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Quality and safety are the basic requirements 
that must be met for all sorts of foods. Substitu-
tion of ewes’ and goats’ milk by cows’ milk is fre-
quently reported, as the production of cows’ milk 
is prevalent in many countries and there, cows‘ 
milk is cheaper than other types of milk [1–4]. The 
monitoring and control of milk and dairy product 
constituents requires availability of appropriate 
and adequate analytical methods.

A variety of methods have been applied to the 
identification of adulteration of milk and dairy 
products. The protein or fatty-acid composition 
can be analysed (e.g. using electrophoresis, iso-
electric focusing, capillary electrophoresis, high-
performance liquid chromatography, immuno-
chemical methods (ELISA), mass spectrometry) 
and, on the basis of different protein or fatty acid 
profiles, various types of milk can be defined [1]. 
Another large group of methods is based on DNA 
analysis (e.g. using restriction fragment length 
polymorphism, randomly amplified polymorphic 

DNA, real-time polymerase chain reaction (PCR) 
[1, 5]. DNA molecules are thermally more sta-
ble than proteins, and this is one of the reasons 
why DNA-based methods have become of great 
interest in recent years [3, 6–8]. Another reason 
for the increasing number of studies on DNA-
based analysis of milk and dairy products is the 
very good specificity and very low limits of detec-
tion that can be obtained by various PCR-based 
techniques [2, 5, 9–11]. DNA for these methods 
is usually extracted from somatic cells that are 
present in the milk in large but greatly variable 
numbers, such as < 105 cells per millilitre for 
a healthy animal, and potentially > 106 cells per 
millilitre during bacterial infection [12].

Numerous DNA extraction methods have been 
used for the preparation of DNA from milk, which 
generally provide more or less sufficient quantities 
of the isolated DNA, along with a reduction in po-
tential inhibitors. However, most of these methods 
are time-consuming and technically demand-
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Food kit (Macherey-Nagel, Düren, Germany); 
QIAprep Spin Miniprep kit (Qiagen, Hilden, Ger-
many); DNeasy Blood and Tissue kit (Qiagen); 
DNeasy mericon Food kits (Qiagen); Smarthelix 
First DNAid kits (ExVivon, Ljubljana, Slovenia); 
and SmartHelix Complex Samples kits (ExVivon). 
Three published non-commercial methods were 
also evaluated: phenol-chloroform extraction [5]; 
extraction following the protocol described by 
BONAÏTI et al. [13], which is here designated as 
guanidine thiocyanate (GITC) extraction; and 
extraction following the protocol described by 
MURPHY et al. [14], which is here designated as 
a Tween-based extraction. Furthermore, two com-
bined methods were included in the study: phenol-
chloroform extraction combined with NucleoSpin 
Food kit, and phenol-chloroform extraction com-
bined with DNeasy Blood and Tissue kit.

For DNA extraction with NucleoSpin Food 
kit, QIAprep Spin Miniprep kit and DNeasy 
Blood and Tissue kit, the milk samples (1 ml) were 
centrifuged for 10 min at 10 000 ×g, for 3 min at 
11 337 ×g, and for 5 min at 4 294 ×g, respectively. 
The upper fatty layer was then removed using 
a sterile inoculation loop, and the supernatant was 
discarded. The pellet that remained was used as 
the starting sample material and DNA extraction 
with the relevant kits was carried out as described 
in the manufacturer’s instructions. In order to 
achieve higher purity of the extracted DNA using 
the NucleoSpin Food kit, a washing step with Nu-
cleoSpin Food kit buffer was performed twice. 
After pelleting the somatic cells in case of DNeasy 
Blood and Tissue kit, the Protocol for purification 
of total DNA from animal blood or cells was per-
formed [18].

The extraction of DNA using DNeasy mericon 
Food kit was performed with milk samples of 2 ml, 
and followed the standard manufacturer’s pro-
tocol for large-scale samples. After the first cen-
trifugation step (2 500 ×g, 5 min), the fatty layer 
was removed using a sterile inoculation loop, and 
then the manufacturer’s protocol was followed. 
Samples of 2 ml milk were also used to extract 
total DNA with SmartHelix First DNAid kit (Ex-
Vivon), following the protocol for liquid samples. 
With SmartHelix Complex Samples kit (ExVi-
von), DNA was extracted from milk samples of 
500 μl. The manufacturer’s protocol was followed, 
using a bead beater cell disruptor (Bullet blender; 
Next Advance, Averill Park, New York, USA), at 
speed 8.

