degree of DNA degradation occurred during the technological processing. This finding is in
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accordance with the results of References [20,27,31,32], where DNA was degraded during the thermal
process. A comparison between lean and fat pork muscle revealed no differences when using kits B,
D, F, and H, whereas, when using extractions A, C, E, and G, better PCR amplification was observed
in some samples containing fat pork muscle. A correlation analysis showed no relationship between
concentration, absorbance (or frequency of optimal concentration), and the PCR amplificability of
DNA, as evidenced, e.g., using method G (high DNA concentrations, optimal A260/A280 ratios,
but poor PCR amplification).

Table 2. Frequency analysis of the number of detected bands by PCR; A—DNeasy Blood and Tissue
Kit (Qiagen), B—DNeasy mericon Food Kit (Qiagen), C—Chemagic DNA Tissue 10 Kit (PerkinElmer),
D—Food DNA Isolation Kit (Norgen Biotek), E—UltraPrep Genomic DNA Food Mini Prep Kit
(AHN-Bio), F—High Pure PCR Template Preparation Kit (Roche), G—phenol-chloroform extraction,
H—NucleoSpin Food (Macherey-Nagel).

Extraction Method Expected Bands Detected Bands %

A 45 38 84.4
B 45 38 84.4
C 45 30 66.7
D 45 36 80.0
E 45 38 84.4
F 45 36 80.0
G 45 29 64.4
H 45 36 80.0

Total 360 281 78.1

2.3. Summary Statistical Evaluation

Six parameters were considered for the comprehensive statistical evaluation of individual
extraction methods: medians of concentrations (Conc.), medians of absorbances (Absorb.), percentage
absorbance in the range of 1.7–2.0 (% Opt. Absorb.), percentage of observed bands in relation to
the expected number of bands (Effic.), expense (Cost, 1 = +++, 2 = ++, 3 = +) and laboriousness
(Labor, 1 = +++, 2 = ++, 3 = +). These six columns are followed by six columns with the same
headings, with underlined terms presenting the average order of individual parameters within a group,
ordered starting from highest average value of the corresponding parameter. The weighted average
column displays the weighted mean calculated from the preceding six columns. For each parameter,
the following scale (expressing the importance) was chosen (Table 1): Conc. 0.2 (high concentrations
are desirable), Absorb. 0.1 (high absorbances are desirable, but not very high; therefore, the weight
is lower than that of the concentrations), % Opt. Absorb. 0.2 (it is desirable that the concentration
is in the range of 1.7 to 2.0), Effic. 0.3 (we consider the bands to be the most important parameter;
thus, it has the highest weight), Cost 0.1 (a lower price is desirable, but it is not a crucial parameter),
Laboriousness 0.1 (lower laboriousness is desirable, but it is not a crucial parameter). The last column
shows the resulting order within a group. Taking into account all monitored parameters, kits B and A
achieved the best ratings in groups 1–2, kits B and G in group 3, and kits A and G reached the highest
preference in group 4. It should be noted that the obtained results fulfilled the aims of the experiment
under conditions used in our study.

3. Materials and Methods

3.1. Sample Preparation

Authentic fresh meat samples from pigs (Sus scrofa domesticus), chickens (Gallus gallus),
and cattle (Bos taurus) were purchased at local markets or were provided by a local slaughterhouse.
The processing methods involved in the preparation of the selected types of meat products
were amended from manufacturer recipes according to our conditions. Model samples included



Molecules 2019, 24, 1188 7 of 10

single-species products, minced meat mixtures, and products containing a defined percentage of the
muscle of the studied species (pork, chicken, and beef). Bearing in mind that the natural heterogeneity
of tissue composition can affect the efficiency of DNA extraction, both lean and fat pork muscle were
tested. The basic set included samples of both lean pork muscle (loin, 3.6 g/100 g of total fat) and fat
pork muscle (belly, 28 g/100 g of total fat), chicken breast muscle (1.5 g/100 g), and sample mixtures in
defined ratios which were subjected to three forms of processing: cooking (cutting and subsequent
heat treatment at 70 ◦C for 10 min), preserving (cutting and subsequent heat treatment at 100 ◦C for
10 min), and canning (cutting and subsequent heat treatment at 121.1 ◦C for 10 min). Another set
of model samples consisted of proprietary meat products: a heat-processed meat product (Vienna
sausage-like), an uncooked meat product (Teewurst), and a durable non-heat-treated fermented meat
product (Rothwurst Polican sausage). These meat products were manufactured according to the
commercial recipes for meat and meat products (two variants of each type of raw meat product) in the
Technology Research Laboratories at the University of Veterinary and Pharmaceutical Sciences Brno,
Czech Republic. Additionally, two samples of commercial feeds with defined compositions—granules
and canned food—were tested. The final tested set comprised 25 samples; the degree of processing
is described in Table 3. For better evaluation, the heterogeneous group of samples was divided into
four subgroups: (1) raw muscle (single-species or mixtures), (2) heat-treated muscle, (3) meat products,
and (4) feed.

