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  ABSTRACT 

  The objective of this study was to estimate the effect 
of composite β-κ-CN genotypes on milk coagulation 
and composition traits, and on the additive genetic 
variation of these traits in Estonian Holstein dairy 
cattle. A total of 23,970 milk samples, repeated mea-
surements from the first to third lactation from 2,859 
Estonian Holstein cows from 78 herds across the coun-
try, were analyzed for milk yield, milk fat and protein 
percentages, somatic cell count, and milk coagulation 
properties (milk coagulation time and curd firmness). 
Each cow had at least 3 measurements per lactation. 
Two single-trait random regression animal models were 
fitted for the traits studied. The first model considered 
fixed effects of year-season of sampling and year-season 
of calving, calving age (nested within lactation), sample 
age (only for milk coagulation traits) and days in milk, 
and random herd, additive genetic, and permanent envi-
ronmental effects. The animal and permanent environ-
mental effects were modeled over the lactation period 
by using Legendre polynomials. The second model had 
the additional fixed β-κ-casein effect in the form of a 
third-order Legendre polynomial. The 2 most frequent 
β-κ-casein composite genotypes were A2A2AA and 
A1A2AA, both with prevalence greater than 20%. Per-
centages of the remaining 31 genotypes were less than 
8%, including 20 genotypes with percentages less than 
1%. The β-κ-casein genotype-specific lactation curves 
were significantly different for milk coagulation traits 
and milk protein percentage. The B variant of κ-casein 
showed a favorable effect on both milk coagulation 
traits, whereas the IB haplotype had an increasing ef-
fect on curd firmness and protein percentage. Inclusion 
of the β-κ-casein genotype effects in the model resulted 
in decreases in the mean additive genetic variations for 
milk coagulation time and curd firmness of 12.9 and 
51.1%, respectively. 
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  INTRODUCTION 

  Milk protein polymorphisms are often investigated 
in connection with milk performance traits. Some of 
these traits are hard to measure; therefore, milk protein 
polymorphisms promote a better understanding of the 
genetic background of milk production and offer an 
alternative indirect selection approach for improving 
milk quality. Many researchers have investigated asso-
ciations between milk protein polymorphisms and milk 
production traits (Ng-Kwai-Hang et al., 1984; Boven-
huis et al., 1992; Boettcher et al., 2004) and protein 
composition (McLean et al., 1984; Heck et al., 2009; 
Bonfatti et al., 2010b). One of the most striking effects 
of milk protein polymorphisms on traits of economic 
interest is their relationship with the cheese-making 
properties of milk (see review by Caroli et al., 2009), 
including milk coagulation properties. 

  Some studies have found an association of genetic 
polymorphism of κ-CN with milk coagulation traits 
(Macheboeuf et al., 1993; Ikonen et al., 1997; Mayer et 
al., 1997) and protein percentage (Aleandri et al., 1990; 
Bovenhuis et al., 1992; Ikonen et al., 1999b), whereas 
the β-CN polymorphism was found to be related to fat 
percentage and fat and protein yields (Bovenhuis et 
al., 1992; Ikonen et al., 1999b). Many of the studies, 
however, had small sample sizes, with small coverage 
of the study population and limited variation in CN 
genotypes. Additionally, possibly because of the dif-
ferent breeds and different mathematical models used 
in the different studies, some results are inconsistent. 
Furthermore, because of the genetic linkage between 
the β-CN and κ-CN loci, composite β-κ-CN genotypes 
or haplotypes have been proposed for the estimation of 
CN genotype effects (Lundén et al., 1997; Ojala et al., 
1997; Comin et al., 2008) on milk performance traits. 

