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Introduction

The Brown cattle, the second most high-producing 
after the Holstein at a global scale, is also characterized by 
excellent quality of milk. Along with other benefits of the breed, 
superior cheesemaking properties of milk is among its most 
valuable characteristics (Zanon et al., 2020). Sulimova et al. 
(2007) outlined that alleles А and В of CSN3 were of practical 
significance, as allele B was associated with commercially 
valuable milk parameters (milk protein content and milk yield), 
as well as with improved profitability from cheese production. 
Rachagani and Gupta (2008), Caroli et al. (2009) and Mota et 
al. (2020) also confirmed that genetic variants of milk proteins 
had a beneficial effect on milk production traits, cheesemaking 
properties and milk nutritional value. Franzoi et al. (2019) 
indicated significant differences of protein fractions in milk of 
the studied dairy and dual-purpose cattle breeds. 

Kappa casein is of particular interest for milk protein 
polymorphism due to its proven relationship with milk quality and 
composition (Özdemir and Doğru, 2005). CSN3 is approximately 
12% оf total milk casein content (Azevedo et al., 2008) and is 
associated with higher milk protein content and solids non-fat in 
Holstein and Brown cattle milk (Gurses et al., 2016). 

The frequency of the B allele of CSN3 in the different cattle 
breeds varies from 0.06 tо 0.57 (Ron et al., 1994; Golijow et 
al., 1999; Sulimova et al., 2007). Another study reported the 

highest frequency of this allele in Brown Swiss and Jersey 
cattle breeds – 0.67 and 0.86, respectively (Lein et al., 1999). 
Ilie et al. (2009) also affirmed that in Brown cattle, the B allele 
of CSN3 was the most prevalent, whereas among Simmental 
cattle, the frequency of genotype AA exceeded that of BB, 
while the latter genotype of CSN3 correlated positively with milk 
protein content in both breeds (Petrovska et al., 2017).

The milk produced by animals offers a perfect balance 
between yield and quality. The most recent data of ICAR 
from 2019 about most European countries demonstrate 
milk yield over 7000 kg, with fat content about 4% and high 
protein content – about 3.5 tо 3.8% (ICAR, 2019). The milk 
of this breed is appropriate for production of high-quality dairy 
products, especially cheeses. The fat-to-protein ratio of 1.22 
places milk of Brown Swiss cattle in the leading three cattle 
breeds in France, suitable for production of durable dairy 
products after Normande (1.23) and Jersey (1.45) cattle breeds 
(The European Brown Swiss Journal, 2020).

The aim of the present study was to evaluate allele 
frequencies and genotypes of kappa casein (CSN3) and 
their association with chemical composition and coagulation 
properties of milk in Brown cattle.

Material and metods

Animals and experimental design 

Allele frequencies and genotypes of kappa casein (CSN3) and their association 
with chemical composition and coagulation properties of milk in Brown cattle

T. Angelova*, J. Krastanov, D. Yordanova

Agricultural Institute, 6000  Stara Zagora, Bulgaria

(Manuscript received 11 February 2021; accepted for publication 20 September 2021) 
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The analysis comprised 155 animals (Brown cattle) reared 
in 4 herds from different regions of the country, regardless of 
lactation number and days in lactation. Records of animals’ 
origin were obtained from pedigree books. Farm 1 – Stara 
Zagora region: Cows were housed in free stalls, with individual 
resting boxes. Feeding was based on corn silage and compound 
feed, milking was performed twice daily in a herringbone milking 
parlour. After milking, cows were let to walk in fenced pastures. 

Farms 2, 3 and 4 – Sliven region, Sliven municipality: Cows 
were reared in tie-stalls. Feeding was based on corn silage, 
hay and compound feed, and milking was performed twice, 
through a central milking pipeline. After milking, cows were let 
to walk in fenced pastures.

Milk protein polymorphism was found out in 155 tissue 
samples from cows reared at the above mentioned 4 farms. 
To this end, specialized pliers and marks with a vial containing 
desiccant were used to obtain and seal the tissue specimen at 
the time of identification of the animal. 

