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ABSTRACT - The objective of this study was to evaluate the effect of genetic polymorphism of kappa-casein, breed
and seasonality on the physicochemical characteristics, composition and stability of milk in commercial dairy herds. A total
of 879 milk and blood samples were collected from 603 Holstein and 276 Girolando cows, obtained during rainy and dry
seasons. Milk samples were analyzed to determine the physicochemical characteristics, composition and ethanol stability,
while blood samples were subjected to polymerase chain reaction to identify the kappa-casein genotype. The frequencies
of genotypes AA, AB and BB of k-casein were respectively, 66.83, 31.84 and 1.33% for Holstein, and 71.38, 27.90 and
0.72% for the Girolando cows, respectively. The A allele was more frequent than the B allele, both for Holstein (0.827
and 0.173) and Girolando cows (0.853 and 0.147), respectively. Cows of AB and BB genotypes showed a higher milk fat
content compared to the AA genotype. There was an interaction between breed and seasonality on the concentration of
milk urea with higher values for Holstein and Girolando cows in the rainy and dry season, respectively. The levels of lactose,
total solids, crude protein, true protein, casein and the casein:true protein ratio were higher during the dry season, while
during the rainy season, the somatic cell count and milk urea concentration were higher. There was no association between
milk stability and k-casein genotypes, but Holstein cows showed higher milk stability than Girolando cows, and milk was
more stable during the rainy season than during the dry season.
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Efeito do polimorfismo do gene da kappa-caseína, da raça e da
sazonalidade sobre as características físico-químicas, de composição e de

estabilidade do leite bovino

RESUMO - Objetivou-se avaliar o efeito do polimorfismo genético da kappa-caseína, da raça e da sazonalidade sobre
as características físico-químicas, a composição e a estabilidade do leite bovino de rebanhos comerciais. Foram coletadas
879 amostras de leite e de sangue de 603 vacas da raça Holandesa e 276 da raça Girolando, obtidas durante as estações seca
e chuvosa. As amostras de leite foram analisadas para determinação de características físico-químicas, de composição e de
estabilidade ao etanol, e as amostras de sangue foram submetidas à reação em cadeia da polimerase para identificação do
genótipo da kappa-caseína. As frequências dos genótipos AA, AB e BB da kappa-caseína foram, respectivamente, de 66,83;
31,84; e 1,33% para a raça Holandesa e 71,38; 27,90; e 0,72% para a Girolando. O alelo A foi mais frequente que o B, tanto
para a raça Holandesa (0,827 e 0,173) quanto para a Girolando (0,853 e 0,147). Vacas dos genótipos AB e BB apresentaram
maior teor de gordura no leite que as do genótipo AA. Houve interação entre raça e sazonalidade para a concentração de
ureia do leite, com maiores concentrações para as raças Holandesa e Girolando, respectivamente, nas estações chuvosa e
seca. Os teores de lactose, sólidos totais, proteína bruta, proteína verdadeira e caseína e a relação caseína/proteína verdadeira
foram maiores durante o período seco, enquanto, durante a estação chuvosa, a contagem de células somáticas e os teores
de nitrogênio ureico no leite foram maiores. Não houve associação entre a estabilidade do leite e os genótipos da kappa-
caseína, no entanto, o leite de vacas Holandesas é mais estável que o de vacas Girolando e, durante a estação chuvosa, apresenta
maior estabilidade que na estação seca.

Palavras-chave: acidez titulável, crioscopia, prova de resistência ao álcool, reação em cadeia da polimerase, vaca leiteira,
variante genética
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Introduction

Kappa-casein (k-casein) represents up to 12% of the
total casein in bovine milk (Fox & Brodkorb, 2008). This
protein is encoded by a trait locus at chromosome 6 and
comprises a sequence of 162 amino acids (Rijnkels, 2002).
The two main k-casein variants, A and B, differ in the amino
acids at positions 136 (Thr for Ile) and 148 (Asp for Ala)
(Alexander et al., 1988).

Reports on the association of k-casein genetic
variants and milk composition have somewhat conflicting
results (Molina et al., 2006; Hallen et al., 2008). Ng-Kwai-
Hang et al. (1990) reported changes in milk protein
concentrations due to the k-casein genotypes A and B.
However, Haenlein et al. (1987) found no effect of  k-casein
variants on milk crude protein, while others reported higher
contents of protein (Stevanovic et al., 2000) and caseins
(Molina et al., 2006) in allele B  k-casein cow milk.

