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Latte da formaggio: 
l’evoluzione delle proteine che 
determinano resa e qualità

Prof. Andrea Summer, Ph.D.

Il Consorzio del Formaggio Parmigiano Reggiano 
e Progeo sca organizzano il seminario tecnico:

La giornata, rivolta ad allevatori, tecnici e veterinari, approfondisce il ruolo della proteina nelle razioni 
conformi al disciplinare del Parmigiano Reggiano, con focus sul corretto bilanciamento Lisina/Metionina 

per ottimizzare la qualità del latte. Saranno illustrati interventi nutrizionali per migliorare l’efficienza 
proteica, ridurre l’escrezione di azoto e aumentare la sostenibilità della razione. 

Verranno inoltre analizzati gli effetti dell’equilibrio amminoacidico su resa casearia, 
contenuto di caseina e parametri proteici del latte, inclusa la riduzione dell’urea.

Venerdì 20 marzo 2026 | ore 10:00 - 12:30
Auditorium del Consorzio 

del Formaggio Parmigiano Reggiano 
Via J.F.Kennedy, 18 - Reggio Emilia

Nutrizione amminoacidica delle bovine 
e qualità del latte: strategie 

per l'eccellenza del Parmigiano Reggiano

L’evento, che si terrà sia in presenza che da remoto, è proposto
ad allevatori e veterinari previa registrazione on-line

 

e si concluderà con un buffet offerto da Progeo.

 

Programma: Prof. Andrea Summer
(Dipartimento di Scienze 
Medico-Veterinarie dell’Università di Parma)

Prof. Andrea Formigoni
(Dipartimento di Scienze
 Medico-Veterinarie dell’Università di Bologna)
Luca AcerbisModera:

Latte da formaggio: l’evoluzione delle 
proteine che determinano resa e qualità.

Nutrire le vacche da formaggio 
Parmigiano Reggiano: 
focus sugli amminoacidi.
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Punti chiave per la qualità del latte: 

ü La caseina

ü Il polimorfismo delle caseine e non solo

ü I minerali del latte

ü La selezione genetica: ICS PR

Di cosa parleremo
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Produzione media latte PR RE MO 2004-2025 

7000

7500

8000

8500

9000

9500

10000

10500

11000
20

04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

20
22

20
23

20
24

20
25

P
ro

du
zi

on
e 

m
ed

ia
 la

tte
 (k

g)

Parma Totale Parma Primipare

Reggio Emilia Totale Reggio Emilia Primipare

Modena Totale Modena Primipare



Andrea  Summer – Dipartimento di Scienze Medico-Veterinarie – Università di Parma

Latte da formaggio: l’evoluzione delle proteine che determinano resa e qualità              Reggio Emilia 20 marzo 2026

Produzione media latte (PR RE MO) 2004-2025 
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g) Tutte Primipare 99 quintali

82,1 quintali

Variazione % 2004–2025:

•Parma:   +19,77%
•Reggio Emilia:  +22,28%
•Modena:  +18,40%
•Media ponderata: +20,65%
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Grasso % PR RE MO 2004-2025 
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Totale Primipare

3,77 %

3,44 % Variazione % 2004–2024:

•Parma:   +11,18%
•Reggio Emilia:  +  8,05%
•Modena:  +  9,57%
•Media ponderata: +  9,52%
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Proteina % PR RE MO 2004-2025 
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Proteina % PR RE MO 2004-2025 
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Totale Primipare

3,41 %

3,20 %

Variazione % 2004–2024:

Parma:   +6,23%
Reggio Emilia:  +6,27%
Modena:   +6,52%
Media ponderata: +6,32%
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Germania
26%

Francia
18%

Italia
13%

Polonia
11%

Paesi 
Bassi
10%
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Austria
3% Spagna

2%
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Ceca
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10%

Produzione di formaggio vaccino in EU             9,33 milioni tonnellate

(from Assolatte, 2024)
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Latte alimentare, azzurro

Asiago, verde

Grana Padano, violetto

Parmigiano Reggiano, giallo

Trentingrana, verde scuro

Non tutte le Frisone sono uguali

1

Vol.:(0123456789)

Scientific Reports |        (2021) 11:12601   | https://doi.org/10.1038/s41598-021-92168-1

www.nature.com/scientificreports

Genome‑wide scan reveals genetic 
divergence in Italian Holstein cows 
bred within PDO cheese production 
chains
Michela Ablondi1, Massimo Malacarne1, Claudio Cipolat‑Gotet1*, Jan‑Thijs van Kaam2, 
Alberto Sabbioni1 & Andrea Summer1

