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Mozzarella cheese obtained from buffalo (Bubalus bubalis) milk is a typical Italian product certificated
by means of the European Protected Designation of Origin (PDO). Mozzarella cheese can also be
obtained from bovine milk or bovine/buffalo milk mixtures, but in this case, it cannot be sold as PDO
product, and its label must report the actual ingredients. However, bovine milk in PDO products was
frequently detected in the past, suggesting fraudulent addition or accidental contamination. Several
methods based on end-point polymerase chain reaction (PCR) have been profitably applied in a
large number of tests to detect the presence of undeclared ingredients, also in dairy products. In the
present study we report a real-time PCR method able to quantify bovine milk addition to pure buffalo
cheese products. We validated a normalized procedure based on two targets: bovine mitochondrial
cytochrome b (cyt b) to detect and quantify the bovine DNA and nuclear growth hormone (GH) gene
used as a universal reference marker. With the use of this real-time PCR assay, 64 commercial
mozzarella di bufala cheese samples purchased at local supermarkets, dairy shops, or directly from
cheese manufacturers were analyzed. The results obtained demonstrate that most of the commercial
samples were contaminated with bovine milk. Therefore, this assay could be conveniently employed
to carry out routine and accurate controls aimed not only to discourage any fraudulent behavior but
also to reduce risks for consumer health.
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INTRODUCTION Anyway, mozzarella cheese can also be obtained from bovine
milk or bovine/buffalo milk mixtures, but in this case, it cannot
be sold as the more expensive PDO product, and its label must
report the actual ingredients. On the other hand, bovine milk in
PDO product was detected in the past suggesting a fraudulent
addition or an accidental presence due, for instance, to con-
tamination in the farm or later in the cheese factory if both
species are treated.

Mozzarella cheese obtained from buffalo (Bubalus bubalis)
milk is a typical Italian product marketed all over the world
certificated by the European Protected Designation of Origin
(PDO) (1), whose first production marks in south Italy probably
go back to the 12th to 13th century.

Nowadays, total production is continuously growing (nearly
28 tons in 2004), as well as exportation (17.5% in the same . e L )
year). This growth has been supported, in the last 50 years, by Animal species identification in dairy products, such as

the increasing number of reared buffaloes. Production is mainly Puffalo mozzarella, has become more and more important, not
concentrated in three Italian regions: Campania (87.9%), only with regards to accurate consumer information and legal
Latium, and Apulia. aspects (concerned with labeling and guarantee requirements)

Since 1981 a voluntary association of producers (164 in 2004) _bUt also to_public health (COV.V caseins are known allergens even
stated specific rules about cheese making according to traditionalll Présent in very low quantity). . o
practices: only fresh, raw or pasteurized, buffalo milk can be  The official control methodZ) to detect bovine proteins in
used, acidification should be carried out by means of natural dairy products is based on isoelectrofocusing (IEF)-obseins

(not commercially selected) whey cultures, while bovine rennet after pla.sm?nolysis: _ _
is allowed. Even if this technigue is declared reliable for thermally treated

cow milk, some authors observed that it can carry out uncertain
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Other analytical techniques for animal species identification production of standard cheeses was sampled in summer 2005, as
have been developed®C NMR (nuclear magnetic resonance) previously described. The standard samples were lyophilized and

on triacylglycerols to distinguish cow and buffalo in mik)( accurately weighted to obtain “mixed” samples with 0.1%, 0.6%, 1%,
an HPLC technique fop-lactoglobulins (3-lg) analysis on 2%, 5%, 10%, and 20% (w/w), respectively, of cow matter in buffalo
cheese.

