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PE3HOME

TynyMCKOTO CUpEHE € BUf CHpPEHE,
XapakTepHo nNpeavMMHO 3a CTpaHuTe OoT
BankaHckMa  NonyocTpoB, HO  HEroBM
pPasHOBMAHOCTU Ce NPOoM3BEXAaT Cbluo B
Anxup n JlueaH. B pasnnyHute cTpaHu
CUpEHeTOo MMa pasIMyHN HaMeHOBaHUS.
B PymbHMA e no3HaTo kato branzéd de
burduf, B BocHa un XepueronHa ce
Hapunya mjeh, B XbpBaTus — misina nam
sir iz miSine. B Amkup e nosHato nof
HauMmeHoBaHueTo bouhezza, a B JluBaH
kato darfiyeh. B Typuus n B bbnrapus ce
O3HauyaBa KaTo Ty/lyMCKO cupeHe. Ha
pasiMyHuTe esnuM B HaMEHOBAHMETO Ha
CUpEHeTO ce CbAabpXa MNOHATUETO
SKNBOTUHCKA KOXa”, KOeTOo e CBbp3aHo
CbC crneuyudpmyHaTa TEXHONOMMA  Ha
nosyyaBaHe Ha TO3M TN  CUpEHe.
CbrnacHo opurMHanHata TexHOs0rus
npuroTBeHaTa CUpPEHMHa ce nocTaes fda

SUMMARY

Tulum cheese is a specific kind of
cheese which is typical of the countries of
the Balkan Peninsula, but some of its
varieties are also produced in Algeria and
Lebanon. In the different countries the
cheese is designated with different
names. In Romania it is known as branza
de burduf, in Bosnia and Hezegovina its
name is mjeh, in Croatia it is called miSina
or sir iz miSine. In Algeria it is known as
bouhezza and in Lebanon as darfiyeh. In
Turkey and Bulgaria it is designated as
tulum cheese. In fact, the variety of
names for this kind of cheese in the
different languages is related to the
specific step of technology which is
applied in the production of the cheese.

The unique traditional technology is
characterized by ripening of the cheese
curd in an animal skin bag (tulum), which



3pee B npeggapuTesiHo  0bpaboTeHa
XMBOTUHCKA Koxa (Tynym). TpaauuMoHHO
CMPEHETO Ce Npou3Bexaa 0T CypoBO OBYE
WM KO3e MJISIKO, HO € Bb3MOXHO M3Mos-
3BAHETO M Ha KpaBe MJISKO WU Ha CMec.
ChblecTByBa CbWO WM M3BECTHO pasHO-
o6pasne B TEXHONIOTMYHMTE eTanu, KouTo
ce u3nonsear npv NpovM3BOACTBOTO Ha
cvpeHeTo. Mukpodpriopata Ha Tynymcko-
TO CMPEHE Ce CbCTOM NPEANMHO OT M/iey-
HOKMCENN GaKTepUW, HO B HSIKOW pasHO-
BMAHOCTU Ce OTKpMBAT CbLO APOXAM U
nneceHn. CneundnyHUAT U UHTEH3UBEH
BKYC U apoMaT Ha cupeHeTo ce hopmMu-
paTt oT NpoTeosMTMYHATa U INNOANTUYHA
aKTMBHOCT Ha cneumdmyHaTa MuUkpodio-
pa, KoATo y4acTBa Npu 06paboTBaHETO Ha
CMpeHUHaTa 1 Mo BpemMe Ha 3peeHeTo Ha
CUPEHEeTO.

KntouoBu OYyMU: TYNYMCKO
CVPEHe, TEeXHO/IorUs Ha NPOM3BOACTRO,
OCHOBHM XapaKTepUCTUKN

yBO/[,

Fnobanusaymata Ha nasapa Ha
XpaHu 3acTpallaBa CblLECTBYBAHETO Ha
MECTHWTE MpPOU3BOACTBA, Tpaauuumn u
3HaHMS, KOUTO MCTOPMYECKM ca 06BBbp3a-
HW C onpegesieHn reorpadCkm, eTHUYECKN
M couymanHu rpynu. JomallHo npuroTee-
HaTa xpaHa, 3a KOATO ce W3MNos3BaHu
camM0 CYpPOBMHW OT TUMNWYHU MECTHMU
NoOpoAN XXWMBOTHW, KOWUTO CbLIO Taka ce
oTrnexgar M usxpaHear C TPagULMOHHO
N3MoN3BaHN pacTUTesIHN BUOOBE € Hemno-
CpPeACTBEHO CBbP3aHO CbC CbXpaHsBaHe
Ha 6unopa3sHoO6pa3MeTo B onpegeneHa
reorpadpcka 3oHa mnmn obnact (Scintu and
Piredda, 2007). B nocnegHute roavHu
WHTEPECHT KbM cneunduyHute BUAOBE
CYpeHa, NPUroTBEHN B AOMALLHWU YC0BMS
UM B Masikm  MsekonpepaboTBaTenHu
npeanpusaTUS Ypes TpagULMOHHU MeToaun
3HauMTenHo HapactHa (Paxson, 2010;
Gonzélez-Cérdova et al., 2015; Blazic et
al., 2017). TynyMCKOTO CMpEeHe ce oTHacs
KbM Tasu rpyna cupeHa npuroTBeHn Mo
TpaguuMoHeH HauuH. [y6nvkyBaHu ca
noapo6Hn HayyHu o63opu (Hayaloglu et
al., 2007, Kamber and Terzi, 2008, Kalit et

has been prepared for this purpose in
advance. Traditionally, the cheese is
made from raw sheep’s or goat’s milk, but
it is also possible to use cow's milk or a
mixture of these kinds of milk. There is
also some variety in the technological
processes in the cheese production.

The lactic acid bacteria are the main
microflora of the cheese, but in some
cheese varieties yeast and moulds are
also found. The specific and strong taste
and flavour of the cheese is due to the
proteolytic and lypolytic activity of its
specific microflora which takes part in the
processing of the cheese curd and during
the cheese ripening.

Key words: tulum cheese, cheese
making technology, main characteristics

INTRODUCTION
The global market expansion has
threatened existence of local practices,

traditions and knowledge, which are
historically —associated with  certain
geographic, socio-cultural and ethnic

groups of people. The homemade food
prepared only from raw materials obtained
from local animal breeds which are feed
with traditionally used plant species in a
particular geographical region or area, is
connected with preservation of
biodiversity (Scintu and Piredda, 2007).

Recently, the interest towards specific
kind of cheeses prepared in a traditional
homemade manner or in small dairy
plants according to the traditional
technology has grown (Paxson, 2010;
Gonzalez-Cérdova et al., 2015; Blazic et
al., 2017). Tulum cheese belongs to this
specific group of artisan cheeses.

Detailed scientific review articles have
been published (Hayaloglu et al., 2007),
Kamber and Terzi, 2008) and Kalit et al.,
2010) which dealt with the main



al., 2010), kouTo pasrnexgar OCHOBHUTE
TEXHOMOMMYHWU, MUKPOOMOIOTMYHN U OpraHo-
NenTUYHN XapaKTePUCTUKN Ha CUPEHeTo, a
UHTEPECHT KbM TY/IYMCKOTO CUpPEHE 3Hauu-
TefIHO HapacTHa npe3 NocnefHUTe FOAWHW.
HenpekbcHaTo ce ny6nnkyBaT HOBM U3cC/ie-
[oBaTesnicky faHHU CBbp3aHM C ONUTWTE 3a
3anasBaHeTo Ha TUMUYHWUTE XapakTepuUCTUKU
Ha npogykta (Cakmakci et al., 2011; Tarakci
and Durmu, 2016), nscnegsaHe Ha pasHo-
06pasveTo OT apoMaTHM 1 BKYCOBU Cbeau-
HeHunsi B cupeHeTo (Serhana et al.,, 2015;
Medjoudj et al., 2017), yctaHOBsIBAHETO Ha
NaTOreHHN MUKPOOPraHW3MM U TOKCUHMU
(Ertas et al., 2011; Can and Celik, 2012).
Mpoab/mkaeat nscneaBaHnsiTa BbpXy ectec-
TBeHaTa Mukpodiopa Ha Npou3BeAeHOTO
Nno TpaAWUMOHEH HA4YMH CUPEHe, KakTo U
OonMTUTE MO CbCTABAHETO W W3MO0S13BAHETO

Ha  nogxopsuia  cTapTepHa  KynTypa
(Kunduhoglu et al., 2012; Frece et al.,
2016).

Llenta Ha HacToAwmsa 0630p e fga
npeacTaBu 4YacT OT HOBUTE M3cnepoBarten-
CKW [JaHHW MO OTHOLUEHWEe pa3HOo0bpasneTo
CBBbP3aHO C OCHOBHWUTE TEXHONIOTUYHU eTa-
Ny Npu NoslyyaBaHeTO Ha TY/lyMCKOTO cupe-
He, uscfielBaHMsATa HACOYEHN KbM YCTaHO-
BsiBaHe BWAOBETE MUKPOOPraHW3Mn U Koau-
YeCTBEHOTO MM CbOTHOLUEHWE B MUKPO/10-
pata Ha CUPEHeTOo, KaKTo U Ha/nmuMeTo Ha
HAKON HeXenaHn MUKpoopraHn3mm U TOKCUHW.

PasHOBUAHOCTM Ha TY/lYMCKOTO
CUpPEHE M OCHOBHU (PUINKOXUMUYHU
XapakTepucTukn

PasHoBMaHOCTUTE Ha TYNYMCKOTO
CMpeHe ce OoTKpuBaT oA pas/nyHu
HaVMEHOBaHUSI He camMO B pas/INyHUTE
CTpaHu, HO M B OTAeNHUTe reorpadcku
paiioHn Ha pAgbpxaBaTa, B KOSITO ce
nponssexpga. Cnopeg Cakmakci et al.
(2008) «kakto w Tuncer (2009) cpepg
npounssexgaHute B Typuus Hag 50 smnga
CYpeHa Hali-nonynsapH1UTE ca TySYMCKOTO
cupeHe n cupeHata beyaz un kasar.
Hayaloglu et al. (2007) yutupat Typckus
CTaTUCTUHECKM WUHCTUTYT (AHkapa,
Typuus), cnopeg YanmTo AaHHU TOAMLIHO-
TO MPOU3BOACTBO Ha TY/YMCKO CUpPEHE
poctura 10 000 ToHa (2004r) n aBTOpUTE
nogyeprasar, Ye 06eMbT Ha NPoOu3BOA-

technological, microbiological and sensory
characteristics of the cheese, but as a
matter of fact, the cheese has gained a lot
of interest during the last years. The
constantly published new researches
have revealed the attempts for preserving
the typical characteristics of the product
(Cakmakci et al, 2011; Tarakci and
Durmu, 2016), have showed the different
components involved in the cheese flavor
and taste (Serhana et al., 2015; Medjoud;]
et al.,, 2017), and have detected the
presence of some pathogens and toxins
(Ertas et al., 2011; Can and Celik, 2012).
The experiments on the natural microflora
of the cheese made by artisanal
technology are coupled with the attempts
to compose and apply a proper starter

culture for cheese production
(Kunduhoglu et al., 2012; Frece et al.,
2016).

The aim of the current review is to
present a part of the new data concerning
the main technological steps of the tulum
cheese making  technology; the
participating species and their scale
quantity proportion in the cheese
microflora  and discuss briefly the
presence of some undesirable
microorganisms and toxins in the cheese.

Tulum cheese varieties and main
physicochemical characteristics

Tulum cheese varieties can be
found under different names not only in
different countries but also in different
geographical regions of one country.
According to Cakmakci et al., (2008) and
Tuncer (2009), through more than 50
varieties of cheeses produced in Turkey
tulum cheese, beyaz and kasar cheese
are the most popular. Hayaloglu et al.,
(2007) have cited the data of the Turkish
statistical institute (Ankara, Turkey) about
the annual tulum cheese production
which was estimated at 10 000 tons per
year in 2004 and the researchers marked
that the amount of production volume and
the numbers of dairy plants which



CTBO U 6posA Ha NpeanpuATuAaTa, KOuTo
npousBexaar TY/lyMCKO CUpeHe Henpe-
KbCHaTO HapacTsa.

Cnopeg Kirdar et al. (2015) tynym-
CKOTO CMpEeHe nma pas/iyHu HaumeHoBa-
HMSA 1 Pa3HOBUAHOCTU cpej KouTo: savak
tulum (Erzincan), divle tulum (Karaman),
cimi tulum (Antalya), kargi tulum cheese
(Corum) un brined tulum cheese (Izmir).
JonbnHuTtenHa nHhopmaums 3a
TY/lyMCKOTO CUpeHe e npefcTaBeHa B
ny6nvkauuata Ha Kamber n Terzi (2008),
a olle no-nogpobHa xapakTepucTuka Ha
pasnnyHUTE BUOOBE CUMPEHE MOXe fa ce
oTKpve B nybnvkauusta Ha Hayaloglu n
Karagul-Yuceer (2011). Kato pa3HoBua-
HOCT Ha TY/IyMCKOTO CUpeHe MOXe fga ce
npueme u cupeHeto akcakatik, koeto
3pee B ctomax oT kosa (Kirdar et al.,
2017).

O630pHaTa cTtatua Ha Kalit et al.
(2010) npeactaBA OCHOBHUTE pa3HOBUA-
HOCTU Ha TY/lyMCKOTO CUPEHe, KOUTO ce
npovssexgar B XbpBatusa, bocHa n
XepuerosuHa 1 YepHa ropa.

N3cnegBaHuaTa Ha Zitoin et al.
(2012; 2017) o6cCTOMHO Ce 3aHMMaBaT C
bouhezza, TpagvMuuoHHO 3a W3TOYHUTE
yacTy Ha AJDKMP CUPEHe, KOETO 3pee B
obpaboTeHa ko3e koxa. Crnopep, Zitoin et
al. (2011) cupeHe bouhezza e egmHcTBe-
HOTO cpej HauWMOHa/HUTe CcupeHa B
cTpaHata ¥M, Npu MPUrOTBAHETO Ha
KoeTo uMmMa nepuos Ha 3peeHe. B
CeBepHWTE NNaHMHCKN paiioHn Ha JluBaH
TY/lYMCKOTO CUPEHe € W3BECTHO Moj
HaumeHoBaHuveTo darfiyeh. Serhan et al.
(2009) oT6enaszBar PbLYHOTO NPOU3BOA-
CTBO Ha cupeHeTo darfiyeh, nsnonssaHe-
TO Ha CypoBO KO3e Msiko 6e3 gobaBsiHe-
TO Ha CTapTepHa KynTypa u 3peeHeTo B
K035 KOXa.

