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ASSOCIATION BETWEEN BETA-LACTOGLOBULIN
(LGB) POLYMORPHISM AND YIELD AND COMPOSITION
OF MILK OF HOLSTEIN-FRIESIAN COWS IMPORTED
FROM SWEDEN
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Abstract. The study involved 102 Holstein-Friesian cows imported from Sweden, kept on a farm
in the West Pomerania Province. Beta-lactoglobulin (LGB) genotypes were determined using
PCR (Polymerase Chain Reaction) method according to Medrano and Aquilar-Cordova [1990].
It was found that cows with the LGB AA genotype had the highest milk yield in all analysed
305-day lactations. The differences were significant in the third lactation (P<0.01, P<0.05). For
the same genotype, the highest milk protein yield and content for the three analysed lactations
were recorded. The highest milk fat content and yield were found in the BB homozygotes for all
the analysed lactations.
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INTRODUCTION

Beta-lactoglobulin (LGB) is a whey protein found in the milk of ruminants. Due to
the effect it has on the formation of physicochemical properties of milk, it is associated
with its utility by many researchers. Confirmation of these relationships enabled utiliza-
tion of LGB as a marker in the selection of animals characterized by the best production
traits [Oprzadek et al. 2006, Czerniawska-Pigtkowska et al. 2007].

Polymorphism of milk proteins and their genetic variants are determined by the mul-
tiple co-dominant alleles, that is, the presence of two or more alleles in one locus
[Litwinczuk et al. 2003]. In this way, the genetic variants are formed, which differ in the
sequences of amino acids, that is, the primary structure. These changes have significant ef-
fect on the chemical composition and physicochemical properties of milk as a material.
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Krzyzewski et al. [1997] presented relationships between genetic variants of milk pro-
teins and milk traits as well as milk quality. According to them, variant B of beta-lac-
toglobulin is characterized by the lower content of whey proteins and higher content of
casein proteins compared to variant A, without significant effect on the total protein con-
tent or the formation of a more compact casein curd in the process of cheese production
and is characterized by a higher content in cheeses, in the range from 1 to 4%. However,
Walawski [1993] found a significant effect of beta-lactoglobulin on the yield, acidity, co-
agulability and thermal stability of milk.

In the detection of polymorphism, a significant part is played by genetic markers which
do not influence the level of quantitative trait by themselves but are associated with it
through the localization, in the same chromosome, of the genes determining the marker and
the selected quantitative trait [Micinski et al. 2008]. Due to them it is possible to find re-
lationships between polymorphic forms of beta-lactoglobulin and milk yield, its chemical
composition as well as determine their effect on the technological value of milk. Many sta-
tions performing insemination of dairy cattle in Europe, among others, in Poland as well
as in North America already place a given genotype (CSN2, CASK, BLG) of each bull as
a molecular genetic marker in the commercial catalogues.

Research on the polymorphism enables the selection of the best individuals, charac-
terized by the high parameters in respect of the content of individual constituents in milk,
as well as recording of genetic changes. According to Litwinczuk et al. [2006], beta-lac-
toglobulin is the most diverse polymorphic form and the following three its variants are
identified most frequently: AA, AB and BB. This fraction, besides kappa-casein, arouses
the greatest interest among researchers, although the results of experiments are not always
concurrent and sometimes they are even contradictory. This justifies the necessity of con-
tinuing the research on the utilization of genetic markers in the improvement of milk per-
formance of cows in herds with high milk production.

The aims of this study were to establish the frequencies of genes and genotypes de-
termining beta-lactoglobulin variants in Holstein-Friesian cows imported from Sweden
as well as to establish the relationships between production traits (milk, protein and fat
yield, fat and protein content) and the polymorphism in beta-lactoglobulin loci (LGB).