buffalo milk and mozzarella cheess) (capillary electrophoresis

and ac!’ylamlde gels () coupled V\{'th a multlvc'_;lrlate regression of 200 mg of each mix standard sample were frozer-20 °C for
analygls 8, and mpre recently,. immunological methods. for later use. Two other standard cheeses made of 100% buffalo milk were
_detect|on of species adulteration based on enzyme-l_lnked produced using lyophilized commercial whey starters.
immunoadsorbent assay (ELISAP)( However, the main Commercial mozzarella cheese samples were purchased at local
restrictions of these methods are the lack of suitability for supermarkets and dairy shops or directly from cheese manufacturers.
routinely utilization, the long time needed, and the lack of Two aliquots of 200 mg of each sample were frozen-20 °C. In
absolute specificity (1011). total, 2 samples of commercial bovine mozzarella cheese and 64
Methods based on polymerase chain reaction (PC®R)1(L) samples of commercial_buffalo mozzarella cheese (48 PDO an_d 16 not
have been profitably applied in a large number of tests for PDO for a total qf 37 different brands) were collected, 28 dqrmg the
animal species identification, also in dairy products: RFLP jviTem;Jrgﬁgsiz 'Qottﬂeinagh”nrn:ezrofn‘r’d i(r':/'gjtu%f":hf commercial labels
analysis of PCR products, duplex-PCR, multiplex-PCR, terminal- ™ py ) e 2 ction. DNA was extracted from 200L of blood samples
RFLP based on PCR and capillary electrophoresis, and SNUPE i 1nvisorb Blood Mini Kit (Invitek, Berlin, Germany), from milk
(single nucleotide primer extension) based on the detection of ce|| pellets after centrifugation using Invisorb Cell Mini Kit (Invitek),
species-specific single-nucleotide polymorphism (SNPs) of a and from 200 mg of mozzarella cheese using Invisorb Tissue Mini Kit
marker gene (312, 13). These methods are based on the (Invitek). All extractions were carried out following the instructions
persistence of genomic DNA extracted from somatic cells both provided by kit manufacturer.
in milk and cheese, even if highly ripene8, (L2, 14, 15). Design of Reference and Species-Specific Primers and Probes.
The most common assays for species identification are based! "€ nucleotide sequence of mRNA coding for GHBoftaurusandB.
on PCR analysis of species-specific mitochondrial DNA (mtD- Pubalis were aligned using the ClustalX prograi®7j. Exon—exon
NA) sequences. In fact, mtDNA can be considered as a naturally/U"ctions were located on bovine coding sequence based on the
amplified source of genetic variabilitl6). Other techniques information contained in the Genome Browser database (Btau_2.0,

; http://genome.ucsc.edu). A conserved region of the fourth exon
are based on nuclear DNA sequences, like 28S and 18S rRNAgequence was used to design universal primers and TagMan minor

multicopy genes ¥2) or -caseins genesly), well-known groove binding (MGB) probe with the Primer Express 2.0.0 software
markers for animal identification of dairy products. End-point (Applied Biosystems, Foster City, CA). The sequences of primers and
PCR assays for bovine milk contamination in buffalo cheese probe were as follows: GH_F,'§TGGGCCCCTGCAGTTC-3',
have been previously reported, (18, 19). Mafra et al. 20) GH_R, 5-GGTCCGAGGTGCCAAACAC-3', GH_MGB 5'-AGCA-
applied a semiquantitative approach based on a duplex end-GAGTCTTCACCAAC-3'. Species-specific primers (CytbBOS) and
point PCR of 12S and 16S rRNA mitochondrial genes for MGB probe for the cytb gene ofB. tauruswere those previously
quantification of raw, pasteurized, and powered bovine milk in re‘:?oé;eldﬂ(ﬁfg'PCR Amplification, Real-ime PCR amplfication was
gﬂgre;ég p:;p?;:;;n;%hhetezg' :12\;;8\;%2};l(lu?gtlctj?:t\i/ﬁgzeig:] performed on an ABI PRISM 7000 thermocycler (Applied Biosystems),

b fraudul dditi f bovi ik d using default settings, in a final volume of 2@, including 0.5, 1, or
etween fraudulent addition of bovine milk and cross- 2.5uL of DNA template extracted from blood, milk, and mozzarella