  Recently, large-scale studies have been conducted 
(Comin et al., 2008; Bonfatti et al., 2010a; Penasa et 
al., 2010), enabling a more accurate adjustment for 

1

   * Institute of Veterinary Medicine and Animal Sciences, Estonian University of Life Sciences, Kreutzwaldi 1, 51014 Tartu, Estonia 
   † Bio-Competence Centre of Healthy Dairy Products, Kreutzwaldi 1, 51014 Tartu, Estonia 
   ‡ Institute of Mathematical Statistics, University of Tartu, J. Liivi 2, 50409 Tartu, Estonia 

  

  

 Received March 1, 2012.
 Accepted July 22, 2012.
  1   Corresponding author:  mirjam.vallas@emu.ee 



Journal of Dairy Science Vol. 95 No. 11, 2012

CASEIN GENOTYPE AND MILK COAGULATION 6761

CN genotype effects in the estimation of the additive 
genetic variance component of milk composition and 
coagulation traits. However, few studies have reported 
the presence of the β-CN I allele (Bonfatti et al., 
2010a,b; Visker et al., 2010), and no clear influence of 
this allele on milk coagulation traits has been reported. 
Furthermore, the authors are aware of only the small-
sample-size study by Ikonen et al. (1997) using β-κ-CN 
genotypes and repeated measurements, allowing the 
separation of variance components of additive genetic 
and permanent environmental effects in the model for 
analysis of variation in milk coagulation.

The aim of the present large-scale study, with repeat-
ed measurements, was to estimate the effect of com-
posite β-κ-CN genotypes on the coagulation properties 
and composition of milk and on the additive genetic 
variation of these traits in the Estonian Holstein dairy 
population.

Data

Milk samples from first- to third-lactation Estonian 
Holstein cows were collected during routine milk re-
cording, as part of a development project for the 
Bio-Competence Centre of Healthy Dairy Products in 
Estonia, from April 2005 to May 2010. The herds were 
milked 2 or 3 times a day. The individual milk samples 
from each cow were collected either as a mixture of all 
test-day milkings from the cow or as only the morn-
ing, afternoon, or evening milking of the cow on the 
test day. Milk samples were immediately preserved 
with Bronopol (Knoll Pharmaceuticals, Nottingham, 
UK) and stored at 4°C during the transportation and 
analysis periods. The individual milk samples of the 
cow were collected and analyzed for milk composition 
and coagulation traits, with intervals of 2 to 3 mo dur-
ing lactation (7 to 305 DIM).

Milk samples were excluded if the pH was lower than 
6.5, indicative of colostrum (Bhandari and Singh, 2002), 
the sample age was more than 12 d and, according to 
the recommendations of the International Committee 
for Animal Recording (ICAR, 2009), milk yield was less 
than 3 kg, fat content was outside the range of 1.5 to 
9%, and protein content was outside the range of 1 to 
7%. Noncoagulated milk samples (n = 138) were also 
removed. Further, individual cow lactations with fewer 
than 3 samples and herds with fewer than 5 cows were 
excluded.

The number of test-day records in the final data set 
was 23,970. Milk samples were collected from 2,859 
Estonian Holstein cows (daughters of 229 sires) from 

78 herds across the country. Each cow had 3 to 7 mea-
surements per lactation. The number of daughters per 
sire varied from 1 to 177. Additionally, a pedigree of 4 
generations of animals was used, which included 20,791 
animals.

Information about the cows, herds, and pedigree was 
obtained from the Estonian Animal Recording Centre 
(Tartu) and the Animal Breeders’ Association of Esto-
nia (Keava), and the database COAGEN, of the Bio-
Competence Centre of Healthy Dairy Products (Tartu, 
Estonia), was formed from these data.

Milk Sample Analysis

The test-day milk yield was recorded, and individual 
milk samples were analyzed for fat and protein percent-
ages by using MilkoScan 4000 and MilkoScan FT6000 
instruments (FOSS, Hillerød, Denmark), and for SCC 
by using Fossomatic 4000 and Fossomatic 5000 cell 
counters (FOSS), at the Milk Analysis Laboratory of 
the Estonian Animal Recording Centre, using methods 
suggested by the International Committee for Animal 
Recording (ICAR, 2009). Milk sample analysis included 
all individual milk samples, including milk samples col-
lected as a mixture of all test-day milkings of the cow. 
Somatic cell count values were log-transformed to SCS: 
SCS = log2(SCC/100,000) + 3.