Table 3. Samples tested in the study.

No. Chicken (%) Pork Loin (%) Pork Belly (%) Pork Backfat (%) Beef (%) Processing Type Group

1 0 100 0 0 0 raw 1
2 0 100 0 0 0 70 ◦C/10 min 2
3 0 100 0 0 0 100 ◦C/10 min 2
4 0 100 0 0 0 121.1 ◦C/10 min 2
5 90 10 0 0 0 raw 1
6 90 10 0 0 0 70 ◦C/10 min 2
7 90 10 0 0 0 100 ◦C/10 min 2
8 90 10 0 0 0 121.1 ◦C/10 min 2
9 0 0 100 0 0 raw 1

10 0 0 100 0 0 70 ◦C/10 min 2
11 0 0 100 0 0 100 ◦C/10 min 2
12 0 0 100 0 0 121.1 ◦C/10 min 2
13 90 0 10 0 0 raw 1
14 90 0 10 0 0 70 ◦C/10 min 2
15 90 0 10 0 0 100 ◦C/10 min 2
16 90 0 10 0 0 121.1 ◦C/10 min 2
17 12 50 0 10 28 Vienna sausage-like (type 1) 3
18 31 31 0 10 28 Vienna sausage-like (type 2) 3
19 50 12 0 10 28 Vienna sausage-like (type 3) 3
20 0 20 0 80 0 Teewurst (type 1) 3
21 0 40 0 60 0 Teewurst (type 2) 3
22 0 38 0 33 29 Fermented sausage (type 1) 3
23 8 32 0 30 30 Fermented sausage (type 2) 3
24 + + nd * nd - Pet food (granules) 4
25 43 35 nd nd 20 Pet food (canned) 4

* Not defined.

3.2. DNA Extraction

DNA was isolated in duplicate using eight extraction protocols. Some of these were designed for
the extraction of DNA even from highly processed food products, including canned products and other
complex food and feed matrices. Seven commercial kits (DNeasy Blood and Tissue Kit (Qiagen, Hilden,
Germany), DNeasy mericon Food kit (Qiagen, Hilden, Germany), Food DNA Isolation Kit (Norgen
Biotek, Thorold, ON, Canada), UltraPrep Genomic DNA Food Mini Prep kit (AHN-Bio, Nordhausen,
Germany), High Pure PCR Template Preparation Kit (Roche, Basel, Switzerland) and NucleoSpin Food
(Machery-Nagel, Düren, Germany), chemagic DNA Tissue 10 kit (PerkinElmer, MA, USA), and one
in-house extraction method (phenol-chloroform extraction) were used. The extraction procedures were
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performed according to the protocols supplied by the manufacturers or, in the case of the in-house
extraction method, according to the validated laboratory protocol.

3.3. DNA Quantification and Purity

The quality of extracted DNA was determined by measuring concentration and purity using a UV
spectrophotometer (NanoDrop™ 1000, Thermo Fisher Scientific, Waltham, MA, USA). DNA extracts
were quantified by measuring the absorbance at 260 nm (A260) and 280 nm (A280). DNA purities
were estimated by calculating the A260/A280 ratios. Samples calculated to have A260/A280 ratios of
1.7–2.0 were assumed to be pure samples, free from protein and other contamination. Every sample
was measured three times. Instrument calibration was performed using the elution buffer.
Measurement was done at room temperature following sufficient mixing of all samples.

3.4. DNA Fragmentation and PCR Amplification

To verify the degree of DNA integrity, which is usually disrupted in processed products, agarose
gel electrophoresis was performed to determine DNA fragmentation. To check the suitability of
the extracted DNA for subsequent PCR analysis, primers amplifying fragments of defined sizes
(cattle—274 bp, pig—398 bp, chicken—227 bp) according to Reference [30] were tested. The presence
or absence of bands on agarose gels was scored (+/−/0), and the data were expressed as DNA band
positivity in relation to the total number of cases.

