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BIIAHWE TEHOTUIMNA KOPOB HA X MNMPOAYKTNBHOCTb

KNKOYEBBIE C/TOBA:
MO/I0KO, MOMOYHbIA XUpP 1 6eNoK,
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N KAYHECTBO MOJIOKA
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Kak nokasblBalOT UCCNEAOBAHUS POCCUMCKUX M MHOCTPAHHbBIX YUYEHbIX, MOPOJa N FEHOTUN KOPOB BAUSAET Ha UX
NPOAYKTUBHOCTb WU KAYeCTBO MOIOKA. B CBA3UN € 3TUM, LeNblo JaHHOT0 NUCCNef0BaHUA 6blI0 U3yUYeHUEe MOSIOYHON
NPOAYKTUBHOCTU N KayecTBa MO/IOKA KOPOB XO/IMOTOPCKOV/ MOPOAbl TAaTapPCTAHCKOTO TUMa ¢ pa3HbIMU KOMMIEKC-
HbLIMW FeHOTMMaMM N0 reHam 6enKOB MOMOKa, @ UMEHHO anbda S1-kasenHa, 6eTa-kasenHa, kanna-kasenHa, 6e-
Ta-}'IaKTOFI'I06y}1I/IHa N anbha-naktanbb6ymmnHa. NeHOTUNbI MO reHam 6eNKOB MONOKa onpeAensny metofamu
AHK-aHanus3a. OnpejeneHne KONMMYeCTBEHHbIX W KAYeCTBEHHbIX MoKasaTeneil MOMOKa MPOBOAUIN KOHTPO/b-
HbIMW AO0KaMW M Ha aHanusaTope mMonoka «/IAKTAH 1-4». Bonee KauyeCTBEHHOe MOJ/IOKO-CbIpbe, TO €CTb C Ha-
M6ONbLWINM KONIMYECTBOM MUTATENbHbLIX BELLECTB, TAKUX KaK MOJIOYHbIV XUP 1 6enokK, 6bI10 MOIOKO OT KOPOB
C KOMMN/EeKCHbIMM reHoTunamu 6enkos monoka BB/AB/AB/AB/AA, BB/AB/AB/AB/AB, BB/AB/AB/AB/BB. B npa-
KTWYECKOM NnaaHe 13 TaKoro CbipbA MOXXHO NOAY4YUTb 60/blIe Ka4eCTBEHHbIX MONOYHbIX NPOAYKTOB.
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As studies by Russian and foreign scientists show, the breed and the cows genotype affects on their productiv-
ity and milk quality. In connection with this, the purpose of this research was to study the milk productivity and
milk quality of the Tatarstan type Kholmogory cows with different complex genotypes on the milk protein genes,
namely, alpha Sl-casein, beta-casein, kappa-casein, beta-lactoglobulin, alpha-lactalbumin. The genotypes on the
milk protein genes were determined by DNA analysis methods. Determination of quantitative and qualitative in-
dicators of milk was carried out by control milking and on a milk analyzer «LAKTAN1-4». Better raw milk, that is,
with the greatestamount of nutrients, such as milk fat and protein, was milk from cows with complex genotypes of
milk proteins BB/AB/AB/AB/AA, BB/AB/AB/AB/AB, BB/AB/AB/AB/BB. In practical terms, it is possible to get more

quality dairy products from such raw materials.
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1. BBeaeHue

B cBA3KM ¢ BO3pacTalolLmMm TpeboBaHMEM pPbIHKA K KauyecTBy
MOJIOKa 1 BblpabaTbiBaeMO MOMOYHOM NPOAYKLUMK, B HACTHO-
CTW NO TaKUM MokKasaTensim, Kak cofiepXaHune Xunpa, KoimyecTso
N cocTaB MOMOYHOro 6enka M Ap., akTyanusmpyetca noTpeod-
HOCTb B CefeKuMN AOWNHOro ctaja C NMOMOLLbIO FeHEeTUYECKUX
MapKepoB, accoLMMNPOBAHHbIX C KaYeCTBEHHbIMU NPU3HaKaMun
MOJIOYHOW NPOAYKTUBHOCTY [1].

