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PE3IOME

MpunoxeHneto Ha cmecka ,buo-
NEKKC", B cbyeTaHne ¢ 6EHTOHUTHA FNMHA
(300 g/h) kbM dhypakHaTa paxba Ha
KpaBu MMa 6naronpusiTHO Bb3AeincTene
BbpXy MsieyHaTa NpoAyKTUBHOCT, HEMHUS
CbCTaB N XemaTosIornyHuUTE MnapameTpu.
YCTaHOBEHO €, Ye MJIeYHOCTTa Ce MNoBU-

SUMMARY

Using of premix «Biolekks» (14g/h)
in combination with bentonite clay (300
g/h) in cows feeding ration has a positive
effect on milk productivity, its chemical
composition and hematological
parameters. It is defined that milk yield
increased by 9.2 % (P<0,999), outcome of



waea ¢ 9.2 % (P>0,999), mneyHuTe
MasHuHM ¢ 21,5 (P>0,999), 1 MAeYHUST
npoteunH ¢ 11.5 % (P>0,999).

Kntouosu AyMU: cmecka
,DNONEKKC", OGEHTOHUTHA T[NINHA, Kpasw,
MAEeYHOCT, pypaxHa pgaxba, Ternoso
OTHOLLEHMEe Ha  MasHWHKW, TersoBO
OTHOLLIEHWE Ha MPOTEeUHN

YBOJ,

Mpy  nNpom3BOACTBOTO  Ha

3[1paBOC/I0BHaA Aaxba e Heobxoan-
MO [a ce u3nosi3Bar HeTpaauuu-
OHHW CYpPOBM CYypOBWHW, Haii-Beuye
C MecTeH npousxon. OnuTbT npu-
[o6ut B Pycus, Kakto 1 B Apyru
CTpaHu, nOTBbpPXAaBa BUcCOKaTa
e(peKTUBHOCT Mpu WN3N0/3BaHETO
Ha NMPUPOAHN MUHEpasIHU pecypcu
B gaxbaTta Ha CesiCKOCTOMaHCKuTe
xmBoTHn  (Karmatskikh,  2009).
Kato M3TOYHMK Ha MUHepau, 3a-
e[lHO C TpaauunoHHusA creep feed
NPy OTINEXOAaHEeTO Ha XMBOTHWU, ce
npenopbyBa ynotpebarta Ha npwu-
POOHN MUHepann, Kato Hanpumep
6eHToHUTN. OCBeH 6oratuss MunHe-
pasieH cbCTaB, Te wumaTr [o6pu
XapakTepuUCTUKM Ha nNor/ibliaHe
(Yarmots, 2014).

Jliocnnte oT cemeHa Ha LWwu-
LIApPKM OT KOpPEenckn 6op cbabpxa
TPUTEPNEHOBU CaNyHUHW, peauua
KaTexnMHOBM TaHWHKU, (UTOCTEPO-
1N, MaCTHWN KUCEJSIHW, BK/IOUNTEST-
HO JIMHO/IOBA, OJIEMHOBA, NasIMu-
TMHOBa, W Makpo W MUKpoesie-
meHTu (Prikhodko,2004).

CwmeckaTa "bnonekkc" cbabp-
Xa CMNIAHW NCNn OT CeMeHa oT
LWMWAPKN Ha Kopeickn 6op, OT
KOSATO € OTCTpaHeHa BpegHarta 60-
poBa cmona. Bbnpekn ToBa e 3ana-

milk fat by 21,5 (P<0,999), milk protein by
11.5 % (P<0,999).

Key words: premix «Biolekks»,
bentonite clay, cows, milk yield, feeding
ration, mass fraction of fat, mass fraction
of protein

INTRODUCTION

In production of wholesome
ration is necessary to use non-
traditional raw materials especially
of local origin. The experience
gained in Russia as well as in
other countries confirms a high
efficiency of implementing natural
mineral recourses in ration of farm
cattle. (Karmatskikh, 2009).

As a source of minerals along with
the traditional creep feed in animal
breeding it is recommended to use
natural minerals, such as
bentonites. In addition to their rich
mineral composition, they have
good  sorption  characteristics
(Yarmots, 2014).

The husk of Korean pine-
cones contains triterpenoid
saponins, tannins catechin number,
phospholipids, phytosterols, fatty
acids, including linoleic, oleic,
palmitic, and macro - and micro
nutrients (Prikhodko, 2004).

Premix “Biolekks” includes
shredded husk of Korea pine-
cones from which harmful pine
pitch is removed. However a great
amount of balanced mineral



3€HO rofIIMO KONM4ecTBO OT GasiaH-
CMpaHN MUHEpasTHU NPUPOaHN W
XWN3HEHOBaXKHU cbCTaBKku (Golubkov,
Shishlenin, Krivonosov, 2014).

LlenTa Ha n3cnegBaHeTo e aa
ce npoyyu MsieyHata npoAyKTUB-
HOCT W XemartosiornyHuTe napa-
MEeTpU Npu KpaBu XpaHEHW CbC
cMmecka "buonekkc" n 6eHToOHUTHA
rnvHa.

MATEPVANT N METO4U

N3cnensaHeTo € M3BbPLUEHO
BbPXY KpaBu OT YepHO-LLapeHa no-
poga oTriexaaHn BbB pasBbAHa
depma "TaexuHn" OO0/, B Cyxoby-
3UMCKN paiioH, KpacHosipcka 06-
nacr.

CwmeckaTa "buonekkc" e npo-
n3BegeHa B HayyHa n npousBof-
CTBeHa acouuvauusa “"buonekkc", B
XabapoBcK. TS CbAbpXa eKTpakT
OT /ilocna OT CeMeHa OT KOpencku
60p, MWEHNYHO OGpallHO, MUHepa-
nm - (keneseH cyndar, UMHKOB
cyndoat, marHesneB cyndart, kanm-
eB ioaua, KobanToB Xxopwua),
MacTHopa3TBOpUMK BUTaMUHK (A,
D3, E, K), Bogopa3TsopMMn BuUTa-
muHu (C, B1, B2, B3, B4, B5, B6,

B12, BC, N), aMWHOKUCENNHN
(METUOHWH 1 NN3UH).
BeHTOHMTHaTA rMHa  ce

pobuBa B Penybnvka Xakacusl.
Be3onacHata ynoTtpeba e rapaHTu-
paHa cbC cepTudmkar 3a CbOTBET-
CTBMEe cnopej cuctemara 3a
ynpaBssieHne Ha kadyectsoto GOST
R ISO 9001-2001.

[MnaHbT Ha eKkcnepuMmeHTa e
npegcraseH B Tabnuuya 1.

natural and vital ingredients are
saved in (Golubkov, Shishlenin,
Krivonosov, 2014).

The purpose of investigation
is studying milk productivity and
hematological parameters of cows
while feeding premix «Biolekks»
and bentonite clay.

MATERIAL AND METHODS

The research has been held
on cows of black and motley breed
in breeding Farm «Taezhny» Ltd,
In  Sukhobuzimsky region of
Krasnoyarsk krai.

The premix «Biolekks» is
produced in Khabarovsk, Science
and production Association (SPA)
«Biolekks». It consists of the
extract of the husk of cones of the
Korean pine, wheat flour, minerals
(sulfate iron, zinc  sulfate,
manganese sulfate, sodium
Selenite, potassium iodide, cobalt
chloride), fat soluble vitamins (A,
D3, E, K) water soluble vitamins (C,
B1, B2, Bs, B4, Bs, Bg, B12, BC, N),
amino acids (methionine and
lysine).

Bentonite clay is mined in
Khakass Republic. Safety of use is
confirmed with the certificate of
conformity of quality management
system GOST R I1SO 9001-2001.

The scheme of experiment is
presented in the Table 1.



Ta6r||/|u,a 1. MnaH Ha EKCMNepnmMmeHT 3a XpaHeHe C OEHTOHUTHA [/IMHAa N CMecKa

,,BNOMEeKKC"

Table 1. The scheme of experiment feeding bentonite clay and premix

«Biolekks»

Konnuecteo/rnaea

Mpyna/Group Ne Quantity/head

MpoABL/MHKUTENTHOCT Ha
ekcnepumMeHTa/gHn
Duration of experiment/days

Cxema Ha xpaHeHe/Feeding schedule

KoHTponHa
rpyna 20
Testing group

100

OcHoBHa gax6a (Of1): cunax ot sirouepHa —
25 kg, 3bpHeHa Menaca — 5 Itr, nweHnyHa
cnama — 0,5 kg, euemuk — 3,5 kg, oec - 2,6
kg, nwerHnyHn Tpuum — 2,6 kg

Basic Ration (BR): Medick heylage — 25 kg,
grain molasses - 5 Itr, wheat straw — 0,5 kg,
barley — 3,5 kg, oats - 2,6 kg,

wheat middling — 2,6 kg

1% ekcnepumeH- OQJ + cmecka ,buonekkc” 14 g/rnasa

TanHa 20 100 BR+ premix «Biolekks» 14g/head

1* experimental

2paeKcne(PmmeH— OQJ + cmecka ,buonekkc” 14 g/rnasa +
TasiHa 2" 20 100 6eHToHuT 300 g/rnasa / BR+ premix
experimental «Biolekks» 14g/head + bentonite 300g/head)

Kbm ocHoBHaTa paxba e
fobaBeHa cmecka "Bbuoniekkc" 3a
KpaBu OT nbpBaTa eKCcrnepuMeH-
TanHa rpyna (14 g/rnaBsa/24-yaca),
KaktTo 1 cmecka "Buonekcc"
(14g/rnaBa) + 6eHTOHUTHaA [NMHA
(300 g/rnaBa/24-yaca) 3a kpaBu OT
BTOpaTa ekcnepumeHTasiHa rpyna.

PE3YNTATUN NN OBCbXXOAHE

MneuyHaTta NPoAYKTUBHOCT Ha
KpaBuTe ce cyuTa KaTo OCHOBEH
KpuTepuii 3a GanaHcupaHusa Xxpa-
HUTeNeH pexum. Pesyntatute ot
M/IeyHaTa NPOAYyKTUBHOCT MNpPW eKc-
nepuMeHTUTEe C KpaBu 3a Bb3faei-
CTBMETO Ha cmecka "Buonekkc" wu
OGEeHTOHUTHA [NIMHa ca npepjcTa-
BeHu B Tabnuua 2.

B nbpBUTE CTO AHW OT Nakrta-
UMOHHMA nNepuos Ha KpasuTe,
nbpBarta WM BTOpa €eKCrnepumMeH-
TaJlHa rpyna nokassa MO-BUCOK
M/iedyeH 0OMB B CpaBHEHWEe CbC
CbLUNTE NapamMeTpn Ha KOHTPO/IHa-
Ta Trpyna CcboTBEeTHO Cc 4,3

To the basic ration was
added premix «Biolekks» for the
cows of the first experimental
group (14 g/head/24-hours) and
premix «Biolekss» (14g/head) +
bentonite clay (300 g/head/24-
hours) for the cows of the second
experimental group.

RESULTS AND DISCUSSION

Milk productivity of cows is
considered as main criteria of
balanced diet. The results of milk
productivity of experimental cows
under the influence of premix
«Biolekks» and bentonite clay are
presented in the Table 2.

For the first hundred days
lactation period the cows of the
first and the second experimental
groups had higher milk-yield
compare to the same parameters
of testing group correspondingly to
4,3 (P<0,999) and 92 %



(P<0,999) n 9,2 % (P<0,999), | (P<0,999), milk
M/IeYHM MasHuHK — 13,5 (P<0,999) | (P<0,999) and 21,5 %
n 215 % (P<0,999), wmneueH | (P<0,999),milk protein by 7,4
npoTteunH ¢ 7,4 (P<0,999) n 11,5 % | (P<0,999) and 11,5 % (P<0,999).
(P<0,999).

fat— by 13,5

Tabnuua 2. MneyHa NpoAyKTUBHOCT Ha KpaBu Mo BPeMe Ha XpaHeHe CbC CMeckKa
,»,DBVONeKKCc" N 6EHTOHUTHA rInHa

Table 2. Milk productivity of cows while feeding them premix «Biolekks» and
bentonite clay

pyna / Group

Mokasaren

Indicator 2P ekcnepuMeHTaHa

1% ekcnepumeHTanHa
2" experimental

1* experimental

KoHTposHa
testing

MneuHocT 3a 100 gHu naktaums, kg

2288,05+11,21  2386,85+19,09"" 2497,45+28,81"

Milk-yield for 100 days of lactation, kg
CpepfeH fHeBeH fo6us, kg

Average daily yield, kg 22,2+0,21 23,17+0,24 24,25+0,27
Ternoso OTHOLLIEHNE Ha Ma3HNHW, % 3.54+0,08 3,83+0,08" 3.9140,07"
Mass fraction of fat,%
Ternoso OTHOLIEHWE Ha Ma3HWNHI 32 24-yaca, kg 0.90+0,04 1,0140,04" 1,0940,04"
Mass fraction of fat per 24-hours, kg
MneuHn masHuHu, kg -
Milk fat, kg 82,93+0,56 94,12+0,97 100,80+0,71
Ter1080 OTHOWIEHNE Ha NPoTemH, % 2,91+0,01 2,98+0,02" 2,95+0,02
Mass fraction of protein, %
Ternoso OTHOLIEHNE Ha MPOTEVH 3a 24-yaca, kg 0.74+0,04 0,78+0,04 0,82+0,04
Mass fraction of protein per 24-hours, kg
MneueH npoTevH, kg 68,26+0,66 73,29+0,64” 76,10+0,81"
Milk protein, kg

OcBeH  TOBa,  MNEYHUAT Along with this, the milk-yield

[o6VB e Mno-BUCOK Mpu BTOpaTa
eKCrnepuMeHTasiHa rpyna B cpas-
HeHne c nbpeaTa Cc 4,4%, MNeyHn
Mas3HWHU C 6,6%, M/1Ie4YeH NpoTenH
c 3,7%.

KpbBTa € TbKaH, B KOATO ce
oTpassBaT BCUYKM HaM-KMU3HEHO-
BaXXHN (DYHKLMW 3a BCEKU OpraHu-
3bM. TA npegocTaBs XpaHUTETHN
BellecTBa Ha BCUYKM oOpraHn u
OTHacs BCUYKN HEHYXHW OTnajHu
npoayktm o1 MeTabosm3ma. T4
N3MbJ/IHABA CNOXHU (PYHKUUKN 3a
3alinTa Ha opraHusma oT BpeaHu
nocneanun. EHAOKPUHHUTE Xne3u
CbLLO OKasBaT B/IMAHNE BBPXY
opraHu3mMa ypes KpbBTa.

was more in the second
experimental group compare to
the first one by 4,4%, milk fat by
6,6%, milk protein by 3,7%

Blood is a tissue, in which is
reflected all the most vital and
important  functions of any
organism. It provides all organs
and tissues with nutrients and
carries away all unnecessary
waste products of metabolism. It
performs complex functions to
protect the organism from harmful
consequences. Endocrine glands
influence on organism through the
blood as well.



B Ta6bnuua 3 ca npeacraBe-
HW XemMaTo/IorTMyHUTEe napameTpu
Ha KpaBu Npu Bb3AENCTBMETO Ha
cmeckaTta "Bnonekkc" n 6eHTOHUT-
Ha rNMHa B HayasioTO Ha ekcne-
pUMeHTa.