The pH and milk coagulation properties were deter-
mined at the Milk Quality Laboratory of the Estonian 
University of Life Sciences, as described by Vallas et 
al. (2010). Briefly, a pH meter (Seven Multi, Mettler 
Toledo GmbH, Greifensee, Switzerland) was used for 
determination of the pH level of the milk before mea-
suring milk coagulation time (RCT, min) and curd 
firmness (a30, V), which were determined using an 
Optigraph (Ysebaert, Frepillon, France).

Genotyping of Milk Protein Variants

Genotyping was carried out in the Animal Genetics 
Laboratory at the Estonian University of Life Sciences 
and the database COACAS, of the Bio-Competence 
Centre of Healthy Dairy Products, was formed. Blood 
samples were collected in tubes containing K3EDTA. 
Deoxyribonucleic acid was extracted from whole blood 
using a commercial Genomic DNA Purification Kit 
(MBI Fermentas, Vilnius, Lithuania) and a Puregene 
DNA Purification System for Laboratory Use Blood 
Kit (Gentra Systems, Minneapolis, MN). The CN gene 
polymorphisms (SNP) were analyzed on the basis of 
nucleotide exchanges in codons 67, 93, 106, and 122 
of exon 7 in the β-CN gene (determining the variants 
A1, A2, A3, B, and I) and in codons 148 and 155 of 
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exon 4 in the κ-CN gene (A, B, and E variants). The 
primer design was based on GenBank sequence X14711 
for primer-specific PCR (allele-specific oligonucleotide-
PCR) to detect polymorphisms in the β-CN gene. Using 
the present set of primers enabled discrimination of the 
I allele, previously genotyped as A2. Polymorphisms in 
the κ-CN gene were analyzed according to the method 
described by Velmala et al. (1993), applying restriction 
analysis (restriction fragment length polymorphism-
PCR). The restriction fragment length polymorphism-
PCR and allele-specific oligonucleotide-PCR products 
were visualized by electrophoresis on 2% agarose gel 
and documented using Bio-Capt v. 12.5 software (Vil-
bert Lourmant, France). Samples with various milk 
protein genotypes were verified using DNA sequencing 
of the relevant chromosomal regions. Sequencing was 
performed using a BigDye Terminator v3.1 Cycle Se-
quencing Kit (Applied Biosystems, Carlsbad, CA) and 
analyzed using an ABI Prism 3130 Genetic Analyzer 
(Applied Biosystems).

Statistical Analysis

Two single-trait random regression animal models 
were applied to the studied traits. The full model was

 

y t b t c t F h

a

ijklmn p
p

p ip
p

p j k

lp
p

q

( ) lg ( ) lg ( )

lg

= + + + +

+

= =

=

∑ ∑

∑

μ
1

3

0

3

0
pp mp

p

r

p ijklmnt pe t t( ) lg ( ) ( ),+ +
=
∑
0

ε

 

where yijklmn(t) is the observation of milk coagulation 
traits (RCT and a30), milk yield, protein percentage, fat 
percentage, or SCS on the tth day in milk; μ is the 
overall mean; lgp(t) is the pth-order Legendre polyno-
mial of the tth DIM; bp is a fixed regression coefficient 
of the pth-order Legendre polynomial; cip is a fixed 
genotype-specific regression coefficient; Fj indicates a 
subclass of other fixed effects, including calving age 
(nested within lactation), sample age (only for milk 

coagulation traits), year-season of sampling, and year-
season of calving; hk is random herd effect; alp is a ran-
dom animal-specific regression coefficient of the qth-
order Legendre polynomial; pemp is a random permanent 
environment-specific regression coefficient of the rth-
order Legendre polynomial; and εijklmn(t) is the random 
error term. Orders q and r varied from 0 to 3, depend-
ing on the trait studied. The reduced model was the full 