B kauecTtBe noTeHuManbHbiXx [JHK-MapkepoB MOM0YHOM
NPOAYKTMBHOCTM N KayecTBa MOJIOKa Y KPYMHOr0 poraToro cKo-
Ta paccMaTpuBaloTCA annenn reHoB 6enKOB MOMoKa. Tak, an-
nenb B reHa anbcpa 81-kasemHa (CSN1S1) okasbiBaeT BAUSAHUE
Ha yBe/InYeHVe BbIX04a MOJOKa, a Apyron ero annens C cBA-
3aH C yBeNM4YeHUeM cogepaHnsa 6enka B monoke [2]. Annenb
B reHa o6eTa-kaszemHa (CBLU), o6Gnagatowinii BbipaXeHHbIM
NONOXUTENbHbIM BAUSHWEM Ha Cblpofe/lbyecknue CBOWMCTBA
MOJIOKa, AOMOJIHUTENbHO YCWU/IMBAET aHaNorMyHoe BAUAHUE
annena B kanna-kasemHa. Mpu atom annens A reHa CBLU
NO3UTUBHO BANSET HA TEPMOYCTOYMBOCTbL Mo10Ka [3]. MeH Kan-
na-kasemHa (CSN3) oTBeuaeT 3a 6€/IKOBOMO/IOYHOCTb U TEXHO-
nornyeckume ceoiictea Mosioka. Tak, annens B reHa CSN3 cBs3zaH
¢ 60/1ee BbICOKMM cofep>kaHueMm Hefika B MOIOKe, a Takxe 6onee
BbICOKMM BbIXO40M TBOpOra u cbipa. leH 6eTa-nakTtornobynmHa
(BLG) accoummpoBaH ¢ 6e/IKOBOMO/IOYHOCTbIO U BUOMIOrNYECKOIA
LeHHOCTbl0 Monoka [4,5]. Ero annenb B xapakTepusyeTtca kak
BbICOKMM COfepXaHNeM Ka3eMHOBbIX 6eflkoB, TaK U BbICOKUM

Ana UMTUPOBAHWA: TonbknH C.B. BAnsiHne reHoTuna KOPoOB Ha UX npo-
OYKTMBHOCTb W KayeCcTBO Mosioka. lMuuiesble cucTembl. 2018; 1(3): 38-43.
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NPOLLEHTOM XMpa B MOJIOKe, a annenb A —BbICOKUM cofepiKa-
HMEM CbIBOPOTOYHbIX 6GE/IKOB, COOTBETCTBEHHO. YPOBEHb e
NposIBNEHNS MPU3HAKOB MOJIOYHOM NPOAYKTUBHOCTU Y KOPOB,
HecyLLMX B CBOEM reHoMe annenn A n B reHa anbha-naktanboy-
MuHa (LALBA) pasnuuyaeTcsi B 3aBUCUMOCTU OT MOPOAHOM Npu-
HaaneXxHoctn [6].

PaclunpsiemMblii acCOPTUMEHT MOJIOUYHOM NPOAYKLUUM co3aaeT
KOHKYPEHTHY0 Cpefy, CTUMY/NPYIOLLYI0 K MPON3BOACTBY BbICO-
KOKayeCcTBEHHbIX MPOAYKTOB. MpuyeM NpoAyKLMI0 HamBbICLLIE-
ro KayecTBa MOXHO MPOU3BECTM TO/IbKO M3 MOJIOUHOIO CbIpPbS,
06najatoLLero LenbiM KOMMJ/IEKCOM CBOMCTB: BbICOKOW Macco-
BOW Jonen 6enka v xnpa, TpebyemMbiMU CAHUTAPHO-TUTMEHNYe-
CKMMUW nokaszaTensiMyn. TakKe MOJIOKO-CbIpbe AO/MKHO 061a4aThb
cneunrnyeckNmMm KavuecTBamm TEXHOIOTMYECKOW MPUTroAHOCTH,
06ecreynBaroLL MU BbIPaboTKY TOFO UM MHOTO BUAA MOMIOYHOM
npoaykKuun, obecnevnsas Habop NOTPebUTENbLCKNX CBOMCTB [7,8].