3.5. Statistical Analysis

To achieve normal distribution and to stabilize the variance, DNA concentration values from
each group of samples were transformed using Box-Cox transformation. In the next step, data were
analyzed using two-way ANOVA (factors: kit, sample) followed by the Tukey honestly significant
difference (HSD) post hoc test. Distribution of the A260/A280 absorbance ratios and numbers of
detected bands for each group of samples were evaluated using the exact test for contingency tables.
For this study, p-values lower than 0.05 were considered statistically significant. Data analysis was
performed using the statistical software Statistica 13.2 (StatSoft, Inc., Tulsa, OK, USA) and GraphPad
Prism 5.04 (GraphPad Software, Inc., San Diego, CA, USA).

4. Conclusions

In the present study, the efficiency of eight methods for DNA extraction from food and feed
with different compositions and subjected to different technological processing were assessed and
compared. To determine the effectiveness of individual isolation procedures, several parameters
that define the quality and quantity of isolated DNA (DNA concentration, A260/280 absorbance
ratio, fragmentation of DNA, PCR amplification) were evaluated. Furthermore, a comparison of
the effectiveness of the various kits with regard to cost, labor-intensiveness, and time-intensiveness
was performed. The DNeasy mericon Food kit (Qiagen) appears to be the optimal choice for the
extraction of DNA from raw muscle, heat-treated muscle, and homemade meat products of a single
species or mixtures. Technological processing significantly affected the yield and quality of isolated
DNA molecules, as well as the ability of DNA to undergo PCR amplification. The best results were
obtained in group 1 (raw muscle), as expected. Correlation analysis showed no relationship between
concentration, A260/A280 ratio, and the ability to undergo PCR amplification. It can be concluded
that only PCR analysis can definitively establish the quality of the isolated DNA molecules.

Author Contributions: Conceptualization, G.B., Z.P., and M.N.; methodology, M.N., Z.P., E.S., and V.B.; formal
analysis, E.S. and V.B.; data curation, V.B.; resources, G.B. and Z.P.; Writing—Original draft preparation, Z.P.;
Writing—Review and Editing, G.B. and M.N.; project administration, G.B.

Funding: This work was supported by the Ministry of Agriculture of the Czech Republic (grants No.
QJ1530107 and RO0518) and the Ministry of Education, Youth, and Sports of the Czech Republic (LO1218).



Molecules 2019, 24, 1188 9 of 10

Acknowledgments: The authors would like to thank Ludmila Faldikova (Veterinary Research Institute, Brno,
Czech Republic) and Neysan Donnelly for grammatical correction of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. Lo, Y.; Shaw, P. DNA-based techniques for authentication of processed food and food supplements.
Food Chem. 2018, 240, 767–774. [CrossRef]

2. Mackie, I.M.; Pryde, S.E.; Gonzales-Sotelo, C.; Medina, I.; Peréz-Martín, R.; Quinteiro, J.; Rey-Mendez, M.;
Rehbein, H. Challenges in the identification of species of canned fish. Trends Food Sci. Technol. 1999, 10, 9–14.
[CrossRef]

3. Bauer, T.; Weller, P.; Hammes, W.P.; Hertel, C. The effect of processing parameters on DNA degradation in
food. Eur. Food Res. Technol. 2003, 217, 338–343. [CrossRef]

4. Bossier, P. Authentication of seafood products by DNA patterns. J. Food Sci. 1999, 64, 189–193. [CrossRef]
5. Lockley, A.K.; Bardsley, R.G. DNA-based methods for food authentication. Trends Food Sci. Technol. 2000, 11,

67–77. [CrossRef]
6. Piskata, Z.; Pospisilova, E.; Borilova, G. Comparative study of DNA extraction methods from fresh and

processed yellowfin tuna muscle tissue. Int. J. Food Prop. 2017, 20, S430–S443. [CrossRef]
7. Partis, L.; Croan, D.; Guo, Z.; Clark, R.; Coldham, T.; Murby, J. Evaluation of a DNA fingerprinting method

for determining the species origin of meats. Meat Sci. 2000, 54, 369–376. [CrossRef]
8. Laube, I.; Zagon, J.; Broll, H. Quantitative determination of commercially relevant species in foods by

real-time PCR. Int. J. Food Sci. Tech. 2007, 42, 336–341. [CrossRef]
9. Fajardo, V.; Gonzalez, I.; Martin, I.; Rojas, M.; Hernandez, P.E.; Garcia, T.; Martin, R. Real-Time PCR for

detection and quantification of red deer (Cervus elaphus), fallow deer (Dama dama), and roe deer (Capreolus
capreolus) in meat mixtures. Meat Sci. 2008, 79, 289–298. [CrossRef]

