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Introduction 
Significant associations between milk protein fractions and milk coagulation properties 
(MCP) have been reported (Wedholm et al., 2006), but genetic correlations between milk 
proteins contents and MCP traits have never been investigated. The aim of this study was to 
estimate genetic parameters for protein composition and MCP in Simmental cattle. 

Material and methods 
Data. Contents of αS1-CN, αS2-CN, β-CN, γ-CN, κ-CN, β-LG, and α-LA and genotypes of 
cows at CSN2, CSN3, and BLG loci were assessed by reversed-phase HPLC in 2,167 milk 
samples of Simmental cows, using the method proposed by Bonfatti et al. (2008).  
Measures of rennet clotting time (RCT) and curd firmness (a30) were obtained by using the 
Computerized Renneting Meter (CRM-48, Polo Trade, Monselice, Italy). Non-coagulating 
milk was not considered in the statistical analysis.  
 
Statistical Analysis. The model of analysis for all the aforementioned traits included the 
animal additive genetic effect, and the effects of herd-test day (47 levels), parity of the cow 
(4 levels), and DIM (12 classes of 30-d intervals). An alternative model included also the 
effect of CSN2-CSN3 haplotypes as regressions on haplotype probabilities (estimated using 
the method proposed by Boettcher et al., 2004), and BLG genotype (AA, AB, BB). 
Estimation of (co)variance components for the contents of protein fractions and MCP was 
performed through Bayesian analyses. Bivariate animal models were fitted for all pairs of 
traits. Prior distributions for all the effects were assumed to be uniform with the exception of  
those for herds and additive genetic effects which were inverted Wishart distributions. A 
Gibbs chain of 5,000,000 iterations was run for each analysis. Samples were saved every 250 
iterations. The posterior median was used as a point estimate of parameters of concern and 
highest posterior density intervals (HPD) with 95% probability were also obtained. 

Results and discussion 
Heritability. Values of the posterior median of the heritability (Table 1) for αS1-CN%, κ-
CN% and  β-CN% were similar and ranged from 0.61 to 0.70. Heritability of αS2-CN% and 
γ-CN% was only moderate.  
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As suggested by Schopen et al. (2009), heritability estimates might differ across studies 
depending on the accuracy of analytical methods used to quantify contents of milk protein 
fractions. Also differences of sample size, breeds or allele frequencies can contribute to  
inconsistencies for heritability estimates observed across studies. 
β-LG% exhibited only a moderate heritability. Differences in the extent of the allele-
differential expression of heterozygous animals at BLG locus across population have been 
reported (Ng-Kwai-Hang and Kim, 1996) and inconsistencies in the heritability estimates for 
β-LG% across studies might be in part explained by a possible different extent of the effect 
of the BLG locus on the expression of the β-LG genetic variants across populations.  
 
Table 1. Features of the marginal posterior densities for the heritability of milk protein 
fractions and protein composition1 
 Complete genome2  Polygenic background3 
Trait4 h2 HPD95% σa  h2 HPD95% σa 
Casein, g/L 0.23 0.14 – 0.33 1.77  0.18 0.10 – 0.29 1.49 
Whey protein, g/L 0.29 0.22 – 0.37 0.35  0.20 0.12 – 0.29 0.28 
Protein composition, %  
 αS1-CN 0.66 0.58 – 0.73 2.01  0.28 0.17 – 0.38 0.81 
 αS2-CN 0.28 0.22 – 0.35 0.87  0.24 0.15 – 0.33 0.78 
 β-CN 0.70 0.58 – 0.81 2.30  0.18 0.10 – 0.28 0.64 
 γ-CN 0.18 0.12 – 0.25 0.57  0.05 0.02 – 0.11 0.28 
 κ-CN 0.61 0.53 – 0.71 1.54  0.23 0.14 – 0.33 0.53 
 β-LG 0.33 0.24 – 0.43 2.19  0.19 0.11 – 0.27 1.49 
RCT, min 0.29 0.19 – 0.39 2.43  0.23 0.13 – 0.33 2.06 
a30, mm 0.12 0.03 – 0.21 3.04  0.10 0.03 – 0.18 2.16 

