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Esiste una relazione stretta 

tra il contenuto del lattosio 

nel latte e la quantità di 

latte prodotto

Più alto è il valore del 

lattosio e più la bovina sta 

esprimendo al meglio il suo 

potenziale produttivo

IMPORTANZA DEL LATTOSIO

y = 0,996x - 1,599
r = 0,458; P = 0,042
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GARFAGNINA
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PIÙ BASSE NEL LATTE 
DELL'OTTONESE E DELLA 

PONTREMOLESE

E SEMPRE MOLTO LONTANE 
DAL LIMITE DI LEGGE

E SEMPRE MOLTO LONTANE 
DALLA SOGLIA DELLE 

300MILA CELLULE SOPRA 
ALLA QUALE INIZIA IL CALO 

DELLA RESA 

300 MILA CELLULE PER MILLILITRO
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LATTE DI TUTTE LE RAZZE
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3

4,5

PERÒ SEMPRE ALL'INTERNO 
DI QUELLO CHE È IL 

NORMALE INTERVALLO 
REGISTRATO DEL LATTE 
BOVINO PRODOTTO  IN 

EMILIA-ROMAGNA
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E DELLA REGGIANA
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Caseina
1 g di caseina = 3 g di formaggio stagionato

Il formaggio è formato da 

una rete di paracaseina che 

coagulando imprigiona i 

globuli di grasso e siero.

Più alto è il valore della 

caseina e più alta sarà la 

resa casearia.

IMPORTANZA DELA CASEINA
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Sali minerali Influence of micellar calcium and phosphorus on rennet coagulation
properties of cows milk

Massimo Malacarne1*, Piero Franceschi1, Paolo Formaggioni1, Sandro Sandri2, Primo Mariani1
and Andrea Summer1

1Department of Food Science, University of Parma, Via del Taglio 10, I-43126 Parma, Italy
2Centro Servizi per l’Agroalimentare, Via Torelli 17, I-43123 Parma, Italy

Received 9 April 2013; accepted for publication 6 November 2013; first published online 17 December 2013

The main requirement for milk processed in most cheese typologies is its rennet coagulation ability.
Despite the increasing number of studies, the causes for abnormal coagulation of milk are not fully
understood. The aim of this study was to ascertain relationships between milk characteristics
and its rennet coagulation ability, focusing on the influence of calcium (Ca) and phosphorus (P).
Ca and P are essential constituents of the micelles. Micellar P can be present as part of colloidal
calcium phosphate (inorganic-P) or covalently bound to caseins as phosphate groups (casein-P).
Eighty one herd milk samples (SCC<400000 cell/ml) were classified as Optimal (8), Suboptimal (39)
Poor (29) and Non-coagulating milk (5), according to their rennet coagulation parameters as assessed
by lactodynamographic test. Samples were analysed for their chemical composition (basic
composition, protein fractions, minerals and salt equilibria), physicochemical parameters (pH and
titratable acidity) and rheological properties. Optimal milk was characterised by the highest contents
of major constituents, protein fractions and minerals, lowest content of chloride and highest values
of titratable acidity. Non-coagulating milk was characterised by the highest values of pH and
the lowest of titratable acidity. At micellar level, Optimal milk showed the highest values of colloidal
Ca, casein-P and colloidal Mg (g/100 g casein), while Non-coagulating milk showed the lowest
values. Interestingly, there was no statistical difference regarding the content of colloidal inorganic-P
(g/100 g casein) between Optimal and Non-coagulating milks. Overall, high mineralisation of the
micelle (expressed as g inorganic-P/100 g casein) positively affect its rennetability. However,
excessive mineralisation could lead to a reduction of the phosphate groups (g casein-P/100 g casein)
available for curd formation.

Keywords: cows, herd milk, rennet coagulation, casein micelle, calcium, phosphorus.

The most important requirement of milk used in most cheese
typologies is its aptitude to coagulate on addition of rennet.
Milk with proper rennet coagulation ability gives rise to
curds with better rheological properties (syneresis), with
positive repercussions on cheese yield and quality. Curds
obtained from milk with poor coagulation aptitude are more
susceptible to cheesemaking losses during the vat phase and
could undergo incomplete and non-homogeneous whey
drainage, with possible defects during the early or late
phases of ripening (Mariani et al. 2001).

The lactodynamography (LDG) is one of the most wide-
spread methods to analyse the rennet coagulation ability
of milk (McMahon & Brown, 1982). This technique detects

the change of viscosity in a milk sample induced by rennet-
gel formation. The output of LDG analysis is a typical
diagram or profile from which it is possible to calculate
rennet coagulation parameters (RCP): rennet clotting
time, curd firming time and curd firmness. Currently, in the
Parmigiano-Reggiano cheese area, RCP are measured every
15 d on herd milk samples and the resulting values are used
to reward or penalise milk producers.
Because of the influence of RCP on cheese quality and

yield, it is important to investigate reasons for poorly or non-
coagulating milk. Naturally occurring variations of RCP are
related to genetic (breed and genetic polymorphisms of milk
proteins) and environmental factors affecting milk com-
position (stage of lactation, somatic cell content, feeding,
season, etc.) (Okigbo et al. 1985; Ostersen et al. 1997;
Verdier-Metz et al. 1998; Ikonen et al. 2004; Malacarne
et al. 2005; Bittante et al. 2012). Most studies underline*For correspondence; e-mail: massimo.malacarne@unipr.it
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Contenuto di Ca e P del latte
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Sali minerali
Fosfato di calcio colloidale Ca9(PO4)6

Submicelle (10 nm)

Micella di caseina (20-300 nm)

αs1-caseina

αs2-caseina

β-caseina

k-caseina
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Sali minerali

Ca2+
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Minerale
colloidale

PIÙ ELEVATI NEL LATTE 
DELLA MODENESE ANCHE 

PER UNITÀ DI CASEINA
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Conclusioni

LA REGGIANA, LA MODENESE E L'OTTONESE SI 

SONO CARATTERIZZATE PER UN LATTE CON UN 

MAGGIORE CONTENUTO DI:

• PROTEINA

• CASEINA

• CALCIO

• FOSFORO

LA MODENESE SI È CARATTERIZZATA PER 

UN LATTE CON UN BASSO CONTENUTO SIA 

DI CALCIO CHE DI FOSFORO IN SOLUZIONE 

ED UN ELEVATO CONTENUTO DI CALCIO E 

FOSFORO COLLOIDALE

L'OTTONESE E LA PONTREMOLESE SI SONO 

CARATTERIZZATE PER UN LATTE CON UN 

MAGGIORE CONTENUTO DI LATTOSIO ED UN 

MINORE CONTENUTO DI CELLULE SOMATICHE
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