Heat stability of milk refers to the timeline in which heat-
induced changes occur in milk, i.e. coagulation, under
defined pH and temperature (Singh, 2004). The ethanol
stability test has been widely adopted by the dairy industry
to evaluate this characteristic (O’Connell et al., 2001).
However, similarly to milk composition, associations of
k-casein genotypes and milk stability have also shown
discordant outcomes. Imafidon et al. (1991) and Robitaille
(1995) suggested that k-casein AA genotype milk is
more stable in the ethanol test, while Paterson et al. (1999)
found higher stability in k-casein BB milk.

Factors other than genetic polymorphism of milk
proteins, e.g. seasonal variations (Lindmark-Mänsson et al.,
2003; Teixeira et al., 2003) and animal breed  (Auldist et al.,
1998; Arunvipas et al. 2003) are also associated with milk
compositional changes and their effects on milk heat
stability  (Botaro et al., 2007), but their interaction with
k-casein genetic variants has not been studied yet. Moreover,
results on the association between k-casein genetic
variants of Girolando cows and milk composition of this
Bos indicus breed are still rare (Teodoro & Madalena, 2003).

Thus, the objective of this study was to evaluate the
effect of genetic polymorphism of k-casein on the
physicochemical, composition and stability of milk
produced by Holstein and Girolando cows, during the
dry and rainy seasons.

Material and Methods

Eleven commercial dairy herds from the Pirassununga
region, São Paulo state, Brazil, were selected for this
experiment. Six herds  consisted of Girolando (crossbred

Holstein-Zebu cows) and five of Holstein cows. A total of
879 milk and blood samples were taken from 603 Holstein
and 276 Girolando lactating cows during two dry seasons
and two rainy seasons (Sampling period #1, September and
October, 2003; Sampling period #2, June and July, 2004;
Sampling period #3, November and December, 2004; and
Sampling period #4, January and February, 2005).

The rainy season was defined as the period  between
November and April, and the dry season, as the period
between May and October. The classification between
rainy and dry seasons was based on two well-established
seasons in Southeast Brazil, which have a direct impact on
feed availability and milk composition of dairy herds. This
procedure separated the effects of seasonality on milk
composition among the studied herds.

In each dairy herd, the sampled cows had to fulfill the
following criteria: first to third lactation, and between 30 to
250 days of lactation. Girolando cows should be 1/2, 3/4 and
3/8 Zebu/Holstein. Cows with clinical mastitis, or submitted
to mastitis treatment less than two weeks before milk
sampling, were excluded from this study. Additionally, at
the moment of milk sampling, information of each selected
dairy cow was registered, such as age, days in lactation and
type of feeding system (pasture, supplemented pasture or
total mixed ration).

Milk samples were collected during the morning milkings
in order to represent the whole milking of each animal. A
hundred mL of milk were collected directly from the collection
bucket immediately after the cow was milked, or during
milking, using flux measurement devices connected to the
milk line. Collected samples were split into two flasks: one
treated with bronopol (Boots Microcheck, Nottingham,
England) was used for fat, lactose, total solids, milk urea
nitrogen and somatic cells count determinations; and the
other was cooled and stored until physicochemical
characteristics analysis and the ethanol stability test up to
six hours after collection. Milk physicochemical
characteristics – pH, titratable  acidity (°D) and cryoscopy
(°H) – were determined as described by Pereira et al. (2001).

