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ASSOCIATION OF GENETIC VARIANTS OF β-LACTOGLOBULIN 

GENE WITH MILK TRAITS OF JEZEROPIVSKA SHEEP BREED 

 

SUMMARY  

Association of genetic variants of β-lactoglobulin (β-Lg) on milk traits of 

Montenegrin autochthonous sheep breed - Jezeropivska sheep was studied. 

Polymorphisms within ovine β-Lg genes were detected using PCR-RFLP method 

by RsaI restriction endonuclease. Milk yield and milk composition parameters 

during lactation were determined by using the standard ICAR procedures. 

The obtained results showed a prevalence of A allele (0.625) compared to 

B allele (0.375), while the frequencies of genotypes were: 0.364 (AA), 0.523 

(AB) and 0.113 (BB). No statistically significant differences in duration of 

lactation and total milk yield between these three genotypes were found.  

Daily milk yield was the highest (0.70 kg) in ewes with BB genotype β-

lactoglobulin then AB genotype follows (0.60 kg) and AA (0.54 kg) genotype. 

Genotype AA of Jezeropivska breed was linked with the higher protein content 

(5.86%). The protein content in the milk of AB and BB genotype was the same 

(5.64%). Significant association between AB genotype of β-lactoglobulin gene 

with higher lactose content (4.67%) was found. 

The results presented in this study could be useful in improvement of the 

concept of conservation and sustainable use of this autochthonous sheep breed, 

while gene of β-Lg as a potential marker in improving milk traits of sheep.  

Keywords: Jezeropivska sheep, milk yield, milk composition, β-

lactoglobulin, genotype. 

 

INTRODUCTION 

Milk and dairy products from sheep represent a significant part of the 

agricultural economy worldwide, especially in marginal areas (Selvaggi et al., 

2015). There is a strong association between milk protein polymorphisms and its 

yield, composition and technological aspects. Hence, in-depth research of genetic 
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polymorphisms of sheep milk proteins, especially considering the great genetic 

biodiversity of sheep breeds is necessary to be carried out. Milk proteins are very 

heterogeneous. Casein, as the main milk protein, constitutes approximately 75-

80% of the total milk proteins, while whey proteins 20-25% (Davoodi et al., 

2016). The whey proteins have a high nutritive value due to fact that they are a 

precious source of digestible proteins. The whey proteins account for 17–22% of 

total proteins in sheep milk. Whey obtained from sheep milk is particularly rich 

in β-lactoglobulin, but low in α-lactalbumin content (Moatsou et al., 2005).  
The genes for β-Lg protein are located on chromosome 3 with 4.9 Kb long 

transcription units containing 7 exons and 6 introns. There are three polymorphic 

genetic variants (A, B and C alleles) of sheep β-Lg described until now (Amigo et 

al., 2000; Şahin et al., 2011; Rustempašić et al., 2018). The polymorphism is a 

consequence of the substitution of one nucleotide in exon II (T-C), which is 

expressed by a change in the amino acid at position 20 (Tir in His). β-Lg A has 

tyrosine while β-Lg B histidine (Prinzenberg and Erhardt, 1999; Amigo et al., 

2000; El-Shazly et al., 2012; Özmen and Kul, 2016). The variant C is a subtype 

of ovine variant A with a single exchange of Arg-Gln at position 148. The C 

variant was described first in German Merino landsheep at a frequency of 0.175 

and in Hungarian Merino crosses. In Spanish Merinos the C allele was found at 

low frequencies (0.013), (Prinzenberg and Erhardt, 1999; Amigo et al., 2000).  

The β-Lg polymorphism was also studied to check its relationships with 

milk yield and milk composition. According to the recent investigations, genetic 

polymorphism of milk proteins (β-Lg) in sheep has been closely associated with 

milk production parameters and technological properties (El-Shazly et al., 2012; 

Özmen and Kul, 2016; Wafaa et al., 2019). Mele et al. (2007) highlighted a co-

dominant effect of beta-lactoglobulin alleles on the concentration of some milk 

fatty acids. In the other studies of ewe's β-Lg (Staiger et al. 2010, Kawecka and 

Radko, 2011) contradictory results have been obtained.  

Montenegro has specific geographical characteristics and the climatic 

conditions not favourable for intensive growing of field crops - due to that animal 

husbandry was a major agricultural and economic activity in the past, especially 

sheep sector (Marković et al., 2007; Marković et al., 2011). Natural grasslands 

have a special importance in Montenegro, because their share in the total 

agricultural area is above 90% and they are often the only source of fodder for 

ruminants (Dubljević et al., 2020). 

The sheep production is mainly based on rearing autochthonous breeds. 