MATERIAL AND METHODS

The research was conducted in the West Pomerania Province on 102 Holstein-Friesian
cows imported from Sweden. The blood for the tests was collected from the external jugular
vein into the vacuum test tubes with K3EDTA anticoagulant using MasterPure™ Genomic
DNA Purification Kit provided by Epicentra Technologies. Beta-lactoglobulin (LGB) geno-
types were determined using PCR (Polymerase Chain Reaction) according to the method by
Medrano and Aquilar-Cordova [1990]. The obtained DNA fragments were digested using the
BsuRI (Haelll) restriction enzyme (gg | cc) provided by Fermentas. Restriction fragments
were separated electrophoretically in a 2% agarose gel with ethidium bromide in the pres-
ence of 1*TBE buffer and visualized in the transilluminator provided by Vilber Lourmat.
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The analysis of the milk yield was performed based on the data from the official milk
recording using A4 method, taking into consideration the yield of milk, fat and protein
(kg) as well as their percentage content in milk (%).

The data were analyzed statistically calculating the mean values (X), standard deviation
(S) and coefficient of variation (V%). The significance of differences between the group
means was determined using Duncan’s test by means of Statistica® 9 PL software.

RESULTS AND DISCUSSION

In Fig.1 the electrophoretic separation of the LGB/Haelll restriction fragments of the
bovine beta-lactoglobulin gene is presented. Specific PCR products of 191 bp were ob-
tained. In the examined herd of dairy cows, two alleles of the bovine beta-lactoglobulin
gene (LGB A and LGB B) and three genotypes (AA, AB and BB) were identified (Fig. 1).

191 pz (bp)

144 pz (bp)
74 pz (bp) + 70 pz (bp)
47 pz (bp)

M — DNA size marker (pUC19/Mspl); lane 1 — PCR product; lanes 2, 3 — genotype AA; lanes
3, 4 — genotype AB; lanes 6, 7 — genotype BB.

M — marker wielko$ci DNA (pUC19/Mspl); tor 1 — produkt PCR; tory 2, 3 — genotyp AA; tory
4, 5 — genotyp AB; tory 6, 7 — genotyp BB.

Fig. 1. Electrophoretic restriction fragments LGB/Haelll of bovine beta-lactoglobulin gene
Rys. 1. Elektroforetyczny rozdziat fragmentoéw restrykcyjnych LGB/Haelll genu beta-
-laktoglobuliny bydta

The conducted research showed (Table 1) that 52% of the population had the BB geno-
type, 40% had the AB genotype and 8% had the AA genotype. The observed numbers and
frequencies of alleles in the examined loci were in accordance with Hardy-Weinberg dis-
tribution. Results of the previous studies by Bartowska [2001], Zieminski et al. [2005]
and Micinski et al. [2008] show the lower proportion of the LGB AA homozygotes in the
herds of Holstein-Friesian cattle. The cited authors emphasize the advantage of heterozy-
gous (AB) animals over homozygous (AA, BB) ones.
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Table 1. Beta-lactoglobulin gene and genotype frequencies in HF cows imported from Sweden
Tabela 1. Rozktad genéw i genotypdw polimorficznych beta-laktoglobuliny (LGB) u kréw rasy
hf importowanych ze Szwecji

Frequency
Number of Frekwencja

Genotypes .
genotypes Chi P
Genotypy 1 ;.7ba genotypéw  genotype gene
genotypu genu

AA 8 AA=0.08 A=0.28

AB 40 AB =040 0.006 0.973
B=0.72

BB 52 BB =0.52

In the present study, the frequency of allele B (0.72) was considerably higher com-
pared to allele A (0.28), which has been confirmed by other authors: Bartowska [2001],
Zieminski et al. [2005], Litwinczuk et al. [2006] and Micinski et al. [2008]. Different re-
sults were obtained by Kulig [2005].

The highest milk yield (Table 2) in the first lactation was characteristic of cows with
the AA genotype (6458 kg), then those with the BB genotype (6434.8 kg) and the AB
genotype (6416.5 kg). Similarly, in the second and third lactations, the highest milk yield
was found in cows with the AA genotype (6688.6 kg and 6781.4 kg, respectively) and the
lowest one (5072.6 kg) in the AB heterozygotes in the third lactation.