CupeHata, KOWUTO 3pesAT B XXWBO-
TUHCKA KOXa B 3aBMCUMOCT OT CbAbpXa-
HVeTO Ha BOAa B 6e3mac/ieHns ocTaTbk
ce knacuuumpar kato TBbpPAW WUAn
nonyTBbPAM, a B 3aBUCMMOCT OT CbAbp-
XXaHVeTo Ha Ma3sHVHa B CYXOTO BeLLeCTBO
KaTo Mb/IHOMAC/IEHN WM HUCKOMAC/IEHW
(Kalit et al., 2010). B Tabnuua 1 ca

produced tulum cheese continued to
grow.

According to Kirdar et al., (2015)
some of the designation of the tulum
cheese varieties are as follows: savak
tulum (Erzincan), divle tulum (Karaman),
cimi tulum (Antalya), kargi tulum cheese
(Corum) and brined tulum cheese (Izmir).
Additional information about tulum
cheese is presented in the article of
Kamber and Terzi (2008), and more of
the characteristic details of the cheese
varieties can be found in the publication
of Hayaloglu and Karagul-Yuceer (2011).
The akcakatik cheese can be referred
also as a kind of tulum cheese, because
it ripened in a goat‘s stomach (Kirdar et
al., 2017).

The review article of Kalit at al.,
(2010) presented the main varieties of
tulum cheese which are produced in
Croatia, Bosnia and Herzegovina and
Monte Negro.

The research of Zitoin et al., (2012;
2017) studied in details the bouhezza
cheese, which is a cheese typical for the
East regions of Algeria and which also
ripens in prepared goat‘s skin bag.
According to the opinion of Zitoin et al.,
(2011) the bouhezza cheese turns out to
be the only one of their national cheeses
which undergoes a period of ripening. In
the North mountain region of Lebanon the
tulum cheese is designated as darfiyeh.
Describing the darfiyeh cheese Serhan at
al., (2009) point up the handmade
manner in cheese technology, the usage
of raw goat's milk without addition of
starter culture and ripening in the animal
skin bag.

Depending on the content of water
in the solids non-fat the cheese varieties
which ripened in the animal skin bag can
be classified as hard or semi-hard and
according to the contents of fat in solids
as full fat or low-fat cheeses (Kalit et al.,
2010). In Table 1 are shown the main
physicochemical characteristics of tulum



nokasaHn OCHOBHUTE  (PU3NKOXMMUYHM
XapakTepucTUKM Ha TY/YMCKO CUpPEHe
npov3sefeHo OT Kpase, Ko3e, OBYE WU
CMeC 1 NpeMuHasio nepuop Ha 3peeHe B
XMBOTUHCKA KOXa Win B Apyr Bupg
onakosku. OT HanpaseHWs npernen Ha
nu3criefioBatesicKuTe AaHHM ce BMXaa, ve
CYyXOTO BeLLEeCTBO Ha TY/IyMCKOTO CUpPeHe
Bapupa ot 50.72% (Cakmakci et al.,
2011) po 69.13% (Kalit et al., 2012).
M3kntoueHne npaeBu cupeHe bouhezza,
npov3BefeHo OT KpaBe MSKO, KOeTo ce
Xapaktepmsvpa C MHOIO HWUCKO CyXO
BewecTBo — 35.98% (Zitoin et al., 2012),
Kakto 1 Tpu npodwm Ty/ymMCKO cupeHe
UMeTo Cyxo BewecTso goctura 71 n 75%
cbrnacHo gaHHutTe Ha Kunduhoglu et al.
(2012) w popu owe NO-BUCOKO B
pa3HOBMAHOCTTA Ha TY/IYMCKOTO CUpeHe
akcakatik - 79.71% (Kirdar et al., 2017).
Mo OTHOWEHWE Ha Mac/ieHocTTa Hai-
HUCKO € HEWHOTO CbAbpXaHWeTo B
cupeHeTo wmscnegsaHo ot Dinkci et al.
(2012) — 20.53%, a Hai1-BMcoko — 39.5%
npy  Kunduhoglu et al, (2012).
M3knioueHve oOT cpepHaTa Hopma ca
HSAKOIKO Mpobu cupeHe. M3cnenBaHOTO
oT Zitoin et al. (2012) cupeHe bouhezza e
¢ macneHocTt 14.50%, 4MATO CTOMHOCT e
JOopy  MOo-HWCKa OT Mac/ieHocTTa Ha
npu3BeeHOTO HUCKOMAac/ieHO TY/IyMCKO
cupeHe, nscnegsaHo ot Celik and Tarakci
(2017) — 16.25%. lpu npoba TynyMCKO
cupeHe mscnegsaHo ot Kunduhoglu et al.,
(2012) macneHocTTa goctura go 44.3%.
CbabpxaHne Ha 6enTbk B TY/IlyMCKOTO
CMpeHe Bapupa B MO-TECHW TrpaHuuy -
MWHUMaHaTa CTOMHOCT CbINacHO uscre-
joBaTenckute gaHHu e 16.8% (Zitoin et al.,
2012), a makcumasiHaTa - 26% (Kunduhoglu
et al., 2012). Mo OTHOWEHNE CbAbpXa-
HVETO Ha CO/A MWHMMASIHOTO YCTaHOBEHO
KonnuectBo e 2.46% (Celik and Tarakci,
2017), a MakcumMasiHOTO - 6.31% (Akpinar et
al., 2017). Mo OTHOWeHWe Ha akTMBHaTa
KACENMHHOCT Ha CUPEHeTO Hali-HuckaTa
CTOMHOCT Ha akTMBHATa KUCEIMHHOCT e
pH=3.69 (Kirdar et al., 2017), a Haii-
BUcokarta - 5.48 (Hayaloglu et al., 2007).

cheese made from cow's, goat's, ewe's
milk or mixture of these kinds of milk
which undergo the ripening period in the
animal skin bag or in the other kinds of
packaging. It can be seen from the
reviewed scientific data that the average
total solids of tulum cheese vary between
50.72% (Cakmakci et al., 2011) and
69.13% (Kalit et al., 2012).

Some exceptions are the bouhezza
cheese made from cow‘s milk which has
a low value of total solids — 35.98%
(Zitoin et al.,, 2012), and also three
samples of tulum cheese which dry solids
matter reaches 71 and 75% according to
the data of Kunduhoglu et al., (2012) or
even higher in the tulum cheese variety
akcakatic cheese - 79.71% (Kirdar et al.,
2017). Depending on fat, the lowest
estimated value is 20.53% (Dinkci et al.,
2012), and the highest — 39.5% is in the
research of Kunduhoglu et al., (2012).The
shifts from the average value are several
cheese samples. The cited from Zitoin et
al., (2012) bouhezza cheese had a fat
content of 14.50%, and this particular fat
content was even lower than the fat of the
examined by Celik and Tarakci (2017) the
low-fat tulum cheese with a fat content
16.25%. On the contrary, in the examined
by Kunduhoglu et al., (2012) tulum
cheese sample fat content reaches
44.3%. Protein contents of the tulum
cheese vary in a comparatively narrow
range and the experimentally estimated
minimal value was 16.8% (Zitoin et al.,
2012) and the maximum value was 26%
(Kunduhoglu et al., 2012). With regard of
the salt content the minimum content is
2.46% (Celik and Tarakci, 2017), and the
maximum - 6.31% (Akpinar et al., 2017).
According to the measured active acidity
of the cheese the lowest estimated value
is pH=3.69 (Kirdar et al., 2017), and the
highest pH is 5.48 (Hayaloglu et al,
2007).



Tabnuua 1. OCHOBHU OU3NKOXMMUYHW NOKa3aTesin Ha TY/TyYMCKOTO CUpPEeHe
Table 1. Main physicochemical characteristics of tulum cheese

MNoka3artenu Ha cupeHeTo/ Physicochemical characteristics of cheese

Cyxo MacneHocT Cons KucenuHHoc 06y
BeLLEecTBO| B CyXOTO CyXoTo %
Bwug cupexe % Macnexocr, BelLLecTBO Con BeLLEeCcTBO Eem?"( 0 M1euHa asot N3TOUHMK

Ne L % . Salt, .’ .| Protein, kucenvHa | Total pH

Cheese varieties Total Fat % Fatin % Balt in solids % Acidity. % Initrogen References
Solids, ! solids dry dry matter, lactic )e/{cid o/g ’
% matter, % %
| 1l 11l v \ Vi VIl Vil 1X
Tynymcko cupeHe
(kpaBe MNsAKo) Gor et al.,

1 Tulum cheese 56.077 26.87 3.276 24.77 1991
(cow‘s milk)

ITYNyMCKO cupeHe

P (npo6a T1) 62.83 60.49 19.78 0.72 5.48 |Hayaloglu
Tulum cheese ’ +0.50 +0.50 +0.01 +0.03 et al., 2007
(sample 1)

ITYNyMCKO cupeHe

3 (npob6a T2) 68.4 59.21 21.31 0.59 5.32 |Hayaloglu
Tulum cheese ’ +0.06 +0.14 +0.07 +0.01 et al., 2007
(sample 2)

4 [Tynymcko cupene | ge o) 36.3 54.30 | 4.29 24.92 1.25 5.35 |[fudoretal,
[Tulum cheese 2008
Tynymcko cupeHe -
cimi tulum, (ko3e Karagozlu

5 |mnsKo) 57.73 30.01 3.51 22.27 1.75 2.92 et al. 2009
Tulum cheese - cimi N
tulum (goat‘s milk)

Tynymcko cupeHe
(npo6a C) Cakmakeci

6 Tulum cheese 54.00 28.50 3.57 1.22 482 etal., 2011

(sapmle C)
Tynymcko cupeHe
(npo6a D) Cakmakeci

7 Tulum cheese 50.72 28.75 4.49 1.35 4.88 etal., 2011

(sample D)
TYNYMCKO CUpeHe -
divle tulum, (ko3e Morul at

8 M/ISIKO) 56.27 23.46 3.99 25.90 1.074 5.42 Isleyici
Tulum cheese - +7.59 +4.48 +0.75 +3.40 +0.425 +0.61 5012 ’
divle tulum (goat‘s
milk)

TYNTYMCKO CUpeHe -

9 kargi tulum 20.53 31.37 3.69 21.37 0.62 3.35 Dinkci et
Tulum cheese - +1.93 +1.43 +0.56 +0.43 +0.13 +0.07 al., 2012
kargi tulum
Tynymcko cupeHe -
bouhezza (kpaBe

10 M/1SIKO) 35.98 14.50 2.98 16.8 1.82 4.19 |[Zitoun et
Tulum cheese - +2.16 +1.64 +0.24 ! +0.03 +0.23 fal.,, 2012
bouhezza (cow‘s
milk)

1 Tynymcko cvpeHe 69.13 37.12 2.68 25.60 1.56 5.20 [Kalitetal.,
[Tulum cheese +6.46 +6.01 +1.11 +2.70 +0.33 +0.14 2012
TYNYMCKO CUpeHe -
kargi tulum (npo6a

12 NQG% o 71 39.5 55.6 3.1 26.0 2.9 SH 41 | 520 [Kunduhoglu

. etal., 2012
Tulum cheese - kargi
tulum (sample Ne6)
Tynymcko cupeHe -
kargi tulum (npo6a
Ne7) Kunduhoglu|

13 Tulum cheese - 75 443 59.1 3.6 25.1 2.8SH 3.9 5.25 etal, 2012
kargi tulum (sample
Ne7)

ITYNyMCKO cupeHe Arslaner

14 [(0B4€ MAsiko) 59.20 | 31.06 5247 |395| 667 1.005 5.153 [and Bakirci,
Tulum cheese 5016

(ewe‘s milk)




15[TynymeKo cupere | 61.96 | 3325 383 | 6.20 23.16 1.62 5.09 girfr‘r']‘j'sa”d
Tulum cheese +1.31 +0.63 +0.13 +0.32 +2.15 +0.07 +0.03 5016 '
TYNYMCKO CUpeHe -

Izmir tulum (kpase
M/ISIKO) /Akpinar et

16 Tulum cheese - 56.528 43.21 6.31 24.48 0.989 3.84 4.36 al., 2017
Izmir tulum (cow‘s
milk)

ITynymcko cupeHe -
Izmir tulum (kpase,
KO3€e 1 0BYe MJISIKO) Akpinar et

17 [Tulum cheese - 60.157 46.24 5.97 24.65 1.069 3.86 4.40 P

. . al., 2017
Izmir tulum (cow's,
goat‘s and ewe'‘s
milk)
CuipeHe Akcakatik
(kpaBe, ko3e u

18 cmec) 79.71 21.00 32.18 6.16 4.27 2.40 3.69 [Kirdar et
/Akcakatik cheese +4.92 +3.96 +4.42 |+1.63 +1.14 +0.5 +0.26 [al., 2017
(cow'‘s, goat‘s milk
and mixture)

Tynymcko cupeHe —
HUCKO MacneHo Celik and

19 (kpaBe MskKo) 58.38 16.25 246 18.83 Tarakci
Tulum cheese — +0.74 +0.35 ' +0.32 '

2017
low-fat
(cow'’s milk)

21 ITYNyMCKO cupeHe 54.94 27.35 49.15 3.29 7.19 20.76 1.80 3.25 5.10 |Erdem and
[Tulum cheese +5.13 +6.85 +10.53 |+0.60 +2.83 +1.934 +0.38 +0.299 | £0.40 |Patir, 2017
TYNYMCKO CUpeHe -

Erzincan Tulum Cakir and

21 cheese 62.13 57.94 3.11 5.01 21.14 1.05 4.69 Cakmakei
Tulum cheese — +0.03 +0.03 [£0.10 +0.16 +0.01 +0.09 +0.01 5018 '
Erzincan tulum
cheese

TexHOo10rnsa Ha Npon3BoACTBO Cheese making technology
Mpon3BOACTBOTO Ha cupeHe e The cheese technology is a

C/IOXEH, MHOroeTaneH npouec, C KONTO
Ce Luenun npeBpbLaHETO Ha MISKOTO U
cBeXara CupeHuHa B creuuduyeH mno
CBOWTE CTPYKTYPHO-MEXAHWUYHN 1N OpraHo-
NEeNTUYHN XapakTepUCTUKM KpaeH Mnpo-
aykt (Kindtedt, 2014). Mpn npousBoa-
CTBOTO Ha MOJSIYTBbPAUTE U TBLPAMN CUpe-
Ha OCBEH TEXHO/OrNYHNUTE eTanu CBbp3a-
HW C nonyvyaBaHeTo Ha koarynym (nog-
CMpKa) Y YacTUYHOTO My 06e3BOAHSABaHEe
n chopmyBaHe 3a4b/DKUTENTHO NPUCHCTBA
N onpefeneH nepuvos Ha 3peeHe Ha
nosyyeHarta cupeHuHa. PasHoobpasneTto
oT Hag 1000 Buaa cupeHa, NPUroTBAHU
no TpaguLMOHEH HauuH, ce [Ab/DKU Ha
pa3Hoobpa3neTo Mo OTHOWEHWe Ha:
npunaraHata TemnepaTtypa u Bpeme Ha
3a-ApbXKka Npyv  NoArpsiBaHeTo  Unu
nactbopusauuaTa Ha MASKOTO, Buaa U
pexvMa Ha MnoAcuvpBaHe, Kakto MU
Hapsa3BaHe, a CblLo Taka camonpecysaHe
N npecyBaHe Ha cupeHuHata (Blazic et

sophisticated multileveled process, which
aims at transforming milk and curd into a
specific final product, with its own
structure-texture and sensory
characteristics (Kindtedt, 2014).