In the Table 3 the
hematological parameters of cows
under the influence of premix
«Biolekks» and bentonite clay at
the beginning of experiment are
presented.

Tabnuua 3. XematosiorM4yHu napameTpyu Ha KpaBu nNpu Bb3LENCTBUMETO Ha
CMecka ,,bMonekkc” n 6eHTOHUTHA FIMHA B HA4Ya/10TO Ha eKCnepMMeHTa

Table 3. Hematological parameters of cows under the influence of premix
«Biolekks» and bentonite clay at the beginning of experiment

Mokazaren pyna / Group
Indicator KoHTpona/ Testing 1% ekcnepumentasiHa 2™ ekcnepumeHTasiHa
1* experimental 2" experimental

Kanuuii / Calcium, mmol/L 2,2+0,10 2,4+0,06 2,5+0,11
docchop / Phosphorus, mmol/L 2,2+0,14 2,1+0,16 2,240,11
Cypos npoTteuH / Crude protein, g/l 75,9+0,91 75,2+1,19 76,5+£3,19
KapoTuH / Carotene, mg% 0,1+0,03 0,1+0,02 0,1+0,01
ANKasnk pesepsn 41,142,96 38,316,78 47,3+4,79
Alkali reserve, mg%

I'noko3a / Glucose, mmol/L 1,9+0,08 1,9+0,12 1,9+0,10
LinHk/Zink, mcg% 94,5+2,41 91,5+8,47 103,5+37,73
MarHesuin / Magnezium, mmol/L 1,1+0,09 1,1+0,06 1,1+0,07
Kanwii / Potassium, mmol/L 5,1+0,32 5,7+0,17 5,2+0,28
Xenszo / Ferrum, mmol/L 18,7+0,74 20,9+0,73 19,8+2,27
XonecTtepon / Cholesterol, mmol/L 5,7+0,27 6,9+0,88 5,4+0,79
An6ymuH/Albumin, g/l 27,2+1,04 27,0+£1,16 25,3+1,11
Harpwii/Sodium, mmol/L 134,7+3,48 136,2+3,50 133,9+4,3
KpeatuHuH / Creatinin, mcmol/L 124,9+2,16 121,8+3,91 122,9+6,24
Meg/Cuprum, mcg% 48,8+0,71 52,5+4,73 44,8+6,95

KET He e yctaHoBeH/Not found

Cnopep faHHUTE BLB BTOpa-
Ta Tabnuua, GUOXNMMUYHUTE napa-
MEeTpM Ha KpbBTa He oOkassar
HUKaKBM 3HA4YMMW pas/ikKu BbB
BCUYKN TPWU TPYNu B HAYasiIOTO Ha
ekcrnepvmeHTa. KoOHUeHTpauuaTa
Ha [/110K03a € B HOpMUTE KaTto ce
Konebae B pamkute Ha 2,3-4,4
mmol/L. Bbnpekn TOBa, BbLB
BCUYKA TpU TPynn KOHLEHTpa-
unAaTa Ha rnkosa e cxogHa (1,9
mmol/L), nog Hopmata ot 17,4%;
npu uyuHka c¢ 8,5%. HueBOTO Ha
X0/1IecTeposi HafBuvLLaBa HoOpMUTe
c 8-38%.

B Ta6bnuua 4 ca npeacraBe-
HW XemaTo/IoTMYyHUTE napameTpu

According to the data in the
second table the biochemical
parameters of blood didn't have
any significant differences in all
three groups at the beginning of
experiment. The concentration of
glucose was in norm and
fluctuated within 2,3-4,4 mmol/L.
However, in all groups the glucose
concentration was identical (1,9
mmol/L) which was below the
norm by 17,4%; Zink by 8,5%. The
level of cholesterol exceeded the
norms by 8-38%

In the Table 4 the
hematological parameters of cows



Ha KpaBu Npu Bb3AENCTBMETO Ha
cmeckaTta "Bnonekkc" n 6eHTOHUT-
Ha [IMHa B Kpas Ha ekcnepu-
MEHTa.

the

under the influence of premix
«Biolekks» and bentonite clay at
end of experiment are
presented.

Tabnuua 4. XemaToJIoOTM4YHM NapameTpu Ha KpaBu Npu Bb3LENCTBMETO Ha
CMecka ,,BMonekkc™ n 6EHTOHUTHA FMHA B Kpasi Ha eKCnepumMeHTa

Table 4. Hematological parameters of cows under the influence of premix
«Biolekks» and bentonite clay at the end of experiment

Mokasarten = eKc;Zyna / Group P
Indicator KoHTpona/Testing st PUMEHTA/THA %CHEpMMeHTMHa
1" experimental 2" experimental
Kanuuii / Calcium, mmol/L 2,2+0,10 2,4+0,06 2,5+0,11
docchop / Phosphorus, mmol/L 2,2+0,14 2,1+0,16 2,2+0,11
Cypos npoteuH / Crude protein, g/l 75,9+0,91 75,2+1,19 76,5+3,19
KapoHTuH / Carotene, mg% 0,1+0,03 0,1+0,02 0,1+0,01
AnkanHu pe3epsu / Alkali reserve, mg% 41,1+2,96 38,316,78 47,3+4,79
'nioko3sa / Glucose, mmol/L 1,9+0,08 1,9+0,12 1,9+0,10
LinHk / Zink, mcg% 94,5+2,41 91,5+8,47 103,5+37,73
MarHesuin / Magnezium, mmol/L 1,1+0,09 1,1+0,06 1,1+0,07
Kanwuit / Potassium, mmol/L 5,1+0,32 5,7+0,17 5,2+0,28
>Xensso / Ferrum, mmol/L 18,7+0,74 20,9+0,73 19,8+2,27
XonecTtepon / Cholesterol, mmol/L 5,7+0,27 6,9+0,88 5,4+0,79
AnbymuH / Albumin, g/l 27,2+1,04 27,0£1,16 25,3+1,11
Hatpuii / Sodium, mmol/L 134,7+3,48 136,2+3,50 133,9+4,3
KpeaTtunHuH / Creatinin, mcmol/L 124,9+2,16 121,8+3,91 122,9+6,24
Meg / Cuprum, mcg% 48,8+0,71 52,5+4,73 44,8+6,95

KET

He e yctaHoBeH/Not found

KpaBun, KOUTO ce XpaHAT CbC
cMecKa "buonekkc" B cbueTaHue ¢
GEHTOHMUTHA [IMHa MMaT Mno-3acu-
NeH metabosim3bM. B kpbBTa Ha
BTOpaTa ekcrnepumeHtasiHa rpyna
OT KpaBu, CbAbpXaHNETO Ha KaJl-
UMA e no-BMCOKO, OTKOJIKOTO B
KOHTpONIHaATa frpyna, Kato npu
nbpBarta ekcrnepumeHTasiHa rpyna
e c 18,8-16,8%; xendaA3oto e c
31,9-45,2%, xonecteponsT C
6,1-7,0%; anbymuHbT € 19,3-7,2;
HaTpuAaT ¢ 8,9-15,0%.

KoHueHTpaumata Ha doc-
doop B KpbBTa Ha KpaBuTe OT Mbp-
BaTa ekcrnepumMmeHTasiHa rpyna e
Nno-ronIsiMo, OTKOJIKOTO B KOHTPO/I-
HaTa rpyna v BTOpaTta ekcnepu-
MeHTasiHa rpyna cboTBeTHO C 34,7
n 25,0%.

The cows eating premix
«Biolekks» in combination with
bentonite clay has more intensive
metabolism. In the blood of the
second experimental group cows
the calcium content was higher
than in testing group and in the
first experimental one by 18,8-
16,8%; ferrum by 31,9-45,2%’
cholesterol by 6,1-7,0%; albumin
by 19,3-7,2; sodium by 8,9-15,0%

In the blood of cows of the
first experimental group the
concentration of phosphorus was
more than in the testing group and
the second experimental group
accordingly by 34,7 and 25,0%.



n3BO4MN

Taka, KpaBuUTe XpaHeHu CbC
cmecka "bunosiekkc" B cbh4yeTaHune ¢
GEHTOHMUTHA [NIMHA B TsIXHaTa Xpa-
HUTeNHa paxba umart no-3acuseH
MeTabonmTeH npouec, KOeTo Mo-
BNnaABa 6,1aronpusaTHO GUOXMMNY-
HATE napaMeTpu Ha KpbBTa U
M/ieyHata npoAyKTUBHOCT. Mneu-
HoCcTTa ce noBuwasa c 9,2%
(P>0,999), M/Ie4YHUTE Ma3HUHM C
21,5 (P>0,999), mne4yHunaT npo-
TeuH ¢ 11,5% (P>0,999).

CONCLUSIONS

Thus, the cows had been fed
with  premix  «Biolekks» in
combination with bentonite clay in
their food ration had more
intensive metabolism process and
it  influenced positively  on
biochemical parameters of blood
and milk productivity. The milk
yield increased by 9,2% (P>0,999),
milk fat by 21,5 (P>0,999), milk
protein by 11,5% (P>0,999).
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PE3OME

C HacToAwmTe uscnegBaHns e Ha-
npaBeH aHas/IM3 Ha crepMasiHO niasmeHu
NpoTENHN OT rfiefHa ToYKa Ha CbxpaHe-
HVe Ha crnepmasiHarta nnasmeHa membpa-
Ha W NpoTekuMs Ha cnepmarosongn ot
6uBOJICKM 6UUM OT nopogara bbarapcka
Myppa. UYpe3 KOMMIOTbPHO-aCUCTUPaH
crnepmoaHanus ca npocrefeHn MoTuau-
TeTa U CKOPOCTHUTE napameTpu Ha cnep-
MaTo3ougM C AokasaHa fobpa u Hucka
KpnoTosiepaHTHOCT. [lokasaHn ca cnep-
MasiHO nsiasmMeHu NPOTEeUHW, KOUTO umart
OTHOLUEHME KbM KPUOTOJIEPAHTHOCTTA Ha
cnepmarto3ougute.  XpomatorpadickuTe
npocman Ha aHanmsmpaHuTe npobu wu
KpMonpoTekTUBHaTa  cpefa  Jdokassart
cchopMmpaHe Ha HOBUM OBUOKOMIMJIEKCHU
CTPYKTYpY, CneumdnyHn 3a esdkynatu c
Jobpa KpyvoTonepaHTHOCT. Tes3n MuKoBe
ce Hab6nwpgaeatr mexay 9.193 mMuHyTa ”
11.015 MnHyTa 1 He NPUCHLCTBAT B XpoOMa-
TOorpaMuTe Ha crepMasiHara niasma u Ha
KpnonpoTekTuBHaTa cpega. Tosa ca rpy-

SUMMARY

The aim of this research was to
analyze seminal plasma proteins in terms
of preservation of sperm plasma
membrane and protection of spermatozoa
from Bulgarian Murrah Buffalo bulls.
Computer-assisted sperm analysis was
used to determine the motility and velocity
parameters of spermatozoa with proven
good and poor cryotolerance. Seminal
plasma  proteins related to the
cryotolerance of the spermatozoa were
proven. The chromatographic profiles of
the analyzed samples and the
cryoprotective  medium  demonstrate
formation of new biocomplex structures
that are specific to the ejaculates with
good cryotolerance. These peaks are
observed between 9.193 minute and
11.015 minute and are not present in the
chromatogram of the seminal plasma, or
in the chromatogram of the cryoprotective
medium. These are a group of proteins
with molecular weights between 150 and



na nNpoTeuMHM C MOJIEKY/IHA Maca Mexay
150 n 200 kDa. BeposaTHO Te3n HOBU
CTPYKTYpX npeactaBnsiBaT Hskoi BSP
NPOTEVMHN OT CcnepmanHara nnaasma,
KOUTO ca B/e3Nn BbB (PUINKOXUMUYHU
B3aumogencTemsa ¢ LDL nunonpotenHu ot
KpuonpoTekTMBHaTa cpefa. MexaHusmbT
Ha NpoTeKuuss Ha Te3n HOBU BUOKOM-
NNEeKCHN CTPYKTYpU € 4pe3 BeposiTHa
azicopbums no NoBbPXHOCTTA Ha niasme-
HaTa Memb6paHa 1 yyacTue B KneTbyHaTa
CcUrHasMsaumsa 1 aktmeaumsaTa Ha curHasn-
HU MbTULLA, NPeAu3BUKBALLN AeKkanauuTa-
umsa Ha rameTute. Mo TO3M Ha4MH ce ocu-
rypsisa gobpa npoTekuus Ha cnepmaro-
3onguTe. ToBa e MHOBATMBEH NOAXOA 3a
yCrnewHo 3ampassiBaHe Ha cnepma oT
6GMBOJICKM BULN.

Kntouosu AYyMU: 6uBon,
crnepmMarosounau, KpMOKOHCepBaLus,
crnepmMaJsiHa nsasma, 6uokommnIeKcu

yBO/

Mpe3 nocnegHoOTO geceTune-
TVe NMoCTeneHHo HapacTBa UHTepe-
CbT KbM OTIIeXAaHe, pasMHOoXa-
BaHe n cenekums Ha 6usonn. Toea
ce o6ocHoBaBa OT (pakrta, ue
NPOM3BOACTBOTO Ha  OMBOJICKO
MJ/IIKO B CBeTa HapacTBa C MHOro
No-BUCOKN TEMMNOBE, B CpaBHEHUE
C NpoM3BOACTBOTO Ha KpasBe M/is-
Ko. O4eBMOHO € NPeyCcTPONCTBOTO
Ha 6MBO/IOBBACTBOTO B Harnpas/e-
HMe 3a MPOM3BOACTBO Ha MJISKO U
Meco. B bbnarapma ToBa npeyc-
TPOMCTBO € M3pa3eHo CbC 3aMsiHa-
Ta Ha abopureHHus bbvnrapckm 6u-
BOJ1, KOWTO Ce 13nosi3Ba npegumMHo
3a paborta, MNSKO W Meco, C
HoBaTa nopoga bvarapcka Myppa.
Tasn nopofa nputexaBa BUCOKK
NPOAYKTUBHM KayecTBa 3a MJISKO U
MeCOo M Ce M3M0/3Ba Kato reHeTu-
YeH M3TOYHMK 3a nogobpsiBaHe Ha
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200 kDa. It can be assumed that these
new structures represent some of the
BSP proteins from the seminal plasma
entering into physicochemical interactions
with the LDL lipoproteins from the
cryoprotective medium.

The mechanism of protection of these
new biocomplex structures is likely by
adsorption on the surface of the plasma
membrane and participation in cell
signaling and activation of signaling
pathways, inducing gamete
decapacitation. Thereby good sperm
preservation is provided. This represents
an innovative approach to successful
freezing of semen from Buffalo bulls.