10. Mafra, I.; Ferreira, I.M.; Oliveira, M.B.P. Food authentication by PCR-based methods. Eur. Food Res. Technol.
2008, 227, 649–665. [CrossRef]

11. Kesmen, Z.; Gulluce, A.; Sahin, F.; Yetim, H. Identification of meat species by TaqMan-based real-time PCR
assay. Meat Sci. 2009, 82, 444–449. [CrossRef]

12. Kesmen, Z.; Yetiman, A.E.; Sahin, F.; Yetim, H. Detection of chicken and turkey meat in meat mixtures by
using real-time PCR assays. J. Food Sci. 2012, 77, 167–170. [CrossRef]

13. Yusop, M.H.M.; Mustafa, S.; Che Man, Y.B.; Omar, A.R.; Mokhtar, N.F.K. Detection of raw pork targeting
porcine-specific mitochondrial cytochrome B gene by molecular beacon probe real-time polymerase chain
reaction. Food Anal. Method 2012, 5, 422–429. [CrossRef]

14. Izadpanah, M.; Mohebali, N.; Elyasi gorji, Z.; Farzaneh, P.; Vakhshiteh, F.; Fazeli, A.S. Simple and fast
multiplex PCR method for detection of species origin in meat products. J. Food Sci. Technol. 2018, 55, 698–703.
[CrossRef]

15. Murugaiah, C.; Noor, Z.M.; Mastakim, M.; Bilung, L.M.; Selamat, J.; Radu, S. Meat species identification and
halal authentication analysis using mitochondrial DNA. Meat Sci. 2009, 8, 57–61. [CrossRef]

16. Pegels, N.; Gonzalez, I.; Lopez-Calleja, I.; Fernandez, S.; Garcia, T.; Martin, R. Evaluation of a TaqMan
real-time PCR assay for detection of chicken, turkey, duck and goose material in highly processed industrial
feed samples. Poultry Sci. 2012, 91, 1709–1719. [CrossRef] [PubMed]

17. Pegels, N.; Gonzalez, I.; Garcia, T.; Martin, R. Avian-specific real-time PCR assay for authenticity control in
farm animal feed and pet foods. Food Chem. 2014, 142, 39–47. [CrossRef] [PubMed]

18. Ren, Y.; Xiang, L.; Liu, Y.; Yang, L.; Cai, Y.; Quan, S.; Pan, L.; Chen, S. A novel quantitative real-time PCR
method for identification and quantification of mammalian and poultry species in food. Food Control 2017,
76, 42–51. [CrossRef]

19. Buntjer, J.B.; Lamine, A.; Haagsma, N.; Lenstra, J.A. Species identification by oligonucleotide hybridisation:
The influence of processing of meat products. J. Sci. Food Agric. 1999, 79, 53–57. [CrossRef]

20. Musto, M. DNA quality and integrity of nuclear and mitochondrial sequences from beef meat as affected by
different cooking methods. Food Technol. Biotechnol. 2011, 49, 523–528.

http://dx.doi.org/10.1016/j.foodchem.2017.08.022
http://dx.doi.org/10.1016/S0924-2244(99)00013-8
http://dx.doi.org/10.1007/s00217-003-0743-y
http://dx.doi.org/10.1111/j.1365-2621.1999.tb15862.x
http://dx.doi.org/10.1016/S0924-2244(00)00049-2
http://dx.doi.org/10.1080/10942912.2017.1297953
http://dx.doi.org/10.1016/S0309-1740(99)00112-6
http://dx.doi.org/10.1111/j.1365-2621.2006.01249.x
http://dx.doi.org/10.1016/j.meatsci.2007.09.013
http://dx.doi.org/10.1007/s00217-007-0782-x
http://dx.doi.org/10.1016/j.meatsci.2009.02.019
http://dx.doi.org/10.1111/j.1750-3841.2011.02536.x
http://dx.doi.org/10.1007/s12161-011-9260-y
http://dx.doi.org/10.1007/s13197-017-2980-2
http://dx.doi.org/10.1016/j.meatsci.2009.03.015
http://dx.doi.org/10.3382/ps.2011-01954
http://www.ncbi.nlm.nih.gov/pubmed/22700519
http://dx.doi.org/10.1016/j.foodchem.2013.07.031
http://www.ncbi.nlm.nih.gov/pubmed/24001810
http://dx.doi.org/10.1016/j.foodcont.2017.01.003
http://dx.doi.org/10.1002/(SICI)1097-0010(199901)79:1&lt;53::AID-JSFA171&gt;3.0.CO;2-E