Dairy cattle breeds have been exposed to intense artificial selection for milk production traits over the 
last fifty years. In Italy, where over 80% of milk is processed into cheese, selection has also focused on 
cheese‑making traits. Due to a deep‑rooted tradition in cheese‑making, currently fifty Italian cheeses 
are marked with the Protected Designation of Origin (PDO) label as they proved traditional land of 
origin and procedures for milk transformation. This study aimed to explore from a genetic point of 
view if the presence of such diverse productive contexts in Italy have shaped in a different manner the 
genome of animals originally belonging to a same breed. We analyzed high density genotype data 
from 1000 Italian Holstein cows born between 2014 and 2018. Those animals were either farmed in 
one of four Italian PDO consortia or used for drinkable milk production only. Runs of Homozygosity, 
Bayesian Information Criterion and Discriminant Analysis of Principal Components were used to 
evaluate potential signs of genetic divergence within the breed. We showed that the analyzed Italian 
Holstein cows have genomic inbreeding level above 5% in all subgroups, reflecting the presence 
of ongoing artificial selection in the breed. Our study provided a comprehensive representation of 
the genetic structure of the Italian Holstein breed, highlighting the presence of potential genetic 
subgroups due to divergent dairy farming systems. This study can be used to further investigate 
genetic variants underlying adaptation traits in these subgroups, which in turn might be used to 
design more specialized breeding programs.

In the last century, remarkable genetic improvements were achieved in numerous species due to arti!cial selec-
tion and the dairy cattle industry is one of the most outstanding example in this  sense1. "e annual milk yield 
per cow has increased as much as four times in the last 75 year, with no evidence of approaching a  plateau2. More 
than half of milk yield gain originates from selection and genetic improvements, with an heritability ranging 
from 0.29 to 0.493–5, whereas the remainder derives from advances in nutrition and  management6,7. Nowadays, 
the use of genomic selection is revolutionizing dairy cattle breeding and it seems to be the technology that has 
delivered the largest increase in the rate of genetic gain in the past 20 years. "e Italian cattle industry is a promi-
nent example of how cattle production has developed throughout the last century and the early beginning of 
this century with a progressive specialization towards dairy  herds8. However, a deep-rooted tradition in cheese 
making, mainly located in the North of Italy, di$erentiates Italy for quite a unique way to use milk, as roughly 
80% is transformed into cheese while the remaining is used as drinkable milk. In addition, nearly half of the 
Italian cheeses are marked with the Protected Designation of Origin (PDO) label according to the CE Regulation 
1151/2012 (EU 2012)9. Fi%y Italian cheeses are registered at the European Commission as PDO because they 
have proven traditional land of origin and procedures for milk transformation. However, in terms of production’s 
volumes, only three ripened cheese made from bovine milk cover 80% of the annual PDO production: the Grana 
Padano, the Parmigiano Reggiano and the  Asiago9.

"e Grana Padano, a hard cheese, was created by monks in the Chiaravalle Abbey in Milan during the twel%h 
century. Grana Padano production expanded further during the 1500s, where it started to be produced in sev-
eral provinces throughout the North of Italy. Today, Grana Padano cheese is the most consumed Italian PDO 

OPEN

1Dipartimento di Scienze Medico-Veterinarie, University of Parma, Via del Taglio 10, 43126 Parma, 
Italy. 2Associazione Nazionale Allevatori della Razza Frisona e Jersey Italiana, Cremona, Italy.  *email: 
claudio.cipolatgotet@unipr.it
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marcata 
diversità tra 
gruppi 

Corretta Assegnazione

La percentuale media di corretta 

assegnazione tra le due 

sottopopolazioni in DAPC è risultata 

uguale al 94,6%.

Parmigiano Reggiano 94,4%

Latte Alimentare  94,7%

errata assegnazione di 53 soggetti 

(su un totale di 997 animali)

Non tutte le Frisone sono uguali
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Punti chiave per la qualità del latte: 

ü Il polimorfismo delle caseine e non solo

ü I minerali del latte

ü La selezione genetica: ICS PR

Di cosa parleremo
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Azoto non proteico
5,50%Sieroproteine

17,50% Caseina
77%

Le frazioni azotate del latte



Andrea  Summer – Dipartimento di Scienze Medico-Veterinarie – Università di Parma

Latte da formaggio: l’evoluzione delle proteine che determinano resa e qualità              Reggio Emilia 20 marzo 2026