Keywords: Buffalo bull,
spermatozoa, cryopreservation, seminal
plasma, biocomplexes

INTRODUCTION

Over the last decade, the
interest in livestock farming,
breeding and selection of buffaloes
iIs gradually increasing. That is
based on the fact that worldwide
production of buffalo milk is
growing at a much higher rate,
comparing to the production of cow
milk. It is obvious that a
reorganization of buffalo breeding
towards milk and meat production
IS occurring. In Bulgaria this
reorganization is expressed with
the substitution of the aboriginal
Bulgarian Buffalo, which is used
primarily for work, milk and meat,
with the new breed of Bulgarian

Murrah  Buffalo. This breed
possesses high productive
gualities for milk and meat

production, and is used as genetic
source  for  improving milk



M/iIeyHaTa nNnpoAyKTMBHOCT B AeceT-
K/ CTpaHu OT YeTUPU KOHTUHEHTa B
ceeta. Moxe pa ce kaxe, 4ye B
cnegpawuTe roavHN B HauuMoHa-
HOTO CTOMAHCTBO Ha Peny6nuka
Bbnarapua, kato uneH Ha EC, we
HaCTBbMNAT 3HAYUTENTHU NPOMEHM.
Te3n npomMeHn e ce OTpasAT no-
3UTUBHO Ha arpapHoOTO MpPOM3BOJ4-
CTBO W pecrnekTMBHO Ha 6uBOsO-
BbACTBOTO. 3aroBa nornegbt B
6bAeLeTo Ha TO3K NepcrnekTnBeH
oTpacb/l M3uUCKBa 3aAb/1604YeEH
aHa/IM3, KakTo Ha camoTo 61BOJIO-
Bb/CTBO, Taka U Ha BM3HecC cpeaa-
Ta, B KOATO TO LUe ce pa3suBa. He
No-MasIoBaXHO € fa ce akueHTupa
N BbPXY OGMOTEXHOMIOrMNTE 3a Mo-
/lyyaBaHe, OLUEHKa N CbXpaHeHue
Ha TreHeTM4YeH Marepuasl, KaTto
cnepmaTto3onan, SANUEKNeTKn U
eMbpunoHun. Taka Le ce nognomor-
He NPou3BOACTBOTO Ha BMCOKOKa-
4YeCTBEH [M/IeEMEHeH maTtepuan u
npoBeXJaHeTo Ha Ka4yecTBeHa
cenekuus, Kakto 3a BbTpeluHuTe
NoTpebHOCTN, Taka U 3a HyxauTe
Ha BbHLUHMTE nasapw.

VIHTepecbT KbM 3ampassBa-
He Ha crnepma oT 6MBOAN BMHArK €
CTOAN Ha AHeBeH ped. lNpununHata
e, Ye BCe Olle HAMa MacoBo npwu-
naraHe Ha U3KyCTBEHO OCEMeEHsBa-
He CbC 3ampaseHa cnepma. lpu-
YMHUTE Ca MHOroCTpaHHW, HO efHa
OT TSX € CBbp3aHa ¢ 6noTexHoso-
rmsta 3a 3ampassiBaHe Ha cnepma.
[lHec moxe fga ce TBbpAM, Ye uma
Hy)Xga pgocera npunaraHute 6uo-
TEXHO/IOrMM 3a 3amMpassiBaHe Ha
crnepma ga 6baaT onTUMMU3NPaHu 1
YCBHBbPLUEHCTBAHM.
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productivity in dozens of countries
from four continents in the world. It
can be said that in the coming
years there will be significant
changes in the national economy
of the Republic of Bulgaria, as a
member of the EU. These changes
will impact positively on agricultural
production and on buffalo breeding
respectively. So a view in the
future of this promising sector
requires an in-depth analysis of the
buffalo breeding, as well as the
business environment in which it
will develop.

Not less important is to highlight
the biotechnology for collection,
assessment and preservation of
genetic material, such as
spermatozoa, oocytes and
embryos. This will also assist in the
production of high-quality breeding
material and conduct quality
selection both for internal needs
and for the needs of foreign
markets.

The interest in freezing of
semen from buffalo bulls has
always been on the agenda. The
reason is that there is still no mass
application of artificial insemination
with frozen semen. The reasons
are various, but one of them is
related to the semen freezing
biotechnology. Today, it can be
argued that there is a need for
optimization and improvement of
the so far applied biotechnology for
semen freezing.



HawmnTte mnHTEepecm ca Haco-
YeHW KbM aHa/iM3 Ha cnepmMasiHo
nnasmeHn npotemHn (CIIM) ot
rnegHa Touyka Ha CbxpaHeHue Ha
cnepmMasiHata nsasmeHa Membpa-
Ha (M) » npoTekuMs Ha cnepma-
To3omgute. [IM npeTbpnaBa He-
NPeKkbCHATO pemojenupaHe Mo
BpeMe Ha npemMuHaBaHeTO Ha
cnepmMmarosouauTte npes enuanau-
Muca 1 B NocneAcTBMe B XXeHcKaTa
penpoaykTMBHa cuctema. Tesu
MPOMEHN MpaBAT crnepmaro3onaute
rogHn pa onnogAT  sliuekneTkata
(Austin, 1985; Yanagimachi, 1994).
C wu3cnepgaHus B nocregHuTe
roavHN ce Jokasa, yYe npoTtenHuTe
Ha cnepmanHata nnasma (CI)
yyacTtBaT akTMBHO B npouecuTe,
CBbp3aHu C oLesiiBaHeTo Ha cnep-
mMaTo3onguTe 1 npoueca Ha MHXU-
6upaHe Ha kanauuTauusaTa. Tosa
Kato pesyntar BOAW A0 CbXpaHs-
BaHe Ha TexHua OnnoauTesieH
noteHunan (Mendoza et al., 2013).
EaHu ot BaxkHuTe CI1IN ca npoTeun-
HUTe OT rpynarta Ha BSP. ToBa ca
Hali-u3yyaBaHaTa rpyna npoTeunHwu,
TbiA KaTo Te npeAcTtaBnaAsat Ao
60% ot obwwute CI1IN B cnepmara
Ha roBega (Manjunath et al., 1988;
Nauc et Manjunath, 2000). O6wa-
Ta xapaktepuctuka Ha Te3m BSP
NpOTeMHN €, Ye Te uMar CUJIHO
n3paseHa npukpenswa cnocob-
HOCT KbM  [/1HOKO3aMWHOI/INKaHW
(Therien et al., 2005; Lefebvre et
al.,, 2009; Plante et al., 2014),
X0nnH doocdonunuan (Desnoyers
et Manjunath, 1992), nunonpoTe-
WHW C BMCOKA U C HUCKA M/TbTHOCT
(Manjunath et al., 1989; Manjunath
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Our interest is focused on
analysis of the seminal plasma
proteins (SPPs) from the viewpoint
of sperm plasma membrane (PM)
preservation and protection of the
spermatozoa. PM undergoes
continuous remodeling during the

passage of the spermatozoa
through the epididymis and
subsequently in the female
reproductive system.

These changes make the
spermatozoa capable of fertilizing
the  oocyte (Austin, 1985;

Yanagimachi, 1994). Research in
recent years has proved that SPPs
actively participate in the
processes related to the survival of
spermatozoa and the process of
capacitation inhibition. As a result
this leads to preservation of their
fertilization potential (Mendoza et
al., 2013).

Some of the important SPPs are
the BSP proteins. These are the
most studied group of proteins, as
they represent up to 60% of the
total SPPs in the semen from bulls
(Manjunath et al., 1988; Nauc et
Manjunath, 2000). The common
characteristic of the BSP proteins
is that they have a pronounced
ability to bind to glycosaminoglycans
(Therien et al., 2005; Lefebvre et al.,
2009; Plante et al., 2014), choline
phospholipids  (Desnoyers et
Manjunath, 1992), high and low
density lipoproteins (Manjunath et
al., 1989; Manjunath et al., 2002)
and gelatin (Plante et al., 2014;



et al.,, 2002) n xenatuH (Plante et
al., 2014; Manjunath et al., 1987).
BepoatHo Takma CI1I1 nmat oTHO-
lweHne KbM npotekyusata Ha M
ypes3 MexaHu3bMm Ha agcopbums no
HeliHaTa MOBbLPXHOCT. ToBa npwu-
KpensHe KbM MOBBbPXHOCTTA Ha
MM BepoATHO BOAW A0 y4vacTue B
KneTbyHaTa CUrHasMsaumsa N akTu-
BaUMATa Ha CUrHasIM Npeau3BuKBa-
W gekanauuMtauna Ha ramMeTuTe.
LlenTa Ha HacTOAWMTE U3-
cnefBaHMa e pga Cce Hanpasu
KOMMNIOTbPHO-acUCTUpPaH Ccrnepmo-
aHann3 (CASA) Ha edkynatm c
[obpa 1 HUCKa KPUOTONepPaHTHOCT
Ha cnepmaro3ongute 1M ga ce
nposefe BUCOKOe(EKTMBHA TeyHa
xpomartorpadgma (HPLC) Ha CIT,
fa ce aHanm3upaTr HOBOCHOPMU-
paHy OVOKOMIM/IEKCHU CTPYKTYpU
Mexay crneumuyHn npoTenHn ot
esKy/iaTu ¢ gokasaHa fobpa kpuo-
TOMIEPAHTHOCT W JIUMONPOTENHUTE
OT Xb/ITbKa, BbB Bpb3ka C MHOBA-
TMBEH NMoAaxoA 3a 3amMpassiBaHe Ha
crnepmMa oT 6MBOJICKM BULM.

MATEPVAT N METOON

Onutnte ca nNpPoBeAeHN C
eskynatn ot O6uMBOMIM — cBeXa U
3ampaseHa crnepma, npegocrase-
HNW OT M3nbnHUTENHa areHumnATa
no cesiekuMs u penpoaykumns B
XNBOTHOBBACTBOTO rp. Cochma u
rp. CnuBeH. Cnep nosiydaBaHe U
npeueHka, cnepmarta ce paspexga
0o 1:15 c kpuonpoTekTUBHa cpeja.
Llenta Ha ToBa pa3spexpgaHe e B 1
jo3a pJa ce cbabpxar 5x10°
NoABWXHU cnepmaro3onga, KouTo
rapaHTupar gobpu pesynratu oT
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Manjunath et al., 1987).

Probably such SPPs are relevant
to the protection of the PM through
mechanism of adsorption on its
surface. This binding to the PM
surface probably leads to
participation in cellular signaling
and activation of pathways causing
gamete decapacitation.

The aim of this study is to
perform Computer-Assisted Sperm
Analysis (CASA) on ejaculates with
good and poor cryotolerance of the
spermatozoa and to conduct High-
Performance Liquid
Chromatography (HPLC) on
seminal plasma (SP); to analyze
newly formed biocomplex
structures between specific
proteins from ejaculates with
proven good cryotolerance and
lipoproteins from egg yolk, in
relation to an innovative approach
for freezing semen from buffalo
bulls.

MATERIAL AND METHODS

The analyses were
conducted with ejaculates from
buffalo bulls — fresh and frozen
semen, delivered by the Executive
Agency form  Selection and
Reproduction in Animal Breeding
in Sofia and Sliven. After collection
and evaluation, semen was diluted
up to 1:15 with cryoprotective
medium. The purpose of this
dilution is to provide 5x10° motile
spermatozoa per semen dose,
which guarantees good artificial



N3KYCTBEHOTO OcemeHsiBaHe. Cnep-
mMaTa e 3amMpaseHa nog cop-mata
Ha nainetn ot 0.250 ml B cpepa 3a
KpMOKOHCepBauus (2.32 HaTpues
untpar gmxugpat, 2.42 Tris, 1.34
NIMMOHEHa KMCeNuHa MOoHOXMApar,
1.0 rmoko3a wnam pykTosa, 7 ml
rnnuepuH, 20 ml ainveH XbaTbK, 100
Ul neHnuunuH, pectunivpadHa Boja
0o 100 ml).
N3onupaHe Ha cnepmanHa niasma

OT cBexu esdkynatm e Wu3o-
nupaHa CI1 ype3 AByKpaTHO LEeH-
TpodoyrmpaHe Ha cnepmarta. lNbp-
BOTO UeHTpodhyrnpaHe e Ha 2500
rom, 3a 10 muHyTM Ha 4°C (ueH-
Tpochyra K24D). 3a BTOpPOTO LEH-
TpodpyrmpaHe ce un3non3sa cynep-
HaTaHTarta, npn 12000 rpm 3a 5 Mu-
HyTn MonydeHata CI1 ce dmntpupa
npe3 0.22 pm mem6pana (Milipore®)
N ce cbxpaHasa Ha -80°C.
XpomaTorpadycko cenapmpaHe Ha
NPOTENHN OT cCrepMasiHa njiasma
N NUNOMNPOTENHN OT ANYEH
XBbNTHK

Onntute ca npoBefeHN Ha
TeyHa XxpomaTtorpadcka cuctema
npuM BUCOKO HanAaraHe HPLC
(High-Performance Liquid
Chromatography). W3nonssaHa e
nonynpenaparneHa konoHa (TSK
gel G3000SW, 21.5 mm x 300 mm,
TOSOH  BIOSCIENCE®)  3a
MOJIEKY/ITHO-CUTOBa  XpomaTtorpa-
dwmsa ¢ pasgenntenHa cnocobHocT
oT 10 go 500 kDa. B anaparta ca
NHXeKTUpaHn npobu ¢ obem 1000
pl. MpeaBapuTesiHo ca 3agafeHu
onTMMasTHUTE napameTpu 3a pabo-
Ta: speme (20 min), HansaraHe (1700
psi) 1 cKOpOCT Ha noTtoka (6 ml/min).
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insemination outcome. Semen is
frozen in straws of 0.250 ml in a
cryopreservation medium (2.32
Sodium citrate dihydrate, 2.42 Tris,
1.34 Citric acid monohydrate, 1.0
Glucose or Fructose, 7 mil
Glycerin, 20 ml Egg yolk, 100 Ul
Penicillin, distilled water to 100 ml).

Isolation of seminal plasma

SP was isolated from fresh
ejaculates by double
centrifugation. The first
centrifugation is performed at 2500
rom for 10 min at 4°C (K24D
centrifuge). For the second
centrifugation, the supernatant is
used at 12000 rpm for 5 min. The
SP obtained was filtered through a
0.22 pm membrane (Milipore®) and
stored at -80°C.
Chromatographic separation of
proteins from SP and lipoproteins
from egg yolk

The experiments were carried
out on a liquid chromatography
system under high pressure
HPLC (High-Performance Liquid
Chromatography). A semi-
preparative column (TSK gel
G3000SW, 21.5 mm x 300 mm,
TOSOH BIOSCIENCE®) for size
exclusion chromatography with a
resolution of 10 to 500 kDa was
used. The sample injection volume
used was 1000 pl. The optimal
system parameters were set as
follows: time (20 min), pressure
(1700 psi) and flow rate (6 ml/min).



N3cnepsaHu ca npobu:

- CIN ot 6uBon ¢ gobpa (Mpyna
A) v Hucka (Fpyna B) kpuotonepaHT-
HOCT Ha cnepmMaro3ouauTe;

- ANYEH XBNTHK;

- CI oT edgKkynatu ¢ AokasaHa
[obpa KpUOTONEPaHTHOCT C npu-
6aBeH KbM TAX Xb/ITbK.

CnekTtpothoToMeTprUYHO e
onpefeneHo CbAbpXaHWeTo Ha
BCAKa OT MOJly4eHUTe NPOTENHOBU
dpakuymm cneg HPLC.