The protocol for classical phenol-chloroform 
extraction was based on that described by DE et al. 
[5]. Briefly, 1 ml milk sample was centrifuged for 
2 min at 6 708 ×g, the upper fatty layer was re-

ing. The published methods for the extraction of 
DNA from milk include separation and purifica-
tion steps using phenol-chloroform extraction and 
ethanol or isopropanol precipitation, or both [5, 
13, 14]. Components of extraction mixtures that 
are known as PCR inhibitors include: chelators, 
such as ethylenediaminetetraacetic acid (EDTA), 
which can complex the Mg2+ ions that are 
necessary for polymerase activity; NaOH, which 
causes degradation of DNA and denaturation of 
polymerases; phenol, which also causes denatura-
tion of the polymerase, as it binds to the enzyme 
molecule by hydrogen bonds; and ethanol and iso-
propanol, which cause precipitation of DNA [15, 
16]. As indicated above, the calcium ions in milk 
have also been identified as a source of PCR in-
hibition [17]. The requirements that need to be 
fulfilled for a successful downstream PCR include 
the extraction of as much as possible pure DNA 
from milk, and the optimization of the reaction 
conditions.

As there are several methods for DNA extrac-
tion from milk and dairy products that include re-
search protocols and commercial kits, the aim of 
our study was to evaluate different methods for 
the extraction of DNA from cows’ milk. Another 
aim was to isolate DNA in a quality facilitating its 
direct use in real-time PCR without dilution. The 
DNA solutions obtained were compared on the 
basis spectrophotometrically determined concen-
tration and purity, and on the basis of real-time 
PCR parameters, namely, amplification efficiency 
(E) and correlation coefficient (R2). An evaluation 
of the costs of the extraction methods was also car-
ried out, as comparisons of the time required for 
DNA extraction, the costs of the materials needed, 
and the labour required.

MATERIALS AND METHODS

Milk samples 
Samples of fresh whole milk from cows 

(Bos taurus) were obtained from a local Slove-
nian producer, and were transferred to the labora-
tory in a cool box (1–4 °C). The milk samples were 
divided into 1 ml, 2 ml, 10 ml and 50 ml aliquots 
under aseptic conditions and used for DNA ex-
traction or frozen at –80 °C. 

DNA extraction methods
Eleven different DNA extraction methods 

were used to extract total DNA from the milk 
samples, with at least three replicates performed 
for each milk sample. Six commercially available 
kits were included in the evaluation: NucleoSpin 
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moved with a sterile disposable ino culation loop, 
and the supernatant was pipetted off and dis-
carded. Five-hundred microliters of 0.9% NaCl 
(Merck, Darmstadt, Germany) solution was add-
ed, with the samples mixed for 30 s, and centri-
fuged for 2 min at 6 708 ×g. Then, 500 μl TENS 
buffer made up of 10 mmol·l-1 Tris-HCl pH 8.0 
(Promega, Madison, Wisconsin, USA), 1 mmol·l-1 
EDTA (Sigma, St. Louis, Missouri, USA), 
100 nmol·l-1 NaCl, 0.5% SDS (Promega) and 
25 mg·ml-1 proteinase K (Roche Diagnostics, 
Mannheim, Germany) was added to the pellet, the 
samples were again mixed for 30 s, and incubated 
in a water bath for 3 h at 50 °C. After digestion 
of proteins, 500 μl of a mixture of phenol (In-
vitrogen, Carlsbad, California, USA) : chloroform 
(Merck) 1 : 1 was added, and the samples were 
mixed for 30 s and then centrifuged for 2 min at 
12 000 ×g. The clear upper water phase was trans-
ferred to a new microtube and 500 μl chloroform 
was added. The samples were mixed, centrifuged 
for 2 min at 12 000 ×g, and the upper water phase 
was again transferred to a new microtube. Then, 
50 μl 3 mol·l-1 Na-acetate (Sigma) and 400 μl iso-
propanol (Kemika, Zagreb, Croatia) were added, 
the samples were mixed by turning, and then in-
cubated for a minimum of 30 min at –20 °C. Fol-
lowing a 10-min centrifugation at 13 000 ×g, the 
supernatant was carefully pipetted off and discard-
ed. After the remaining pellet was dried, it was 
resuspended in 25 μl sterile double-distilled water 
(dd H2O).