Jezeropivska pramenka is one of the most important autochthonous Montenegrin 

sheep breeds, and made about 20% of its total sheep population. The breed is 

traditionally reared in mountain area of Durmitor and Sinjajevina, and partly in 

the central part of the country. Jezeropivska breed belongs to the Pramenka group 

of breeds with coarse wool and long tail. It is well adapted to extreme 

environmental conditions, especially to harsh mountain climates. Milk production 

capacity of Jezeropivska breed varies a lot, depending of rearing conditions. In 

the study of Marković et al. (2014), average milk yield was 94.1 kg with variation 
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from 50 kg to 200 kg, while average duration of lactation was 178.5 days. In the 

same study, the percentages of the main milk components were: 5.71% of fat, 

5.57% of protein, 4.47% of lactose and 11.04% of solid non-fat. Similar to the 

other Montenegrin sheep breeds (Bardoka, Ljaba, Sora, Sjenička and Žuja) 

Jezeropivska pramenka is three-purpose breed, with meat and milk as the main 

products, while wool is low value by-product. In Montenegro sheep milk is 

generally used for manufacture of different traditional local product (cheeses, 

yogurt, kaymak - skorup, jardum etc.). Sheep’s milk has high values of chemical 

components, and it is the best raw material for the production of cheese, because 

it gives twice higher randman than cow’s milk (Jandrić and Savić, 2019). Sheep 

milk products are of excellent quality and high nutritional value, and therefore 

they are highly valued on the market (Marković et al., 2016).  

Having in mind the importance of autochthonous breeds in generally, the 

aim of this research was to do genetic characterization of polymorphic forms of 

β-Lg genes in Jezeropivska pramenka sheep breed. Also, for obtaining complete 

data, it is important to investigate milk production traits (duration of lactation, 

milk yield and milk composition) and to analyse the effect of β-Lg genotypes on 

the milk properties of this autochthonous Montenegrin sheep breed what would 

be in line with similar research on other sheep breeds in Europe and in the world.   

The obtained data of polymorphism of milk protein gene can be used as an 

important selection tool in the sheep breeding programs. Effective selection on 

favourable genotypes of milk proteins can increase the frequency of alleles with a 

positive effect on milk properties and milk quality. 

 

MATERIAL AND METHODS 
The study was conducted in a typical area of rearing Jezeropivska 

Pramenka breed, at the Žabljak plateau. The study was carried out on 44 ewes of 

Jezeropivska Pramenka sheep breed. Milk yield was recorded during lactation. 

Milk samples to examine the chemical composition of milk were collected, while 

blood samples were taken to determine β-lactoglobulin polymorphism.  

Milk recording was performed in accordance with ICAR rules (AT 

method). The first milk recording was performed 20 to 30 days after lambing and 

consequently in regular monthly intervals to the end of the lactation period. In 

total, five recordings were performed during lactation. During each of milk 

recording, individual milk samples were collected in special plastic bottles 

(50ml).  

The blood samples were collected from the jugular vein of milking ewes, 

using blood collection tube – vacutainers with EDTA, as an anticoagulant. 

Analyses of the milk chemical components (fat, protein, lactose, non-fat 

dry matter - SNF) were performed using the Milk Scan 4000 instrument in the 

Dairy Laboratory of the Biotechnical Faculty in Podgorica. Isolation of DNA 

from blood samples and β-lactoglobulin genotyping were performed in the 

Laboratory of Molecular Genetic at the Biotechnical Faculty in Podgorica.   
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DNA extraction: Genomic DNA was isolated from the blood samples using 

phenol-chloroform method (Ivanković and Dovč, 2004). The quality of DNA was 

checked by spectrophotometry and good quality DNA samples were used in 

genotyping.  

PCR - RFLP of β-lg gene: β-Lactoglobulin genotypes were identified using 

procedure described by Ivanković and Dovč (2004) and Şahin et al. (2011). The 

amplification of a part genome DNA - genes for the synthesis of milk protein β-

lactoglobulin (120 bp) was performed using a programmed Thermal Cycler 

(Eppendorf Mastercycler). The PCR amplifications were performed in reaction 

mixtures of 20 µL containing 10 µL of PCR Master Mix, 1,1 µL of each primer, 

5,8 µL H2O and 2 µL genomic DNA. Thermal Cycler was programmed for an 

initial denaturation at 95°C for 3 min, followed by 35 cycles each with denaturing 

at 93°C for 15 s, annealing at 58°C for 15 s, extension at 72°C for 2 s, and a final 

extension at 72°C for 2 min. The restriction fragments were directly analyzed by 

electrophoresis in 1% agarose gels in 1×TAE buffer, stained with ethidium 

bromide and visualized under UV light. The genotypes of the analyzed 

individuals at the β-lactoglobulin locus were determined using the restriction 

fragments observed in the gel. 