Milk samples were sent to the Clínica do Leite (“Luiz de
Queiroz” Agricultural College – ESALQ, Piracicaba, Brazil)
to determine fat, lactose and total solids using the Bentley
2000 equipment (Bentley, Chasca, MN, USA), according to
the infrared absorption methodology (Bentley, 1995a). Milk
urea nitrogen (MUN) was determined by the colorimetric-
enzymatic method (Bentley, 1998), using the Chemspec 150
(Bentley Instruments Inc., Chasca, MN, USA). Somatic
cells were electronically counted with the Somacount 300
equipment (Bentley, Chasca, MN, USA), according to the
cytometry flow methodology (Bentley, 1995b), and
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converted to logarithm scale (LogSCC). Milk protein
fractions were analyzed for total nitrogen (AOAC, 1990;
method 33.2.11; 991.20), non-casein nitrogen (NCN)
(Lynch et al. 1998) and non-protein nitrogen (NPN)
concentrations (AOAC, 1995; method 33.2.12; 991.21). In
order to express the results as protein equivalent, total
nitrogen values found in the milk analyses were multiplied
by 6.38 (Barbano et al. 1990). Milk true protein (MTP) and
casein concentrations were obtained by difference
according to: crude protein – (NPN × 6.38) = milk true
protein, and MTP – (NNC × 6.38) = casein, respectively.

Milk stability was determined by the ethanol test
according to Davies & White (1958), with alcoholic
solutions at 70, 76, 80 and 84ºGL (v/v). Given results were
classified as stable (without coagulation) or unstable (with
coagulation), according to the alcohol solution used.

To determine the genetic polymorphism of kappa-
casein, 10 ml blood were collected from peripheral blood
vessels, in heparinized sterile glass tubes, from each
animal selected, which were frozen at -20°C until the time
of analysis.

DNA was extracted from each blood sample accordingly
to Sambrook et al. (1989). Extracted DNA samples were
submitted to PCR (polymerase chain reaction) amplification.
Primers used for DNA amplification were synthesized by
Invitrogen® Custom Primers (Inivitrogen Corp., Carlsbad,
California, USA), according to the sequence described by
Cronin & Cockett (1993):

Forward - 5’GTGCTGAGYAGGTATCCTAG3’
Reverse - 5’GTAGAGTGCAACAACACTGG3’
These primers amplified a 99 bp region in exon IV of the

k-casein gene. The amplified region comprises the
nucleotide substitution responsible for differentiating A
and B genetic variants of the gene. Each amplification
reaction consisted of PCR buffer 1X (KCl 500 mM, Tris-Cl
pH 8.3 100 mM), 0.1 μL of the described primers, 2 μL dNTP
(0.125 mM), 0.1μL Taq polymerase (Cenbiot/RS, PHN/MG),
0.75 μL MgCl2 (Cenbiot/RS, PHN/MG), 5 μL of DNA and
mili-Q water qsp 25 μL. In all amplified reactions, a control
(blank/no-DNA) was used to confirm the absence of
contamination during the analysis. The amplification
process of each reaction was carried on a PTC 100-MJ
Research thermocycler® (MJ Research, Inc., Watertown,
Massachussets, USA). Each reaction was based on the
following program: inicial five- minute denaturation at 95°C
followed by 35 cycles at 95°C for one minute, 57°C for one
minute and 72°C for three minutes, with final extension at
72°C for five minutes, followed by five minutes at 4°C.

Targeted DNA fragment amplification of the samples
was confirmed in  2% agarose gel electrophoresis, immersed

in  1X TBE buffer for  40 minutes at 100 Volts. The PCR
product (20 μL) was then submitted to the restriction
fragment length polymorphism process (RFLP), and digested
by the restriction enzyme Hind III (Invitrogen Corp.,
Carlsbad, California, USA), according to Cronin & Cockett
(1993), in order to show the presence of either AA, AB or
BB genotypes. Hind III cleaved amplified fragments in 99
bp (AA genotype), 65 and 34 bp (BB genotype), or a
combination of both (AB genotype), with 34, 65 and 99 bp.
The DNA template was amplified and cleaved in PCR
plates. Thus the presence of the heterozygous AB
confirmed the effectiveness of the RFLP process. After
identifying the k-casein gene, the genotype and allele
frequencies for the studied herd were obtained.