Production of semi-hard and hard cheese
varieties includes production steps as
milk coagulation, partial drainage of the
curd and molding as well as an
appropriate ripening period.

The variety of more than 1 000 artisan
cheeses is due to variety of the heating
temperature or the regime of milk
pasteurization, the different types and
combinations of milk rennet coagulation,
cutting, self-pressing or pressing with
additional weights (Blazic et al., 2017).

Raw milk is a primary source for artisan




al., 2017). Kato cypoBuHa 3a TpaguunoH-
HOTO TY/lYMCKO CUpPEHe ce Wu3Mnos3sa
CYpOBO MJISIKO, NMPegUMHO OBYe U KO3e
3apagy Buaa Ha OTrexgaHuTe MJeko-
OaiHN XMBOTHW B CEJICKUTE paliioHn Wu
0CO6eHO B paiioHM C HebnaronpusaTHU
reorpapckm M KIMMaTMYHU  YCNOBUSA
(Boyazoglu and Morand-Fehr, 2001,
Alichanidis and Polychroniadou, 2008).
CneumdunyHUAT CbCTaB U XapakTepHu
CBOICTBA Ha OBYETO M KO3ETO MJISKO,
KOUTO ca 06eKT Ha peauua uscneaBaHns
(Jandal 1996, Park et al., 2007; Raynal-
Ljutovac et al., 2008) 6e3 CbMHeEHMe
okasBaT B/IMSHWE BBbPXY KAYeCcTBOTO Ha
nosy4yaBaHOTO CUpeHe ¥ ca peluasallm
3a cneunguyHus My BKYyC W apomart
(Albenzio and Santillo, 2011).

B HauyanHuTe eTanu OT Npou3BOA-
CTBEHVS MpoLec Ha TY/TYMCKOTO CUpEeHe
Kirdar et al. (2015) ot6ensassar, ue
cypoBoTo Msko (15-20kg), koeto ce
13n0n3Ba Npu nosiydaBaHeTo Ha CUpeHe
Kargi tulum ce dwmntpupa 3a pga ce
OTCTPAHAT MEXaHUYHWUTE 3amMbpCsABaHUS,
a Oksuztepe et al. (2005) otbensssart, ue
M3xogHaTa CypoBMHa He Tpsi6bea [Ja
CbAbPXA YYXKAN XMMUYHW BeLLlecTBa WUu
WHXMBUTOPHM  cybcTaHumn. CypoBOTO
MASKO ce MnoArpssa A0 Temneparyparta
Ha noAcupBaHe, KOATO Bapupa B
CpaBHWUTENHO TecHu rpaHvum - 31°C
(Yilmaz et al., 2005, Colak et al., 2007)
nnu manko no-sucoka - 35°C (Cakir and
Cakmakci, 2018). MNpu n3non3saHeTo Ha
KpaBe M/ISKO TemnepaTypara Ha noacup-
BaHe, KOSATO nocoysar Gurses n Erdogan
(2006) e popwu oule no-Hucka - 30°C.
Cpepf nutepaTypHuUTe AaHHW Ce OTKpmBar
MW BapuaHTK, NpuM KOUTO Cce W3MNos3sa
KpaBe MNSAKO U nactbopu3auna npu 65°C
3a 30 min (Gurses and Erdogan, 2006). B
nscnenBaHeto Ha Celik n Tarakci (2017),
npu MpPoOV3BOACTBOTO HA HUCKOMAC/EHO
TY/lyMCKO CHMpeHe OT KpaBe M/SKO Temne-
paTypata Ha nposejeHaTa nactbopu3a-
umaTa e gopu owe no-sucoka - 85°C 3a
10 min. 3a nogcupBaHeTO Ha MNAKOTO
n3cnefoeaTenMTe nocoysat pasHoobpas-
Ha Mo NPoM3XoA U cuna cupvliHa mMas. B

tulum cheese production, predominantly
sheep‘s or goat‘'s milk because these
small ruminants are preferably bred in the
rural area and especially in the area with
unfavorable geographical and climatic
conditions (Boyazoglu and Morand-Fehr,
2001; Alichanidis and Polychroniadou,
2008).

The specific content of components and
distinctive properties of sheep‘s and
goat‘s milk are objects of many scientific
researches (Jandal 1996, Park et al.,
2007; Raynal-Ljutovac et al., 2008) and
undoubtedly have an influence on the
quality of produced cheese and also are
decisively important for its taste and
flavor (Albenzio and Santillo, 2011).

In the early stages of tulum cheese
production Kirdar et al., (2015) stated that
the raw milk (15-20kg), used for
production of Kargi tulum was filtered in
order to remove the solid contamination
of milk, and Oksuztepe et al., (2005)
noted that the source milk must be free
from any foreign chemicals or inhibitory
substances.

The raw milk is heated to the proper
temperature for addition of rennet which
vary in a narrow range - 31°C (Yilmaz et
al., 2005, Colak et al., 2007) or a higher
with several degrees - 35°C (Cakir and
Cakmakci, 2018). The milk heating
temperature for cow‘s milk used by
Gurses and Erdogan (2006) was even
lower - 30°C.

Among the research data can be found
some variants which use the cow‘s milk
and pasteurization of 65°C for a 30 min
(Gurses and Erdogan, 2006), and in the
study of Celik and Tarakci (2017), during
the production process of a low-fat tulum
cheese the pasteurization temperature is
even higher - 85°C for 10 min.

The researchers use rennet of different
kinds and strength. In the technology
process sited by Cakir and Cakmakci,



uuTnpaHata ot Cakir n Cakmakci (2018)
TEXHOMOMMA € U3Nnon3BaHa [AOoMallHO
npuroTBeHa Tesewka cupuwHa Mas,
[0KaTo ocTaHa/IMTe M3TOYHMLM nocoysaT
npomyvL/IeHa Mas C pasnnyHa cuna -
CMpULLIHA Mas C Tefewwkn Mpousxos W
cvna 1:16 000 (Celik and Tarakci, 2017),
Mas cbc cuna 1:15 000 (Gurses and
Erdogan, 2006), mas ¢ MwukpobuasneH
nponsxon (Mucor miehei) u cuna
1:150 000 (Serhan et al., 2009), mas cbc
cuna 1:6000 (Yilmaz et al.,, 2005), mas
cbC cuna 1:8000 (Kirdar et al., 2015).
CbrnacHo TpaguLMOHHUAT MeTof cTap-
TepHa Kyntypa v Kasumes ABYX/1I0pU He
ce pob6aBsaT, HO Ca M3MNON3BaHM B
nscnegBaHeTo Ha Celik n Tarakci (2017),
a Yilmaz et al, (2005) po6aBAT u
nvnaseH eH3uM. NoBeyeTo n3cnegosarte-
N ca eAUHOAYLWHK, Ye 3a YN/IbTHABaHe-
TO Ha koarysnyma ca Heobxogumu ot 60
00 90 min ¢ nskno4veHne Ha Yilmaz et al.
(2005), kouTo 3anouBat obpaboTkaTa Ha
Koarynyma cnep 30-tata MuHyTa OT
MOCTaBAHETO Ha  cupuliHata  mas.
MonyyeHaTa cupeHWHa ce Haps3Ba Wn
HagpobsiBa Ha napuyeHua C pasmep OT
1x1x1lcm (Yilmaz et al., 2005, Cakir and
Cakmakci, 2018), 2x2x2cm (Gurses and
Erdogan, 2006), 3-4cm® (Celik and
Tarakci, 2017) wnn 5x5cm (Oksuztepe et
al., 2005). [OonbsHuUTeNHA TepMuyHa
o6paboTka (go 50°C 3a 12-15 min) Ha
nony4yeHNTe cUpeHHM KybueTa, C KOeTo
ce Lenn no-coliectseHo obe3BoaHsBaHe
Ha c/vpeHMHaTa e NocoYeHO eAVHCTBEHO
B TexHonorusta uutnpaHa ot Colak et al.
(2007). BbB BCUYKM pasrnefaHn TEXHO-
NIoTNK cUpeHHuTe KybyeTta ce npecysat
upes3 npuaaraHeTo Ha TEXeCTU C pas/InyHoO
TErN0 ¥ C pasfiMyHa NPOABL/DKATENIHOCT —
60 kg 3a 12 yaca (Gurses and Erdogan,
2006), npecyBaHe C NPOAB/IHKUTENHOCT
3.5-4 yaca (Karagozlu et al., 2009), 2-kg
TexecT Ha Bcekn 10 kg cupeHvHa 3a 2
yaca (Celik and Tarakci, 2017). B Hsikon
c/yyan CMpeHuHaTa ce noctass B njaT-
HeHn Topby 1 ce npecysa noj cobcTee-
HaTa cu TexecT npu Temneparypa 20°C
3a nepuwopg ot 24 yvaca (Cakir and

(2018) the home made calf rennet is
used, but the other researches indicated
the use of rennet with different strength -
calf rennet with strength 1:16 000 (Celik
and Tarakci, 2017), rennet with strength
1:15 000 (Gurses and Erdogan, 2006),
rennet microbial powder (Mucor miehei)
and strength 1:150 000 (Serhan et al.,
2009), rennet with strength 1:6000
(Yilmaz et al., 2005), rennet with strength
1:8000 (Kirdar et al., 2015).

According to the artisan technology
starter culture and calcium chloride are
not used, but they are included in the
experiment of Celik and Tarakci (2017),
and Yilmaz et al.,, (2005) additionally
applied a microbial lipase. Most of the
scientists share the common opinion that
obtaining the firm curd takes from 60 to
90 min except Yilmaz et al., (2005), who
started curd cutting on 30" minutes after
addition of rennet.

The curd is cut or manually broke up to
pieces with a size of 1x1xlcm (Yilmaz et
al., 2005, Cakir and Cakmakci, 2018),
2x2x2cm (Gurses and Erdogan, 2006), 3-
4cm?® (Celik and Tarakci, 2017) or 5x5cm
(Oksuztepe et al.,, 2005). Additional
heating (up to 50°C for 12-15 min) of the
cheese curd pieces, in order to expel
more whey from curd is mentioned only in
the technological scheme sited from
Colak et al., (2007).

As a rule, in all reviewed in this paper
technologies, the drainage of cheese
curd is done by pressing with different
weights and with different time duration —
as a example 60 kg for 12 hours (Gurses
and Erdogan, 2006), a press operation
with duration 3.5-4 hours (Karagozlu et
al.,, 2009), 2-kg weights on every 10 kg
curd for 2 hours (Celik and Tarakci,
2017). In some cases the press operation
is performed by the weight of filled with
curd cotton bags at the temperature of
20°C for a period of 24 h (Cakir and



Cakmakci, 2018). Cnep nbpBOHa4YasHO-
TO NpecyBaHe cUpeHuHaTa ce Hagpobssa
Ha napyeHLa c pasmep Ha rpaxoBo 3bPHO
n ce oconaea Ao 2% (Oksuztepe et al.,
2005), po 2.5% (Celik and Tarakci, 2017),
no 3% (Cakir and Cakmakci, 2018), go
3.5% (Gurses and Erdogan, 2006).
JonbaHnWTeNHo npecyBaHe Ha ocofieHaTa
CMpeHMHa  crnomeHaBaT  Gurses ¥
Erdogan, 2006 — c Texectn oT 30kg u
nepuog oT 3-4 4yaca, oTuexjaHe 3a ABa
[OHW ce oTKpuBa B TexHonorusaTta Ha Celik
n Tarakci (2017), 3a nepuog ot 24 vaca
npu ctaliHa Temnepatypa u npunaraHeTo
Ha TeXxecTu ce oTuexga cupeHnHaTa B
TexHonormata Ha Oksuztepe et al.
(2005). Yilmaz et al. (2005) cnomeHaBaT
npecyBaHe ¢ Texectn oT 25 kg/m® 3a 16
h. AHanornyHo npecysaHe, HO nog cob6-
CTBEHATa TEXECT Ha HaMb/IHEHU NaTHe-
HWM TOpP6W, YNETO TEF10 MOXEe Aa [JOCTUr-
He 50 kg ce oTkpuBa B TexHoMorMaTa Ha
Kirdar et al. (2015). Yilmaz et al. (2005)
nocoysaT U nepuog, Ha npegepMmeHTauns
npu o6paboTBaHETO Ha CUpPEHMHaTa U
OOCTUraHeTo Ha onpefeneHn CTOMHOCTU
Ha akTMBHarta KucenuHHoct - pH 5.10,
KaTo nokasaresi 3a NpoTUYaLLMa MeYHO-
kncen npouec. pu HAKOM BapuaHTu
ocofieHaTa CUMpPEHMHa 3pee B CTbKNEHU
cvose npu Temneparypa 10+2°C 3a 3
mMeceua (Gurses and Erdogan, 2006),
npu 4+1°C 3a 120 gHun (Celik and Tarakci,
2017) vam npm 4+1°C 3a 90 gHM B
naacTMacoByM KyTum cbriacHo Cakir u
Cakmakci (2018). HanbnHeHaTa B
XMBOTMHCKA KOXa CUpPEeHUMHa MOoXe [Ja
3pee npu 2-4°C (Karagozlu et al., 2009),
npu 6+1°C (Kirdar et al.,, 2015) wam
Masiko no-sucoka 7-8°C 3a 90 gHu (Colak
et al., 2007, Yilmaz et al., 2005), HO CbLLO
Taka 1 npu Temneparypa ot 10-12°C
(Serhan et al., 2009). CbrnacHo Serhan
et al. (2009) npwn npou3BOACTBOTO Ha
cupeHe darfiyeh Tynyma ce nbaHuM
pPbYHO OChOpPMEHM KbCOBE C pasmep OT
12x9x9cm, a oTheneHarta Mno BpemMe Ha
o6paboTKaTa Ha CUMpeHuHaTa cypoBaTka
ce cbbupa, 3arpsiBa, a ype3 gobaBsAHETO
Ha CypOBO KO3e MJISIKO ce nocTura Koary-