After collection, tissue samples were shipped to the 
University in Padova, Italy for PCR-RFLP analysis. 

Laboratory analysis of tissue samples
DNA was purified by means of a Maxwell®16 Tissue DNA 

purification kit (Promega) according to the manufacturer’s 
instructions. DNA is precipitated with three volumes of cold 
70% ethanol, 0.1M sodium acetate (pH 5.2) and 2 mL glycogen 
2 mg/mL, the pellets are then washed twice in cold 70% ethanol 
and dissolved in 50 mL of dH2O. The DNA concentration is 
determined on a Qubit® fluorimeter (Invitrogen). A 221 bp 
fragment of exon IV was amplified using the following primers: 

Bub - F 5‘- TGCCAAGCCCAGCCAACTACC-3‘; 
Bub - R 5‘- CGACGGTTGAAGTAACTTGGGCTG-3‘. 
For PCR amplification, 40 ng DNA was used, 0.20 µМ of 

each primer, 1x HF- buffer (Finnzymes), 0.2 mМ dNTPs and 
0.2 U Phusion-HF DNA polymerase (Finnzymes). The PCR 
analysis conditions comprised: initial denaturation at 98°С 
for 30 seconds, followed by 40 cycles at 98°С for 7 seconds, 
64°С for 15 s and 72°С for 20 seconds, and a final extension 
at 72°С for 7 minutes. PCR products were purified with 
Agencourt Purification AMPure System (Beckman Coulter) and 
sequencing was done with GenomeLab™ DTCS Quick Start 
Kit for Dye Terminator Cycle Sequencing as per manufacturer’s 
instructions. The Agencourt CleanSEQ purification system 
(Beckman Coulter) was employed for purification of sequencing 
products. 

The screening was performed by a Genetic CEQ8000 
assay system (Beckman Coulter), and the single nucleotide 
polymorphism (SNP) determination with Beckman Coulter 
genetic analysis software v.9.00.

Laboratory analysis of milk samples
The analysis of milk composition was done in the lab of the 

Agricultural Institute – Stara Zagora on Lactoscan ultrasound 
milk analyzer, whereas coagulation properties of individual 
milk samples were evaluated on a Computerized Renneting 
Metter - Polo Trade, Italy. Milk samples were obtained by milk 
meters. The milk was analysed within 3 hours after sample 

collection. Naturen Plus 215/0.8L chymosin was used, with 
milk coagulation activity of 215 IMCU/ml. During the study, the 
following parameters were studied: milk fat and protein contents 
(%), rennet coagulation time (RCT, min), curd firmness (а30, 
mm) and curd firming time (k20, min). 

Statistical analysis 
The data were processed with statistical software products 

SYSTAT 13 by Hypothesis Testing: Paired t-test and graphs 
were plotted in MS EXCEL.

Results and discussion

Figure 1 presents data about allele frequencies of kappa 
casein (CSN3) in Brown cattle from a previous study of ours 
(Angelova et al., 2014). As seen from the figure, kappa casein 
(CSN3) was described by three alleles: А, В and Н, with 
predominance of allele В – 0.598. The presence of allele H 
though at a very low frequency, is interesting – 0.013. Thus, it 
determined other genotypes, which are not encountered in the 
results of scientists having investigated the milk polymorphism 
in Brown cattle breed.

Figure 1. CSN3 allele frequencies and genotypes  

Established bovine genotypes with respect to kappa casein 
– CSN3 demonstrated that the main proportion of animals were 
from the heterozygous АВ genotype – 58.65%, followed by 
homozygous ВВ – 26.92%. As already mentioned, an H allele 
was detected, determining the presence of heterozygous AH 
and VH genotype with respective frequencies 0.96 and 1.92%. 
Cows from the AA genotype in this study were 11.53%.