LlenbHOMONOYHbIE N CTEPUIN30BAHHbIE MOIOYHbIE MPOAYK-
Tbl, OCOGEHHO MPOAYKTbl KOHCEpPBMPOBaHHble, repoAmneTuYe-
CKMe, PYHKLNOHA/NbHbIE U AETCKOro MUTaHUS MOXHO W3roTo-
BUTb TOMIbKO N3 MO/THOLLEHHOI0 M KA4YeCTBEHHOTO MOJI0Ka-ChIPbS,
OLEHOYHbIE KPUTEPUW KOTOPOro MOCTOSIHHO pacLlMpsitoTcs
[9,10,11,12,13,14,15,16,17,18].

B cBfI3M C 3TUM, LiefIbi0 JaHHOT0 MccnefoBaHUA Gblo U3yYe-
HMe MOI0YHOV NPOAYKTMBHOCTU M KayecTBa MOJIOKa KOPOB XO0/1-
MOropCKOYi NOpoAbl TaTapCTaHCKOro TUMa ¢ pa3HbIMU KOMIJIEKC-
HbiMU reHoTunamm no reHam CSN1, CSN2, CSN3, BLG, LALBA.

FOR CITATION: Tyulkin S.\V. The effect of cows genotype on their productivity
and milk quality. Food systems. 2018; 1(3): 38-43. (In Russ.). DOI: 10.21323/2618-
9771-2018-1-3-38-43
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2. Matepuanbl n MeTOAbl

NcecneposaHnioo nognexann 164 kopoBbl-rniepeoTénkn OAO
«Mnem3aBof «BUPLOANHCKNIT» BbICOKOrOpcKoro pamoHa Pecny-
6nuKm TaTapcTaH Poccninckoii degepauunn.

OCHOBHble 3Tanbl MOJIEKYNAPHO-TEHETUYECKOro wnccneno-
BaHMA COCTOANN N3 NOMyYeHUs BMONOTMYECKOro MaTtepuana ot
KPYMHOro poratoro ckota, akcTpakuun AHK u3 nccnegyemoro
matepuana, AHK-aHannsa metogom MUP v MUP-NAP®P u anek-
TpochopesHoM aeTekuMnM NPOAYKTOB amnandukaumm m pe-
CTPUKLUN.

MonyyeHne 6uonornyeckoro Matepmana. Kposb, B3SiTYIO
C IPEMHOI BEHbI Y KPYMHOro poratoro cKota, BHOCUAM B Mnna-
CTUKOBbIe Mpobupku ¢ 100 MM SATA ¢ pasBefeHMeM KOHcep-
BaHTa 0 KOHEYHOM KOHUeHTpaumu 10 MM.

JKCTPaKLUMA HYKNEeNHOBbLIX KUCMOT U3 MNONYy4YeHHbIX 06pa3u,os
KPOBWU BbINO/IHEHA KOMOWHWUPOBAHHbLIM LLLENIOYHbLIM CNOCO6GOM.

YcTaHOBNEHME TEHOTUMOB Y KOPOB MO reHam Kas3euvHOoB
(CSN1S1, CBbI2, CSN3,) n cbiBopoTouHbIX 6enkoB (BLG, bAbBA)
MoJioKa nposoaunn metogamn AHK-aHanusa, a umeHHo lMLUP-
NnAapPo® [19, 20, 21] u AC-MNUP [22,23,24].

Y[oun KOpOB-MEPBOTENOK ONpefensann exenexkagHbiM yue-
TOM KOHTPO/IbHbIX AOEHWI, a fanee pacCcyUTbiBaNX 3a MNOM-
HYIO M HEMOMHYIO NakTauuu, To ecTb 3a 305 AHel N He MeHee
240 oHel COOTBETCTBEHHO.

MpoueHTHOe cogep>kaHue Xunpa n 6enka B MOJIOKe ycTaHaB-
nnBann Ha aHanmsatope mosnoka «JIAKTAH 1-4».

BapuraLnOHHO-CTaTUCTUYECKNTH aHann3 pe3ynbTaToB nUccne-
[OBaHMA NpoBOAMAN BMOMETPUYECKMM MeToAoM. [ocToBep-
HOCTb MOJTYYEHHbIX Pe3y/bTaToB WCC/ef0BaHUSA MOATBepXAa-
nacb TabNMYHbIMU AaHHBIMU KpUTepUS Mo CTbIOAEHTY.