Molecules 2019, 24, 1188 10 of 10

21. Camma, C.; Di Domenico, M.; Monaco, F. Development and validation of fast real-time PCR assays for
species identification in raw and cooked meat mixtures. Food Control 2012, 23, 400–404. [CrossRef]

22. Sakalar, E.; Abasiyanik, M.F.; Bektik, E.; Tayyrov, A. Effect of heat processing on DNA quantification of meat
species. J. Food Sci. 2012, 77, N40–N43. [CrossRef]

23. Di Pinto, A.; Forte, V.T.; Guastadisegni, M.C.; Martino, C.; Schena, F.P.; Tantillo, G.A. Comparison of DNA
extraction methods for food analysis. Food Control 2017, 18, 76–80. [CrossRef]

24. Stefanova, P.; Taseva, M.; Georgieva, T.; Gotcheva, V.; Angelov, A.A. Modified CTAB method for DNA
extraction from soybean and meat products. Biotechnol. Biotechnol. Equip. 2013, 27, 3803–3810. [CrossRef]

25. Muhammed, M.A.; Bindu, B.S.C.; Jini, R.; Prashanth, K.V.H.; Bhaskar, N. Evaluation of different DNA
extraction methods for the detection of adulteration in raw and processed meat through polymerase chain
reaction—Restriction fragment length polymorphism (PCR-RFLP). J. Food Sci. Technol. 2015, 52, 514–520.
[CrossRef]

26. Yalcinkaya, B.; Yumbul, E.; Mozioglu, E.; Akgoz, M. Comparison of DNA extraction methods for meat
analysis. Food Chem. 2017, 221, 1253–1257. [CrossRef]

27. Aslan, O.; Hamill, R.M.; Sweeney, T.; Reardon, W.; Mullen, A.M. Integrity of nuclear genomic
deoxyribonucleic acid in cooked meat: Implications for food traceability. J. Anim. Sci. 2009, 87, 57–61.
[CrossRef]

28. Wilson, I.G. Inhibition and facilitation of nucleic acid amplification. Appl. Environ. Microb. 1997, 63,
3741–3751.

29. Cawthorn, D.; Steinman, H.A.; Witthuhn, R.C. Comparative study of different methods for the extraction of
DNA from fish species commercially available in South Africa. Food Control 2011, 22, 231–244. [CrossRef]

30. Matsunaga, T.; Chikuni, K.; Tanabe, R.; Muroya, S.; Shibata, K.; Yamada, J.; Shinmura, Y.A. Quick and simple
method for the identification of meat species and meat products by PCR assay. Meat Sci. 1999, 51, 143–148.
[CrossRef]

31. Meyer, R.; Candrian, U.; Luthy, J. Detection of pork in heated meat products by polymerase chain reaction.
J. AOAC Int. 1994, 77, 617–622. [PubMed]

32. Hird, H.; Chisholm, J.; Sanchez, A.; Hernandez, M.; Goodier, R.; Schneede, K.; Boltz, C.; Popping, B. Effect of
heat and pressure processing on DNA fragmentation and implications for the detection of meat using a
real-time polymerase chain reaction. Food Addit. Contam. 2006, 23, 645–650. [CrossRef] [PubMed]

Sample Availability: Samples of the compounds are not available from the authors.

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.foodcont.2011.08.007
http://dx.doi.org/10.1111/j.1750-3841.2012.02853.x
http://dx.doi.org/10.1016/j.foodcont.2005.08.011
http://dx.doi.org/10.5504/BBEQ.2013.0026
http://dx.doi.org/10.1007/s13197-013-1024-9
http://dx.doi.org/10.1016/j.foodchem.2016.11.032
http://dx.doi.org/10.2527/jas.2008-0995
http://dx.doi.org/10.1016/j.foodcont.2010.07.003
http://dx.doi.org/10.1016/S0309-1740(98)00112-0
http://www.ncbi.nlm.nih.gov/pubmed/8012209
http://dx.doi.org/10.1080/02652030600603041
http://www.ncbi.nlm.nih.gov/pubmed/16751140
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results and Discussion 
	DNA Quantification and Purity 
	DNA Fragmentation and PCR Amplification 
	Summary Statistical Evaluation 

	Materials and Methods 
	Sample Preparation 
	DNA Extraction 
	DNA Quantification and Purity 
	DNA Fragmentation and PCR Amplification 
	Statistical Analysis 

	Conclusions 
	References

