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OueHka 1 onpepgensaHe Ha cefieHOBUA gedouumnT
B XpaHuUTe/iHaTa Bepura Ha oBLEe 1 KpaBu OTr/iexaaHu
B eHAEMUYHU NJIAHUHCKN pernoHmn Ha CpegHute Pogonu
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PE3IOME

CeneHoBuAT AeduuMT B NouBUTE U
B MepmMaHeHTHWs  TpeBocToW  Gele
YCTaHOBEH, KaKTO U HepersiaMeHTUpaHoTo
CHa6,EI,F|BaHe Ha MNPexnBHUTE >XNBOTHU
CbC CesieH, Nopagu cesoHHaTa AVHaMuKa
npes nepvoAa Ha nawara, Kakto wu
HUCKUTE HMBa Ha 6uoakymynupaHe Ha
TO3M CbLECTBEH HEOPraHNYeH KOMMOHEHT
B XpaHWTe 3a >XMBOTHW. HacTosoTo
npoyyBaHe 3a KOHLEHTpauuuTe Ha
cefieHa Mo usnata xpaHuTesiHata Bepura
ce pasrnexgart B Aetainu un ce otuutart
JaHHWTe OT noyBata KbM XpaHUTESTHUTE
npoayktun. MiscnegsaHeto e dhoKycupaHo
BbpPXYy HEAO0CTaTbYyHOTO npepgsiaraHe Ha
ceneH U NocneacTBusiTa OT HEro BbPXY
Se-CbAbpxaHne B CypoBO MJSIKO U 6510
caslaMypeHO CupeHe OT OBYe U KpaBe
M/ISIKO, Pa3npoCTpaHEeHO B EHAEMUYHUTE
palioHn. HuckuTe KOHUEHTpauuu Ha

SUMMARY

Selenium deficiency of soils and
natural pasture vegetation, as well as an
irregular supply of trace-levels of selenium
to ruminants due to the seasonal
dynamics during the pasture period, a low
bio-accumulation rates of selenium in
feedstuffs have been established.

The present study for selenium
concentrations in the food chain is
reviewed in details and the transfer from
soil to foodstuffs of selenium are reported.

The investigation had been focused on
the insufficient selenium supply and
related consequences on the Se-content
in raw milk and white brine cheese of
sheep and cow spread in the endemic
areas. The low selenium concentrations in
the plant species during the lactation



CeJieH B pacTuTesiIHUTe BUAOBE MO Bpeme
Ha KbpMeHe (anpun-toHu), ce oTpasssart
HeraTMBHO Ha Se-KOHLLeHTpauus B OBYE U
Kpase MsKo. MNpeanoxeHn ca NnpenopbKu
3a cesieHoBM A06aBKu.

KntouoBu gymn: cenel, gecpmymt,
XpaHuTesiHa Bepura, oB4e Msko, CpeaHu
Pogonu

yBO/A

ot rmefHa  Touka Ha
XpaHEHEeToO Ha/IMYMETO Ha CesieH B
XpaHuTe ocTaBa OT T0/AMO

3HayeHue, 3all0To MHOro dpakTopu
BNINAAT Ha HEroBumsa TpaHcep no
ekonornyHa Bepura. Hegocturst
Ha cefleH Cce oOTpassBa Ha
ekcnpecuaTa W pyHKuMATa Ha
Ce/leHoNPOTEeNHU, KOUTO yyacTear
B M3paX[AHETO Ha opraHn Wu
TbKaHW, KOETO BOAM A0 NposiBa Ha
6onect Ha KewaH KawuH — bBek
3abonasaHe.

CbAabpXaHMeTo Ha CefieH B
3bPHEHM XpaHU N 3efIeHYyuM Kato
L0 3aBUCK OT CbAbPXaHNETO Ha
cefleH B noyBata , Kakto U Ha
reEOXUMUYHUTE N XapaKTepPUCTUKM
(Johnson et al., 2010; Mehdi et al.,
2013). lNMoTeHunasHOTO cHabanBa-
He CbC CeJIeH Ha noyBarta Moxe ga
6bAe nNOBANAHO OT pakTopu
KOUTO BNUAAT Ha obpasyBaHe Ha
pasiMyHn PopMn Ha ceneHa u
pa3TBOPUMOCTTa Ha CefleHoBUTe
cbeanHeHns (Kabata-Pendias and
Pendias, 1992). Kato uano B
KMCenNu, rvHecTy NoYBm 1 rNoYBm C
BMCOKO CbAbpXaHWe Ha opraHuy-
HW BellecTBa AOMUHUPAT CeNeHun-
AN 1 ceneHoBu cyndunaun, Konto ca
MaJsiko Mo-mMOGWUNHM M 3aToBa ca
TPYAHO OOCTBIMHM 3a pacTeHusATa.

(April-June) reflected negatively on the
Se-concentration in the ewe’s and cow’s
milk. Recommendations for selenium
supplementations are proposed.

Key words: selenium, deficiency,
food chain, ewe’s milk, Middle Rhodope
Mountain

INTRODUCTION

From the nutrition point of
view the selenium availability in
foodstuffs remains of great
concern because a lot of factors
affect its transfer along of the
ecological chain. Selenium
deficiency affects the expression
and function of selenoproteins and

has been involved in the
degeneration of organs and
tissues, leading to the
manifestation of Keshan and
Kashin-Beck diseases.

The selenium content of

grains and vegetables generally
depends on the selenium content
of the soil, as well as on its
geochemical characteristics
(Johnson et al., 2010; Mehdi et al.,
2013). The potential supply of
selenium in soil can be influenced
by factors which influence
selenium speciation and solubility
of selenium compounds (Kabata-
Pendias and Pendias 1992).

In general in acid, clay soils and
soils with high organic matter the
Se-content dominate in form of
selenides and selenium sulfides
which are slightly mobile and
therefore hardly available to plants.



B ankasiHM noysBu npucbLCTBAT OC-
HOBHO ceneHartu. Te ca JIecHO pas-
TBOPUMM N C BUCOKA MOOBWU/THOCT, 1
CbOTBETHO Ca JIECHO YCBOUMMW OT
pacteHusaTa. Pa3TBopuMMOCTTa Ha
cefleHa B MNoOBeYeTO MNO4YBM € Mo-
CKOpO HefocTaTbyHa W crefosa-
TEe/IHO MHOrO 3eMefesiCKu MoLn
npomssexgar dypax C HUCKO
CbAbpXaHne Ha CeneH.

YcBosABaHETO Ha ceneH ot
pacTeHusaATa 3aBuMCWM Ha MbpBO
MACTO OT pH Ha noysaTta, pefokcu
noTeHunana M CbAbpPXaHNETO Ha
Bofa. PacteHuaTa morat ga 6baar
Knacumumpanm Kkato — cesieHoBU
akymynatopu Unn Heakymynatopu,
B 3aBMCMMOCT OT CMOCOBHOCTTa UM
[a YCBOAT M Aa HatpynsaT cesieH
(Terry et al., 2000; Broadley et al.,
2006 ).

Mo Bpeme Ha nawarta npe-
XWBHUTE XXVUBOTHU Ca MOAJIOXEHN
Ha konebaHus B pasnpefesieHneTo
N YCBOSABAHETO Ha cCeJieH upe3
nacuuHata pacTtuTesniHocT. ToBa
MOXe [fa [oBefe A0 nosiBata Ha
pas/IMyHN HapyLleHus, HapyllaBa-
W1 34paBeTo M NPOAYKTUBHOCTTA
Ha XUBOTHUTE — HUCKA MJIEYHOCT,
HeLOoCTaTbyHO CbhbAbpXaHWe Ha ce-
NIeH B MJIAKO W MJIeYHUTE npo-
ayktn - (Angelow et al.,, 2004,
Makaveeva et al., 2004).

[JaHHnTe 3a chopmuTe Ha ce-
JIEH B XXMBOTMHCKM XpaHu ca orpa-
HUYEHN, a CbAbpPXaHMETO Ha ce-
JIEH B paHn OT XXMBOTUHCKN M3TOY-
HAUM Bapupa B 3aBUCMMOCT OT
pexuma Ha XpaHeHe Ha XXWBOTHWU-
Te (Mehdi et al., 2013). Korato
XUBOTHUTE Ce cynseMeHTupar c

In alkaline soils selenates are
present. They are easily soluble
and highly mobile, respectively
available to plants.

The solubility of selenium in most
soils is rather low, therefore many
agricultural areas produce forage
with low selenium content.

The uptake of selenium by
plants depends at first on soil pH,
redox potential and water content.

Plants may be classified as
selenium accumulators or non-
accumulators, depending on their
ability to assimilate and
accumulate selenium (Terry et al.,
2000; Broadley et al., 2006).

During the grazing period
ruminants are  subjected to
variations in the selenium supply
through meadow vegetation.

Thus any disturbances may occur
leading to impaired animal health
and production traits — low milk
production, insufficient content of
selenium in milk and dairy products
(Angelow et al., 2004; Makaveeva
et al., 2004).

Data on the forms of
selenium in animal foods are
limited, and the selenium content
of foods from animal sources
varies according to the diet of the
animals (Mehdi et al., 2013). When
inorganic selenium is given to
animals, selenocysteine is the



HeopraHuyeH CcefleH OCHOBHOTO
obpasyBaHO CbeguHeHue e cefne-
HOUMCTEUH. Korato >KMBOTHUTE
KOHCymMMpaT  CeNeH-CbAbpXalim
XpaHu OT pacTuteneH npousxos,
ce (popmupa pactuTenHus cerse-
HOMETUOHWH, Ha MSACTOTO Ha
MeTnoHunH (Rayman et al., 2008).

Bbnpekn ye Bogata Mmoxe fa
CbAbpXa ceneH, NpeguMHO Kato
cefieHaTt, HeroBoTO CbAbpXaHue
OOGMKHOBEHO € MHOF0 HUCKO U He
AonpuHacs 3HaunTeIHO 3a npuema
Ha ceneH (WHO, 2011).

KbM MOMeHTa HaTpueB cene-
HaT, HaTpPUEB XWOPOTEH CEIEHUT,
HaTpueB CeNneHnT, L-
CeNeHOMETUNOHMH 1 06oraTteHn cbe
ceneH ApoXAnM ca paspelleHn 3a
pobaBsiHe KbM XpaHute
(Regulation (EC) Ne1925/2006) u
XpaHutesnHuTe pobasku (Directive
2002/46/EC). CbaobpxaHMeTo Ha
ceneH B [AOETCKATE M NPEXOAHM
XpaHn  CbWo  NoANexum  Ha
perynauna (Commission Directive
2006/141/EC).

B pgeictButenHoct 6uoaky-
MY/IMPAHETO Ha CefleH No XpaHu-
TenHarta Bepura, ce B/vsie OT B3a-
MMOCBBbP3aHN AelCTBMA Ha TakvBa
dhakTopK, Kato reonoxkn dgoopma-
UMK, KUCENIMHHOCT Ha noysara,
CbAbPXaAHMETO Ha OpraHWYHN Be-
Luiectsa B noysara, BeretauyOHeH
CTaauii Ha pacTuTenHocTTa u cne-
UMUYHN 3a OTAeNHUTEe BUAOBE
TpaHcdgep (Johnsson 1992,
Zablocky 1990; Thornton et al.
1985). C orneg Ha nocoyeHuTe
dhakTopu 3a BCsAKa KOHKpeTHa cen-
CKOoCTOonaHcka o0b6n1act e Heobxoam-

main seleno-compound formed.
When animals consume selenium-
containing foods of plant origin,
protein-containing selenomethionine
will also be formed from the
incorporation  of  plant-derived
selenomethionine in place of
methionine (Rayman et al., 2008).

Although water may contain
selenium, predominantly as
selenate, its content is typically low
and does not significantly
contribute to selenium intake
(WHO, 2011).

Currently, sodium selenate,
sodium hydrogen selenite, sodium
selenite, L-selenomethionine and
selenium-enriched yeast may be
added to food (Regulation (EC)

Ne1925/2006) and food
supplements (Directive
2002/46/EC). The selenium
content of infant and follow-on

formulae is regulated (Commission
Directive 2006/141/EC).

In fact the bioaccumulation of
selenium along the food chain is
influenced of interrelated action of
such  factors as  geological
formations, soil acidity, soil organic
matter content, vegetation stage of
plants and species-specific uptake
(Johnsson 1992; Zablocky 1990;
Thornton et al. 1985).

In view of mentioned
considerations data on each
particular agriculture area is

needed to modify the selenium



MO Aa ce moguchmuympa npepgnara-
HETO Ha CefleH 3a XMBOTHUTE U
YOBELUKOTO XpaHeHe.