3. Pe3ynbTaTbl N 06CYXAEHUE

B Ta6bn. 1 npuBefeHa OLEHKAa MOJIOYHOW NPOAYKTUBHOCTU
M KayecTBa MosioKa (Y0l 3a nakTaLuio, cogepxaHue U Konmue-
CTBO XMpa B MOJIOKE, COAepXXaHUe N KONN4ecTBO Gefika B MO-
JI0Ke) NepPBOTENIOK XO/IMOTOPCKOW MOPOoAbl TaTapcTaHCKOro Tuna
C pa3HbIMUW KOMTMIEKCHbIMW FreHOTUNaMW reHoB 6e/1IKOB MOJ10Ka
CSN1S1, CB2, CSN3, BLG, bAbBA.

Yol 3a nakTaLmio KOpOB X0/IMOrOPCKOW MOpPoAbl C PasHbIMU
KomnnekcHbIMM reHotunamu CSN1S1, CBbl2, CSN3, BLG, bABBA
6b1n B Npegenax ot4311 kr (reHotun BB/AA/AB/BB/AA) fo 5427 kr
(reHoTun BB/AA/AA/AA/AB). MepBOTENKN C KOMMIEKCHbBIM FEHO-
Tunom BB/AA/ABBBAA ycTynann aHanoram ¢ gpyrumMmm Kom-
MAEKCHbIMM reHoTunamMmmy Ha 229-1240 kr mosnoka. MNpunuyém fo-
CTOBEPHAsA pasHULLA UMeNach MeXay aHanoraMmu ¢ KOMMnaeKCHbIM
reHoTunom BB/AA/AB/BB/AA 1 nepBOTENKaMW C reHOTMNAaMMu
BB/AA/AA/AA/AA, BB/AAJAA/AA/AB, BB/AA/AA/AA/BB, BB/AA/
AA/AB/AA, BB/AA/AA/AB/AB, BB/AB/AB/AB/AA, BB/AB/AB/AB/
AB, BB/AB/AB/AB/BB —694-1240 kr monoka (P<0,05-0,01). Yaou
3a flakTaumio Bbiwe 5000 Kr MOMIOKa MeNW AeBATb rPynn KOPoB
C KOMMJIEKCHbIMW TeHOTMMNaMu, Npu 3TOM HaubosnbLive yaou
(5551 Kr) 66111y nepBOTENOK ¢ reHoTMnom BB/AB/AB/AB/AB.

CofepXxaHue Xupa B Monoke 6bi10 B npegenax ot 3,71 %
(reHotnn BB/AA/AA/AA/BB) oo 4,02 % (reHoTun BB/AA/AB/AA/
AB). Mo cofep>aHUIO XMpa B MOIOKe KOPOBbI C KOMMJIEKCHbIM
reHoTunom BB/AA/AA/AA/BB ycTynanu ocobsm ¢ apyrumm re-
HoTunamu Ha 0,02-0,28 %. lNpn 3aTOM [OCTOBEpPHas pasHuua
BbISIBJIEHA MeXJY 0CO6SMU C KOMMJIEKCHbIMW reHoTunamu BB/
AA/AA/AA/BB n BB/AA/AA/AA/AA, BB/AA/AB/AA/AB - 0,28-
0,31 % (P< 0,05-0,01) >xwupa. Hanbonbliee (3,99-4,02 %) cogep-
YKaHue Xupa B MOJIOKe 6bI/10 B Tpynnax aHal0roB ¢ KOMIJIeKc-
HbiMM reHoTunamu BB/AA/AA/AA/AA, BB/AA/AA/AB/BB, BB/
AA/AB/AA/AB. TonyyeHbl TakXXe AaHHble, YTO MO KOMUYECTBY
X1pa B MOJIOKe 3a NlaKTalMo CBEPCTHULLbI C KOMMJIEKCHbLIM re-
HoTunom BB/AA/AB/BB/AA ycTynanm >XUBOTHbIM C APYruMu
reHotunamm Ha 10,9-51,8 Kr Mof104HOro Xxupa. Npuyém gocto-
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BepHas pasHuLa BbisiBNieHa MeXAy NepBOTENKaMWN C KOMIM/EKC-
HbiM reHoTunom BB/AA/AB/BB/AA v reHoTunamun BB/AA/AA/
AA/AA, BB/AA/AAI/AAIAB, BBIAA/AAI/AAIBB, BBIAA/AA/ABIAA,
BB/AA/AA/AB/AB, BB/AA/AA/AB/BB, BB/AA/AB/AA/AB, BB/AA/
AB/BB/AB, BB/AB/AB/AB/AA, BB/AB/AB/AB/AB, BB/AB/AB/AB/
BB, BB/AB/BB/AB/AB - 27,7-51,8 kr (P <0,05-0,001). Han6onb-
LLee KONMMYECTBO MOIOYHOT0 XKnpa (207,7-214,3 Kr) nony4yeHo oT
KOPOB C KOMM/1eKCHbIMK reHoTunamu BB/AB/AB/AB/AA, BB/AB/
AB/AB/AB, BB/AB/AB/AB/BB.