KomnoTbpHO-acucTupaH
crnepmoaHa/in3  Ha cnepmaTo-
3omam oT 6muson

Bsxa oueHeHu obwara noa-
BVXXHOCT, MporpecuBHaTa NoABWX-
HOCT N CKOpOCTTa Ha cnepmMaroso-
nouTe nocpeacTsoOM M3MNosi3BaHe-
To Ha CASA System Sperm Class
Analyzer®  (Microptic®,  Spain),
copTyepeH aHanuTU4yeH Moayn
.Motility and concentration“. OT
BCAKa npoba ce Hakansa cnepma c
o6em 8 Ul 1 Bbpxy Hes ce nocrass
NOKPUBHO CTBLK/IO C pasmepun 18 X
18 mm. AHa/M3bT ce npaBu Ha
MuHUMymMm 1000 cnepmartosonga B

3-5 noneta. AHanu3npaHum ca
cnepfHUTe nokasatesu:

- Obwara noABMXHOCT Ha
crnepmaTto3onanTe;

- MporpecnBHata noaBUX-

HOCT Ha cnepmaTo3onguTe;

- baBHO, cpegHO ¥ 6BbP30
NnoABWXHUTE cnepmMaro3onu,

- JInHeapHOCT Ha [OBWXeHue-
TO Ha cnepmaTto3ounguTe;

- HecTtoTa Ha ypapute Ha
onawikara;

- AMnnuTyga Ha natepasiHo-
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The samples analyzed were:

- SP from buffaloes with good
(Group A) and poor (Group B)
cryotolerance of the spermatozoa;

- egg yolk;

-SP from ejaculates with
proven good cryotolerance with
supplemented egg yolk.

The protein concentration of
each protein fraction obtained
through HPLC was determined
spectrophotometrically.

Computer-assisted
analysis of buffalo
spermatozoa

Total motility, progressive
motility and velocity of the
spermatozoa were assessed using
CASA System Sperm Class
Analyzer®  (Microptic®,  Spain),
analytical software module "Motility
and concentration". From each
ejaculate, an 8-yl drop of semen
was covered with an 18 x 18 mm
cover slide.

sperm
bull

The analysis was made on at least
1000 sperm cells on 3-5 fields. The

following parameters were
analyzed:

- Total  motility of the
spermatozoa,

- Progressive motility;

- Slow, medium and rapid

moving spermatozoa,
- Linearity of the movement;

- Beat/Cross frequency;

- Amplitude of lateral head



TO OTK/IOHEHWE Ha IN1aBuyKaTa,
- CKOpOCTHM NapameTpu

PE3YJITATU N OBCBb)XOAHE
OueHkata Ha MoTWUAMTETa
npean u cnep pasmpassisaHe e Ha-
npaBeHa Ha 6 esdkynata (Tabnuuya
1). Eskynatute ca pasfgesieHn B
ase rpynu (A n B) Ha ocHoBaHue
Ha faHHuTe OT MoTuuTeTa. He ca
perncTpupaHn CTaTucTUYeckn 3Ha-
YAMKU pasNnunsa B MOTUANTETA Ha
cnepmarosongute npegu 3ampa-
3BaHe Mexay 6'° wuscneaBaHu
eskynata. HabnwogasaT ce TeH-
AeHUMM  3a  MO-HUCBK HavasleH
MOTUNTET Ha cnepmMmaro3oungunte
oT rpyna b cnep pasmpassiBaHe.

displacement;
- Velocity parameters

RESULTS AND DISCUSSION
The motility assessment
before and after thawing was made
on 6 ejaculates (Table 1). The
ejaculates were divided into two
groups (A and B) based on the

motility data. No statistically
significant differences were
registered in  motility before

freezing between the 6 studied
ejaculates. Trends for a lower
initial motility after thawing of the
spermatozoa from group B were
observed.

Tabnuua 1. CpaBHUTE/THN JAaHHU OT MUKPOCKOMCKM aHasiM3 Ha MOTUMTETa Ha
cnepmartosonaute npeanm W cnef 3aMpassBaHe Ha cnepma OT  6uMBON.
Pa3znukute mexnay a u b ca ¢ goctoBepHocT p < 0.05

Table 1. Comparative data from the microscopic analysis of motility before and
after freezing of semen from buffalo bulls. Values with different superscript differ

significantly (p < 0.05)

Mpyna Homep Ha npo6bu  MoTunuteT nNpean 3ampassBaHe (%) MoTunuTteT crnef, 3ampassiBaHe (%)
Group Number of samples Motility prior to freezing (%) Motility after freezing (%)
1 755+15 49.3+1.54
A (n=9) 2 69.4+1.73 42.5+1.20
3 74.8 +1.64 46.1+1.64
CpepnHo/Average 73.23+1.62 45.97 + 1.64%
4 76.87 +1.01 31.10+1.50
B (n=9) 5 75.25+1.22 29.02+£1.72
6 67.33+1.54 31.11+1.46
CpegHo/Average 73.15+1.25 30.41 + 1.56°
3a npeunsnpaHe Ha gaHHUTE To specify  the data
6elwwe HanpaBeH CASA aHanm3 Ha | observed, analysis of the

cnepmarosouaute OT ABeTe rpy-
nu. CpaBHUTeNHaTa oOueHKa Ha
MOTU/IMTETA U CKOPOCTHUTE napa-
MeTpV Ha criepmaTo3onguTe crep
pasvmpa3ssBaHe ca npeacTaBeHu
Ha Tabnuua 2.

spermatozoa from the two groups
was made by CASA. Comparative
evaluation of motility and velocity
parameters of the spermatozoa
after thawing are presented in
Table 2.
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Tabnuua 2. CpaBHWUTENIHU CpefHO-CTaTUCTMYecku pJdaHHuM oT CASA Ha
crnepmartosougn oT 6uBOAM OT rpyna A wn rpyna b crnepn pasmpassBaHe.
Pa3znukute mexay a v b no xopusoHTasia ca ¢ AOCTOBEPHOCT p < 0.05

Table 2. Comparative average data from CASA of buffalo bull spermatozoa from
group A and group B after thawing. Values with different superscript within row

differ significantly (p < 0.05)

MapameTtpu Mpyna A MNpyna b
Parameters Group A Group B
Total motility (%) 52.18 +2.53 41.48 £ 1.23
Progressive motility (%) 30.25+1.25 26.50 + 1.05
Rapid motility (%) 36.20 + 2.20% 25.40 + 1.08"
VAP (um/s) 82.59 + 1.29% 62.31 + 1.22°
VSL(um/s) 69.39 + 2.28° 57.55 + 1.24°
VCL(um/s) 143.08 + 2.26° 127.27 +2.18°
ALH(um) 6.55 + 0.35 4.99 +0.23
BCF (Hz) 37.05 + 0.15% 29.55 + 0.25"
STR (%) 84.01 + 0.05% 75.40 + 0.70"
LIN (%) 47.77 £ 0.55 49.12 +0.75
Elongation (%) 54.14 + 0.96 53.23+1.09
Size (um sq) 8.26 + 0.73 7.22+0.24
Viability (%) 65.65 + 1.74 60.66 + 0.89
OueBMOHN ca pasNuuuAaTa, There are apparent
Kacaewwm npoueHTa Ha knetku c | differences regarding the
nporpecuBHoO-HacTbLNaTesIHO [ABU- | percentage of cells with
XEeHne, KOWTO npu esikynatute c | progressive motility, which in

[obpa KpuUOTONIEPAHTHOCT € B
NbTU no-ronam (noytn 1.5 nbtn),
3a CMeTka Ha Te3n, KouTo ca
CTaTUYHU WU MMaT Henporpecus-
HO ABUXEHNeE.

Pesyntatute o1 aHanmsa
nokassat WHTEpPEecHW [OO0CTOBEpPHU
pasnuuMsa Npu CpaBHSABaHe Ha
JaHHUTEe Mexay [ABeTe rpynu B
oTheniHuTe napameTpu. MNpu esaky-
nartute ot rpyna A e o4eBUAHO, ye
Mma [OCTOBEPHO MO-roNsiM Gpoli
Ha 6bP30 NOABWXHUTE crepmarto-
3omgn, B cCpaBHeHue c rpyna b
(p<0.05). CbLyo Taka, ocobeHo Bre-
yaTnieHne npaBAaT CTaTUCTUYECKU
3HaUMMUTE pasNNyunsa B CKOPOCTHU-

ejaculates with good cryotolerance
is at times higher (near 1.5 times),
at the expense of the static and
non-progressive spermatozoa.

The results of the analysis
demonstrated interesting
significant  differences in the
separate parameters between the
two groups. In ejaculates from
group A it is evident that there is
significantly higher number of
rapid spermatozoa, compared to
group B (p<0.05). Also, the
statistical significant differences in
the velocity parameters are

noteworthy, which are in favor of
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Te napameTpu, KOUTO ca B Nos3a Ha
eskynaTute ¢ gobpa KpnoTonepaHT-
HOCT Ha cnepmMmarosouauTe.

OT HanpaBeHWs aHa/M3 Ha
xpomarorpadckute npoounn Ha
npoteuHuTe, cbabpxaty ce B CI1
Ha [BeTe rpynu, ce ycTaHOBMXa
cneumduyHn pasnuunsa B KOn-
4eCTBOTO W BuAA Ha NpoOTeuHUTe
npun rpyna A n b. Xpomarorpacd-
CKMUTe npounaiv Ha nuscnenBaHuTe
npobu audpepeHympar 5 ACHO
o6ocobeHn nuka. lpoTenHuTe B
Tax Bapupat ot 10 kDa pgo 500
kDa (Purypa 1).

the ejaculates  with good
cryotolerance of the spermatozoa.

From the analysis of the
chromatographic profiles of the
proteins contained in the SP of
both groups, specific differences in
the quantity and type of proteins in
group A and B were observed.
The chromatographic profiles of
the samples analyzed
demonstrate 5 distinct peaks. The
proteins in those peaks vary from
10 kDa up to 500 kDa (Figure 1).
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12.00
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D
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......

dur. 1. Xpomatorpadckmn npodun Ha cenapupanm CIM ot 6uBon, A = 280 nm:

(rope) esikynaT € p[ob6pa KpMOTOMEPAHTHOCT Ha cnepmMarto3onauvTe;

(mony)

esiKynaT C MOHWKeHa KpMoTONepPaHTHOCT Ha cnepmMmaro3onanTe

Fig. 1. Chromatographic profile of separated SPPs from buffalo bull A = 280 nm:
ejaculate with good cryotolerance of the spermatozoa (above); ejaculate with
poor cryotolerance of the spermatozoa (below)
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XpomaTorpamara Ha npoTek-
TMBHaTa cpefa nokassa 9 gobpe
o6oco6eHun nuka (Purypa 2). Cum-
Tame, ye npeobnagasawuTe npo-
TEUHN B NPOTEKTMBHATa cpeja ca
OT rpynata Ha NMnonpoTeuHuTe,
KOMTO Ce CbAbPXaT B Xb/TbKa.

The chromatogram of the
protective medium shows 9 well-
defined peaks (Figure 2). We
believe that the predominant
proteins in the protective medium
are lipoproteins, which are
contained in the egg yolk.
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dur. 2. Xpomartorpadicku npodnn Ha NpoTeKTUBHaTa cpega
Fig. 2. Chromatographic profile of the protective medium

Kom6uHupaHeto Ha CI1M u
NPOTENHN OT KPUOMNPOTEKTUBHATA
cpefia gaBa HOB xpomartorpadckm
npocdoun (Purypa 3), BU3yanmsu-
paw crneumryHo U MHOro pas-
NINYHO  MNpepasnpejesieHne Ha
npotenHute. [lpyn cpaBHABaAHETO
Ha npodnnnTe OT ABeTe Xpomarto-
rpamu (CIIM n npotenHn OT npo-
TEeKTMBHaTa cpepa) ce oyeprasar
HoBM nukose Ha 10.058 muHyTa 1
Ha 11.015 mwuHyTa, KOWUTO He
NPUCHLCTBAT B HUTO efHa OT ABeTe
npobu (Purypa 4).

Combining the SPPs with
proteins from the protective
medium gives a new
chromatographic profile (Figure 3),
visualizing a specific and very
different redistribution of proteins.
When comparing profiles of the
two chromatograms - SPPs and
proteins from the protective
medium, new peaks on 10.058
min and on 11.015 min are
defined. These peaks are not
present in either of the two
samples (Figure 4).
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Fig. 4. Chromatograms of the separated SPPs, the protective medium and the

combination between them

AHann3bT Ha pesynratuTe
no3BosiABa fa ce Nnpeanosioxu, ve
cthopmMupaHeTo Ha HOBW npoTe-
WHOBM MNWKOBE € CeAcTBME Ha
npepasnpegeneHve Ha nNpoTenHu-
Te ot CI1 n npoTenHute, cbabp-
Xalm ce B NpOTEKTUBHAaTa cpefja,
Hali-Beye  NMNONpPoTenMHuTe  OT
XbATbKa. [Npegnonarame, ye ToBa
npepasnpegeneHve BEpPOATHO
cTaBa ype3 MexaHU3bM Ha C/oX-

The analysis of the results

obtained suggests that the
formation of new protein peaks is
a consequence of the

redistribution of the proteins from
the SP and the proteins contained
in the protective medium, mostly
the yolk lipoproteins. We assume
that this redistribution probably
occurs through mechanism of
complex physicochemical
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HU  (PU3MKO-XMMUYHN B3aMMofei-
CTBMS  Mexay  doocchonununau,
amvHogpoconmnuamn n 6entbum u
obpasyBaHe Ha HOBU C/OXHU
CTPYKTYpU. B 6Bbaewm mscnepnsa-
HUS  NpPeacToM  AOMb/HUTESTHO
aHanusvpaHe Ha HoBocdopmMupa-
HUTE CTPYKTYpU, CbAbpXalm ce B
Te3un NuKoBe.

n3BO4UN
. XpomarorpadpCckuaT aHans
Ha npotemHn oT CI1 oT 6uBONK
nokasa pas/simuna B NPOTEVHOBUSA
npodous, n3paseHn B xpomarorpa-
MUTEe Ha efikynatum c gobpa u c
HMCKa KPMOTOIEPaHTHOCT Ha crnep-
mMarosouguTe.
° HPLC pesyntarbT OT KOM-
6uHupaHeTo Ha CI1 n NpoTeKkTnBHA
cpefa C Xb/TbK, Nokasa cdopmu-
paHe Ha nukoBe (Ha 10.058 wu
11.015 MwuHyTa), CbCTaBEHU OT
HOBM OWMOKOMIMJIEKCHN CTPYKTYpW.
Te3n nukoBe BEPOSATHO ca bGener,
cneundmnyeH 3a eakynatun ot 6uBso-
N ¢ [o6pa KpMOoTO/IePaHTHOCT.

interactions between
phospholipids, amino
phospholipids and proteins,
leading to formation of new
complex structures. Further

analysis of this newly formed
structures contained in these
peaks is to be performed in future
research.

