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Abstract

The objective of this study was to develop a fluorogenic real-time PCR-based assay for detecting and quantifying amounts
of cow milk in cow/goat milk mixtures or goat milk products. In order to quantify the exact amount of cow milk in cow/goat
raw milk mixtures and commercial goat milk products, it was necessary to achieve quantitative extraction of total genomic
DNA from the raw milk matrix. Both mammalian-specific PCR and cow-specific PCR were performed. A cow-specific 252
bp band obtained from the raw cow milk and raw goat milk mixtures, commercial goat milk, and two goat milk powders
was identified, along with the relationship between the cow milk amount and band intensity of the electrophoresis image.
The detection threshold was found to be 0.1%. The expression of cow's 12S rRNA in the cow/goat milk mixtures, commer-
cial goat milk, and two goat milk powders was identified. The expression quantity of the milk 12S rRNA increased with
increasing ratios of the cow/goat milk mixtures. Using these calibrated relative expression levels as a standard curve in the
cow/goat raw milk mixtures, the contents of cow milk were 1.8% in the commercial goat milk, 9.6% in goat milk powder

A, and 11.6% in goat milk powder C. However, cow milk was not detected in goat milk powder B.
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Introduction

It is well recognized that bovine (cow) milk and dairy
products are nutritionally almost perfect animal foods.
However, some bovine milk products are well known as
allergy-inducing substances (Kotowicz et al., 2007).

Goat milk has been used as a health functional food in
many countries. The chemical compositions of bovine
milk and goat milk are different; goat milk contains less
0,,,-casein, which cannot be digested by babies, and -
lactoglobulin, which is a known allegen for some people.
Goat milk has more nucleotides, immunoglobulins, poly-
amines, and taurine than bovine milk (McCane et al.,
2007). Nutrient contents in goat milk are slightly lower
than those in bovine milk, but the size of fat globules is
much smaller than in bovine milk, which means better
digestion. Furthermore, goat milk has more chlorine, bro-
mine, and silicone than other animal milks (McCane et
al., 2007).
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In many countries, goat milk is much more expensive
than bovine milk, and this could be a reason why people
may fraudulently mix bovine milk with goat milk. Some
cheeses have been made with bovine milk, sheep milk,
and goat milk by mixing a minimum of 10%, respectively
(Mayer et al., 1997). In such cases, consumers do not
trust products and some could suffer from allergy symp-
toms caused by bovine milk protein. Therefore, consumer
demands for detailed information about food composition
and ingredients have been increased (Mayer, 2005).

The protein in milk and dairy products has been ana-
lyzed by capillary electrophoresis (Molina et al. 1999),
two-dimensional electrophoresis (Chianese et al., 1990),
isoelectric focussing (Moio et al., 1990), HPLC (Ferreira
and Cacote, 2003), ELISA (Anguita et al., 1997; Hurley,
2004), and so on. However, these methods are not opti-
mal, but rather limiting because the proteins can be lost or
degraded by heating, high pressure, and other operations
during food processing (Bottero et al., 2003).

DNA in milk somatic cells is known to be very stable
and therefore it is possible for species identification of
milk using the polymerase-chain reaction (PCR) (Mafra
et al., 2004).

Furthermore, real-time PCR is useful to quantify milk
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based on polymerization reaction (Mafra et al., 2008;
Martinez et al., 2011; Takara, 2007).

Lee and Choi (2009) reported that rapid identification
of bovine milk and goat milk in dairy products could be
possible by Duplex PCR. Real-time PCR has been appli-
ed to exclude the false positive of conventional PCR, to
reduce contamination rates, and to improve the reliability
of results (Madani et al., 2005). Recently, real-time PCR
assays were proposed to detect and quantify bovine milk
in Mozzarella cheese (Lopparelli ef al., 2007), and in Ital-
ian cheese (Mininni et al., 2009). Although there have
been many reports about fraud detection of dairy products
using PCR, few studies relating to rapid and sensitive
methods have been reported for real-time PCR in com-
mercial dairy products.

Therefore, in this study, we attempted to establish a
more sensitive and correct real-time PCR method for
quantification of bovine milk in commercial goat milk
and goat milk powders.

Materials and Methods

Material

Raw goat milk was kindly provided by Rainbow Goat
Milk Farm (Korea). Liquid cow milk and three kinds of
goat milk powders were purchased from a local market.
Cow milk was mixed with goat milk at ratios of 0.1, 0.5,
1, 5, 10, 20, and 39%, respectively, to make standard
samples and to quantify the bovine milk.