 

Table 1. The Primer sequences for β-lactoglobulin variants 

Primer β-Lg Primer Sequences  Restriction Enzymes 

BLG1 5'CAACTCAAGGTCCCTCTCCA3' 
Rsal  

BLG2 5'CTTCAGCTCCTCCACGTACA3' 

 

A total volume of 15 µL of each PCR product was digested with 10 µL of 

RsaI endonuclease restriction enzymes for 3 hours at 37°C. Digested products 

were analyzed by means of electrophoresis in 3% agarose gel stained with 

ethidium bromide. The digested products were visualized and documented.  

Statistical analysis: The data processing was performed using the statistical 

program Statistica (version 10). The frequencies of alleles and β-lactoglobulin 

genotypes were determined by the goodness test of fit to HWE (Hardy Weinberg 

Equilibrium). 

 

RESULTS AND DISCUSSION 

Restriction fragment length polymorphism was evidenced after digestion 

with RsaI endonuclease. Allele discrimination was based on size differentiation 

(bp) of β-Lg and three different genotypes of Jezeropivska pramenka breed: AA 

(66, 37 and 17 bp), AB (103, 66, 37 and 17 bp) and BB (103 and 17 base pairs) 

were detected.  

The results of genetic characterization (Table 2) showed high domination 

of allele A with frequency of 0.625 in comparison to allele B with frequency of 

0.375. Regarding genotypes, the highest frequency was identified for AB 

genotype (0.523), then for AA genotype (0.364) and the lowest for BB genotype 

(0.113). 
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The occurrence of β-Lg variants in this study is similar to the other sheep 

breeds studied so far. According to the research of Ivanković and Dovč (2004), 

Kusza et al. (2014), El-Shazly et al. (2012) and Marković et al. (2015) A and B 

alleles of β-Lg were widely reported in almost all examined sheep breeds. Similar 

to our results for Jezeropivska pramenka breed, the higher frequencies of allele A 

of β-Lg were reported by Amigo et al. (2000) for Barbaresca-Siciliana, Lacaune, 

Tsigaja and Massese breeds, Wafaa et al. (2019) for Awassi breed, as well as 

Amigo et al. (2000) for many West European sheep breeds (Blackfaced, Border 

Leicester Merino, Cheviot, Dorset Horn, Delle Langhe, East Friesian, Finnish 

Landrace, Manchega, Massese, Merino, Merinoland, Segurena, Suffolk, Welsh). 

The highest frequency of allele A in Turkish sheep breeds was detected in Tuj 

breed as 0.7188 (Şahin et al., 2011). 

 

Table 2. Frequency of genes and genotypes for β-lactoglobulin of Jezeropivska 

pramenka (n=44) 

β-lactoglobulin  Ho             He Frequency 

Alleles 
A 55 55.01 0.625 

B 33 33.21 0.375 

 

Genotype 

 

AA 16 17,19 0.364 

AB 23 20.63 0.523 

BB 5 6.29 0.113 

 

The allele and genotypes frequencies of β-lactoglobulin in Pramenka breed 

sheep in Bosnia and Herzegovina, which belong to the same group as 

Jezeropivska breed (group of Pramenka breeds) are very similar to ours. 

Rustempašić et al. (2018) reported that allele frequency was 0.547 and 0.453, A 

and B respectively, while genotype frequencies were: AA (0.325), AB (0.445), 

and BB (0.229). However, the results of Masala et al. (2020) for Dupska 

Pramenka breed in Bosnia and Herzegovina were shown higher frequency of B 

genetic variation (0.52) than A (0.48), while the most common genotype was the 

AB determined in 68% of the examined population. 

The opposite to our results, Amigo et al. (2000) reported domination of 

allele B for Carranzana, Chios, Lacha, Sarda, Tajik, Valle del Belice breeds, as 

well as El-Shazly et al. (2012) for Noemi and Sawakni breeds.  

The higher frequency of AB genotype, similar to ours, was obtained for many 

autochthonous breeds: Croatian Pag breed ewes (Čubrić-Čurik et al. 2002); Greek 

Chios breeds (Triantaphyllopoulos et al. 2017); native Turkish fat-tailed sheep 

breeds - Akkaraman, Awassi, Tuj, Karakaş, Norduz, Güney Karaman and Kangal 

(Şahin et al. 2011) and in three Hungarian sheep breeds - Cokanski, Rusty Tsigai 

and Zomborski Tsigai (Kusza et al. 2014). 

