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Abstract

Background: In the dairy industry, protection against species substitution or admixture is important for several reasons, including
frequent human adverse reactions toward some species milk proteins, and trade and government regulations.
Objectives: The objective of the present study was to assess the purity of buffalo milk and it’s products offered as “pure buffalo” in
the market.
Methods: Using species-specific primers, a duplex polymerase chain reaction (PCR) assay was performed to detect the fraudulent
addition of cow’s milk to buffalo’s milk and it’s products.
Results: The limit of detection of cow’s milk in buffalo’s milk, yogurt and cheese is 1, 2 and 4%, respectively. Undeclared presence of
cow’s milk was detected in 70% of the milk samples, 64% of the yogurt and 52% of the cheese samples. In 10% of the yogurt samples
and 14% of the cheese samples, no apparent buffalo-related amplification product was observed, suggesting that cow’s milk was
entirely substituted for buffalo’s milk in these samples.
Conclusions: To avoid unfair competition and to assure consumers of accurate labeling, using this method is recommended for
regulatory agencies.
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1. Background

Species identification in milk and dairy products has
received special attention in the recent years. In many
countries, laws require producers to clarify the type of milk
used for manufacturing dairy products. Species identifica-
tion of milk and dairy products is important for several rea-
sons related to public health, religion, trade and govern-
ment regulations. However, a widespread adulterant prac-
tice found in the dairy industry is the use of a less costly
type of milk instead of more expensive ones. An eminent
example is the addition of cow’s milk to sheep’s, goat’s or
buffalo’s milk or other dairy products that are faultily la-
beled “pure sheep,” “pure goat,” or “pure buffalo” (1-4).

To assure consumers of accurate labeling, it is neces-
sary to prove the authenticity of labels, using fast, reliable
and sensitive methods for species identification. Among
many different analytical approaches, which have been
used for species identification of milk and dairy prod-
ucts, polymerase chain reaction (PCR)-based methods are
the most reliable and sensitive techniques. Polymerase
chain reaction-based methods are currently used for milk
species identification, including the development of con-

served mitochondrial or nuclear DNA primers for PCR am-
plification, followed by complementary techniques such
as sequencing or PCR-Restriction fragment length poly-
morphism (RFLP). Alternatively, specific primers have been
successfully applied for the direct detection of target
species in simplex or multiplex PCR formats (1, 4-8).

In South-western Iran, water buffalo is a domestic dairy
animal and buffalo’s milk and it’s products, such as yo-
gurt and cheese, have attained great popularity. Increased
demand for these products as well as higher prices, have
led to the substitution or admixture of buffalo’s milk with
cow’s milk.

2. Objectives

The aim of the present study was to assess the purity
of buffalo products offered as “pure buffalo” in the market,
using species-specific primers.
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3. Methods

3.1. Samples

During a four-month period, a total of 150 samples of
buffalo’s milk, yogurt and cheese were purchased from su-
permarkets of Ahvaz, Iran. According to the information
provided by the vendors, all samples contained pure buf-
falo’s milk. All samples were placed in cold portable insu-
lated boxes and transported to the laboratory.

3.2. DNA Extraction

To extract DNA from milk samples, 15 mL of milk was
centrifuged at 5000 rpm for 15 minutes at room temper-
ature. Supernatant, including the hardened fat layer and
the aqueous middle phase were discarded and the bot-
tom 1 mL of the remaining supernatant, which included
somatic cells and the casein pellet was transferred to a
1.5-mL microcentrifuge tube. To dissolve casein, 300 µL
of EDTA (0.5 M, pH 8) and 200 µL TE buffer (10 mM Tris-
HCl, and 1 mM EDTA, pH 7.6) were added to the 1-mL su-
pernatant. Somatic cells and casein micelles were resus-
pended by mixing for 30 minutes. Tubes were then cen-
trifuged at 12000 rpm for 10 minutes at room tempera-
ture and the supernatant was discarded. Afterwards, 245
µL of lysis buffer (100 mM Tris-HCl pH 8, 200 mM NaCl,
0.1% sodium dodecyl sulfate (SDS), 1% Triton X-100, 5 mM
ethylenediaminetetraacetic acid (EDTA)) and 5 µL of pro-
teinase K (20 mg/mL) were added to the pellet and incu-
bated overnight at 55°C. Subsequently the lysate was used
for the usual stepwise method of DNA extraction with phe-
nol: chloroform: isoamyl alcohol (25:24:1), and finally pre-
cipitated with one-tenth volume of sodium acetate (3 M,
pH 5.2) and 2.5 volume of chilled absolute ethanol. The pre-
cipitated DNA was washed with 80% alcohol, dried and dis-
solved in 50µL of sterile distilled water. The extracted DNA
was frozen until PCR analysis (9, 10).