contamination or simply bov[ne rennet employment. Real-time samples, respectively. The SYBRGreen | Master Mix 1X (Applied
PCR is widely used to quantify GMO in various types of crops Bjosystems) was used together with 250 nM of each primer. The
and foodstuff (2122) and to evaluate the presence of DNA of TagMan Universal PCR Master Mix 1X (Applied Biosystems) was used
various animal species in meat preparations 21%,24) or in with 500 nM of each primer and 200 nM of TagMan MGB probe.
typical products (25). Outputs of real-time amplifications were analyzed by means of SDS
In the present study we report a real-time PCR method able 7003 1.1 ts_,oftware ﬁAﬁpﬂed Bioiyste{ns). Tge ﬂuo(;et?]cetgce iiglrc]jal inl
: ; H e each reaction was plotted against cycle number, an € thresnhold cycle
tszgﬁ ?g“g;g%?ﬁé?gﬁﬁ :;izlt;(:g”t; F:gl?] 5 :ﬁr? é?;gﬁg:ﬁ E:ggggt:r’e(co was calculated using the default threshold line. All PCR reactions

o . aimed to evaluate the specificity, efficiency, and sensitivity of the real-
based on two targets: mitochondrial cytochromeyt b) and time assays were performed in triplicate, whereas reactions done to

nuclear growth hormone (GH) genes; the second was selectedyantify commercial samples were performed in duplicate. To evaluate
as a single-copy and conserved gene between the differenthe efficiency and the dynamic range of each primer pair, serial 1:5

These standard samples were weighted and prepared twice. Aliquots

species of interest, cow and buffalo. dilutions were prepared for each DNA template extracted from blood,
whereas 1:2 serial dilutions were prepared from each milk and

MATERIALS AND METHODS mozzarella cheese sample. Standard curves for absolute quantification
were obtained plotting the log percentage of cow contained in each

Sample Collection and Standard Preparation.Blood, milk, and standard sample against the difference between Ct's of the species-

cheese (standard and commercial samples) were tested. Blood samplespecific and the reference reactiohGt = Ctcyinpos — Ctor). Each
from cow (Bos tauru, two specimens each for Brown Swiss, Burlina, amplification plate aimed to perform absolute quantification included
Rendena, and Holstein breeds and water buff@o ubalis) were both test and standard samples.
collected in EDTA-containing vials and stored-a20 °C. Statistical Analysis. The evaluation of the differences between
Samples of bulk cow (Holstein breed) milk were collected in a farm relative quantification series of data was performed by a Wilcoxon two-
located in the Venetian region of Italy. Four separate samplings were sample test available at www.fon.hum.uva.nl/Service/Statistics/Wil-
carried out in summer and six in autumn 2005. Fifty grams of each coxon_Test.html.
milk sample were centrifuged at 4000 rpm, and the cell pellet was stored
at —20 °C for later use. RESULTS
Standard samples, i.e., 100% bovine milk mozzarella cheese and o ) . .
100% buffalo milk mozzarella cheese, were produced accordingly to ~ Validation of Real-Time PCR AssaysThe functionality of
the procedure of PDO Mozzarella di Bufala Campana regulaié both primer pairs (GH and CyBOS) and the specificity of the
with minor adaptations to the laboratory equipment. Milk used in the target gene primers were assessed by real-time PCR amplifica-
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Figure 1. Linearity test and amplification efficiency of the universal reference GH and the species-specific CytbBOS assays with fluorescent SYBR green
| dye on blood (A), milk (B), and cheese (C) templates serially diluted.

Table 1. Slope and Efficiency of the Regression Curveab

Assay
GH CytbBOS
SYBR green | probe SYBR green | probe
blood milk cheese cheese blood milk cheese cheese
dynamic range (ACt)® 9.33 2.81 2.72 8.37 9.87 2.36 2.59 12,51
Slope -3.40 -3.13 -3.02 -3.52 -3.57 -3.18 -2.91 -3.52
efficiency (%) 97.0 109.0 114.0 92.8 91.0 106.0 120.0 92.8