model without the β-κ-CN genotype effect c tip
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The analyses were performed using ASReml (Gilm-
our et al., 2002). Further, composite genotype-specific 
lactation curves and dynamics of additive genetic varia-
tion during lactation were evaluated in SAS software 
version 9.2 (SAS Institute, 2008) based on the regres-
sion coefficients and covariance matrices of Legendre 
polynomials, respectively. Lactation total genotype ef-
fects for milk composition and coagulation traits were 
calculated as sums of differences between daily values 
of average and genotype-specific lactation curves ob-
tained by the full model.

Descriptive Statistics

Descriptive statistics for milk yield, composition, and 
coagulation traits are presented in Table 1. The number 
of test-day records was much higher in the first lacta-
tion; in the second and the third lactations, the number 
of cows decreased along with the number of test-day 
records.

Genotype frequencies of β-κ-CN genotypes are shown 
in Table 2. Two genotypes, A2A2AA and A1A2AA, 
were more frequent than the rest, with percentages of 
27.4 and 23.1%, respectively. The percentages of the 
remaining 31 genotypes were less than 8%, including 
20 genotypes with percentages less than 1%. These 
genotype frequencies were similar to those reported for 
Italian Holstein cows (Comin et al., 2008). Genotype 
A1IAE appeared only once and was therefore excluded 

Table 1. Descriptive statistics for milk coagulation and composition traits per lactation (mean ± SD) 

Trait
First lactation  
(n = 11,699)

Second lactation  
(n = 7,917)

Third lactation  
(n = 4,354)

Total  
(n = 23,970)

Milk coagulation time, min 10.65 ± 2.50 10.30 ± 2.04 9.51 ± 1.76 10.32 ± 2.27
Curd firmness, V 13.79 ± 3.93 13.69 ± 4.28 13.72 ± 4.29 13.74 ± 4.11
Milk yield, kg/d 25.76 ± 7.12 28.86 ± 9.72 30.28 ± 10.47 27.61 ± 8.91
Fat, % 4.05 ± 0.69 4.07 ± 0.80 4.07 ± 0.81 4.06 ± 0.75
Protein, % 3.36 ± 0.31 3.39 ± 0.35 3.38 ± 0.35 3.38 ± 0.33
SCS1 2.85 ± 1.88 3.52 ± 2.01 3.81 ± 2.01 3.25 ± 1.99
1SCS = [log2(SCC/100,000) + 3].
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from further statistical analyses. A Dutch Holstein-
Friesian investigation inferring β-κ-CN haplotypes 
showed that β-CN protein variant I occurred only with 
κ-CN variant B (Visker et al. 2010). The very rare β-κ-
CN genotype A1IAE showed the presence of different 
combinations of the β-CN I allele with the κ-CN vari-
ant other than the B allele in our study. However, of 
344 animals having at least 1 β-CN I allele, 343 also 
had at least 1 κ-CN B allele. The rare κ-CN genotype 
EE was associated only with the β-CN A1A1 genotype. 
Genotypes BE and AE of κ-CN were also mainly as-

sociated with β-CN genotypes that included the A1 
allele. The β-κ-CN A1E haplotype was also observed in 
the popular Finnish Ayrshire bull Mäkimattilan Inssi 
in the study by Velmala et al. (1995), in which the E 
allele was exclusively found in this haplotype.

