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Manchega Sheep

Localization: la Mancha
• Milk production ability
• MP in 161 days: 248 L
• F: 6.1 % , P: 5.6 % 

Manchego cheese



Manchego Cheese

2021: Production of 17.1 million 
kilograms

76% of cheese exported In 2022: Exports grew by 27.5%

Since 1985: PDO

Cheese production

Export: US 

Export growth 



Objective of selection: Enhancing milk 

production per ewe y lactation

Quantity

Quality

Breeding Program



 Estimate the heritability of the traditional 

coagulation properties (MCP) in the Manchega 

breed.

 Estimate the genetic correlations between MCP 

and cheese-making ability traits.

The aim of this study



Estimating the traditional coagulation properties (MCP)

792 individual milk 

samples, collected 

from the morning 

milking from 5 herds.

Formagraph Coagulation curves



RCT Rennet coagulation time min

K20 Curd-firming time min

A30 Curd firmness measured at 30 min mm

A60 Curd firmness measured at 60 min mm

MCP Traditional coagulation single point trait

Estimating the traditional coagulation properties (MCP)



Curd

Centrifugation

CYcurd
• The weight of the drained curd directly into the tube 

CYsolids

• The weight after drying in an oven at 100 °C for 24 
hours

Dry curd

Curd 
humidity 

• The difference between CYcurd and CYsolids

Whey Curd

Drying

Milk + Rennet

Estimating the cheese-making ability traits



CYcurd
• The weight of the drained curd directly into the tube 

CYsolids

• The weight after drying in an oven at 100 °C for 24 
hours

Curd 
humidity 

• The difference between CYcurd and CYsolids

RECfat
• The recovery percentage of fat in the fresh curd 

RECpro
• The recovery percentage of protein in the fresh curd

Curd

Centrifugation

Dry curd

CurdWhey

Drying

Milk + Rennet

MilkoScan
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Estimating the cheese-making ability traits



Statistical

analysis

Yijklm = μ + DHi + TPj + ENk + DIMl + Am + eijklm

• Yijklm= Dependent variable 

• μ = = Population mean 

• CRi= Random effect of control-date and herd i (11 levels)

• PTj = Fixed effect of parity type j (2 levels)

• ANk = Fixed effect of age at calving - parity number k (21 levels) 

• DIMl = Fixed effect of days in milk l (6 levels)

• Am = Random additive genetic effect of individual m

• eijklm = Random residual

• Marginal Posterior Distribution: Gibbs sampling 

with the GIBBSF90 program

• MCMC Chains

• Estimation of genetic parameters : POSTGIBBSF90 

program



Mean SD P5 P95

RCT, min 21.36 8.03 11.12 37.62

K20, min 2.77 1.63 0.00 5.75

A30, mm 34.58 18.55 0.00 56.84

A60, mm 49.48 8.79 32.34 61.74

Results: Descriptive statistics



Mean
Sánchez-Mayor et 

al.,2019 
(Assaf)

Pazzola et al.,  2017 
(Sarda)

Pelayo y al., 2021 
(Churra)

RCT, min 21.36 29.54 8.62 17.47

K20, min 2.77 4.47 1.93 -

A30, mm 34.58 28.9 50.21 36.81

A60, mm 49.48 40.31 45.94 39.88

Results: Descriptive statistics



Results: Heritability

h2

RCT 0.16
[0.01 , 0.31]

LogK20
0.11

[0.003 , 0.23]

A30
0.14

[0.002 , 0.31]

A60
0.10

[0.003 , 0.24]



Results: Heritability

h2 Bittante et al., 2017 
(Sarda)

Sánchez-Mayor et al., 2019 
(Assaf)

Pelayo et al., 2021 
(Churra)

RCT 0.16
[0.01 , 0.31] 0.16 0.22 0.22

LogK20
0.11

[0.003 , 0.23] 0.10 0.29 0.26

A30
0.14

[0.002 , 0.31] 0.08 0.30 0.16

A60
0.10

[0.003 , 0.24] 0.06 0.15 -



CYcurd CYsolids CH RECFat RECProt

RCT
rg

HPD95%
P>0, P<0

-0.27
[-0.92 , 0.37]

0.78

-0.24
[-0.94 , 0.49]

0.77

0.14
[-0.61 , 0.86]

0.64

-0.36
[-0.99 , 0.48]

0.74

-0.15
[-0.89 , 0.57]

0.61

LogK20

rg
HPD95%

P>0, P<0

0.05
[-0.78 , 1]

0.54

-0.37
[-0.95 , 0.24]

0.85

0.80
[-0.35 ,  1]

0.96

0.33
[-0.78 , 1]

0.73

-0.31
[-1 , 0.66]

0.69

A30

rg
HPD95%

P>0, P<0

0.67
[-0.50 , 1]

0.94

0.73
[0.13 , 1]

1

-0.37
[-0.99 , 0.76]

0.83

0.49
[-0.22 , 0.92]

0.80

0.48
[-0.60 , 1]

0.81

A60

rg
HPD95%

P>0, P<0

0.15
[-0.62, 0.96]

0.62

0.19
[-0.57 , 0.97]

0.67

0.04
[-0.78 , 0.91]

0.51

-0.10
[-0.98 , 0.71]

0.55

0.04
[-0.77 , 0.90]

0.55

Results: genetic correlations between MCP 

and cheese making ability traits



CYcurd CYsolids CH RECFat RECProt

RCT
rg

HPD95%
P>0, P<0

-0.27
[-0.92 , 0.37]

0.78

-0.24
[-0.94 , 0.49]

0.77

0.14
[-0.61 , 0.86]

0.64

-0.36
[-0.99 , 0.48]

0.74

-0.15
[-0.89 , 0.57]

0.61

LogK20

rg
HPD95%

P>0, P<0

0.05
[-0.78 , 1]

0.54

-0.37
[-0.95 , 0.24]

0.85

0.80
[-0.35 ,  1]

0.96

0.33
[-0.78 , 1]

0.73

-0.31
[-1 , 0.66]

0.69

A30

rg
HPD95%

P>0, P<0

0.67
[-0.50 , 1]

0.94

0.73
[0.13 , 1]

1

-0.37
[-0.99 , 0.76]

0.83

0.49
[-0.22 , 0.92]

0.80

0.48
[-0.60 , 1]

0.81

A60

rg
HPD95%

P>0, P<0

0.15
[-0.62, 0.96]

0.62

0.19
[-0.57 , 0.97]

0.67

0.04
[-0.78 , 0.91]

0.51

-0.10
[-0.98 , 0.71]

0.55

0.04
[-0.77 , 0.90]

0.55



Conclusions
• The magnitude of the heritability obtained for the traditional 

milk coagulation parameters in the Manchega breed suggests 

that they could be included in its breeding program. 

• The RCT and A30 are strongly correlated with cheese making 

ability traits, which could make them as genetic selection 

indicators, aimed to improve Manchego cheese efficiency and 

quality.
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