To extract DNA from yogurt samples, 18 mL EDTA (0.5
M, pH 8) and 12 mL TE buffer (10 mM Tris-HCl, and 1 mM
EDTA, pH 7.6) were transferred to a 50 mL falcon tube con-
taining 10 g of yogurt sample. After mixing for 15 minutes,
samples were centrifuged at 4000 rpm for 20 minutes at
room temperature. Supernatant, including the hardened
fat layer and the aqueous middle phase were discarded
and 1 mL of lysis buffer (100 mM Tris-HCl pH 8, 200 mM
NaCl, 0.1% SDS, 1% Triton X-100, 5 mM EDTA) and 15 µl pro-
teinase K (20 mg/ml) was added to the remaining pellet.
After overnight incubation at 55°C, the lysate was used for
the usual stepwise method of DNA extraction with phenol:
chloroform: isoamyl alcohol (25:24:1), and ethanol precip-
itation as mentioned for the milk samples. The extracted
DNA was frozen until PCR analysis (6, 9, 10).

To extract DNA from cheese samples, 10 mL of lysis
buffer (100 mM Tris-HCl pH 8, 200 mM NaCl, 0.1% SDS, 1% Tri-
ton X-100, 5 mM EDTA) and 50 µL proteinase K (20 mg/ml)
were transferred to a 50-mL falcon tube containing 5 g
of cheese sample and incubated overnight at 55°C. Subse-
quently, the lysate was used for the usual stepwise method
of DNA extraction with phenol: chloroform: isoamyl alco-
hol (25:24:1), and ethanol precipitation as mentioned for
the milk samples. The extracted DNA was frozen until PCR
analysis (6, 9, 10).

3.3. Duplex PCR Assay

Two sets of primers were used for duplex PCR ac-
cording to Bottero et al., 2002. Oligonucleotide primers
were 5’-GGCTTATATTACGGGTCTTACACT-3’ (forward) and 5’-
GGCAATTGCTATGATGATAAATGGA-3’ (reverse) for the cow
and 5’-GGCATATACTACGGATCATATACC-3’ (forward) and 5’-
AATTCATTCAACCAGACTTG TACCA-3’ (reverse) for the buf-
falo. Amplification condition for duplex PCR was as fol-
lows: three minutes at 94°C; 35 cycles of 45 seconds at 94°C,
45 seconds at 60°C, and one minute at 72°C; and a final five-
minute extension at 72°C. The presence of the 279 bp cow-
specific and 192 bp buffalo-specific amplification products
were checked on 1.5% agarose gel (1).

3.4. Determination of the Detection Limit

A reconstruction experiment was conducted to deter-
mine the detection limit of the assay. Samples of buf-
falo’s milk, yogurt and cheese containing 0.5, 1, 2, 4, 6,
8 and 10% (vol/vol) of cow’s milk were prepared. These
mixed samples were then subjected to DNA extraction and
subsequent duplex PCR. Finally, the detection limit of the
method was estimated by agarose gel electrophoresis of
the PCR products.

4. Results

In the present study, a duplex PCR assay was used to de-
tect the fraudulent addition of cow’s milk to the buffalo
products. The extraction method used to isolate DNA from
milk, yogurt and cheese samples showed good DNA yield
and quality. As shown in Figure 1, simplex and duplex PCR
assays on extracted DNA from binary mixture samples of
milk, yogurt and cheese, resulted in 279 and 192 bp ampli-
fication products for cow and buffalo, respectively.

Results of the reconstruction experiments to deter-
mine the detection limit of the method are presented in
Figure 2.