CONCLUSIONS
° The chromatography
analysis of proteins from buffalo
bull SP showed differences in
protein profile, expressed in the
chromatograms of ejaculates with
good and poor cryotolerance of the
spermatozoa.
. The HPLC results after
combining SP with yolk-based
protective medium showed peaks
(on 10.058 min and on 11.015 min)
containing new biocomplex
structures. Probably these peaks
are a trait, specific to ejaculates
from buffalo bulls with good
gamete cryotolerance.
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PE3IOME

CynepoBynauusita € BaxHa CTblka
OT 6uoTexHonorusATa embpuoTpaHcdep,
KOSTO OCHOBHO Ce mpu/ara B XymaHHaTta
1 BETEpPMHapHa MeauLuHa 3a nosiydaBaHe
Ha MOTOMCTBO NPV HapyleH epTuInTeT.
JlobmBaHe Ha MO-rO/IAMO KOMMYECTBO Ka-
yecTBeHnM oouuTn, obesneyaBa no-
curypeH ycnex 3a embpuoTpaHcdep.
BaxHO 3HayeHMe wuma nosydvyaBaHe Ha
[O6Bbp OBynaTopeH OTroBop npu egHo-
KpaTHO TpeTupaHe, 3alloTo, MHOrokpar-
HOTO XOPMOH&/IHO CTUMYy/MpaHe npeg-
CTaB/siBa Cepuo3Ha 3anjaxa 3a 3Apa-
BeTo. OrpaHu4yeHn ca AaHHUTE NO OTHO-
LIEHNE BMINSHMETO Ha 6MoJ06aBKM BHPXY
ycnexa Ha cynepoBynauus. Llenta Ha
Nnpoy4YBaHeTO € Aa Ce MpocnegdAT npome-
HUTE BBbB (POSIMKynoreHesara Ha npuema-
nn 6uopobaskaTa Provite E10% Super
CynepoByMpanun Muwkn. OnutbT 6e
nposefeH BbLB BuBapuyma Ha NBNP-BAH
€ 20 6posi XEHCKM NabopaToOPHN MULLIKK,
pasfesieHn U M3paBHEHM MO Terno B ABe
rpynu (n=10): KOHTpO/IHA — camo cynep-
OBYy/NMpaHa, U ONuTHa, MpU KOATO eqiek-
TbT OT cynepoBynaumss 6e cbyeTaH C
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SUMMARY

Superovulation is an important step
of the embryotransfer biotechnology
widely applied in the human and
veterinary medicine to produce the
offspring, when the parents’ fertility is
impaired. Obtaining a large amount of
qualitative oocytes ensures a high
success rate of embryotransfer. The big
importance is to get a good ovulatory
response to a single treatment, because a
multiple hormonal stimulation possesses
the strong threat for health. There are
limited scientific data regarding the
influence of the bioactive feed additives
on the success rate of superovulation.
The purpose of the present study was to
investigate the changes in the
folliculogenesis of superovulated mouse
supplemented by feed additive Provit
E10% Super. Experiment with 20 number
of female laboratory mice took place in
the vivarium of the IBIR-BAS. The animals
were balanced by weight and divided in
the two groups (n = 10): control — the
animals were routinely superovulated and
experimental, where the effect of



UHAVBUAYaNHWsS npuem Ha pgobaskata B
npogb/xeHne Ha 30 AHW. XUCTOMAOMNY-
HOTO npoyyBaHe 6e W3BBLPLIEHO BbLPXY
napacmHOBM Cpe3oBe OT SANYHUUUTE Ha
BCUYKU XMBOTHM, ouBeTeHn ¢ H&E no
pyTuHeH meTtod. MopcomeTpuyHata Xa-
pakTepUCTMKa Ha OBapuaiHUTE CTPYKTYpWU
6e HanpaBeHa 4pe3 MWKpPOCKOMNcKa Cuc-
Tema Olympus BX51 (Japan). Pesyntatu-
Te nMoKazaxa, 4Ye eKcrnepuMeHTasHaTa
rpyna mma no-aktuBHa posmkynoreHesa,
nspassiBalla ce B MO-rofisiM GPOi XbATK
Tena (Corpus luteum) u no-ronsam 6poii
TpeTnuHn QonnKyu, Npu cpasHeHmeTo U
C KOHTpO/siHata frpyna. B 3akiiuveHue,
HaCTOALWOTO M3cnefBaHe [okassa, ue
npuema Ha 6uopo6aBka Provite E10%
Super oka3Ba Bb3AeicTBME BbPXY honn-
Ky/fioreHesaTta, KOETO npegnosiara Mosio-
XuteneH edeKkT M BbpXy OBYIATOPHUSA
OTrOBOp NPV XOpMOHa/IHaTa CTUMYy/Iauus.

KntovoBn agymu: muwkun, 6uogo-
6aBka, XWUCTO/MOMUS,,  CynepoBy/auus,
oBapuu

yBO/.

Em6pnobuortexHonormata e
eVH OT OCHOBHUTE MeToAu npwu-
naraHv B XxymaHHarta n BetepuHap-
HaTta MeauvuuHa C Les nosyvyaBaHe
Ha NOTOMCTBO NPV PenpoayKTUB-
HUTe npob6nemun. EpHa oOT Haii-
BaXHUTE U CTbIMKU € cynepoBya-
unata. [JobusaHe Ha MO-ronsAMo
KO/IMYECTBO KayeCTBEHUW OOoLUUTU
obe3nevyaBa Mo-CUrypeH ycnex 3a
nocnegsawiute npoueaypn — "vH
BUTPO pepTunmsaumnsa™ n "emoépmo-
TpaHcgep". Bbnpekn AbArorogmiu-
HUTe npoyyBaHWs B TOBa Hanpas-
NIeHne, He ca ACHW BCUYKN Mexa-
HA3MKU 1 MbTULLA, BOAELWMN [0 MO-
BMLLaBaHe 4yBCTBUTE/IHOCTTA Ha
3peewnte PONNKY/IM KbM rOHa0-
TPOMHUTE XOPMOHW, C KOUTO ce
npeansBuKBa cynepoBynauusata, u
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superovulation was combined with
individual intake of the additive for 30
days. For the histological study the
paraffin sections from the ovaries of all
animals were prepared and stained with
H&E. Morphometric characterization of
ovarian  structures was made by
microscope system Olympus BX51
(Japan). The results showed that the
experimental group had a more active
folliculogenesis, expressed as a greater
number of tertiary follicles and as a larger
number of corpora lutea compared with
the control group.

In conclusion, the present investigation
proved that the supplementation by Provit
E10% Super provokes a positive effect on
the ovulatory response to hormonal
stimulation due to affecting on the
folliculogenesis activity.

Key words: mice, bioactive feed
additive, histology, superovulation, ovary

INTRODUCTION

The embryotransfer
biotechnology is widely applied in
the human and veterinary medicine
to produce the offspring of the
parents with impaired fertility. One
of the most important steps of this
biotechnology is a superovulation.

Obtaining a large amount of
gualitative oocytes ensures more
success for the subsequent
procedures of the embryo
biotechnology - "in vitro
fertilization" and "embryo transfer".
Although  providing long-term
research in this field, there are not
clear all mechanisms and

pathways providing the increased
sensitivity of the growing follicles to
gonadotropins, used for the
superovulation, and as a result,



Kato pesy/sTtaT Ha ToBa, MoBuULIA-
BaHe Ha HeilHuAa ycnex. CepnoseH
npo6sem npeacraBnaBart U Ab/ro-
CpPOYHMTE HeraTuBHU edhekTn oT
XOpMOHasiHaTa cTumynaumsa u, no-
cneumanHo, OT  MHOrOKpaTtHOTO
CTMMynupaHe. ToBa ca xunepcru-
My/faumaTa Ha oBapuu, KPbBOWU3-
INBUTE U XOPMOHA/THO 3aBUCUMM-
Te Tymopu (Macklon et al., 2006).
3aroBa npogb/kaBa pa Obae
akTyasieH npo6nemMbT  Haco4eH
KbM TbpCEHe Ha noaxoau 3a nosny-
yaBaHe Ha [00bP Ao6GUB OT oouu-
TV NpU eHOKPaTHO CTUMY/IPaHe.

TpsabBa ga ce 06bpHE BHU-
MaHue M BbPXy BaXHOCTTa Ha Xp-
HUTE/THUA pakTop B NpOTUYaHe Ha
honvkynoreHesara, 3a KoeTo npes
nocnegHvuTe rogUHN ce Hatpynaxa
HEe Ma/lKo AaHHU. XpaHeHeTo Mo-
aynupa penpoayktmBHata (oyHK-
LUMsA npean BCUYKO 4vpe3 LMPKY/In-
pawute MeTabosIMTHN  XOPMOHM
Karo WHCY/NWH, WHCYNNH-Nofo0eH
pac-TexeH gaktop-l, pacTexeH
XOp-MOH,  JIeNTUH U TPEeNNH
(Scaramuzzi et al., 2015; Tena-
Sempere et al., 2013). Tesu
XOPMOHU, BEPOATHO, ca Meamaro-
py Ha Bb3OENCTBMETO Ha XpaHaTa
BbPXY (QONUKYNSAPHUA pacTex u
cKopocTTa Ha oynauua (Somchit-
Assavacheep, 2011). Ctepougute
Ha SAWYHUMUMTE CbWO MoraT pa
NOBNUAAT AEeNCTBMETO Ha MeTabo-
NINTHUTE XOPMOHU, KOETO Aa BoAn
[0 NPOMeHN BBLB hosvkynoreHe-
3ata. Scaramuzzi et al. (2010)
cuniTaT, Ye xpaHaTa AeicTBa Kato
CUTHa/IEH MeXaHU3bM OTK/IHYBaLL,
MeTaboNUTHUTE NbTULLA, aKTUBU-
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increased  success rate  of
superovulation. There are many
problems related to the long-term
negative effects of hormonal
stimulation, especially, of repeated
stimulation such an ovarian
hyperstimulation, bleeding and the

hormone dependent tumors
(Macklon et al., 2006).
Therefore the research topics,

aimed to discover the approaches
for getting a good yield of oocytes
after single stimulation, remains
actual till now.

The recently accumulated
scientific data shows that the
nutrition is one of the important
factors affecting many aspects of
the reproductiion in animals.

Nutrition can alter the reproductive
function at various levels by
circulating metabolic hormones
such as insulin, insulin-like growth
factor-I, growth hormone, leptin
and ghrelin.

These hormones mediate an effect
of food on the follicular growth and
ovulation rate (Somchit-
Assavacheep, 2011).

Also ovarian steroids modulate the
action of metabolic hormones,
leading to changes in the
folliculogenesis.

Scaramuzzi et al. (2010) consider
that the food acts as a signaling
mechanism to force the metabolic
pathways, activating



pawm ponmkynoreHesara.
[laHHUTe OTHOCHO B/IMSIHNETO
Ha XpaHUTENHUA pPEeXUM BbPXY
ycnexa Ha cynepoBynauyusita ca He
e[JHO3Ha4yHW, a 4ecTo U MpPOTMBO-
peunBu. Hanpumep, npu kpasu e
NnokasaHo, 4Ye KakTO HegoxpaHBa-
HeTO, Taka M BMCOKOKaslopuinHaTta
avetra wumaT HeratuBeH ecdpekT
BbpPXy CTeneHTa Ha oBynauusrta
(Sartori et al., 2007; Santos et al.,
2008; 2010). [donbaHuUTeNnHaTa
fobaBka Ha MacTHU KUCENHU W
NpoOTEUHN KbM [06pe GanaHcupa-
Ha pfdaxkba CblWwo He BoOAu [0
nosueH Ao6MB Ha eMOpMOHN OT
cynepoBynpanmu XNBOTHU
(Velazquez, 2011). Ot gpyra
CTpaHa, uscnegBaHusATa Ha Sales
et al. (2008) n Evangelista et al.
(2011) pemoHcTpupart, Ye [obas-
KW, CbObpXaly BUTAMUHU, MaKpo
WA MUKPOENIEMEHTK, noBuLasar
ycnexa Ha cynepoBy/nauuata npu
CEeJICKOCTOMNaHCK1UTE XMBOTHU. Vima
eOUHVYHW OaHHM NoKasBaluu, 4e
BK/IIOYBAHE KbM aueTtaTta Ha outo-
reHHn pob6aBkm (B 4YacCTHOCT
Spirulina  platensis) Bogu Ao
yBenimyaBaHe 6posi Ha nosyvyeHuTe
oOUMTU M eMOPUOHKN cnep, cynep-
oBynaums (Kistanova et al. , 2009).
B HacToAwoTo npoyyBaHe
HMe nocTaBuxMe 3a uen ga npo-
cneamm edhekTa Ha BK/KOYeHaTa B
OCHOBHaTa jfaxba xpaHuTenHa
pobaska Provite E10% Super Bbp-
Xy (hosimkynoreHesaTa u ycnexa Ha
nocnegpawiata  cynepoBy/auus
npwn 6enn NnaéopaTopHN MULLIKK.
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folliculogenesis.

Data about the diet’ effect on
the success rate of superovulation
are scanty, and often contradictory.

There was shown in cows that the
malnutrition as well as the high-
caloric diet had a negative effect
on the ovulation rate (Sartori et al.,
2007; Santos et al., 2008, 2010).

Also a further addition of fatty acids
and proteins to well-balanced
ration didn't lead to an increase of
embryos yield from the
superovulated animals (Velazquez,
2011). On the other hand, studies

of Sales et al.(2008) and
Evangelista et al. (2011)
demonstrated that
supplementation of  vitamins,

macro- or micronutrients increase
the success rate of the
superovulation in domestic
livestock. There are single data
showing that supplementation of
diet with phytogenic additives
(particularly, Spirulina platensis)
provide an increase of the oocytes

and embryos recovering after
superovulation (Kistanova et.al,
2009).

In the present study we set
the goal to analyze the effect of the
feed additive ProviteE10% Super,
supplemented to the basic ration,
on the folliculogenesis and
subsequent success rate of the
superovulation in white lab mice.



MATEPVANT N METO4U

OnuTbT Oewe npoBedeH B
ekcnepumeHTanHata 6asa Ha
NBEVP-BAH. O6eKkT Ha u3cneaBa-
HeTo 6sxa 20 6pos XeHckn nabo-
patopHX MUKW OT BuAa Swiss
white B nosoBo3psisia Bb3pacT,
pasgeneHn B age rpynu (n=10) un
N3paBHEHN NO Terno, CbC CpeaHo
Terno ot 34.4 g. KoHTponHara rpy-
na 6e nopg/sioxeHa Ha npouenypa
3a uvHOyuMpaHe Ha cyneposyna-
Und, a npu onuTtHarta rpyna edyek-
TbT OT cynepoBynauyms 6e cbuetaH
C VHOMBUAYaNHUA nNpuemM Ha xpa-
HUTenHa po6aska Mposut E10%
Cynep (Profeed Animals,
Monwa) B posa 1.5 pg/g Kbm
ocHoBHata pgueta. Provite E10%
Super e xpaHutenHa 6uo gobaska,
CbAbpXalw@a BUTaMUHO-MUHepa-
neH komnnekc (ButammH E, Ca,
Mg) 1 eKCTpakT OT pacTeHue apTu-
LWOK. XXMBOTHUTE 6sXa CTUMYynnpa-
HA MO CTaHOAPTHUA MPOTOKO/T 3a
cynepoBynauusi, KOMTO BK/IOYBa-
e MbpPBOHAYAJIHO NHXEKTMpaHe C
FSH (dbonukynoctumynupaty, xop-
MOH) B go3a 6.00 IU v cnep 48
yaca NoBTOPHO MHXeKTupaHe ¢ LH
(nyTemHu3mpall XopMOH) B [fo3a
6.00 IU. >)XnBoTHuTe ca nosiyvyaBsa-
NN cTaHdapTHa XpaHa 3a siabopa-
TOPHM MULLKM 1 BOAa 6e3 orpaHu-
yeHus. O6LWma 34paBeH cTaTyc Ha
XVBOTHUTE  Oelle npoBepsiBaH
exefgHeBHOo. Cref npuvk/ioyBaHe
Ha onuTa (14 vaca cnep npunara-
He Ha BTOpara CTblKa Ha MpPOTOKO-
na 3a cyneposynauus) MULLKUTE
6sXa XyMaHHO YMBbPTBEHW, CbI-
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MATERIAL AND METHODS

The experience was
conducted in the vivarium of the
IBIR-BAS. The object of the study
were 20 female Swiss white mice
at pubertal age, divided and
aligned by weight into two groups
(n = 10), with an average weight of
34.4 g: control group, which was
subjected to superovulation
procedure and experimental group,
in which the effect of
superovulation was combined with
an individual intake of dietary
supplement Provite E10% Super in
dose 1.5ug/g to the main diet.