CogepxxaHue 6enka B Mosioke 6bino B npegenax ot 3,17 %
(reHotun BB/AA/AA/BB/AB) po 3,45 % (reHotun BB/AB/BB/AB/
AB). Mo cogep>xaHNtO 6enKa B MOJIOKe KOPOBbI C KOMM/EKCHbI-
Mu reHoTunammn BB/AA/AA/BB/AA, BB/AA/AABB/AB yctynanm
CBEPCTHMLUAM C ApyrnMu reHoTunamu Ha 0,02-0,27 %. Mpuuém
[0CTOBEPHAas pasHuLa BbisiBNieHa MeXAy NepBOTENKAMU C KOM-
nnekcHoiMn reHotunamm BB/AA/AA/BB/AA, BB/AA/AA/BB/AB
unreHotunamm BB/AA/AA/AA/AA, BB/AA/AA/AA/AB, BB/AA/AA/
AA/BB, BB/AA/AA/AB/AA, BB/AA/AA/AB/AB, BB/AA/AB/AA/AB,
BB/AA/AB/BB/AA, BB/AA/AB/BB/AB, BB/AB/AB/AB/AA, BB/AB/
AB/AB/AB, BB/AB/AB/AB/BB, BB/AB/BB/AB/AB - 0,05-0,28 %
(P<0,05-0,001). Hamnbonbluee (3,32-3,45 %) cogep>xaHue 6enka
B MOJIOKe 6bI/10 B rpynnax aHanoroB ¢ KOMMN/AEKCHbIMU FeHOTU-
namn BB/AA/AB/AA/AB, BB/AA/AB/BB/AA, BB/AA/AB/BB/AB,
BB/AB/AB/AB/AA, BB/AB/AB/AB/AB, BB/AB/AB/AB/BB 1 BB/AB/
BB/AB/AB. Takxe Mnosy4eHbl CBEEHUS, UTO MO KOINYECTBY 6en-

Tabnuua 1
MonoyHas NPOAYKTUBHOCTb N Ka4eCTBO MOJIOKa
Y KOpPOB C pasHbIM KOMMJIEKCHbIMW TeHOTUNaMn
CbM1B1, CbNe, CBNe, bbB, bABBA
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Ka B MOJIOKe 3a NlaKTaluio XMBOTHbIE C KOMIMJIEKCHbIMWU FeHO-
Tunamu BB/AA/AA/BB/AB v BB/AA/AB/BB/AA ycTynanu oco6am
C ApyrMMu reHotunamm Ha 2,5-44,0 kr. MNMpunyém goctoeBepHas
pasHuLa BbisiBNieHa MeXy NepBOTENKaMM C KOMMJIEKCHbIMW re-
HoTunamu BB/AA/AA/BB/AB, BB/AA/AB/BB/AA v reHoTunamu
BB/AA/AA/AB/AB, BB/AA/IAB/AA/AA, BB/AA/AB/BB/AB, BB/AA/
AB/AA/AB —18,8-44,0 kr (P<0,05-0,001) mono4Horo 6enka.

KonunuectBo 6enka B MOSIOKE MPOMOPLINOHABHO B HEM CO-
[ep>XaHUI0 Ka3enHa, KOTopbI accouumpyeTcs ¢ TakKMM Mokasa-
Tenem Kak CblponpurogHocTtb [25,26]. Hambonbliee Konmyect-
BO MO/IO4HOro 6enka (180,9-187,1 Kr) Mosy4eHO OT XXUBOTHbIX
¢ KomrnekcHbiMn reHotunamm BB/AB/AB/AB/AA, BB/AB/AB/
AB/AB, BB/AB/AB/AB/BB.

