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PAPER

Genetic variability of milk proteins in two cattle breeds of Piedmont region
and the potential effects on milk quality

Melanie Salmasia�, Riccardo Morettib� , Stefania Chessab , Stefano Sartoreb , Antonio Mimosia

and Paolo Cornalea

aDipartimento di Scienze Agrarie, Forestali e Alimentari, University of Turin, Grugliasco, Italy; bDipartimento di Scienze Veterinarie,
University of Turin, Grugliasco, Italy

ABSTRACT
In a scenario of climate change and risk of losing biodiversity, the safeguard of locally adapted
breeds and their genetic reservoirs assumes a key role. Furthermore, these breeds are linked to
their rearing territory maintenance also through the nutritional, economic or social value of their
products. This study focussed on the analysis of milk protein genetic variability of the
Piedmontese, the most abundant beef Italian breed, and the Bar�a-Pustertaler breed, through the
testing of individual milk samples by isoelectrofocusing. Allelic and haplotypes frequencies were
analysed and the presence of rare variants (CSN1S1�G, 0.7%, and CSN2�C, 0.7%, in Bar�a and
Piedmontese breeds, respectively) was detected. The analysed breeds showed allelic frequencies
close to the one found in breeds with good cheesemaking aptitude, like the Italian Brown and
Reggiana breeds (e.g. CSN2�B, 20.7% and 16.4%, and CSN3�B, 41,1% and 35%, in Piedmontese
and Bar�a breeds, respectively), and are a good reservoir of alleles that are decreasing (e.g.
CSN2�B) in Italian Holstein. Moreover, they have higher frequencies of interesting haplotypes
(e.g. BA1B, 8% and 11.2%, and BA2B, 20.8 and 13.1% in Piedmontese and Bar�a breeds, respect-
ively) that could positively influence composition, nutritional, and technological properties of
milk. These breeds could be used to further investigate the effects of variants and haplotypes
that could help support the evolution and the changing demands of the dairy sector.

HIGHLIGHTS

� In order to address the problem of climate change effects on animal biodiversity, local breeds
should be safeguarded and valorised.

� The analysed breeds have discrete frequencies of milk protein variants and casein haplotypes
associated with good technological properties.

� Knowing the genetic background of non-dairy commercial breeds is the first step to preserve
potentially useful genetic variability.
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Introduction

Over the last years, climate change and its impact are
hot topics of discussion for scientists and the media.
To address these problems, it is necessary to maintain
plants and animals biodiversity and ensure their safe-
guard. After several years of selection of breeds speci-
alised in milk, meat, or both productions, the market
is now oriented towards highly specialised breeds,
reserving low attention to local breeds. Of the 1,224
cattle breeds contained in the Domestic Animal
Diversity Information System (DAD-IS) developed by
the Food and Agriculture Organisation of the United
Nations (FAO), 181 are extinct (14.8%), while 245 are

endangered (20%). Nowadays, it is more important
than ever to know and to enhance the value of local
breeds, that are sources of genetic variability
(Anderson 2003; Ovaska and Soini 2017, Senczuk et al.
2020). These breeds have not been thoroughly studied
and, consequently, are poorly selected. It is for this
reason that they represent an almost untouched reser-
voir of genetic variability. Local breeds are adapted to
different landscapes and situations in which they were
historically bred, and are characterised by rusticity,
thus bypassing limits met by commercial breeds.
Furthermore, safeguarding local breeds allows them to
maintain the link with their original rearing area. Also,
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the European Union (EU) supports and encourages the
safeguard of local breeds through economic interven-
tions intended for breeders, in order to maintain and
enhance these breeds and populations, their trad-
itional rearing area, and their typical productions
(Gandini et al. 2010). Thus, local breeds could have
better economic performances than commercial
breeds thanks to the higher value and selling price
given to their products (Martin-Collado et al. 2010).

