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EFFECT OF BETA-LACTOGLOBULIN GENOTYPES ON COMPOSITION
AND TECHNOLOGICAL PROPERTIES OF MILK
IN UKRAINIAN BLACK-AND-WHITE DAIRY CATTLE

T. M. DYMAN, O. P. PLIVACHUK
Bila Tserkva National Agrarian University (Bila Tserkva, Ukraine)

A total of 200 Ukrainian Black-and-White dairy cows were genotyped for the beta-
lactoglobulin gene (f-LGB). The p-LGB genotypes were analyzed using PCR-RFLP method. In this
breed, the frequencies of alleles were follows: A=0,630 and B=0,370. The frequencies of AA, AB
and BB genotypes were 0,430, 0,400 and 0,170 respectively. Results showed that p-LGB AA
genotype had higher milk yield, whole protein, total solids and milk solids non-fat (MSNF) content
than AB and BB individuals. With respect to milk fat content (%), the BB genotype had higher levels
than the AA and AB individuals. The results showed that milk with best cheese-making properties
was obtained by cows with the genotype BB. Their milk had higher casein content and casein
number and shorter coagulation time. At the same time the heat stability of this milk was less
compared to milk from animals with the p-LGB AA and AB genotypes. The results presented here
demonstrate that the f-LGB genotypes may be used as selection criteria in programs of Ukrainian
Black-and-White dairy cattle breeding and improvement.

Key words: milk production traits, beta-lactoglobulin gene, genotypes, milk yield, milk
composition, cheese-making properties, heat stability

BILJIUB TEHOTHIIIB TEHA BETA-JJAKTOTJIOBYJIHY HA XIMIYHUM CKJIAJ
TA TEXHOJIOTTYHI BJIACTUBOCTI MOJIOKA YKPATHCBKOI YOPHO-PABOI
MOJIOYHOI XYJTOB!

T. M. dumanb, O. II. ILiiBauyk
binoyepxiscokuii nayionanvnuii acpapnui ynieepcumem (bina Llepkea, Yxpaina)

Ilposedeno awnaniz eememuyHoi CMpyKmypu VKpaiHCbKoi 4OpHO-psib0i MOI0YHOI Xy0oobu
(n=200) 3a 7noxkycom ecena Oema-nrakmoznoOyniny. J[na idemmucpikayii eenomunie 6Oyi0
suxopucmarno memoo IIJIP-IIJ]P®. V Oocnioxceniii Mikpononyaayii meapun 6useileHo 08a ajeli
2ena bema-naxmozano6yniny — A i B — 3 uacmomamu 0,630 i 0,370 sionogiono. Yacmomu cenomunis
AA, AB ma BB cmanosunu sionosiono 0,430, 0,400 ma 0,170. Pezyremamu 0ocniodxcenb nokazai,
wo xopogu-tocii cenomuny AA manu uwyi NOKA3HUKU HAOO0I0, MACOB0I YACMKU 3A2ANbHO20 DILIKA,
CYXOi peuosuHu ma Cyx020 3HeHCUPEHO20 MOJOYHO20 3anUWKY, Hidxc Hocii eenomunie AA i AB.
Boonouac comozucomu BB manu monoko 3 suwum ymicmom scupy (%) nopiensano 3 eenHomunamu
AA i AB. Monoxo 3 Kpawumu noKazHuKamu CUponpuoamHocmi ompumy8anu makoxc 6i0 Kopie 3
ecenomunom BB. Taxe monoxo mano 6inbuty mMacogy wacmky Kaseiwy, Oilbuly 4acmky Kaseiwy y
3aeanbHOMy OLIKYy | KOpomuwiull 4ac 3CiOAHHA 32YCMKY RNi0 GNAUBOM CUUYHCHO2O (DepMeHm).
Boonouac tioco mepmocmabinonicms 6y1a HUNHCUOW NOPIBHAHO 3 MOJIOKOM MEAPUH 3 2eHOMUNAMU
AA i AB. Biomak, cenomun meapun 3a 2eHom 6ema-1aKkmo2n00yniny MO*CHA BUKOPUCIOBY8AMU SIK
CeleKYiuHULl Kpumepitl y npocpamax po3eedeHHs 1 YOOCKOHANeHHs YKPAIHCbKOI 4O0pHO-psaboi
MOJIOYHOI Xy00Ou.

