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SUMMARY

Today, the quality of a product is essential for an in-
creasingly experienced consumer. This study was de-
veloped in order to evaluate the quality of twelve cheese
samples and twelve milk samples from the province of
Enna (Sicily, Italy). The quality of milk and cheese
partly depends on the amount of somatic cells present
in the sample. The objective of the research was there-
fore to quantify the number of somatic cells in each
milk sample and the genomic equivalent for the cheese
samples, but also to analyze the genetic traceability of
the cheeses using PCR real-time.
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INTRODUCTION

In order for the animal that produces milk to be
considered healthy, and consequently to produce a
quality milk, the values of the somatic cells must fall
within a certain range, according to the provisions of
the eC regulation n. 853/2004 (gazzetta ufficiale
dell’unione europea. regolaMenTo - Ce - n.
853/2004) (see Table 1).

When an increase in the number of somatic cells
is observed, this may indicate infection, the presence
of a pathogen or a state of defense in which the an-
imal recalls a greater number of leucocytes that are
poured into the milk during milking.

The number of somatic cells is an indicator of a
lower quality of the raw milk (Houben eT al., 1993;
SeegerS eT al., 2003; geary eT al., 2012; Hand eT
al., 2012). It can be related to the mastitis of the
cattle. Several factors are able to increase the
number of somatic cells, such as age, stress,
breast wounds or indirect causes such as inade-
quate milking that can facilitate the transmission of
infections. It has been shown that the most fre-
quent cause of this increase is a breast infection,
like the mastitis, caused by microorganisms that
penetrate the breast from the nipple canal and pro-
liferate inside. Therefore, since the number of cells
is related to inflammation and breast health, the so-
matic cell count is internationally accepted as an
assessment of the quality of milk. 

In addition, mastitis is one of the causes of
greater economic loss in dairy farms, due to an in-
crease in veterinarian costs, and a decrease in milk
production, for which control measures are increas-
ingly important.

MATERIAL AND METHODS

Samples 

a total of twelve samples of cheese, twelve of
milk, and five standards, were used, prepared by di-
luting a sample of milk with a known concentration
of somatic cells. The subject of study of the experi-
ment was a doP cheese (denomination of protected
origin), the “Piacentino Ennese”, a particular hard
paste sheep’s cheese that owes its peculiarity to the
addition of saffron and black pepper grains, that
characterize its unmistakable yellow-orange color.



DNA extraction from cheese

The kit used for the extraction is the dneasy
mericon food kit. First, you cut a small piece of
cheese that in turn will be chopped into smaller
pieces. once the samples are cut, they are placed
in a 50 ml falcon and washed with three rinses of
water to eliminate salt, spices, and so on. now,
each sample is ready to be introduced into a Prio-
ClIP in which T.e. is added (tris of Ta) diluted 0.1X.
each PrioClIP is inserted into the Priogenizer. Two
ml of homogenate sample are collected, with a pas-
teur, and transferred to a 2 ml eppendorf. once this
is done, all the samples are centrifuged at 12,500
rpm for 15 minutes at 4 °C. after centrifugation, two
phases will be formed: a higher one consisting of
fats and a liquid phase. Five hundred μl of the liquid
phase are taken and introduced into a new 2 ml
empty eppendorf. add 25 μl of Proteinase k to each
sample and incubate the samples at 50 °C for 30
minutes in Thermomix and then at 95 °C for 15 min-
utes. Then, add to the samples that have reached
a total volume of 525μl of volume, 1/10 of volume
of 4 molar naCl and then 1 volume of Isopropanol.
Place the sample in the freezer for at least 2 hours
or more over night. When the night is over, the sam-
ples are centrifuged at 14,000 rpm for 15 minutes
at 4 °C. all the supernatant is removed, leaving only
the Pellet and the sample is resuspended in 200 μl
of H2o and it is possible to quantize to the nan-
odrop.