 

Associations between β-κ-CN genotypes and milk 
composition and coagulation traits are presented in 

Table 2. Distribution of casein genotypes [no. (%)]: marginal genotype frequencies of β-casein (last column), κ-CN (upper row) and frequencies 
of composite β-κ-casein genotypes 

β-CN  
genotype

κ-CN genotype

Total no. (%)AA AB AE BB BE EE

1,561 (54.6) 812 (28.4) 287 (10.0) 114 (4.0) 77 (2.7) 8 (0.3) 2,859 (100)

A1A1 112 (3.9) 44 (1.5) 70 (2.4) 3 (0.1) 17 (0.6) 8 (0.3) 254 (8.9)
A1A2 659 (23.1) 210 (7.3) 213 (7.5) 18 (0.6) 29 (1.0)  1,129 (39.5)
A1B  43 (1.5)  12 (0.4) 9 (0.3)  64 (2.2)
A1I  79 (2.8) 1 (0.0) 16 (0.6) 22 (0.7)  118 (4.1)
A2A2 783 (27.4) 176 (6.2) 3 (0.1) 4 (0.1)   966 (33.8)
A2A3 5 (0.2)      5 (0.2)
A2B 2 (0.1) 76 (2.7)  10 (0.3)   88 (3.1)
A2I  179 (6.3)  19 (0.7)   198 (7.0)
BB  3 (0.1)  6 (0.2)   9 (0.3)
BI  2 (0.1)  14 (0.5)   16 (0.6)
II    12 (0.4)   12 (0.4)

Figure 1. Estimated total β-κ-CN genotype effects for curd firmness (a30) and log-transformed milk coagulation time [log(RCT)] as devia-
tions from the overall mean. The genotypes in bold are those including the β-CN I allele; the 2 groups of genotypes surrounded by dotted lines 
comprise the κ-CN BB genotype (composite genotypes of favorable coagulation) or exclude the κ-CN B allele (except for 2 rare variants; com-
posite genotypes of unfavorable coagulation), respectively.
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Figures 1, 2, and 3. For the presented traits, the sig-
nificance values of a β-κ-CN genotype effect were P < 
0.001 for the RCT, a30, and protein percentage and P 
= 0.096 for the fat percentage. Additionally, dynamics 
of β-κ-CN genotype effects on milk coagulation traits 
and protein percentage during lactation are shown in 
Figures 4, 5, and 6.

The association of β-κ-CN genotypes with milk co-
agulation traits indicates that the genotypes related to 
the higher values of a30 also corresponded to a shorter 
RCT (Figure 1). The favorable β-κ-CN genotypes 
increasing the a30 and decreasing the RCT comprised 
genotype BB of κ-CN, whereas the unfavorable geno-
types decreasing the a30 and increasing the RCT ex-
cluded the B allele of κ-CN (including 2 more frequent 
genotypes, A2A2AA and A1A2AA). These groups, 
based on the κ-CN genotype in the β-κ-CN composite 
genotype, are designated with dotted lines in Figure 
1. A similar effect of the κ-CN B allele was reported 
by Comin et al. (2008). As in the studies by Comin 
et al. (2008) and Bonfatti et al. (2010a), a favorable 
effect of the β-CN B allele on milk coagulation traits 
was found in the present study. As indicated by groups 
based on κ-CN genotypes (Figure 1), however, κ-CN 
seemed to have a greater influence on these traits, as 
was also suggested by Comin et al. (2008). Further-
more, the order of 3 κ-CN genotypes was clear for a30 
in the β-κ-CN composite genotypes: BB > AB > AA 

(Figures 1 and 2). This order of κ-CN genotypes cor-
responded to the concentration and proportion of κ-CN 
described by McLean et al. (1984), Ikonen et al. (1997), 
and Hallén et al. (2008). Therefore, the association of 
the κ-CN B variant with milk coagulation traits may 
be due to an alteration in protein composition, as was 
also suggested by Bonfatti et al. (2010a). No clear supe-
riority of genotypes was observed, including the β-CN 
I allele for either of the milk coagulation properties. 
However, genotypes including the I allele were all (with 
one exception) above the a30 mean and were close to 
the mean for RCT. Only the A1IBE genotype showed 
an unfavorable effect for both milk coagulation traits, 
which might have been caused by the negative effect of 
the κ-CN E allele on milk coagulation, as previously 
reported by Ojala et al. (2005) and Hallén et al. (2007).