DNA extraction with guanidine thiocyanate 
was performed following the protocol of BONAÏTI 
et al. [13]. Briefly, each 2 ml milk sample was 
mixed with 4 ml of 4 mol·l-1 guanidine thiocyanate 
(Promega), 0.1 mol·l-1 Tris-HCl pH 7.5 (Promega) 
and 250 μl 10% N-lauroylsarcosine (Sigma). Then, 
200 mg glass beads (diameter 0.5 mm) and alka-
line extraction solution were added to 350 μl of 
prepared sample. After disruption of the cells by 
prolonged mixing of the samples on a vortex, the 
sample was centrifuged at 20 800 ×g for 45 min, 
and the upper water phase was transferred to 
a new microtube. A two-step washing process with 
phenol : chloroform : isoamyl alcohol (Kemika) 
(25 : 24 : 1, pH 8.0) and chloroform : isoamyl alco-
hol (24 : 1, pH 8.0) was carried out. DNA was pre-
cipitated using ethanol precipitation with an incu-
bation at –20 °C for a minimum of 2 h, and then it 
was resuspended in 100 μl Tris-EDTA (5 mmol·l-1 

Tris, 2 mmol·l-1 EDTA).
The Tween-based DNA extraction protocol 

was according to MURPHY et al. [14]. Milk sam-
ples (50 ml) were centrifuged for 5 min at 2 200 ×g, 
the supernatant was removed while leaving 1 ml of 

liquid that contained somatic cells and casein at 
the bottom of the tubes, and this was transferred 
to a new microtube. Then, 300 μl casein-dissolving 
mixture was added (0.5 mol·l-1 EDTA, pH 8.0), 
followed by 200 μl of TE buffer (10 mmol·l-1 Tris-
HCl, 1 mmol·l-1 EDTA, pH 7.6), with vortexing. 
After a few minutes, the samples became clear as 
the casein micelles dissolved. Following further 
centrifugation at 14 000 ×g for 1 min, the super-
natant was discarded, and the pellet was washed 
twice with 1.5 ml TE buffer. Digestion of somatic 
cells was performed in 100 μl digestion mix made 
up of 40 mmol·l-1 Tris-HCl pH 8.3, 50 mmol·l-1 
KCl (Sigma), 3 mmol·l-1 MgCl2 (Sigma), 1 μl 
Tween 20 (Merck), and 20 μl of 20 mg·ml-1 pro-
teinase K (Roche Diagnostics), which was incu-
bated for 3 h at 55 °C. The extraction of DNA was 
con tinued using the classical phenol-chloroform 
extraction protocol, starting from the addition of 
phenol : chloroform (1 : 1).

The last two DNA extraction methods were 
the combination of phenol-chloroform extraction 
with NucleoSpin Food kit or DNeasy Blood and 
Tissue kit. After the isolation of DNA using the 
phenol-chloroform extraction, 25 μl DNA solution 
was diluted in dd H2O and purified following the 
Nucleo Spin Food kit protocol. The second com-
bination was phenol-chloroform extraction and 
DNeasy Blood and Tissue kit. Here, 25 μl DNA 
diluted in dd H2O that had been extracted with 
the classical phenol-chloroform isolation was used 
as the material for purification with DNeasy Blood 
and Tissue kit. The protocol was carried out as de-
scribed by the manufacturer, without digestion of 
proteins with proteinase K.

Spectrophotometric measurement
DNA yield and purity was determined using 

a Lambda Bio spectrophotometer (Perkin Elmer, 
Waltham, Massachusetts, USA) with a Hellma 
TrayCell measuring cell (Hellma Analytics, Müll-
heim, Germany). Elution buffers from commercial 
kits or sterile dd H2O were used as the control. 
Absorbance (A) at 230 nm, 260 nm and 280 nm 
was measured and DNA concentration and pu-
rity were calculated [19, 20]. In order to compare 
DNA concentrations between various extraction 
methods, spectrophotometrically determined 
DNA concentrations were normalized by re-cal-
culation according to a volume of milk sample of 
1 ml and an elution volume of 100 μl.

