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INTRODUCTION 
In Italy, about 68% of the milk produced is used for cheese production (Osservatorio Latte, 
2000). Rennet-coagulation ability is the basic requirement of milk for cheese production. Main 
milk properties for cheese making are good reactivity with rennet, high degree of curd firmness 
capacity and good ability to contraction and expulsion of whey (Mariani et al., 1997). An 
evident unfavorable phenotypic trend in the milk rennet-coagulation ability was reported in the 
last 10 years in the Parma province using 108,065 herd samples from 1,317 dairy farms 
(Cassandro and Marusi, 2001). In the literature, heritability estimates for milk rennet-
coagulation ability (MRCA) are very scarce (Lindstrom et al., 1984; Ikonen et al., 1999) and 
based on few animals and records analyzed. The results of previous studies implied that a 
moderate part of variation in the milk coagulation ability could be due to additive genetic 
effects. Moreover, repeatability values and genetic correlations estimates between the milk 
coagulation properties and milk production traits are needed to assess whether the milk 
coagulation ability would be improved by selecting for routinely recorded milk production 
trait. Aims of this study were to estimate heritability and repeatability of MRCA and to 
estimate genetic correlations between MRCA, milk yield and somatic cell count in Italian 
Friesian cows. 
 
MATERIALS AND METHODS 
A total of 6,909 test days records of 517 Italian Friesian cows from one herd in the Parma 
province were sampled during the period from 1995 to 1999. The milk samples were based on 
evening and morning milkings and analyzed for MRCA, somatic cell count and milk yield. The 
test-day records with day in milk from 6 to 400 d were used. Repeated observations, within and 
between parity, for all traits analyzed were treated as repeated measurements of the same trait. 
Somatic cell count was log-transformed to obtain a normal distribution (Ali and Shook, 1980). 
The milk coagulation properties (coagulation times in minutes, curd-firming time in minute, 
and curd firmness in millimeters) were determined using a Formagraph (Foss Electric) by 
laboratory of provincial breeder association of Parma. The three milk coagulation parameters 
describing a lactodynamographic diagram can be summarized using a linear classification 
system with 5 classes from 0 (milk with very fast time coagulation and with highly curd 
firmness) to 4 (milk without coagulation in 30 minutes and with null curd firmness). The 
records of class 0 were discarded from statistical analyses because of only 8 test day samples 
were identified on overall data set. Traits were analyzed through a multi trait animal model 
taking into account all known relationships (2,510 animals) among cows. Unequal models were 
used for different traits. Effects included in the mixed model were the fixed effect of test date 
(40 classes), stage of lactation (7 classes of 30 d), age at calving (12 classes of 6 months) and, 
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for MRCA, the effect of milk production class within stage of lactation (3 levels per stage of 
lactation) and the log-transformed SCC class within stage of lactation (3 classes per stage of 
lactation). Variance and covariance component and related parameters were estimated through 
a multivariate REML procedure using VCE program (Groeneveld, 1997). 
 
RESULTS AND DISCUSSION 
Characteristics of the sampled test-day records are presented in Table 1. Mean MRCA varied 
considerably and showed a coefficient of variation similar to log-transformed SCC. 
 
Table 1. Descriptive statistics for test-day log transformed SCC, milk yield and milk 
rennet-coagulation ability (MRCA)A 
 
Trait Mean SD Minimum Maximum CVB 
Log-transformed SCC 3.43 1.67 0.06 9.47 49 
Milk yield, kg/d 28.8 7.8 4.0 63.0 27 
MRCA, scores 2.36 1.03 1.00 4.00 44 

A 6,909 test-day records. 
B Coefficient of variation, expressed as a percentage. 
 