1 h2 = median of the marginal posterior density of the heritability; HPD95% = 95% highest posterior density interval. 
σa = median of the marginal posterior density of the additive genetic standard deviation. 
2 Model did not included information on CSN2-CSN3 haplotype and BLG genotype. 
3 Model included regressions on CSN2-CSN3 haplotype probabilities and the effect of BLG genotype. 
4 Casein = αS1-CN + αS2-CN + β-CN + γ-CN + κ-CN; whey protein = β-LG + α-LA; αS1-CN%, αS2-CN%, β-CN%, γ-
CN% and κ-CN% are measured as weight percentages of total casein content; β-LG% is measured as weight 
percentage of total whey protein content; RCT = rennet coagulation time; a30 = curd firmness. 
 
Milk protein loci explained more than 80% of the genetic variance of κ-CN% and αS1-CN%, 
and more than 90% of the genetic variance of β-CN%. Despite a strong effect exerted by 
BLG genotype on the expression of β-LG%, the residual genetic variance remains 
noteworthy, indicating that other loci, such as the BLG promoter region (Martin et al., 2002), 
might be responsible of the genetic variation of this protein fraction. While polymorphisms 
at milk protein loci dramatically affected the expression of the genes in which they are 
located, effects on total casein or whey protein were less pronounced. One hypothesis is that 
when expression of one casein gene is downregulated, the others can be upregulated to 
compensate. Milk protein genes accounted for 28% and 50% of the additive genetic variance 
of RCT and a30, respectively.  
 
Genetic Correlations between Milk Proteins and MCP. Genetic correlations (Table 2) 
indicate the lack of a favorable association between RCT and total casein content of milk. 
αS1-, αS2-, and γ-CN% were genetically positively correlated with RCT, resulting in a 



worsening of MCP at increasing levels of these two fractions. The protein fraction more 
favorably correlated with RCT was β-CN%, whereas κ-CN% was not genetically associated 
with RCT. Approximately only one-third of the casein micelle surface can be covered by κ-
CN (Dalgleish, 1998). Compositional studies of micelles suggest that both αS-CN and β-CN 
may share the surface with κ-CN, but β-CN and αS-CN have been less studied than κ-CN and 
their properties are not well known.  
Results for genetic correlations between protein fractions and a30 were similar to those 
obtained for RCT. But, in this case, κ-CN was positively strongly correlated with a30. This 
tight relation might be attributable to the finer gel network of milk with greater κ-CN 
content, which allow the formation of a great number of intermicellar bonds (Horne et al., 
1998).  
 
Table 2. Median and 95% high posterior density interval (HPD 95%) of the marginal 
posterior density of additive genetic correlations between rennet clotting time, curd 
firmness and protein composition 

  Complete genome1  Polygenic background2 
Trait3 Median HPD 95%  Median HPD 95% 
Rennet clotting time      
 Casein, g/L 0.20 -0.10 – 0.49  0.34 0.00 – 0.69 
 Whey protein, g/L -0.02 -0.28 – 0.23  0.02 -0.32 – 0.35 
 Protein composition, % 
  αS1-CN 0.21  0.01 – 0.42  -0.15 -0.48 – 0.18 
  αS2-CN 0.25 -0.01 – 0.53  0.14 -0.18 – 0.48 
  β-CN -0.26  -0.47 – -0.06  0.08 -0.26 – 0.46 
  γ-CN 0.14 -0.17 – 0.43  0.06 -0.45 – 0.57 
  κ-CN 0.02 -0.21 – 0.26  -0.08 -0.38 – 0.25 
  β-LG -0.19 -0.44 – 0.05  -0.10 -0.32 – 0.35 
Curd firmness      
 Casein, g/L 0.27 -0.12 – 0.67  0.18 -0.35 – 0.63 
 Whey protein, g/L 0.12 -0.23 – 0.50  0.30 -0.14 – 0.70 
 Protein composition, % 
  αS1-CN -0.31 -0.60 – -0.01  0.10 -0.35 – 0.55 
  αS2-CN -0.32 -0.73 – 0.10  -0.24 -0.73 – 0.19 
  β-CN 0.17 -0.12 – 0.48  0.04 -0.26 – 0.46 
  γ-CN -0.22 -0.63 – 0.25  -0.48 -0.97 – 0.04 
  κ-CN 0.36 0.06 – 0.66  0.34 -0.04 – 0.72 
  β-LG 0.03 -0.30 – 0.42  0.20 -0.14 – 0.70 