Methods

Extraction of DNA and Quantification

DNA was extracted using a G-spin genomic DNA
extraction kit (INtRON Biotechnology, USA). The
extracted DNA purity and concentration were measured
in triplicate using a Nano Drop 1,000 Spectrophotometer
(Thermo, Japan) at 230, 260, and 280 nm.

Nucleotide primer and probe
In order to polymerize the 12S rRNA gene, a cow specific

Table 1. Primers and probes used in this study

primer basic sequence was applied using the same primer as
Lopez-Calleja et al. (2007a) suggested: 12STAQMANBT.
A goat specific primer (12STAQMANCH) basic sequence
and mammalian specific primer (12STAQMANREVM?2)
were also used, and were the same primers as Lopez-
Calleja et al. (2007b) reported. All applied forward prim-
ers were the same.

Primers and fluorogenic probes were adopted using
Primer Express 2.0 software (Perkin Elmer-Applied Bio-
systems Division, USA) as recommended by Lopez-Cal-
lega et al. (2005).

The TagMan probe method was used in this experi-
ment with the 5’ terminal employing fluorogenic 6-car-
boxyfluorescein (FAM) and the 3’ terminal using the
scavenging material 6-carboxy-tetramethylrhodamine
(TAMRA), which was attached to a PCR reagent modi-
fied oligonucleotide (TagMan probe). The primers and
probes used in this experiment were made by Bioneer
Co. (Korea). The basic sequences of the primers and
probes are listed in Table 1.

Real-time PCR

For real-time PCR, a Rotor-Gene 6,000 (Corbett
Research, Australia) was applied. The final volume of the
reaction solution per sample was adjusted to 25 ulL. The
composition of the reaction solution was as follows: Tag-
Man Universal 2x12.5 uL. of PCR master mix (Applied
Biosystems, USA), 300 nM of forward primer, 900 nM of
reverse primer, and a 200 nM fluorescent probe (Bioneer
Co., Korea), combined with sterilized distilled water and
DNA matrix (10 ng/uL.) and made to a total volume of 25
uL; then real-time PCR was performed according to Lopez-
Calleja et al. (2005). The following temperature and time
program for TagMan real-time PCR was applied: 2 min at
50°C, 10 min at 95°C as pre-denaturation, then 45 cycles
with 15 s of denaturation at 95°C, 1 min of annealing at
60°C, and 15 s of elongation at 72°C.

Reliability test of real-time PCR
In order to check the sensitivity of the test method, stan-

Gene

Primer sequence 5'—3'

Product size

Forward primer

(12STAQMANFWM) AAA GGA CTT GGC GGT GCTT

Reverse primer
Cow (12STAQMANBT) TGG TTT CAT AAT AAC TTT CGC GCT 252 bp
Goat (12STAQMANCH) TGA CCT AAC GTC TTT ATG TGT GGT G 171 bp
Mammalian (12STAQMANREVM2) GGG TTT GCT GAA GAT GGC G 119 bp

12SPROBE

FAM-TAGAGGAGCCTGTTCTATAATCGATAAACCCCG-TAMRA -
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dard curves for absolute quantification were obtained from
plotting the log percentage of cow milk contained in each
standard sample against the difference between threshold
cycles (Cts) of the species-specific and reference reactions.
Each amplification product aimed to perform absolute
quantification included both test and standard samples.

For specificity tests, interactions between DNA tem-
plates of different species and primers were performed.
Extracted DNA from raw milk was used as the standard
sample. 12STAQMANCH and 12STAQMANBT from
goat milk were reacted three times, respectively.

For reproducibility tests, the analyzed real-time PCR
products were identified by electrophoresis bands.

All PCR reactions aimed to evaluate the sensitivity,
specificity, and reproducibility of the real-time assays
were performed in triplicate.

MultiNA

A qualitative assay was used to analyze the electro-
phoresis bands. MultiNA (Shimadzu Biotech., Japan) can
be observed separated bands according to size. The elec-
trophoresis bands of the real-time PCR assay samples
were identified using the same method as normal PCR. In
order to use a fluorescent solution, 10,000xconcentrated
SYBR Gold (Invitrogen, MOP-S-11494) was diluted to 1/
100 using TE buffer solution (Promega, V6231), vortex-
mixed, and then diluted again to 1/100. A DNA-1000 kit
was used as a Ladder marker. PhiX174 DNA Hae III
Markers (Promega, G1761) were prepared after dilution
to 1/100. Five uLL of PCR assay sample was injected into
the well.