Table 2. Milk yield and composition depending on LGB genotype in 305-d lactations
Tabela 2. Wydajnos¢ mleka i jego sktad w zaleznosci od genotypu LGB w laktacjach
305-dniowych
Lactations
Laktacje I 1 1

Genotypes LGB
Genotypy LGB AA AB BB AA AB BB AA AB BB

Detailed list — Wyszczegdlnienie

6458.0 6416.5 6434.8 6688.6 6662.2 6639.2 6781.4425072.6" 6239.9%
793.7 5245 615.6 463.6 1373.4 1015.0 546.0 719.2 725.8
2429 2604 262.7 277.1 2884 2932 278.34B 216.1% 259.48
152 373 401 357 650 424 260 31.8  33.0
Protein, kg 2258 220.6 2212 249.8 228.6 232.8 234.6"B 171.3AC 204.75¢
Biatko,kg s 248 184 222 161 499 323 200 251 265
Fat, % 3.79%  4.04° 4.07° 413 434 444 410 427 416
Thuszez, % s 035 035 035 036 041 030 0.19 029 024
Protein, % ¥ 3.50 344 344 3.74% 344 352 346° 338 320
Bialko,% s 013  0.14 0.15 0.12 032 022 020 024 024

A, B — statistically significant difference at P<0.01— A, B — réznica istotna na poziomie P<0,01.
a, b — statistically significant difference at P<0.05 — a, b — roznica istotna na poziomie P<0,05.

=l

Milk, kg
Mleko, kg

= | @

Fat, kg
Thuszez, kg

=] | »

=

Acta Sci. Pol.



Association between beta-lactoglobulin (LGB) polymorphism and yield and composition... 13

Statistically significant differences (P<0.01 and P<0.05) between the analysed groups of
cows in the third lactation were recorded. Similarly, in the study by Oprzadek et al. [2006]
and Czerniawska-Pigtkowska et al. [2007] conducted on Holstein-Friesian cows, animals
with the AA genotype were characterized by the highest lactation yield in the first lactation.
In subsequent lactations, the results were divergent. Czerniawska-Pigtkowska et al. [2007]
found the highest lactation yield in the second lactation in cows with the AA genotype,
whereas Oprzadek et al. [2006] found it in the BB homozygotes. Oprzadek et al. [2006]
recorded the highest lactation yield in the AB heterozygotes in the third lactation. The dif-
ferences could have been caused by the application of different statistical methods.

In the present study, the highest milk fat yield was found in cows with the BB genotype in
the first and second lactation (262.7 kg and 293.2 kg, respectively). However, in the third lac-
tation, cows with the AA genotype were characterized by the highest milk fat yield (278.3 kg).
Significant differences were found between the analysed genotypes of cows (P<0.01).
In the case of milk protein, the highest yield for the three analysed lactations was found
in cows with the AA genotypes (225.8 kg, 249.8 kg and 234.6 kg, respectively). Statisti-
cally significant differences were observed in the third lactation (P<0.01).

In the study by Oprzadek et al. [2006], the highest milk fat and protein yield was
recorded in the milk of cows with the AB genotype (343.8 kg and 266.5 kg, respectively)
in the third lactation. In another study by Czerniawska-Piatkowska et al. [2007], it was
found that the AA homozygotes were characterized by the highest milk fat and protein
yield in the first lactation (331.1 kg and 250 kg, respectively).

Analysing the milk fat content (Table 2), the highest values were recorded in cows
with the BB genotype in the first and second lactation (4.04% and 4.44%, respectively).
The differences were significant (P<0.05). In the third lactation, the highest content of fat
was found in the AB heterozygotes (4.27%). On the other hand, the percentage content of
protein was the highest in cows with the AA genotype in all the analysed lactations. Sta-
tistically significant differences (P<0.01 and P<0.05) between the analysed genotypes of
cows were found in the second and third lactation.

From the study by Czerniawska-Piatkowska et al. [2007], it appears that the highest
milk fat and protein content was characteristic of the first lactation. The highest milk fat
content was recorded by these authors for the milk of cows with the AA genotype (4.23%),
whereas the highest milk protein content was found in the BB homozygotes (3.24%).
Oprzadek et al. [2006] showed that the highest content of milk fat and protein is charac-
teristic of milk from cows with the BB genotype (4.26% in the third lactation and 3.36%
in the second lactation, respectively).