Real-time PCR 
Species-specific primers and probes described 

by LÓPEZ-CALLEJA et al. [9] were used for spe-
cific detection of cow (B. taurus) DNA, with a nu-
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cleotide change on the reverse primer to achieve 
100% homology (Tab. 1). Real-time PCR amplifi-
cation was performed using ABI Prism 7500 (Life 
Technologies, Carlsbad, California, USA). The 
temperature programme was 50 °C, 2 min; 95 °C, 
10 min; followed by 40 cycles of 95 °C, 15 s; and 
60 °C, 1 min. The reaction volume was 25 μl, and 
the reaction mixture contained 2.5 μl extracted 
DNA, 12.5 μl 2× TaqMan Universal PCR Master 
Mix (Life Technologies), concentration of BOS-F 
primer (Life technologies) was 900 nmol·l-1, con-
centration of BOS-R primer (Life technologies) 
was 600 nmol·l-1 and concentration of BOS-P 
probe (Life technologies) was 50 nmol·l-1, and 
dd H2O as needed. The sequences of primers and 
the probe are presented in Tab. 1. All reactions 
were run in duplicate and a no-template control 
was included. The fluorescence in the amplifica-
tion reactions was analysed using the Sequence 
Detection Software, v1.4 (Life Technologies). The 
threshold line for the calculation of the threshold 
cycle number (Ct) was fixed at 0.02 for 6-carboxy-
fluorescein (FAM) dye. Samples with Ct values 
of less than 35 cycles were considered as positive. 
The linearity and the efficiency of the real-time 
PCR assays were determined for each extraction 
of DNA. Ten-fold serial dilutions (in dd H2O) of 
different extractions of DNA were used to create 
the standard curves. After amplification, the data 
were plotted against the logarithm of the initial 
DNA concentration. The detection window (i.e., 
linear range of detection) was determined from 
the graphs. After this, linear regression was used 
to calculate the slope (S) of the standard curve. 
From the slope, the amplification efficiency (E) 
and the correlation coefficient (R2) we re calculat-
ed. The efficiency of amplification was calculated 
according to Eq. 1 [21, 22] and expressed in per-
cent: 

E = [(10-1/S) – 1] × 100 (1)

Economical evaluation 
Evaluation of each extraction method was also 

carried out according to the time required for 
each method, and the difficulty of its performance. 

The required time was calculated as the sum of 
the time needed for each of the steps in the pro-
tocol, including the centrifugations and incuba-
tions. These calculations were carried out on five 
samples extracted simultaneously. As part of the 
comparison, we also calculated the material costs 
of each method.

Statistical analysis
The experimental data for the different DNA 

extraction methods were evaluated statistically 
using the SAS/STAT programme (SAS Software; 
SAS Institute, Cary, North Carolina, USA). The 
differences according to the DNA extraction 
methods were analysed through a general linear 
model procedure and least squares mean tests 
(SAS/STAT), with a level of significance of 0.05.

RESULTS AND DISCUSSION

Yield and quality of DNA 
prepared with the different extraction methods

Milk sampling is an easy method of acquisi-
tion of samples, although the molecular biology 
analysis can be quite a challenge to obtain good 
samples of extracted nucleic acids. Several differ-
ent methods for DNA extraction have been de-
scribed [2, 5, 9–11, 13, 14], and also several com-
mercial kits are available for this purpose. In the 
present study, we compared 11 different DNA 
extraction protocols, in terms of quantity, qual-
ity, purity and detection of the extracted DNA. 
The evaluation was based on spectrophotometric 
measurements and real-time PCR Ct values. The 
mean values of the absorbance ratios (A260/A280 
and A260/A230), which indicate the purity and 
concentration of DNA, typical volume of the ob-
tained DNA solutions and DNA concentrations in 
these solutions are shown along with the statistical 
comparisons in Tab. 2. In order to compare differ-
ent DNA extraction methods, the measured con-
centrations of DNA were also re-calculated to the 
same starting volume of milk sample (1 ml) and 
the same final volume of DNA solution (100 μl). 
These data are shown in Tab. 2 as normalized 

Tab. 1. Primers and probe specific for cow (Bos taurus) [9].

Designation Sequence (5’–3’)

BOS-F AAA GGA CTT GGC GGT GCT T

BOS-R TGG TTT CAT AAT AAC TTT CGT* GCT

BOS-P FAM-TAG AGG AGC CTG TTC TAT AAT CGA TAA ACC CCG-TAMRA

F – forward primer; R – reverse primer; P – TaqMan probe; * – in our study the primer with T instead of C was used.
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DNA concentrations (cn). The results of real-time 
PCR are presented as correlation coefficient and 
efficiency for each DNA extraction protocol.

