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Milk protein profile and cheese-making

Milk protein profile has a major impact on the cheese-making process:

ü It influences the reactivity of milk to the rennet action

ü It determinates the casein micelles size

ü It affects the minerals distribution in milk

ü It affects the repulsive forces between the micelles

ü …

Dalgleish, D. G. (1993)
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The aim of the present work was to analyse the relationships 

between the detailed protein profile, the composition, and the 

coagulation and cheese-making ability traits of goat milk identifying 

the latent factors controlling them.
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Experimental design 

Ø 733 goats reared in Sardinia region
Ø 6 different breeds

1. Camosciata delle alpi

2. Saanen

3. Murciano-granadina

4. Maltese

5. Sarda

6. Sarda primitiva

Ø 23 farms with different management and size 
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Reversed-Phase High-Performance Liquid Chromatography

Goat milk 
preparation

Milk protein 
solution 

HPLC 
analysis with 
RP column

Chromatogram 
integration

Protein 
quantification
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Milk composition analysis

Fat
Protein
Casein
Lactose
Urea
pH
NaCl

Somatic cell count 
(SCC)

Total bacterial count 
(TBC)

Fossomatic 5000 

MilkoScan FT6000

BactoScan FC150

Somatic cell score (SCS)
[log2(SCC × 10−5) + 3]

Logarithmic bacterial count (LBC)
[log10(TBC/1,000)]
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Traditional milk coagulation properties:
• RCT: rennet coagulation time (min) 
• k20: time to curd firmness of 20mm (min)
• a30,45,60: curd firmness at 30, 45, and 60 min (mm) 

1. Milk sample 
preparation

(10 mL on heated rack)  

2. Rennet solution 
addition

(51 IMCU/ L of milk)

3. Start coagulation 
recording

4. Checking coagulation 
records

5. Exporting milk 
coagulation
properties 
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RCTeq: rennet coagulation time estimated from equation (min) 
kCF : curd-firming instant rate constant (% × min-1)
kSR: syneresis instant rate constant (%× min-1)
CFp : asymptotic potential maximum value of CF at infinite time (mm)

Modeling curd firmness and syneresis
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9-MilCA cheese-making procedure

1) Sampling 9 mL of 
milk and rennet 
addition  

2) Milk coagulation 
and curd cutting 
and cooking

3) Curd separation 
from whey

4) Milk and whey 
composition 
analysis

Cipolat-Gotet et al., 2013
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9-MilCA cheese-making procedure

%CYCURD =
curd weight (g)

milk weight (g)
× 100

%CYWATER =
milk WT (g) - whey WT (g)

milk weight (g)
× 100

%CYSOLIDS =
milk TS (g) - whey TS (g)

milk weight (g)
× 100

RECSOLIDS =
milk TS (g) - whey TS (g)

milk TS (g)
× 100

RECPROTEIN=
milk prot (g) - whey prot (g)

milk prot (g)
× 100

RECFAT=
milk fat (g) - whey fat (g)

milk fat (g)
× 100

RECENERGY=
milk En (kJ) - whey En (kJ)

milk En (kJ)
× 100

Cheese yields Nutrients recoveries
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Statistics: Latent factor analysis in R environment

Milk detailed
protein profile

Milk composition

Milk coagulation 
traits

Milk cheese-making 
traits

Latent factor
…

Latent factor 
3

Latent factor 
2

Latent factor 
1
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αS1-CN, g/L
αS2-CN, g/L

β-CN, g/L
κ-CN, g/L
β-LG, g/L
α-LA, g/L

Fat
Protein
Casein

Lactose
Urea

RCTeq
KCF
KSR
CFP

SCS
LBC
pH

NaCl

CYCURD
CYSOLIDS
RECFAT

RECPROTEIN
RECSOLIDS

RECENERGY

Cheese yield
Casein & 
firmness

Curd-firming 
dynamic Udder health Whey proteins Fat recovery Protein recovery
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αS1-CN, %CN
αS2-CN, %CN

β-CN, %CN 
κ-CN, %CN 
β-LG, %CN 
α-LA, %CN

Fat
Protein
Casein

Lactose
Urea

RCTeq
KCF
KSR
CFP

SCS
LBC
pH

NaCl

CYCURD
CYSOLIDS
RECFAT

RECPROTEIN
RECSOLIDS

RECENERGY

Cheese yield
Casein & 
firmness

Curd-firming 
dynamic Udder health αS1-CN to β-CN Nutrient REC Minor caseins
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Take at home message

ü Protein profile has an important relationships with the cheese-making ability 
traits of goat milk 
1. Quantitatively (g/L): positive for all the casein fractions (in particular β-CN and κ-CN)
2. Qualitatively (%CN): almost indipendent

ü There are important effects of the protein fractions genetic variants that 
should be addressed

ü These information can be used for construction of future guidelines of animal 
selection for the improvement of goat cheese production
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Nicolò Amalfitano, PhD - nicolo.amalfitano@unipd.it

This study is part of the Good Milk research project 
funded by the Ministry of Agricultural, Food and 
Forestry Policies (Italy - D.M. 9367185 -  09/12/2020).

Thanks for your attention!
Any question?
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Genetic variants identification

A                     B  

BB
AA

Protein 
fraction Genotype

κ-CN

AA

BB

AB

κ-CN

Blood

Milk