Llenta Ha HacToAWOTO Mnpo-
yuyBaHe e fa Ce cpasHu npepsia-
raHeTo Ha ceneH OT nacuwa,
pasnosiokeHN Ha pasnuyHa Haga-
MOPCKa BUCOYMHA B HAKOW MIAaHWNH-
CKN paioHn Ha KOxHa Bbnarapus u
Ja ce Jaje oueHka Ha npepsara-
HETO Ha CefleH Ha 0BUg, OTI/IeX-
[aHu B v3cnenBaHuTe eHOoeMUYHN
panoHN.

MATEPVANT N METO4U

MpegmMeT Ha uv3cneaBaHeTo
6ewe pernoH B 61M30CT A0 Ceno
CmunaH B CpegHute Poponn.
CpepgHute npobu OT TpeBHaTa pac-
TutenHoct ot 10 (5 + 5) ctaHgapT-
HU naowaakn (2x2 m ), pasnosio-
XEHW Ha ABe HaAMOPCKM BUCOUYNHU
ca cbbpaHu B 2 nosTopeHus (Pur.
1). 3a oueHka Ha edhekTa OT eTana
Ha Beretauus Tasu npouegypa ce
M3BbPLIBA BEAHBX MECEYHO Mo
Bpeme Ha nawa (0T mMan Ao wnun).
B wn3cnegBaHeTo Ha AuHamMuKaTa
Ha cefeHa B CYpOBO MJSAKO U
CMpeHe ca BK/IKYEeHM Hali- pas-

npocTpaHeHuTe nopoau B
n3cnenpaHata ob6nact -
KapakayaHckn oBLUe, Poaoncku

Liuraii n A6opureHHa (CpeaHo-
Popgoncka nopoga). aHHuTe 6sixa
CpPaBHEHN C TUNUYHUTE KOHLUEHTpa-
UMM Ha Se B KpaBe M/SAKO, NOJIy-
yeHn B obnactTa . MNonyvyeHn ca u
[aHHW 3a 65810 caslamypeHo cupe-
He W1 KalwkaBas, Npou3BeAeHn B
perMoHa no TUNUYHM [OMalLHK
peuenTun.

supply for animal and human

nutrition.

The aim of present study was
to compare the selenium offer of
pastures situated at different
altitudes in some mountainous
regions in South Bulgaria and to
give the estimation on the
selenium offer of sheep, raised in
the investigated endemic areas.

MATERIAL AND METHODS

The subject of investigation
was a region near Smilyan village
in the Middle Rhodope Mountain.
Average samples of pasture grass
from 10 (5 + 5) standard plots (2x2
m) situated at two levels of altitude
were collected in 2 replications
(Fig. 1). For assessment the effect
of vegetation stage this procedure
was performed once monthly
during the grazing period (from
May to July). In the experiment
research on the dynamics of
selenium in the raw milk and
cheese was involved the most
popular breeds in the investigated
area — Karakachan sheep,
Rhodope Zygay and Aborigen
(Middle Rhodope breed).

Data was compared with the
typical Se-content in cow's milk
received in the area. Studied are
derived from white brine cheese
and yellow cheese produced in the
region with a homemade recipe.



CbAbpXaHMeTo Ha cefneH e
onpefeneHo C WU3MNOM3BaHe Ha
ATOMHO-abCOpOLMOHHA TexHukKa ¢
XnapugHo reHepupaHe Varian AAS-
HG wun Mac cnektpometTpua c
NHOYKTUBHO-CBbp3aHa nnasma
AGILENT ICP-MS. Bcuukn pesynra-
TM Cca u3pa3eHn Karto cpefHa
CTOMHOCTXCpeHO CTaHOapTHO OT-
K/IOHEHME W CpaBHEHW CTaTUCTK-
yecku ypes T-TecT.

The selenium content was
determined using Varian AAS-HG
and AGILENT ICP-MS analysis.

All results were expressed as
mean + standard deviation and

compared through standard t-test
procedure.

dur. 1. MeTog Ha cTaHAapPTHM N/IOWAAKN 38 B3emaHe Ha npo6wu
Fig. 1. Method of standard sampling plots

PE3YNTATN NN OBCBXOAHE

V3cnepBaHnTe ONUTHW nJio-
WaikM ca C WU3K/IYUTESTHO HUCKO
pH (4,27 0,25), KoeTo Bnuse He-
61aronpuATHO BbPXY GMONOrMYHa-
Ta ycsoameocTt Ha asoT (N), coc-
dop (P) n kanuin (K) no xpaHuten-
HaTa Bepura “noysa-pacrteHue”
Bcuukm nacuwia ca U3kIUYnTesNTHO
6egHn Ha a3oT. Cymara OT ycBOu-
MuTe pOpMM Ha a30T — aMOHAYEH
n HutpateH (= = NOs-N + NH4-N) B
nouysata e < 25 mg/kg. Nmalikn B
npeasug, 4Ye npu pH 4,0-45
pa3BMTMETO Ha asoTdukcupalmTe

RESULTS AND DISCUSSION
The soil samples from
standard plots showed very low
acidity — pH (4,27+0,25), which
adversely affect the biological
assimilation of nitrogen  (N),
phosphorus (P) and potassium (K)
in the food chain "soil-plant
system”. All pastures were
extremely poor in nitrogen. The
amount of absorbable forms of
nitrogen — ammoniacal and nitrate
(Z = NO3-N + NH4-N) in the soil
was< 25 mg/kg. Considering that
with levels of pH 4,0-45



6akTepun e CUIHO pefyLumpaHo, To
OoYyakBaHO B MO-KMCeNuTe MnoYBu
CbAbpPXaHMEeTO Ha a3oT e 3Hauu-
TeNHo noj Heob6xoAMMOTO 3a [06-
pa noyseHa 3anaceHocCT. TUNUYHN-
Te 3a pernoHa UHANKaTOpHU BUAO-
BE W Jwmncata Ha OCHOBHU U
BTOPUYHN MAKpPO- N MUKPOESIeMEH-
TV onpegenst 60TaHMYeCcKOTO pas-
HOoOGpasve

development of nitrogen-fixing
bacteria is greatly reduced, it was
expected that in the acidic soil
nitrogen content is substantially
below the required good soil that
the availability. Typical of the
region botanical species and lack
of basic and secondary macro and
micro nutrients determined
botanical diversity.

Tabnumua 1. boTaHM4YeCKn CbCTaB Ha Nacuuata B UscsiegBaHus pernoH
Table 1. Botanical composition of the pastures in the investigated region

No Botanical composition % content
BoTaHnyeckn cbcTaB % cbabpxaHve
1 | Trifolium incarnatum/nypnypHa geTenuHa 30,21%
2 Lolium perenne L./ paiirpac 5,45%
3 Bromus mollis L./ meka oBcura 5,55%
4 | Festuca fallax Thuil. / yepBeHa BnacaTka 0,60%
5 Trifolium repens L. / 6ana geTenuHa 3,26%
6 Poa pratensis L. / nuBagHa meT/Mua 9,73%
7 Pteridium aquilinium / opnosa nanpaT 1,68%
8 Vicia villosa Roth / aus dowii 2,28%
9 Nardus stricta / KapTbn 13,18%
10 Other plant species / apyru sugose 28,05%
total / 06110 100%

PactutenHute npobu oT ec-
TecTBeHMTe nacuua ca cbbpaHu
Myxgy 800 n 1100 m Hagmopcka
BUCOYMHA B 2  TMOBTOpPEeHusa
(Tabnuua 1). EcTecTBeHUAT Tpe-
BOCTOM B TO3M y4aCTbK C€ CbCTOMU
rMaBHO OT XWUTHW TpeBU — 75%,
6060Bn pacteHns — 8% u
pasHoTpesue 17%, kaTo Aenia Ha
Nardus stricta L. pgoctura 13%,
[0KaTo Mpu Ky/ITUBUPaHUTE nacu-
la CbAbpPXaHMETO Ha KapTb/i e
MUHUMaUTHO /1,4%/.

Average samples of pasture
grass were collected at two levels
of altitude (800 and 1100m) in 2
replications (Table 1). The natural
composition in this area consists
mainly of cereals — 75%; legumes
— 8% and different grass species
17% from witch Nardus stricta L.
reaches 13%, while in the
cultivated pastures it's content is
minimal /1.4%/.
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Fig. 2. Selenium content in different plant species

Habnwogasa ce cuiiHO um3pa-
3eH gedomunT Ha cesieH npu BCUY-
K/ UHOVKATOPHU BULOBE KaTO KOH-
ueTpauunte ca OKoMo U Nnog Kpwu-
TnuHute 30pg/kg CB. N3cneasa-
HeTO Ha NimBagHaTa TpeBa CbAbp-
Xawa BCUYKM  XapakTepHu 3a
paoHa WHOMKATOPHM pacTeHus
nokasea 4e HsAMa BuUA, KOMNTO Ada
MOXe Ja KOMMeHcupa HUCKOTO
npegnaraHe Ha ceJsieH, Taka u4e
CpefHOTO HMBO Ha efieMeHTa B
nepMaHeHrH1Ms TPeBOCTON € 0KOJ10
10-15% oT Heob6XxoAMMUTE MOTPEL-
HOCTU 3a XXMBOTUHCKUS OpraHvu3bM
(dwur. 2).

N npun pBete HaAMOPCKM
Bnco4mHn (800 1 1100m) KOHUEH-
TpauuuTe Ha CesjieH ca MHOro nog,
cpegHuTe  KoHueHTpauun (0,25
mg/kg), N ce30HHaTa AMHaMuKa
3aBUCK [/1aBHO OT [E€0/IOXKUTE
KIMMaTU4yHUTE 0COBEHOCTU Ha pe-
rMoHa npes u3cnegsaHvus nepuog
(Pur. 3).

There is a pronounced deficit
in all species close and below the
critical 30 pug/kg DM.

The study of meadow grass
containing all typical of the region
indicator plants shows that there is
no species which can compensate
the low supply of selenium, so that
the average level of the element is
about 10-15% of the necessary
needs of the animal organism (Fig.
2).

Selenium transfer during whole
period is stable and depends
mainly by geochemical
characteristics of soil (Table 2).
There are no bioaccumulation
species among botanical species
in the area that would have
affected selenium concentrations
in the food chain "soil-plant".
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TpaHchepa Ha ceneH npes
Luenvs nepuopg e ycTonums 1 3aBu-
C/ OCHOBHO OT reoXMMWUYeckKuTe
XapakTepucTuku Ha noysara
(Tabnuua 2). Cpep, 60TaHnyecknTe
BMAOBE HAMA OTKPUTW CeneHoBu
6uoakymynaropu, KOMTo Aa nosnus-
AT Ha TpaHcdepa Ha cesieH Mo
Bepurata ,o4yBa-pacrteHue”.

At both levels of altitude (800
and 1100m) selenium
concentrations were far below
normal average concentrations
(0.25mg/kg), and seasonal
dynamics depends mainly from
geological and climatic conditions
during the investigated period (Fig.
3).

Tabnuua 2. KoedmumeHT Ha TpaHcdep 3a cefieH 3a pas/IMyHU HagMOPCKU
BMCOYMHN OT ABe nocnefoBaTesiHy rogmHn (2013/2014)
Table 2. Transfer factors for selenium for different altitude from two consecutive

years (2013/2014)

Area/Sample/Year/Altitude

PaioH/MNpo6a/l ognHa/Hagmopcka BUCOUMHA

CeneH, pg/kg
Selenium, pg/kg

Cmunan/nousn/2013 (n=3)  1100m

Smylian/soils/2013 (n=3)  1100m 200+25
Cmunsan/pacteHns/2013 (n=3)  1100m 30.3+6.7
Smylian/plants/2013 (n=3) 1100m T
Transfer factor / KoedmuymneHT Ha TpaHcdep 0.15
Cmunan/nousn/2013 (n=3)  800m

Smylian/soil/2013  (n=3) 800m 207x25
Cmunsan/pacTteHns/2013 (n=3) 800m

Smylian/plants/2013 (n=3) 800m 29.7423.2
Transfer factor / KoechunumeHT Ha TpaHcdep 0.15
Cmunsan/nousn/2014 (n=5) 800-1100m

Smylian/soil/2014  (n=5)  800-1100m 140.48+70.18

Cmunsan/pactenns/2014 (n=5) 800-1100m
Smylian/plants/2014  (n=5) 800-1100m 28.25x0.54
Transfer factor/ KoecpnumneHT Ha TpaHcdep 0.20
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npes nscneasaHus nepuog (Man-tKonn)

Fig. 4. Selenium concentrations in raw milk from different sheep breeds during

the investigated period (May-June)

KpuTnyHu HuBa Ha geduumt
OoT okono 20-30 ug/l ce Habnwaa-
BaT B Mie4yHuTe npobu. C Hanpea-
BaHe Ha Nnakrauusita KOHUeHTpa-
uMnMTe nNpoAb/hkaBaT Aa Hamans-
BaT. Jluncata Ha [OCTaTbyHO ce-
NEeH BbB BCUYKWN M3cneaBaHu mre-
Ka OT BCUYKM NOPOAMN OBLIE U AVH-
amukarta Ha cefieHa ca VHAEHTUY-
HU 1 NOAOOHM Ha Te3n Habnga-
BaHW B KpaBeTo MASKO (dur. 4).
3HaunTenHuTe gedoumumTtn Ha of
B TpeBHata pacTUTEsSIHOCT U
CVYHEPIUCTUYHUTE MY BPB3KM CbC
cefieHa Mmart 3HauuTesNIHO B/MA-
HMe BbPXy HMBaTa Ha CeJieH B
oBunte mneka. Mo-gobpoTo Cbe-
TOSSHWE Ha KOHLUEeHTpauuuTe Ha
CeJiIeH B KpaBeTO MJISIKO Ce ObJ/IKU
Ha nmpegnaraHe Ha KOHLEHTpUpPaHu
hypaxn cbabpxawm 6anaHcupaHu
HMBA Ha CeJieH, Lenswy noctTuraHe
Ha No-BUCOKa MJ1Ie4YHOCT.