Genotype BB of κ-CN showed no association with 
protein percentage, whereas the group of genotypes 
lacking the B allele of κ-CN (excluding the rare geno-
types A2A2AE and A2A3AA, where the effect may be 
uncertain) corresponded to a lower protein percentage 
(Figure 2). The latter result is in accordance with pre-
vious studies of Bonfatti et al. (2010b) and Visker et 
al. (2010) but disagrees with the result of Comin et 
al. (2008), who found no association between protein 
percentage and κ-CN genotypes. The I allele of β-CN 
had a positive effect on protein percentage. This result 
confirms the report by Visker et al. (2010), who also 

Figure 2. Estimated total β-κ-CN genotype effects for protein percentage and curd firmness (a30) as deviations from the overall mean. 
Genotypes in bold are those including the β-CN I allele; the 2 groups of genotypes surrounded by dotted lines comprise the κ-CN BB genotype 
or exclude the κ-CN B allele (except for 2 rare variants), respectively.
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found a positive effect of the β-CN I variant on pro-
tein percentage. The favorable association of β-κ-CN 
haplotype IB with protein percentage, however, seemed 
to occur from the positive effect of the β-CN I variant 
rather than from the effect of the κ-CN B variant (Fig-
ure 2). At the same time, all genotypes (except one) 
potentially incorporating the β-κ-CN haplotype IB had 
a positive effect on a30 (Figures 1 and 2), confirming 
the favorable effect of this haplotype on a30. The posi-
tive effect of β-κ-CN haplotype IB on a30 has not been 
reported previously. A slight increase in the protein 
percentage associated with haplotype IB has also been 
reported by Bonfatti et al. (2010b).

Genotypes related to a higher protein percentage 
were also related to a higher fat percentage (Figure 
3), but no specific groups of genotypes could be de-
termined. The effect of the β-κ-CN genotype on milk 
yield and SCS was not significant. These results agree 
with those in previous studies by Comin et al. (2008), 
Bonfatti et al. (2010b), and Visker et al. (2010). How-
ever, the 2 more frequent β-κ-CN genotypes, A2A2AA 
and A1A2AA, had a moderately positive effect on milk 
yield albeit not statistically significant.

The β-κ-CN genotype-specific lactation curves were 
significantly different for milk coagulation traits and 
milk protein percentage (P < 0.05). The analysis of 
covariance functions showed that the β-κ-CN genotype 

Figure 3. Estimated total β-κ-CN genotype effects for fat percentage and protein percentage as deviations from the overall mean. Genotypes 
in bold are those including the β-CN I allele.

Figure 4. Genotype-specific curves for β-κ-CN genotypes with a 
frequency above 10 for curd firmness (a30). The genotypes with higher 
frequencies are presented in panel a, and less frequent genotypes are 
presented in panel b. Genotype frequencies are presented in parenthe-
ses. Color version available in the online PDF.
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effect mainly caused changes in the proportion of addi-
tive genetic variation, whereas the dynamics (the shape 
of the curve) remained largely the same (Figure 7).

Inclusion of a β-κ-CN genotype effect into the model 
resulted in a decrease in the mean additive genetic vari-
ance by 12.9% for RCT, and by 51.1% for a30 (Table 
3). The result for a30 was similar to the decrease of 68% 
reported by Penasa et al. (2010), whereas the decrease 
for RCT was comparable with the 20% decrease de-
scribed by Ikonen et al. (1999a). However, the study 
by Ikonen et al. (1999a) included both Finnish Friesian 
and Finnish Ayrshire breeds and additionally consid-
ered a β-LG effect. Similar to the reports by Penasa et 
al. (2010) and Ikonen et al. (1999a), the β-κ-CN geno-
type effects on milk yield, protein and fat percentages, 
and SCS additive genetic variance were marginal. The 
cows in the studies by Penasa et al. (2010) and Ikonen 
et al. (1999a) were sampled only once; consequently, 
the animal models in these studies did not include a 

permanent environmental variance component, which 
may have caused some of the difference in their results 
compared with the present study regarding the effect 
of milk protein polymorphism on the additive genetic 
variance. Analyses of the permanent environmental 
variance showed that the inclusion of a β-κ-CN geno-
type effect caused an increase in this parameter (Table 
3). Inclusion of the β-κ-CN genotype effect allowed 
more precise distinction of the additive genetic and the 
animal-specific permanent effects, which could explain 
the increase in permanent environmental variance.