The present research showed (Table 3) that cows with the AA genotype were charac-
terized by the highest milk yield (6642.7 kg), whereas the AB heterozygotes had the low-
est milk yield (6050.4 kg). This is in accordance with the studies by other authors, among
others, Juszczak et al. [2000], Zieminski et al. [2005], Litwinczuk et al. [2006] and Mi-
cinski et al. [2008]. Different results were obtained by, among others, Henderson and Mar-
shall [1996], Czerniawska-Piatkowska et al. [2002] and Krol [2003].
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Table 3. Milk yield and composition depending on LGB genotype for the first three lac-
tations in HF cows

Tabela 3. Wydajno$¢ i sktad mleka dla trzech laktacji w zaleznosci od genotypu beta-lak-
toglobuliny u krow rasy hf

Detailed list Genotypes — Genotypy
Wyszczegolnienie AA AB BB
Milk, kg x 6642.7 6050.4 6438.0
Miceko, kg s 605.9 1170.5 814.7
Fat, kg x 266.1 254.9 271.8
Thiszez, kg 30.7 55.4 41.4
Protein, kg x 236.7 206.8 219.56
Biatko, kg s 22.15 422 29.51
Fat, % x 4.01%® 4217 4220
Thuszez, % S 0.34 0.37 0.34
Protein, % X 3.57 3.42 3.42

Biatko, % s 0.19 0.24 0.23

a, b — statistically significant difference at P<0.05 — a, b — roznica istotna na poziomie P<0,05.

In the case of milk fat yield, in the present study it was found the LGB BB homozy-
gotes (271.8 kg) were characterized by the highest yield, whereas the lowest one was found
in the AB heterozygotes (254.9 kg). This has been confirmed by the results obtained by
Litwinczuk et al. [2006].

The milk of cows with the AA genotype was characterized by the highest milk protein
content (236.7 kg), whereas that of cows with the AB genotype by the lowest one (206.8 kg).
This has been confirmed by the results obtained by other authors, among others, Zieminski
et al. [2005], Litwinczuk et al. [2006] and Sitkowska et al. [2009].

From the present study, it appears that the highest milk protein content was recorded
in the milk of cows with the LGB AA genotype (3.57%), which has been reflected in the
studies by Michalak [1997] and Zieminski et al. [2005].

In the present study, it was also found that the homozygous BB cows had slightly
higher milk fat content (4.22%) in comparison with the heterozygous LGB AB (4.21%)
and homozygous LGB AA (4.01%) animals. The differences were significant (P<0.05).
Similar results were obtained by, among others, Strzatkowska et al. [1999] and different
ones by Micinski et al. [2008].

In the study concerning beta-lactoglobulin polymorphism, the highest milk yield was
found in cows with the LGB AA genotype, whereas the highest milk fat content was
recorded in the LGB BB homozygotes. These results have been confirmed by other au-
thors, among others, Strzatkowska [2000], Litwinczuk et al. [2006], Oprzadek et al. [2006]
or Sitkowska et al. [2009].
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CONCLUSIONS

Milk protein is its most important constituent, determining the usefulness of milk in
processing. It is also the main factor affecting its physicochemical properties. Moreover,
the high nutritive value of the milk protein substances is the reason for the continuous
search for the effective methods of increasing their content in cow milk. It was found that
cows with the LGB AA genotype were characterized by the highest milk yield in all lac-
tations. In the third lactation, these differences were significant (P<0.01 and P<0.05). For
the same genotype, the highest milk protein yield and content in the analysed three lacta-
tions were found. In the second and third lactation, the differences were significant (P<0.01
and P<0.05). On the other hand, in cows with the LGB BB genotype, the highest milk fat
yield and content for the three lactations were found. For the milk fat content, the differ-
ences were significant (P<0.05).

REFERENCES

Bartowska J., 2001. Polimorfizm biatek mleka w réznych grupach genetycznych krow z regionu
srodkowo-wschodniej Polski [Milk protein polymorphism in different genetic groups of cows
in Central-East Poland]. Ann. UMCS XIX (4), 27-37 [in Polish].

Czerniawska-Pigtkowska E., Kamieniecki H., Mikuta A., 2002. Polimorfizm bialek mleka a poziom
produkcyjnosci mlecznej stada krow [Milk protein polymorphism with regard to milk produc-
tivity level in a herd of cows]. Acta Sci. Pol., Zootechnica 1 (1-2), 17-26 [in Polish].

