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394 unrelated Lithuanian dairy cows (Lithuanian Black & White 109, Lithua-
nian Red 168, Lithuanian Light Grey 68 and Lithuanian White Backed 49) were
evaluated to test the influence of milk protein genotypes milk to production
and milk composition traits. Milk protein genes were identified by polymerase
chain reaction (PCR) and the RFLP method. The results showed a positive
effect of the BB genotype of kappa-casein on milk fat and protein content,
however, this genotype had a negative effect on milk yield. The Alpha_-casein
BB genotype showed milk yield, whereas the alpha -casein CC genotype
produced more protein. The whey protein BB genotype of the beta-lactoglo-
bulin locus influenced milk fat level, whereas the beta-lactoglobulin BC geno-
type was produced more protein. Differences among the milk protein genoty-
pes were estimated. Cows with kappa-casein locus AA genotype produced
more milk (175.7 kg; p <0.05) and a higher (2.88 kg; P <0.001) protein average
than did AB genotype carrier cows. However, milk of cows with AB genotype
was superior according to fat (0.23%; p <0.001) and protein (0.06%; p <0.001)
content. Milk of cows with the kappa-casein locus BB genotype, beneficial for
milk processing, was superior according to fat (0.27%; p <0.05) and protein
(0.21%; p<0.001) average levels versus the kappa-casein locus AA genotype.
Comparing the differences between the BB and CC genotypes of alpha_-casein
it was estimated that cows of the BB genotype produced more milk (1344 kg;
p <0.05), however, in cows of the CC genotype milk had a higher (by 0.35%)
protein. Cows carrying the AB genotype of beta-lactoglobulin produced more
milk (by 332.2kg; p<0.01) and milk had more (by 0.10%, p<0.05) fat
compared with cows that carried AA genotype. The BB genotype influenced
milk protein level (by 0.20%, p<0.001) more than did the AA genotype.

According to the research results, in respect of beta-lactoglobulin and
kappa-casein genotypes of milk protein, it could be possible to certify pedigree
cattle — to select cows, bulls and their semen genetically, testing genes deter-
mining the qualitative composition of milk protein. The results may be used
to improve genetically their breeding value and the quality of milk.
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INTRODUCTION

valuable food product available from dairy cattle. Milk
and its products are significant for human nutrition as

The geographical situation, climate and feed supply are
very favourable for dairy cattle breeding development in
Lithuania. Dairy cattle breeding is taking priority in ag-
riculture and food industry. Biologically, milk is a very

they contain all substances necessary for human orga-
nism, such as fat, protein, carbohydrates and minerals.
Milk contains over 200 various substances essential for
cell resumption and energy supply in human organism
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[8]. Milk as a food product passes a long and tricky way
from newborn food to a wide assortment of milk pro-
ducts [4]. Nowadays Lithuanian food industry has a
technological potential to produce various dairy pro-
ducts of more than 130 names. Nutrition specialists from
different countries recommend to consume 400-500 kg of
dairy products per year: 180 kg of raw milk, 135 kg of
butter, 185 kg of cheese, curd, sour cream and other
dairy products per person [9].

Milk yield and its constituent substances are classical
quantitative traits influenced by various genes and environ-
mental conditions [9]. The processing properties of milk are
related to the composition of its proteins [1]. As the types
of caseins and lactoglobulins are controlled by autosomal
genes, it may be important to verify the existence of geno-
types that give better results in terms of cheese production
[3]. Different variants and genetic variability of milk proteins
have a significant effect on its physical and chemical proper-
ties [14]. It has been reported that specific genetic variants
of milk proteins, especially of caseins, are of significant im-
portance in cheese making as cheese yield is related to the
casein composition and casein content in milk [6].

The aim of this study was to investigate the influence
of milk protein genetic variants on the yield and milk
constituent components in Lithuanian dairy cattle breeds.

MATERIALS AND METHODS

394 unrelated Lithuanian dairy cows: Lithuanian Black &
White — 109, Lithuanian Red — 168, Lithuanian Light
Grey — 68 and Lithuanian White Backed — 49 were eva-
luated to test the influence of milk protein genotypes on
the productivity of milk and milk composition traits.