Among the Italian local cattle breeds in need of a
safeguard program there are the Bar�a or Pustertaler
Sprinzen (BP), and the Piedmontese (PI). BP is a dual-
purpose cattle breed bred in Val Pusteria, Val Badia
and Valle Isarco valleys (in the Alps in Northern Italy),
well known for both winter and summer tourism. PI is
an autochthonous cattle breed of Piedmont region
(Northern Italy), well known because of the double
muscling trait that confers higher meat yield, a higher
proportion of expensive cuts of lean and very tender
meat (Dunner et al. 2003). Even though PI is the most
important and abundant Italian beef breed, and thus
not strictly a local breed, it is worth mentioning that it
keeps a strong link with the region: indeed, the over-
whelming majority of Piedmontese cattle (96%) are
reared in the Piemonte region (Technical Report of the
Piedmontese National Breeders Association,
ANABORAPI 2019). Furthermore, acknowledged that PI
is a beef breed, the use of its milk in derived dairy
products has never been abandoned. The increasing
attention to the potential link between local dairy
products and uniqueness of a breed is also showing
its effects on PI. The official data about milk and con-
trolled cows during the last 10 years show that num-
bers of controlled Piedmontese cows raised from few
heads in 2010, to 210 in 2013, up to about 700 in
2016, with the last available data of almost 500 cows
(AIA 2019). These numbers, although limited, confirm
a renewed attention of farmers about PI milk and sup-
port the importance of studying milk traits.

Milk from BP and PI is used to produce typical dairy
products, but few is known about the genetic back-
ground of these two breeds in relation with milk pro-
duction. Genetic variability at breed or individual level
is one of the factors responsible for the changes of
milk properties, technological characteristics, and final
quality of milk and dairy products. Local breeds could
be characterised by a higher quality milk production
(e.g. locally adapted Modenese cows in comparison
with Italian Holstein), as demonstrated by Mariani
(1985) and Summer et al. (2002).

Due to the well-known effect of milk protein gen-
etic polymorphism on milk nutritional and

technological properties, aim of the present work was
to characterise milk proteins polymorphisms of Bar�a-
Pustertaler and Piedmontese breed as a first step
towards a better comprehension of the real value of
these local breeds as genetic resource and in terms of
valorisation of the breeding areas, as well as the
importance of maintenance of the link between the
products and the territory.

Materials and methods

Breeds context

Pustertaler breed was derived by crossbreeding
between the Austrian Pinzgau breed, and black and
red pied cattle. During the 60’s, the Bar�a breed,
already bred in Piedmont, was recognised as closely
related to the Pustertaler breed. Therefore, the two
breeds were indicated together as Bar�a-Pustertaler, a
single population officially recognised and included in
the registry of local cattle. BP live weight ranges
between 400 and 800 kg in females and between 700
and 1,000 kg in males. BP is usually fed a diet based
on local hay, pulses, cereals and by-products, to which
the breed adapts due to its rusticity. The type of rear-
ing includes grazing during the warm season, there-
fore breeding occurs in mountain environment. This
linkage between environment, breed and milk produc-
tion gives higher quality and nutraceutical effect to its
products, enriched by conjugates of linoleic acid
(CLA), thanks to the typical pasture rearing (Chilliard
et al. 2007). Meat is characterised by an excellent mar-
bling fat well distributed at muscle level, and milk is
used to produce typical dairy products such as Toma
cheese, butter, ricotta cheese and ‘Cevrin di Coazze’
cheese, made from a mix of Camosciata goat breed
and Bar�a cattle breed milk. In 2018, the milk produc-
tion was 3,059 kg/lactation, with a percentage fat and
protein content of 3.60 and 3.35, respectively (AIA
2018). Piedmontese breed, autochthonous of
Piedmont region (Northern Italy), was reared in the
past for its triple aptitude: milk, meat and work. With
the introduction of machines in agriculture, the need
for work animals ended and, therefore PI was defined
as a dual-purpose breed in 1958, with dairy purpose
prevailing on the meat one. Starting from 1976, PI is
officially recognised as a beef breed, taking advantage
of a genetic modification (missense mutation C313Y,
coding region of myostatin gene on chromosome 2,
Dunner et al. 2003) that leads to muscle hypertrophy
and hyperplasia improving global tenderness and final
meat yield. PI live weight ranges from 520 to 550 kg
for females and from 700 to 850 kg for males (Renna
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and Cornale 2011). Feeding it’s mainly characterised
by fresh and conserved forages with cereals- and
legumes-based concentrate. Rearing system ranges
from permanent housing, typical of traditional farms,
to semi-extensive or extensive systems. Although PI is
a specialised breed for meat production, in the last
years, some farmers keep milking PI cows and using
the milk to produce typical dairy products such as
‘Bra’, ‘Castelmagno’ and ‘Raschera’ cheeses. For all
these products, PI maintains a strong link with terri-
tory. In 2018, the milk production was 1,732 kg/lacta-
tion, with a percentage fat and protein content of
3.70 a 3.57, respectively (bulletin of the Italian
Breeders Association - AIA).