This study included 2,859 Estonian Holstein cows. 
The most frequent β-κ-CN composite genotypes were 
A2A2AA and A1A2AA, both with prevalence greater 
than 20%. These genotypes had unfavorable effects on 
RCT and a30. Of the 344 animals that had at least 1 

Figure 5. Genotype-specific curves for β-κ-CN genotypes with 
a frequency above 10 for log-transformed milk coagulation time 
[log(RCT)]. The genotypes with higher frequencies are presented in 
panel a, and less frequent genotypes are presented in panel b. Genotype 
frequencies are presented in parentheses. Color version available in the 
online PDF.

Figure 6. Genotype-specific curves for β-κ-CN genotypes with a 
frequency above 10 for protein percentage. The genotypes with higher 
frequencies are presented in panel a, and less frequent genotypes are 
presented in panel b. Genotype frequencies are presented in parenthe-
ses. Color version available in the online PDF.
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Table 3. Lactation curve means for dispersion components of the additive genetic (σ2
a) and permanent environmental (σ2

pe) effects, estimated 
with random regression animal models excluding or including the β-κ-CN genotype effect (models 1 and 2, respectively) 

Trait

Mean of σ2
a

Relative 
difference Mean of σ2

pe

Relative 
difference

Model 1 Model 2
Model 2 

− model 1,1 % Model 1 Model 2
Model 2 

− model 1,1 %

Log(RCT),2 min 0.0107 0.0093 −12.9 0.0031 0.0035 14.6
Curd firmness, V 7.1483 3.4949 −51.1 NE3 1.0809 NE
Milk yield, kg/d 10.7748 10.3217 −4.2 8.0809 8.4902 5.1
Fat, % 0.1204 0.1176 −2.4 0.0388 0.0405 4.6
Protein, % 0.0313 0.0294 −5.9 0.0028 0.0035 27.7
SCS4 0.2189 0.2207 0.8 0.7950 0.7968 0.2
1[(Model 2 – model 1)/model 2] × 100.
2Log-transformed milk coagulation time.
3NE = not estimable.
4SCS = [log2(SCC/100,000) + 3].

Figure 7. Dynamics of additive genetic variance of milk coagulation [log(RCT) and a30] and composition traits during lactation (7 to 305 
DIM) considering the β-κ-CN genotype effect (solid line) and excluding the β-κ-CN genotype effect (dashed line) as a third-order Legendre 
polynomial of DIM. a30 = curd firmness; log(RCT) = log-transformed milk coagulation time.
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β-CN I allele, 343 also had at least 1 κ-CN B allele, 
a strong indication of the existence of a β-κ-CN IB 
haplotype. The B variant of κ-CN showed a favorable 
effect on both milk coagulation traits, whereas the IB 
haplotype had an increasing effect on a30 and protein 
percentage. The composite β-κ-CN genotypes influ-
enced the additive genetic variance of milk coagulation 
traits, whereas changes in the additive genetic variance 
of milk composition traits were marginal.

Thus, considering the high frequency of unfavorable 
β-κ-CN genotypes for milk coagulation traits, and the 
positive association of the β-κ-CN IB haplotype with 
a30 and protein percentage, selection based on the β-κ-
CN genotype for these traits could be a consideration. 
Genetic improvement is expected to be higher for milk 
coagulation properties because the influence of the β-κ-
CN genotype on the additive genetic variation of these 
milk properties was stronger than its influence on the 
additive genetic variation of milk composition traits.
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