The feed additive Provite E10%
Super contents minerals (Ca, Mg),
vitamin E and plant extract
artichoke.

The animals were treated by the
standard protocol for
superovulation, which included an
initial injection of 6 IU FSH (follicle
stimulating hormone) and a re-
injection with 6 1IU LH (luteinizing
hormone) 48 hours thereatfter.

Animals received standard
laboratory mice feed and water “ad
libitum”. The health status of the
animals was checked daily.

At the end of the experiment (14
hours after the second hormonal
injection by the superovulation
protocol) mice were humanely
killed, according to the Ethics



NnacHo u3nckBaHuaTa Ha ETnyHata
komucua (goknag Ne: 2009-4-12/40).
N3onvpaHute  AlvHMuM  6s-Xa
MOYNCTEHM OT BCUYKM MasHUHU U
dukcmparn B 10% cpopmasiH 3a
48 yvaca. Cnep pexugpatupaHe
npes3 Bb3XoAsLla asikoxosiHa peau-
Uua, TbKaHUTe 6AXa BK/IHOYEHU B
napadmuHosBu 6510k4yeTa. B nocnea-
CTBME C MnomoLliTa Ha MWKPOTOM
6s1xa Nosy4YeHn cepuiiHM cpesoBe
Cc gebenuHa oT 5um, MOHTUpaHU
BbpXy MpeaMeTHW CTbkaa MU
OUBETEHN C XEeMaTOXCUJ/IMH-e03UH
(H&E) no pytnHeH npoTtokos. Mpe-
napatute ce LOKyMeHTMpaxa 4ypes3
MUKpockorncka cuctema Olympus
BX51 (Tokyo, Japan). Ha 6a3aTa
Ha cbliata ce nposege v mopdo-
MEeTpUYeH aHa/In3 Ha oBapuasiHu-
Te CTPYyKTypu, wu3passsall ce B
npebposiBaHe Ha  AWYHUKOBUTE
donukynu pasgenerHv B 3 OCHOBHM
Kateropuu, cbrnacHo onnkynsp-
HaTa knacudukauma Ha Pedersen
& Peters (1968) npu rpusaun. B
[OMbJ/IHEHNE, 6e OTYeTeH K BpoAT
Ha Xbntute tena (CL — corpora
lutea) BBLB BCUYKM aHaIM3MpaHu
AAYHULM.

[aHHuTe ca 06paboTeHn cbC
CTaTUCTUYECKN MEeTOAN, pasuknTe
ce cuMTtaxa 3a [OCTOBEpPHU Mnpu
P<0.05.

PE3YNTATUN NN OBCbXXOAHE
NNabopatopHaTta MuUWwKa €
YeCTO  U3MN0MI3BaH  XWUBOTUHCKMU
MoAen B pPEenpoaykTUBHUTE U3-
cnepnaHua. Npu HopmMasiHa oByna-
Uua npy MULLKUTE ce nosiydyasat
oT 8 o 12 ooumta C 3aBUCUMOCT
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Commission requirements (report
Ne: 2009-4-12/40). Isolated ovaries
were cleaned and fixed in 10%
formalin for 48 hours.

After that tissues were dehydrated

through an ascending alcohol
series and included in paraffin
blocks. Subsequently serial

sections with a thickness of 5 ym
were obtained using a microtome,
mounted on slides and stained with
hematoxylin-eosin by a routine
protocol.

Morphometric characterization of
the ovarian structures was made
by microscope system Olympus
BX51 (Japan).

The ovarian follicles were counted
and classified in accordance with
Pedersen & Peters (1968)
classification for the rodent.

Additionally the corpora lutea were
counted in all analyzed ovaries.

The data were processed with
statistical methods, the differences
were considered significant at
P<0.05.

RESULTS AND DISCUSSION
Laboratory mouse is a
commonly used animal model in
the reproductive studies. The
ovulation rate in mouse is
depended on the breed line and
varies between 2 to 12 oocytes.



OT JINHUATA Ha MUKMTe. Pusno-
NOTUYHUAT 6Bpoil Ha Ao6uBaHK
AALEKNETKN MOXe Aa 6bae yBenu-
YyeH 4ypes npwiaraHe Ha pasINyHU
mMeToAM, Npean BCUUKO, U3BbHPEaHO
XOPMOHa/IHO cTuMmynupaHe (Legge
et al., 1994), a Te3n aiuekneTkn ga
6bAaT 1M3non3BaHu 3a 6bAeLwm npo-
Luenypu kato "WH BUTPO hepTunimsa-
umna™ nnm "embpunoTpaHcdep”.

B HacToAWoOTO M3cnensaHe,
oueHsABaMe CyrnepoBy/1aTopHUA OT-
roBOp MO XWUCTOJIOTMYHUTE MpPOMe-
HU B AAYHULMTE KaTo pe3yntar Ha
XOPMOHa/IHOTO TpeTupaHe (npwu
KOHTpO/siHaTa rpyna), CpaBHEHU C
NMPOMEHN MOJIly4eHN nNo cbujata
CTMMy/nMpalia cxema, HO [ONbil-
HUTENHO NOB/INSAHW OT XpaHuTesiHa
pobaska (npu onuTtHa rpyna). Cbr-
NacHO nuTepatypHUTEe [aHHU ce
Habngasar pasnnuma B oBapuasl-
HAUSE OTrOBOpP Ha XOopMOHasHaTa
CTMMynauusa npu pasimyHu JIMHUN
muwkn (Martin-Coello et al., 2008;
Nagy et al., 2002). NMonyyeHute oT
Hac pesyntaru nokassart, ye siu-
HALUTE W NpU ABETe rPynn XX1BOT-
HU pearvpaxa Ha XOPMOHa/THOTO
TpeTupaHe B rpaHuuuTe xapakrep-
HW 3@ NMNHUA MULLKN Swiss white.

[aHHuTe OT 6uosornyHUTe
nscnegsaHusa (Tabnvua 1), nokas-
BaT Ye NpuembT Ha 1.5ug/g 6uopo-
6aBka Provite E10% Super, Boau
00 HamansBaHe xmBaTta maca (Qg)
NpY CpaBHEHWE C KOHTPOJIHUTE
MULIKWA, HO pas3/iMkute He ca
poctoBepHn (P>0.05). He 6e
HamepeHa cTaTucTuyecka pas/svka
(P>0.05) wmexagy nokasarenure
06LWO Tersno Ha PenpoayKTUBHUAT

29

The physiological number of
ovulated oocytes can be increased
by applying the different methods,
particularly, by hormonal
stimulation (Legge et al, 1994),
and the obtained eggs can be used
for the future procedures as "i

in
vitro  fertilization” or “"embryo
transfer".

In the present study we
evaluate a superovulatory
response to the hormonal
treatment in the control group by
the histological changes in the
ovaries. These results were
compared to the changes in the
ovaries of the experimental group,
which was stimulated by the same
hormonal scheme combined with
the nutritional supplement. In
accordance with literature data the
ovulatory  response to the
hormonal treatment is depended
on the mouse strains (Martin-
Coello et al.,, 2008; Nagy et al.,
2002). In our experiment the ovary
response to the gonadotropin
stimulation in both groups was
typical for Swiss white mouse.

Data from biological studies
(Table 1) show that the intake of
1.5pg/g supplement Provite E10%
Super leads to a trend for
reduction of the Ilive weight
compared to the control mice, but
differences were not significant
(P>0.05).

The hormonal treatment did not
influence on the total weight of the



TpakT (g) M u4YnMdTHO Terno Ha
AnyHMuMTe (g), KOeTo nokasea, 4Ye | ovarian
He | P>0.05).

XOPMOHa/THOTO  TpeTupaHe
NOB/IMSIBA TE3M NapaMeTpu.

reproductive tract (g) and on the
weight (g) (Table 1,

Tabnmuya 1. XXuBa maca, 06WO Tersio Ha PernpoayKTUBEH TPaKT U Terao Ha
ANYHULN MPU KOHTPOJTHN U ONUTHU MULLIKK
Table 1. Body weight, total weight of the reproductive tract and ovaries weight of

control and experimental mice

Fpynn / Groups
MapameTpu / Parameters

KoHTposniHa rpyna

OnuTtHa rpyna

Control group Experimental group

Xuea maca / Live body weight, (g)
OO6LL0 Terno Ha penpoayKTUBEH TPaKT
Weight of the reproductive tract, (g)
Terno Ha sidHnum / Ovaries weight, (g)

32.95+1.83 31.70+1.34
0.28+0.017 0.27+0.03
0.057+0.009 0.057+0.009

Mo Bpeme Ha ecTpycC UuKba,
pasBMTMETO Ha  OBapuasHuTe
donMkynn e TACHO CBbp3aHO C
AMNUAHUA MeTabonnsbm. VIMEHHO
MacTHUTE KUCENIMHW NpefoCcTaBAT
eHeprusaTa 3a Yy3psBaHeTO Ha
ANLEKNeTKNTe U PaHHOTO pasBu-
TMe Ha embpuoHa. oHapgoTponu-
HUTe moraT ga perynmpar crepo-
naoreHesnca n HoOBOCUHTE3MpaHe-
TO Ha MacTHU KUCESIMHW, HO 6e3
ToBa [fda peduiektupa Bbpxy
TEernoTto Ha nonosute xnesn (Liu
et al., 2009). TMpoOTUBOMNOMOXHO,
Wang et al. (2015) goknagsart 3a
CTATUCTUYECKN MO-TEXKN SANYHULM
Ha TpeTupaHuTe MULLKWU, KOeTo e
pesynrar OT OTK/YBaHe Ha
X0N1ecTeposi-3aBuCUMM  reHn  aa
HOBOCKHTE3MpaT XO/1eCTEPO Un
[a aKTUBMpaTt HasIMYHUTE NINNO-
NPOTEUHN MO BPEME Ha NyTeUHU-
3aumata. HamepeHata ot Wang et
al. (2015) pasnuka B TernoTo Ha
oBapunTe, BEPOATHO, Ce AbJIKU
Ha CTUMy/MpaHeTo MM C [o-
BMCOKa fAo3a roHagoTtponuHn (10
IU PMSG n hCG) B cpaBHeHue C

The development of the
ovarian follicles during the estrus
cycle is closely connected to the
lipid metabolism. The fatty acids
provide energy for the oocytes
maturation and early embryo
development. Gonadotropins are
able to regulate the
steroidogenesis and the new
synthesis of fatty acids, but without
reflection on the gonads’ weight
(Liu et al, 2009).

Conversely, Wang et al. (2015)
report the significantly higher
ovaries weight in the treated mice,
which is a result of the unlocking
the cholesterol-dependent genes
to synthesize a newly cholesterol
or to activate the lipoproteins
available during the luteinization.

Found by Wang et al. (2015)
increased weight of ovaries,
probably, is due to stimulating with
higher dose of the gonadotropins
(10 IU PMSG and hCG) in
comparison with our protocol. The
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HalnA NPoTOKo/1. [NoKa3aTesiHa 3a
HOopMmasiHa ho/IMKy/ioreHe3a B Ha-
CTOALLMA eKCnepuMeHT e 1 fiunca-
Ta Ha HapylweHua B 3akoHOMep-
HOCTUTE Ha pas3BuUTME Ha ANYHULN-
Te, yCTaHOBeHa npu aHanui Ha
XUCTONOTMYHUTE Mpenapatn nog
CBET/INHEH MUKpPOCKon. Pa3suTa e
MbNHa AMBU3NA Ha POSIUKYNUTeE,
KOeTO ce MoTBbpXAasa C MUKPO-
doTorpadmm Ha ANYHULWM OT ONUT-
HW N KOHTPOJTHW XUBOTHU (Purypa 1).

lack of the disturbances in the
ovaries development, observed at
histological samples by light
microscope in  the  current
experiment, is the indication of the
normal folliculogenesis.

There was a full division of
follicles, which is illustrated by
microphotographs of ovaries from
the experimental and control
animals (Figure 1).

E A YIS e S ) TN

dur. 1. MukpocphoTorpadgum Ha XMCTOAOTMYHU NpenapaTn OT ANYHULM Ha MULLKK
(20X, H&E): A. cekumsl OT KOHTPOJIEH ANYHUK C BTOPUYHU (DOSIMKYNN (CTPEKN);
B. cekyumsa OoT SNYHUK Ha MULLKa OT Of. rp., ¢ honmkynm B npexon OT BTOPUYHNA
KbM TpeTu4iHu (ctpenkn); C. n D. cekymm OT SNYHUK Ha MuUlKa OT oM. rp., C
npeaHTpanHu (6sina cTpesika) N aHTpasiHU PONUKY N (YEPHU CTPENKN)

Fig. 1. Microphotographs of histological preparations of mouse ovaries (x20, H &
E): A. Section of control group with secondary ovarian follicles (arrows); B.
section of the experimental mouse ovary, with follicles in the transition from
secondary to tertiary (arrows); C. and D. sections of the experimental mouse
ovary, with preantral (white arrow) and antral follicles (black arrows)
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B HacToAWOTO NnpoyyBaHe 6e
HanpaseHa MopdpomeTpuyHaTa
OLEHKa Ha oBapun OTHOCHO 6pos
Ha OSIMKY/IUTE U XBbNTUTE Tena
(Corpora lutea) Bbpxy pgecet
nocnegosaTesiHi cpesa OT ANYHK-
LuMTE Ha BCUYKN 20 XXEHCKM MULLIKW.
Monynaunnte Ha oTAesiHUTE o-
NNKYJIAPHU KacoBe ce n3saBaBar C
HamasisBalla TeHAeHUMs OT BTO-
PUYHN KbM aHTpasTHU QDOSTUKY/IN 1
B [BeTe rpynun. YcTaHOBEHO e CTa-
TUCTUYECKN HeJOCTOBEPHO yBesu-
yaBaHe Opos Ha aHTpanHuTe
donukynn B onuTHata rpyna
(P>0.05) cnpaAmMO KOHTponaTta.
lNpegnonarame, 4ye B onNuUTHaTa
rpyna pobaskata e nos/vsnia
HAKOM MeTaboNUTHN NbTUa N e
Jana Tnacbk 3a pasBUTUETO Ha
No-roNsM Opoi TPeTUYHU [ONUKY-
NN, KOUTO Aa npepacTHaT B aHTpasl-
HW. Ta3n npeanocTaBka He HapyLla-
Ba MPONOPLMOHa/IHOCTTa B npepa-
X04HUTE  (PONMKYNsApHM  KNnacose,
KakTo ce 3abenassa oT Tabnvua 2.

In the present investigation
the morphometric evaluation of the
ovaries was done concerning the
number of follicles and corpora
lutea on the consecutive slices
(n=10) from the ovaries of 20
female mice.

In both groups was observed a
decrease of the follicles number
from secondary to antral class.

