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Abstract
β -lactoglobulin (B-LG) is the major whey protein and its polymorphic gene affects economical traits in cattle
breeds. The present study aims to identify the phenotype, genotype and allelic frequency of B-LG gene among
local cattle breeds and Buffalo in Egypt, as the phenotyping and genotyping of that gene have not been extensively
studied yet in these breeds. Milk samples from Holestien, Baladi cattle and buffalo were assayed for phenotyping
of B-LG as well as well as some milk protein traits. Genotyping of B-LG was performed by PCR-RFLP using Hae
III endonuclease digestion of a 262 bp PCR products of exon IV and intron IV. The most frequent phenotype in
Holestien cattle , Baladi cattle and Buffalo was the BB variant. AA, AB and BB genotypes were existed in
Holestien cattle, meanwhile AB, BB and BC genotypes were present in Baladi cattle and Buffalo breeds in Egypt
with the predominance of BB genotype in the three breeds. The Holestien cattle populations were in
Hardy-Weinberg equilibrium while the Baladi cattle and Buffalo were rejected. The allelic frequency of A, B and
C alleles were in the order of 0.205, 0.795 and 0.000 for Holestein cattle, 0.109, o.869 and 0.022 for Baladi cattle
and 0.055, 0.917 and 0.028 for Buffalo. The existence of rare BC genotype and the inbred nature were the most
interesting result in the Baladi cattle and Buffalo. These results could be included into marker assisted selection
programs to improve response to selection in these local breeds.
Keywords: Beta lactoglobulin, Phenotype, Genotype, Cattle and buffalo
1. Introduction
Prediction of the future performance of farm animals is the most rational point in animal breeding and animals of
superior traits and phenotype should be selected to hasten genetic improvement. The use of polymorphic genes as
genetic molecular markers is a promising surrogate to the current methods of selection once these genes are proven
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to be associated with traits of interest in animals. Selection effectiveness depends on allelic frequencies in the
breeds and on the effect of these polymorphisms on selected traits (e.g. dairy traits and industrial properties of
milk). Therefore they can be used as a suitable supplement to conventional breeding procedures (Přibyl, 1995). As
one of the important genes that may affect economically important traits in cattle, β-lactoglobulin (B-LG) locus
has been studied (Tsiaras et al., 2005). The B-LG gene is situated on bovine chromosome 11, encode for a single
chain polypeptide of 18 kDa comprising of 162 amino acid residues. The complete amino acid sequence of B-LG
has been reported and genetic variation in amino acids sequence has been identified (Hill et al., 1996; Rachagani et
al., 2006). Polymorphism of this gene was discovered in 1955 (Aschaffenburg & Drewry, 1955) and a total of 15
alleles are known, five of these variants; A, B, C, D, and E are well identified (Li, 1997; Elmaci et al., 2006;
Matejicek et al., 2007; Meza-Nieto et al., 2007). Common alleles are A, B, C, D, and E with alleles A and B being
the most frequent. These two protein variants have small chemical differences between them, where two amino
acids, aspartate-64 and valine-118 in variant A were substituted by glycine and alanine respectively in the B
variant (Rachagani et al., 2006).
Many studies were performed to investigate the effect of B-LG genotypes on milk production traits, milk
composition and quality. They found that, the AA genotype of β-LG had a favourable effect on protein yield, and
the association of significantly higher fat content, protein, casein, true protein, and total solids with BB variant
had been reported (Matejicek et al., 2007; Meza-Nieto et al., 2007).
Phenotyping and genotyping of B-LG gene can be carried out by using alkaline and acidic polyacrylamide gel
electrophoresis and PCR-based markers, especially PCR-RFLP, for all individuals in a given population under
selection, regardless of sex, age or physiological stage. As a result, it is now possible to include information on
milk protein genotypes into marker assisted selection programs and consequently improve response to selection
(Karimi et al., 2009 a).
The Egyptian Baladi breed of cattle together with the Egyptian buffalo represents native and low productive dairy
animals that are mainly bred in Egypt. Resistance to diseases, adaptation to local environmental condition and their
role in the economy of rural families are important reasons for consideration of breeding and genetic improvement
of these animals. However, there is little precise knowledge of the distribution of genetic markers for β
-lactoglobulin among Egyptian dairy cattle and buffalo. The current study is carried out aiming to identify the
phenotype frequency and its effects on milk protein variants as well as the genotype and allelic frequency of the B
-LG gene in the native breeds of Baladi cattle and buffalo compared to Holestien cattle in Egypt.
2. Methods
2.1 Sampling
Blood and milk samples were collected from dairy cows and buffalo from the farms of Faculty of Veterinary