The study of Dogru and Ozdemir (2009) with 93 blood 
samples from Brown Swiss cattle found out 3 genotypes of 
kappa casein. Allele frequencies of alleles A and B were 0.495 
and 0.505, respectively, whereas the frequency of AA genotype 
was 0.1935, that of ВВ – 0.2043 and that of АВ: 0.6022. 
Zepeda-Batista et al. (2017) have reported the same three 
genotypes  – АА, АВ and ВВ.

Table 1 shows that there is a highly reliable difference in the 
characteristics of fatty substances between different genotypes 
- AA and BB, AB and BB. The reliability of the differences with 
regard to the trait content of protein substances is not taken 
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into account, except for the genotypes BB and BH, in which a 
highly reliable difference has been established (p<0.001).

Figure 2 shows the average milk fat and protein contents in 
cows from different CSN3 genotypes. The milk from heterozygous 
AB and AH cows was outlined with the highest fat percentage – 
4.85% and 4.81%, respectively. Homozygous cows produced 
milk with the lowest fat content. It could be noted that three of 

the kappa casein genotypes: АН, ВН and ВВ, had the same 
average milk protein content of 3.50%. Milk fat content of cows 
from genotype АА was 3.60%, whereas that of genotype АВ was 
rather higher (5.00%). The fat percentage is a parameter varying 
within a broader range than milk protein. The animals carrying 
the AB genotype produced milk with the highest fat and protein 
contents – 4.85% and 5.00%, respectively.

Table 1. Statistical significance between genotypes of kappa casein (CSN3) and chemical composition of milk in Brown cattle 

Genotype

Variable
Fat, % Protein, %

SD of Difference t p-Value SD of Difference t p-Value
AA 1.199 -3.333 0.002** 0.316 1.388 0.173AB
AA 1.132 -2.458      0.023* 0.363 -0.788 0.440AH
AB 0.999 -0.681      0.504 0.414 -0.798 0.434AH
AA 1.334 -3.571   0.001*** 0.335 1.820 0.077BB
AB 1.142 -4.458   0.000*** 0.390 -0.783 0.434BB
AH 0.930 0.644      0.527 0.278 1.787 0.088BB
AA 0.877 -3.209   0.003** 0.401 -1.215 0.234BH
AB 1.027 -0.990 0.330 0.350 -2.574  0.015*BH
AH 0.944 0.377 0.710 0.353 -1.697 0.104BH
BB 0.886 -0.534 0.598 0.263 -3.626      0.001***BH

*p< 0.05; **p< 0.01; ***p< 0.001

Figure 2. Average milk fat and protein content in cows from 
different CSN3 genotypes  

 

Table 2 shows that there is a highly reliable difference in 
the rennet coagulation time and the curd firmness between the 
different genotypes - AB and BB, as well as between BB and 
BH. Significance of differences in coagulation tightening time 
was not reported, except between genotypes AA and BH, and 

BB and BH, where a significant difference was found (p<0.05).
There were substantial variations in milk coagulation traits 

in the five CSN3 genotypes (Figure 3). The milk of cows from 
genotype AH exhibited the shortest rennet coagulation time (8.19 
min) and the highest curd firmness (37.00 mm), whereas k20 of 
this genotype was 1.01 min. Three of the genotypes had similar 
milk coagulation properties, as follows - genotype ВН:  RCT-
13.74 min, a30 – 37.00 mm, k20 – 0.97 min, ВВ: RCT-14.43 min, 
a30 – 30.07 mm, k20 – 1.47 min and genotype АА: RCT - 14.93 
min, a30 – 34.25 mm, k20 – 2.20 min. Cows from the AB genotype 
produced milk with the longest RCT of 18.04 min,  average 
curd firmness 32.00 mm, and curd firming time 2.99 min. Cows 
carrying the H allele were characterized by milk with the highest 
curd firmness – 37.00 mm. The longest RCT was found out in 
heterozygous AB cows – 18.04 min. Losi et al. (1973) found out 
that the milk of cows from the BB kappa casein genotype reacted 
faster to addition of chymosin and that higher coagulation time 
was considerably shorter than that of cows from the AA genotype, 
while the values of RCT in the milk of heterozygous cows were 
intermediate. 
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Table 2. Statistical significance between genotypes of kappa casein (CSN3) and coagulation properties of milk in Brown cattle 