Data were submitted to descriptive statistics (arithmetic
mean and standard mean error) by PROC MEANS of SAS
(SAS, 2001) and analysis of variance was performed using
PROC GLM. In order to prepare data for statistical analysis,
the cows were distributed according to k-casein genetic
variants (AA, BB and AB), breed (Holstein and Girolando)
and seasonality (rainy and dry seasons). Analysis of
variances were made using a mathematical model, in which
dependent variables were considered the physicochemical
characteristics of milk (acidity, pH and freezing point) and
composition, and the fixed effects were the k-casein
variants, breed and seasonality:

MC, PCilmn = μ + Hi(B)l+ Bl + Pm + Sn + Pm*Bl + Pm*Sn
+ Bl*Sn + Pm*Sm+eilmn, where MC = milk composition and
PC = physicochemical; μ = overall average of the
characteristic; Hi(B)l = [Breed (l = Holstein and Girolando)
nested with H = herd (i=1 to 11)]; Pm = k-casein genotypes
(m = AA, AB and BB); Sn = seasonality (n = rainy and dry
season); e = random error.

The association of milk stability and studied factors
was analyzed by the chi-square test (χ2) with SAS PROC
FREQ. Results were declared statistically different at a level
of 5% significance.

Results and Discussion

Allele A was found more frequently than B in both
breeds (Table 1). Kappa-casein AA genotype was present
at a higher frequency for both Holstein (66.38%) and
Girolando (71.38%) cows, followed by AB (31.84% and
27.90%, respectively) and BB (1.33% and 0.72%,
respectively).

The kappa-casein allele frequencies among the
studied animals were similar to those observed by Oner &
Elmaci, (2006), who found frequencies of 0.712 and 0.288,
for k-casein A and B, respectively, for Holstein cows. The
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relative genotype frequencies reported by these authors
also predominanted for k-casein AA (69.75%), followed
by AB (18.54%) and BB (12%). Silva & Del Lama (1997)
assessed k-casein genotypes of four different Bos
indicus breeds (Gir, Guzerá, Sindhi and Nellore) and found
that the A allele was most frequently found in all the
studied breeds (0.95, 0.80, 0.66 and 0.97, respectively).

Milk physicochemical characteristics were not
influenced by k-casein polymorphism, nor by any interaction
among the studied gene, breeds and seasonality (Table 2),
and nor by a triple interaction among factors.

No reports about the association of titratable acidity,
pH, milk freezing point and k-casein genetic variants
were found. However, some studies on the differences
in amino acid composition expressed by the k-casein
genetic variants partly explain the structural differences
of translated proteins. These changes range from net
charge, hydrophobicity, degree of phorphorilation and
glycosylation, and can thus partially explain the observed
changes in milk protein behavior during thermal processing
of dairy products (Ng-Kwai-Hang, 1998).

Milk fat was influenced by k-casein variants and was
found to be higher in milk of the AB cows, followed by AA
and BB (3.38, 3.25, and 3.14% respectively). These results

are different from those reported by Ng-Kwai-Hang (1997),
who indicated higher fat content, protein and casein in
k-casein B allele milk. Ng-Kwai-Hang et al. (1990) also
observed higher fat content in k-casein BB animals
compared to AA and AB cows.

Similarly to results reported by Haenlein et al. (1987),
total protein was not influenced by k-casein variants.
However, some authors have demonstrated that the B
allele of k-casein in cattle is correlated with increased
protein production in milk compared to allele A (Stevanovic
et al., 2000; Molina et al., 2006). According to Bobe et al.
(1999), this occurs because nucleotide changes that
distinguish the B allele of k-casein A are responsible for
the phenotypic expression of k-casein protein, which
could justify the higher numerical values for the observed
levels of milk crude protein, true protein, casein and the
casein:true protein ratio of BB k-casein animals in the
present experiment.

Except for titratable acidity, pH and fat, the
physicochemical characteristics and milk composition
were influenced by seasonality (Table 3). Average values
for fat content were 3.29% and 3.30% during the dry and
rainy seasons, respectively. Results are similar to those
found by Silva (2003), who described levels of 3.30 and

Breed Genotype frequencies Allele frequencies.(±SEM(a))

Genotypes N observed %

Holstein AA 4 0 3 66.83
AB 1 9 2 31.84 A= 0.8275 ± 0.0217
BB 8 1.33 B= 0.1724 ± 0.0217

Total 6 0 3

Girolando AA 1 9 7 71.38
AB 77 27.90 A= 0.8532 ± 0.0253
BB 2 0.72 B= 0.1467 ± 0.0253

Total 2 7 6

(a) Standard mean error, according to Oner & Elmaci (2006).

