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AA BB7,17 % 7,35 %

di formaggio per 1000 kg latte+ 2 kg

Con b-lattoglobulina B maggiore resa in Parmigiano-Reggiano



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

Polimorfismo b-lattoglobulina
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Contenuto caseina

Indice caseina

Tempo coagulazione

Consistenza coagulo

Resa in formaggio
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Punti chiave per la qualità del latte: 

ü La caseina

ü Il polimorfismo delle caseine e non solo

ü La selezione genetica: ICS PR

Di cosa parleremo
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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).

137H.M. Farrell Jr. et al. / Current Opinion in Colloid & Interface Science 11 (2006) 135–147

Ca9 (PO4)6

Dalgleish e Corredig, 2012

Schmidt, 1982

Horne, 1998
Holt, 2003
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Micella di 
caseina

Ca++

Chimosina

Coagulazione presamica
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Minerali e coagulazione del latte – ruolo del Ca ionico solubile

Il calcio ionico interagisce con i residui 
fosforilati che non sono impegnati nei 

legami interni con il CCP
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Micelle di caseina Globulo di grasso

Schema della matrice del formaggio     (da Fox et al., 2000 modificato)
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Ca e P micellari e coagulazione del latte

Evidenziare il ruolo del calcio e del fosforo micellari sui 

parametri di coagulazione del latte

• 118 Latti di allevamento 

• Con meno di 400 mila cellule

• Comprensorio Parmigiano-Reggiano

• Latte della mungitura della mattina

• Divisi per la diversa attitudine casearia

Malacarne et al., 2014

Non è possibile visualizzare l'immagine.
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Non è possibile visualizzare l'immagine.

ottimale               buona             discreta                 buona

mediocre        non idoneo           molto mediocre            non idoneo

Lattodinamogrammi dei tipi identificati

Tipi intermedi:

Tipo AE
tipo A con tempi lunghi tendenti 
al tipo E

Tipo EA
tipo E  con consistenza del 
coagulo vicina a quella del tipo A

A, B, C ottimali
AE, EA discreti
D, E, DD mediocri
F, FF anomali
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