medicine, Faculty of Agriculture, Cairo University and private farms in Egypt (Holstein cattle, Baladi cattle and
buffalo) at the period from December to February, 2009. Animals were unrelated individuals following the
recommendations spread by ISAG/FAO advisory group on animal genetic diversity (FAO, 1998).
2.2 Milk proteins and BLG phenotyping
The individual milk samples were collected immediately after milking for total proteins and total whey proteins
determination. The Casein content was derived from the difference between total proteins and whey proteins. Total
protein was assayed according to Kamizake et al. (2007), while whey proteins were assayed using the
calorimetric technique with commassie brilliant blue according Bradford (1976). The whey fraction was
separated from milk samples (de jongh et al., 2001) and fractionated on 15% polyacrylamide gel at pH 8.3
(Laemmli, 1970).
2.3 Genomic DNA isolation
Blood samples were collected in vacutainers containing sodium EDTA as an anticoagulant. Genomic DNA was
isolated from each blood sample using standard salt out method according to Helms (2002). Quality and quantity
of DNA were checked electrophoretically on 1% agarose and spectrophotometrically at 260 and 280 nm
respectively.
2.4 B-LG genotyping
The
sequences
of
the
primers
were
as
follows:
Sense
primer
5'
GTCCTTGTGCTGGACACCGACTACA3'(forward)
and
antisense
primer
CAGGACACCGGCTCCTGGTATATGA3'(reverse) and used to amplify 262 bp fragment of B-LG gene
(Meignanalakshmi et al., 2001). PCR was carried out in a total volume of 50 μl containing: 5X PCR Taq Master/
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high yield (JenaBioscience, Germany); 1X BSA; 25 pmol of each primer and 200 ng of genomic DNA.
Amplification was carried out in an automated thermal cycler for 35 cycles of denaturation for 40 sec. at 95 °C,
annealing for 40 sec. at 64 °C, and extension for 40 sec. at 72 °C, with initial denaturation at 95°C for 3 min and
final extension for 10 min at 72 °C. Amplification was verified by electrophoresis on 2% (w/v) agarose gel.
2.5 Restriction fragment length polymorphism (RFLP)
The amplicons were digested in total reaction mixture of 20 μl containing 17 μl PCR, 5U of the restriction enzyme
Hae III (JenaBioscience, Germany) and 2.5 μl of restriction endonuclease buffer with BSA, the reaction were
incubated at 37°C for at least about 3 hours. The restriction digested fragments were separated on 12%
non-denaturing PAGE and the gels were stained by etheduim bromide (1 mg/ml).
2.6 Statistical analysis
Direct counting was used to estimate phenotype and allele frequencies of β- lactoglobulin genetic variants. The
chi-square test (χ2) was used to check whether the populations were in Hardy–Weinberg equilibrium. Allele
frequencies and mean expected heterozygosities per locus and population were calculated using Arlequin ver. 3.11
package program (Excoffier & Heckel, 2006).
3. Results
Whey proteins of the dairy breeds (Holestien cattle, Baladi cattle and Buffalo) were separated on 15% native
PAGE at pH 8.3, and revealed the existence of 3 phenotypes (AA, AB and BB) of B-LG protein as shown in Fig.1.
The distribution of B-LG phenotypes demonstrated that BB variant was the most frequent one among the three
phenotypes (AA, AB and BB) which reported in the Holestien cattle. While in both Baladi cattle and Buffalo, only
two phenotypes were existed (AB and BB) with the predominance of BB phenotype (Table, 1).
Notably, a positive effect on the concentration of total protein and casein number as well as casein percent was
attributed to BB phenotype in Buffalo only, while, B-Lg phenotypes had no effect on milk proteins traits in both
Holestien and Baladi cattle (table, 2).
Characterization of B-LG gene and allele frequency were analyzed by PCR-RFLP technique. The restriction
digestion analysis of the 262bp PCR products of B-LG in the studied dairy breeds indicated the presence of 4 types
of restriction pattern; AA genotype with 2 fragments of 154 and 109 bp, BB genotype with 3 fragments of 109, 79,
74bp, AB genotype with 4 fragments of 154, 109, 79 and 74bp and the last pattern, a rare genotype, BC that had 3
fragment 154, 79 and 74bp (Fig.2).
The results of PCR-RFLP demonstrated the presence of AA, AB and BB genotypes in Holestien cattle, and AB,
BB and BC genotypes in the Egyptian Baladi cattle and Buffalo with the predominance of the BB genotype among
the three breeds. The frequency of A, B and C alleles were in the order of 0.205, 0.795 and 0.000 for Holestein
cattle, 0.109, o.869 and 0.022 for Baladi cattle and 0.055, 0.917 and 0.028 for Buffalo. The Deviation from
Hardy–Weinberg equilibrium was detected in both Baladi cattle and Buffalo, while Holestien cattle are in
Hardy–Weinberg equilibrium (Table, 3).
4. Discussion
B-Lactoglobulin is the major whey protein in ruminant milk. Polymorphism of B-lactoglobulin has a high interest
since their variants are associated with milk production performance, its quality and processing (Matejicek et al.,
2007; Meza-Nieto et al., 2007). The most predominant phenotype of B-LG in the present study was the BB with
absence of AA phenotype in both Baladi cattle and Buffalo (table, 1). The lack of AA phenotype in Baladi cattle