Table 1 - Distribution of k-casein gene and allele frequencies for Holstein and Girolando cows

Variable k-casein polimorphism P

N AA N AB N BB

Titratable acidity (°D) 5 8 7 16.44 2 5 2 16.53 10 16.60 0.825
pH 5 5 7 6.78 2 4 8 6.779 8 6.76 0.886
Cryoscopy (°H) 5 5 0 -0.539 2 5 0 -0.540 9 -0.539 0.935
Fat (%) 5 5 3 3.25b 2 4 7 3.38a 10 3.14ab 0.041
Lactose (%) 5 7 9 4.45 2 6 0 4.45 10 4.47 0.950
Total solids (%) 5 7 0 11.78 2 5 5 11.91 10 11.54 0.105
SCC (×103 cells/mL) 6 0 0 2 4 5 2 7 0 2 4 6 10 2 4 7 0.999
MUN (mg/dL) 5 8 4 16.01 2 6 5 16.05 10 15.63 0.950
Total protein (%) 5 5 3 3.12 2 4 4 3.11 10 3.14 0.857
Milk true protein (%) 5 2 2 2.90 2 3 7 2.88 10 2.94 0.546
Casein (%) 4 8 4 2.10 2 2 1 2.09 8 2.16 0.808
Casein:MTP 4 8 4 0.72 2 2 1 0.72 8 0.74 0.471
a,b Means with different upper case letters differ within the rainy season by Tukey test.

Table 2 - Effect of k-casein polymorphism on physicochemical characteristics and milk composition
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3.48%, respectively, in milk samples obtained during the
dry and rainy seasons in São Paulo.

Concentrations of total solids (11.67%), crude protein
(3.08%), milk true protein (2.85%), casein (2.01%) and
the casein:true protein ratio (0.70) were lower during the
rainy season compared with the dry season. However,
Teixeira et al. (2003) found no effect of seasonality on fat
and the other milk solids concentration. Moreover, these
authors observed that seasonal fluctuations in fat and milk
protein showed opposite trends to those seen for milk yield:
higher during winter (dry season) and lower in summer
months (rainy season). Differences between the seasonality
effects on milk composition may be associated with reduced
quality and availability of feed provided to animals during
dry periods that limit energy supply to the mammary tissue
epithelium, and thus, mammary secretion of milk components
(Ponce & Hernandéz, 2001).

Regardless of the fact that the average freezing point
observed in this study (< -0,530ºH) is in compliance with
the Brazilian milk ordinance (Brasil, 2002), it was lower
(-0.541°H) in the rainy season compared with the dry
period (-0.538°H). Lindmark-Månsson et al. (2003) evaluated
milk physicochemical characteristics of Swedish dairy herds
and reported effect of seasonality on freezing point values
(-0.552 and -0.541°H, in the summer and winter, respectively).
Schukken et al. (1992), in contrast, reported higher milk
freezing point values in summer (June and July), and lower
in winter (December and January) of Canadian dairy herds.
In São Paulo, Rodas et al. (1999) also observed variation in
cryoscopy of milk samples throughout the year and
attributed the occurrence to changes in climate, which
impacts nutritional management of herds, since lower
values are associated with the season in which nutrients
are less available in feed.

In the present study, during the dry season, the
average SCC was lower and lactose content higher than
those observed in the rainy season. In Goiás, Bueno et al.
(2005) also observed a reduction of lactose content when
SCC increased (342,000 cells/mL). This reduction might
occur because of tissue damage and the increased efflux
of carbohydrates from the alveolar lumen into the
bloodstream (Bansal et al., 2005). Clinical cases of mastitis
increase in this period because of greater rainfall and
temperature, which increase susceptibility to intramammary
infections because  the gland is more exposed to adverse
environmental conditions and, thus, pathogens (Santos
& Fonseca, 2006).

Holstein cow milk had lower titratable acidity average
and higher MUN and crude protein contents than those
observed for Girolando cows (Table 4), although no other
variable seemed to be influenced by the studied breeds.
In the present study, the average fat contents were 3.30
and 3.25% for Holstein and Girolando cows. Assessing
milk composition of Holstein cows, Teixeira et al. (2003)
and Ribas et al. (2004) reported average fat concentrations
of 3.23 and 3.57%, respectively. In data compiled from
24,299 Gir cows, Verneque et al. (2005) found a fat average
of 3.92%, SD ± 0.80.