Cakmakci, 2018). After the initial press
operation the curd is further cut to pieces
with size of pea and salted to 2%
(Oksuztepe et al., 2005), to 2.5% (Celik
and Tarakci, 2017), to 3% (Cakir and
Cakmakci, 2018), to 3.5% (Gurses and
Erdogan, 2006). Additional press
operation was applied in the work of
Gurses and Erdogan, (2006) — as a
weight of 30kg for a period of 3-4 hours,
the drainage of salted curd can be found
in the technology of Celik Tarakci (2017),
for a period of 24 hours at room
temperature and applying the weights on
the cheese curd is seen also in the
technology of Oksuztepe et al., (2005).
Yilmaz et al., (2005) defined the pressing
with weights of 25 kg/m? for 16 h. A very
similar press operation but using the
weight of full cotton bags which can reach
50 kg can be found in the work of Kirdar

et al, (2015). Yilmaz et al, (2005)
mentioned  also  the period  of
prefermentation during the curd

processing and a decrease in the active
acidity to the particular value - pH 5.10,
as a result of ongoing lactic acid
fermentation. In some  particular
technologies the salted curd ripens in
glass packaging at the temperature of
10+2°C for 3 months (Gurses and
Erdogan, 2006) or at 4+1°C for 120 days
(Celik and Tarakci, 2017), it can ripen
also at 4+1°C for 90 days in plastic
containers according to Cakir and
Cakmakci (2018). Filled in a skin bag
curd can ripen at 2-4°C (Karagozlu et al.,
2009), at 6+1°C (Kirdar et al., 2015) or
even higher 7-8°C for 90 days (Colak et
al., 2007, Yilmaz et al., 2005), but also at
temperature of 10-12°C (Serhan et al.,
2009). According to Serhan et al., (2009)
during the production process of the
darfiyeh cheese the skin bag was filled
with a hand shaped cheese pieces with
an average size of 12x9x9cm, and the
expelled whey was collected, subjected
to heating and by addition of some
quantity of raw ewe‘s milk the whey
proteins have been coagulated. Obtained
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nauusa Ha cypoBaTbyHUTE 6enTbum. Taka
nosyyeHata u3Bapa ce CMecBa C
obpaboTeHata CUPEHWHa W Ce Mb/HK
npes oTBOpa Ha wWusTa B obpaboTeHaTa
Koxa (Ko3si koxa). Cnopep Erdogan u
Gurses (2005) B npov3BOACTBOTO Ha
TY/lyMCKOTO CUpPEHe ce u3nonsea obes-
Mac/iIeHO MJISIKO, CUpULLHA Masi U Harps-
BaHe, Npu KOETO Ce NnoslydaBa CUPEHMHA,
KOATO um3cnegoBaTennte o603HavaBar
kato civil cheese, a onpegenexHnTe ona-
KOBKM (XMBOTMHCKa KOXa WU naacTmaco-
BM TOpPOM) Ce MNbJHAT CbC CUPEHMHATa
pasMeceHa C nmosiydyeHaTa OT cypoBatka-
Ta ussapa (lor). CterHaro 3awmrara Koxa
npegoTBpaTsiBa AOCTbNbT Ha Bb3AyX W
npuM [AOMallHM YC/IOBUSI MOXe Jda ce
CbXpaHsiBa U B MOMELLLEHMNS C ECTECTBEHO
oxnaxpgaHe. Guven wu Konar (1994)
nscnepaBart BapuaHTUTe, KOrato KosuHara
Ha o6paboTeHaTa KkOxa € ob6bpHaTa
HaBbH WM 06PaTHO — € Haco4vyeHa KbM
cupeHuHata. [pu  BTOpMA  BapuaHT
yCTaHoBsiBaT, Ye 6pos Ha konmdopmuTte,
apoxauTe W nneceHoBute rIbou e
3HaAYMTE/NIHO MO-BUCOK Mopagy KOeTo
cunTaT, Ye Ty/lyMbT C KOCMEHA MOKpMBKa
ob6bpHaTa KbM CVpeHVHaTa e
Henoaxopsdlw, 3a M3nos3BaHe npu nosy-
YaBaHETO Ha cupeHeTo. MNpu yuTnpaHarta
oT Zitoin et al. (2011) TexHonorms 3a
noslyyaBaHeTo Ha cupeHe bouhezza
KOCMeHaTa MNOKpMB-ka Ha obpaboTeHaTta
Koxa e obbpHaTa KbM cupeHuHata. B
TexHonormata Ha Cakir n Cakmakci
(2018) npean NocTaBAHETO Ha CMPEHUHA-
Ta B OMakoOBKMWTE KbM Hesi ce gobaBs u
KMMMOH.

CbBCEM pas3/IMYHO € MHEHUETO Ha
Litopoulou-Tzanetaki " Tzanetakis
(2011), kouTO cumMTar 4ye TeEXHoornsaTa
Ha nonyyaBaHe Ha touloumissio cheese
(touloumotyri), KoeTo e  rpbLKOTO
HavMeHoBaHMe Ha TyNyMCKOTO CcuUpeHe
(touloumia) e cblarta kaTo nNpu cupeHe
deTa, mMakap 4e ce [onyckaT HSKOM
mogudmkaumm. ABTOpWUTE CMNOMEHAaBarT,
ye CMpEHETOo ce MpousBexga OT CypoBO
OBYE W/ KO3€ MJISIKO UK OT TSIXHa CMeEC,
HO cuMTaT uYe c/ied Oco/isiBaHe W

by this manner, whey cheese was mixed
with the cheese curd and was introduced
inside the ewe‘s skin bag through the
neck.

According to Erdogan and Gurses (2005)
the tulum cheese technology includes the
usage of raw skim milk, rennet and by
heating the curd is obtained so called civil
cheese and the previously prepared
packages (which can be animal skin bags
or plastic bags) are filled with the mixture
of the processed curd and the whey
cheese (lor).

Tightly sewed animal skin prevents air
entering inside the bag and in a
homemade technology skin bag can be
stored in rooms with natural cooling.
Guven and Konar (1994) have studied the
samples in which the hairy surface of
prepared skin was directed inwards or
outwards of the inside space of animal
skin and the cheese curd. Because of a
higher number of coliform bacteria yeast
and mould in the samples with the hairy
surface inside, in comparison to the
others samples, authors have drawn the
conclusion that the goat‘s skin bag with
the hairy surface inside is not suitable for
tulum cheese packaging. The technology
sited by Zitoin et al., (2011) for bouhezza
cheese the hairy surface of the skin was
inwards. According to the technology of
Cakir and Cakmakci (2018) before the
filling the packages the curd was mixed
with a black cumin.

Comparatively different is opinion
of Litopoulou-Tzanetaki and Tzanetakis
(2011), who concluded that the
technology of a touloumissio cheese
(touloumotyri), which is a Greek
designation of tulum cheese (touloumia),
is pretty much the same as the
technology of Feta cheese, despite
existence of some modification in the
technology process. The researchers
mentioned that the cheese is produced
from raw sheep‘s or goat‘s milk or from
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y3psiBaHETO My CMPEHETO Ce Haps3Ba Ha
MasikKM napyeHua v ce NbJIHW B MPUroT-
BeHaTa XUBOTUHCKA koXxa. 3cneposaTte-
nute oTbensasBar CbLWO Taka BUCOKO
CbObpXaHWe Ha CO/l B CUPEHETO U
N3NoN3BaHeTo Ha  canamypa  3a
OCOMSIBAHETO MY KaTO CbAbPKAHNETO Ha
con B caslamypara goctura 5.56—7.35%.
M3KNIOUNTE/THO NHTEPECEH € Hauu-
HbT Ha MPOM3BOACTBO Ha CUPEHE
bouhezza nocoueH B ny6nukaumsita Ha
Zitoin et al. (2011) n Medjoudj et al.,
(2017). CypoBuHa 3a Npou3BeaeHOTO Mo
opvrMHasiHaTa TEexXHO/IoTnsA CupeHe ca
CYpOBO KO3e, OBYe, KpaBe MJ/IAKO Wau
cMec. CrnoHTaHHaTa koarynauus, oTLex-
JaHe 1 3peeHe Ha CMpPeHeTo npoTuyar B
obpaboTeHaTta XMBOTMHCKa Koxa (C
BMeCTUMOCT 0T okosio 10 go 15 nutpa).
3a npon3BOACTBOTO Ha CUPEHETO ce
nsnonsea T.Hap. lben, kolito npeacTas-
nsiBa  MJIEYHOKUCEN MPOAYKT, MOJyYeH
ype3 cnoHTaHHa (pepMeHTauus Ha MJis-
KOTO npu Temnepatypa 20-25°C 3a 24 o
48 vaca, 6e3 g0ob6aBAHETO Ha CTapTepHa
kyntypa. [lMpean pa ce uv3nonssa 3a
NMPUroTBAHETO Ha cupeHeTo bouhezza
hepMeHTUPasioTo MJ/ISKO 4YacTUYHO ce
oTcMeTaHsiBa. ObpaboTeHata XWBOTUH-
Cka Koxa chekoua, npepgsapuTesniHO ce
nbaHM ¢ 2-3 nutpa lben, koitTo cnomara
3a nogrotoBkata Ha koxaTta M oTcTpa-
HSIBAHETO Ha HENpUATHUTE MUPU3MU OT
Hes. Mpou3BoACTBEHUS NpoLEC 3arnoysBa
C Mb/IHEHE Ha KoxaTta ¢ nopuus lben un
[ob6aBsAHETO Ha CON B KOMYECTBO
0.25g/L, KoeTo B pamMkuTe Ha 3-4 AOHu
ocurypsiea MbpBOHAYAIHUTE  BUOXUMUYHM
n3meHeHus. [lobassiHeTo Ha nopuun lben
M con ce MnoBTaps Npe3 WHTeEpBa/M OT
0KO0J/10 4 AHW 0O Hanb/IBAHETO Ha KoXara,
KOEeTO OTHemMa O0Ko/i0 7 ceamuuum. Ycno-
pefHO C M3MEHeHusATa Ha CcupeHuHaTta
NpoTUYa N HEMNHOTO 3pEeeHe U KbM Kpas
Ha 3peeHeTOo Ha cupeHeTo (okono 10-
Tata cegMuLa) KbM CMecTa, OTHOBO Ha
MankM nopuum B NPOABL/DKEHME HA
HSIKOJIKO AHU ce fo6aBsA MbSIHOMAC/EHO
CypoBO M/sKO (0Kosno 2 Ao 3L 3a Bcsaka
chekoua). C Hero ce noctura Heobxoan-

the mixture of these milks, but consider
that after salting and ripening the matured
cheese is cut into small pieces and filled
in the prepared animal skin bag. The
researchers noted the high salt content of
cheese and also the use of brine which in
turn can reach the salt content of 5.56—
7.35%.

Very interesting is the manner of
bouhezza cheese production explained in
the publication Zitoin et al., (2011) and
also in the work of Medjoudj et al.,
(2017). The original technology of cheese
is based on the use of raw goat‘s, ewe’s,
cow‘'s milk or from a mixture of these.
The technological steps involved a
spontaneous fermentation, drainage and
ripening of the cheese inside the
prepared skin bag (which has an inside
volume of about 10 to 15L). The cheese
is produced by using so called Iben,
which is fermented milk obtained by a
spontaneous fermentation of raw milk at
the temperature of 20-25°C for a period
of 24 to 48h without addition of starter
culture. The fermented milk is partially
skimmed before use in the bouhezza
cheese technology. The prepared animal
skin chekoua, firstly is filled with 2-3L
Iben, which helps for the proper treatment
of skin and removes undesirable smell.

The technology process starts with filling
the animal skin with a small portion of
fermented Iben and salt in quantity of
0.25g/L, this provides the initial
biochemical changes of milk for 3-4 days.

The successive addition of portions
salted Iben is repeated every 4 days until
the skin bag is completely filled, the
whole process continues almost 7 weeks.
The changes of cheese curd have
happened simultaneously with its ripening
and at the end of the ripening period
(around 10" week), in the same manner,
raw full fat milk is added into the cheese
mixture (the quantity of a raw milk is 2 to
3L for each chekoua).
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MaTa Mac/ieHOCT Ha CUpeHeTo, a JobaBse-
HOTO KOJIMYECTBO KOpUrMpa CbAbpXaHNeTo
Ha COM WM KWCENWHHOCTTa Ha roToBuUs Mpo-
AykT. ObpaboTkaTta Ha CMpEHeTO Moxe Aa
3aBbpLUN C JO6ABSAHETO Ha NOTUB YepBeH
nunep.