Sampling

A total of 142 individual milk samples belonging to BP and
PI breeds (70 and 72, respectively), were analysed in this
study. The sampling was carried out between July and
September 2019 in a total of 18 different farms (7 for BP
and 11 for PI) distributed in the traditional rearing area,
with the aim of obtaining a picture of the genetic variabil-
ity of the two breeds in Piedmont region. Milk samples
(1.5mL each) were conferred by the Piedmontese Regional
Breeders Association (ARAP), based in Cuneo, Piedmont.
Samples were collected during functional controls carried
out routinely by ARAP, added with Bronopol 0.02% (w/v)
and stored at �18 �C until analysed. In particular, 10 and a
mean of 6.5 individual samples were collected in each farm
for BP and PI, respectively. Daily milk production of
Piedmontese breed samples and percentages of protein
and fat content for both PI and BP were also available and
the average values were in accordance with the data
reported by the AIA bulletins, with small deviation
explained by the sampling period.

Genotyping

The isoelectrofocusing (IEF) technique was used to
analyse the genetic variability of milk proteins, follow-
ing the protocol described by Erhardt et al. (1998).
This biochemical method allows to separate macromo-
lecules on a polyacrylamide gel with a discrimination
based on their isoelectric point. IEF is applied to simul-
taneously display the main milk protein genetic var-
iants of each individual milk sample, through a single
analysis. For the rapid and low-cost screening of milk
protein variability of breeds and populations, espe-
cially where breed characterisation is still limited, IEF is
still the most effective method (Caroli et al. 2009),
since it does not require the veterinary intervention

for blood sampling, nor DNA extraction from blood or
other tissues. A first analysis of the gels was made
during the fixation phase with trichloroacetic acid
(TCA) and confirmed after staining with Coomassie
Blue G-250. As demonstrated by Caroli et al. (2016),
b-casein it’s more sensible to TCA fixation than other
milk proteins and therefore it is possible to clearly
identify b-casein variants in this early phase.

Software used for data analyses

Results of genotyping were analysed using two differ-
ent software: Genepop (Rousset 2019) and Phase 2.1
(Stephens 2001). Genepop was used to calculate vari-
ant frequency and to test Hardy-Weinberg equilibrium
at all loci in the two breeds. Phase 2.1 was used to
estimate casein haplotypes frequencies.

Results

Allelic frequencies

Milk samples were analysed through IEF method, which
allowed identifying polymorphisms at CSN1S1, CSN2,
CSN3 and LGB loci, encoding respectively for aS1-, b-,
and j-casein, and b-lactoglobulin. In particular, beside
the most common alleles, two rare alleles were also
detected: G variant at CSN1S1 in BP and the C variant at
CSN2 in PI. Allelic frequencies calculated using Genepop
software are shown in Table 1. In PI, CSN1S1 is mostly
represented by the B variant (85.5%). A similar scenario
was found in BP, where the B variant frequency was

Table 1. Comparison between the allelic frequencies of the
main milk protein in Piedmontese (PI), and Bar�a-Pustertaler
(BP) breeds analysed within the present work and Italian
Holstein (IH), Italian Brown (IB), and Reggiana (RE) breeds
(Caroli et al. 2004; Chessa et al. 2020).