1. Introduction

In connection with the growing demand of the market for
a quality of milk and dairy products, in particular for a fat con-
tent, composition and content of milk protein, there is a need for
dairy herd selection with the help of genetic markers associated
with qualitative signs of dairy productivity [1].

Alleles of milk protein genes are considered as potential DNA
markers of milk productivity and milk quality in cattle. Thus, al-
lele B ofalpha Sl-casein gene CSN1S1 influences on the increase
of milk yield, whereas other allele Cis associated with the in-
crease of protein content in milk [2]. Allele B ofbeta-casein gene
CSN2 which has a pronounced positive effect on the cheese’s
milk properties, further enhances the similar effect of kappa-ca-
sein allele B. In this case, the allele A ofthe CSN2 gene positively
affects the thermal stability of milk [3]. The kappa-casein gene
CSN3 is responsible for a milk protein content and technologi-
cal properties of milk. Thus, allele B of the CSN3 gene is associ-
ated with a higher protein content in milk as well as a higher
yield of cottage cheese and cheese. The beta-lactoglobulin gene
BLG is associated with protein of milk and the biological value
of milk [4,5]. His allele B is characterized by both a high content
ofcasein proteins and high percentage of fat in milk, whereas al-
lele A —with a high content of whey proteins, respectively. The
level of manifestation of signs of milk productivity in cows bear-
ing the allele A and B of the alpha-lactalboumin gene (LALBA) in
their genome varies depending on the breed [6].

An expanding range of dairy products creates a competitive
environment that stimulates the production of high-quality
products. Moreover, the products of the highest quality can be
produced only from dairy raw materials which possess a whole
complex of properties: high mass fraction of protein and fat and
required sanitary and hygienic indices. Also raw milk should
have specific qualities of technological suitability that ensures
the production of a particular type of dairy products providing a
set of consumer properties [7, 8].

Whole milk and sterilized dairy products, especially canned,
gerodietic, functional and baby food can be made only from
high-grade and high-quality raw milk, the evaluation criteria of
which are constantly expanding [9,10,11,12,13,14,15,16,17,18].

In this regard, the purpose ofthis study was to study the milk
productivity and quality of milk of the Kholmogory breed of the
Tatarstan type with different complex genotypes according to
the genes CSN1, CSN2, CSN3, BLG, LALBA.

2. Materials and methods

The investigation was carried out using 164 cows of first
calving JSC «Plemzavod» Biryulinsky», Vysokogorsky district,
Republic of Tatarstan, Russian Federation.

The main stages of molecular genetic research consisted
from the obtaining of biological material from cattle, extraction
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4. BblBOAbI
B uenom 60nee BbicOKasi MOJIoYHash NPOAYKTUBHOCTb Bbl-
sIBfieHa Y NePBOTE/IOK XO/IMOrOPCKO Nopo/bl TaTapCTaHCKOro
TUMa ¢ KOMMAEKCHbIMM reHoTunamu 6enkos mosnioka BB/AA/
AA/AA/AB, BB/AA/AA/AA/BB, BB/AB/AB/AB/AA, BB/AB/AB/
AB/AB, BB/AB/AB/AB/BB, cooTBeTcTBEHHO. [pn aTOM nyylle-
ro KayecTtsa 6bI/1l0 MO/IOKO OT KOPOB C KOMMNEKCHbIMU FEHO-
Tunamn BB/AB/AB/AB/AA, BB/AB/AB/AB/AB, BB/AB/AB/AB/
BB, B X MO/IOKe COAep>Kanocb Hambosbllee KONYEeCTBO MO-
JIOYHOrO XKupa 1 6enka, UTO BaXXHO AN1s NMepepabaTbiBarOLLMX
npeanpUSATUIA MONOYHOW NPOMBbILLNIEHHOCTW, B YaCTHOCTU NMpWn
NPOu3BO/ACTBE CMEeTaHbl, Macsa, TBOpora, chipa WU APYrux mo-
JIOYHbIX NPOAYKTOB.

of DNA from the test material, DNA analysis by PCR and PCR-
RFLP and electrophoresis detection of amplification and restric-
tion products.

Production of biological material. Blood that has been taken
from the jugular vein of cattle was introduced into plastic tubes
with 100 mM EDTAdiluted with a preservative to a final concen-
tration of 10 mM.