Critical deficit levels around
20-30 pg/l were observed in all
milk samples. With the progress of
lactation concentrations continue
to decrease.

The lack of enough selenium in all
studied breeds and trends are
identical or similar to those in
cow's milk (Fig. 4). Significant
deficiency of selenium in grass
composition and their mutual
synergistic  relationships  with
ilodine have a significant impact on
the readings of selenium in sheep
milk.

Better provision in cow's milk is
due to additional supplementation
with concentrated feed contained
balanced levels of selenium, to
maintain a high milk yield.
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Selenium concentrations in white brine cheese

=& Cow cheese/ kpaBe

cupeHe

=— Sheep cheese -
Karakachan breed / oBue

cupeHe - KapakayaHcka
Sheep cheese - Rhodope

Zigay/ oBYe cupeHe -
Pogoncku uprai

=>&=Sheep cheese - Cross
breed / oBue cupeHe -

mg/l
120.00
100.00 L —

80.00 e

60.00 F%\
40.00 4

20.00

0.00

May/Maii June/HOHun

KpbcTocka
July/10Onun P

dur. 5. KoHueHTpaumn Ha ceneH B 6510 casiaMypeHO CUpeHe MPUroTBeHo OT
MJ/ISIKO OT pa3/fiMyH1 NopoAam OBLUE Npes nscnensaHus nepuog (Man-t0nn)

Fig. 5. Selenium concentrations variation in white brine cheese from different
sheep breed’s milk and caw’s milk during the investigated period (May-June)

HuBaTta Ha ceneH B M1eYyHu-
Te MNPOAYKTM OT KpaBe W O0BYe
M/ISKO Bapupat B WHTepBasia
40-100ug/kg. KoHueHTpauunte Ha
cesieH ca CTabu/HNU N MOCTOAHHU
BbB BCUYKWN U3CMeABaHN NPOAYKTU
npu pasnuyHute nopoau (dwur. 5).
[erunTbT NopoeH oT nunca Ha
[OCTaTbyHO CefleH B MJIAKOTO Cce
3a4bpXa v npu MneyHnTe npoayk-
TM npe3 uenusa wuscneaBsaH ne-
puog. TpaHctepHUTe thakTopu Nno
Bepurata ,pacTeHusa-Masako” un
-MJIAKO-M/IeYyeH npoaykt” ca B
NHTepBana 1-2 n ocrtasaT MNoOCTO-
AAHHW npe3 un3cnenBaHUTe nepuo-
AN 1 ycnosus.

N3BOAV

N3cnepBaHeTo Ha CeneHoBO-
TO npepgnaraHe v pasnpegeneHue-
TO Ha cefleHa B TpeBHaTa pacTu-
TENHOCT NpY XpaHeHeTo 3a OBLUe-
Maiikn, OTrnexaaHn B panoHa Ha

A concentration of selenium
in cow and sheep products ranges
from 40-100pg/kg. Concentrations
of selenium are stable and
consistent in all products of the
different breeds (Fig. 5).

Deficit caused by the lack of
selenium in the milk are retained in
the products obtained during the
entire investigated pasture period.
Transfer factors in the food chain

“plant-milk” and “milk-milk
products” are in the range 1-2 and
remain constant during
investigated periods and
conditions.

CONCLUSIONS

The study on the selenium
supply through pasture vegetation
to ewes reared in the Middle
Rhodope area revealed its
irregular pattern.
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CpepHute Poponu, paskpusa 3Ha-
yntenHu Aaucnponopuun. Te ca
Cb3[afleHn OT Ce30HHUTe Bapua-
Uun B CbabpXaHWeTo Se B fiMBaj-
Ha PacTUTEs/IHOCT U HUCBLK TPaHC-
dep Ha ceneH oT noysata B na-
cuwHaTa pactutesniHocTt npu 800 n
1100 m Hagmopcka BUCOYUHA.
To3n edpekT OCHOBHO ce onpeaens
OT reosiIoXKNTe CTPYKTypu (rHalic,
CUEHUTHN) N HUCKO pH Ha noysara.
OdebuntbT Ha ceneH e Bce no-
ACHO M3paseH Cc HanpeaBaHeTo Ha
BeretaumaTa. HuBa Ha Se B Kpas
Ha nacullHua nepuog ca camo oT
15 po 20% OT MUHUMa/IHUTE
XpaHUTENIHN HYXAM Ha OoBLeTe.
ToBa e OCHOBHaTa npuyMHa npwu
OBLEe W arHeta, oOTInexgaHn B

It was established by seasonal
variations in the Se content of
meadow vegetation in the range of
low selenium transfer from soil to
pastures at 800 and 1100 m of
altitude.

This effect was primary determined
from the spread geological
structures (gneiss, syenite) and
low pH of soils. The insufficient
selenium availability becoming
more pronounced with the advance
of vegetation amounted by the end
of grazing period only from 15 to
20 % of minimal nutritional needs
of sheep. It was the main reason
for sheep and lamb reared in the

pernoHa Ha CpegHute Pogonu pa | region to develop a chronic
ce HabngaBa XpoHn4eH HegocTur | selenium deficiency.
Ha CeJieH.
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PE3HOME

LlenTa Ha HacTOALWETO uscnenBaHe
e fa ce mpoy4yaT Ha Bb3MOXHOCTMTE 3a
yBenMyaBaHe Ha 6posi pogeHn arHeta oT
OBLe-Maiikn OT nopogata Tpakuiicka TbH-
KOpYHHa 4pe3 npuaaraHe Ha pas/nyHu
MEeTOAM Ha XOPMOHasHa CTUMynauus.

Mpu NbPBUSA ONUT C UHTPaBarnHasl-
HW TaMmnoHW Sincro-part U WHXeKTUpaHe
Ha PMSG B go3a 500 Ul, 6sxa TpeTupaHu
2716p. oBUe, a HeTpeTupaHuTe 6sxa 370
6pos.

Mpwu BTOPUAT ONUT Ha 90 6pos 6saxa
noctaBeHn mmnnaHtTu Melovine, a BTOpa-
Ta rpyna OT HeTpeTMpaHu XMBOTHU Gsaxa
277 6pos.

KoHTponupaHu 6sixa cnegHuTe nok-
aszaresin: 6poii OCEMEHEHU, 3amnsiofeHu,
oarHeHu n abopTupasnm oBue, 6poit poae-
HW arHeTta, 3annogsemMocT W NIoJoBU-
TOCT.

Mpu TpeTMpaHuTe C BarvHasHK
TamrnoHu OBLe 3anjogseMocTTa e e C
0,16% no-BMCOKa He3Ha4YUTENHO OT Tasu
Ha HeTpeTMpaHnUTe MbpBaTa rogvHa, u no-
HMCKa BTOpa W TpeTa roguHa, CbOTBETHO
€ 10,21% w1 10,48%.

MporecTepoHOBUTE TamMnOHU YyBe-
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SUMMARY

The aim of the present study is to
investigate possibilities for increasing the
number of the lambs born by ewes from
the Thracian Merino breed by applying
various methods of hormonal stimulation.

The first experiment was carried out
with 271 ewes treated with intravaginal
sponges Sincro-part and injection of 500
Ul PMSG, and 370 untreated ewes.

In the second experiment, the first
group of 90 ewes were placed implants
Melovine, a second group of untreated
animals were 277 animals.

The following parameters were
monitored: number of artificially
inseminated animals, number of ewes that
gave hirth to lambs, number of abortions,
number of lambs born, fertillity and
prolificacy.

Fertillity of treated with sponges
ewes is slightly higher than that of the
untreated with 0,16% the first year and
lower the second and third vyear,
respectively 10,21% and 10,48%.
increase

Progesterone sponges



nnyasart nnoAoBUTOCTTA W Mpe3 TpuTe
npoyysaHn roguHu c¢ 18,14%, 36,16% n
13,37%. 3annogdaemMocTTa Ha TpeTupaHu-
Te C MMNaHTK oBLEe e no-Hucka ¢ 49,81%
nbpBara roguHa un ¢ 33,43% npe3 BTO-
parta roguHa. MenatoHVHOBUTE WMMNAH-

TM yBenuyaBaT M/040BUTOCTTA CbC
17,18% u c 4,52%.
lMnogoBuTOCTTA Cce  yBe/sMvaBa

cpenHo cbve 7,36 % cnepn npunaraHe Ha
TamnoHu n ¢ 12,18 % npu n3non3saHe Ha
UMMNIaHTU B CPaBHEHWE C HeTpeTupaHu-
T€ XXMBOTHMW.

TpetupaHute C UWHTpaBarvHaHu
TamnoHn osue ca ¢ 34,19% no-Bucoka
3ansogaemMocTt, Ho ¢ 12,31 % no-Hucka
NnAOJOBUTOCT B CpaBHEHWEe C Te3n C
MeNaToHMHOBU NUMMIaHTU.

KntoyoBn  aymn:  oBue-Maiiku,
3ansiogsiemoct, n1040BUTOCT,
MEe/IaTOHVH, MHTPaBarMHa H1 TaMMnoHW

YBO/,

OcCHOBHUAT hakTop, onpeae-
NAW, MKOHOMUYeckaTa edqieKkTuB-
HOCT B OBLIEBBACTBOTO, HE3aBUCU-
MO OT MpOAYKTMBHOTO Harnpas/ie-
HMe e nnogoBuToCcTTa. 3a ga ce
nocTturHat gobpu dwmHacoBu pe-
3ynTatv e HeobxoauMm edhbekTuBeH
penpoayKTuBeH MEHUIKMBHT.
OCHOBEH eneMeHT OT penpoayk-
TUBHUA MEHUOXMBHT B OBLEBbBLA-
CTBOTO € CUHXpoHM3auuATa Ha
ecTpyca Ha oBuUeTe.

B oBUeBbACTBOTO ce npwuna-
rat Asa BuAa MeToAM 3a CUHXPO-
HM3auuMa Ha ecTpyca 1 3annoxja-
HMUATaA N yBe/iMyaBaHe Ha nofo-
BUTOCTTA: HEXOPMOHa/IHU U XOp-
MOH&J/THW.

XOPMOH&/THOTO  TpeTupaHe
AaBa Bb3MOXHOCT Aa ce niaHupa
nepuoga Ha oarBaHe CcbOobpasHOo
Bb3MOXHOCTUTE 3a Hai-gobpa
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prolificacy with respectively 18,14%,
36,16% and 13,37% respectively. Fertillity
of the ewes treated with implants is lower
by 49,81% the first year and by 33,43% in
the second year. Implants increase
prolificacy by 17,18% and 4,52%.

Prolificacy is increased by an
average of 7,36% using the intravaginal
sponges and to 12.18% when using
implants compared with  untreated
animals.

Treated with intravaginal sponges
sheep are 34,19% higher prolificacy, but
with 12,31% lower fertility compared to
treatment with melatonin implants.

Key words: ewes, (fertility,
prolificacy, melatonin, intravaginal
sponges

INTRODUCTION

The main factor affecting the
economic effectiveness in sheep
breeding, regardless of the
production aspect, is reproduction
performance. In order to achieve
satisfactory  financial results,
effective reproductive management
is needed. A major element of
reproductive  management in
sheep breeding is estrus
synchronization.

In  sheep breeding, two
methods are used for estrous
synchronization for timed artificial
insemination and fertility boosting:
natural (non-hormonal) and
hormonal.

Hormonal treatment allows
planning the lambing time
considering the possibilities for
profitable realization of the lambs



peanu3aunsa Ha arHertara 3a Meco
n pasnnog,.