It has been found non-significant
trend to increase the antral follicles
number in the experimental group
(P>0.05) compared to the control
(Table 2). We assume that in the
experimental group the feed
additive has affected some
metabolic pathways and forced the
development of higher number of

the tertiary follicles, which
developed into antral. This
prerequisite does not affect

proportionality of the previous
follicular classes, as seen in Table
2.

Ta6nuua 2. Monynauun Ha oTaenHUTe (PONUKYISPHU KNacoBe U GPOW Xb/Tu
Tena B MULIN ANYHULM OT KOHTPOJTHA W ONUTHA rpynn

Table 2. Populations of different follicular classes and Corpora lutea in the
ovaries of control and experimental mouse

pynu / Groups Cragun Ha pasBuTue Ha honukynute
(n=10) Stages of the follicular development

MbpBUYHN BTOPUYHU+TPETUYHN AHTPasHUW XKbNTU Tena

Primary Secondary+tertiary Antral Corpora lutea
KoHTponHa rpyna  5.1+1.45 5.20+1.66 0.8+0.75 8.5+£2.7
Control group
OnuTtHa rpyna 4.70+1.67 5.40+1.70 0.90+0.54 10.11+4.20
Experimental
group
Pesyntatute couyar, ye egHa The results indicate that,

yacT oT aHTpasnHuTe honukynn He | despite the hormonal treatment,
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OBYy/IMpaT BbNPEeKN XOPMOHA/THOTO
TpetnpaHe. Hannumeto Ha Tpe-
TAYHM W aHTpaNHU QONUKyIn B
OBapuun Ha CynepoBy/IMPaHN MULL-
KA, HabfogaBaHO B HalIeTo W3-
cnepBaHe, BEPOATHO, oOTpassBa
pas3fiMyHuTe (PYHKUMOHA/THU CbC-
TOAHUA Ha POSIUKY/IUTE, KOUTO MO
pas/ivyeH HauYuH ce nosausaBart oOT
€K30MeHHUTe TroHaJoTPOMUHN B
CbOTBETCTBME C TEXHUA eTan Ha
pa3BuTne, KOeTo e B Cblslacue c
TBbpAeHneTo Ha McNatty et al.
(2010).

Mo oTHOLWeHVe 6poA Ha Xbil-
TM Tena, MOPKOMETPUYHUAT aHa-
N3 nokasa Mo-roNsiM 6pon Xb/TK
Tena B onutHara rpyna (P>0.05)
CNpsAMO  KOHTpo/saTa, Koeto e
OOKyMeHTMpaHo Ha durypa 2.

not all antral follicles were
ovulated. The tertiary and antral
follicles, observed in the ovaries
of our superovulated mice,
probably reflect differences in their
functional states that influenced by
exogenous  gonadotropins  in
different ways according to the
developmental stage, which is in
agreement with the statement of
McNatty et al. (2010).

Also morphometric analysis
showed a larger number of

corpora lutea in the experimental
group (P> 0.05) compared to
control, as it is documented on
Figure 2.

dur. 2. MukpodhoTtorpadmm Ha Muwmn anuHnum (H&E; 4X): (1) OT KOHTpOJ/iHa
rpyna ¢ Hasimume Ha 9 XbnTn Tena; (2) oT onuTHa rpyna c HaM4meTo Ha 18

XbNTU Tena,

Fig. 2. Microphotographs of mouse ovary (H&E; 4X): (1) the presence of 9
Corpora lutea in control ovary; (2) the presence of 18 Corpora lutea in

experimental ovary;

HawwuTte pesyntatm cbBna-
fgat c Te3snm Ha Swann (2014),

Our results are match those
of Swann (2014), who reported a

KOWTO cbobliaBa 3a 3HauMTesiHO | significant increase of the corpora
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yBenuyasaHe 6posi Ha Corpora
lutea (P<0.001) n no4ytn ABykKpart-
HO yBe/InyeHve Ha anameTbpa Ha
XBATUTE Tena npyv MULLKA CTUMY-
nmpaHu ¢ 51U hMG npu cpaBHe-
HWEe HEeCTUMY/IMPaHW, KOHTPOJIHU
AAYHULM.

n3BOAMN

B KOHTeKcTa Ha acucTmpaHa-
Ta penpoaykums, ycnesaemocTTa
Ha cynepoBynauusaTa e OT peLla-
Ball0 3HayeHMe 3a ycneBaemocT
Ha 6uoTexHosorMsaTa emoépuo-
TpaHcchep. JonbnBaHeTo guerata
Ha MULWKN ¢ Buogobaskarta Provite
E10% Super nognomara oByna-
TOPHWS OTTOBOP Ha XOPMOHasIHaTa
CTMMynaums, Kato okasa CTUMY-
nMpaLlo Bb3gencTame Ha OoNnKy-
nioreHesarta, BofeLllo A0 pa3Butune
Ha no-ronsM 6poli  aHTpasiHu
donukynu, n kato cnepcrteme oOT
TOBa NO-roN1siM 6POW XbNTK Tena B
onuTHaTa rpyna. BepoaTtHo, BK/O-
YyBaHeTO Ha JocTaTbyeH Opoii
rpaHyNo3HN KNeTKM Nnpu passutmne-
TO Ha (ponukyMTe U HopMasHaTa
UM NlyTenHu3auusi, MOXe pga ce
npueme kaTto pesyntar oT ediekra
Ha 6uogobaBkaTa BbpXy CeKpeuu-
ATa Ha XOPMOHU U peaula pactex-
HW pakTopu cbLiecTBeHU 3a o-
NvKynoreHesara. BuTamuHHoO-
MWHEPa/THOTO NoAXpaHBaHe npeau
npunaraHeTo Ha XOPMOH&/THOTO
TpeTupaHe MOXe fa ce npenopbya
KaTo nofgobpeHne Ha NpoToKos1a 3a
cynepoBynaums Ha nabopaTopHu
XWBOTHW, a cnep no-3agb/604YeHn
npoyysaHna B ObAelle e 6bae
npeanioxeHo 3a nogobpsisaHe Ha

34

lutea number (P<0.001) and
almost double size of its diameter
in mice, stimulated with 51U hMG,
compared to the unstimulated
control ovaries.

CONCLUSIONS

In the context of assisted
reproductive  technologies, the
success of superovulation is a
crucial for the success of the
embryo transfer biotechnology.
Supplementation of the mice diet
with Provite E10% Super additive
supports good ovulatory response
to hormonal stimulation due to

stimulating effect on the
folliculogenesis leaded to the
development of higher number

antral follicles, and as a result, a
larger number of corpora lutea in
the experimental group. Probably,
the sufficient number of granulosa
cells was included in the follicular
development and their normal
luteinisation, which can be assumed
as the feed additive effect on the
secretion of the hormones and
growth factors essential for properly
folliculogenesis.

Vitamins and minerals
supplementation before the
application of hormonal treatment
can be recommended as an
improvement of the superovulation
protocol for the laboratory animals
and after the future studies in-
depth should be proposed for
improving the success rate of



ycneBaemocTTa Ha CynepoBy/aumsi-
Ta W NpU ApYrn XXNBOTUHCKM BUAOBE.
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PE3HOME

WN3cnegBaHo e pa3BMTUETO Ha Maii-
YMHOTO NOBeAEHME NMPU KO3K OT Nopogarta
Bbnrapcka 6sn1a  MAeYHa U HEWHM
KPpBCTOCKM C nopoauTe AHIIoHy6wuiicka u
ToreHbyprcka, poaunu TpusHauu. Kosute
ca OTriexgaHn 06OpHO M XpaHeHu C
fJaxba cbaobpxawa — 2.00 kg nuBagHo
ceHo n 0.600 kg KOHUEHTpUpaH dypax.
MpocnegeHo € 0KO3BaHETO Ha XUBOTHUTE
npes meceuute deBpyapu 1 mapTt. Maii-
UMHCKMTE KauyecTBa Ha KO3UTe ca OLEeHEeH
Bb3 OCHOBa CKOPOCTTa Ha peanunsupaHe
Ha MoBeAEHYECKNTE peakuunm B TeyeHue
Ha MbpBUS Yac cnef paxaaHeTo.

YCTaHOBEHO €, 4Ye M0 BpPeEME Ha
KOHTpONMpaHus nepuog, KosuTe-maiiku
noaywsar 1 06nu13BaT apeTara TpusHauu
B paMKMTE Ha NbPBUTE TPU MUHYTU CNej,
paxgaHeTo, KaTo OTAeNeHOTO Bpeme B
rpmxa 3a TsX npes MbpBUs Yac OT MOCT-
HaTa/IHUS1 MM XUBOT € TPUAeceT MUHYTW.
MepuogbT A0 NbPBOTO MoAgywBaHe M 06-
nn3BaHe € MNo-KpaTbK NMpu MBXKUTE ApeTa,
HO 06LLOTO BpeEME NpekapaHo B rPUXn e no-
NPOABLI/MKUTESTHO MPU XXEHCKUTE ApeTa.

Pe3syntatute nokaseart, 4ye MNOMAbT
Ha HOBOPOAEHUTE He OKasBa AOCTOBEPEH
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SUMMARY
The development of maternal
behavior was studied in goats of

Bulgarian White Dairy (BWD) breed and
its crossbreeds with Anglo-Nubian (AN)
and Togenburg (TG), which had given
birth to triplets. Goats were bred in a shed
and fed with a ration consisting of 2.00 kg
meadow hay and 0.600 kg concentrate
fodder. Kidding of goats took place in

February and March. Maternal
characteristics of goats were assessed on
the basis of realization speed of

behavioural reactions during the first hour
after kidding.

It was found that during the control
period, mothers sniffed and licked the
triplets within the first three minutes after
kidding, as they spent thirty minutes in
cares for the newborns in their first
postpartum life.

The period to the first sniffing and licking
was shorter for the male kids, but the total
time spent in care for female kids was
longer.

The results suggest that the gender
of the newborn kids did not have a reliable



ed)eKkT BbpPXY MPOSBNIEHNETO Ha Manyu-
HaTa frpwxa KbM OTAenHUTE speTa
POLEHM KaTo TpMU3HaLM.

KntouoBu gymu: Ko3u, HOBOpoAe-
HU sipeTa, MakunHO NoBedeHNe, TPU3HALM

yBO/,

MailuMHOTO noBefeHne npu
KO3uTe ce onpefesnia OT Cb3jaBsa-
HETO Ha CeeKTMBHa BPb3Ka MeX-
Ay Maikara u MasikoTo npes nbp-
BMSA yac cnep paxpgaHeto. dopmu-
paHeTo Ha Bpb3KaTa Mexay Mau-
kKaTa W HOBOPOAEHOTO BK/IKOYBA
N3rpaxgaHeTo Ha C/I0KHM B3aMMO-
AeCTBUSA Mexay TAX M MOxe ga
6bae NoBMAHO OT peauua akTo-
py cpes KouTo u 6posi Ha poaeHu-
Te >XMBOTHW. HapyweHustTa npu
hopmypaHe Ha Ta3u Bpb3ka ca
npMynMHa 3a noBuWaBaHe 4ecTo-
TaTa Ha CMbpPTHWUTE c/yvyan npes
MbpBUTE YacoBe Cfef paxaaHeTo
(Addae et al., 2000).

MpoyyBaHusiTa BbPXY Manuu-
HOTO MOBefdeHVe nokasBaT, Ye e
HaMue TeHAeHUMS KbM JIMMUTU-
paHe Ha rpwxarta npu paxpgaHeTo
Ha noseve OT eAuH npuniog. Taka
Hanpumep, BbNPEKM 4Ye oOBLETe
poounn 6nmM3HaumM nokassat no-
BMCOKa aKTMBHOCT MNpu 06rpmxaa-
HEeTO Ha HoBopogeHuTe (065m3Ba-
He, KbpMEeHe) OT pogunute efvHa-
LK, Te BCbLLHOCT He obesneyasar
-ABa NbTN” noBeye rpmxka. Cnepo-
BaresIHO BCEKW OTAesieH 6/m3Hak
nosyyasa Mno-Masiko CTUMYNU OT
efMHauuTe, KOeTo Moxe pga 3aba-
BM CBbp3BaHeTO C Maiikarta. Mpu
nacuwHo oTrnexgaHe, Bucokarta
CMBPTHOCT Cpef, HOBOPOAEHUTE OT
MHOrON/I04HNTE arHnna e cnep-
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effect on the expression of maternal care
to the different kids, which were born as
triplets.

Key words: goats, newborn kids,
maternal behavior, triplets

INTRODUCTION

Maternal behaviour of goats
is determined by the establishment
of a selective connection between
the mother and the newborn within
the first hour after kidding. The
formation of the connection
between the mother and the new
born involves the establishment of
complex interactions between
them and could be influenced by a
number of factors, including the
number of newborn animals. The
violations in formation of the
connection are a reason for the
increase in number of deaths
within the first hours after kidding
(Addae et al., 2000)

The studies on maternal
behaviour indicate that there is a
tendency for limitation of cares in
kidding of more than one offspring.
Thus for example, although the
sheep, which give birth to twins,
indicate a higher activity in their
cares for the newborn kids (licking,
suckling) than those, which give
birth to a single lamb, they in fact
do not ensure "twice" more care.

Consequently, each of the twins
receives fewer stimuli than the
single-born ones, which could slow
down the connection with the
mother. In grazing, the high infant
mortality, in litter of large size, is a
result of the separation of some of



CTBUE OT OTAENAHETO Ha HAKOW OT
6/M3HauMTEe M HapyllaBaHe KOH-
TakTa Mexay Mankata U BCUYKK
arHerta OT arHWi10TO, 0CO6eHO npes
NMbpBUA fOEH crnef  paxaaHeTo
(Stevens et al., 1982).

LlenTa Ha HacToAWETO Wu3-
cnefBaHe 6e ga ce npoyyn npos-
Bara Ha MalyMHOTO MNOBELEHMETO
Ha KO3uWTe KbM speTaTa pPOAEHU
Kato Tpu3HauM, KakTo U HaIMumeTo
Ha CbLLEeCTBEHM pas/imiunsa B Npos-
B/IEHVETO Ha MailumHata rpuxa
NPy KO3uTe POoAWIV efuHaun uim
6/1M3HauN.

MATEPWNAN N METO4WA

[daHHnTe ca nosydyeHu oOT
CTagoTo Ha EKcnepumeHTanHata
6a3a KbM VHCTUTYTa MO NNaHUH-
CKO >XMBOTHOBBACTBO U 3emepje-
nve B rp. TposH, kaTto Habnwae-
HMATa obxeawart nepuopg ot 1 ro-
AvHa. lpocnefeHn ca paxaaHus-
Ta 1 NoBeAeHVNETO Ha KO3u-Malikun
OoT nopogata bbnrapcka 6sana
mneyHa (BBM) u kpbCcTOCKUTE U C
AHrnoHybuinicka wn ToreHbyprcka
nopoja Ko3u pogunv TpusHauu, B
TeyeHMe Ha MbpPBUA Yac cnepg
paxpaHeto. Oko3BaHeTO e npes
mMeceuuTe doeBpyapu n MaprT.

[Mpe3 3uMHMA nepuog X1UBOT-
HATE ca oTriexgaHn 060pHO U
XpaHeHu ¢ gaxba cbabpxala 2kg
ceHo n 0,6kg KOHUeHTpupaH dy-
pax Ha rnasa. OcurypeH e cBob60-
[eH foctbn Ao Boga v con. lNpes
netHute Meceuyn (mMan-HoemBpw)
KO3uTe ca Ha nawa.