MwuKpodhsiopa Ha CUPEHETO

MoBuWaBaHeTO Ha KUCE/IMHHOCTTa
N MbpBOHAYaNHaTa YacTuyHa npoTeosu-
3a Ha MNSKOTO ca K/IH4YOBWU npouecu B
HavaslHMTe eTanu OT NPOM3BOACTBOTO Ha
cupeHe. KucenmHoobpasyBaHeTO e Bax-
HO 3a y/iecHaBaHe Ha koarynauusaTa un 3a
noTuUckaHe pa3BUTMETO Ha natoreHun (Fox,
1989; McSweeney, 2004; Fernandes ed.,
2009). MMpu npom3BOACTBOTO Ha Tpaawu-
UMOHHM cupeHa, 6e3 fobaBsHe Ha cTap-
TepHa KynTypa, OCHOBHUS (DakKTop 3a Kuce-
NMHoob6pasyBaHeTo, a cnej ToBa M 3a
npoTuyalwuTe MNpPoLEeCUM Ha MpoTeosmsa u
Mnonusata e ecTecTBEeHO NpuchCcTBallaTa
B CYpPOBOTO M/ISIKO MMKpodhsiopa Y MUKPO-
opraHu3MuTe, KOMTO nonajaT B CUPEHU-
HaTa MO BpemMe Ha 06paboTBaHeTO i
(Montel et al., 2014; Gobbetii et al., 2015).
CneumduyHuTe PU3NKOXUMUYHU N OpraHo-
NenTUYHK CBOICTBA Ha FOTOBOTO CUPEHE ca
HernocpeacTBeH pesynTar OT  TunoBeTe
06paboTka Ha CUpeHMHaTa M aKTUBHOCTTa
Ha Mukpodpnopata my (Poznanski et al.,
2004; Widyastuti et al., 2014).

B npousBegeHOTO No Tpaguumo-
HEH HauyuH TYNYMCKO CUMpeHe ce OTKpuBa
pasHoobpasue oT MJ/IeYHOKMCEeNN
baktepun oT poposeTe Lactobacillus,
Enterococcus, Lactococcus, Leuconostoc
n Pediococcus. Kunduhoglu et al. (2012)
uscnegsar mMukpodpaiopata Ha TynyMCKO
cupeHe (kargi tulum), npoussegeHo oOT
CYpOBO MJISIKO U NPEeMUHANo nepuof Ha
3peeHe B XUBOTMHCKA Koxa. Upes reHoTun-
HO XxapakTepu3upaHe Wu3cnefoBaTesMTe
ycTaHoBABar Hasmune Ha Lactobacillus
paracasei (43.3%), Lactobacillus
plantarum (23.7%), Streptococcus
thermophilus (6.2%), Enterococcus
durans (6.2%), Lactobacillus brevis
(5.2%), Enterococcus faecium (5.2%),
Lactobacillus  fermentum  (4.1%) wu
Lactobacillus pentosus (1%). B JlmBaH-
CKOTO cupeHe darfiyeh, ¢ nsnonssaHeTo

The applied raw milk adjusts the fat
content of cheese, salt contents and
acidity of the final product. Addition of red
hot pepper into cheese is optional.

Cheese microflora

Acidity increase and primary partial
proteolysis are key processes in the early
stages of cheese making technology. The
acid production is important because

promotes milk coagulation and
suppresses the growth of pathogens
(Fox, 1989; McSweeney, 2004;

Fernandes ed., 2009). In the technology
process of artisan cheeses, without
starter culture, the naturally present in
raw milk microflora and the
microorganisms which enter the curd
during its processing are the main cause
for acid production, and consequently for
the proteolysis and lipolysis in the cheese
(Montel et al., 2014; Gobbetii et al.,
2015). That's way the specific
physicochemical and sensory
characteristics of the cheese are direct
result of the types of cheese processing
and the activity of its microflora
(Poznanski et al., 2004; Widyastuti et al.,
2014).

In the tulum cheese made by
artisan technology is found a great
diversity of lactic acid bacteria, which
belongs to genera Lactobacillus,
Enterococcus, Lactococcus, Leuconostoc
n Pediococcus. Kunduhoglu et al., (2012)
studied the microflora of artisan tulum
cheese (kargi tulum), which was made
from raw milk and ripened in animal skin
bag. By genotyping the researchers
detected the presence of Lactobacillus
paracasei (43.3%), Lactobacillus
plantarum (23.7%), Streptococcus
thermophilus (6.2%), Enterococcus
durans (6.2%), Lactobacillus brevis
(5.2%), Enterococcus faecium (5.2%),
Lactobacillus fermentum (4.1%) and
Lactobacillus pentosus (1%).

Into Lebanon‘s tulum cheese darfiyeh, by
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Ha MOMEKyNsApHW MeTogM, 3aefHo C
HanuuveTo Ha Lactobacillus plantarum
Serhan et al. (2009) ycTtaHoBsiBaT CbLLO U
Lactobacillus curvatus. OcBeH
Streptococcus thermophilus ©n  Hskou
Apyrv npegcrtasmTeny Ha rpyna D oT pog
Streptococcus nscnegosarennTe yctaHo-
BABAT M MO-TOISIMO pa3Hoobpasue cpep,
N30/IMpaHNTE EHTEPOKOKU, KaTo OCBEH
Enterococcus faecium msonupat oule E.
durans, E. faecalis n E. malodoratus.
YcTaHOBSIBaT Ce U NaKTOKOKM OT BUAOBE-
Te Lactococcus lactis subsp. lactis n L.
lactis subsp. cremoris.

Mo-BNCOK 6poil Ha KbnboBMAHUTE
baktepuun (S. faecalis) B paHHuUTe eTanu
Ha 3peeHe Ha cupeHeTo noco4ysart Bostan
et al. (1992), kakTO 1 HAIMYMETO Ha Lia-
moBe Lactobacillus casei n Lactabacillus
plantarum. B TynymckoTO cupeHe npo-
MULLIJTEHO MPOM3BOACTBO Hapeg CbC Cro-
MeHaTuTe BWAOBE, aBTOpUTE OTKpuBaT
cbuwo S. faecium u S. lactis. CpaBHuten-
HO HWMCKO € KOJIMYEeCTBOTO Ha npeacraBu-
Tenute OT pop  Leuconostoc m
Pediococcus. Cnopeg wuscnegsatenure,
KaTo BMAOBE C BaXKHO 3HauyeHwue, Tpsbsa
ha ce oTbenexum nNpuUCbLCTBMETO Ha
apoxaun ot Buga Geotrichum candidum,
KakTo M oT ycTaHoBeHuTe oT Erdogan et
al. (2003) nnecenn ot Buaa Penicillium
requeforti.

Ekvn u3cnegosatenu wuscnegsart
MUKpodp/iopaTa Ha fABa Buga Ty/yMCKO
CVpeHEe OT KpaBe MNSAKo. EguHuAaT Bug e
nHokynupaH c¢ Penicillium requeforti u
3peeTo NpoTuya B naacTtmMmacoBa OnakoB-
Ka 3a nepuopg ot 4 meceua (Erdogan and
Gurses, 2005). BTopusiT BUA HE CbAbpXa
nJeceHn 1 3pee B CTbKIEHN CbAOBe 3a
nepuog ot 3 wmeceua (Gurses and
Erdogan, 2006). OT cupeHeTo C nneceH
nscnefosarenute wmsonupar obwo 228
M/IEYHOKMCEIN GakTepun 3a uaeHTudun-
KaumaTa Ha Kouto u3nonssat APl TecT,
a OT cupeHeTo 6e3 njeceHun usonupar
253 mniedHokucenn 6Gaktepun. lonyde-
HVUTe pe3ynTartu Nnocoysar, Ye B Kpas Ha
3peeHeT0 Ha CUpeHeTo C  nfeceH
npeobnagasawmute wamoe (53.3%)

molecular methods, along with the
presence of Lactobacillus plantarum
Serhan et al.,, (2009) detected also
Lactobacillus curvatus. Additionally to
Streptococcus thermophilus and some
others species of group D of the genus
Streptococcus, the researchers detected
also more diversity among the isolated
enterococci and besides Enterococcus
faecium they isolated also E. durans, E.
faecalis n E. malodoratus. They found
also lactococci of the  species
Lactococcus lactis subsp. lactis and L.
lactis subsp. cremoris.

The number of round shaped
bacteria (S. faecalis) in the early stages
of cheese ripening was noticed by Bostan
et al., (1992), and also the presence of
strains Lactobacillus casei and
Lactabacillus plantarum. In the dairy plant
produced the tulum cheese, along with
the aforementioned species, the authors
isolated also S. faecium and S. lactis.
Comparatively low was the quantity of
bacteria of the genera Leuconostoc and
Pediococcus. According to the

researchers, the species of a great
importance are yeast of genus
Geotrichum candidum, and also as

detected by Erdogan et al., (2003) blue
moulds Penicillium requeforti.

A team of researchers studied the
microflora of two kinds of tulum cheese
from cow‘s milk. One sample was
inoculated with Penicillium requeforti and
ripened in the plastic package for 4
months (Erdogan and Gurses, 2005). The
other sample didn‘t contain moulds and
ripened in a glass vessels for 3 months
(Gurses and Erdogan, 2006). The
researchers isolated 228 strains of lactic
acid bacteria from the mould cheese and
for its identification used API strip, and
isolated 253 strains lactic acid bacteria
from cheese without moulds. The final
results showed that at the end of the
cheese ripening in cheese with moulds
the most abundant strains (53.3%)
belongs to the genus Enterococcus ssp.,
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npuHagnexar kbM pog Enterococcus sp.,
a 26.7% ce OTHacAT KbM pog
Lactobacillus ssp. W B pgBara Tuna
CMpeHe wuscnegosatenuTe yctaHoBsiBaT
Enterobacter faecalis, koilTo e B no-
roNISMO KO/IMYECTBO B CUPEHETO C nJe-
ceH (40.0%), a B cupeHeTo 6e3 nseceH
poctura 13.6% n Hamansasa 0o 3% npes
nepuofa Ha 3peeHe. AHaorMyHa e
TeHaeHuusTa 3a L. lactis, koinTo B cBEXO-
TO cupeHe 6e3 nneceH npeacTas/siBa
4.5% oT MuKpocpaiopara U KoIM4ecTBeHO
HamansBa npe3 nepuoja Ha CbxpaHe-
Hve. MPOTUBOMNOJIOKHO € U3MEHEHWe Ha
Leuconostoc mesenteroides, kolto €
9.1% B CBEXOTO CUpPeEHe 6e3 nfeceHn u
HapacTBa npes3 uscnegsaHus nepuog Ao
14.7%. B cupeHeTo C njieceH u3cnepo-
BaTenMTe yctaHoBsBaT oule Lactobacillus
parabuhneri (13.3%) wun Lactobacillus
bifermentans (6.7%), a B cupeHeTo 6e3
N1eceHn e BUCOK Cbllo 6poss Ha L.
paracasei, HO ce oTkpuBaT oule L. brevis,
L. curvatus n L. casei. B cupeHeTo ¢
nneceH Pediococcus acetilactici goctura
6.7%, a B cupeHeTo 6e3 nneceH - 18.2%,
KaTto 06Wo n3onuMpaHn ca 44 wama oT
pog Pediococcus.

AHaOMMYHN AaHHU NO OTHOLUEHWEe
HannumeTo Ha Lactobacillus plantarum,
Lactococcus lactis, Leuconostoc
mesenteroides, Lactobacillus paracasei,
Lactobacillus  curvatus, Lactobacillus
brevis yctaHoBsiBaT Frece et al. (2016) B
M/IAKOTO, CMPEHMHATa U FOTOBOTO Ty/NyM-
CKO CUpEeHe C nomMoluta Ha GMOXMMWUYHM
aHanusun. N3cneposatenute ot6ensAssar,
ye B CUPEHETO OT Kpase MJISKO npeobna-
pasat Lactococcus lactis n Lactobacillus
paracasei, a B CMUpEHETO OT OBYE M/ISIKO U
NP 3peeHe B )KMBOTWMHCKA KOXa -
Leuconostoc mesenteroides "
Lactobacillus plantarum. W3cneposarte-
nTe un3KasBaT MNpPeAnosiIOKEHNETO, uYe
HSAKOW WamoBe cTadinnokokm (S. xylosus)
Morat ga uMmart ydactue BbB hopmupa-
HETO Ha XenaHus 1 pa3no3HaBaem BKyC
N apomart Ha CMPEHETO.

JvHamuka Ha W3MeHeHWeTo Ha
M/IEYHOKMCEIMTEe BakTepum, KOUTO yyacT-

and 26.7% belongs to the genus
Lactobacillus ssp. In the two mentioned
cheeses researchers found Enterobacter
faecalis, which was in a higher count in
the cheese with moulds (40.0%), and in
the cheese without mould has reached
13.6%, but consequently during the
ripening period decreased to 3%. Very
similar was the trend of L. lactis, which in
immature cheese without moulds reached
45% of microflora, but its quantity
decreased during the storage time. At the
contrary, Leuconostoc mesenteroides
reached 9.1% in immature cheese
without moulds but its number increased
during the examined period up to 14.7%.
In the cheese with moulds researchers
found also Lactobacillus parabuhneri
(13.3%) and Lactobacillus bifermentans
(6.7%), and in the cheese with moulds
the number of L. paracasei was also
higher, and L. brevis, L. curvatus and L.
casei were also found. In the cheese with
moulds Pediococcus acetilactici reached
6.7%, and in the cheese without moulds -
18.2%, and the total number of strains
which belongs to the genus Pediococcus
reached 44 strains.

The presence of Lactobacillus

plantarum, Lactococcus lactis,
Leuconostoc mesenteroides,
Lactobacillus paracasei, Lactobacillus
curvatus, Lactobacillus brevis was

detected by biochemical analysis from
Frece et al., (2016) in the milk, curd and
the cheese. The same researchers
marked that in the cheese made from
cow's milk Lactococcus lactis and
Lactobacillus paracasei, and in the
cheese of ewe*s milk and after ripening in
animal skin bag - the predominant were
Leuconostoc mesenteroides and
Lactobacillus plantarum. The researchers
made an assumption that some strains of
staphylococci (S. xylosus) may have a
role in formation of the desirable and
distinctive taste and flavor of cheese.