Knrouosi cnoéa: Mo104Ha NPOAYKTHBHICTH, T'eH 0eTa-JIaKTOrJI00Y JIiHY, TeHOTHIIH, Hai,
XiMiYHM# CKJIaJ MOJIOKA, CHPONIPHUIATHICTH, TEPMOCTADIJIBHICTH
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BJIUAHUE T'EHOTHUIIOB I'EHA BETA-JJAKTOI'JIOBYJIMHA HA XUMMYEC-
KU COCTAB W TEXHOJIOTMYECKHUE CBOMCTBA MOJIOKA YKPAMHCKOI'O
YEPHO-IIECTPOT'O MOJIOYHOI'O CKOTA

T. H. Abimans, O. I1. IlnuBauyk
Benoyeprosckuti nayuonanvhwiii acpaphuiii ynusepcumem (benas Ilepxosw, Ykpauna)

Ilposeoden awnanus cenemuueckol cCmpyKmypbl VKPAUHCKO20 UEPHO-NECMPO20 MOAOUYHO20
ckoma (n=200) no noxkycy eema Oema-1akmoenooyauna. Jnsa udeHmugukayuu 2eHomunos
ucnonvzosan memoo IL[P-II/[P®. B ucciedo8anHol MUKPORORYIAYUU HCUBOMHBIX BbIAGIEHO 084
annensi eena bema-nakmoenooyiuny — A u B — ¢ uacmomoii ecmpeuaemocmu 0,630 u 0,370
coomeemcmeenno. Yacmomul cenomunog AA, AB u BB cocmaénanu coomeemcmeenno 0,430, 0,400
u 0,170. Pe3ynomamsl uccie0o8anuti NOKA3aau, 4mo Kopogvl-Hocumenu eceromuna AA
Xapakmepuzo8anuch 6oaee 8biCOKUMU NOKAZAMENAMU Y005, MACCOBOU 00U 00uje2o 6enKa, cyxo2o
gewecmaa U cyxo2o 00e3x4CUpeHHo020 MOJI0YHO20 ocmamia, yem obraoamenu cenomunod AA u AB.
B mo orce spema om comozuecom BB nonyuanu monoxo c bonee gvicokum codepacanuem xcupa (%)
no cpasuenuio ¢ eenomunamu AA u AB. Monoko ¢ aywwumu noxazamensamu ColpoOnpueoOHOCmuU
noxyYanIu makace om Kopog ¢ eenomunom BB. Taxkoe monoko codepacano donvuie Kazeuna, umeno
OoLWYI0 000 Ka3zeuHa 8 oOwem Oenke u Oonee KOPOMKOE 8DPEMsl CHIYYICHO20 CEEePMbIEAHUSL.
OoHnak e2o mepmocmabunbHoCmb ObIIA HUMCE NO CPABHEHUIO C MOJIOKOM JHCUBOMHBIX C
cenomunamu AA u AB. Taxum o6pasom, eceHomun OJHCUBOMHBIX NO JIOKYCY 2eHa bOema-
JIGKMO2N0OYIUHA MOJHCHO UCHONL308AMb 8 Kauecmee CeleKYUOHHO20 KPUMmepus 6 npocpammax
paseedenus u co8epuieHCMB08aHUS YKPAUHCKO20 YePHO-NeCmpPO20 MOIOYHO20 CKOMA.

Knrouesvie crosa: MoJi0UHAsE TPOAYKTHBHOCTD, F'eH 0eTa-I1aKTOrJ00y/IMHA, TeHOTHIINDI,
Y0, XHMHYECKHUI1 COCTAB MOJIOKA, CBIPONPHUI0IHOCTh, TEPMOCTAOHIBHOCTH

Introduction. The development of intensive technologies of high quality milk production is a
priority of modern farming. Intensive technologies include the improving of cattle breeds by using
of DNA-technologies. Molecular-genetic markers associated with milk production traits are used in
animal breeding of numerous countries. Beta-lactoglobulin (B-LG) gene belongs to these markers.
Since the discovery of alleles A and B of B-LG in cattle, genetic polymorphism in milk proteins has
raised great interest in animal breeding and dairy industry.