Czerniawska-Piatkowska E., Szewczuk M., Zych S., 2007. Zalezno$¢ pomiedzy polimorfizmem
beta-laktoglobuliny a produkcyjnoscia mleczng kréw rasy hf [Association between beta-lac-
toglobulin polymorphism and milk productivity of Holstein-Friesian cows]. Acta Sci. Pol.,
Zootechnica 6 (1), 23-28 [in Polish].

Juszczak J., Erhardt G., Zieminski R, Panicke L., 2000. Milchproteinpolymorphismen bei Polni-
schen Schwarzbunten und beim Rotvieh. Arbeitstagung. DNA Polymorphismen beim Milch-
rind. 23-24 Marz 2000, Dummerstorf. Forschungsinstitut fiir die Biologie landwirtschaftlicher
Nutztiere (FBN), Dummerstorf, 100-107 [in German].

Henderson D., Marshall D., 1996. Kappa-casein genotype effects in a multiple breed blef cattle pop-
ulation. J. Anim. Sci. 74 (1) (Suppl.), 121.

Krol J., 2003. Zwigzek genetycznych wariantow biatek mleka z wydajnoscia mleczng krow mies-
nych oraz wynikami odchowu ich potomstwa [Relation of genetic variants of milk protein with
milk yield in beef cattle and the results of rearing of their calves]. Ann. UMCS Sec. EE 21 (1),
81-99 [in Polish].

Krzyzewski J., Strzatkowska N., Ryniewicz Z., 1997. Czynniki genetyczne i Srodowiskowe wpty-
wajace na zawartos¢ biatka w mleku krow [Genetic and environmental factors affecting milk
protein content]. Prz. Hod. 65 (8), 8—11 [in Polish].

Kulig H., 2005. Charakterystyka struktury genetycznej stada bydta czaro-biatego na podstawie polimor-
fizmu w genie leptyny [Characteristics of the genetic structure of a herd of Black-and-White cattle
based on the leptin gene polymorphism]. Acta Sci. Pol., Zootechnica 4 (1), 95-106 [in Polish].

Zootechnica 10 (2) 2011



16 E. Czerniawska-Pigtkowska et al.

Litwinczuk A., Bartowska J., Krol J., Kedzierska-Matysek M., 2003. Polimorfizm biatek mleka
u krow ras mlecznych i migsnych z regionu srodkowowschodniej Polski [Milk protein polymor-
phism in dairy and beef cows from central-eastern Poland] Prz. Hod. 71 (10), 1012 [in Polish].

Litwinczuk A., Bartowska J., Krél J., Litwinczuk Z., 2006. Biatka polimorficzne mleka jako marke-
ry cech uzytkowych bydta mlecznego i migsnego [Polymorphic milk proteins as markers of pro-
duction traits in dairy and beef cattle]. Med. Weter. 62 (1), 6-10 [in Polish].

Medrano J.F., Aquilar-Cordova E., 1990. Polymerase chain reaction amplification of bovine beta-
-lactoglobulin genomic sequences and identification of genetic variants by RFLP analysis. Anim.
Biotech. 1, 73-77.

Micinski J., Pogorzelska J., Baranski W., 2008. Parametry uzytkowe pierwiastek rasy hf w zaleznos$ci
od genetycznych wariantow wybranych biatek mleka [Performance parameters of Holstein-
Friesian primiparous cows depending on the genetic variants of selected milk proteins].
Med. Weter. 64 (9), 1136-1139 [in Polish].

Michalak B., 1997. Polimorfizm bialek mleka w stadzie bydta o wysokim udziale genow rasy hol-
sztynsko-fryzyjskiej i jego zwiazek z niektorymi cechami produkcyjnymi [Milk protein poly-
morphism in a herd of cattle with a high proportion of genes of Holstein-Friesian breed and its
association with some production traits]. Rocz. Nauk Zootech. 24, 7-21[in Polish].