Frequencies of distribution of MRCA class and relationships with milk yield and log-
transformed SCC are shown in Table 2. When MRCA is on optimum class (class 1) milk yield 
test-day showed the highest value and log-transformed SCC showed the lowest. At the 
contrary, when MRCA is on class 4 (milk without coagulation in 30 minutes and with null curd 
firmness) milk yield test-day showed the lowest average and the highest log-transformed SCC. 
In addition, one-fifth of the milk samples did not reach a curd firmness in 30 minutes.  
 
Table 2. Descriptive statistics for classes of milk rennet-coagulation ability (MRCA) 
 

MRCA class  Log-transformed SCC  Milk yield, kg/d  Frequency 
  Mean SD  Mean SD  Records % 

1  2.88 1.53  29.6 8.0  1,557 23 
2  3.22 1.64  29.4 7.8  2,620 38 
3  3.54 1.67  28.3 7.4  1,397 20 
4  4.11 1.80  27.2 7.7  1,335 19 

 
Heritability estimates for test-day MRCA was considerably higher than those estimated for 
test-day milk yield trait and for test-day log-transformed SCC (Table 3). Similar heritability 
values were reported by Ikonen et al. (1999) for 789 Finnish Ayrshire cows and 86 Finnish 
Friesian cows using the direct measured of coagulation time and curd firmness. Additive 
genetic variance of milk coagulation ability might be partially inflated due to milk protein 
polymorphisms effects as reported by Ikonen et al. (1999). When milk coagulation ability was 
adjusted for casein and lactoglobulin genotypes finnish authors found a decreased additive 
genetic variance by 20% and 24%, respectively. Permanent environmental effects accounted 
for a substantial proportion of the phenotypic variation. Repeatability estimates were 37%, 
44% and 53% for log-transformed SCC, milk yield and MRCA traits, respectively. 
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Table 3. Genetic standard deviation (σA), heritability (h2), and permanent environmental 
effect (c2) estimates for test-day log transformed SCC, milk yield and milk rennet-
coagulation properties (MRCA) 
 
Trait σA h2 SE c2 SE 
Log-transformed SCC 0.46 0.085 0.032 0.282 0.031 
Milk yield, kg/d 2.58 0.221 0.039 0.216 0.034 
MRCA, scores 0.40 0.401 0.036 0.129 0.030 

 
Residual and genetic correlations among traits are reported in Table 4. The signs agree between 
the residual and genetic correlations and absolute values of genetic correlations were constantly 
higher than those of residual relationships. Milk coagulation ability showed negative (i.e. 
favorable) correlation with milk yield (-0.29) and positive correlation with log-transformed 
SCC (0.33). In the present study, the results suggesting that selection to improve MRCA tends 
to increase milk production and to reduces somatic cell count. However, more reliable genetic 
correlations estimates would be estimated because of standard error of the present estimates 
ranged from 0.10 to 0.15. Ikonen et al. (1999) reported genetic correlations for milk 
coagulation properties and milk production traits close to zero with similar standard errors. 
 
Table 4. Residual (above diagonal) and genetic (below diagonal) correlations between 
test-day log transformed SCC, milk yield and milk rennet-coagulation properties 
(MRCA)A 
 
Trait SCC Milk yield MRCA 
Log-transformed SCC - -0.238 0.198 
Milk yield, kg/d -0.378 - -0.144 
MRCA, scores 0.330 -0.287 - 

A Standard errors of correlation ranged from 0.01 from 0.15. 
 
CONCLUSIONS 
In conclusion, data from this study showed that heritability and repeatability for milk 
coagulation ability were moderate to high suggesting that selection for improving properties of 
milk for cheese making might be effective. Breeding for further increase of milk rennet-
coagulation ability is expected to increases milk production and to reduces somatic cell count. 
Further researches to estimate genetic parameters using records from different herds and 
adjusting MRCA for milk protein polymorphisms should be considered. Moreover, genetic 
correlations between protein percentage, casein content and MRCA seem to be useful to 
evaluate the opportunity to integrate milk recording systems with additional traits related to 
milk rennet-coagulation ability. 
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