The extraction of nucleic acids from the obtained blood sam-
ples was performed by a combined alkaline method.

Establishment of genotypes of cows according to the casein
genes (CSN1S1, CSN2, CSN3) and whey proteins (BLG, LALBA)
of milk was performed by DNA analysis methods, namely PCR-
RFLP [19,20,21] and AC-PCR [22,23,24].

Yield of milk of cows was determined every decade by the
counting of control milking, and then the complete and incom-
plete lactation was determined for 305 days but not less than 240
days, respectively.

The percentage of fat and protein in milk was established us-
ing a milk analyzer «cLAKTAN1-4».

Variational-statistical analysis of the results of the study was
carried out by abiometric method. The reliability of the obtained
results of the study was confirmed by the table data of the Stu-
dent criteria.

3. Results and discussion

Table 1gives an estimate of milk productivity and milk qual-
ity (milk yield for lactation, content and quantity of fat in milk,
content and quantity of protein in milk), a Kholmogory breed of
Tatarstan type with different complex genotypes of milk protein
genes CSN1S1, CSN2, CSN3, BLG, LALBA.

The yield for lactation of cows of the Kholmogory breed
with different complex genotypes of CSN1S1, CSN2, CSN3, BLG,
LALBA was in the range from 4.311 kg (genotype BB/AA/AB/BB/
AA) to 5427 kg (genotype BB/AA/AA/AA/AB). Whole sprouts
with a complex genotype of BB/AA/AB/BB/AA were inferior to
229-1240 kg of milk to analogs with other complex genotypes.
Moreover, there was a significant difference between analogs
with a complex genotype BB/AA/AA/AA/AA/AB, BB/AA /AA/
AA 7TAA/AA/AAIAA/AA/AB/AA/AA/BB/AB /AB/AB/AB/AB, BB/
AB/ AB/ AB / AB /AB/AB/AB/AB/AB/AB/AB/AB/AB/AB/AB/AB/
AB/AB/AB /AB/AB/BB —for 694-1240 kg of milk (P <0.05-0.01).
Nine groups of cows with complex genotypes had milk yield for
lactation above 5000 kg with the largest milk yield (5551 kg) for
the cows with genotype BB/AB/AB/AB/AB.

The fat content in milk was in the range of 3.71 % (geno-
type BB/AA/AA/AA/BB) to 4.02 % (genotype BB/AA/AB/AA/
AB) . In terms of fat content in milk, cows with the combined
genotype BB/AAZ/AA/AA/BB were inferior to individuals with
other genotypes by 0.02-0.28 %. A significant difference of fat
for 0.28-0.31 % was found between individuals with complex
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Table 1
Milk productivity and milk quality of cows with different
complex genotypes CSN1S1, CSN2, CSN3, BLG, LALBA

el Si « g

n E‘ S & g X I“E;

s s 1 g 3

BR/ANAMANAA 4 e 007 sese %008 56l
B/ANAMANAS 6 U3l oe  ai7s w002 s1%
B/AMANANEE 6 g 008 x1azr 5003 21111
B/ANMANABIAA 2 e 005 441l s001 284
B/ANANABIAE 20 [l 007 sams 1001 réas
B/ANANAB/B T u'o o1 sna 001 760
B/AMANBR/AA 2L 00 007 sbds 1001 2600
B/AMAMBR/AB 189175 o5  sois 1001  :674
B/ANANBBES S [t 0y L7es  sooz  s260
B/ANAB/ANAE 4 o '00s  s7es 2003 689
B/AMAB/BBIAN T 6ia  iolor  sbze 1006 s8d6
BY/AM/AB/EB/AB T 7y o0 i1o00 004 1022
B/AMAB/BR/E 4 U L0Ts  sasy k005 s581
B/AB/ABIABIAA 8 13iGh  soto  xha1  s002 723
B/AB/AB/AB/AB 12 LYiiy  iGoG ai61 008 s6d5
BY/AB/AB/AB/BE T g 005 736 4002 s707
B/AB/OB/AB/AB 3 \o 007 a7 s004 5673