Data on the productivity of animals were obtained
from the Record Processing Center SE “Kaimo verslo
plétros ir informacijos centras”.

Blood samples for DNA genotyping were extracted
using a standard phenol—chloroform purification method
[10]. The milk protein genotypes were tested by a metho-
dology based on polymerase chain reaction (PCR) [13].
The amplified DNA fragments were digested with restric-
tion nucleases (RFLP) [15].

Casein genotype analysis. For PCR reaction alpha -
casein primers were used: A primer 5’-GGC ACA CAA
TAC ACT GAT GC-3’; B primer 5’-CAG TGG CAT AGT
AGT CTT TT-3’ and C primer 5’-CAG TGG CAT AGT
AGT CTT TC-3’. DNA was amplified in 34 cycles (94 °C
305, 60°C 30s, 72 °C 30s) followed by 5 min at 72 °C
by Geneamp PCR system 2700. The PCR product was
treated electrophoretically using 2% agarose gel.

Beta-lactoglobulin genotype analysis. For PCR reac-
tion beta-lactoglobulin primers were used: JBLG 2-5’-
TGT GCT GGA CAC CGA CTA CAA AAA G-3’ and
JBLG 3-5’-GCT CCC GGT ATA TGA CCA CCC TCT-3".
DNA was amplified in 35 cycles (94 °C 40's, 58 °C 50 s,
72 °C 50 s) followed for 5 min at 72 °C by Geneamp PCR
system 2700. The amplified 247 bp-long DNA fragment
was digested with Hae III restriction nuclease (MBI Fer-
mentas, Lithuania; concentration 10 units/ 20ml, at 37 °C).
After restriction the products were separated electropho-
retically using 3% agarose gel for 35 min at 100 V.

Kappa-casein genotype analysis. For PCR reaction
kappa-casein primers were used: K346A-5’-CAT-TTA-
TGG-CCA-TTC-CAC-CAA-AG-3’ and K346B-5’-CAT-TTC-
GCC-TTC-TCT-GTA-ACA-G-3’. DNA was amplified in 34
cycles (94 °C 30s, 58 °C 30, 72 °C 30 s) followed for 5
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min at 72 °C by Geneamp PCR system 2700. The ampli-
fied 337 bp-long DNA fragment was digested with Hae
11 and HinfI restriction nucleases (MBI Fermentas, Lit-
huania; 10 units / 20 ml, at 37 °C). After restriction the
products were separated electrophoretically using 3%
agarose gel, 35 min at 100 V.

Visualization of the different milk protein genetic va-
riants was carried out after staining the gels with ethi-
dium bromide, using the Bio Doc 1000 video documen-
tation system (BioRad, USA).

Statistical analysis. Data for this study were prepa-
red and used by the Access database management sys-

tem. Effects of milk protein kappa-casein, alpha -casein
and beta-lactoglobulin genotypes on milk production
traits were estimated using the R statistical package [5].

RESULTS AND DISCUSSION

The parameters of milk yield and milk composition were
estimated according to all milk protein genotypes found
in the Lithuanian dairy cattle population. It was estima-
ted that the BB genotype of milk protein kappa-casein
locus affected major milk fat (4.50 + 0.5%) and protein
(3.47 £0.04%) averages, whereas the kappa-casein BE
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genotype could be characterized by a higher milk yield
average (5776 = 27 kg). The obtained results showed that
the BB genotype exerts a positive effect on milk protein
composition; however, this genotype has a negative ef-
fect on milk yield (Fig. 1). Our results coincided with
literature data [2, 7].

Alpha  -casein BB genotype effected higher milk yield
average (5242 + 14 kg), whereas alpha ;-casein CC geno-
type was superior in protein average (3.64 + 0.09%) (Fig.
2). According to literature [11, 12], the alpha -casein BB
genotype affectes higher milk yield than do the BC and
CC genotypes.

The whey protein BB genotype of beta-lactoglobulin
locus influenced major milk fat (4.67 +£0.01%) average,
whereas the beta-lactoglobulin BC genotype was supe-
rior in protein average (3.6 = 0.12%) (Fig. 3). Whey pro-
tein beta-lactoglobulin influenced milk fat percentage and
casein stock in milk [11, 12, 16].