The highest amount of DNA from 1 ml milk 
was isolated with the phenol-chloroform protocol 
combined with DNeasy Blood and Tissue kit. As 
expected, high amount of DNA was also isolated 
with the classical phenol-chloroform protocol [5]. 
Surprisingly, two spectrophotometric measure-
ments (A260/A280 and A260/A230 ratios) showed 
better quality of the isolated DNA when only phe-
nol-chloroform extraction was used. Pure DNA 
solutions have an A260/A280 ratio of  1.8 [19, 20]. 
Lower A260/A280 ratios can indicate contamina-
tion by proteins. However, repeatability of these 
DNA extractions was not good. For the phenol-
chloroform extraction combined with Nucleo Spin 
Food kit as an additional step for DNA cleaning, 
the repeatability was better, but concentrations of 
the obtained DNA were low. When the phenol-
chloroform DNA extractions were included, the 
laboratory work was much more labour-demand-
ing and the error was increased. Indeed, spectro-
photometric measurements showed poor quality 
of the extracted DNA in all cases. High amount of 
DNA was also isolated with Tween-based method 
[14]. Addition of the casein-dissolving mixture 
was performed to improve the quality of isolated 
DNA. However, A260/A280 and A260/A230 ra-
tios showed poor quality of DNA isolated by this 
protocol. The repeatability of the DNA extrac-
tions with the Tween-based method was very good, 
although the DNA concentrations were lower than 
those obtained by methods that included phenol-
chloroform. DNA could not be used for direct 
application to real-time PCR amplification and 
required dilution. For comparison, we also includ-
ed DNA extraction with guanidine thiocyanate, 
where DNA was isolated by a combined chemi-
cal and mechanical procedure (30 s mixing cells in 
SDS extraction solution with glass beads, with vor-
texing) [13]. The results showed low quantity and 
quality of the isolated DNA in comparison with 
the other tested methods.

According to A260/A280 ratio and the re-
peatability of the extractions, two commercial 
methods, namely. NucleoSpin Food kit and Smart-
Helix Complex Samples kit, yielded relatively 
pure DNA in the present study. The high purity of 
DNA isolated with SmartHelix Complex Samples 
kit was surprising. As this kit involves phenol ex-
traction, we expected to achieve results similar to 
those obtained by the classical extraction methods. 
Unfortunately, chemical reasons of the good per-
formance of this kit cannot be evaluated since the 
other components of the kit were not revealed 

by the producer. However, better extraction of 
DNA could also be related to the breakage of the 
cells with the bead beater, which was used only 
with the SmartHelix Complex Samples kit. The 
highest A260/A230 ratio was obtained for DNA 
extracted with SmartHelix Complex Samples kit, 
while all other tested extraction methods showed 
lower A260/A230 ratios than the desired level. It 
is known that samples that have an A260/A230 
ratio below 1.5–1.8 have a significant presence 
of contaminants, such as urea, phenol and other 
aro matic compounds [22]. All DNA solutions ob-
tained with commercial kits had DNA concentra-
tions in the same range except of those obtained 
with SmartHelix Complex Samples kit and Smart-
Helix First DNAid kit. In recent years, real-time 
PCR has become a reliable tool for assessing DNA 
quantity and quality for downstream applications. 
The values of Ct, E and R2 directly reflect the util-
ity of the extracted sample for molecular analysis 
[21, 22]. As shown in Tab. 2, DNA extracted from 
the milk could be amplified with real-time PCR 
[9] with the following DNA extraction methods: 
NucleoSpin Food kit; QIAprep Spin Miniprep 
kit; DNeasy Blood and Tissue kit; SmartHelix 
First DNAid kit; SmartHelix Complex Samples; 
the phenol-chloroform protocol; and the phenol-
chloroform protocol with Nucleo Spin Food kit. 
No amplification was achieved with DNA isolated 
by the other methods: DNeasy mericon Food kit; 
GITC extraction; Tween-based extraction; and 
phenol-chloroform protocol with DNeasy Blood 
and Tissue kit. The highest concentrations of iso-
lated DNA did not mean successful real-time 
PCR, as the amplification also depends on the co-
extracted compounds [5, 11, 16].

According to the real-time PCR measurements 
and calculations of the correlation coefficients 
and reaction efficiencies, the three commercial 
kits, namely, QIAprep Spin Miniprep kit, DNeasy 
Blood and Tissue kit, and SmartHelix First DNAid 
kit, as well as the combined method with phenol-
chloroform and NucleoSpin Food kit, were the 
most successful DNA extraction methods for raw 
cows’ milk.