Genotype

Variable
RCT, min A30, mm K20, min

SD of
Difference t p-Value SD of

Difference t p-Value SD of
Difference t p-Value

AA 9.853 -0.746 0.461 17.685 0.945 0.351 1.577 1.616 0.115AB
AA 9.855 -0.585 0.565 17.622 1.379 0.182 1.491 1.907 0.070AH
AB 9.771 -1.530 0.141 17.537 2.225  0.037* 1.206 1.566 0.132AH
AA 7.289 2.108  0.042* 14.972 -2.904   0.006** 1.657 0.965 0.341BB
AB 9.671 5.256    0.000*** 17.629 -5.077    0.000*** 1.380 -0.519 0.604BB
AH 11.063 1.486 0.152 18.880 -3.422   0,003** 1.005 -1.644 0.115BB
AA 7.320 -3.571    0.001*** 14.158 3.172   0.004** 1.061 2.485  0.019*BH
AB 8.349 -2.472  0.020* 16.621 2.021 0.053 1.007 1.017  0.317BH
AH 12.023 -0.839 0.411 20.100 -0.032 0.975 1.128 -0.527  0.603BH
BB 8.373 -5.154    0.000*** 16.880 5.235   0.000*** 1.400  2.047    0.050*BH

*p<0.05; **p<0.01; ***p<0.001

Figure 3. Rennet coagulation time, curd firmness and curd 
firming time in milk of cows from different CSN3 genotypes

Malacarne et al. (2006) commented the results from a study 
aimed at comparison of the proximate analysis, distribution of 
main milk protein fractions, milk coagulation properties and 
yield in production of Parmigiano-Reggiano cheese from the 
milk of Italian Brown and Holstein herds. The animals included 
in this study were housed in farms with similar management, 
size, location, number of lactation and days in lactation. The 
milk of Italian Brown cattle was characterised with higher 
casein content than milk of Holstein cows (27.1 g/kg and 23.7 
g/kg, respectively). Curd firming time of milk from Italian Brown 
cows was considerably shorter, presuming a higher extent of 
casein micelles aggregation. The coagulum of milk from Italian 
Brown cows showed better rheological properties and lower fat 
loss in cheese. The yield of Parmigiano-Reggiano cheese was 
higher by +0.99 kg cheese per 100 kg milk.

Researchers from Parma affirmed that the Brown breed 
was superior to Holsteins by 16% regarding the yield of cheese 
per 1 kg milk. This parameter is very important for dairy sector 
economy in countries like Bulgaria, where more than 75% of 
milk is processed into cheeses. The primary reason for the 
superiority of the Brown cattle breed is milk composition  and 
milk protein quality, as the very favourable protein/fat ratio of 
milk. The real cause is that 78% of milk protein in this breed 
is casein – the most important protein for good technological 
properties of raw milk during its processing into cheese. Casein 
content in the Brown cattle breed is 26.2 g/kg on the average 
vs standard value of 22.5 g/kg. Casein is outlined with a certain 
diversity, kappa casein being the most important for coagulation 
(12.67% in the milk of Brown cattle; vs standard of 11.25%) 
(brownswiss.org.nz). 

Conclusion 

Based on the results obtained, it was found that: (i) kappa 
casein (CSN3) is characterized by five genotypes – АА, АВ, 
ВВ, АН and ВН, the frequency of which varied within various 
ranges; (ii) the differences between the BB and BH genotypes 
are highly reliable in the studied traits, with the exception of 
the percentage of fatty and curd firming time; (iii) the milk of 
cows with genotype AB was outlined with the highest content 
of fat and protein: 4.85% and 5.00%, respectively; (iv) the milk 
of heterozygous cows from genotype AB demonstrated the 
longest rennet coagulation time – 18.04 min; (v) the animals 
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carrying the H allele produced milk with the highest curd 
firmness – 37.00 mm.
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