Differences among milk protein kappa-casein genoty-
pes were estimated. Cows with kappa-casein locus AA
genotype produced more milk (by 175.7 kg, P <0.05) and
protein (2.88 kg, P <0.001) on average than did cows
with the AB genotype carried. However, milk of cows
with AB genotype was superior according to fat (0.23%,
P <0.001) and protein (0.06%, P <0.001) average values.
In cows with kappa-casein locus BB genotype, beneficial
for milk processing, milk was superior according to fat
(0.27%, P <0.05) and protein (0.21%, P <0.001) average
values as compared with cows that had kappa-casein
locus AA genotype. The BB genotype of kappa-casein
locus plays an important role in milk properties needed
for cheese and curd formation. Also, the BB genotype
was superior by protein average (0.15%, P <0.05) com-
pared with cows with the kappa-casein locus AB geno-
type. The AE genotype of milk protein kapa-casein locus
influenced the major milk yield (899.3 kg, P < 0.001), fat

Table 1. Differences among milk protein kappa-casein genotypes according to milk yield and milk constituents in

Lithuanian dairy cattle breeds

Differences among milk protein kappa-casein genotypes according to milk yield, kg
Genotype AA AB AE BB
AB —175.7* = = =
AE —549.0* +724.7H%* - -
BB —350.3 —174.7 —899.3%** -
BE +812.6* +988.2%** +263.6 +1163***

Differences among milk protein kappa-casein genotypes according to milk fat, %
Genotype AA AB AE BB
AB +0.23*** - - -
AE +0.13* —-0.09 - -
BB +0.27* +0.04 +0.14 -
BE +0.09 —0.13 —0.03 —0.17
Differences among milk protein kappa-casein genotypes according to milk fat, kg

Genotype AA AB AE BB
AB +2.79%** = = =
AE +33.3* +30.6%** - -
BB -3.48 —6.27 —36.8* -
BE +41.0 D +7.64 +44.5%

Differences among milk protein kappa-casein genotypes according to milk protein, %
Genotype AA AB AE BB
AB +0.06*** - - -
AE -0.06 —0.12%** - -
BB +0.21%** +0.15* +0.27%** =
BE —0.04 —-0.06 +0.06 -0.21*

Differences among milk protein kappa-casein genotypes according to milk protein, kg
Genotype AA AB AE BB
AB —2.88%* - - -
AE +13.2* +16.7** = =
BB —1.89** +0.99 —15.1%* -
BE +25.0%* +27.9% +11.8 +26.9

*P <0.05; **P<0.01; ***P <0.001.
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Table 2. Differences among milk protein alfa -casein genotypes according to milk yield and milk constituents in
Lithuanian dairy cattle breeds

Differences among milk protein alfa -casein genotypes according to milk yield, kg

Genotype BB BC
BC —328* =
CcC —1344*** —1015*

Differences among milk protein alfa_-casein genotypes according to milk fat, %
sl

Genotype BB BC
BC —0.18%* =
CcC +0.11 —0.07

Differences among milk protein alfa -casein genotypes according to milk fat, kg

Genotype BB BC
BC —6.63* =
CcC —52.0 —45.4

Differences among milk protein alfa -casein genotypes according to milk protein, %

Genotype BB BC
BC +0.04 =
CcC +0.40 +0.35*

Differences among milk protein alfa -casein genotypes according to milk protein, kg

Genotype BB BC
BC —-11.0%* =
CcC —29.4 -18.4

*P <0.05; **P <0.01; ***P <0.001.

Table 3. Differences among whey protein beta—lactoglobulin genotypes according to milk yield and milk constituents
in Lithuanian dairy cattle breeds

Differences among whey protein beta-lactoglobulin genotypes according to milk yield, kg

Genotype AA AB BB
AB +332.2%* — -
BB +9.90 —322%** -
BC —687.6 —1020* —697.5

Differences among whey protein beta-lactoglobulin genotypes according to milk fat, %

Genotype AA AB BB
AB +0.10%* = =
BB +0.20%** +0.09 =
BC +0.48%* +0.38* +0.28*

Differences among whey protein beta-lactoglobulin genotypes according to milk fat, kg