and Buffalo in the present study is in line with Karimi et al (2009b) who reported the absence of AA variant in
Najdi cattle and in Iranian buffalo. Besides, BB phenotype is the most predominant phenotype in Holestien cattle
in the current study (Table, 1). Previous studies demonstrated that, the heterozyote AB genotypes were found to be
more frequent in Holestien cows (Hill et al., 1996; Oner & Elamci, 2006) and in Tharparkar cattle (Rachagani et al.,
2006) . Notably, B allele of B-LG gene was found to be the most frequent variant among dairy breeds worldwide;
in Indian Zebu cattle (Singh and Bhat, 1980), in Lihuanian Red breed (Miceikiene et al., 2006), In Sahiwal cattle
(Rachagani et al, 2006), Holestien Friesian cattle (Ilie et al., 2007), Holestien and Girolando (Botaro et al., 2008),
Iranian Najdi cattle (Karimi et al., 2009a) and Romanian Simmental cattle (Ilie et al., 2010). On the other hand,
Curi1 et al (2005) reported higher frequencies of allele A in their study.
A well-established notion of Bobe et al (1999) that, β-LG genotypes influenced the genotypic and phenotypic
variability of milk protein composition, without significant effect on the concentration of milk proteins. In the
context, a marked positive effect was attributed to B-LG BB phenotype of buffalo on the concentration of total
proteins, total casein and casein number compared to the other phenotypes (table 2).
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In line, Uhrin et al (1995) demonstrated a positive association between of the BB genotype of B-LG and higher fat
and casein content in Holstein Friesian, Black Pied Lowland, Simmental and Peinzgau breeds. In the same line,
Michalcová & Krupová (2007) on their study on Slovak Pied breed of dairy cattle reported a positive significant
effect of β-Lg BB on casein content and casein number. The milk produced by BB genotype cows yielded
significantly more cheese than that produced by AA-genotype cows (Patel et al., 2007). Whereas, the results of
Sabour et al (1996) and Tsiaras et al (2005) pointed to the association between B-LG genotype AB and high milk
and protein production.
There is a comparably strong rationale for a positive effect of β-Lg B allele on the protein content (Miceikienė et
al., 2006) and on casein content (Celik, 2003) rendering milk from cattle breeds carrying this allele more
desirable for cheese making.
On the other hand, Botaro et al (2008) observed no association between milk composition and B-LG genetic
polymorphism.
In the present study, we demonstrated that the frequency of BB genotype is the highest among Holestien cattle,
Baladi cattle and Buffalo breeds in Egypt (Table, 3). These data are in the context with Patel et al (2007) who
reported the highest frequency of BB genotype in Indian cattle. Likewise, BB genotype was the most frequent for
Holstien and Girolando breeds (Botaro et al., 2008) and also among Lithuanian Red cattle breed (Miceikienė et
al., 2006).
A surprising finding of our study is the presence of a rare genotype which is BC variant and lack of AA genotype
among both Baladi cattle and Buffalo in Egypt as shown in table 3.
β –LG allele C is not a common allele, it was found in Australian Jersey (Bell, 1962), in German Jersey (Erhardt,
1993), in Cuban zebu (Perez-Beato, 1979) and in Pamir yak (Lozovaya, 1973). The BC genotype was found at a
low frequency in Lithuanian Red breed (Miceikienė et al., 2006). Patel et al, (2007) reported both BC and AA
variants in Indian buffalo.
The studies that carried out on Iranian buffalo and Najdi cattle reported the absence of AA genotype (Karimi et al.,
2009 a, b), is in line with our result in both Baladi cattle and Buffalo. On the other hand, Meignanalakshmi &
Mahalinga Nainar (2009) reported that, no polymorphism was present in B-LG gene locus in Murrah buffalo.
As a consequence of rarity of literature on B-lactoglobulin in buffalo, a sort of difficulty has been arisen to
compare our results on Egyptain buffalo with others.
It is obvious from our results that B allele is the most frequent allele in the three studied breeds (table, 3). Likewise,
the frequency of A allele was found to be lower than that of the B allele in both Iranian Najdi cattle and buffalo,
(Karimi et al., 2009b), in Bos taurus (Kucerova et al., 2006; Matejicek et al., 2007), Bos indicus (Kemenes et al.,
1999; Patel et al., 2007) in Gyr, Nelore, Sindi (Del lama & Zago 1996) and in Sahiwal and Tharparkar cattle
(Rachagani et al., 2006). Also, Celik (2003) and Oner & Elmaci (2006) reported higher frequencies for the B allele
for Holstein cows.
Therefore, the required crossbreeding ratio with superior individuals of local and foreign cattle breeds carry the
favorite genotypes of this gene will lead to increasing the expression of this gene in the local Egyptian cattle and
Buffalo breeds without affecting the acclimatization traits of these breeds to the environmental conditions in
Egypt.
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Table 1. The distribution of -LG phenotypes and allele frequencies in Holestien cattle, Baladi cattle and Buffalo
in Egypt and Hardy–Weinberg equilibrium
Animal breed