DNA extraction from milk

For the extraction of dna from milk, a commercial
dna kit was employed. also, in the case of milk, we
used twelve different samples which, being already
fluids, do not need to be homogenized so that the ex-
traction procedure can be directly started. a volume
of 250 μl of milk was employed in a dna extraction
protocol starting with an incubation in lysis buffer
containing Proteinase K. The dna was captured by
silica filter, twice washed and eluted in 100 μl of elu-
tion buffer. once these phases were finished, the
samples were quantified at the nanodrop (see also
dąbroWSKa eT al., 2010; dalMaSSo eT al., 2011; dI
PInTo eT al., 2017).

Real-time PCR and Amplification plan

The cheese and milk samples were analyzed by
real-time PCr, in which specific gene primers for
sheep’s genes were used.

The calibration curve was based on 10 times se-

rial dilutions standard dna at 30 ng / μl from milk with
a known number of somatic cells.

RESULTS AND DISCUSSION

as showed in the graph (Fig. 1), all the milk and
cheese samples amplified show an exponential ki-
netics, which increases with increasing cycles
(www.qualityitalia.it.).  This demonstrates the fact that
the specific primers and probe linked to the homo-
logue sequences are directly proportional to the flu-
orescent signal. The only curve that has no
exponential trend is that of the negative control, in
which only water was present and in which, there-
fore, amplification cannot take place.
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Table 2. PCR conditions employed.

Table 1. Number cell limits permitted in 
healthy raw milk.
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Figure 2. Standard curve obtained by employng serial DNA dilutions.

Figure 1. Real time amplication plot.



18

by amplifying the standards, in which we know
the concentration at different dilutions, in parallel to
the samples with unknown concentration, it was pos-
sible to construct a calibration curve (Fig. 2). using
the Ct values of the standards, it is possible to iden-
tify the amount of somatic cells in milk samples and
the genomic equivalent in cheese samples.

Imagining to trace a median line (Fig. 3) that
combines the values of dispersion of Ct of the
cheeses and one that combines those of milk, it is
denoted that the difference between milk samples
and the corresponding cheeses is about 9 cycles of
PCr, corresponding to a reduction of dna of 1000
times.

The relation between the average of the Ct val-
ues obtained can be developed as follows:

Σ Ct milk / Σ Ct cheeses = 1000

CONCLUSIONS

In conclusion, from the observation of the graphs
and the analysis of the Ct values, it is highlighted that
the test allows, on one hand, to evaluate the number
of somatic cells in the milks that make up the raw ma-
terial and, on the other hand, the genomic equiva-
lents in the derived cheeses. Moreover, the test
allows to evaluate the relationship between the ge-
nomic equivalents in the two materials with a quan-
titative reduction equal to 1000 times. 

This is probably due to the ripening or maturing
phases, where innumerable bacterial and mold
species intervene, depending on the metabolites pro-
duced and the changing pH conditions. 

The transformations of carbohydrates (lactose),
proteins, and lipids, due to the action of lytic enzymes
released by the bacterial species, as well as the bac-
teriocins, contribute to the degradation of the dna
and, therefore, to the decrease of its concentration.
This methodology allows to evaluate the animal
species relative to the raw milk and the traceability
of the product. Moreover, it allows to set a cut off
value in terms of genomic equivalents, related to the
number of original somatic cells of milk, above which
the cheese would not have optimal qualities.

Practically, we focused on a correspondence be-
tween the quality of milk and that of cheese. It was
related to the dna and cell content, contributing to
the ripening of the cheese. This parameter could also
be recognized as official (dI doMenICo eT al., 2017;
www.qualityitalia.it.; www.piacentinuennese.it.), and
could be proposed as a quality assessment tool to
guarantee the consumer in the field of food safety
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Table 3. Obtained data showing threshold cicles and
corresponding cell numbers for each sample.



(see also euroPean CoMMISSIon, 2002, van Hengel
a.J., 2007, ZHang eT al., 2007).
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Figure 2. Data analisys graphic showing the obtained data for each milk and cheese sample. 
Std columns 1-5 indicate the data obtained on standard DNA.
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