@ Comparison among different matrixes (blood, milk, and cheese) on GH and CytbBOS genes using the nonspecific dye SYBR green | and the specific TagMan MGB
probe. o The decimal efficiency values are obtained from the slope value: £ = [ 10(-%/slope)]] — 1, ¢ ACt = (Ctwax — Ctwi) is referred to serially diluted templates.

tions using SYBR green | as a fluorescent dye on DNAs In Table 1, the efficiencies and the dynamic range values of
extracted from blood samples of four different cattle breeds and the real-time PCR amplifications with SYBR green | (three
from water buffalo. No cross-amplification for the ®BOS matrixes) and with the specific probes (cheese) for both genes
primers was observed. The efficiency of the different assays are summarized. The probe assay efficiency was 92.8% for both
was evaluated by SYBR green | using the DNA templates tests with larger dynamic ranges than those obtained with SYBR
extracted from blood, milk, and mozzarella cheese samples.green |. The specificity of CytbBOS TagMan MGB probe was
Efficiency and specificity of the GH and QyBOS TagMan tested amplifying buffalo DNA templates extracted from a 100%
MGB probes were evaluated using DNA templates extracted buffalo milk mozzarella cheese (standard sample). As for the
from mozzarella cheese. SYBR green | assay, no amplification was observed. These
The results of the tests with SYBR green | are reported in results indicate that the TagMan assay on mozzarella DNA
Figure 1. Similar efficiencies were obtained for the reference samples could be used in quantification analysis.
and the target gene’s primer pairs in the same matrix; the Evaluation of Mitochondrial Copy Number. A potential
efficiencies varied in a range of acceptability. DNA extracted drawback of using mitochondrial genes as molecular markers
from each cattle breed sample gave comparable results (datdor quantification of species-specific DNAs could be the
not shown). variation in the number of mtDNA copies per cell across
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Table 2. Relative Quantification by the AACt Value Method of Table 3. Absolute Quantification of Bovine DNA Content by Means of
Templates Obtained from Bovine Milk (bm) Samples Collected in the ACt Method of 64 Water Buffalo Mozzarella Samples?
Summer (n = 4) and in Autumn (n = 6)
bovine DNA (%)
sample ACH Asgt AACH RQ I;S samples summer autumn
DNA (%) or DNA (%) or
bm 1 586 Sugwr;ler 124 236 111 brand PDO sample evaluaton SD sample evaluaton  SD
bm 2 -5.67 0.11 -1.05 2.08 051 1 yes Is 321 0.01
bm 3 -4.62 0.09 0.00 1.00 0.15 2 no 2s PNQ 2a PNQ
bm 4 -4.96 0.08 -0.34 1.27 0.21 3 yes 3s 0.86 0.40 3a PNQ
summer mean -5.28 0.58 -0.66 1.68 0.64 4 yes 4s 1.35 0.39 4a 0.69 0.24
Autumn 5 yes 5s N 5a N
bm5 -497 012  -035 128 03l ? Je ?2 gsg 022 ?g mg
bm 6 -5.36 0.13 -0.74 1.67 0.43 8 ﬁo 8 0.64 0.33 8a PNQ
bm7 -5.29 0.16 -0.67 159 059 9 yes 9 PNQ ' 9 N
bm 8 576 014 -4 220 058 10 yes  10s 110 034 10a PN
bm 9 -4.67 0.13 -0.05 1.03 0.26 y ' ' Q
bm 10 41 002 050 071 0.03 11 yes  1ls 1.66 037 1la 1.88 0.00
' ’ ’ ' ’ 12 yes 12s PNQ 12a 1.34 0.22
autumn mean -5.03 0.58 -0.41 141 0.53 13 yes 13s N 13a PNQ
general mean -5.13 0.18 -0.65 152 0.18 14 yes  14s PNQ 14a 1.86 0.45
15 no 15s >20% 15a PNQ
16 o 16s PNQ 16a 081 0.24
. - 17 17 >20% 17 PN
samples (bulk milk) collected in different seasons (summer and ;4 )y’gz 18: 075 009 182 PN8
autumn). An estimate of such variation might be obtained 19 o 19s >20% 19a >20%
comparing results from the GH assay, which is based on a 20 yes 20s 0.88 0.05
single-copy nuclear locus, and from the BBOS test, which gé 52: g;: ’1\‘-98 026  2la PNQ
is based on a mltocho_n_drla_l geeCt values (Céymsos — Clah) 23 yes 235 0.72 0.00 23a PNQ
and the relative quantification (RQ) value between summer and 24  yes 24s 3.04 0.39
autumn milk samples were not significantly different by using 25  no 255 N 25a N
a Wilcoxon two-sample test, suggesting that no relevant gg %25 gg: EHS 3;3"; Emg
variation in mtDN,.A. copy number was presem?ble 2). 28 yes 28 1.46 082  28a 272 114
Absolute Quantification Curves and Evaluation of Com- 29 yes 2% PNQ
mercial Samples.All commercial samples as well as buffalo 30 yes 30a N
mozzarella samples experimentally produced with addition of 3! Y& 313;1?, '8'80 018
commercial whey starters were analyzed using the GH and 3,  p 30a N '
CytbBOS TagMan assay. 32a" N
The efficiency (96%) was inferred from the slope of the 3%  Yes 333a33b gNQ
standard curve (data not shown) using separately two different 35 30 N
standard sets: 0.6%, 1%, 5% and 5%, 10%, 20% (w/w). The 35 yes 35a PNQ
0.6% value represented the lowest limit for absolute quantifica- 36  yes 36a PNQ
tion, because below this value the curve was not linear. The 37  Yes 3ra PNQ