Mo3HaT ca Tpu BUAa Xop-
MOHa/IHUW MeTofa 3a CUHXPOHU-
3MpaHe Ha ecTpyca: upe3 mMetoau
b6asvpawn ce Ha [elcTBMETO Ha
nporectepoHa WM HeroBuU CUHTe-
TVYHW aHas103un, Hanpumep nporec-
TareHu; ypes perpecusi Ha Xb/To-
TO TA/10 C NpocTarnaHguH F2a nnm
HEroBM CMHTETUYHW aHao3n; ypes
M3Mosi3BaHe Ha MeslaToHVH 3a
NHOyLuMpaHe Ha ecTpasiHO noBe-
[eHVe npu aHecTpaslHM  O0BUE
(MeTtogues un cbTp., 2010).

3non3saHeTo Ha WHTpaBa-
TMHA/IHA TaMMNOHU M MeNaTOHUHO-
BV MMMIAHTW € LUMPOKO Pas3npocT-
paHeHa npakTuka npu pasnyHun
nopoan osue (Caja et al. (2008)
npn MaHuera n JlakoH, Lopez and
Inskeep (1991) npu Uyppa wu
TanaeepHa, Padeanu et al. (2012)
npu Liuralickn oBue).

B Hawarta cTpaHa npe3
nocnegHuTe roauHn PanyeB U
cbTp. (2011), Metodiev and

Raicheva (2011), CnaBoBa 1 CbTp.
(2012) n Slavova et al. (2013)
npoy4ysaT ediekta OT WHTpaBaru-
Ha/IHX TaMnoHW nNpu nopogute Nn
Ab0 ®paHC M Tpakuiicka TbHKO-
pyHHa, a BboHes, (2012) wusnutBa
nmnnaHtn ,Melovine* npn in abo

®paHC N pas3/IMYHM  MIEYHNU
KPBHCTOCKM.
Llenta Ha HacCToALLETO

n3cneaBaHe e ga ce npoyyar Ha
Bb3MOXHOCTUTE 3a YyBe/M4aBaHe
Ha 6pos poAeHn arHeTta OT OBLE-
Malikn OT nopogata Tpakuiicka
TbHKOPYHHA 4pe3 npunaraHe Ha
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used for meat and breeding.

There are known three types
of hormonal methods for estrus
synchronization, by  methods
based on the action of
progesterone or its synthetic
analogues, such as progestogens;
by regression of the corpus luteum
with prostaglandin F2a or its
synthetic analogues; by use of
melatonin for induction of oestrus
in sheep (Metodiev et al., 2010).

The use of intravaginal
sponges and melatonin implants is
widespread practice in different
breeds of sheep (Caja et al. (2008)
in Manchega and Lacaune, Lopez
and Inskeep (1991) in Churra and
Talavera, Padeanu et al. (2012) in
Tzigai sheep).

In our country in recent years
Raltchev et al. (2011), Metodiev
and Raicheva (2011), Slavova et
al. (2012) and Slavova et al. (2013)

investigated the effect of
intravaginal sponges in lle de
France and Thracian Merino

breeds and Bonev (2012) tested
implants  "Melovine” in lle de
France and various dairy ewes
crosses.

The aim of the present study
is to investigate possibilities for
increasing the number of the lambs
born by mother ewes from the
Thracian Merino breed by applying
various methods of hormonal



pas3/IMYHN MEeToAN Ha XOPMOHasHA
cTUMynaums.

MATEPVANT N METO4U

1. MNpoyyBaHe Ha ecpekta OT
KOMOWHMPAHOTO npunaraHe Ha
SYNCRO-PART rbONYUKM n
SYNCRO-PART PMSG.

MbpBUAT  eKcnepumMeHT  6e
npoBefeH C OBUEe OT nopogara
Tpakuiicka TbHKOPYHHA
oBueBbgHaTa hepma Ha 3U-
Crapa 3aropa npe3 3 cTOMaHCKK
rognHn — 2009, 2010 n 2012r.
XXnBoTHUTE 0Osixa pasgeneHn Ha
ase rpynu. [bpBata  rpyna
XWBOTHN 6e TpeTupaHa C XOPMO-
Ha/IHW npenapaTtn npes meceuuTte
anpuai-mai. M3non3saHa 6e
crefHarta XOpMOHa/lHa cxema:
nocTaBsiHe Ha TammnoHW 3a OBLe
Sincro-part (30mg dpnyporectoH

auerar), OTCTpaHsiBaHe Ha
TamnoHnte cnes 12 gHUM M
NHXeKTnpaHe Ha Sincro-part

(PMSG) B go3a 500 Ul, n3kycTtBeHo
ocemMmeHsiBaHe Ha 50-55-5 yac.

Btopata rpyna 6e oce-
MEHeHa npe3 (M-aBryct, 6e3
M3Mnon3BaHe Ha  XOPMOHA/IHM

npenaparu.

MpynuTe 6axa chopmupaHn
Ha 6a3a unHTepBasia OT Npenxof-
HOTO arHeHe W OTOMBaHe Ha
arHertara, T.e. mbpBara rpyrna oBLe
ca ce oarHuaM npes HoemBpwu-
[ekemMBpy, a BTOpata npes
aHyapn n cespyapu. C nHTpaBa-
TMHa/THU TaMMoHW 65Xa TpeTupaHu
2716p. oBUe, a HeTpeTUpaHuTe
XWBOTHW, BK/IIOYEHU B onuTta b6sxa
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stimulation.

MATERIAL AND METHODS

1. Studying the effect from
the combined applications of
SYNCRO-PART sponges and
SYNCRO-PART PMSG.

The first experiment was
carried out in the sheep farm at the
Agricultural Institute of Stara
Zagora with ewes from the
Thracian Merino breed for a period
of 3 farming years — 2009, 2010 un
2012. The animals were assigned
into two groups. The first group of
animals was treated with hormonal
preparations during April and May.
The following hormonal treatment
scheme was used: inserting
intravaginal sponges Sincro-part
(30mg flurogestone acetate-FGA)
into the ewes, taking the sponges
out after 12 days and administering
PMSG injection in a dose of 500Ul,
artificial ~ insemination on the
50"55" hour.

The second group of animals
was artificially inseminated during
the months of July and August
without the use of any hormonal
preparations.

The groups were set up in
accordance with the time interval
between the previous lambing and
weaning of the lambs. This means
that the ewes from the first group
gave birth in November and
December, and those from the
second group-in January and
February. Treated with intravaginal
sponges were 271 ewes and the



370 6pos.

2. MNpoy4yBaHe Ha edpekta OT
npunaraHeTo Ha MenaToHVWHOBU

nmnnaHtn Melovine (CEVA ANIM.
HEALTH).

BTopusatr ekcnepumeHT 6e
npoBefeH C OBUE OT nopogara
Tpakuiicka TbHKOPYHHA B
oBueBbgHaTa hepma Ha 3U-

Crapa 3aropa npe3 2 CTOMaHCKu
rognHn — 2011 n 2013r.

Mpe3 mecel theBpyapn 6sxa
NOCTaBEHM MMMMAHTM Ha OBLEeTe-

Malikm M Ha Ko4yoBeTe B U npe3
MapT-anpun  XMBOTHUTE  bGsAXa
ocemeHeHun  u3kyctBeHo  (I-Ba

rpyna) — 90 6pos. lpe3 mecel,
Mali 6s1Xxa OCEMEHEHN HeTpeTupa-
HUTe XunBoTHM (ll-pa rpyna ) — 277
6pos.

MpocnegeHa 6e 3annogse-
MOCTTa M N/I040BMTOCTTa Npe3 oT-
[eNHUTe CTOMaHCKN rofamHU. KoH-
TponupaHun 6sixa cnegHuTe Moka-
3aTtenn: 6poli ocemMeHeHu, 3anso-

[EeHW, oarHeHn wun abopTupann
oBLUe, 6poit poaeHn arHeta (KMBO
POOEHN, MDBPTBO  POAEHN U
HeL0HOCEHN) n 6uonornyHa
nA0[0BUTOCT.

PE3YNTATU N OBCbXXOAHE
3annogsemocTtTa npu nopo-
para Tpakuiicka TbHKOPYHHa cnep
npunaraHe Ha XOpMOHasIHa CTU-
Mynauua ¢ TamnoHun u PMSG e
npegcraseHa Ha Tabnuua 1.

Mpes nbpBarTa roguHa
3anniogfaemMocTta npu onutTHata
rpyna e 63,00%, npe3 BTOpaTa
rognHa — 77,08%, a npe3 TpeTtata
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untreated animals included in the
trial were 370.
2. Studying the effect from

the application of melatonin
implants Melovine (CEVA ANIM.
HEALTH).

The second experiment was
carried out in the sheep farm at the
Agricultural Institute of Stara
Zagora with ewes from the
Thracian Merino breed for a period
of 2 farming years — 2011 and
2013.

In  February there were
placed implants ewes and rams
into and through March-April
animals were artificially
inseminated (Group 1) — 90. In May
they were inseminated untreated
animals (Group Il) — 277.

Both fertillity and prolificacy
were observed over the reported
farming years. The following
parameters were monitored:
number of artificially inseminated
animals, number of ewes that gave
birth - to lambs, number of
abortions, number of lambs born
(live born, stillborn) and fertillity
and prolificacy.

RESULTS AND DISCUSSION
Fertillity in the breed Thracian
Merino after administration of
hormonal stimulation pads and
PMSG is presented in Table 1.

The concepted ewes from the
trial group represent 63,00%
during the first year, 77,08% during
the second year, and a lower



rognHa e no-Hucka - 69,33%.

[Mpn oBLETE OT KOHTPOSIHaTA rpyna
TA € CbOTBETHO 62,84%, 87,29% n
79,81 %. [MonyyeHnTe pesyntatu
ca 6/mM3KM [0 YycTaHOBeHaTa OT
CnaBoBa u cbTp. (2013) 3anno-
OAeMOCT Ha OBUe OT cbuara
nopopa — 72,92% npwu TpeTupaHu-
Te XnBoTHU N 83,58% npu HeTpe-
TpaHuTe.

Mpn onuTHaTa rpyna Cc TaMmoHW
3annoAaemMocTTa € HesHauuTesHo
no-BMcoka oT Tasu Ha
KOHTponHata rpyna ¢ 0,16%
nbpsBaTa rognHa, 1 no-Hucka sTopa
N TpeTa TroguHa, CbLOTBETHO C
10,21% n 10,48%.

Mpe3 nbpBaTta roguHa ca ce

oarHunn 63,00% OT OnNuUTHUTEe
XXVUBOTHM " 60,13% oT
KOHTPO/IHUTE, a npe3 BTOpara

CbOTBETHO 76,04%, n 84,75%.

[Mpe3 TpeTarta rognHa ot nNbpsBaTa
rpyna ca ce oarHunm 69,33% ot
TpetTnpaHute osue, n 79,81% ot
HEeTPEeTUPaHUTE XXUBOTHW.

percentage, i.e. 69,33% during the
third year. In the ewes from the
control group, fertillity is 62,84%
during the first year, and 87,29%
and 79,81% during the following
years. The obtained results are
similar in ewes from the same
breed quoted by Slavova et al.
2013, i.e. 72,92% in the animals
treated and 83,58% in the animals
untreated. During the first year,
fertillity in the animals from the trial
group for which tampons were
used, is insignificantly higher than
that of the control group with
0,16%, and during the second and
the third year, it decreases by
10,21% and respectively 10,48% in
the animals treated.

During the first year, 63,00%
of the trial animals and 60,13% of
the control animals gave birth to
lambs. During the second year this
rate is respectively 76,04% and
84,75%. During the third vyear,
69,33% of the animals from the
first group and 79,81% of the
animals from the second group
gave birth to lambs.

Ta6nvua 1. 3annoaseMocT nNpy nopoaata Tpakuiicka TbHKOPYHHA —XOPMOHasTHa

CTumynaymna ¢ TaMrnoHm

Table 1. Fertillity of Thracian Merino — hormonal stimulation with intravaginal

sponges
MpusHaun | rognHa / | year Il roguHa / Il year Il rogunHa / 11l year
Traits OnutHa KoHTposnHa OnutHa KoHTposnHa OnutHa KoHTponHa
Experimental  Control Experimental Control Experimental Control
n % n % n % n % n % n %
OcemeHeHwn 100 100 148 100 96 100 118 100 75 100 104 100
Inseminated
3annogeHu 63 63,00 93 62,84 74 77,08 103 87,29 52 69,33 84 80,77
Mated
OarHeHu 63 63,00 89 60,13 73 76,04 100 84,75 52 69,33 83 7981
Lambed ewes
AbopTupanu 0 0 4 2,71 1 1,04 3 2,54 0 0 1 0,96
Aborted
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[MnogoBuTOCTTA € OTpaseHa
B Tabnvua 2. Npu onutHarta rpyna
TA e 142,86%, 156,16% u
151,92% 3a TpuTe npoy4BaHu
roAuvHW, a Npu KOHTpO/IHaTa rpyna
€  3HauuTesIHo  Mno-Hucka  —
124,72%, 120,00%, n 138,55%.