OueHkaTa Ha MalvMHCKUTE
KayecTBa € M3BbpLUEeHa Bb3 OCHO-
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the twins and violating the contact
between the mother and all of the
lambs, especially in the first day
after birth (Stevens et al., 1982)

The aim of present research
was to study the maternal
behaviour of goats to their kids,
born as triplets, as well as the
presence of essential differences
in the manifestation of maternal
care of goats, which gave birth to a
single-born kid or twins.

MATERIAL AND METHODS

Data were obtained from the
herd raised in the Experimental
Station of the Research Institute of
Mountain  Stockbreeding and
Agriculture in the town of Troyan,
as the observations spanned a
period of 1 year. The kidding and
behaviour of mothers of Bulgarian
White Dairy goat breed (BWD)
were observed, along with its
crossbreeds with  Anglo-Nubian
and Toggenburg goat breed, which
gave birth to triplets, in the course
of the first hour after kidding.
Kidding occurred in February and
March.

In the winter period animals
were bred in a cattle-shed and fed
with ration of 2 kg of hay and 0.6
kg concentrated fodder per head.
There was a free access to water
and salt. During summer months
(May-November), goats were grazing.

The assessment of maternal
characteristics was done on the



Ba Ha cnefHUTe nokasartesnun, pe-
rMCTpPUpaHn nNpes MbpeBUs Yac cnep,
paxaaHeTo, No MeToAa Ha ANPEKT-
HO HabnaeHne 1 XpoHomeTpupa-
He. [1poAb/IKUTENTHOCT Ha nepuo-
Ja Mexay paxpaHeTo M MbpBOTO
nogyliBaHe Ha HOBOPOAEHOTO,
NPOABL/DKMTENHOCT Ha nepuoja
MeXay paxhaHeTo M MbpBOTO 06-
/IN3BaHe Ha APeTo N Bpeme nocee-
TEHO Ha rpMXxun 3a NOTOMCTBOTO —
O6WOTO BpemMe MNOCBETEHO Ha
AyweHe v 06nm3BaHe npes Nbpeus
yac cnep paxnaHero.

JaHHnTe ca npeacTaBeHu Ka-
TO cpefHa apUTMeTMYHa CTOMHOCT
N rpewka Ha cpegHoto. Pesynrta-
TUTE OT BCMYKM 3ajaun ca obpa-
60TBaHN C NakeT MHCTPYMEHTU Ha
crtaructmyecka nporpama Windows
(Microsoft Excel, 2003), a gocrTo-
BEpHOCTTa € M34yucrieHa no meTo-
na ANOVA nocpenctsoMm efHo-
dhakTOpeH aHanus.

PE3SYNTATU 1 OBCBXXOAHE
Kosute-malikm nogywsar w
o6nmn3BaT Apetara TpusHauM 3a
MbpBu NbT Ha 2,57+0,84 min cnepg
paxhaHeTo, a BpemMeTo KOeTo
OTAENAT 3a rpmwka KbM THAX npes
NMbpBUS Yac cref paxhaHeTo e
noytn 30 min. O6rpwxBaHeTo Ha
spetata BuHarM 3ano4ysa OT 06-
nacTtTa Ha rnasata (ocBoboxaasaT
ce AuxartesiHuTe nbTulla Ha spe-
TO) N npogb/hkaBa KbM 3agHaTa
yacT Ha T4n0TO (CTMMynupa ce
ANLIAHeTOo), KaTo e CbNPOBOLEHO C
TMXO 6neeHe OT cTpaHa Ha Maii-
kata. Te3n noBefeHMa Ha ko3laTa
cbBnagar C onucaHute B nutepa-
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basis of the following indicators,
which were registered within the
first hour after kidding, according to
the method of direct observation
and timing. Duration of the period
between kidding and the first
sniffing of the newborn, duration of
the period between the kidding and
first licking on the kid and time
spent on cares for the offspring —
the total time spent on sniffing and
licking within the first hour after
kidding.

Data are represented as
average arithmetic value and mean
error. Results of all tasks were
processed by a tool package of
Windows statistical program
(Microsoft Excel, 2003), and
reliability was calculated according
to the method of ANOVA by means
of Single Factor analysis.

RESULTS AND DISCUSSION

The mothers sniffed and
licked their triplets for the first time
in 2,57+0,84 min after kidding, and
the time spent on cares for them
within the first hour after kidding
was almost 30 min. The cares for
kids always started in the sphere of
the head (airways of kid were
cleaned) and continued to the hind
quarters of the body (breathing
was stimulated), as it was
accompanied by a quiet bleating
by the mother. That behaviour of
the goat coincides with what is
described in the literature and
illustrates the process of



TypaTa 1 UnicTpupar npoueca Ha
n3rpaxgaHe Ha Bpb3kata Mexay
HeA ¥ HoBopogeHoTo Ape (Yimaz
et al., 2012).

B npeaxogHu Hawwu uscnepg-
BaHMA YCTaHOBMXMe, 4ye BpeMeTo
3a KOeTo Ko3uTe-Malikun peasimaun-
pat rnoBefeHYecKknTe peakuun no-
AywBaHe n 06/5M3BaHe 3a MbpBU
MbT CNnepf paxhaHeTo e Mno-KpaTko
npu Apetara 6sM3Haun cpaBHEHO
c eanHaumte (CTtoiueBa, 2014)
ToBa KOeTO npasu BnedvatsieHve
npy CpaBHEHWETO Cropes Tuna Ha
paxaaHe Ha fpeTtara (eguHaum,
6M3HaUn 1 TpusHauw) e, ye fApe-
Tata poAeHn KaTto TpuaHauu nosny-
yaBaT Hal-6bP30 BHUMaHWE OT
MalikaTa BefHara cnep paxgaHe-
TO, cnegsaHu OT OGsiM3HauuTe W
eanHauute (Purypa 1).

time (min.)

first lick/nbpBo
06/113BaHe

first sniff/nbpeo

nofyLuBaHe

establishment of the connection
between the mother and the
newborn kid (Ylmaz et al., 2012).

In our previous researches,
we have found that the time for the
realization of behavioural
reactions, such as sniffing and
licking for the first time after
kidding, was shorter for twin kids in
comparison with single-born ones
(Stoycheva, 2014).

If the type of kidding is compared
(single-born, twins, triplets), it is
obvious that triplets receive the
attention of the mother faster
immediately after kidding, followed
by the twins and single-born ones
(Figure 1).

\ ; s sin-gle
-

S S S S S S
e T T T

total time/o6Ly0
Bpeme

Expession of behavioural reactions
MoBefeHYYECKN peaKkLmn

dur. 1. BavaHve Ha Tuna Ha paxgaHeTo BbPpXy BpPeMeTo 40 noAyliBaHe,
06/m3BaHe N O6LWOTO BpeMe MnpekapaHo B FPWXKU 3a APeTo Nnpe3 NMbpBus yac

cnep, paxaaHeTo

Fig. 1. Influence of type of kidding over the time till the first sniffing, licking and
total time spent on cares for the kid within the first hour after kidding
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Mo oTHOLWeHue Ha 06LWoTo Bpeme
npekapaHo B rpwxa 3a HOBOPO-
[eHOTO sipe, TpM3HauuTe nony4vasar
NMo-Ma/ikKo BHMMaHWe OT gpeTaTa
6nmM3HauM, HO noBeye OT eau-
HauuTe.

He ce Habnwogasa cTtaTUCTU-
yecksn [OCTOBEpHa pasnnka B
noBefleHMeTo Ha Ko3aTa-maiika B
3aBMCUMMOCT OT 6p0oA Ha poaeHuTe
OT Hes speTa.

Mpu paxpaHeTo pasBUTUETO
Ha Bpb3Karta Maiika-HOBOPOAEHO
MbpBOHAYa/IHO Ce OCbLeCcTBABA
ype3 MupusmMaTa 3aToBa aKTMBHO-
TO 065mM3BaHe Npu paxpaHeTo e
OT CbLecTBeHO 3HayeHue (Dwyer
and Lawrence, 1998).

Bbnpeku 4ye, Ko3ute nopgyLu-
BaT 1 06/1M3BaT MO-paHO MBbXKUTE
TpM3HaUM B CpaBHEHME C HaCTbIl-
BaHETO Ha Te3u NoBefeHYeckn pe-
akumm cnpsiMo XXeHckute (Purypa
2) passivkata BbB BpemeTo no-
MaUiKo OT MUHYTa € HejokasaHa U
MUHUMaJTHA.

O6uoTo Bpeme, npekapaHo
B rpwxa 3a HOBOPOAEeHUTe Mpe3
MbpPBUA Yac OT NOCTHATA/THUA UM
XVWBOT € MO-NPOABL/IKUTENTHO NpU
XEHCKUTEe TpusHaum ¢ noytn 9
MUHYTW.

[posBaTta Ha Tasn noBefeH-
yecka peakuusi BEpOATHO ce Obfl-
XM Ha NO-NPOABLI/HKUTESTHOTO Bpe-
Me rnpe3 KOETO >XEeHCKUTe fApeTta
CTOAT M3npaBeHu Mpe3 MbpBuUs
yac cnep paxpaHeto, crefcTeue
OT MO-HUCKOTO MM Tersio npu
paxagaHe (Tabnuuya 1).

In terms of total time spent on
cares for the newborn kid, triplets
receive less attention than twin
kids, but more than the single-born
ones.

There was no statistically
proven difference in the behaviour

of mother depending on the
number of her kids.
The development of the

connection between the mother
and the new born kid was initially
established at the time of kidding
through scent, and therefore the
active licking is  essentially
important (Dwyer and Lawrence,
1998).

Although, goats sniff and lick

earlier the male triplets in
comparison with the realization of
these behavioural reactions

compared to female ones (Figure
2), the difference in time less than
a minute was not proven and
minimal.

Total time spent on cares for
the newborn kids within the first
hour of the postpartum life was
more prolonged for the female
triplets with almost 9 minutes.

Manifestation of that
behavioural reaction probably was
due to the more prolonged time
during which female kids stood
upright within the first hour after
kidding as a result of their lower
birth weight (Table 1).
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= male

time (min.)

# female

Y

first lick/nbpBo
06nm13BaHe

first sniff/mbpBo
noagyLusaHe

Expression of behavioral reactions

MoBefeHYeCKM peaKL N

total time/o6Lu0
Bpeme

Fig. 2. Effect of sex of the new-born triplets over time spent till the first sniffing
and licking and total time spent on cares for kids within the first hour after
kidding

dur. 2. EchekT Ha Nona Ha HOBOPOAEHUTE TPU3HALM BbpPXy BPEMETO 40 MbPBOTO
nogywsaHe u 06/M3BaHe M 0OWOTO BpeMe MpekapaHO B FPku 3a TAX npes

NMbpPpBUA Hac crieq paxagaHeTo

Ta6nvual. Tersio Npu paxgaHe Ha ApeTaTa poAeHU KaTo Tpr3Haum

Table 1. Birth weight of triplets

06wy 3a ctagoTo / Total for the herd

Mbxku / Male | XXeHcku / Female

kg 2,82+0,13 2,99+0,16 2,59+0,21
YCTaHOBEHOTO OT Hac e B Otal et al. (2010) report
cbrnacue c Otal et al. (2010) Mpwn | similar  results to ours. In

HabnaeHna Ha fApeta Ha Kosu
paxpgawmy 3a npbB  NbT OT
nopogarta Murciano-Granadina, Te
yCTaHOBsiBaT, 4Ye BpeMeTo Ha
06rpmxBaHe Mpu XeHckuTe sapeTa
e No-Ab/Ir0 B CPaBHEHME C MbXKU-
Te. 3a pasnuka OT Hac obadye B
TAXHOTO  M3C/efBaHe  Ko3uTe-
Maiku nogywsat u 06sm3Bar no-
paHO XEHCKMUTe sipeTa B CpaBHe-
H/E C MBXKATE HO Te3n pas/imku
CblLO Ca HEeCbLeCTBEHN KaTo
ycTaHOBeHUTe OT Hac. Cnopep
aBTOpPUTE MaNYMHUS UHCTUHKT Npun

observations on kids of goats of
Murciano-Granadina breed, which
gave birth for the first time, the
authors have found out that the
time spent on cares for female
kids was longer than for male
ones. Unlike our results, however,
in their research the mothers
sniffed and licked earlier the
female kids in comparison with the
male ones, but these differences
were also insignificant as ours.
According to the authors, the
maternal instinct in female animals
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MbpPBECKUHUTE € MNO-CUNeH OT
TpyAHOCTUTE NpU paxXaaHeTo u Ko-
3UTe BegHara obpbLiaT BHUMaHUe
Ha spetara cu. Poindron et al.
(2007a, b) npunucear Te3n pasnu-
ynsi B NOBEAEHNETO Ha HSAKOM BCe
oule HeM3BeCTHU HEBPO — hU3NO-
NOTVYHN MEXaHU3MU, MOy NNPaHn
OT onnTa Ha MalikaTta.

Cnopesg Hac Kosute OT
n3cneABaHoOToO  CTago, pPoavIv
TpM3HauM HAMaT npeanoYnTaHus
KbM Nnosia Ha SipeTo 3a Aa crapTu-
paTr MalumHaTa rpmxa KbM Hero.
CblWOTO Cce ycTtaHoBsABa W npwu
sApeTaTa pPoAeHN KaTto eanHaum m
6/M3HauM B NpeaxofHu  Hawu
n3cneaBaHuss npu npu cblmTte
nopoau ko3m (CtoiueBa, 2014).

n3BOAU
1. MoNbT M TUNBT Ha paxaaHe
He oKa3BaT [OCTOBEpPEH eqiekT
BbpXy BpemMeTo [0 noayluBaHe,
BpemeTo [0 06/mM3BaHe M 06L0TO
BpeMe MocBEeTEHO OT Mailkara Ha
rpvxa 3a HoBOpOAeHMTE speTa.
2. PasmepbT Ha arHunoTo He
OKa3Ba CblUeCcTBeH eqieKkT BbpXy
yCTaHOBsIBaHe Ha Bpb3kaTa
Malika-ape npu 0O6OPHO OTINEX-
[laHe Ha Ko3uTe.

JINTEPATYPA

1. CroiiueBa C. ETOMOMMYHM
PU3MONOTNYHN acnekTu Ha
B3aMMOBpb3KaTa ,malika — HOBOPOAEHO”
npu ko3n ot nopogata BBM u TexHu
KpbCTOCKW. OucepTauus, 2014,

2. Addae P.C., Awotwi E.K.,
Oppong-Anane K., Oddoye E.O.K.
Behavioural interactions between West
African dwarf nanny goats and their

giving birth for the first time is
stronger because of the difficulties
during delivery and the goats pay
attention to their kids immediately.
Poindron et al. (2007a, b) attribute
the differences in behaviour to
some still  unknown neuro-
physiological mechanisms, which
are modulated by the experience
of the mother.

According to us, goats of the
herd, which give birth to triplets, do
not have any preferences to the
gender of the kid in order to start
their maternal cares for it. It was
the same for single-born and twin
kids in previous our researches
with the same goat breeds
(Stoycheva, 2014).

CONCLUSIONS

1. Sex and type of birth do not
have a reliable effect over time
spent till the first sniffing, time till
the first licking and total time spent
from the mother in cares for the
new-born kids.

2. The litter size did not have a
significant  effect over the
establishment of the connection
between the mother and kid in
breeding of goats in a cattle-shed.
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