The changes in the trends of lactic
acid bacteria which participate in the
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BaT B MUKpopiopaTa Ha Ty/lyMCKO cupe-
He ce OTKpvBa B W3C/eABaHeToO Ha
Oksuztepe et al. (2005) n Cakmakci et
al., (2008). Cakmakci et al., (2008)
YCTAHOBAABAT B CBEXOTO CUpPeEHe npej-
cTaBuTENM Ha pop  Enteroccocus,
Lactobacillus, Streptococcus,
Lactococcus un Pediococcus. Cnopep,
uscnegosaresniMte npes nepvoga Ha
3peeHe npeacTaBUTENNTE Ha pPodoBeTe
Streptococcus u Lactococcus msyessar,
[okaTo cnopef gaHHuTe Ha Karagozlu et
al. (2009) npeactaBuTENIM  Ha  poA
Lactococcus ce OTKpuBaT U Mo Bpeme Ha
3peeHe Ha cupeHeTo, a 6poAaT Ha
npeacTaBMTeNnTE Ha popg Streptococcus
JOopu HapacTBa B nepuoja Ha 3peeHe
(p<0.01). OaHHnTe Ha Cakmakci et al.
(2008) nokasBar, u4e MNPOLUEHTLT Ha
Bugosete oT pog Enterococcus He ce
M3MEHS, HEe3aBUCMMO [aJin CUPEHETO
3pee B XMBOTWMHCKa KOXa WA B njacT-
MacoBa OMakoBka M e npeobnagaBaiia
MUKpo/iopa Hapes ¢ NpeacTaBuTeny Ha
poa Lactobacillus. AHanornyHn ca paHHU-
Te Ha Tuncer (2009), koiiTo nsonmpa 39
wama, OT KOWTO MOo4YTM MNoJIoBMHATA
(43.58%) ca  npepncrasutenu Ha
Enterococcus faecium, a uwamoBe Ha
Enterococcus faecalis n Enterococcus
durans ce oOTKpuBaT B  €[HaKBO
KonmyectBo - 28.21%. Cakmakci et al.
(2008) oTbensizBaT, 4e HsKOM BUAOBE
kato Lactobacillus brevis, Leuconostoc
mesenteroides  subsp.  dextranicum,
Pediococcus damnosus n Enterococcus
mundtii ce m3onupat camo OT CUpEeHe,
KOETO e 3psiaio B NJ1acTMacoBM ONakoBKM,
a wamose Ha Lactobacillus coryniformis n
Lactobacillus malafermentans ce wu3onu-
paTt camo 3ps/io B K038 KOXa cupeHe 3a
nepuog ot 6 go 9 meceua. VIHTepecHO
3ak/l0yeHe Ha uscnegosartenute e, ye
6pos Ha N30/MpaHnTe LLiamoBe
Enterococcus faecalis e no-sucok B
CVPEHETO, KOETO 3pee B MjlacTMacoBuUTe
OMakoBKW, OTKOJIKOTO B >KMBOTMHCKaTa
KoXa.

M3knounTesHo  obWMpHO € U
nscnegBaHeto Ha Oksuztepe et al.

microflora of tulum cheese can be viewed
from the study of Oksuztepe et al., (2005)
and Cakmakci et al., (2008). Cakmakci et
al., (2008) found in immature cheese
bacteria of genera  Enteroccocus,
Lactobacillus, Streptococcus,
Lactococcus and Pediococcus.

According to their data, during the
ripening, the cells of Streptococcus and
Lactococcus disappeared, but these data
are not supported by Karagozlu et al.,
(2009) which results revealed that the
cells of genus Lactococcus can be found
at the time of cheese ripening, and the
number of Streptococcus has even
increased during the ripening period
(p<0.01). The data of Cakmakci et al.,

(2008) showed that the number of
species belonging to the genus
Enterococcus stayed constant

independently of the type of package
which could be animal skin bag or
plastics and its quantity is as much
abundant as the quantity of species of
genus Lactobacillus. Similar was the data
of Tuncer (2009), who isolated 39 strains
and almost half of them (43.58%) were
Enterococcus faecium, and in the same
quantity - 28.21% were strains of
Enterococcus faecalis and Enterococcus
durans. Cakmakci et al., (2008) have
noticed, that some particular species as

Lactobacillus brevis, Leuconostoc
mesenteroides  subsp.  dextranicum,
Pediococcus damnosus and
Enterococcus mundtii can be isolated

only from cheese ripened in plastics, and
the strains of Lactobacillus coryniformis
and Lactobacillus malafermentans were
isolated only from cheese ripened in
goat‘s skin bag for a period of 6 to 9
months. The interesting observation of
the authors is that the numbers of strains
Enterococcus faecalis in cheese ripened
in plastics were higher than in the cheese
ripened in animal skin bag.

Oksuztepe et al.,, (2005) have
published very detailed study which
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(2005), kouTo npocneasiBaT U3MEHeHue-
TO Ha Mukpodhnopata Ha savak tulum
cheese, npov3BefeHO OT CypoOBO OBYe
M/ISKO 1 nepuog Ha 3peeHe ot 90 gHK B
nnactmacosa onakoBka. W3cneposate-
nnte wusonupat ob6bwo 851 uwama, OT
KoUTO 783 ca MJ/IeYHOKMCENU BakTepuu
kaTo ycTaHOBABaT, 4Ye npe3 MbpBUTE
MeceLuum Ha 3peeHe npeobnagasat
MIeYHOKMCeNUTe KbN60oBUAHN GakTepuu,
a cnep ToBa e Mno-ronsMm  6pos  Ha
npbykoBMaHWUTE  npeactasuTenu. OT
Kb/160BUAHUTE MIEYHOKUCENIN BaKTepum
Hal-ronsim e 6pos Ha npeacTaBuUTENN OT
poa Lactococcus lactis subsp. cremoris,
Lactococcus lactis subsp. lactis, u
Leuconostoc mesenteroides subsp.
cremoris. EHTepokokuTe ca CbL0 B MHOIO
BMCOK 6poii — oT 19 Ao 34% OT BCUYKM
130M1aTW NO BPEME Ha Neproja Ha 3peeHe.

OTHOCHO KO/INYECTBEHOTO CbHOTHO-
LWeHne MexAay Ppas/iMuyHu Tpynu MUKPO-
opraHum3mm B cupeHeTto Karagozlu et al.,
(2009) nocouyBaTt egHaKBO BUCOK 6poit Ha
nakrtobauunute (7.301 log cfu/lg) wu
cTpentokokute (7.278 log cfu/g), npu
CbLUECTBEHO NO-HUCHLK OPON Ha eHTepo-
kokuTe (0.176 log cfu/g), KakTo 1 3Haun-
TesIHO NpucbecTBME Ha gpoxam (1.623 log
cfu/g). W3cnepoBaTenute  nocoysat
BMCOK 6poit konndgopmm (5.716 log cfu/g)
M olwe Mo-BMCOK 6poii CbOTBETHO Ha
NCUXpPOTPOhHNUTE GakTepum W NUNONN-
TuuHUTEe 6Gaktepun (7.000 log cfu/g).
AHafIOTMYHNM ca [daHHUTEe MOoy4YeHu OT
Dinkci et al. (2012), npu Kouto 6poAT Ha
cTpentokute (7.28 20.20 log cfu/g) un
naktobauymnute (7.39+0.12 log cfulg) e
MoYTU efHaKbB, BBLMPEKU 4e u3cniepno-
BaTe/iMTe nocoysarT 3HauMTENIHO NOo-
BMCOK OpOli Ha ApOoXAWUTE U NAeceHuTe -
6.10 log cfu/g, kakTo M HUCBK OGpoi
kKonncpopmute (no-manko ot 10 Ha rpam
npoaykT). MNpy n3cnegsaHeTo Ha MUKPO-
chnopata Ha cupeHe bouhezza Zitoin et
al. (2011) cbLio ycTaHOBABAT HA/IMUNETO
Ha opoxaun v nnecexu (4-5 log cfu/g'l) "
Ha /IMNONNTUYHN MUKpoopraHuamm (3 - 4
log cfu/g'l). Cnopep, uscnegosarenmre u
[ABeTe rpynu MUKpoOpraHM3my mmar 3Ha-

examined the changes of microflora of
savak tulum cheese, made from raw
ewe‘s milk and 90 days ripening period in
plastic package.

The researchers isolated in all 851 strains
and 783 of it were lactic acid bacteria.
Researchers also found that during the
first months of cheese ripening the
predominant were round shaped bacteria
and lately rod shaped bacteria prevailed.
Among round shaped bacteria the most
abundant were strains of Lactococcus
lactis subsp. cremoris, Lactococcus lactis
subsp. lactis, and Leuconostoc
mesenteroides subsp. cremoris.
Enterococci also was found in very high
number — from 19 up to 34% from all of
the isolated strains during the ripening.

According to the quantitatively
proportion among the different groups of
microorganisms in the cheese Karagozlu
et al., (2009) estimated equally high
number of lactobacilli (7.301 log cfu/g)
and streptococci (7.278 log cfu/g), along
with a substantially lower number of
enterococci (0.176 log cfulg), but a
comparatively high number of vyeast
(1.623 log cfu/g). The same researches
noticed high number of coliform bacteria
(5.716 log cfu/g) and even higher count of
psychrophilic and lypolitic bacteria (7.000
log cfu/g). Similar were the results of
Dinkci et al., (2012) in whose study the
number of streptococci (7.28 +0.20 log
cfu/g) and lactobacilli (7.39+0.12 log
cfu/g) was almost equal, but on the
contrary the researchers found a higher
number of yeast and moulds - 6.10 log
cfu/g, but a low number coliform bacteria
(less than 10 in the gram of the product).

In microflora of bouhezza cheese Zitoin
et al., (2011) also found the presence of
yeast and moulds (4-5 log cfu/g'l) and
lypolitic bacteria (3 - 4 log cfu/g™).
According to the opinion of researches
the aforementioned two groups of
microorganisms had little effect on the
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YUTESTHO NO-MAJIKO B/IMSIHWUE BbPXY Cupe-
HeTo, HO Sengil et al. (2001) oT6ensas-
BaT, Ye TYpCKMs CTaHAapT 3a TY/YyMCKO
cupeHe TS 3001 onpegena numuT 3a
LpoXan 1 nneceHn ot He noseye oT 100
cfu/g B rotoBoTo cupeHe. Oksuztepe et
al. (2005) ycraHossiBatT 2.7x10* CFU/m
OpoXAWM 1 MNeceHn B CYpPOBOTO MJISIKO
M3N0/3BaHO KaTo CypoOBUHA 3a NPOM3BOA-
CTBOTO Ha CUPEHETO, HO HE N B CUPEHETO
npes nepuoja Ha 3peeHe my.

OCHOBHMAT nNaTtoreH, KoWTo ce
acoumupa C TY/lyMCKOTO CUpeHe crnopes
Samelis un Kakiuri (2007) e Listeria
monocytogenes, yctaHoBeHa B 25% ot
napTuaute CcupeHe, KOWTO un3Cnensar.
Pesyntatute nocouysar, ye npu OVMPEKT-
HOTO M36posiBaHe, OPOSAT Ha >KU3HECMOo-
cobHuUTe kneTkm e nof npara oT 10
CFU/g kato efiHa 4acT OT TSX ca KneTku
Ha ByAaa L. innocua. O6wnpHO n3cnegsa-
He BbpXy HasimumMeTo Ha L. monocytogenes
n Salmonella spp. B npobu Tynymcko
cvpeHa nposexpaaT Colak et al. (2007),
KOUTO aHanusunpart ob6wo 250 ob6pasuym
3aKyneHun OT TbproBckarta Mpexa Ha
WcTtaHbyn. [JaHHuUTe OT npoBefeHuTe
TEeCTOBe yCcTaHoBfBaT Ha/mume Ha L.
monocytogenes B 12 oT npobute (4.8%)
n Salmonella spp. B 6 npobu (2.4%) ot
aHanusMpaHute cupeHa. VscnegsaHeTo
Ha Bindl et al. (2012) e Haco4yeHO KbM
YyCTaHOBSABAHETO He CaMO Ha MNaToreHHM
6akTepun, HO U Ha EHTEPOTOKCUHU U
BEPOTOKCUHW B Pas/IMyHU MECTHU cupe-
Ha, NpojasaHn B TbproBcKaTa Mpexa B
WctaHbyn. OT uscnegsaHute 25 npobwu
TYTlYMCKO CUpPEHe MONOXWUTENeH pesys-
TaT 3a Hamume Ha Staphylococcus
aureus gasart 8 npo6wu, E.coli e oTkputa B
12 ot 14X, 1 npoba e c MonoxXuTesieH
pe3yntaT BK/IYUTEIHO M 3@ Ha/IMYMeTo
Ha E. coli 0157, a 6 npobu ca nokasanu
Ha/lMume Ha EHTEPOTOKCMH U efHa Ha
BepoToKcMH. Kunduhoglu et al. (2012)
CbLO OTKpMBaT B NPO6GM  TYyNyMCKO
cupeHe Staphylococcus haemolyticus, E.
coli, Clostridium ssp./Eubacterium tenue.
Frece et al. (2016) yctaHOBABaT B Ty/lyM-
CKO CUpEHe Hasimume Ha BuaoBe cradu-

cheese, but in the publication of Sengdl
et al.,, (2001) was mentioned, that the
Turkish standard for tulum cheese TS
3001 specify a limit amount of 100 cfu/g
of yeast and moulds in the ripened
cheese. Oksuztepe et al.,, (2005) also
found 2.7x10* CFU/mI yeast and moulds
in raw milk used for cheese production,
but didn‘t find these microorganisms
during the cheese ripening.