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 B-LG had a favorable
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 [2, 3, 6, 7].

Many studies have shown a beneficial effect of the B-LG B allele on technological properties
of milk [8, 9]. They claimed that milk with B variant of B-LG was associated with better
coagulation properties, shorter coagulation time, faster syneresis, higher curd firmness and higher
yield of cheese compared to A variant.

Until now, B-LG has been a popular genetic marker for the genetic characterization of cattle
populations. However, allele frequencies of the polymorphic B-LG and the influence of these alleles
on milk performance traits are not consistent across the diverse range of dairy cattle.

Based on important role of B-LG gene in milk related traits and their genetic trends in dairy
cattle, the aim of this study was to evaluate the effect of B-LG gene types in Ukrainian Black-and-
White dairy cattle on the composition and technological properties of milk.

Materials and methods. A total of 200 Ukrainian Black-and-White dairy cows were
genotyped for the B-LG gene. The cows were kept in the herd of «Agrocompany Kolos» (Skvira
district, Kiev region). During the experiment the investigated livestock was located in the same
conditions of feeding and keeping, the animals were clinically healthy.

Genomic DNA was isolated from blood samples of dairy cows using «DNA-sorbB»
(Amplisence, Russia) according to recommendations of producer.
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The polymorphism at beta-lactoglobulin gene was identified by conducting PCR-RFLP
(polymerase chain reaction-restriction fragment length polymorphism) studies [5].

Milk yield was calculated based on the results of monthly control milking. Fat and protein
content in milk was measured by means of device «Ekomilk KAM-98.2». Total solids content was
determined by method of drying to constant weight, milk solids non-fat (MSNF) content and lactose
content — by using milk analyzer AM-2, casein content — by formol method. Milk density was
measured using a lactodensimeter [4].

Rennet coagulation time of milk was measured in minutes, including the time since the
addition of the enzyme to the formation of a firm clot. Clot without isolation of whey and gas
bubbles, and also without cracks and voids was considered firm. When turning the tube clot is not
dropped or fell only a few particles.

Clot was considered soft when it contained a few gas bubbles and cracks. When turning the
tube the clot deformed and less than 50 % fell out. Clot permeated gas bubbles, torn into particles
was considered flaccid, flaky. Turning the tube led to a complete or partial (over 50 %) loss of the
clot.

Heat stability of milk was determined using a so called «tiglova probe» [1].

Statistical analysis was carried out in program Statistica 6.0.

Results and discussion. Molecular-genetic analysis in the studied population of Ukrainian
Black-and-White dairy cows showed a distribution of genotypes on B-LG gene locus: AA —43 %,
AB —40 %, BB — 17 % (table 1).

1. Allele and genotype frequencies of f-LG gene in Ukrainian Black-and-White dairy cattle

Locus Genotype Number of animals | Genotype frequency | Allele | Allele frequency
B-LG AA 86 0,430 A 0,630
AB 80 0,400 B 0,370
BB 34 0,170

The results subjected to analysis of variance showed B-LG genotypes to be a factor that
significantly differentiated the yield of milk and the cows’ milk nutrient content. The highest milk
yield for 305 days of lactation (5617 kg) was observed in animals with genotype AA. Cows with
the B-LG BB genotype obtained 256 and 122 kg less milk yield compared to animals with the B-LG
AA (P<0,05) and AB (P<0,05). In addition, the milk produced by cows with the BB genotype had
the lowest protein, total solids and milk solids non-fat (MSNF) content. Based on Table 2, the
difference in milk composition between cows with the f-LG BB and AA genotype was 0,04 % for
protein content, 0,05 % — for total solids content (P<0,05) and 0,13 % — for MSNF (P<0,001). At
the same time cows with genotype BB had the highest fat content, the difference with AA and AB
genotypes was 0,08 (P<0,05) and 0,07 % (P<0,05) respectively. The highest lactose content
(4,52 %) was revealed in milk from cows with heterozygote genotype.

The results obtained in our study are confirmed by the findings of other authors [2, 3, 6, 7].
They also reported that milk composition was significantly related to -LG genotype.

