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The aim of the present investigation was to establish the relationships of αs1-casein (CSN1S1) and β-

casein (CSN2)   genotypes in Bulgarian Brown cattle and to evaluate their association with milk quality 

and milk coagulation properties. Milk proteins’ polymorphism was found out in 155 tissue samples 

from cows reared at 4 farms. Innovative protocols and techniques were used for determination of 

genetic polymorphism of αs1-casein (CSN1S1) and β-casein (CSN2) in Brown cattle. After collection, 

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

milk composition was done in the lab of the Agriculture 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. 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). Heterozygous cows for both studied milk proteins: CSN1S1 

and CSN2, had higher milk fat and milk protein percentages, 4.71% fat and 3.45% protein in genotype 

ВС of CSN1S1 and 5.00% fat and 5.33% protein in genotype АВ of CSN2. The milk of cows from 

different CSN1S1 and CSN2 genotypes was outlined with moderate curd firmness and good coagulation 

time. Homozygous cows for both studied milk proteins had higher curd firmness (32.31 mm) for the 

ВВ genotype of CSN1S1 and 31.29 mm for the АА genotype of CSN2.  
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Introduction 

 
The appearance of genome-wide analysis and the 

development of proteomics tools, the determination of 

milk proteins’ polymorphism evidences a considerable 

progress with regard to the understanding of 

relationships between nucleotide polymorphisms and 
protein structure and expressions, and their effect on 

milk protein composition (Martin et al., 2013). 

Monitoring of variations of milk protein in the different 
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cattle breeds allows avoiding the increase in alleles with 

adverse effects on milk quality during cheese making 
(Caroli et al., 2000; Comin et al., 2008; Pärna et al., 

2012). 

 
Cipolat-Gotet et al., (2018) evaluated the effect of 

protein fractions of αS1-, αS2-, β- and κ-casein (CN), α-

lactalbumin and β-lactoglobulin on the efficiency of 
cheese making in Swiss Brown cattle. A number of 

research teams (Rachagani and Gupta, 2008; Caroli et 

al., 2009; Mota et al., 2020) confirmed that genetic 

variants of milk proteins had a positive effect on milk 
production traits, milk cheese making properties and 

milk nutritional value. Some studies reported 

considerable differences between CSN2 genotypes in 
different cattle breeds with regard to daily milk yield 

(Heck et al., 2009; Gurcan, 2011; Molee et al., 2015), 

milk protein content (Cardak, 2005; Micinski et al., 

2006), milk fat content (Dogru, 1994; Cardak, 2005) by 
Ozdemir et al. (2018). Ikonen et al. (1999) outlined that 

the ВВ genotype of CSN2 could be used as a tool in 

breeding schedules aimed at improvement of milk yield 
and milk fat content. 

 

Comparative studies between Holstein and Brown cattle 
breeds were conducted by Ozdemir and Dogru (2004). 

Ozdemir et al. (2018) demonstrated that αs1-Cn had a 

statistically significant effect on milk yield and milk 

butterfat in Holstein cattle, whereas no positive effect 
on these traits was detected in Brown cattle. Also, there 

was not a significant effect of genotypes CSN1S1 and 

CSN2 on studied milk production traits /milk yield, milk 
fat and protein percentages.  

 

Bittante et al., (2012) outlined the breed of cattle as one 
of main factors influencing milk coagulation properties. 

The milk produced by Swiss Brown cattle has very 

good coagulation properties compared to Holstein milk. 

The coagulation properties of Swiss Brown milk 
comprise shorted rennet coagulation time with higher 

curd firmness than the milk of Holstein cows (De 

Marchi et al., 2008; Dal Zotto et al., 2007; Penasa et al., 
2014).  Milk coagulation properties were also 

influenced by milk quality composition (Toffanin et al., 

2012; Pretto et al., 2013).  

 
The aim of the present investigation was to establish the 

relationships of αs1-casein (CSN1S1) and β-casein 

(CSN2)   genotypes in Bulgarian Brown cattle and to 
evaluate their association with milk quality and milk 

coagulation properties. 

Materials and methods 

 

Animal and experimental design  

 

Milk proteins’ polymorphism was found out in 155 
tissue samples from cows reared at 4 farms. Innovative 

protocols and techniques were used for determination of 

genetic polymorphism of αs1-casein (CSN1S1) and β-
casein (CSN2) in Brown cattle. After collection, tissue 

samples were sent to the University of Padova for 

analysis. 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 sec, followed by 40 

cycles at 98 °С for 7 sec, 64 °С for 15 sec and 72 °С for 

20 sec, and a final extension at 72 °С for 7 min. 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. The results 

from polymorphism analysis are presented in previous 
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publications of ours (Yordanova et al., 2014; Yordanova 

et al., 2017). 
  

Laboratory analysis of milk samples 

 
The analysis of milk composition was done in the lab of 

the Agriculture 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 /0.8 L 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 

 

To determine the effect on αs1-casein (CSN1S1) and β-
casein (CSN2)  genotypes on traits, characterization of 

chemical composition and coagulation ability of milk, 

the following was applied after the last mixed linear 
model: 

 

Yijklmnop = HYMi + Farmj + PLk + Testdiml + Sirem + 

CSN1S1n +CSN2o + eijĸlmnop where: 
Yijklmnop – p-

th
 corresponding observation of a trait; 

HYMi – fixed effect on the i 
-th

 herd - year - month of 

milk sampling; 
Farmj – fixed effect of the j -

th
 farm; 

PLk – fixed effect of the k -
th
 parity; 

Testdiml – random regression effect of the lactation 
days to the respective control day of the respective 

lactation of the animal; 

Sirem – random effect of the sire; 

CSN1S1n - fixed effect of the n-
th

 genotype of CSN1S1; 
CSN2o – fixed effect of the o-

th
 genotype of CSN2; 

eijklmnop – random effect of unobserved factors; 

The data were processed with statistical software 
products PEST (Groeneveld et al., 1990), SYSTAT 13 

and graphs were plotted in MS Excel. 