Genotype AA AB BB
AB +16.6 = =
BB +7.09 -9.53 =
BC —11.9* —28.2 —18.6*

Differences among whey protein beta-lactoglobulin genotypes according to milk protein, %

Genotype AA AB BB
AB +0.06 = =
BB +0.15 +0.08 =
BC +0.45 +0.38 +0.30

Differences among whey protein beta-lactoglobulin genotypes according to milk protein, kg

Genotype AA AB BB
AB +12.7 = =
BB +6.06 —6.70 =
BC —4.68 -17.4 -10.7

*P <0.05; **P<0.01; ***P <0.001.
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(36.8 kg, P<0.05) and protein (15.1 kg, P <0.01) average
values, than did kappa-casein BB genotype. Comparison
of AE genotype with AB genotype of milk protein kap-
pa-casein locus showed that cows with AE genotype
produced higher milk (724.7 kg, P <0.001), fat 30.6 kg
(P <0.001) and protein (16.7 kg, P <0.01) average values.
The AB genotype was superior than the AE genotype
(0.12%, P <0.01) in protein average. Similarly, a statisti-
cally significant difference was estimated between the
kappa-casein locus BE and AA genotypes in milk yield
and protein content. Cows with BE genotype produced
more yield (812.6 kg, P <0.05) and protein (25.0 kg,
P <0.05) compared with cows with the kappa-casein lo-
cus AA genotype. Comparing the BE and AB genotype
of milk protein kappa-casein locus, the BE genotype was
superior by 988.2 kg (P <0.001) in milk yield, 38.2 kg
(P<0.01) in fat and 27.9 kg (P <0.05) in protein average
values. Similarly, a statistically significant difference was
obtained between the BE and the BB genotypes: cows
having the BE genotype produced more milk (1163 kg,
P <0.001) and fat (44.5 kg, P <0.05) than cows with the
BB genotype (Table 1).

Statistically significant differences were found betwe-
en BB and BC genotypes of the alfa -casein locus. Cows
of the BB genotype produced more milk (328 kg, P <0.05),
fat (6.63 kg, P <0.05) and protein (11.0 kg, P <0.05),
whereas the milk of cows of the BC genotype was su-
perior by 0.18% in fat. Comparison of the BB and CC
genotypes showed that cows of the BB genotype pro-
duced more milk (1344 kg, P <0.05); however, in cows of
the CC genotype milk was superior (0.35%) in protein.
Statistically significant differences were found between
BC and CC genotypes according to milk yield average.
The BC genotype of Alfa -casein influenced milk yield
(1015 kg, P<0.001) (Table 2).

Cows carrying the AB genotype produced more milk
(3322 kg, P<0.01) and their milk had more (0.10%, P <0.05)
fat compared with cows that carried the AA genotype.
The BB genotype of beta-lactoglobulin induced more
protein (0.20%, P <0.001) than did the AA genotype.
Analysis of differences between the AA and BC geno-
types revealed that cows with the BC genotype contai-
ned more fat (P <0.01). Statistically significant differen-
ces were detected between AB and BB genotypes for
milk yield. The AB genotype cows produced more milk
(322 kg, P <0.001) than did cows carrying the BB geno-
type. Similarly, statistically significant differences were
detected between AB and BC genotypes in whey protein
beta-lactoglobulin according to milk yield in kilograms
and in fat percentage. Cows of the AB genotype produ-
ced a higher milk yield (1020 kg, P <0.05), meanwhile the
milk of the BC genotype cows contained more fat (0.38%,
P <0.05). Comparison of differences between the BB and
BC genotypes showed that milk of BB genotype con-
tained more milk fat by 0.28% (P < 0.05) and kilogram
18.6 kg (P <0.05) (Table 3).