[MpunaraHata XOpMOHasHa
CTMMynauus C nporecTepoHOBU
TaMmnoHu yBe/siMyaBa M/1040BU-
TOCTTa nNpu OBUETe-Maikym OT
nopogara Tpakuincka TbHKOpPYHHA
1 npe3 TpuTe NpoyyYBaHn roAuHN C
18,14%, 36,16% un 13,37%, CbOT-
BETHO.

CnaBoBa 1 cbTp. (2012) n Slavova
et al. (2013) ycraHoBsABaT no-
BMCOKa MNM0A40BUTOCT Mpu cbluarta
nopopga c 37,26% un c 42,97%.

The reproduction performance
is presented in Table 2. Prollificacy
of experimental group is 142,86;
156,16 and 151,92% for the three
years studied. In the control group,
productivity is significantly lower,

ie. 124,72%, 120,00% and
138,55%.

The applied hormonal
stimulation on the basis of

progesterone sponges results in
increased prollificacy in ewes from
the Thracian Merino breed during
all three studied years (increase
by 18,14%; 36,16% and 13,37%
respectively). Prollificacy is higher

after hormone stimulation of
animals from the same breed also
according to the studies of

Slavova et al. (2012) (increase by
37,26%) and Slavova et al. (2013)
(increase by 42,97%)

Ta6nvua 2. MNnogoBUTOCT Npu nopogarta Tpakuiicka TbHKOPYHHA —XOpMOHas/Ha

CTumynaymna ¢ TaMrnoHm

Table 2. Reproductive performance of Thracian Merino — hormonal stimulation

with intravaginal sponges

Mpu3Haun | rognHa/ | year Il roguHa/ Il year Il rognHa/ 11l year
Traits OnuTHa KoHTposnHa OnuTHa KoHTponHa OnutHa KoHTposnHa
Experimental Control Experimental  Control  Experimental Control
n % n % n % n % n % n %
Popenn arHeta 90 100 111 100 114 100 120 100 79 100 115 100
Born lambs
’KvBO pogeHu 86 95,55 96 86,49 108 94,74 114 9500 76 96,20 104 90,43
Live borns
MbpTBO podeHn 4 4,44 15 13151 6 526 6 5,00 3 3,8 11 9,57
Still borns
MnopgosutoCcT 142,86 - 124,72 156,16 - 120,00 151,92 - 138,55
Prolificacy

Ha Ta6bnuuya 3. ca npeacra-
BEHW pe3ynTaTute crief npuiara-
HaTa XOpMOHa/iHa CTUMynauusi ¢
MEeNaToHVHOBM  UMMNAAHTU  Npu
oBUe OT nopogata Tpakuiicka
TbHKOPYHHa.

Table 3 shows the results

after applying hormonal
stimulation with melatonine
implants in animals from the

Thracian Merino breed.
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3annogaemocTtTa npu onut-
Hata rpyna e 31,67% npes
nbpearta n 43,33% npes3 BTOpaTa
roguHa, a npu KoHTposHara rpyna
TA € 3HaunTesnHo Mo-BMCOKa
81,48% un 76,76%.

TpeTupaHute C UMMNAAHTK
OBLe Cca CbC 3HAUYUTESTHO MO-HUCKa
3aniogfseMocT OT  Tasn  Ha
KOHTPOJIHUTE XXWBOTHU, KaTto npes
nbpBarta rogvHa pasjvkara e
49,81%, a npe3 sBTopara - 33,43%.

Fertillity in the trial group is
31,67% during the the first year
and 43,33% during the second
year. In the control group, the
percent of concepted ewes is
significantly higher, le.
representing 81,48% and 76,76%.

The animals into which
implants were inserted, show
significantly lower fertillity than that
of the control animals. During the
first year the difference is 49,81%
and during the second year -
33,43%.

Tabnuuya 3. 3ans1049eMOCT Npu nopogaTta Tpakuiicka TbHKOPYHHa —XOpMOHalHa

cTumynaugmna ¢ MMni1iaHTn

Table 3. Fertillity of Thracian Merino-hormonal stimulation with implants

Mpu3sHaym | roanHa/ | year Il roanHa/ 1l year
Traits OnuntHa KoHTponHa OnutHa KoHTposnHa
Experimental Control Experimental Control
n % n % n % n %
OcemeHeHn 60 100 135 100 30 100 142 100
Inseminated
3annogexu 19 31,67 110 81,48 13 43,33 109 76,76
Mated
OarHeHu 19 31,67 110 81,48 13 43,33 109 76,76
Lambed ewes
AbopTupanu 0 0 0 0 0 0 0 0
Aborted
BnvaHmeTto Ha MenatoHu- Effect of implants on
HOBUTE WMMNAAHTU BBbPXY MN0AO- | reproduction performance is

BUTOCTTa M 6posA pogeHn arHeta
ca npeactaBeHn Ha Tab6bnuua 4.
MnogoBuToCTTa Ha o0BUETE OT
onuTHaTa rpyna npes nbpsBaTta "
BTOpata roAuMHa € CbOTBETHO
152,63% wn 138,46%, a npu
KOHTposiHaTa rpyna — 135,45% un
133,94%.

XopMoHasiHaTa cTumynaums
C MeflaTOHMHOBU MMMNIAaHTU BOAM
[0 noBuWaBaHe Ha NI1040BU-

shown on Table 4. Prollificacy of
the animals from the experimental
group during the first and the

second year is respectively
152,63% and 138,46%, and
135,45% and 133,94% in the

animals from the control group.

Hormonal stimulation with
melatonine implants results in
increased prollificacy by 17,18%
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ToctTa ¢ 17,18% npe3 nbpsata
rognHa n c 4,52% npe3 BTOpaTa
roguHa.

MopobHn ca pesynratute
npn meta-aHaM3n Ha Palacin et
al. (2011), kouTo ycTtaHoBsBaT, 4ye
MeNaToOHNHOBUTE WUMMNIAHTN YyBe-
nunyasat nnogosutocTtTa ¢ 10,0%
npu nopoga MepuHo.

during the first year and 4,52%
during the second year.

Similar are the results from
the meta-analyses carried out by
Palacin et al. (2011), stating that
the melatonine implants increase
prollificacy by 10,0% in the Merino
sheep breed.

Ta6nvua 4. NnogoBUTOCT NpU nopoaarta Tpakuiicka ThbHKOPYHHA —XOpMOHas/Ha

CTumynagmna ¢ nMnsiaHTn

Table 4. Reproductive performance of Thracian Merino-hormonal stimulation

with implants

Mpu3Haym | rognHal | year Il roanHal 1l year
Traits OnutHa KoHTponHa OnutHa KoHTposnHa
Experimental Control Experimental Control
n % n % n % n %
PopeHu arHeta 29 100 149 100 18 100 146 100
Born lambs
XKunBo poaeHm 29 100 146 97,99 17 94,44 145 99,32
Live borns
MbpTBO pogeHu 0 0 3 2,01 1 5,56 1 0,68
Still borns
MnogosutocT - 152,63 - 135,45 - 138,46 - 133,94
Prolificacy

Ha ®durypa 1 e oTpaseHa
3annoaaemMocTTa npu asata MeTo-
Aa Ha XOpMOHasHa CTuUMyauus.
3annogaemocTTa Ha OBUETe cpes-
HO 3a TpuUTe roguHW cnepg npuna-
raHe Ha BarMHa/lHW TamMoHW €
69,74%, a Ta3n Ha KOHTposiHaTa
rpyna e 75,68%. OnuTtHaTa rpyna
e ¢ 5,94% no-Hucka 3ansiogaemMocT
OT Ta3un Ha KOHTposIHaTa rpyna.

[Mpn >XMBOTHUTE TPETUPaHU C
MesIaTOHNHOBW UMMNJIaHTU, CpenHo
3a aBeTe roAuvHW 3anao4saemMocT-
Ta e 35,55%, a npu HeTpeTupaHu-
Te — 79,06%, Kato CTOMHOCTTa Ha
npusHaka e ¢ 43,51% no-Hucka ot
Tasn Ha KOHTposiHaTta rpyna. Tpe-

Figure 1 shows fertillity with
the two methods of hormonal
stimulation. The average fertillity
for all three years after intravaginal
sponges is 69,74%, and 75,68%
for the control group animals. The
experimental group animals show
lower fertillity (decrease by 5,94%)
in comparison with the control
group animals.

For the animals treated with
melatonine implants, the average
fertillity for the two study years is
35,55% and for the untreated
animals - 79,06%. The
impregnation rate in the trial group
animas is lower than that of the
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TUPaHUTE C UHTPaBarnHasIHKW Tam-
noHu oBLe ca ¢ 34,19% no-Bucoka
3annogfaemMocT B CpaBHEHME C
TpeTnpaHute C MenaToOHWHOBMU
NMNNAHTU XXUBOTHW.

control group by 43,51%. The
animals treated with intravaginal

sponges show higher fertillity
(increase by 34,19%) in
comparison with the animals

treated with melatonine implants.
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dur. 1. 3annoaaeMocT Ha Tpakuiicka TbHKOPYHHa nopoga cnef XOopMOoHasiHa

ctumynauus (%)

Fig. 1. Fertillity of Tracian Merino breed after hormonal stimulation (%)

Ha ®urypa 2 e npeacraseH
epekta OT pgBaTa MeToZa 3a
XOpMOHanHa crtumynaumsa. Onut-
HaTa rpyna >XWBOTHW, TPETUPaHN C
BarMHa/IHW TaMMNOHW CpefHo 3a
TpUTE TOAWHW € C NNOoAOBUTOCT
134,57%, a Te3n OT KOHTpo/siHaTa
rpyna c 127,21%. lNnogosutocTTa
e no-eucoka cbc 7,36% npu
onuTHaTa rpyna.

MnogoBuTOCTTA Ha oOBUETe
TpeTupaHn c MenaTtoHMHOBU WM-
naaHTn cpesHo 3a ABeTe roguvHn e
146,88% a Ha KOHTpO/NHaTa rpyna
134,7%. OnuTHaTa rpyna e c

Figure 2 shows the effect
from the two methods for
hormonal stimulation. The animals
from the experimental group
treated with intravaginal sponges
show average prollificacy for the
tree years of 134,57%, and
127,21% for the control group
animals. The trial group shows
increased prollificacy by 7,36%.

The average prollificacy of
the animals treated with
melatonine implants for the two
years is 146,88%, and that of the
control group-134,7%. The trial
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12,18% no-Bucoka nnoA0BUTOCT
OT Tasu Ha KOHTpoOsiHaTa rpyna.

OBLeTe, XOPMOHa/THO CTUMYy/Mpa-
HMW C BarMHaJlHA TaMMnoHU, ca C
12,31% no-Hucka Nao[oBUTOCT OT
Te3n ¢ MenaToHNHOBU UMMNIaHTH.

group shows increased prollificacy
by 12,18% in comparison with that
of the control group. Ewes,
hormonally stimulated with
intravaginal sponges, show lower
prollificacy (decrease by 12,31%)
than the animals treated with
melatonine implants.

150+
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140+

135+
130+
125+
120+
115

TamnoHw/ Sponges

MmnnaHTtu/ Implants

146,88

134,57
127,21

B OnuTHa rp./Experimental

O KonTponHa rp./Control 134,7

dur. 2. NnogoBUTOCT Ha Tpakuiicka THHKOPYHHA MOpoJa crien XOpMOHasHa

ctumynauus (%)

Fig. 2. Prollificacy of Tracian Merino breed after hormonal stimulation (%)

[MpunaraHeTo Ha XOpPMOHa-
Ha cTMmynauusa Bogu A0 yBenuvya-
BaHe Ha njogoBuTOCTTa NpU
oBLeTe OT nopogarta Tpakuiicka
TbHKOPYHHa. 3annoasemMocTTa e
no-BMCOKa  cfej  XOpMOHasHa
cTuMynauua Cc nporecTtepoHoBU
TaMrnoHu, HO N10A40BUTOCTTA € MNO-
BUCOKa Npu TpeTupaHuTe OBLe C
MeNaTOHNWHOBU MUMMIaHTH.

The application of
hormonal stimulation increase
productivity in animals from the
Thracian Merino breed. Fertillity is
higher after hormonal stimulation
with progesterone sponges, but
prollificacy is higher in animals
treated with melatonine implants.
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n3BOAN

[Mpn TpeTnpaHuTe c BarnHas-
HMW TaMnoOHW OBUE 3anso04AeMocCT-
Ta € He3HauuTesIHO No-BucOKa OT
Ta3n Ha HetTpeTupaHute ¢ 0,16%
nbpBaTa rognHa, 1 no-Hucka BTopa
N TpeTa TroguHa, CbLOTBETHO C
10,21% wn 10,48%.

[MporectepoHOBUTE TaMrMOHU
yBenyaBat Nno4o0BUTOCTTa MNpw
oBUeTe-Maikn 1 npe3 Tpute
npoy4ysaHn roAviHW, CHLOTBETHO C
18,14%, 36,16% wn 13,37%.