As indicated, the limit of detection of cow’s milk in buf-
falo’s milk, yogurt and cheese were 1, 2 and 4%, respectively.
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Table 1. Results of Polymerase Chain Reaction Analyses of Labeled Buffalo’s Milk, Yogurt and Cheese Samples

Sample Total No Pure Buffalo Pure Cow Mixed

Milk 50 15 (30 %) - 35 (70 %)

Yogurt 50 13 (26 %) 5 (10 %) 32 (64 %)

Cheese 50 17 (34 %) 7 (14 %) 26 (52 %)

Figure 1. Results of Simplex and Duplex Polymerase Chain Reaction on Extracted
DNA From Binary Mixture Samples of Milk (lanes 1, 4 and 8), Yogurt (lanes 2, 5 and 9)
and Cheese (lanes 3, 6 and 10)

1 - 3, Simplex PCR by cow-specific primers (279 bp); 4 - 6, simplex PCR by buffalo-
specific primers (192 bp); 7, 100 bp plus DNA ladder; 8 - 10, duplex PCR.

Table 1 shows the results of PCR analyses of 150 samples
of buffalo’s milk, yogurt and cheese from retail traders.

Undeclared presence of cow’s milk was detected in 70%
of the milk samples, 64% of the yogurt and 52% of the
cheese samples. In 10% of the yogurt samples and 14% of
the cheese samples, no apparent buffalo-related amplifica-
tion product was observed, suggesting that cow’s milk was
entirely substituted for buffalo’s milk in these samples.

5. Discussion

Illegal adulteration of raw materials used for the com-
mercial preparation of food is a common problem. The
“Farm to Fork” concept implies the traceability and au-
thenticity of a product from raw material to consumption.
To guarantee the food authenticity, the development of an-
alytical techniques to enable authorities and producers to
check if the products are correctly described and labeled
is necessary. The polymerase chain reaction is the most
widely used molecular technique for the identification of
the species origin in food, especially in meat products (11-
15). In contrast, application of PCR-based techniques for
the authentication of dairy products has been very limited.

The limits of detection of the duplex PCR used in this
study were 1, 2 and 4% for milk, yogurt and cheese, respec-
tively. As non-authentic dairy products are produced for fi-

Figure 2. The Limit of Detection of Cow’s Milk in Buffalo’s Milk (A), Yogurt (B) and
Cheese (C)

1, 100 bp DNA ladder; 2, 10% cow’s milk; 3, 8% cow’s milk; 4, 6% cow’s milk; 5, 4% cow’s
milk; 6, 2% cow’s milk; 7, 1% cow’s milk; 8, 0.5% cow’s milk.

nancial gain, adulterating a more expensive type of milk
with a less costly type for less than 5% lacks any economic
effect (16, 17). Therefore, the determined detection limits
of duplex PCR assays described here are sufficient for the
proof of undeclared components of the products.
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Undeclared presence of cow’s milk was detected in 70%
of the milk samples, 64% of the yogurt and 52% of the
cheese samples. Khanzadi et al. (16) reported that only 21
out of 105 (20%) samples of sheep’s milk contained pure
sheep’s milk and undeclared presence of cow’s and goat’s
milk was detected in 33 (31.5 %) and 68 (65 %) of the samples,
respectively. In Romania, the presence of undeclared cow’s
milk was detected in 67.3% of goat and sheep cheeses (18).
Maskova and Paulickova (19) found undeclared presence of
cow’s milk in 3/17 of the goat cheeses and 1/7 of the sheep
cheese. Di-Pinto et al. (3) analyzed 30 mozzarella cheese
samples and the presence of cow’s milk was found in 22
samples. Santos et al. (20) analyzed 13 cow, goat, and sheep
cheeses declared as pure. In four samples they detected
the presence of an undeclared constituent, i.e. either cow’s
milk or, in two cases, goat’s milk in “pure sheep cheese”.
Mafra et al. (7) found that only eight out of ten ovine
cheeses purchased and analyzed contained the species in-
gredients as listed on the package.

In conclusion, results of the present study revealed
a high level of adulteration in the retail trade of buffalo
products. Hence, careful and continual surveillance of
the production and sale of these products should be con-
sidered. In order to achieve detailed monitoring, it is
necessary to have to a fast and accurate diagnostic tech-
nique. The PCR method used in this study was a useful and
straightforward approach for the detection of low levels of
cows’ milk in buffalo’s milk and products. Therefore, to
avoid unfair competition and to assure consumers of accu-
rate labeling, using this method can be recommended for
regulatory agencies.
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