lowest detection limit was 0.1% of cow in buffalo mozzarella; - . -
therefore, samples showing values lower than 0.1% have been " Results are reported as bovine DNA content (%, wiw) when the sample was
considered negative (N). Values in the range of-@5% positive (P) or as an evaluation when it was negative (N) and positive but not
R 9 ’ 9 ) quantifiable (PNQ). See also the text. » 31a and 31a; are different lots of production
'ndl(,:‘jmve of the presence of cow matt?r,’ were cqu5|dered purchased in the same season referred to the same mozzarella brand; the same
positive, but the amount was not quantifiable (positive not yit sample nos. 32 and 33.

quantifiable, PNQ). Samples with values higher than 0.6% were

considered positive (P). DISCUSSION

Standard samples of pure buffalo mozzarella made with  The broad diffusion in the world of the typical Italian product
dehydrated whey were attributed as PNQ. Absolute percentagenamed water buffalo mozzarella, already registered since 1996
values of commercial samples are reporte@able 3. Percent- (1) as a PDO product, has economic, qualitative, and legal
age data were obtained from 0.6%, 1%, 5% standard curve forimplications. The most simple fraud is the addition of bovine
samples with results lower than 5% and from 5%, 10%, 20% milk. Nonetheless relevant could be the sanitary implication that
standard curve for samples higher than 5%; samples with resultsthe consumption of vaccine caseins can get in people carrying
out of range (>20% anet0.6%) were not quantified. For each  an allergy against them. In the present study, a quantitative real-
sample the value was calculated as the average of the quantitime PCR method has been carried out in order to quantify
fication of two independent extraction aliquots. The summary bovine DNA in water buffalo mozzarella. Mitochondrial DNA
of data Figure 2) indicates that bovine milk was present, in genes are the most widely used markers for animal species
variable amounts, in the majority ® PNQ = 51/64, 79.7%) identification in foodstuff, due to the presence of multiple copies
of the commercial samples. Of these, 39 were PDO products (10—1000) of mtDNA in each cell. Starting with reduced
(76.5%) while 12 were not PDO. Positive samples, where cow amounts of DNA (frequent if working with processed food),
milk contamination has been unequivocally quantified, were these targets significantly increase the sensitivity of the assay.
37.5% (79.2% of them were labeled PDO). Only 2 of over 37 However, large variability in the copies number of the mito-
total different brands were N, considering both sampling chondrial genome has been reported among different species,
seasons. individuals of the same species, or among different tissues of
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ek DRA (6) detection of 0.1% bovine DNA, while a very high repeatability,
checked across a series of independent extractions and ampli-
fications, was recovered (data not shown).