3annogaemocTtta Ha TpeTu-
paHuTe C WUMMNaHTM OBLE € no-
Hucka ¢ 49,81% nbpBarta roguHa u
c 33,43% npe3 BTOpata rogvHa.
MenaTtoHMHOBUTE WMMNIAHTU YBe-
nuyasat nnogosutoctTa ¢ 17,18%
nc 4,52%.

[MnogoBUTOCTTA NPU  TbHHKO-
PYHHUTE >XMBOTHW Ce YyBe/nnyasa
cpepHo cue 7,36 % npu u3nossea-
He Ha TamnoHu u ¢ 12,18 % npwu
n3non3BaHe Ha MMNAaHTU B cpas-
HEeHMe C HEeNnoA/I0XeHUTe Ha Xop-
MOHaJ/THa CTUMYyauus.

TpeTupaHute C WHTpaBaru-
Ha/IHM TaMnoHn oBLe ca ¢ 34,19%
no-BMCOKa 3aniogsaemMocT, HO C
12,31 % no-Hucka na1o40OBUTOCT B
CpaBHeHMe C TpeTmpaHnTe ¢ mena-
TOHWHOBU UMMNNAHTU XUBOTHMW.
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CONCLUSIONS

Fertillity of treated with
intravaginal sponges ewes is
slightly higher than that of the
untreated with 0.16% in the first
year and lower in the second and
third year, respectively 10.21% and
10.48%.

Progesterone sponges
increase prolificacy in ewes during
the three years studied,

respectively 18.14%, 36.16% and
13.37%.

Fertillity of the ewes treated
with implants is lower by 49.81%
the first year and by 33.43% in the
second year. Melatonin implants
increase prolificacy by 17.18% and
4.52%.

Prolificacy in animals fine
fleece is increased by an average
of 7.36% using the intravaginal
progestone sponges and to
12.18% when wusing implants
compared with untreated hormonal
stimulation.

Treated with intravaginal
sponges sheep are 34.19% higher
prolificacy, but with 12.31% lower
fertility compared to treatment with
melatonin implants animals.
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6pomesniavH 1 nananH Bbpxy 6UBOJICKO MECO
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Tenderization effect of plant proteases
bromelain and papain on buffalo meat

Maria Doneva, Svetla Dyankova*, Daniela Miteva, Petya Metodieva

Institute of Cryobiology and Food Technologies, 53 Cherni Vrah Blvd., 1407 Sofia, Bulgaria

PE3HOME

KpexkocTTa € egHo OT Haii-
BaXHUTE BKYCOBM KayecTBa Ha MecoTo.
LlenTa Ha HacTosLaTa pa3paboTka e npo-
yuBaHe OKpexkoTsaBalwusa edekt Ha pac-
TUTENHW NpoTeasn GpomMesiauH 1 nanavH
BbpXy 6OuBOMICKO Meco. EkcnepumeHTuTe
ca nposefeHn ¢ npobu CypoBO MeCco npu
3 BapvaHTa KOHLEHTpauun Ha eH3NMHUTE
pasteopu (50 U/ml, 100 U/ml n 200 U/ml)
M 3 BapuaHTa MPOABL/KATENIHOCT Ha
obpaboTka (24h, 48h, 72h). Mpu TpeTu-
paHe c¢ pastBopy wumawm 50 U/ml n
100U/ml  ka3eumHONUTUYHA  aKTUBHOCT,
NMPOLEHTBLT Ha 3agbpXaHe Ha Boga e Mno-
BMCOK, @ CTeneHTa Ha Xuaponusa no-
Hucka. Mpobute GUBOACKO Meco, obpabo-
TEHW C nanavH CbXpaHsaBaT KOHCUCTEH-
UUATa, CBEXMSA LBAT U BNara Ha MecoTo, B
CpaBHEHWe C BapuaHTUTe, OKPEXKOTABaHN
¢ 6pomenuH. YcTaHOBEHM ca OnTUMasIHU-
Te yc/oBMS 3a Mpoueca Ha Xugposusa,
Mpy KOUTO Ce oTuMTaT MUHUMasIHA 3ary-
6a Ha 6enTbK K 3amnasBaHe Ha OpraHo-
NEeNTUYHNTE KayecTBa Ha MecHMTe npoobwu.

KntovoBn fymn: okpexkoTsBaHe,
61BOJICKO Meco, bpomMesianH, nanavH
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SUMMARY

Tenderness is one of the most
important flavor characteristics of the
meat. The aim of this study is to
investigate tenderization effect of plant
proteases bromelain and papain on
buffalo meat. Experiments are conducted
with samples of raw meat in 3 different
concentration levels of the enzyme
solutions (50U/ml 100U/ml and 200 U/ml)
and in 3 different time periods (duration)
of treatment (24 h, 48 h, 72h). Upon
treatment with solutions of 50 U/ml and
100 U/ml caseinolytic activity, the water
retention rate is higher, while the degree
of hydrolysis is lower. The processing of
buffalo meat with papain preserves higher
level native texture, color and moisture of
fresh meat compared to variants
tenderized with bromelain. The optimal
conditions for hydrolysis with minimal loss
of protein and highest retention of
organoleptic qualities of the meat samples
are established.

Keywords: tenderization, buffalo
meat, bromelain, papain



yBO/

KayecTBOTO Ha MecoTo ce
onpeaens karto KombuHauus oOT
CEH30pHM U TEXHOJIOTUYHM Xapak-
TEPUCTUKKM, KaTO KPEXKOCT, LBAT,
KanauuTeT Ha 3agbpXxaHe Ha Boja
n Tekctypa (Istrati et al., 2014).

KpexkocTta e eanH OT Haii-
BaXXHUTE (hakTopu 3a noTpebute-
nute. Tasu xapakTepuctvka MnoB-
nsiBa BKYCOBOTO Bb3MpuvemaHe U
yA0B/IETBOPEHOCT MPU KOHCYMauu-
siTa Ha 6uBoncko meco (Brooks et
al.,, 2000; Morgan et al., 1991).
KpexkocTTa 3aB/UCK OT CTPYKTypHa-
Ta yasocT Ha MMomnopunnTe n Ha
CbefuHuTeNIHaTa TbKaH, KOATO
obrpaxga MYyCKy/IHATE  B/lakHa.
YCTaHOBEHO €, 4Yye Mnpu CTapeeHe
Ha XXVMBOTHWUTE, GUBOJICKOTO MEecOo
cTaBa No-Xunaso, KOETO B CTPYK-
TYPHO OTHOLWIEHME Ce Ab/DKU Ha
o6pa3yBaHETO Ha MHOXECTBO Ha-
MPeYHN BPB3KU MeXAy MOSEKYN-
Te Ha konareHa (lonescu et al.,
2008). pe3 nocnegHuTe roauvHU
ce HabnwgaBa 3acuieH NHTepec u
pasBuTve Ha mMeToauTe 3a Mpous-
BOACTBO Ha MeCcOo C noBulleHa
KPeXKoCT, KaTto eJHOBPEMEHHO ce
3anasBar XpaHUTeNIHUTe My Kayec-
TBa (Koohmaraie, 1996; Georgieva
& Nacheva, 2007).

NmMa pasfimuHm XMmmnyecku u
dm3snyeckn meToam 3a 06paboTKa
Ha MecO, HO W3NoN3BaHeTo Ha
NPOTEO/INTUYHN EH3UMWN € eanH OT
Hal-nonynsapHUTE MEeTOAM OKpex-
kotaBaHe (Naveena at al., 2004).

B meconpepaboTkata eH3u-
MUTE Ca MHTEPECHU TEXHOIOTNYHU
WHCTPYMEHTM, 3all0To AaBaT Bb3-
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INTRODUCTION

The quality of the meat is
defined as a combination of
sensory and technological
characteristics, such as color,
tenderness, water-holding capacity
and texture (Istrati et al., 2014).

Tenderness is one of most
important meat texture attributes
which affects the perception of
buffalo meat, by the customers
(Brooks et al., 2000; Morgan et al.,
1991).

Fragility depends on the structural
integrity of the myofibrils and of
connective tissue which surrounds
the muscle fibers. It has been
found that in aged animals, buffalo
meat becomes more resilient,
which structurally is due to the
formation of multiple cross links
between collagen molecules
(lonescu et al., 2008).

In the recent years interest is the
development of better methods to
produce meat with improved
tenderness whilst preserving its
nutritional qualities (Koohmaraie,
1996; Georgieva & Nacheva,
2007).

There are various chemical
and physical methods for meat
processing, but the wuse of
proteolytic enzymes is one of the
most  popular methods  for
tenderization (Naveena at al.,
2004).

In meat processing,
enzymes are interesting
technological tools because they

the



MOXHOCT B MoAandmumpaHu ycro-
BMS B OCOOGEHO C/I0XHW cpefn aa
ce nposexpja Leneso npotnyaHe
Ha BMCOKO CNeumuyuHn XMMUYHK
peakuuun. N3TOYHUUM HA eH3MMU 3a
OKpexKoTsiBaHe C NPakTU4ecko 3Ha-
YyeHue ca: ecTeCTBEHUTE NPO-TEO/ -
TUYHN €H3MMU B MECOTO, EH3MMUN OT
MWKPOGEH NPOM3XOA, U EH3UMM C pac-
TUTENEH UM XNBOTUHCKN NPOnU3Xoa.
OKpexkoTABaHETO Ha MeCcOoTO
Mo BpemMe Ha C/iefKNnaHU4yHoTO 3pe-
eHe [0 ronsiMa CTeMneH ce Ab/HKN Ha
[EeNCTBMETO Ha eH3Umu, KouTo ca
eHJoreHHn 3a myckynute. Mopaau
npoTMyaHe Ha Mnpoueca asTo/M3a
obaye, eH3MMUTe B MyCKy/iHaTa Tb-
KaH ce uHxmbupaT n 6bP30 U34ep-
neatr cBoA KanauuTteT. ETO 3aLlo
npoTeonMTMYHaTa Xugponmsa ot
€HLOreHHNTEe €eH3MMK B cregkna-
HWYHA Mepuog e C  OrpaHuyeHa
edpektnBHOCT (Taylor et al. 1995).
MPOTEONUTUYHN EH3UMU, U3-
B/IEYEHN OT pacTeHus KaTo nana-
WH, 6pomenauvH, comumMH 1 gp. ca
LUMPOKO W3MON3BaHM KaTto MeCHMU
OKPEeXKOTUTeNIM B NOBEYEeTO YacTu
Ha cBeTa (Sunantha and Saroat,
2011). PactutenHute npoTesun ce
npegnounTaTr npes eHsumuTte oT
MUKPOGEH Npom3xXop, rMaBHO nopa-
An 6e3onacHOCTTa, JsiMnca Ha na-
TOreHHOCT U Apyrn HebnaronpusT-
HK1 edpekTn (Qihe et al. 2006).
HacTtoAuweTo npoyyBaHe e
HaCO4YeHO KbM OLEHKa Ha OKpeXKO-
TABaWMA epekT Ha pacTuTesiHuTe
npoteasn O6pomesiavH ¥ nanavH
BbpXy CYpOBO OWBOJICKO MeEcO U
onpegenisiHe Ha ONTUMa/IHUTE YC-
JIOBMA 3a npoLeca Ha Xuaposmsa.
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enabling the conduction of highly
specific chemical reactions.

Sources of enzymes for
tenderization with practical
importance are: natural proteolytic
enzymes in meat, enzymes of
microbial origin and enzymes of
vegetable or animal origin.

Meat tenderization in
postmortem maturation is a result
of endogenous enzyme activity in
the muscles.

However, the ensuing biochemical
process of autolysis causes
enzyme inhibition.

Therefore, the proteolytic hydrolysis
of the endogenous enzymes in the
postmortem period is of reduced
efficacy (Taylor et al. 1995).

Proteolytic enzymes derived
from plants such as papain,
bromelain, ficin, etc. have been
widely used as meat tenderizers in
most parts of the world (Sunantha
and Saroat, 2011). Plant proteases
are superior to bacterial derived
enzymes mainly because of safety
problems such as pathogenicity or
other disadvantageous effects
(Qihe et al. 2006).

The aim of presented study is
evaluating the tenderization effect
of the plant proteases bromelain
and papain over raw buffalo meat

and determining the optimal
conditions for the process of
hydrolysis.



MATEPVAZT U METOOU

MaTepuanu

Meco - Biceps femoris
Myckyn oT  6uBOn, nopoja
Bbnarapcka Myppa.

EH3MMHKM npenapatn — nana-
nH (Merck), 6pomenuH (Merck).

MeToaM

EH3nMHa obpaboTka Ha npo-
61 OT GMBOJICKO MECO — MecHUTe
npobu ce Tpetupar ¢ 6pomenavH
MNn nanavH npyv BapupaHe Ha
KOHLEeHTpauMaTa Ha eH3uMute u
BpemMeTpaeHeTo Ha npoteca.