1 Model did not included information on CSN2-CSN3 haplotype and BLG genotype. 
2 Model included regressions on CSN2-CSN3 haplotype probabilities and the effect of BLG genotype. 
3 Casein = αS1-CN + αS2-CN + β-CN + γ-CN + κ-CN; whey protein = β-LG + α-LA; αS1-CN%, αS2-CN%, β-CN%, γ-
CN% and κ-CN% are measured as percentages of total casein content; β-LG% is measured as percentage of total 
whey protein content. 
 
When CSN2-CSN3 haplotype and BLG genotype were accounted for by the model, the 
additive genetic correlation between β-CN and MCP traits was not different from zero, 
whereas the correlation between αS1-CN and MCP became slightly favorable. A possible 
explanation is that the proportion of β-CN in milk is favorably related to both MCP traits 



because of its relationship with the presence of specific CSN2 alleles. Allele-specific 
expression of β-CN has been reported (Hallén et al., 2008; Heck et al., 2009) and a direct 
strong effect of some of the CSN2 alleles on MCP might be suggested. The CSN2 B variant 
has been related to improved MCP and to high levels of β-CN in milk, hence, if this protein 
variant exerts a direct biochemical role on milk coagulation process, also the content of β-CN 
will be related to MCP. Moreover, many authors reported a negative association between β-
CN and αS1-CN (Hallén et al., 2008; Schopen et al., 2009). This might explain the 
unfavorable genetic correlation between αS1-CN and MCP measures when model did not 
take into account CSN2-CSN3 haplotypes and the variation of genetic correlation when 
casein haplotypes have been taken into account. 

Conclusion 
Selection for the total casein content of milk would not be useful for the genetic 
improvement of milk coagulation properties. Selection for increasing the β-CN and κ-CN 
contents or decreasing the content of αS1-CN of milk seems to be a more attractive alternative 
for improving renneting ability, also considering their high heritability. Heritability of MCP 
was still appreciable after adjustment for casein haplotypes and BLG genotypes, suggesting 
that the recording of this trait can not be replaced by genotyping of animals for milk protein 
variants. However in light of a direct effect of CSN2 B variant on MCP, CSN2 locus could be 
used to implement marker-assisted selection schemes for the genetic improvement of MCP. 

References 
Boettcher, P. J., Pagnacco, G., and Stella, A. (2004). J. Dairy Sci., 87:4303–4310. 

Bonfatti, V., Grigoletto, L., Cecchinato, A. et al. (2008). J. Chromatogr. A, 1195:101–
106.  

Dalgleish, D.G. (1998). J. Dairy Sci., 81:3013–3018. 

Hallén, E., Wedholm A., Andrén, A. et al. (2008). J. Anim. Breed. Genet., 17:791–799. 

Heck, J.M.L., Schennink, A., van Valenberg, H.J.F. et al. (2009). J. Dairy Sci. 92:1192–
1202.  

Horne, D.S. (1998). Int. Dairy J., 8(3): 171–177.  

Martin, P., Szymanowska, M., Zwierzchowski, L. et al. (2002). Reprod. Nutr. Dev., 
42:433–459. 

Ng-Kwai-Hang, K. F., and Kim, S. (1996). Int. Dairy J., 6:689–695. 

Schopen, G.C.B., Heck, J.M.L., Bovenhuis, H. et al. (2009). J. Dairy Sci., 92:1182–1191. 

Wedholm, A., Larsen, L.B., Lindmark-Månsson, H. et al. (2006). J. Dairy Sci., 89:3296–
3305. 

 


