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The study was undertaken with an objective to evaluate a rapid PCR based method for
detection of adulteration of buffalo milk in cow milk at minimum level of detection. This
method utilizes primers targeting the mitochondrial encoded 12S rRNA gene as the target
for species identification. PCR assay involve use of three different primers. Reverse
primers specific for cow and buffalo complementary to the gene fragment of 12S rRNA
along with the common forward primer. The cow specific primer, along with the common
forward primer, yields a cow specific amplicon of 346 bp in the 12S rRNA gene. On the
other hand, a buffalo specific primer along with the same common forward primer yields a
buffalo specific amplicon of 220 bp fragment in the same gene. The method evaluated was
able to detect presence of buffalo milk in cow at 0.5% level of adulteration.

premium price. The description and labeling
of food must be accurate so that consumers
can make informed choices about their diet
and the products they buy (Herman, 2001;
Herna´ndez et al., 2003)

Introduction
In recent times, with increasing consumption
of dairy food items, the species identification
of milk and milk products has received a great
attention. It has a significant importance for
several reasons related to government
regulations, religion and public health. The
extensive consumption of milk and dairy
products makes these foodstuffs targets for
potential adulteration with financial gains for
unscrupulous producers (Nicolaou et al.,
2011). In the dairy sector, the fraudulent
misdescription of food contents on product
labels has been reported especially with high
added value milk products commanding a

Testing authenticity of food products such as
milk, meat and fish is important for labeling
and assessment of value and is therefore
important to prevent unfair competition and
assure
consumers
protection
against
fraudulent practices commonly observed in
the food industry (Xue et al., 2010). The
majority of dairy products’ authenticity
testing methodologies are based on major
milk proteins analysis (Stanciuc and Rapeanu,
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2010). Different analytical approaches have
been used for milk species identification such
as immunological (Xue et al., 2010;
Zelenakova et al., 2008; Hurley et al., 2004),
electrophoretical
(Mayer,
2005)
and
chromatographic (Enne et al., 2005).

buffalo milk samples were mixed in pure cow
milk at different levels making final volume
of 20 ml (Table 1).
Extraction of DNA from Milk
DNA was extracted from the milk samples
using protocol for the isolation of the genomic
DNA from the cattle and buffalo milk using
Universal DNA Extraction Kit (DSS-DNEU011).The quantity and quality of DNA was
checked by spectrophotometer (Biospec
Nano) and agarose gel electrophoresis
respectively.

With recent advances in DNA technology,
DNA based methods are been used for many
aspects of food authentication, including milk
adulteration detection (Woolfe and Primrose,
2004).Molecular techniques have proved to
be reliable, sensitive and fast. Among
molecular techniques, PCR is the most widely
used test for the identification of species of
origin in milk (Bottero et al., 2003).Recent
studies have shown that it is possible to use
milk as a source of DNA and as a substrate
for PCR. Ruminant milk from healthy
mammary glands has a large amount of
somatic cells which contain genomic DNA
suitable for PCR amplification (Amills et al.,
1997; Lipkin et al., 1993; Murphy, Reza et
al., 2002). Accurate species identification by
PCR is highly dependent on the specificity of
primers used. These primers should target a
DNA fragment with sufficient species to
species variation.

Polymerase Chain Reaction
We used 3 different primers targeting the
mitochondrial 12S rRNA gene as the target
for species identification. The primers were
synthesized from Invitrogen (USA) according
to sequences reported by Lopez Calleja et al.,
2004. The primers included common forward
(F-5' CTA GAG GAG CCT GTT CTA TAA
TCG ATA A 3') and species specific reverse
(5' AAA TAG GGT TAG ATG CAC TGA
ATC CAT 3') and (5' TTC ATA ATA ACT
TTC GTG TTG GGT GT 3') respectively for
cow and buffalo. Various combinations of
primers and DNA of cattle and buffalo origin
were tested in a final volume of 25 μl
containing 2x PCR master mix (Thermo
scientific, USA) 10 pmole of each primer and
60-90 ng of DNA template (cattle and/or
buffalo). Amplification was performed in
Master Cycler gradient thermocycler (Applied
Biosystems Veriti, USA) with the following
cycling
conditions:
after
an
initial
denaturation at 93°C for 3 minutes, 40 cycles
were programmed as follows:93°C for 30
seconds, 63°C for 30 seconds, 72°C for 120
seconds and final extension at 72°C for 10
minutes. The amplified PCR products
obtained from experimental mixtures were
subjected to agarose gel electrophoresis and
visualized under UV to check amplification of

The objective of the study was to evaluate
PCR technique for its sensitivity and
applicability for detection of buffalo milk in
cow milk at lowest possible limit of
adulteration.
Materials and Methods
Sample collection
Experimental material for present study
comprised of Milk Samples. Twenty different
batches of pure raw milk of both cow and
buffalo were collected as standard milk
samples from local dairy farms. Milk samples
were transported to the laboratory under cold
chain and processed immediately. The pure
792
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the fragment. The optimized PCR amplified a
346 bp product for cattle and a 220 bp product
for buffalo which were confirmed by using
Gel documentation system (G-box, Syngene,
UK).