The difference between the largest and smallest indicators, * —P <0.05, ** —
P<0.01, *** —P <0.001

genotypes BB/AA/AA/AA/BB and BB/AA/AA/AA/AA, BB/AA/
AB/AA/AB (P <0.05-0.01). The largest (3.99-4.02 %) fat con-
tent in milk was in the groups of analogs with complex geno-
types BB /ZAA/AA/AA/AA, BB/AA/AA/AB/BB, BB/AA/AB/AA/
AB. Data also show that according to the amount of fat in milk
for lactation peers with a complex genotype of BBZAA/AB/BB/
AA was inferior to 10.9-51.8 kg of milk fat in animals with
other genotypes. A significant difference was found between
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the cows of first calving with the complex genotype BB/AA/
AB/BB/AA and the genotypes BB/ZAAZ/AA/AA/AA, BB/AA/AA/
AA/AB, BBZAAZ/AA/AA/BB, BB/AA/AA/AB/AA, BB/AA/AA/AB/
AB, BB/AA/AA/AB/BB, BB/AA/AB/AA/AB, BB/AA/AB/BB/AB,
BB/AB/AB/AB/AA, BB/AB/AB/AB/AB, BB/AB/AB/AB/BB, BB/
AB/BB/AB/AB — 27.7-51.8 Kr (P <0.05-0.001). The greatest
amount of milk fat (207.7-214.3 kg) was obtained from cows
with complex genotypes BB/AB/AB/AB/AA, BB/AB/AB/AB/AB,
BB /AB/AB/AB/BB.

The protein content in milk was in the range from 3.17 %
(genotype BB/AA/AA/BB/AB) to 3.45% (genotype BB/AB/BB/
AB/AB). In terms of protein content in milk, cows with complex
genotypes BB/ZAAZ/AA/BB/AA, BB/AA/AA/BB/AB were inferior to
peers with other genotypes by 0.02-0.27 %. A significant differ-
ence was found between cows of first calving with complex gen-
otypes BB/AA/AA/BB/AA, BB/AA/AA/BB/AB and genotypes BB/
AAVAA/AA/AA, BB/ZAA/AA/AA/AB, BB/AA/AA/AA/BB, BB/AA/S
AA/AB/AA, BB/AA/AA/AB/AB, BB/AA/AB/AA/AB, BB/AA/AB/
BB/AA, BB/AA/AB/BB/AB, BB/AB/AB/AB/AA, BB/AB/AB/AB/AB,
BB/AB/AB/AB/BB, BB/AB/BB/AB/AB — 0.05-0.28 % (P <0.05-
0.001). The highest protein content in milk (3.32-3.45 %) was in
the groups of analogues with complex genotypes BB/AA/AB/AA/
AB, BB/AA/AB/BB/AA, BB/AA/AB/BB/AB, BB/AB/AB/AB/AA, BB/
AB/AB/AB/AB, BB/AB/AB/AB/BB and BB/AB/BB/AB/AB. It was
also reported that animals with complex genotypes BBZAAZAA/
BB/AB and BB/AA/AB/BB/AA were inferior to individuals with
other genotypes by 2.5-44.0 kg in terms of protein content in
milk for lactation. A significant difference was found between
the cows of first calving with complex genotypes BB/ZAAZ/AA/BB/
AB, BBZAA/AB/BB/AA and genotypes BB/AA/AA/AB/AB, BBZAA/
AB/AA/AA, BB/AA/AB/BB/AB, BBZAA/AB/AA/AB — 18.8-44.0 kg
(P <0.05-0.001) of milk protein.

The amount of protein in milk is proportional to the con-
tent of casein in it which is associated with such an indicator as
cheese-worthiness [25,26]. The greatest amount of milk protein
(180.9-187.1 kg) was obtained from animals with complex geno-
types BB/AB/AB/AB/AA, BB/AB/AB/AB/AB, BB/AB/AB/AB/BB.

4. Conclusions

In general, a higher milk productivity was found in the Khol-
mogory breeds of the Tatarstan type with complex genotypes of
milk proteins BBZAAVAA/AA/AB, BB/AA/AA/AA/BB, BB/AB/AB/
AB/AA, BB/AB/AB/AB/AB, BB/AB/AB/AB/BB, respectively. The
best quality of milk was from cows with complex genotypes BB/
AB/AB/AB/AA, BB/AB/AB/AB/AB, BB/AB/AB/AB/BB, their milk
contained the greatest amount of milk fat and protein which is
important for dairy industry, in particular in the production of
sour cream, butter, cottage cheese, cheese and other dairy prod-
ucts.
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