Milk crude protein of Holstein cows detected in this
study (3.13%) was higher than that of Girolando cows
(3.09%), unlike values described by Teixeira et al. (2003)
and Ribas et al. (2004) for Holstein cows, who reported
3.11 and 3.14%, respectively. Verneque et al. (2005) reported
crude protein of 3.31% for Gir cows, higher than those
found in this study.

MUN was the only response in which interaction
between breed and seasonality was observed. Milk from
Holstein cows showed higher concentrations of MUN

(a) Standard mean error. *P<0.05; **P<0.01.

 Season

Variable Rainy Dry

N Mean SEM (a) N Mean SEM (a)

Titratable acidity (°D) 3 0 8 16.68 0.108 5 4 1 16.38 0.088
pH 3 0 5 6.80 0.005 5 0 8 6.77 0.005
Cryoscopy (°H) 2 8 9 -0.541** 0.001 5 2 0 -0.538** 0.001
Fat (%) 2 8 9 3.30 0.043 5 2 1 3.29 0.031
Lactose (%) 3 0 4 4.35** 0.013 5 4 5 4.50** 0.010
Total solids (%) 3 0 2 11.67** 0.056 5 3 3 11.90** 0.038
SCC (×103 cells/mL) 3 1 2 288* 0.035 5 6 8 224* 0.028
MUN (mg/dL) 2 9 8 16.34** 0.295 5 6 1 15.85** 0.163
Total protein (%) 2 6 3 3.08** 0.017 5 4 4 3.14** 0.012
Milk true protein (%) 2 2 7 2.85** 0.019 5 4 2 2.91** 0.012
Casein (%) 1 8 2 2.01** 0.023 5 3 1 2.13** 0.012
Casein:MTP 1 8 2 0.70** 0.004 5 3 1 0.73** 0.002

Table 3 - Effect of seasonality on physicochemical characteristics and milk composition
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during the rainy season than in the dry season (18.02
vs.15.98 mg/dL), while this nitrogen fraction in Girolando
milk was higher in the dry period compared with the rainy
period (15.54 vs.12.90 mg/dL). This result suggested that
the increase in Girolando MUN might be related to
inadequate availability of pasture and excessive NPN
sources fed to the animals during the dry period. According
to Arunvipas et al. (2003), non-nutritional factors, such as
breed, stage of lactation and cow pregnancy, milk yield
and composition explained 13.3% of the variability in milk
urea nitrogen concentrations.

Table 5 shows the results of milk stability according to
k-casein polymorphism. A total of 268 out of 879 milk
samples (30.49%) showed instability in the ethanol test, in
any of the ethanol solutions. Among the unstable samples,
191 were from k-casein AA cows, 75 from the AB genotype
and two belonged BB k-casein cows. There was no
association between the occurrence of sample coagulation
and the k-casein genotypes (P = 0.388). Therefore, the
observed differences in the milk stability and the ethanol
stability test expressed only a random variation, without
the influence of the studied genotypes AA, AB and BB.

The average ethanol concentrations at which the AA,
AB and BB milk samples coagulated were 79.16, 78.77 and
84ºGL, respectively. These findings differed from those
reported by Feagan et al. (1972), who found higher milk

stability among k-casein AB cows, followed by AA and
BB cows. Higher stability of AB k-casein milk was also
observed by Imafidon et al. (1991). Despite the evident
differences in behavior of milk when subjected to heat
treatment, it is still unclear whether the effect depends
only on the conformation of k-casein protein transcribed
by its gene and its thermal reactivity (Singh, 2004), or on
its binding to the beta-lactoglobulin protein contained in
the given milk (Imafidon et al., 1991; Robitaille, 1995).

The association between milk stability and the
studied breeds was observed (P<0.001). A total of 465
out of 603 milk samples from Holstein cows (77.11%) did
not clot in the ethanol test. On the other hand, only
52.90% (146 out of 276) of milk samples taken from
Girolando cows were stable (Table 6). Given the conditions
of this study, the Holstein cows yielded more stable milk
compared to the Girolando cows. This result could be
explained by Janu et al. (2007), whose findings indicated
that the higher milk yield Holstein cows had the less
stable milk.