Frequencies

Locus allele PI BP IHa IB RE

CSN1S1 B 0.855 0.821 0.995 – 0.912 0.753
C 0.144 0.171 0.005 – 0.077 0.244
G – 0.007 – – –
D – – – – 0.003
F – – – 0.011 –

CSN2 A1 0.285 0.400 0.392 0.365 0.108 0.208
A2 0.500 0.435 0.533 0.564 0.699 0.453
A3 – – 0.005 0.002 – –
B 0.207 0.164 0.070 0.028 0.185 0.287
C 0.007 – – – 0.008 0.052

CSN3 A 0.588 0.649 0.725 0.572 0.347 0.481
B 0.411 0.350 0.172 0.322 0.650 0.519
C – – – – 0.003 –
E – – 0.103 0.106 – –

LGB A 0.429 0.400 0.436 0.347 0.558
B 0.570 0.600 0.564 0.653 0.442
D – – – – –

aFrom Chessa et al. (2020) only data about IH CSN2 and CSN3 could
be reported.
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82.2%. The G variant was found just in one sample at
the heterozygous state as shown in Figure 1. Regarding
CSN2, in PI the variant with higher frequency was A2

(50.0%), followed by A1, B, and C variants (28.6%, 20.7%,
and 0.7%, respectively). The same situation occurred in
BP, though the difference between A2 and A1 variant
frequencies were not as evident as in PI (43.6% versus
40.0%); C variant in BP was not detected. CSN3 locus
showed a higher frequency of A than B variant, both in
PI and in BP; the E variant of CSN3 was not detected.
LGB locus was similar in both PI and BP, with the B vari-
ant showing a higher frequency than A (57.0% versus
43.0% in PI, and 60.0% versus 40.0% in BP). All the loci
in PI were in Hardy Weinberg equilibrium, whereas in
BP CSN2 and LGB loci did not respect the equilibrium
condition, maybe because of some differences in the
original frequencies of the two populations that are
now considered as a unique breed.

Haplotypes

Haplotypes frequencies are reported in Table 2. The
total number of haplotypes detected in PI was 16 and

the haplotypes combinations showing a higher fre-
quency were BA2B (20.8%), BA2A (19.1%), BBA (16.2%),
and BA1A (16.1%). These results are generally consist-
ent with the allelic frequencies obtained with
Genepop software. In fact, the greatest presence of
CSN1S1�B variant on total haplotypes (present in at
least 13 of 16 total haplotypes combinations), is justi-
fied by its high allelic frequency (85.5%). In the same
way, the presence of A2 variant in haplotypes combi-
nations is due to its frequency in b-casein gene
(50.0%). Differently, despite the high frequency of
j-casein A variant (58.8%), the most represented
haplotype was not BA2A, but BA2B. PI breed is charac-
terised by 4 haplotypes combinations absent in BP:
BCA, BCB, CCA, and CCB.

In BP, 14 haplotypes were detected and those charac-
terised by a higher frequency were BA1A (24.2%), BA2A
(18.6%), BA2B (13.1%), BA1B (11.2%), and BBA (10.5%).
Although the frequencies of the alleles at the different
loci were not so different between PI and BP, the haplo-
type frequencies were quite different. Considering only
the four most frequent haplotypes in the two breeds,

Figure 1. Results of the analysis of 8 individual milk samples by the isoelectrofocusing (IEF) technique. The dots represent the IEF
patterns corresponding to the B (black), C (grey) and G (white) variants.
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only three were in common and with a different order
in term of frequency, except for the second haplotype
(BA2A) which was the same for both breeds and showed
also similar frequencies (19.1 and 18.6% in PI and BP,
respectively). Obviously, being the two breeds character-
ised by the presence of two different rare alleles at two
different casein genes, they had the relative rare haplo-
types not in common (BCA, BCB, CCA and CCB in PI and
GA1A and GA2A in BP, respectively).