The main pathogen which can be
associated with tulum cheese according
to Samelis and Kakiuri (2007) is Listeria
monocytogenes, which was detected in
25% of the samples in their study. The
results showed that by direct counting,
the quantities of some live cells were
lower than 10 CFU/g and some of them
were identified as L.innocua. The very
detailed and expanded study on the
presence of L. monocytogenes and
Salmonella spp. in samples of different
tulum cheeses was done by Colak et al.,
(2007), who analyzed 250 samples which
have been bought from the markets in
Istanbul. The laboratory tests revealed
the presence of L. monocytogenes in 12
samples (4.8%) and Salmonella spp. in 6
(2.4%) samples. The scientific work of
Bindl et al., (2012) was aimed not only in
detection of pathogens, but also in the
detection of some enterotoxins and
verotoxins in different local cheeses sold
in the Turkey‘s markets. Among 25 tulum
cheese samples positive for the presence
of Staphylococcus aureus were 8
samples. E.coli was found in 12 of these
samples, 1 sample gave positive results
even for the presence of E. coli 0157, 6
of the samples showed the presence of
enterotoxin and one sample was positive
for verotoxin. Kunduhoglu et al., (2012)
also found in tulum cheese
Staphylococcus haemolyticus, E. coli,
Clostridium ssp. and Eubacterium tenue.
Frece et al., (2016) detected in the tulum
cheese staphylococci as S. xylosus, S.
aureus and S. epidermidis. Comparative-
ly high number staphylococci were found
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nokokn kato S. xylosus, S. aureus un S.
epidermidis. Bucok 6poit cTaddnIoKoKm
ycTaHoBsiBaT cbuWwo Karagozlu et al.,
(2009) - 4.173 log cfu/g. Cnep kato
yCTaHOBSIBAT NO-BMCOK 6pOi Ha S. aureus
(Hag 2 log CFU/g) B paBe Tpetun oOT
n3cnefBaHWTe MeKka, CUpPEeHVHa U
rotoBo cupeHe Frece et al. (2016)
n3cnensaT CblUMTe NPO6M 3a Hanmume Ha
CTaPUNOKOKOB €eHTEepPOTOKCUH (SE) wu
OTKpMBAT B AiBe OT Npobute OBYe CUpeHe
eHTepoTokcuH C (SEC).

Mopaan Ha/IM4yMeTo Ha HexesnaHu
MuKpopraHmamm Karagozlu et al. (2009)
npassAT u3BoAa, Ye NPOM3BOACTBOTO Ha
TYIYMCKO CUpEeHe e u3npaBeHo npes
peguua  3aTpyfHEHMs M0  OTHOLLeHue
cnassaHe Ha M3WCKBaHMATa 3a nonyya-
BaAHETO Ha CTaHAapTeH KpaeH MpPOoAyKT, a
HAKOM OT MWKPOOPraHmsMuTe, KOUTO ce
yCTaHOBsiIBAT B CUpPEHeTo Mmorat ja
npeactaBnsaBaT M 3HauWTesNleH 34paBeH
puck. Cbwute uscnegoBaTesim cuuTar,
ye noAo6HN HerapaHTMpaHu B MUKPO-
OMOMOrMYeH acnekT npoaykTu He 6u
TpsA6bBasio Aa ce NponopbyBar 3a KOHCY-
Maums, HO OTYMTalikM NONynspHoCTTa Ha
TO3U BUA, cMpeHe oTbensassaT Heobxoau-
MOCTTa OT MOBMLIABAHE KAYeCTBOTO Ha
NpoAyKTa 1 BbBEXAAHEeTO Ha cTaHgapTu-
3upaHa npov3BoacTBeHa cxema. Heobxo-
AMMOCTTa OT AONb/HWUTENHW u3cfejBa-
HMSA BbPXY MUKpodhiopata Ha Ty/TyMCKO-
TO cupeHe oTbenAsBar v Apyru n3cneso-
Batenm (Erdogan and Gurses, 2005;
Frece et al., 2016).

M3cnegBaHuAaTa CBbp3aHuW C ec-
TecTBeHaTa Mukpodyiopa Ha TpaguLoH-
HOTO TY/YMCKO CUpeHe rnoka3saT, Ye B
cbCTaBa Ha cTapTepHarta Ky/nTypa, KosaTo
MOXe fa ce W3nos3sa npu npoussof-
CTBOTO Ha CHUpEHeTo e Heobxoaumo Aa
yyacTBaT, KakTo KbN6OBMAHW, Taka U
NPBYKOBMAHW NpPeacTaBuTenn OoT Mied-
Hokncenute 6aktepun. KateropnyHo 3ak-
MloyeHre 3a ydacTBaliuMTe BUAOBE WU
TAXHOTO KOJINYECTBEHO CBOTHOLLEHME,
KakTo M kakeato M pga 6una ToyHa
dhopmynunpoBKa Ha cTapTepHara KynTypa
BCe OLLe MNcBaT, HO ca Havue peauua

from Karagozlu et al., (2009) - 4.173 log
cfu/g. After the detection of higher
number S. aureus (over 2 log CFU/g) in
the two third of the tested samples of
milk, curd and ripened cheese Frece et
al., (2016) broadened the examination of
the same samples and made tests for the
presence of staphylococcal enterotoxins
(SE). Two of the ewe‘s cheese samples
turned out to be positive for enterotoxin C
(SEC).

Because of the presence of some
unwanted microorganisms Karagozlu et
al., (2009) drew a conclusion that the
production of tulum cheese still faced
some difficulties in order to produce final
standard product, and some of the
microorganisms which are found in it can
be serious threat to health.

The same researchers thought that such
unsafe in microbiological aspects food
products shouldn‘t be recommended for
consumption, but bearing in mind the
great popularity of this kind of cheese
they expressed the necessity of
measures aimed of increasing quality of
the product and acceptance of standard
technology scheme.

Others researches also expressed the
necessity of further experiments on the
cheese microflora (Erdogan and Gurses,
2005; Frece et al., 2016).

The scientific researches on the
natural microflora of artisan tulum cheese
have indicated that starter culture, which
can be applied in cheese making
technology, should combine both round
and rod shaped lactic acid bacteria.

The concluding opinion about the
participating species or their exactly
guantitative proportion or even any kind
of precise composition of the starter
culture are still missing, but there are
several suggestions about the species
which should participate in the starter
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npeasioxeHus 3a BUOOBETE, KOUTO TPAO-
Ba fJa yuactear. W3cneposaTesnckute
JaHHM  nocoysar, 4e cTapTepHara
KynTypa 3a TYJYMCKOTO CupeHe Tpsbsa
ha cbabpxa Lactobacillus plantarum,
Lactobacillus casei subsp. casei u L.
paracasei (Oksuztepe et al.,, 2005;
Kunduhoglu et al., 2012), a cbLyo Taka 1
Lb. parabuhneri (Erdogan and Gurses,
2005). lMopaaM HaUM4MeTo Ha BUCOK
6poii eHTEepOKOKN B TYNYMCKOTO CUpPEHe
Erdogan u Gurses, (2005), Cakmakci et
al. (2008) n Kunduhoglu et al. (2012)
cuMTar, 4Ye EeHTepOKOKM OT BuAOBeTe
E.faecalis, E.faecium »n E.durans cwbuio
moraT fga ydacTBaT B KOMOGWHauwuATa.
Kunduhoglu et al. (2012) nocouBat
Heob6xoAMMOCTTa OT  BK/IOYBAHETO B
cbCTaBa Ha cTapTepHaTa KyaTypa U Ha
Apyrm  XoMobepMeHTaTMBHU  LLIAMOBE
kato L. plantarum n S. thermophilus, a
Oksuztepe et al. (2005) 1 Ha Lactococcus
lactis subsp. cremoris, Lactococcus lactis
subsp. lactis " Leuconostoc
mesenteroides subsp. cremoris.

OpraHonenTuyHa xapakTepucTu-
Ka Ha CUpPEHEeTOo

TynymckoTO cupeHe, nopagu Hauu-
Ha Ha 06paboTBaHe Ha CuMpeHMHaTa U
3peeHe ce xapaktepusmpa ¢ HagpobeHa,
TpowwimBa WM 3bpHecTa TekcTypa, 6e3
Ha/imumne Ha efgHakBO OOOPMEHMU CUPULL-
HM napuyeta. Cnopeg Hayloglu et al.
(2011) cupeHeTo wuma 6871 A0 NEKO
Kpemas LBAT, BUCOKO MaC/NeHo Cbabpxa-
HMe 1 TPoLL/IMBa NOMYTBbPAA KOHCUCTEH-
LUsi, KOSTO JIECHO CE XOMOreHm3npa npu
KOHcyMaumsta Mmy. CUpeHeTo nMa MHTEH-
3MBEH BKYC M apomaT C JIEKO TOp4uMB
NpWBKYC. LIBETBHT Ha CUPEHETO, CbXpaHs-
BaHO B XXMBOTUHCKA KOXa € Xb/TEHMKaB
no JonupHaTa C Koxara NoBBbPXHOCT, HO
BbTPELUHOCTTa 3anassBa 6envs cu uBAaT
(Durlu-Ozkaya  and Gun, 2014).
Karagozlu et al. (2009) onpegenaT konu-
4YeCTBOTO Ha CBOOOAHMTE MacTHU Kuce-
NMHM B cupeHe cimi tulum n ycTaHoBS-
BaT, Ye Han-BUCOKO € CbAbpXaHMEeTO Ha
onenHoBata kucenuHa (31.73%), cnepn-

culture. The research data clearly
indicates that Lactobacillus plantarum,
Lactobacillus casei subsp. casei and L.
paracasei should participate in the starter
culture for tulum cheese production
(Oksuztepe et al., 2005; Kunduhoglu et
al., 2012), and also Lb. parabuhneri
(Erdogan and Gurses, 2005). Because of
the presence of an abundant quantity of
enterococci in the tulum cheese Erdogan
and Gurses (2005), Cakmakci et al.,
(2008) and Kunduhoglu et al., (2012)
have suggested that enterococci species
as E.faecalis, E.faecium and E.durans
also can take part in the starter culture
combinations. Kunduhoglu et al., (2012)
contemplated the necessity of inclusion in
the starter culture some additional
homofermentative strains as L. plantarum
and S. thermophilus, and Oksuztepe et
al., (2005) have added also Lactococcus
lactis subsp. cremoris, Lactococcus lactis
subsp. lactis and Leuconostoc
mesenteroides subsp. cremoris.

Sensory characteristics

Due to specific cheese making
process and ripening, tulum cheese has a
crumbly texture and doesn‘t possess a
regular shape or particular size.

According to Hayloglu et al., (2011) the
cheese has a white to lightly cream color,
high fat contents and a crumbly and
semihard texture.

The cheese is dispersible in the mouth
and has a buttery and pungent flavor.
The color of cheese put in an animal skin
bag obtains yellowish color when it
comes into contact with the inner surface
of the skin, but the inner parts of the
cheese retained its white color (Durlu-
Ozkaya and Giin, 2014). Karagozlu et al.,
(2009) estimated the quantity of the free
fatty acids in cimi tulum cheese and
found that the most abundant was the
quantity of oleic acid (31.73%), followed
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BaHa OT naimMuTuHoBaTa (24.19%) wu
mMepucTmHoBata (9.32%). OpraHonenTuu-
HaTa XxapakTepucTuka Ha cupeHeTo divle
tulum ce obycnaesa oT NeTnMBU CybCTaH-
UMM Kato KeTOHMW, asikoxosn (npeavMHo
2-6yTaHon n 3-meTun-1-6ytaHon) u pas-
nnyHn TepneHn (Hayloglu and Karagul-
Yuseer, 2011). Hayaloglu et al. (2007)
yctaHoBasaT Hag 100 neTtsiMem cbeanHe-
HUS B TYNyMCKO cupeHe. Cpefl Te3n Cb-
eAuHeHnsa Ma 11 opraHvyHU KUCENUHMU,
16 ectepa, 12 meTunkeToHa, 7 anpexu-
ba, 22 ankoxona, 7 cAPOCbAbPXKALLN Cb-
efnHeHns, 6 TepneHa n 19 gpyrn Komno-
HeHTa. OCHOBHUTE CbHCTaBKN Ha CUpPeEHe-
TO Ca KbCOBEPWXXHU MACTHWN KNCENUHN, 2-
6yTaHOH, guaueTun n etTaHon.

Upes 13non3BaHeToO Ha pPaHroB TecT
C OueHb4YHa ckana or 1 pgo 7 1o
nokasaTenMTe — apomMart, TeKCTypa, WHTEH-
3MBHOCT K gp. Zitoin et al. (2011) nscnepn-
BaT CEH30PHWUTE XapaKTepUCTUKU Ha cupe-
He bouhezza v onpegenAt ABe NPUHLMNHA
CEH30pHM Tpynu — efHaTa € CBbp3aHa C
MJIeYHOKMCEeNMTe, a BTopaTta - C XWBOTUH-
CKATe apomaTtu. Ype3 wu3MNon3BaHeTo Ha
xpomarorpadpckn metoam Medjoud et al.
(2017) onpepenaT Hag 109 pasnnyHM KOM-
NMOHEHTa, KouUTo chopmupar crneumdnyHus
BKyC U apomat Ha cupeHe bouhezza, kato
npeobnazasalim ca kapbokcunoBuTe Kuce-
JIMHW, Pa3NnyHN eCTEPU 1 asIKOXOJIN.

n3BOoau

HapactBawuar 6poii Ha nyb6rnimka-
LunTe U U3CNef0BaTesICKUTe AaHHU CBbP-
3aHM C TYNYMCKOTO CUpeHe nokassaT
noBulIaBaHe Ha WHTepeca KbM Tpagu-
LMOHHMS HAuMH 3a noJlydaBaHe Ha cupe-
HETO M PosATa Ha eCTECTBEHUTE CYpPOBU-
HW, MaTepuasm U MeToau, KOMTO ce
npunarat. Pa3HOO6pasHUTE CYpPOBUHU U
MeToaM 06ycnaesAT y4yacTMETO M Ha pas-
Hoob6pa3Ha B KAYECTBEHO W KOIMYECTBEHO
OTHOWeEHMe MUKpodsiopa, KOSITO  uma
BaXKHa PO/ss BbB (DOPMUPAHETO HA OT/IU-
UYNTESTHUSE U XapaKTepeH BKYC M apomart
Ha cupeHeTo. CneunduyHnaT BUL Ha
CMPEHETO, NnogyepTaH OT C/I0XHa KOMG6K-
Hauusi OT BKYCOBM W apoMaTHU CbeanHe-
HUS e peasiHa NpeanocTaBka 3a ycrnewHa-

by palmitic acid with 24.19% and myristic

acid with 9.32%. The sensory
characteristic of cheese variety divle
tulum  depends on the volatile

components as kethons, alcohols (mostly
2-butanol and 3-methyl-1lbutanol) and
different terpenes (Hayloglu and Karagul-
Yuseer, 2011). Hayaloglu et al., (2007)
found more than 100 volatile components
in the tulum cheese. Among them are 11
organic acids, 16 esters, 12
methylketons, 7 aldehides, 22 alcohols, 7
sulfur components, 6 terpens and other
19 components. The main cheese
components are short chain fatty acids,
2-butanone and ethanol.