After validation on laboratory samples, the diagnostic test
was applied on a wide collection of commercial mozzarella
cheeses. The results obtained evidenced that the majority of the
PDO Mozzarella di Bufala Campana samples were often
contaminated with bovine milk. Only four samples (three
different brands, one of them was PDO) have been found to
contain bovine milk at a level higher than 5%. The main part
of bovine-positive products were sampled during the summer
e (P, 57.1%; PNQ, 28.6%; N, 14.3%), while in the autumn the

situation was different (P, 22.2%; PNQ, 52.8%; N, 25%). During
the summer, market demand for buffalo mozzarella goes up,

37 50%

o

PNO

42,20%

=

Figure 2. Sharing of positive (P), positive but not quantifiable (PNQ), while buffalo milk production could not be adequate to satisfy
and negative (N) commercial samples of water buffalo mozzarella (n = it. Therefore, a limited addition of bovine milk could represent
64). Results of absolute quantification as a percentage are shown. a compromise between the convenience of using a less expensive

o . and more easily available milk and the risk of loosing the
the same individual, and not the least, as a consequence of agingecyliar taste of the product if too large an amount of cow milk

(23,28, 29). Variation in mtDNA copy number might seriously s added. Alternatively, the contamination with a limited amount
affect the reliability of real-time PCR quantification of species- ¢ hovine milk could also be explained as a consequence of
specific DNA, especially when an mtDNA marker is used for sing not-well-cleaned equipment machinery in those plants
normalization. . o where bovine milk is also processed. Given the observed levels
In order to reduce the risk of erroneous quantification due to of contamination, such an occurrence would represent a serious
variation in mtDNA copy number, while maintaining sufficient  case of bad production practice. A third possible explanation is
sensitivity, the use of alternative multicopy nuclear markers was the use of selected whey as starter, instead of natural whey
explored. The nuclear ribosomal gene 18S has been proposegture, for acidification. Starter whey is dehydrated after being
in consideration of the limited variability between spec28,(  cyltivated in bovine milk, and therefore, it is likely that in the
30). Alternatively, the use of repetitive elements has been cenrifugation step for whey separation from milk bovine cells
suggested (1&31). At present, validation studies for the use of might also be pelleted and included in the preparation of the
such markers in quantitative PCR are lacking. starter. Analytical evaluation of the standard samples produced
To avoid the problem of copy number variability between wjith the addition of selected whey allowed us to estimate the
species (buffalo and cow), we used the single-copy nuclear generealistic amount of bovine DNA coming from such a way. These
GH as a reference marker for normalization, whereas a standard samples evidenced just PNQ results, indicating that
mitochondrial marker (the cytgene) was selected as the bovine  contamination is present but at a level lower than 0.6%.
species-specific target, with the aim to achieve the highest Therefore, it cannot be excluded that the PNQ commercial
sensitivity. Intraspecific as well as intraindividual variation in samples were produced using starter whey.
copy number is minimized through the use of bulk milk that Summarizing, the real-time Q-PCR method tested and
averages individual mtDNA contributions. In addition, inter- presented in this study satisfies the needs of sensitivity,
specific variation does not occur since a single spedies (  specificity, and efficiency. The quantitative values of cow dairy
taurus) is targeted. The variability of mtDNA copy number of  matter observed in the tested commercial water buffalo moz-
milk produced in different periods of the year was checked in zarella cannot be considered negligible in the case of allergy
order to verify the magnitude of the physiological variation in  gisease. Therefore, the assay presented could be conveniently
the functionality of the mammary gland. As reportedliable employed to carry out routinely and accurately controls aimed

2, such variability resulted not significant. not only to discourage any fraudulent behavior but also to reduce
Validation experiments, performed on DNA extracted from risks for consumer health.

blood of various Italian milk breeds, showed that no differences
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