Variabilità indice caseina                     (Summer et al., 2002) 
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Proteina e Caseina  CENTRO DI REFERENZA NAZIONALE PER LA QUALITÀ DEL LATTE BOVINO IZSLER
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1 g di caseina = 3 g di formaggio stagionato

due latti differenti per 0,1 unità percentuali

     + 3 kg di formaggio per caldaia

Più caseina maggiore resa in formaggio           (Pecorari e Mariani, 1990)
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Resa a 24h = 1,230 x Grasso % + 1,709 x Caseina % + 0,509 (Formaggioni et al. 2015) posto il grasso = caseina x 1,05 
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Punti chiave per la qualità del latte: 

ü La caseina

ü I minerali del latte

ü La selezione genetica: ICS PR

Di cosa parleremo
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Azoto non proteicoSieroproteine
Caseina

Le frazioni azotate del latte
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Le caseine

38% 36%

11% 13%

2%

αs1-Cn          β-Cn           αs2-Cn        κ-Cn           γ-Cn
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Arg                                         Lys  His                                        Val 

1  107       108                                                    209

29                                            107

β-caseina

Arg        Lys   Lys                                                                       Val 

1                  28   29                                                                                                   209
PP8f                                                       Casein γ1

1                                                            105      106                                                    209PP5                                                        Casein γ 2
Arg                                       Lys   Glu                                        Val 

PP5                                                        Casein γ 3
Lys                             Lys 

PP8s

L’origine della caseina γ 
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11% 13%
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κ-Cn

Fosfato di calcio colloidale Ca9(PO4)6

Submicella (10 nm)

Micella (20-300 nm)

αs1-Cn

αs2-Cn

β-Cn

(da  Martin, 1999)

La micella di caseina

38% 36%

11% 13%

αs1-Cn         β-Cn         αs2Cn        κ-Cn  
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Casein micelle structure 365

(a)

(b)

Figure 1. Transmission Electron Micrograph of bovine milk casein micelles (a) fixed with glu-
taraldehyde and stained with uranyl acetate and lead citrate (pH 7.0). Inset at the upper right shows
an enlarged single micelle. (b) The submicellar model for casein micelles showing proteinaceous
structures and surface arrangement of κ-casein; reprinted from Schmidt [54].

Micella di caseina368 P.X. Qi

(a)

(b)

Figure 2. (a) The nanocluster model for casein micelles. Casein monomers are thread-like, while
the dark circles represent calcium phosphate nanoclusters; reprinted from [12] with permission
of Springer, NL. (b) The model of Horne – dual bonding model of casein micelles using casein
monomers as indicated. Protein-protein interactions occur between hydrophobic regions (rectangu-
lar bars) while the protein hydrophilic regions (loops) bind to calcium phosphate clusters (triangles).
κ-Casein is monomeric and on the surface; reprinted with permission from Elsevier.

In analogy with blood, the clotting of milk in vitro by
chymosin leads to the generation of a milk serum [2••,3••]. Milk
serum can also be generated by ultracentrifugation or dialysis.
All three methods yield similar products. Coagulation, fermen-
tation and pH changes during cheese production yield a different
product called whey.Milk serum contains some caseins and salts
not associated with the micelles as well as lactose and the whey
(globular) proteins of milk. The major whey proteins of
mammary origin are α-lactalbumin, β-lactoglobulin, and
lactoferrin; serum albumin and immunoglobulins are derived
from blood by passive and active transport respectively [1••,8];
as noted above this review will be limited to the structure of the
casein fraction.

1.3. Historical basis for the submicelle theory of casein
structure

Historically several lines of research led to the submicelle
hypothesis; these included biochemical and biophysical studies
on the individual casein components, reconstitution of micelles
from their component caseins, as well as electron microscopy of
the micelles themselves and partially decomposed micelles
[2••]. Early studies on the purified caseins demonstrated that in
the absence of calcium they formed rather large aggregates
(submicelles) and that these aggregates formed colloidal
complexes in the presence of added calcium. Gradual removal
of calcium by dialysis or EDTA treatment showed the

Fig. 2. Gel matrix models for casein micelle structure (bovine) emphasizing the importance of calcium phosphate in structure of the micelles; both allow for the surface
arrangement of κ-casein. (a) The model of Holt reprinted from [11] with permission of Kluwer Academic; casein monomers are thread-like, while the dark circles
represent calcium phosphate nanoclusters. (b) The model of Horne [15•] is the dual bonding model of casein micelle structure using casein monomers as indicated.
Protein–protein interactions occur between hydrophobic regions (rectangular bars) while the protein hydrophilic regions (loops) bind to calcium phosphate clusters
(triangles). κ-Casein is monomeric and on the surface; reprinted with permission of the International Dairy Journal (Elsevier).
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