Quantitative assay

A quantitative real-time PCR assay for detection and
quantification of cow milk in goat milk was developed.
Certain proportions of cow milk were mixed with goat
milk, PCR was performed, the relative quantity of expres-
sion of bovine mitochondrial 12S rRNA-gene was deter-
mined, and a standard curve was plotted. The regression
equation was calculated as Y=5.8926X-4.7976 and the
regression constant R? value was 0.9914. Also, purchased
samples were examined using the same method, where
cow-specific PCR was performed, relative expression lev-
els were assayed, and mixture rates of bovine milk were
determined using the standard curve. The detection limit
of the method was determined by agarose gel electro-
phoresis of the amplification products obtained from both
experimental mixtures, containing 0.1-100% of cow milk
in goat milk.

Results and Discussion

DNA content of samples

The DNA contents of samples are shown in Table 2. The
DNA contents of the raw milk, market milk, and infant for-
mula were different due to adapted processing technology.
The DNA content of the raw milk was higher than that of
the market milk or infant formula. It is assumed that some
factors like heat, drying, and treatment conditions could
have affected the quantity of protein and DNA.

Table 2. Amount of DNA isolated from cow milk and goat

milk
DNA amount
260 nm 280 nm 260/280 nm (ng/ul)
Standard milk
Raw cow milk 0.257 0.188 1.37 12.84+0.04
Raw goat milk 0.247 0.189 1.31 12.40+0.18
Commercial goat dairy products
Liquid goat milk 0.168 0.132 1.27 8.30+0.24
Goat milk powder A 0.146 0.124 1.18 7.27+0.17
Goat milk powder B 0.198 0.136 1.46 9.81+0.18
Goat milk powder C  0.161 0.115 1.40 8.00+0.54

Values are mean£SD.

Real-time PCR

Cow-specific TagMan real-time PCR

Real-time PCR was performed for the mitochondrial
12S rRNA-gene of cow milk and the specific primer
12STAQMANBT. The initial concentration of DNA tem-
plate was diluted continuously from 20 ng to 0.0002 ng.
As a result, the fluorescence intensity increased with
increasing PCR cycles (Fig. 1). The Ct values decreased
quantitatively and reversed proportionally with the con-
tents of the initial substances, respectively.

The electrophoresis results of the cow-specific PCR
products are shown in Fig. 2. Bands were observed at 252
bp in all analyzed products of polymerase-reacted cow
mitochondrial 12S rRNA, while no bands appeared for
the raw goat milk and negative control samples. The elec-
trophoresis band intensity decreased with decreasing flu-
orescent intensity of the plateau stage on the fluorescence
curve (Fig. 1 and Fig. 2).

Goat-specific TagMan real-time PCR

Real-time PCR was performed for the mitochondrial
12S rRNA-gene of raw goat milk and the goat-specific
primer 12STAQMANCH. The initial concentration of
DNA template was diluted continuously from 20 ng to
0.0002 ng, the same as for cow milk. The fluorescence
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Fig. 1. Fluorescent profiles of PCR products amplified in the
cow-specific TagMan PCR using a decimal dilution
series of raw cow milk DNA, plotted against cycle
number. TagMan PCR was applied: an initial hold step at
50°C for 2 min and pre-denaturation at 95°C for 10 min,
followed by 45 cycles with denaturationof at 95°C for 15
s and annealing at 60°C for 1 min and extension at 72°C
for 15 s.
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Fig. 2. Microchip electrophoresis images of cow-specific Taq-
Man PCR amplified products isolated DNA from raw
cow milk. Lane M, DNA size marker; lane 1, raw cow
milk DNA of 20 ng; lane 2, 2 ng; lane 3, 0.2 ng; lane 4,
0.02 ng; lane 5, 0.002 ng; lane 6, 0.0002 ng and lane 7,
raw goat milk DNA 10 ng; lane 8, negative control

intensity of samples decreased with increasing PCR cycle
number, while the threshold Ct value decreased reverse-
proportionally to the initial substrate quantity (Fig. 3).

The electrophoresis results of the assayed products after
goat-specific PCR are shown in Fig. 4. The band of the
PCR assayed 12S rRNA of the goat milk was identified at
171 bp, but no bands appeared for the raw cow milk and
negative control (Fig. 4).