Cheese-making properties and heat stability are the most important technological traits of
milk because they determine the degree of raw material use in dairy industry. In cheese manufacture
the cheese yield does not only depend on the whole protein content of the milk, but on the casein
content, which is measured by the casein number. Therefore it is also necessary to mention the
B-LG genotypes which are determining the casein number of the milk. The casein number indicates
the percentage of casein of the whole protein fraction and is the other key factor for cheese making.

Investigations showed that the B-LG genotype BB is correlated with a higher casein content
and casein number than the genotypes AB and AA. We did not revealed the statistically significant
differences between B-LG genotypes on casein content. At the same time casein number of milk
from cows with BB genotype was 1,8 % (P<0,01) higher than in milk from animals with AA
genotype.
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2. Effect of B-LG polymorphism on milk composition and technological properties

in Ukrainian Black-and-White dairy cows, X = m,

. Genotypes Difference
Traits AA AB BB BB-AA BB-AB
n 86 80 34
Fat content, % 3,83+0,032 3,84+0,023 3,91+0,032 +0,08* +0,07*
Protein content, % 3,140,011 3,120,012 3,100,012 -0,04 -0,02
Casein content, % 2,3840,011 2,40+0,073 2,414+0,034 +0,03 +0,01
Casein number, % 76,0+0,86 77,1+1,21 77,8+0,75 +1,8%* +0,6
Lactose content, % 4,480,023 4,520,023 4,490,033 +0,01 —-0,03
Total solids content, % | 12,500,052 | 12,470,071 | 12,45+0,046 —0,05* —0,02
MSNF content, % 8,670,063 8,630,042 8,540,062 —0,13%** -0,09*
Density, °A 28,140,13 27,940,15 27,540,24 —0,6%* -0,4*
Rennet coagulation time, | 31,500,53 | 2934067 |  26,9+0,98 4,6 2,4
Percentage of animals
; o 0/ .
w”ze';';’ek curd, %: 30 49 78 +48 +29
soft 54 38 22 -32 -16
flaccid, flaky 16 13 - -16 -13
Zf;” stability of mill, | 0551456 | 5874278 53,643,44 _6,6* _5,1%

Note.* — P<0,05; ** — P<0,01; *** — P<0,001.

Table 2 shows the effect of B-LG polymorphism on the state of casein curd and also on rennet
coagulation time of milk. Milk with rennet coagulation time from 15 to 40 minutes is the most
desirable in the cheese-making. If the clotting lasts more than 40 minutes this results in a large loss
of raw materials and a small cheese yield.

Differences (P<0,05) between the cows with different B-LG genotypes for rennet coagulation
time were observed. Clotting lasted 26,9 minutes in milk from cows with genotype
B-LG BB. These animals showed shorter milk coagulation time (—4,6 and —2,4 min) than AA and
AB individuals.

From 51-70 % cows with allele B-LG A in genotype the soft and flaccid milk curds were
obtained. The presence of B allele in the genotype significantly improved the state of casein curd.
Casein curds from milk of 78 % cows with BB genotype were firm. Thus, the milk from B-LG BB
individuals has higher cheese yielding capacity. It is an important attribute which has to be
considered by the cheesemaker because it eventually determines the profitability of the operation.

Milk from animals with B-LG AA genotype had the highest heat stability — 60,2 min by
«tiglova probe». The difference in heat stability between cows with the B-LG BB and AA genotype
was 6,6 min (P<0,05). Heat stability of milk plays a significant role in the manufacture of certain
high heat treated/concentrated milk products.

Conclusion. The results of this study confirmed the association of B-LG polymorphism with
milk production traits, particularly with milk composition and technological properties. Significant
differences have been revealed between different B-LG genotypes in Ukrainian Black-and-White
dairy caws. Animals with B-LG AA genotype were characterized by higher milk yields, higher
protein, total solids and MSNF content, as well as higher density and heat stability compared to
genotypes AB and BB. The highest fat content and the most favorable properties for cheese making
were observed in milk from cows with B-LG BB genotype. Their milk had a high casein content
and good characteristic of casein curd. B-LGB genotypes may be used as selection criteria in
programs of breeding and improvement of these cattle.
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