EH3MHKM pa3TBOpU

OT pgBata eH3uma ce NnpuroT-
BAT pa3TBOpW CbC ClefHaTa Kase-
NHONNTMYHA akTmBHocT — | (50
U/ml), 11 (200 U/ml), 11 (200 U/ml),
ypes3 pasTBapsiHe B pa3TBOpuUTET,
cbabpxaw, 0,9% NaCl, HaTpueB
XnaporeHkapboHaT 1 NMMOHEHa Ku-
cenuHa. AKTMBHaTa KUCENMHHOCT Ha
eH3MMHUTe pa3TBopu e pH 6,30.

N3vmepBaHe Ha kanauuTeT
3a 3agbpXaHe Ha Boja.

Mpobun oT meco oT 3-5 rpama
ce n3bbpceaT ¢ PUATbPHA XapTud
3a npemaxBaHe Ha MOBbPXHOCTHA-
Ta BOJa 1 ce npeTernar ¢ TOYHOCT
[0 mg. Tasn cTorHOCT ce oTbe-
/13Ba Karto Tersi0 Ha CypoBO Meco
(HayanHo Terno). Npobute ce Tpe-
TMpaT CbC CbOTBETHUTE Pa3TBOPU
Ha 6pomenanH v nanavH npu 4°C
B npoAabsikeHne Ha 24, 48 n 72
yaca, cnep KoeTo NoBbpPXHOCTHaTa
BOJa Ce OTCTpaHsABa C (hunTbpHa
XapTus. YcnopegHo € ONUTHUTE
BapuaHTX ce 3asiaraT KOHTpPo/M 3a
BCEKM 4ac OT obpaboTkaTa, KaTo
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MATERIAL AND METHODS

Materials

Meat — Biceps femoris buffalo
muscle, breed Bulgarian Murrah.

Enzymes — papain (Merck),
bromelain (Merck).

Methods

Enzymatic  processing  of
buffalo meat samples — The meat
samples are treated with bromelain
or papain with alternating enzyme
concentration and duration of the
process.

Enzyme solutions

Both enzyme solutions are
with the following caseinolytic
activity — 1 (50U/ml), 1l (100U/ml),
I (200U/ml). The enzymes are
dissolved in a solvent containing
0,9% NaCl, sodium hydrogen
carbonate and citric acid. The
active acidity of the enzyme
solutions is pH 6,30.

Measuring
Retention Capacities

Meat samples of 3-5 grams
are wiped with filter-paper to
remove surface water and to weigh
accurately in milligrams. This value
is noted as raw meat weight
(starting weight). The samples are
then treated with bromelain and
papain solutions at 4°C for 24, 48
and 72 hrs.

the Water

Then, the surface water s
removed with filter-paper.
Alongside the samples, controls
are assigned every full hour of

treatment, in which the meat is



MeCOTO ce NnocTaBs B MapuHara, B
KOATO NMNCBa Pas3TBOPEH EH3UM.
MpeTterna ce o6paboTeHOTO Meco
N Ta3n CTOMHOCT € TernoTo cnepg
EeH3UMHO TpeTupaHe (KpalHo Ter-
no). Onpepena ce nNpoOUeEHT 3a
3agbpxaHe Ha Boja.

EH3MMHa aKTUBHOCT

KasenHonmtnyHata aKTUB-
HOCT Ha npoTeasnte nanavH u
6pomenavH, ce u3mepsaTr C Mo-
MOLLTa Ha Ka3ewnH kato cybcTpar B
50 mM Tris / HCI 6ydep npu pH
8.0 ¢ 1 mM CacCl,, cbrnacHo meto-
pa ot Chen et al. (2003). EgHa
eNHNLAa Ha eH3MMHaTa akTUBHOCT
ce onpegena kKaro KO/IM4eCcTBOTO
€H31MM, KOeTOo ocBob6oxpaasa 1ug
TUPO3UH OT Ka3eunHa 3a 1 min.

KonmyecTBEHO onpeaensHe
Ha CBOOOAHN aMWHOKUCESIMHU —
TecT ¢ HuHxugpuH (Murariu et al.,
2003).

Mpobn ot 2,0 g MycCKynHa
U CbeuHUTE IHA ThKaH ce 3a/1n-
BaT ¢ 40 ml OT CbOTBETHUA €H3U-
MEH pas3TBOp U ce WHKybupar Ha
CTaliHa Temnepatypa B Npoab/ike-
HMe Ha 72 4aca, cfef, KOeTo ce
onpefensd KOHUeHTpaumATa Ha
CBOOOAHUTE aMMHOKUCENUHM B
pasTBopumMnTe  dopakumMu  cnep,
eH3uMHarTa Xxmapoamsa.

CTaTucTunyeckm aHanns

Bcuykn pesyntatu ca npeg-
CTaBEHN KaTO CpefHW CTOIAHOCTM
+SD (cTaHAapTHO OTK/IOHEHWe)
npv Hali-Masiko Tpu NOBTOPEHMS 3a
BCAka npoba. CTaTUCTMYECKN aHa-
N3 ce wu3BbpwBa 4pe3 T-TecT.
Pesyntatnte ce cumtat 3a AOCTO-
BepHW npu p<0,05. Bcnukn ctatuc-
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placed inside enzyme-free
marinade. The processed meat is
weighed and is assigned value
after enzyme treatment (final
weight). A water retention
percentage is determined.

Enzymatic activity

The caseinolytic activity of
the  proteases papain and
bromelain is measured by the
substrate casein in a 50mM Tris/
HCl buffer at pH 8.0 with 1mM
CacCl,, in accordance with Chen et
al. (2003) method. One unit of
enzyme activity is defined as the
amount of enzyme needed to
release 1 g tyrosine from casein
for 1 minute.

Quantity assessment of free
amino acids ninhydrin  test
(Murariu et al., 2003).

Samples of 2.0 g muscle or
connective tissue are flooded with
40 ml of the enzyme solution and
incubate at room temperature for
72 hours, then determine the
concentration of free amino acids
in soluble fractions after enzymatic
hydrolysis.

Statistical analysis

All data are presented as
means *=SD (standard deviation)
for at least three replications for
each prepared sample. Statistical
analysis was performed using two-
sample t-test. The results are
considered to be significant when
P<0,05. All statistical analyses



TUYECKN aHa/IM3M Cce U3BbpPLLUBAT C
Excel 2013.

PE3SYNTATU 1 OBCBbXXOAHE
3anasBaHeTo Ha COYeH U
CBeX BMA Ha OMBO/ICKOTO Meco e
BaXeH nokasaren 3a norpebute-
nvte. ETo 3all0 B HaLIeTOo u3cnea-
BaHe Gelle npocnefeHa nNpomsiHa-
Ta B KanauuTeTa 3a 3afbpXaHe Ha
BOAa Ha Meco, MWHKybupaHo B
€H3VMHM pa3TBOpU TUM MapuHaTa.
OTueTeHn 6e Tern0To Ha KOHTPO-
HUTE N ONUTHW BapuaHTKU obpabo-
TEHM CbC CbLOTBETHUTE pPas3TBOPU
Ha 6pomenavH M nanavH B MNpO-
ObrkeHve Ha 24, 48 n 72 vaca.
Bb3 0CHOBa Ha OTYETHUTE Pas3/InKK
B TernoTto, 3a BCEKM BapuaHT
o6bpaboTka e u3uncneH kanauyutet
3a 3ajgbpXaHe Ha Boga B
npoueHTun (dur. 1, 2)

were performed using Excel 2013.

RESULTS AND DISCUSSION
Preservation of juicy and
fresh look of buffalo meat is an
important indicator for consumers.
Therefore, in our study had traced
the change in capacity for water
retention of the meat, incubated in

enzyme solutions type of
marinade. It was reported the
weight of the control and

experimental variants processed
with corresponding solutions of
bromelain and papain and left for
the forthcoming 4°C for 24, 48 and
72 hours. Based on the accounting
differences in the weight of each
option is calculated processing
capacity for water retention in
percentages (Fig. 1, 2)

BEPOMENAWH/BROMELAIN
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E24 h
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e

T

(T 3

100U/ml 200U/ml

48h E72h

dour. 1. KanauuTteT 3a 3aabpXaHe Ha Bofa crieg o6paboTka ¢ 6pomenaviH (£SD)
Fig. 1. Water retention capacity after bromelain processing (+SD)
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NMAMAWH/PAPAIN
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dur. 2. KanayuteT 3a 3agbpXXaHe Ha Boga cnef o6paboTka ¢ nananH (£SD)
Fig. 2. Water retention capacity after papain processing (xSD)

MocoyeHnTe pesyntatn no-
KasBar, 4e npu obpaboTka c pas-
TBOPY Mmawm 50 U/ml n 100 U/ml
Ka3eMHONNTMYHA aKTMBHOCT, Npo-
LEeHTbT Ha 3aAbpXaHe Ha BoAa
HapacTBa C yBe/iMyaBaHe BpeMe-
TO Ha TpeTupaHe 1 KOHLeHTpauus-
Ta Ha eH3umma. lNpun xngponmsa c
200 U/ml, ¢ HapacTBaHe BpeMeTO
Ha TpeTupaHe C eH3Mma Opome-
IMH Cce oTyMTa HamasisiBaHe Ha
TErnoTo Ha ONUTHUTE BapuaHTK.
ToBa ce [Ab/MKM Ha MO-BUCOKA
CTeNneH Ha Xngposim3a Ha MecHuTe
NPOTENHW, CbOTBETHO Ha XesnaTu-
HU3NpaHe Ha NPodUTe N 0CBOGOX-
flaBaHe Ha KpaviHu nentugm u
aMuHokucennHu. Mo-nek e edoek-
TbT Ha eH3uMa nanavH. Mpu Tesu
ONUTHWN BapuaHTn ce Habnwaasa
noBuULIAaBaHe Ha MpoueHTa Ha
3a/bpXxaHe Ha BoAa, Aopv npwu
Hali-BMCOKa  KOHLEeHTpauus Ha

The above results indicate
that, under treatment with
solutions having the 50 U/ml and
100 U/ml caseinolytic activity, the
rate of water retention increases
with increasing time of treatment
and the concentration of the
enzyme. Upon hydrolysis with 200
U/ml, with a rise time of treatment
with the enzyme bromelain is
reported weight loss of
experimental variants. This is due
to the higher degree of hydrolysis
of meat proteins, respectively, of
the gelatinization of samples and
release the terminal peptides and
amino acids. Lighter effect is
observed with the enzyme papain.
In these experimental variants
have seen arise in the percentage
of water retention, even at the
highest concentration of enzyme
and working up to 72 hours. Also
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eH3nma 1 obpaboTka oo 72 vaca.
CobLy0 Taka npobuTte OKpPexKoTeHu
C nanavH nmaT Nno-CBeX LBAT U no-
[06bP BBLHLUEH BUf, B CPAaBHEHME C
npobute, TpeTupaHu ¢ GpomenauH.

BpomenanHbT M nanamHbT
ca pacTuTesiHU LMUCTENHOBU eHpo-
nentungasu. bpomenanHbT € He-
cneumduyHa nporteasa, KoATO
atakysa C nMoBuWeEH aduHUTET
NnenTuAHUTE BPB3KA Mexay amu-
HOKUCEIMHUTE JIN3UH W apryHUH.
ManaMHbT xugposvsvpa nentug-
HUTE BPBH3KM B 6ETHbYHUTE MOJSIe-
Kynn, C W3K/IKYeHue Ha Tesun, B
4yneTo msrpaxgaHe yyacrsar amu-
HOKMCENIMHUTE MPOJIH 1 TNyTamu-
HOBa KuCeNuHa C gucouumpaHa
kapbokcunHa rpyna.

BAunaHneTo Ha eH3umnTe npu
OKpEeXKOTSIBaHe BbPXY BBbHLUHUA
BWA HA MECOTO € BaxeH dhakTop
npu mn3bopa Ha eH3nM U yC/I0BUA
Ha o06paboTKa.

samples tenderized with papain
have crisp color and better
appearance, in comparison with

the samples treated with the
bromelain.

Bromelain and papain are
vegetable cysteine

endopeptidases. Bromelain is a
non-specific  protease,  which
attacks the peptide bonds between
lysine and arginine in protein
molecules with  high affinity.
Papain hydrolyzes the peptide
bonds in protein molecules with
the exception of those composed
of amino acids proline and
glutamic acid with a dissociated
carboxyl group.

The influence of enzymes in
tenderization on the appearance of
the meat is an important factor in
the choice of enzyme and
conditions of processing.