Oprzadek J., Dymnicki E., Oprzadek A., Zwierzchowski L., 2006. Zalezno$ci pomigdzy polimor-
fizmem wybranych genéw a uzyt-kownoscia mleczng, dtugoscia okresu miedzyocieleniowego
i wskaznikiem inseminacji krow rasy czarno-biatej [Association between polymorphism of se-
lected genes and milk performance, calving interval as well as insemination index of Black-
and-White cows]. Mater. Konf. Nauka—Gospodarce. 21-22 czerwca 2006, Migdzyzdroje. AR
Szczecin, 28-37 [in Polish].

Sitkowska B., Neja W., Wisniewska E., Mroczkowska S., Sawa A., 2009. Wptyw beta-laktoglobuliny
na wydajnos¢ i sktad chemiczny mleka w laktacji maksymalnej [Effect of beta-lactoglobulin on the
milk yield and composition in a maximum lactation]. J. Centr. Europ. Agric. 3,251-254 [in Polish].

Strzatkowska N., Krzyzewski J., Ryniewicz Z., 1999. Zalezno$¢ mi¢dzy polimorficzng forma beta-
laktoglobuliny i systemem zywienia a dobowa wydajnoscia, sktadem chemicznym i parame-
trami technologicznymi mleka krow [Association of polymorphic form of beta-lactoglobulin
and feeding system with daily yield, chemical composition and technological parameters of cow
milk]. Pr. i Mater. Zootech. 54, 21-34 [in Polish].

Strzatkowska N., Krzyzewski J., Ryniewicz Z., 2000. Wplyw genotypu bata laktoglobuliny i kappa-kazeiny
na wydajnos¢, sktad chemiczny i podstawowe parametry technologiczne mleka kréw cb [Effect of
beta-lactoglobulin and kappa-casein genotypes on the yield, chemical composition and basic techno-
logical parameters of milk from Black-and-White cows]. Pr. i Mater. Zootech. 56, 107-119 [in Polish].

Walawski K., 1993. Metody genetycznego doskonalenia wydajnosci, sktadu i whasciwosci techno-
logicznych mleka [Methods of genetic improvement of yield, composition and technological
properties of milk]. Prz. Mlecz. 11, 304-306 [in Polish].

Zieminski R., Juszczak J., Czarnik U., Cwikta A., Zabolewicz T., Walawski K., 2005. Zwiazek miedzy
polimorfizmem biatek mleka i zréoznicowaniem wydajnosci oraz sktadu mleka krow utrzymy-
wanych w stadzie bydta rasy czarno-biatej kombinatu rolnego Kietrz [ Association of milk protein
polymorphism with differences in yield and composition of milk from Black-and-White cows kept
on the Kiertz farm]. Acta Sci. Pol., Zootechnica 4 (1), 163—170 [in Polish].

Acta Sci. Pol.



Association between beta-lactoglobulin (LGB) polymorphism and yield and composition... 17

ZWIAZEK POLIMORFIZMU BETA-LAKTOGLOBULINY (LGB)
Z WYDAJNOSCIA I SKEADEM MLEKA KROW RASY
HOLSZTYNSKO-FRYZYJSKIEJ IMPORTOWANYCH ZE SZWECJI

Streszczenie. Badania przeprowadzono na 102 krowach rasy holsztynsko-fryzyjskiej importo-
wanych ze Szwecji, w gospodarstwie rolnym w wojewodztwie zachodniopomorskim. Genotypy
beta-laktoglobuliny (LGB) oznaczono metoda PCR (ang. Polymerase Chain Reaction) wg me-
todyki Medrano i Aquilar-Cordova [1990]. Stwierdzono, ze krowy o genotypie LGB AA uzys-
kaly najwyzsza wydajno$¢ mleka we wszystkich analizowanych 305-dniowych laktacjach.
W trzeciej laktacji roznice byly istotne (P<0,01; P<0,05). Dla tego samego genotypu zanotowano
najwyzsza wydajnosc¢ i zawarto$¢ biatka w mleku dla trzech analizowanych laktacji. Najwyzsza
zawarto$¢ 1 wydajnosc thuszezu stwierdzono u homozygot BB dla wszystkich badanych laktacji.

Stowa kluczowe: beta-laktoglobulina, biatka mleka, hf, polimorfizm, wydajnos¢ mleka
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