The average values with standard deviation of milk production traits 

(lactation duration, total milk yield, daily milk yield) for the three β-Lg genotype 

are presented in Table 3.  
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The lactation duration of Jezeropivska pramenka breed varied in the 

narrow range, from 173.19 days of AB genotype to the 177.23 days of AA 

genotype, and differences among genotypes were not significant (P˃0.05). The 

total milk yield was lowest in AA genotype (96.34 kg) and highest in BB 

genotype (109.09 kg), but the differences between them were not significant 

(P˃0.05). From the other side, the obtained results show significant differences 

(P<0.05) in daily milk yield, where ewes with BB genotype had the highest daily 

yield (0.70 kg), followed by AB genotype (0.60 kg), while AA genotype had 

lowest (0.54 kg). 

 

Table 3. Association of β-Lg genotypes with milk production traits of 

Jezeropivska pramenka sheep breed 

 

Milk traits 

β-Lg genotype 

AA AB BB 

 

Lactation duration, days  

X ± SD 

177 ± 23.13 

X ± SD 

173 ± 19.59 

X ± SD 

173 ± 25.46 

Total milk yield, kg  96.34 ± 18.21 102.25 ± 36.42 109.09 ± 54.27 

Daily milk yield, kg 0.54
 a
  ± 0.21 0.60

 ab
 ± 0.33 0.70

b
 ± 0.49 

The average values with different letters in the superscript indicate significant differences between β-Lg 
genotypes (P0.05). 

The results of our research related to the association of β-Lg polymorphism 

with milk performance in sheep indicate the superiority of BB to the other 

genotypes (AA and AB) in milk yield, without statistically significant differences 

among these genotypes. The similar relations among genotypes were obtained for 

Polish Merino (Kawecka and Radko, 2011) and of East Friesian dairy sheep 

(Staiger et al., 2010).  

Regarding milk composition, the highest fat and protein content (4.91% 

and 5.86%) were of AA genotype, while the lowest (4.65% and 5.64%) obtained 

for AB genotype. The significant differences identified between AA and the other 

two genotypes only for protein content (P˂0.05), Table 4. 

 

Table 4. Association of β-Lg genotypes with milk composition traits in 

Jezeropivska pramenka sheep breed 

 

Milk composition 

β-Lg genotype 

AA AB BB 

 X ± SD X ± SD  X ± SD 

Fat %  4.91 ± 2.53 4.65 ± 1.83 4.84 ± 2.23 

Protein % 5.86
a
 ± 1.29 5.64

b
 ± 0.92 5.64

b
 ± 0.90 

Lactose % 4.55
a
 ± 0.65 4.67

b
 ± 0.54 4.61

ab
 ± 0.60 

SNF %  11.14 ± 1.71 11.21 ± 0.94 11.14 ± 0.68 

The averages with different letters indicate significance of differences between β-Lg genotypes (P0.05);    
SNF- solid non fat.   
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No statistically significant differences were found in milk fat content 

between genotypes in the studied sheep. The opposite to the fat and protein 

results, the lactose content was significantly lower in AA genotype (4.55%) than 

in AB genotype (4.67%), while content of lactose in BB genotype was in the 

middle (4.61%). Regarding SNF content, there were no significant differences 

between genotypes, the results ranged from 11.14% in AA and BB genotype to 

11.21% in AB genotype.   

       Our results of association of β-Lg genotypes and protein and lactose content 

in milk are in accordance with results of Kusza et al. (2014) revealed for different 

dairy breeds, but not fully with the results reported by Triantaphyllopoulos et al. 

(2017), who found that AA genotype of β-Lg gene of Chios and Karagouniko 

breeds was associated with the highest fat, protein percentage, while greater 

lactose percentage observed in genotype AB - 5,42% compared to genotype AA -

4.96% and to genotype BB - 5.32%.  

      The results of investigation of Özmen and Kul (2016) on allele and genotype 

effects on milk production traits Sakiz and Awassi breeds are fully in accordance 

with our results. They obtained that ewes of AB genotype had a greater milk yield 

than those with AA genotype, while homozygous AA ewes had higher milk 

protein and fat percentage when compared with other two genotypes. 

 

CONCLUSIONS 

This study shows that Jezeropivska sheep breed has a genetic variability in 

the β-lactoglobulin locus. A significant association of β-Lg genotypes and daily 

milk yield and milk quality was revealed. Although, the results showed that milk 

yield did not have a clear relationship with β-LG genotype, protein and lactose 

content were statistical significant. More investigation of the effect of β-Lg 

polymorphism and milk composition is needed. It was determined that milk 

protein polymorphism can be considered as a potential tool in the breeding 

program of Jezeropivska sheep breed, especially regarding selection of genotypes 

associated with better milk composition. This research is also the important 

contribution for creation of long-term conservation strategy of the autochthonous 

sheep breeds in Montenegro.   
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