Mammalian-specific TagMan real-time PCR
Real-time PCR was performed for the mitochondrial
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Fig. 3. Fluorescent profiles of PCR products amplified in the
goat-specific TagMan PCR using a decimal dilution
series of raw goat milk DNA, plotted against cycle
number. TagMan PCR was applied: an initial hold step at
50°C for 2 min and pre-denaturation at 95°C for 10 min,
followed by 45 cycles with denaturation of at 95°C for 15
s and annealing at 60°C for 1 min and extension at 72°C
for 15 s.
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Fig. 4. Microchip electrophoresis images of goat-specific Taq-
Man PCR amplified products and isolated DNA from
raw goat milk. Lane M, DNA size marker; lane 1, raw
goat milk DNA of 20 ng; lane 2, 2 ng; lane 3, 0.2 ng; lane
4, 0.02 ng; lane 5, 0.002 ng; lane 6, 0.0002 ng and lane 7,
raw cow milk DNA 10 ng; lane 8, negative control

12S rRNA-gene of cow milk and the mammalian-specific
primer 12STAQMANREVM2. The initial concentration
of DNA template was diluted continuously from 20 ng to
0.0002 ng. The fluorescence intensity of samples increased
with increasing PCR cycle number, while the threshold
Ct values of 20 ng, 2 ng, and 0.2 ng decreased reverse-
proportionally to the initial substrate quantity. The thresh-
old Ct values of 0.02 ng, 0.002 ng, and 0.0002 ng increased
almost the same (Fig. 5). The applied internal standard
material for the mammalian-specific primer was some-
what inferior to the cow- or goat-specific primer.
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The electrophoresis results of the assayed products after
mammalian-specific PCR are shown in Fig. 6. The bands
of the PCR assayed 12S rRNA of the raw cow milk and
raw goat milk were identified at 119 bp, but no band
appeared for the negative control.

Reliability of real-time PCR
It was verified that the 12S rRNA gene of raw milk
species allowed for the possible quantitative measure of
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Fig. 5. Fluorescent profiles of PCR products amplified in the
mammalian-specific TagqMan PCR using a decimal
dilution series of raw cow milk DNA, plotted against
cycle number. TagMan PCR was applied: an initial hold
step at 50°C for 2 min and pre-denaturation at 95°C for 10
min, followed by 45 cycles with denaturation at 95°C for
15 s and annealing at 60°C for 1 min and extension at
72°C for 15 s.

the level of gene expression up to 2 pg. From the results
of cow-specific real-time PCR, a detection level of the
cow milk mixture ratio of up to 0.1% seemed to be possi-
ble (Fig. 4 and Fig. 7). The electrophoresis results showed
bands for the 0.1% mixture at 252 bp, and the intensity of
bands appeared stronger with increasing mixing ratios of
cow milk. Lopez-Calleja et al. (2007a) reported that a
detection level of 0.5% of bovine milk in a ewe milk mix-
ture was possible by real-time PCR assay.

As a result of the polymerase reaction, the 12S rRNA
and 12STAQMANBT of bovine milk, and 12S rRNA and
12STAQMANCH of goat milk, showed increasing fluo-
rescent curves, while the negative control sample showed
no increasing tendency. The Ct-values of cow-specific and
goat-specific PCR were 25.5+0.7 and 40.3+0.9, respec-
tively, while the goat-specific Ct-values were 36.8+1.2
and 23.0+0.6, respectively. The expression levels of mam-
malian-specific PCR were 24.2+0.5 for cow milk and
25.5+0.5 for goat milk.

From the electrophoresis results of the assayed products
after mammalian-specific PCR, a band appeared for the

— e e
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Fig. 6. Microchip electrophoresis images of mammalian-spe-
cific TagMan PCR amplified products and isolated
DNA from raw cow milk. Lane M, DNA size marker;
lane 1, cow DNA of 20 ng; lane 2, 2 ng; lane 3, 0.2 ng;
lane 4, 0.02 ng; lane 5, 0.002 ng; lane 6, 0.0002 ng and
lane 7, raw cow milk DNA 10 ng; lane 8, raw goat milk
DNA 10 ng, lane 9; negative control.

12S rRNA of the PCR assayed positive control milk,
while the crosslinked 12S rRNA and negative control did
not show bands.

Lopez-Calleja et al. (2007a) performed real-time PCR
using 12SM-FW/12SBT-RV primers and concluded that
only bovine milk showed an increasing fluorescent curve
and verified its specificity. The results of real-time PCR
showed cow-specific and goat-specific plateaus coinci-
dent to the results of electrophoresis. It can be assumed
that real-time PCR has the ability to quantify through
threshold cycle numbers (Ct) as precise as possible.

According to the results, the raw goat milk and goat
milk powder B did not show electrophoresis bands, but
the goat milk and goat milk powders A and C showed
bands at 252 bp. It is assumed that this was due to the
cow milk gene being mixed into the goat milk and modi-
fied goat milk powder.