Milk stability was associated with seasonality (P = 0.014)
and was higher during the rainy season compared with the
dry season (Table 6). During the dry period, 189 milk
samples out of 567 clotted (33.3%), when 30.49% were
expected to coagulate, while 66.67% (378 samples) showed
no instability during the same period regardless of the

Breed

Variable Holstein Girolando

N Mean SEM (a) N Mean SEM (a)

Titratable acidity (°D) 5 8 7 16.15* 0.083 2 6 2 17.08* 0.116
pH 5 4 2 6.80 0.005 2 7 1 6.75 0.007
Cryoscopy (°H) 5 5 1 -0.540 0.001 2 5 8 -0.539 0.001
Fat (%) 5 6 1 3.30 0.030 2 4 9 3.25 0.046
Lactose (%) 5 7 9 4.44 0.010 2 7 0 4.47 0.015
Total solids (%) 5 7 3 11.84 0.038 2 6 2 11.76 0.059
SCC (×103 cells/mL) 6 0 4 2 4 5 0.026 2 7 6 2 4 5 0.040
MUN (mg/dL) 5 9 3 16.67** 0.164 2 6 6 14.57** 0.288
Total protein (%) 5 5 8 3.13* 0.012 2 4 9 3.09* 0.018
Milk true protein (%) 5 3 5 2.91 0.012 2 3 4 2.87 0.019
Casein (%) 4 9 8 2.11 0.013 2 1 5 0.02 2.075
Casein:MTP 4 9 8 0.72 0.002 2 1 5 0.70 0.722

(a) Standard mean error. *P<0.05; **P<0.01.

Table 4 - Effect of breed on physicochemical characteristics and milk composition

Genotype Unstable Stable Total

Observed Expected Observed Expected

AA 191 (31.83%) 182.94 409 (68,17%) 417,06 6 0 0
AB 75 (27.88%) 82.02 194 (72,12%) 186,98 2 6 9
BB 2 (20%) 3.05 8 (80%) 6,95 10
Total 268 (30.49%) 611 (69.51%) 8 7 9

Table 5 - Distribution of stable and unstable milk samples, according to stability and k-casein polymorphism
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concentration of ethanol solution used for the test. In the
rainy season 74.68% (312 samples) did not coagulate at
any ethanol solution used, when the  Chi-square expected
frequency was 69.51%. This might be explained by
differences in milk composition that normally occur
between the dry and rainy seasons, which was also
observed in this study, especially regarding the milk
nitrogen fraction. Normally, this change occurs because

of changes in diet fed to cows, and is inversely related to
the variations in milk production. Thus, in general,
protein and casein concentrations during the dry season
are higher than in the summertime (rainy season). The milk
composition can have a decisive impact on its stability,
especially in samples with lower casein concentrations,
which has greater stability at 72ºGL ethanol solution
(Chavez et al., 2004).

Unstable Stable Total P

Breed Observed Expected Observed Expected

Holstein 138 (22.89%) 183.85 465 (77.11%) 419.15 6 0 3 0.0001
Girolando 130 (47.10%) 84.15 146 (52.90%) 191.85 2 7 6
Season
Dry 189 (33.33%) 172.87 378 (66.67%) 394.13 5 6 7 0.014
Rainy 79 (25.32%) 95.13 233 (74.68%) 216.87 3 1 2
Total 268 (30.49%) 611 (69.51%) 8 7 9

Table 6 - Distribution of stable and unstable milk samples, according to breed and seasonality

Conclusions

The physicochemical characteristics and ethanol milk
stability test were not influenced by k-casein genetic
variants, whether for Holstein or Girolando milk. However,
k-casein genotypes influenced milk fat of both breeds.
Holstein cows yielded more stable milk during the rainy
season, with a higher content of milk urea nitrogen than
did the Girolando cows. Regardless of the period of the
year, the Holstein cows had higher milk crude protein,
while titratable acidity was higher for Girolando milk.
Concentrations of lactose, total solids, crude protein, milk
true protein, casein and the casein:milk true protein ratio
were higher during dry season. Cryoscopy values, somatic
cell counts and milk urea nitrogen were higher during rainy
season, regardless of the breed considered.
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