24 yacal/24 hours

- e S G

48 yaca/48 hours

72 yacal72 hours

dur. 3. KOHTPO/IHU 1 ONUTHU BapuaHT MecHM Npobun o6paboTeHn ¢ 6pomenianH
Fig. 3. Control and experimental variants processed with bromelain
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24 yaca/24 hours

- L G

48 yaca/48 hours
s -
[ moesn |

72 yacal72 hours

-, e W

dur.4. KOHTPOAHN 1 ONMUTHU BapuaHTu MeCHU Npobun o6paboTeHn ¢ nanavH
Fig. 4. Control and experimental variants processed with papain

OT npepcrtaBeHUss CHUMKOB
MaTtepunan Ha ®ur. 3 n 4 ce Bumxga
ye MecHuUTe npobu obpaboTeHn C
50 n 100 U/ml 6pomenanH u
nanamH o 24-tua 4yac 3anasBart
CBOSA UBAT U CBeX BufA. Ha BbH-
leH BWA CTpyKTypara Ha Tesu
ONUTHW BapuaHTK e nofgobHa Ha
KOHTPO/IHUTE U Cce Habmogasar
noapeneHn MyckynHu BriakHa. Ha
HAKOM OT NpobuTe oT 48 n 72 yac
MYCKY/IHUTE BJiakHa 3anoysar fja
ce pedopmupaT M paspyllasar,
ueta u3bnegHsaBa, a MNOBbPX-
HOCTTa Ha npobuTe ctaBa cry3ec-
Ta. Tasn npomsiHa BbB BuAa Ha
MecHUTe npobu e no-3acuieHa
npu obpaboTka c eH3uma b6pome-
naviH. ncoumanma Ha MyCKy/THUTe
B/lakHa B TakaBa CTEMNeH e Hexe-
NnaHa, Tbil Kato 3a noTpebuTenuTe
[OOpUAT  BbHWEH  BUA — Ha
npoAykTa e oT 0CO6EeHO 3HayYeHue.

CreneHTa Ha NnpoTeoIMTUYHA
aKTVBHOCT Ha eH3umMuTe nanaviH u
6pomMenavH BbpXy MecHuUTe Mpo-
TENHN B NpPobu CypoBO OGMBOJICKO
mMeco Oele onpegeneHa 4pes
aHa/IM3 Ha Ko/Im4yecTBOTO CBOOOSA-

In  the following visual
materials (Fig.3 and 4) it is clear
that the meat samples processed
with 50 and 100 U/ml bromelain
and papain for 24 hours retain
their color and fresh look. In
appearance, the structure of these
experimental variants is similar to
both control and monitor arranged
muscle fibers. The samples from
48 and 72 hour especially muscle
fibers start to deform and break
down, the color fades and the
surface of the samples it slimy.
This change in the types of meat
samples is more intense in the
treatment with the enzyme
bromelain. Dissociation of muscle
fibers in such a degree is not
desirable, since the appearance of
the product is of particular
importance for the consumers.

The degree of activity of
proteolytic enzymes papain and
bromelain on meat proteins in
samples raw buffalo meat was
determined by analyses of the
amount of free amino acid in the
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HN aMWHOKWUCE/IMHW B peakLMOH-
Harta TeyHocT. AHa/IM3bT 6e npo-
BeJleH cnep npecTtol Ha MecHuUTe
npobu 3a 72 yaca BbB BapuaHTu-
Te eH3UMHM pa3TBopu. NMonyyeHu-
Te pe3ynrtatu ca npegcraBeHn Ha
Tabnuuya 1.

reactive liquid. The analysis was
carried out after a stay of the meat
samples from 72 hours in
enzymatic solutions. The results
obtained are presented in Table 1.

Tabnuua 1. CbAaobpxaHne Ha CBOOGOAHM aMUHOKUCE/IMHW B peakuMOHHaTa
TEYHOCT cJie[, eH3UMHa Xnaposin3a Ha Nnpobu meco (xSD)
Table 1. Free amino acid content in the reactive liquid after enzyme hydrolysis of

samples meat (£SD)

BapuaHTu KoHueHTpauuma mg/mi
Variants Concentration mg/mi
BpomenauH ManavH
Bromelain Papain
KoHTpona / Control 1,040+0,060 1,040+0,060

I 1,900+0,130*
I 2,170+0,082**
2,430+0,030**

1,353+0,052**
1,373+0,064**
1,455+0,120**

! CratTncTnyeckn 3HauMmm pasnunku cnpaAMo KOHTposHata rpyna npu: *p<0,05; **p<0,01
! Significantly different from the control group at: *p<0,05; **p<0,01

MapanenHo 6e npoBedeH
TeCT 3a OTYMTaHe Bb3LENCTBMETO
Ha n3cneaBaHUTe NpoTeasn Bbpxy
CbeMHUTesIHa ThKaH OT BUBOJICKO
Meco. Pesyntaturte oT aHasiM3a ca
nocoyeHu B Tabsmua 2.

Parallel test was held for
research of proteases surveyed on
the connective tissue of the buffalo
meat. The results of the analysis
are given in Table 2.

Tabnuua 2. CbAbpxaHne Ha CBOOGOAHM aMUHOKUCE/IMHW B peakuMOHHaTa
TEYHOCT cnep eH3MHa XMapoan3a Ha Nnpobu cbeanHuTeIHa ThKaH (xSD)

Table 2. Content of free amino acids in the reaction liquid after the enzymatic
hydrolysis of samples connective tissue (£SD)

BapuaHTtu KoHueHTpaumsa mg/mi
Variants Concentration mg/mi
BpomenavH ManavH
Bromelain Papain
KoHTpona / Control 0,730+0,016 0,730+0,016

1,762+0,024**

I 1,952+0,047**
I 2,926+0,033** 2,382+0,076**

1l 5,081+0,094** 3,944+0,230**
! CraTvcTnyeckn 3Hauma pasnunka cnpaMo KOHTposHara rpyna npu: *p<0,05; **p<0,01
! Significantly different from the control group at: *p<0,05; **p<0,01
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AHann3bT Ha pesynratuTe
oT Tabnmua 1 n 2 nokassa, 4e
Kato EK30reHHW eH3uMn Opome-
flavHa n nanavHa umaTt npoTeosiv-
TMYHA aKTMBHOCT KbM MECOTO KaTo
cybcTpaT 1 Xxugponumsupar otaen-
HU KOMMOHEHTU OT MECHWUTE npo-
TemHn. CblWO Taka Te3n pacTtu-
Te/HW npoTeasn nokassaT U 3Ha-
yuTenHa XuAposiMTMYHA  akTuB-
HOCT KbM CbeAunHUTEIHaTa TbKaH,
KOeTo BOAU [0 No-ePeKTUBHO
OKpexkKoTsiBaHe Ha 6GWMBOJICKOTO
mMeco. Mo-BMCOKO KONMMYECTBO CBO-
60HN aMUHOK/CENIMHN Ce oTunUTa
M B [OBarta MNpoBefeHN eKcnepwu-
MEHTa npu BapuaHTUTE, 06paboT-
BaHM C pa3TBOpM Ha GpomesiauvH.
MonyyeHnTe pesyntatm ca cTa-
TUCcTUYeckn 3Haunmm (P < 0,05).

ToBa nokassa no-BMCOK adou-
HATET Ha TO3UW €EH3MM CrnpsaMo
MecHuUTe npobu OoT GMBOJICKO Me-
CO, KOETO e MnpuyrHa 3a pasrpax-
[aHe Ha noBevye MMouépunapHn
NMPOTEVHU N CbOTBETHO NO-BMCOKO
CbAbpXaHne Ha CBOOOAHM aMUHO-
KUCUNNHW B peakuoHHaTa TEYHOCT.

Xuaponvsa B Takasa CTerneH
€ HexesnaHa, Tbi KaTto ToBa BOAU
[0 NO-BMCOKO HMBO Ha paspyLua-
BaHe Ha CTpyKTypara Ha MecoTo U1
MYCKY/IHUTE BJlakHa U CbOTBETHO
B/IOLLABaHe Ha HeroBarta TEKCTY-
pa. 3a fa ce NocTUrHe OKPexKoTs-
BaHe, HO 6e3 CTPyKTypHa fderpaja-
UMa Ha 6MBOJICKOTO Meco, obpa-
6oTKaTta C eH3VMHW pa3TBOpPU TuM
MapuHata Tpsbsa na 6bae BHUMa-
TeNHO go3vpaHa 1 npocreasBaHa.

MpenopbyBa ce TpeTMpaHe-
TO Ha O6MBO/ICKOTO Meco ga ce

The analysis of the results
from Table 1 and 2 shows that as
exogenous enzymes bromelain
and papain have proteolytic
activity to the meat as a substrate
and they hydrolyzing individual
components of meat proteins.

Also these plant proteases show
significant hydrolytic activity to the
connective tissue, which leads to
more effective tenderization.

A higher amount of free amino
acids is reported in both
conducted experiments in variants
treated with solutions of bromelain.

The obtained results are
statistically significant (P < 0,05).

It shows higher activity of this
enzyme in relation to meat
samples of buffalo meat, which is
the reason for degradation of more
myofibrillar proteins and therefore
higher levels of free amino acids in
the reaction liquid.

Hydrolysis in such an extent
is non-desired, as this leads to a
higher level of destruction of the
structure of the meat and muscle
fibers and therefore deterioration
of its texture. In order to achieve
tenderization, but without
structural degradation of buffalo
meat processing with enzyme
solutions type marinade should be
carefully dosed and monitored.

It is recommended that
treatment of buffalo meat to be
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M3BBLPLWM C eH3MMa nanavH npu
crnefHuTe napameTpu: KOHUEHTpa-
UMA Ha eH3Ma B MapuHoBallus
pa3tBop 50 U/ml, BpemeTpaeHe
0o 24 vaca, npu 4°C., nocnegsa-
HO OT TepMuyHa 06paboTka, npu
KOETO ce nosiyyaBa Mb/IHO MHAKTU-
BMPaHe Ha eH3UMHaTa KOMMOHEHTA.

n3BO4u

[MpaBUNHOTO onpegensaHe Ha
BpeMeTo 1 Temneparypara Ha eH-
3MMHa XuAposv3a, ca ycrosusAta
3a e(heKkTVBHO OKpexKoTsBaHe Ha
6uBosicko Meco. B nposegeHuTe
eKcnepumMeHTn Bapupaxme 3 KOH-
LeHTpaunm Ha eH3UMHUTEe pasTBo-
pu (50 U/ml, 100 U/ml n 200 U/ml
n 3 BapmaHta npoAb/HKUTENHOCT
Ha obpaboTka (24h, 48 h, 72 h).

Mpn o6paboTka Ha ONUTHUTE
BapuaHTN c pasteopu mmawm 50
U/ml n 100U/ml kaszenHonMtuyHa
aKTMBHOCT, NPOLEHTBLT Ha 3aAbp-
XaHe Ha BOfa HapacTBa C yBesiu-
yaBaHe BpeMeTO Ha TpeTupaHe U
KOHLeHTpaLumaTa Ha eH3uma.

AHa/IM3bT Ha CbAbpXaHue
Ha CcBOOOAHM aMMHOKUCENUHM MO-
Kasa, Yye N ABaTta eH3uma (bpome-
NavH W1 nanavH) XxXugposmaupar
6eNTbYHNTE KOMMIEKCU, MPUCHCT-
BalM B MecoTo (M CbefuHuTesHa
TbkaH). ObpaboTkaTa Ha GUBOJICKO
Meco C eH3uMmMa nanavH, B [Mo-
BMCOKa CTeneH cbXpaHsiBa KOHCUC-
TeHUMATa, CBEXUAT UBAT M Bnara
Ha MecoTo, KOeTO npaBu TO3M
eH3UM NoAX0oAsLy, 3a BK/IOYBAHETO
My B pasTBOpM TuM MapuHaTta 3a
nogobpsieaHe  KpexkocTTa  Ha
GUBOJICKO MeCO.

made with the enzyme papain in
the following parameters:
concentration of the enzyme in the
marinating  solution 50 U/ml,
lasting up to 24 hours at 4°C,
followed by heat treatment, in
which case it gets full inactivation
of the enzyme components.

CONCLUSIONS

Proper timing and
temperature of enzymatic
hydrolysis, are the conditions for
effective tenderization of buffalo
meat. In the experiments been
varied 3 concentrations of the
enzyme solutions (50 U/ml 100
U/ml, and 200 U/ml and duration of
treatment 3 options (24h, 48h, and
72h).

In processing test variants
with solutions having the 50 U/ml
100U/ml caseinolytic activity, the
rate of water retention increases
with increasing time of treatment
and the concentration of the
enzyme.

The analysis of the content of
free amino acids showed that both
enzymes (bromelain and papain)
hydrolyze  protein ~ complexes
present in the meat (and
connective tissue). The processing
of buffalo meat with enzyme
papain have better preservation
ability, the fresh color and moisture
of the meat, which makes this
enzyme suitable for inclusion in the
solutions type marinade to improve
fragility of buffalo meat.
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