CONCLUSION

According to the research results in respect of beta-
lactoglobulin and kappa-casein genotypes of milk pro-
tein, it could be possible to certify pedigree cattle, i. e.
to select cows, bulls and their semen genetically, testing
genes that determine the qualitative composition of milk
proteins. The obtained results could be used to improve
animal breeding and to improve genetically the quality of
milk. The genetic diversity of milk proteins could serve
as a criterion of selection and the informative marker in
research of the phylogenetic relationships and evolution
of breeds.
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GENETINIU VEIKSNIU POVEIKIO PIENO
PRODUKCIJOS SAVYBEMS LIETUVOS PIENINIU
GALVIJU VEISLESE [VERTINIMAS

Santrauka

Pieno baltymus lemianciy geny itakai produktyvumui ir pieno
sudéciai nustatyti buvo istirtos 394 negiminingos Lietuvos pie-
niniy veisliy karvés: i$ ju 109 Lietuvos juodmargés, 168 Lietu-
vos Zalosios, 68 Lictuvos $¢émos ir 49 Lietuvos baltnugarés kar-
vés. Pieno baltymy genotipai identifikuoti PGR—RFIP (polime-
razés grandinés reakcijos, restrikciniy fragmenty ilgio polimorfiz-
mo) metodu. Gauti rezultatai parodé, kad kapa kazeino BB ge-
notipas turéjo teigiama itaka baltymy ir riebaly kiekiui piene, ta-
Ciau neigiama — pieno iSeigai. Pieno baltymo alfa  kazeino BB
genotipas turéjo itakos didesniam pieningumui, tuo tarpu CC
genotipas — didesniam pieno baltymingumui. I$riigy baltymo be-
ta laktoglobulino BB genotipo didZiausias poveikis nustatytas
riebalams, BC genotipo — baltymy kiekiui piene. [vertinti pie-
no baltymy genotipy skirtumai. Karvés su AA genotipu pasi-
zyméjo didesniu 175,7 kg (P <0,05) pieno ir 2,88 kg (P <0,001)
baltymy kiekiu, nei AB genotipo karvés. Taciau AB genotipa tu-
rin¢iy karviy pienas buvo 0,23% (P <0,001) riebesnis ir 0,06%
(P <0,001) baltymingesnis. Nustatyta, kad kapa kazeino loku-
so BB genotipo karviy pienas vidutiniskai 0,27% (P <0,05) rie-
besnis ir 0,21% (P <0,001) baltymingesnis, lyginant su AA ge-
notipa turinéiy karviy pienu. Lyginant genotipy skirtumus tarp
alfa | kazeino lokuso BB genotipo ir CC genotipo karviy, buvo
gauta, kad BB genotipo karvés davé 1344 kg (P <0,05) daugiau
pieno, taciau CC genotipo karviy pienas buvo 0,35% baltymin-
gesnis. [vertinus skirtumus tarp pieno baltymo beta laktoglobu-
lino lokuso genotipy, buvo nustatyta, kad AB genotipa turinios
karvés davé vidutiniskai 332,2 kg (P<0,01) daugiau pieno ir pie-
nas buvo 0,10% (P <0,05) riebesnis, lyginant su AA genotipo
karvémis. Beta laktoglobulino lokuso BB genotipo karviy pienas
0,20% (P <0,001) buvo baltymingesnis, nei AA genotipo kar-
viy pienas.

Idiegus pieno baltymy beta laktoglobulino ir kapa kazeino
geny atzvilgiu tyrimo metodika galima genetiSkai sertifikuoti
veislinius gyvulius — rinktines karves, bulius bei ju sperma pa-
gal genus, lemiandius pieno baltymy kokybing sudéti, Sitaip
padidinti ju veisling vertg bei sudaryti galimybes genetiskai pa-
gerinti pieno kokybg.

RaktaZodziai: kazeinas, laktoglobulinas, pienas, galvijai

Huéne Ileuynaiitene, Miaona Muueiikene, Pamyrte
Mumeiikene, Hataius KpacHonéposa, Slnmna Kpsysene

WCCAEJOBAHUE TEHETUYECKHX ®AKTOPOB,
BJIMSIIONINX HA COCTAB MOJIOYHOM
MPOAYKIUU KOPOB JIMTOBCKOW MOPOJBI

Peswome

IIpoGbl kpoBu monydeHsl Yy 394 HepOICTBEHHBIX KOPOB

JIMTOBCKOW MOJIOYHOM TOpOABI JJII HCCIENOBAaHUS T'E€HOB
MOJIOUHOTO OeJka, KOHTPOIUPYIOLUIUX MOJIOYHYIO MPOAYKTUB-
HocTb. M3 Hux: 109 nuToBcKoi yepHO-TIeCTpoi, 168 MuTOBCKOM
Oypo#, 68 aUTOBCKOI mernenbHol, 49 ITUTOBCKON OeOCTUHHOM.
Jns