Discussion

Allelic frequencies

The dairy sector is continuously growing, stimulated
by the demand of milk, dairy products and by the
need to offer products that meet the consumer
demand, in terms of organoleptic and nutritional
properties. Casein variants are known to be related
with nutritional, nutraceutical, and technological qual-
ity of milk. In particular, b-casein presents two variants
(namely A1 e A2), which are objects of debate because
of their effect on human digestion and health.
Specifically, A1 variant is responsible for the release of
b-casomorphin-7 (BCM7), an opioid peptide (Hartwig
et al. 1997; Jinsmaa and Yoshikawa 1999) considered
responsible for neurological disorders and other
human diseases, and that seems to be related with

the slowness of the gastrointestinal tract after inges-
tion of milk containing this variant (Summer et al.
2020). Recently, Chessa et al (2020), analysed the
changes in casein allelic frequencies in the Holstein
breed and noticed a reduction of B variant of b-casein,
and the important decrease in the frequency of some
haplotypes associated with good technological proper-
ties. Thus, locally adapted breeds, especially those
used to produce typical dairy products, could be an
important reservoir of genetic variability. In order to
better understand the quality of milk production of
the two breeds under analysis, we compared their
milk protein allelic frequencies with those of other
Italian breeds: namely Italian Holstein (IH), Italian
Brown (IB), and Reggiana (RE) breeds (Caroli et al.
2004; Chessa et al. 2020). Table 1 shows that, in both
PI and BP, the main variant of aS1-casein was B, as
expected by the fact that it is the most diffused allele
in all breeds (Caroli et al. 2009). Anyway, in both PI
and BP, the C variant was found with a frequency
closer to that found in breeds with a better cheese-
making aptitude, such as IB and RE breeds (Caroli
et al. 2004). In the BP breed the G variant was also
found. The presence of this variant is associated with
a reduced content of aS1-casein in milk and conse-
quently to a greater concentration of other caseins,
with possible repercussions on the cheesemaking pro-
cess. In IEF, G variant migrates in the same position as
B variant (Mariani et al. 1995; Rando et al. 1992), and
is therefore difficult to be detected since the only dif-
ference is a lower intensity of the corresponding IEF
pattern, and could be easily detected only at the het-
erozygous state associated with a variant migrating
elsewhere, such as the C variant, as in the case
reported in Figure 1. Thus, to assess the correct fre-
quency of this variant other molecular approaches
should eventually be used. Moreover, due to the limi-
tations of the IEF method used, it could be useful to
verify at the molecular level also the presence of
CSN2�I and to confirm the absence of CSN3�E.

As for b-casein, in PI individuals the A2 variant was
present with the highest frequency, almost equal to
the sum of frequencies of A1 and B variants, both car-
riers of BCM7. Similarly, in BP individuals the A2 vari-
ant showed a higher frequency than other variants
but the difference with the frequency of A1 variant
was smaller than in PI. In both breeds the B variant,
associated with better milk technological properties
(Comin et al. 2008; Chessa et al. 2014), was present
with a discrete frequency, definitively higher than in
the IH, and again, more similar to the IB and RE
breeds. Analysing the j-casein fraction, the A variant

Table 2. Comparison between the casein haplotype frequen-
cies in Piedmontese (PI), and Bar�a-Pustertaler (BP) breeds ana-
lysed within the present work and Italian Holstein (IH), Italian
Brown (IB), and Reggiana (RE) breeds (Caroli et al. 2004;
Chessa et al. 2020).