Phenotype

Holestien cattle

Baladi cattle

Buffalo

Allelic frequency

AA

BB

AB

Obs.

8

76

20

Exp.

20.32

51.3

32.38

Genotype frequency

0.077

0.731

0. 192

χ2

24.049***

Obs.

0

40

16

Exp.

0.57

41.12

13.72

Genotype frequency

0.00

0.714

0.286

χ2

0.798ND

Obs.

0

98

22

Exp.

1.0068

99.023

19.97

Genotype frequency

0.00

0.817

0.183

A

B

0.173

0.827

0.143

0.857

0.092

0.908

χ2
0.308ND
χ2 =chi-square value; Obs.: observed frequencies; Exp.: expected frequencies on the basis of Hardy–Weinberg
law.
*** statisticlly significant, the population is

in Hardy–Weinberg frequencies is not rejected

Table 2. Effect of -LG phenotypes on milk protein traits in Holestien cattle, Baladi cattle and Buffalo
Animal breed
Holestein Cattle

Baladi cattle

Buffaloe

Total protein (g/l)

Toal whey (g/l)

Casein (g/L)

Casein number %

AA

34.70±1.61

4.34±0.32

30.36±1.35

87.5±0.55

AB

35.46±0.79

4.30±0.15

31.09±0.80

87.47±0.53

BB

32.43±1.25

3.86±0.25

28.58±1.27

87.93±0.94

AA

----

---

--

--

BB

30.74±2.22

3.61±0.11

27.67±0.78

88.12±0.36

AB

33.18±1.86

4.08±0.19

23.71±0.57

85.32±0.50

AA

---

--

--

--

BB

31.29±0.79*

3.50±0.66*

27.79±1.57*

88.81±1.70*

AB

27.8±1.45*

4.43±0.47*

23.37±1.39*

84.06±0.76*

** statistically significant.
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Table 3. The distribution of -LG genotypes and allele frequencies in Holestien cattle, Baladi cattle and Buffalo in
Egypt and Hardy–Weinberg equilibrium
Animal breed
Holestien cattle

Baladi cattle

Genotype
AA

BB

AB

BC

Obs.

4

30

10

0

Exp.

1.85

27.81

14.34

0

Genotype frequency

0.09

0.68

0.23

0.0

χ2

4.01***

Obs.

0

34

10

2

Exp.

0.556

34.74

8.714

1.996

Genotype frequency

0.00

0.74

0.217

0.043

χ2
Buffalo

Allelic frequency
A

B

C

0.205

0.795

0.00

0.109

0.869

0.022

0.055

0.917

0.028

0.754ND

Obs.

0

60

8

4

Exp.

0.218

60.49

7.259

4.033

Genotype frequency

0.00

0.833

0.111

0.055

χ2
0.1347ND
χ2 =chi-square value; Obs.: observed frequencies; Exp.: expected frequencies on the basis of Hardy–Weinberg
law.
*** statisticlly significant, the population is

A: whey proteins of Holestein cattle

in Hardy–Weinberg frequencies (is not rejected)

B: whey proteins of Baladi cattle

C: whey proteins of Buffalo

Figure 1. Electrophoretic profile of whey proteins from different animal breeds on 15%PAGE at pH 8.3

A- PCR-RFLP pattern in Holstein

B- PCR-RFLP pattern in

cattle

Baladi cattle

C- PCR-RFLP pattern in buffaloes

Figure 2. Electrophoretic patterns of 262 bp PCR products of β-lactoglobulin gene digested with Hae III
endonuclease on 12% PAGE.
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