unentTuduuuposan wmerogom 1P (monmmmepasHas uenHas

HUCCIICAOBaHHUA TI'CHOB TCHOTUII  MOJIOYHOTO Oenka

peakuus). YcraHOBIEHO, uTO reHoTMn BB kamma-kazeun
MOJIOXKUTENBHO BIMSAJI Ha KOJIMYECTBO OEJIKOB M JKHPOB B
MOJIOKE M OTpULIATEJIbHO — Ha BbIXOJ MoJioka. IeHotun BB
aJ]b(i)aS]-KBBCPIH BJIMsAJI Ha YBCJIWYEHHUE BbIXOJla MOJIOKa, IIpU
stoM rerotun CC BIMAT Ha yBeIMYEHHE cOJepxkaHus Oelka B
Mosoke. benok ceiBopoTku reHotuna BB Gera-makTornoOynun
3HAQYUTECJIBHO BJIUSJI HA KUPBI, IPU 3TOM I'€HOTHUIL BC BJIMSJI HA
yBelndeHue Oelka B MOJOKe. AHalu3 JaHHBIX IOKa3al, 4TO
KOpOBBI C TeHOTHIIOM AA B cpeaHeM panu Ha 175,7 kr
(P <0,05) 6onpmie monoka u Ha 2,88 kxr (P <0,001) Gonbuie
OenkoB, ueM KopoBbl ¢ reHorunoM AB. Ilpu 3Tom, B MoJOKe
kopoB ¢ reHorunoM AB xwupos 6suto Ha 0,23% (P <0,001) u
oenkoB Ha 0,06% (P <0,001) Gonbme. B Mosioke KOpoOB,
HMEIOIIMX JIOKYC Kamma-kazenHa reHotuna BB, B cpenHem
xupoB Ha 0,27% (P <0,05) u 6enxoB Ha 0,21% (P <0,001)
Oosibllle, uYeM B MoJOKe KopoB ¢ reHotunoM AA. Ilpu
cpasuennn renotunoB BB u CC nokyca anbdag-xazenHa
BBISIBJICHO, YTO KOpOBBI reHotuna BB namu monoka Ha 1344 kr
(P <0,05) Oonbuie, HO B Moyioke KopoB ¢ reHorurnom CC
OenkoB Obuto Oosbie Ha 0,35%. Ilpu cpaBHEHUM T€HOTHIIOB
JOoKyca 0era-makTomIOOYIHMH  YCTaHOBJIEHO, UTO  KOPOBBI
reHoruna AA ycTymaooT ApyruM: KOpoBbl reHoruna AB B
cpenHeM pamu Moioka Ha 3322 xr (P<0,01) Gombme (1
Oonee KUPHOro), a B MOJIOKE KOpoB rexHoruna BB OenkoB
obu10 Ha 0,20% Oonbiie (P <0,001) monoko GenKoBOMOJIOUHEE,
yeM MOJIOKO KopoB AA reHorumna. Ha ocHoBe co3paHHOM
METOIUKU HCCIIEOBAHUS MOJOYHOro Oenka OeTa-nakToro0ynuH
U Kanmna-Ka3eMH MOXHO TEHETHYECKU CepTHUPHUIMPOBATH
MIOPOAUCTBIX KUBOTHBIX — OTOOPAHHBIX KOPOB U OBIKOB, a TaKkKe
UX CIIEpMY — IO I'€HaM, IOJIOXKUTECIIBHO BJIUAIOIIUM Ha Ka4deCT-
BEHHBIH COCTaB MOJOYHOro O€llka, W TaKhM CII0COOOM

MOBBICUTh TMOPOJMCTYI0 I[€HHOCTh CKOTa, CO3/aBas BO3-

MOXHOCTb I'€HECTUYCCKU YIYUYIIUTh Ka4€CTBO MOJIOKA.
KuroueBbie ciioBa: Ka3€uH, J]aKTOFJlOGyJ]l/IH, MOJIOKO, CKOT