Frequencies

Haplotypes PI BP IHa IB RE

BA1A 0.161 0.242 0.239 0.274 0.103 0.083
BA1B 0.080 0.112 0.066 0.083 0.005 0.116
BA1E – – 0.087 0.063 – –
BA2A 0.191 0.186 0.479 0.474 0.094 0.182
BA2B 0.208 0.131 0.038 0.075 0.511 0.035
BA2E – – 0.017 0.000 – –
BBA 0.162 0.105 0.001 – 0.114 0.199
BBB 0.050 0.043 0.069 0.012 0.066 0.086
BCA 0.003 – – – 0.005 0.001
BCB 0.001 – – – 0.011 0.051
CA1A 0.030 0.026 0.001 – 0.000 0.006
CA1B 0.009 0.015 0.000 – 0.000 0.003
CA2A 0.037 0.075 0.002 – 0.029 0.008
CA2B 0.056 0.038 0.001 – 0.048 0.227
CBA 0.001 0.008 0.000 – 0.001 0.001
CBB 0.003 0.006 0.000 – 0.000 0.000
CCA 0.001 – – – – –
CCB 0.000 – – – – –
GA1A – 0.003 – – – –
GA2A – 0.003 – – – –
aData about IH from Chessa et al. (2020) were reported in the second
column considering CSN1S1 as B (not genotyped) and including B-I-B
haplotype as B-A2-B since by isoelectrofocusing b-casein I variant is geno-
types as A2.
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was the most represented in both breeds, but the B
variant, positively associated with cheese making
properties, was more frequent than in IH. Observing
these results, it is possible to predict quite good
technological traits from the genetic profile of the
sampled animals. In particular, the milk produced by
PI should have an intermediate value between IH, IB,
and RE breeds in terms of consistence and formation
of curd, considering the role of CSN3�B variant in
dairy characteristics (Sacc�a et al. 2003), since it
reached the frequency of 41.1%. The same occurs for
b-LG, where the presence of B variant, the most repre-
sented in both PI and BP breeds, was described as an
advantage with 2% more of cheese yield due to better
coagulation and technological quality (Mariani et al.
1979; Chouteau and Denieul 1986), compared to milk
characterised by A variant.

Haplotypes frequencies

A considerable number of haplotypes were found in
the investigated breeds, demonstrating that they
could be an interesting reservoir of genetic variability.
Comparing haplotypic frequencies obtained in PI and
BP breeds to those observed by previous works in IH,
IB, and RE breeds (Caroli et al. 2004; Chessa et al.
2020), 8 haplotypes were found with a frequency
greater than 3%, while in IH and IB only 6 haplotypes
showed a frequency higher than 3% in 2004, and only
5 in IH in 2020. Considering the BA1B haplotypes and
BB b/j-casein combination, already known for their
positive association with milk coagulation properties
(Comin et al. 2008; Chessa et al. 2014), they occur
with a greater frequency in BP (11.2% and 4.9%,
respectively) and PI (8.0% and 5.3%, respectively), than
in IH, where the frequency of about 7% of both com-
bination in 2004 is now of 8.3% for BA1B and of 1.2%
of the BB b/j-casein combination, with a strong reduc-
tion of the latter (Chessa et al. 2020). Thus, BP and PI
are placed in an intermediate position between IH/IB
and RE (11.6% and 8.6%) for the frequency of haplo-
types associated with good cheese making properties,
and for this reason they could be considered as
objects of a possible selection. Moreover, BA2B is the
most represented haplotype in PI. In this breed,
although A and B variants of k-casein were found in 8
different haplotype combinations, the B variant was
mostly found in the BA2B haplotype, whereas the A
variant was found in 3 haplotypes with similar fre-
quencies (BA1A, BA2A e BBA). This is quite interesting,
since a selection favouring k-casein B in this breed
would also in parallel increase the b-casein A2 variant,

which would be advantageous if confirmed that
b-casein A2 variant is associated with a higher digest-
ibility of milk than b-casein A1.

Conclusions

Livestock genetic diversity and its conservation has
received wide recognition in recent years. One way to
address this issue is to know and to enhance the value
of local breeds, that could be a valuable reservoir of
specific alleles. In this study we analysed and com-
pared milk protein allelic and haplotypic frequencies
of Piedmontese and Bar�a-Pustertaler Italian breeds
with those of other Italian dairy commercial breeds
and assessed the cheesemaking potential merit of the
local ones. These breeds are characterised by allelic
frequencies similar to commercial breeds and, as a
bonus value, they carry interesting variants (i.e.
CSN1S1�G and CSN2�C) which are rare in other breeds
and that could lead to positive repercussions on
cheesemaking. Furthermore, the frequencies found in
this study of the haplotypes with a positive influence
on the technologic characteristics of milk leave large
space for genetic improvement. This work is a prac-
tical example of how the strategy of enhancing
research on locally adapted breeds could preserve bio-
diversity and better exploit the natural resources and
conserving and managing habitat diversity.
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