Quantitative assay

In order to establish a precise method for quantitative
measurement of cow milk in cow- and goat milk mix-
tures, expression levels of mixtures along with samples
using mammalian-specific primer as an internal standard
were applied. The mark points for cow milk detection in
real-time PCR were 252 bp for the cow mitochondrial
12S rRNA gene (Lopez-Calleja et al., 2007a), and 119 bp
for the mammalian gene similar to cow as well as the
goat and buffalo 12S rRNA gene (Lopez-Calleja et al.,
2007b). The use of internal standard substances is impor-
tant, because it is considered to affect factors of the DNA
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Table 3. Relative quantitation of Cow 12S rRNA and threshold cycles (Ct) in cow-specific TaqMan PCR with 10 ng DAN isolated

commercial goat dairy products

Mammalian-specific PCR

Cow-specific PCR

Correction Relative quantify
Threshold cycles  Calc. conc.”  Threshold cycles  Calc. conc.
Mixture % (cow milk in goat milk)
0.1 24.19 97.501 35.23 0.039 0.0004 1.000
0.5 24.25 93.361 34.24 0.076 0.0008 2.052
1 24.76 64.564 33.43 0.132 0.0020 5.155
5 24.28 91.357 31.15 0.625 0.0068 17.250
10 24.24 94.038 29.74 1.634 0.0174 43.842
20 24.11 103.308 28.21 4.639 0.0449 113.307
30 24.24 94.038 27.70 6.570 0.0699 176.260
Commercial goat dairy products
Liquid goat milk 24.38 84.983 32.92 0.187 0.0022 5.545
Goat milk powder A 28.21 5.327 33.71 0.109 0.0205 51.618
Goat milk powder B 24.41 83.160 - - - -
Goat milk powder C 24.75 65.032 29.74 1.634 0.0251 63.396

DCalc. conc., Calculated concentration

polymerase reaction (Lopez-Calleja et al., 2007a).

The intensity of the plateau was almost the same and
the electrophoresis bands of the PCR products of mix-
tures appeared as 119 bp.

The Ct values of mixtures and goat milk powder ranged
from 24.11 to 35.23 and showed similar expression lev-
els, where the Ct value of sample A was the lowest at
28.21 (Table 3). The Ct values of mixtures and samples
after cow-specific PCR decreased as the quantity of cow
milk increased in the mixture as shown in Table 3. The
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Fig. 7. Fluorescent profiles of PCR products amplified in the
cow-specific TagMan PCR analysis from cow/goat
milk binary mixtures (cow milk 0.1%, 0.5%, 1%, 5%,
10%, 20%, and 30% in goat milk) and commercial
dairy product DNA, plotted against cycle number.
TagMan PCR was applied: an initial hold step at 50°C for
2 min and pre-denaturation at 95°C for 10 min, followed
by 45 cycles with denaturation at 95°C for 15 s and
annealing at 60°C for 1 min and extension at 72°C for 15
s. CGM, commercial liquid goat milk; GPA, commercial
goat milk powder A; GPC, commercial goat milk powder C.

increase in the fluorescence curve identified the 0.1%
mixture (Fig. 7).

The electrophoresis results of the PCR products showed
bands at 252 bp, which identified that the 12S rRNA gene
was polymerized in all mixtures (Fig. 8).

Table 3 shows the relative expression values of specific
genes against cow milk using correction values through
mixtures and samples against the mammalian specific
gene. The specific gene expression values from relative
quantitative assays of the mixtures (0.1%, 0.5%, 1%, 5%,

wy ———

Fig. 8. Microchip electrophoresis images of cow-specific Taq-
Man PCR amplified products and isolated DNA from
cow/goat milk binary mixtures (cow 0.1%, 0.5%, 1%,
5%, 10%, 20%, and 30% in goat). Lane M, DNA size
marker; lane 1, 0.1%; lane 2, 0.5%; lane 3, 1%; lane 4,
5%; lane 5, 10%; lane 6, 20%; lane 7, 30%; lane 8, nega-
tive control.
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10%, 20%, and 30%) were acquired by plotting the stan-
dard curve, in which the regression equation was Y=
5.8926X-4.7976, and R*=0.9914.

The relative expression values of the cow mitochon-
drial 12S rRNA gene from market goat milk were: 5.545
in liquid goat milk, 51. 618 in modified goat milk powder
A, and 63.40 in modified goat milk powder C (Table 3).
In this way, the mixed amount of cow milk was measured
with expression values of samples using the standard
curves of expression values of the mixtures. From the
results, there was 1.8% cow milk detected in the pur-
chased liquid goat milk, 9.6% in the modified goat milk
powder A, 11.6% in the modified goat milk powder C, and
0.0% in the modified goat milk powder B, respectively.
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