The samples extracted by the non-commercial 
methods (Tween-based extraction, phenol-chloro-
form protocol combined with DNeasy Blood and 
Tissue kit) indicated high DNA quantities but, 
based on the poor real-time PCR performance, 
these extracted DNA samples apparently con-
tained inhibitors. It is known that foods are com-
plex samples that contain many inhibitors such 
as the calcium ions in milk [16, 17]. As we used 
the same food matrix, row cows’ milk, as a start-
ing material for all DNA extraction methods, the 
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reason for poor real-time PCR results 
obtained by GITC and Tween-based ex-
traction methods could be the presence 
of inhibitors in extracted DNA that origi-
nated from the sample. The other reason 
could be also that some components (e.g. 
EDTA, isopropanol) used for extraction 
of DNA remained as traces in the extract-
ed DNA [15, 16]. No improvement was 
achieved using the combinations of extrac-
tion methods. Among classical methods, 
phenol-chloroform protocol yielded DNA 
at high concentrations and also facilitated 
a good performance of real-time PCR [5].

Economical evaluation
The DNA extraction methods were 

also compared in terms of the labour re-
quirements, throughput time, and mate-
rial costs (Tab. 3). The required time for 
DNA extraction from milk samples with 
the different extraction methods varied 
from 1 h up to 7.5 h, with an average time 
of 2 h for the commercial kits and 5.6 h 
for the non-commercial extractions. Two 
of the commercial kits were the fastest, 
namely, QIAprep Spin Miniprep kit and 
DNeasy Blood and Tissue kit. Although 
these two commercial kits provided DNA 
in low concentrations and not ideal purity, 
their real-time PCR parameters were good 
(Tab. 2). Some researchers have already 
successfully applied these methods to iso-
late DNA from milk and cheese samples 
for real-time PCR analysis [7, 23, 24]. Simi-
larly, OLEXOVÁ et al. [25] tested different 
methods of DNA extraction from foods, 
looking for the maximum yield also for the 
fastest performance.

Another parameter to consider when 
choosing an extraction method is the 
difficulty of performing the methodology. 
In general, all commercial kits for DNA 
extraction were not labour-demanding, 
with the exception of the SmartHelix Com-
plex Samples kit, which required somewhat 
more concentration and labour. There 
were no significant differences between the 
other five commercial kits. All commercial 
kits had simple and easy-to-follow proto-
cols. On the other hand, all three published 
non-commercial methods demanded more 
skill and attention. The Tween-based ex-
traction [14] was the most complex to per-
form, followed by the GITC extraction [13] 
and the phenol-chloroform extraction [5]. 
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Both combined methods for DNA extraction used 
the phenol-chloroform protocol, and consequently 
these were the slowest of all tested methods. 

The comparison of material costs showed large 
differences between the methods used in this 
study. The cheapest methods were, as expected, 
the phenol-chloroform and Tween-based extrac-
tions, followed by DNeasy Blood and Tissue kit, 
GITC extraction and QIAprep Spin Miniprep kit. 
The next group of methods included the much 
more expensive methods: SmartHelix Complex 
Samples kit, SmartHelix First DNAid kit, Nucleo-
Spin Food kit and DNeasy mericon Food kit, which 
costed more than 3 € per sample.

Despite quite a wide range of the material costs 
of the commercial methods, the great advantage 
of using them is the easier and faster performance, 
compared to the non-commercial and combined 
protocols.

CONCLUSIONS

PCR-based methods have been applied over 
the last two decades in different food areas for 
the determination of different food contaminants 
and constituents, such as pathogens and toxin-pro-
ducing organisms, food ingredients, allergens and 
adulteration. The successful extraction of DNA 
from food is one of the parameters that affect 
the successful implementation of these methods. 
In this study, selected methods for extracting 
DNA from milk were found to produce DNA of 
very different quantity and quality. According to 
the evaluated parameters (spectrophotometric 

measurements, real-time PCR parameters, esti-
mated time, material costs, and labour require-
ments), three commercial kits , namely, QIAprep 
Spin Miniprep kit (Qiagen), DNeasy Blood and 
Tissue kit (Qiagen), and SmartHelix First DNAid 
kit (ExVivon), provided the best results.
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