temperature was tested from a range of 5565°C in the mastercycler gradient. Consistent
results were obtained at 63°C. To evaluate the
specificity of the primers, PCR amplification
of cow's milk DNA with cow specific primer
pair and of buffalo milk DNA with buffalo
specific primer pair was performed. The
expected PCR fragment of 346 bp was
amplified in all batches of pure cow milk,
whereas no amplification products were
observed with DNA extracted from buffalo
milk (Fig. 1). Similarly, expected buffalo
specific amplicon of 220 bp was amplified in
all batches of pure buffalo milk, whereas no
amplification products were observed with
DNA extracted from cow milk (Fig. 2).

Results and Discussion
The present study was carried out to check
efficacy of PCR method to detect minimum
level of adulteration of buffalo milk in cow
milk. The DNA samples with an OD ratio of
1.8 to 2.0 (OD260:280), appeared as a single
compact fluorescent band free from shearing
and
contamination
on
agarose
gel
electrophoresis were subjected to PCR. For
the PCR amplification, a suitable annealing

Table.1 Pure buffalo milk mixed in pure cow milk at different levels
Sr.
No.
1
2
3
4
5
6
7

Cow Milk
(ml)
19.9
19.8
18
14
10
10
-

Buffalo
Milk (ml)
0.1
0.2
2
6
10
10

Total Mix
(ml)
20
20
20
20
20
10
10

Mix %

Remark

0.5%
1.0%
10.0%
30.0%
50.0%
100.0%
100.0%

Buffalo milk mixed in Cow milk

Pure Cow milk
Pure Buffalo milk

Fig.1 346bp PCR products of cow-specific 12S rRNA gene amplified using cow specific
primers. Lanes 1-5: Cow milk DNA, lane 6: Buffalo milk DNA, lane 7: Negative control, lane
M1: 20 bp DNA Ladder, Lane M2: 100bp DNA ladder
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Fig.2 220 bp PCR products of Buffalo specific 12S rRNA gene amplified using buffalo specific
primers. Lanes 1-5: Buffalo milk DNA, lane 6: Cow milk DNA, lane 7: Negative control, lane
M1: 20 bp DNA Ladder, Lane M2: 100bp DNA ladder

Fig.3 220bp PCR product of buffalo-specific 12S rRNA gene obtained from raw milk mixtures
of buffalo in cow milk. Lane 1: 1% Buffalo milk, Lane 2: 10% Buffalo milk, Lane 3: 30%
Buffalo milk, Lane 4 & 7: 100% Buffalo milk , Lane 5 & 6: 100% Cow milk, Lane 8: 50%
Buffalo DNA, Lane 9: Negative Control, Lane 10: 0.5% Buffalo milk, Lane M1: 20bp DNA
Ladder, Lane M2:100bp DNA Ladder
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Fig.4 346bp PCR product of cow-specific 12S rRNA gene obtained from raw milk mixtures of
buffalo milk in cow milk. Lane 1: 99 % cow milk, Lane: 2 90% cow milk, Lane 3: 70% cow
milk, Lane 4 & 7: 100% buffalo milk , Lane 5 & 6: 100% cow milk, Lane 8: 50% cow milk,
Lane 9: Negative Control, Lane 10: 99.5% cow milk, Lane M1: 20bp DNA Ladder, Lane
M2:100bp DNA Ladder

After assessing the specificity of primers
used, PCR amplification was performed on
binary milk mixtures to determine the
sensitivity of the PCR assay. Two separate
amplification reactions were performed on
DNA extracted from cow/water buffalo raw
milk mixtures containing defined percentages
of buffalo milk ranging from 0.5 to 100%
(v/v). Figure 3 shows first amplification
reaction products obtained using buffalo
specific reverse and common forward primer
while Figure 4 shows second amplification
reaction products obtained using cow specific
reverse and common forward primer.

detecting animal food ingredients and their
origins (Meyer &Candrian, 1996). Using
appropriate species specific primer pairs,
mitochondrial sequences are now been
amplified in various species and the resulting
differences are been used for species
identification (Herman, 2001). In addition,
designing specific primers and standardizing
adequate protocols for extraction of inhibitor
free DNA are still necessary for consistent
PCR amplification of a specific target DNA
sequence (Tartaglia et al., 1998).
From present study, it can be concluded that
cow and buffalo milk could be reliably
identified and differentiated using duplex
PCR at optimized conditions. The method
could detect up to 0.5 % adulteration of
buffalo milk in cow milk mixture.

The identification of the species of origin in
milk and other milk based products is not
only important for the detection of fraudulent
manipulations, but also for prevention of
food-borne allergic reactions derived from
milk proteins (Calvo et al., 2002). Only a few
PCR-based protocols have been reported for
dairy product authentication till date. With
advancement of molecular tools, PCR based
molecular methods are being increasingly
demanded by food regulatory agencies for the
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