 

Results and discussion  
 

Fig. 1 depicts the average milk fat and protein 

percentages in cows with different CSN1S1 genotypes. 
Milk fat percentage was higher that milk protein for 

both genotypes as followed: for genotype ВВ – 4.43% 

fat and 3.21% protein vs 4.71% fat and 3.45 protein for 

genotype ВС. The significantly higher milk fat and 
protein contents of cows from genotype BC of CSN1S1 

should be emphasized. According to Ozdemir and 

Dogru (2004; 2018) αs1-Cn has a substantial effect on 
milk yield and milk butterfat percentage in Holstein 

cows, whereas such a positive effect in Swiss Brown 

cows was absent.  
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Fig. 1: Average milk fat and milk protein percentages in cows 

from different CSN
1
S

1
 genotypes. 
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Fig. 2: Average milk fat and milk protein percentages in 

cows from different CSN
2
 genotypes. 

 

 

Fig. 2 shows an interesting fact – slight variation in 

average milk fat and protein percentages in the two 

homozygous CSN2 genotypes (АА and ВВ): for 
genotype АА – 2.79% milk fat and 3.60% milk protein 

and for genotype ВВ – 3.18 fat and 3.51 protein content. 

The results demonstrated that animals from the AB 

genotype produced milk with the highest milk fat and 
protein percentage, respectively. The three CSN2 
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genotypes were characterized with higher protein 

content in milk than milk fat percentage. Kevin Forde 
/Editor of THAT'S FARMING/ affirmed that the Swiss 

Brown cattle was the breed producing milk of excellent 

quality, used mainly for production of cheese. It 
contained high fat (4.17%) and protein (3.5%) 

concentrations. The milk of this breed was unique, 

differing from the milk of other breeds by several 
parameters: higher content of long-chain fatty acids; the 

closest fat/protein ratio; lower size of fat globules. 

Mistry et al. (2002) reported that the milk produced by 

recently calved Swiss Brown and Holstein cows was 
Pasteurized and used for production of Cheddar. The 

milk of Holsteins has an average fat content of 4.06%, 

protein 3.01% and dry matter of 12.23%. The respective 
values for Brown cattle are 4.15%, 3.36% and 13.11%.  

  

Fig. 3 presents the average values of milk coagulation 

properties, namely RCT – rennet coagulation time, А30 
– curd firmness and К20 – curd firming time in Brown 

cattle. Shorter coagulation time of 15.46 min was 

observed in cows from the ВС genotype. Curd firmness 
and curd firming time for this genotype were 

respectively 29.81 mm and 1.61 min. The other 

genotype (ВВ) was characterized with longer RCT of 
17.81 min, higher curd firmness (32.31 mm) and longer 

curd firming time (2.69 min).  
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Fig. 3: Rennet coagulation time, curd firmness and curd 

firming time in the milk of cows from different CSN1S1 

genotypes. 

 

 

The milk of Swiss Brown cattle forms a curd 15 
minutes earlier than Holstein milk, and the coagulum is 

firmer (Mistry et al., 2002). The authors reported that 

addition of CaCl2 is necessary in order to decrease 

rennet coagulation time and to obtain a firmer coagulum 
from Holstein milk. One of primary factors influencing 

coagulation properties of milk, is breed (Bittante et al., 

2012). The milk of Swiss Brown cattle has very good 

coagulation properties than that of Holstein breed. The 
milk of the former breed is outlined with shorter 

coagulation time and increased curd firmness (Dal Zotto 

et al., 2007; De Marchi et al., 2008; Penasa et al., 2014).  
 

 
Fig. 4: Rennet coagulation time, curd firmness and curd 

firming time in the milk of cows from different CSN2 

genotypes. 
 

 

The milk coagulation traits in the three CSN2 genotypes 
varied within moderate ranges. Obtained average values 

were as followed: for genotype АА RCT – 16.08 min, 

A30 – 31.29 mm, K20 – 1.37 min, for genotype АВ RCT 
– 18.44 min, A30 – 31.08 mm, K20 – 3.54 min. The 

genotype BB was characterized with shortest 

coagulation time (RCT 14.25 min), A30 – 30.00 mm, K20 

– 2.02 min. In general, the milk of cows from different 
CSN2 genotypes formed a firm curd.  

 

Conclusions 
 

1. Heterozygous cows for both studied milk proteins: 

CSN1S1 and CSN2, had higher milk fat and milk 
protein percentages – 4.71% fat and 3.45% protein 

in genotype ВС of CSN1S1 and 5.00% fat and 5.33 

protein in genotype АВ of CSN2. 

2. The milk of cows from different CSN1S1 and CSN2 
genotypes was outlined with moderate curd 

firmness and good coagulation time. 

3. Homozygous cows for both studied milk proteins 
had higher curd firmness (32.31 mm) for the ВВ 

genotype of CSN1S1 and 31.29 mm for the АА 

genotype of CSN2.  
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