By applying the tests on a point
scale from 1 to 7 points about flavor,
texture and intensity Zitoin et al., (2011)
examined the sensory characteristics of
bouhezza cheese and defined two major

families of odours and aroma
characteristics: lactic and animals. The
chromatographic examination of

bouhezza cheese done by Medjoud] et
al., (2017) found more than 109 different
components and the carboxylic acids,
esters, and alcohols are the main classes
of the volatile components in the cheese.

CONCLUSIONS

The growing number of scientific
articles and available data about tulum
cheese are the indicators for increasing
interest towards artisan technology and
the influence of entirely natural raw
materials and methods which are used in
the homemade production. The diversity
of materials and methods have an impact
on the presence of heterogeneous
microflora in both aspects - quantitatively
and qualitatively and this microflora has a
paramount influence over unique and
distinctive taste and flavor of the cheese.

The specific cheese appearance,
accompanied by a  sophisticated
combination of aroma and taste
substances, is a real prerequisite for
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Ta TbProBCka peanv3aums Ha nNpoaykTa
Ha rapaHTMpaHa LeHa, KakTo U Bb3MOX-
HoCTTa fda nonyydn obocobeHa nasapHa
HYLWa C onpejenieHa uenesa rpyna KoHcy-
matopu. lMo-gobpaTta nasapHa peanvsa-
UMs Ha CUpEHETO, BbINPEKN NO-orpaHuye-
HMA 06eM Mnopagn AOMAalHWA HauvH Ha
NMPOU3BOACTBO Lie crnocobcTBa 3a no-
AobpaTa MKOHOMMYECKA CTaOGWIHOCT Ha
NPOU3BOAUTENINTE U 3a CbXPaHABaHETO
Ha TpaguuMOHHMSA MeToh 3a noslyyaBa-
HeTo My. TpsiGBa ga ce otyeTe obaue, ye
npuM nNpPOU3BOACTBOTO HA CUPEHeTO B
OOMaLUHW UK NOAYNPOMULLNIEHN YCI0BUSA
B/IMSAHVETO Ha MHOXECTBO BapuadbusiHu
hakTopu e CBbP3aHOo C MoJslydyaBaHeTo Ha
pasHoOpPOAHMN MO CBOUTE XapakTepUCTUKM U
KauecTBO NapTuan cupeHe. ToBa B HAKOM
c/lydyam MOXe U Aa € CbYeTaHO C MNOBM-
LaBaHe Ha pucka OT nonagaHeTo u pas-
BUTUETO Ha HeOGMAronpuATHU WM A0pW
NaToOreHHN MUKpoOpraHnsmu. Agantupa-
HETO Ha AOMallHMAT MeTog 3a nosiyyasa-
He Ha CUPEHEeTO KbM W3NCKBAHMATA Ha
NPOMMLL/IEHOTO NPOU3BOACTBO, BbBEXAA-
He Ha cTaHgapTHa cxema 3a Nnpou3Bo4-
CTBOTO My W W3MNOM3BaAHETO Ha [Opyru
ONakoBKM pas/iMyHM OT ecTecTBeHaTa
XMBOTMHCKa KOXa BEpPOATHO Lie foseaat
[0 U3MEHEHUS B TUMUYHUTE MYy XapakTe-
pucTukn. 3a Aa ce 3anas3faT YHUKa/THUAT
BKYC M apoMar Ha CUpPEHEeTO MOJTyY4eEHO B
NPOMMULL/IEHN YC/I0BUSI onpeaensiia pons
e vMMa U3MOM3BaHEeTO Ha nogxodsiia
CTapTepHa Ky/Typa, KakBaTo 3a MOMeHTa
BCE oOlle He e dopmynmpaHa. EgHo
Bb3MOXHO pelleHne, kKoeTto 6y nosso-
NINN0 CcbXpaHsBaHe Ha TPaguLMOHHOTO
NPOU3BOACTBO M B CbLIOTO BpemMe no-
LUMPOKOTO NOMynspusvMpaHe Ha npogykra
N no-gobpa MKOHOMMYECKa CTabuaHOCT
Ha NpoM3BOAMTENUTE € MOoJTydaBaHeTO Ha
CTaTyT B HSIKOM OT KaTeropumute, KOUTO
npegnara EBponeiickus Ccbl3  KaTo:
3alMTEHO HaVMEHOBaHWE 3a MPOU3Xon -
PDO (Protected Designation of Origin),
3almuTeHo reorpadicko ykasavune - PGI
(Protected Geographical Indication) nnm
CTaTyT Ha XpaHa C TPagUUMOHHO chneuu-
nueH  xapaktep TSG cratyt

22

successful marketing at guaranteed price,
along with the possibilities of gaining a
specific market share and particular group
of devoted consumers.

The successful retail, despite the limited
volume of cheese production, will facilitate
the economic stability of cheese
producers and will guarantee preservation
of the original artisan cheese technology.

It has to be taken into account that not
only the homemade production of cheese
but also in small dairy plants can be under
the influence of variable and unfixed
factors, which can lead to the production
of cheese bathes with uneven quality and
characteristics. This trend sometimes can
be accompanied by an elevated thread of
presence or development of undesirable
microorganisms and pathogens.

Remodeling the homemade methods, in

order to meet the requirements of
industrial plant scale production will
include the introduction of standard

processing system and different kind of
packaging instead of an animal skin which
probably will change the typical
characteristics of cheese.

During industrial manufacturing process
the unique taste and flavor of cheese can
be preserved by suitable starter culture
which till now is not composed.

The existing controversial trends, one of
which is towards preservation of artisan
technology, and the other is towards
increasing the product popularity and
good economic profit for the producers,
can be attenuated by receiving a status
according to the European Union scheme:
Protected Designation of Origin (PDO),
Protected Geographical Indication (PGI)
or Traditional Speciality Guaranteed
(TSG).



(Traditional Speciality Guaranteed). B
Typuus, KaTo cTpaHa KbAeTO CUPEHETO ce
nonsea C no-rofsiMa M3BECTHOCT, ca
M3roTBEHNW CbLOTBETHWUTE CTaHgapTu3a-
LUMOHHMN [OKYMEHTM OTHOCHO MpPOV3BOA-
CTBOTO Ha TYNYMCKOTO cupeHe. OpraHu-
3aymaTta Slow food e BknwoumMna Tynym-
CKOTO CMpEHE B KOMEKUMUSITA CU HA LLEHHU
N MHTEepecHM MecTHM XpaHu (the Ark of
taste). Toea ca 6e3 CbMHEHME UHOUKATO-
pv 3a Npoab/ixaBallns HayYeH U UKOHO-
MUYECKN WHTEPEC KbM MPOM3BOACTBOTO
Ha Ty/lyMCKOTO CMpEHe, KakTo 1 Bce Mo-
LUMPOKOTO My Nnonysnsipusnpaxe.

BNATrO4APHOCTU

MpeacraBeHnAT 0630p € YyacT oOT
JeliHocTuTe,  U3BDBbPLUEHW N0 MNPOEKT
peanusvpaH ¢ chmHaHcoBaTa nofkpena Ha
LleHTbpa 3a  HayyHu  wu3cnefBaHus,
TpaHcdhep Ha TexHosorMM W 3awmta Ha
WHTeNekTyasHaTa cobCcTBEHOCT KbM
ArpapeH yHuBepcuTeT - lNnosaus.

In Turkey, as a country where the cheese
is  comparatively  well-known, the
appropriate standard documents about
cheese production already exist.

Slow food organization have included the
tulum cheese in its collection (the Ark of
taste) of interesting and valuable local
food products. All aforementioned facts
undoubtedly indicate the growing interest,
both scientific and economic, towards
production of tulum cheese, as well as its
spreading popularity.
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PE3OME SUMMARY
FonemMusAT 6poli NOPOAHM pasnuums The large number of different sheep

npy oBLeTe, TAXHaTa LUMpoka afanTue- | species, their wide adaptability to forage
HOCT KbM KayecTBO Ha chypaxa u Buco- | quality and high genetic potential, makes
KNSAT TeHeTMYeH noTeHuuan npaeBu Bb3- | possible their widespread dissemination.
MOXHO TSIXHOTO LUMPOKO pasnpocTpaHe- | However, an imbalance of the main
Hue. Bbnpekn ToBa, ycTaHOBeHUTe Auc- | biogenic components (selenium, iodine) in
GaslaHCKM Ha OCHOBHUTE GMOreHHM KoMMno- | mountainous areas could adversely affect
HeHTU (ceneH, hoa) B NiaHMHCKUTE paiio- | the milk production and the daily secretion
HN 6uxa mMornvM ga noBnusasaTt HeraTwuBHo | of essential macro and trace elements
M/ieyHaTta MpoOAyKTUBHOCT M [AHeBHaTta | through the milk produced during
CeKpeLums Ha eceHuuMasHu MUKPO- U Mak- | lactation.
poenieMeHTV Npe3 BpeEME Ha NnakrauusTa.
HacTtoswoTo npoy4saHe e This study was conducted with 16
nposefeHo ¢ 16 naktupawm osue oT | lactating ewe’'s from Rhodope Tsigay
nopoga Popgonckn Lurain otrnexpgaHn B | breed, grown in endemic region of the
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paiioHa Ha 3anagHute Popgonute — c.
BopvHo. YXXuBOTHMTE 6sixa pas3feneHn B
ABe rpynu — geuumnTHa U CynieMeHTu-
paHa. OBueTe nonyyasaTt cbrnacHo ARC-
HOpPMUTE pPasINYHKN KoNMYecTBa CefeH no
BPEME Ha eKCNepumMeHTasHUS nepuoa.
Mpe3 JoiHWS nepuog OBLETE OT efHarta
rpyna 6sxa AOMb/HWUTENIHO CYMNJIEMEHTU-
paHn "per o0s" ¢ 0.25 mg ceneH/geH nog
hopmaTta Ha NaHSe0;. MneuHute npobu
OT gBeTe nopogun 6sixa B3eTn Ha 30-us u
60-us peH cnep gobaBkata M CpaBHEHU
CbC CbAbpXaHuATa Ha CefleH B Ha4yasioTo
Ha ekcnepumeHTta. Huckute KOHUEeHTpa-
UM Ha cefnleH B pacTUTesiHUTe BUAO0BE
(Se<60-70pg/kg dhypax) no Bpeme Ha
naktaymata (anpui-toHK) ce oTpasssar
HeraTMBHO BbPXY KOHLEHTpauusita Ha Se
B OBYeTO MAsiko. KonmyectBoto My B
OBYETO MJ/IIKO HapacTBa [OCTOBEPHO B
pesynTaT Ha cynsemMeHTauuaTa. B pamku-
Te Ha 60 gHKU HMBaTa Ha efleMeHTa A0oCTu-
rat HoOpMasiHX CTOMHOCTW MPW CYM/IEMEH-
TMpaHaTa rpyna, gokaTo npv geuumTHu-
T€ XMBOTHM Ca YCTAHOBEHW KPUTUYHK
cToliHocTmh (20-30 ug Se/l). MpoyyeHo e n
B/IMAHNETO Ha Ccyn/ieMeHTauusaTa Bbpxy
CpefHo-4HeBHATa CeKpeuuss Ha HSAKOW
MaKpo- M  MWUKPOESIEMEHTW, KakTo U
NPOMEHUTE B MJleyHaTa MNpPOAYKTUBHOCT
npe3 uscneaBanns nepuog. MpepioxexHu
ca npenopbkyn 3a BK/IOYBAHETO Ha
CE/IeHOBM [006aBKU 3a APEOHU MPEXVNBHA
XVMBOTHW, OTIeX4aHn npe3 nacuLHuA
nepuog B eHAEMUYHN PaiioHN.

KntouoBu LDYyMU: CesleHoB
fedununT, cynnemeHTaLus, OB4Ye MIISIKO,
Se-MUHepasiHu gobasku

YBO/,

Mpe3 nocneaHnTe HAKOSIKO FOAMHU
HapacTBa MHTEPECHT KbM OBUYUTE M/IEYHU
npoayktn. TSXHOTO KayecTBO € CWIHO
3aBUCMMO OT CbCTaBa Ha CypOBOTO
MAsiko. EdpekTbT OT pob6aBsiHETO Ha
MUKPOESIEMEHTN B XpaHuTenHata fgaxba
npu pas/iMyHn nopoan OBLE BbpXY
fo6uBa Ha M/ISKO M KayecTBOTO Ha
M/ISIKOTO MO BPeMe Ha fakTauMoHHUS
nepuoj, BCe OLLEe He € HaMb/IHO MPOYYEH.
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Western Rhodope Mountain — village
Borino. The animals were divided into two
groups - control and deficient group. Feed
was prepared according ARC-norms with
different amounts of selenium during the
experimental period. During the lactating
period, the sheep in the control group
were additionally supplemented "per os"
with 0.25 mg selenium / day in form of
NaHSe0;. Milk samples from both breeds
were taken on the 30" and 60" day after
the addition of selenium and were
compared with the content of selenium at
the beginning of the experiment. Low
concentrations of selenium in the plant
species (Se <60-70ug / kg fodder) during
lactation (April-June) affect negatively the
concentration of Se in sheep milk. Its
amount in the ewe's milk increased
reliably as a result of supplementation.
Within 60 days, the levels of the element
reached a normal values in the control
group, while in the deficient animals
critical values in the milk (20-30 pgSe / I)
had been established. The effect of Se-
supplementation on average daily
secretion of macro- and trace elements
was studied, as well as the changes in the
milk production during the survey period.
Recommendations for the inclusion of
selenium supplements for small
ruminants, bred in the endemic areas
during the grazing period have been
proposed.

Key words: selenium deficiency,
supplementation, ewe’s milk, Se-mineral
supplements

INTRODUCTION

There has been increasing interest
in the ewe’'s milk products in the last
several years. Their quality highly
depends on the milk performance of the
raw milk. The effect of trace element
supplementation in the feed ration of
different sheep breeds on the milk yield
and milk quality during the lactation period
has not yet been thoroughly investigated.



CneunmyHOTO 3a pas/IMYHUTE MNOPOAU
OBLE MWKPOENIEMEHTHO npeanaraHe wu
YyCBOSIBAHETO UM MO BPEME Ha CynjeMeH-
Tauus nNokasea, Ye pesyntaTute, NOyYEHU
npu eguH reHotTun He wmorat ga 6baat
TpaHcgheprpaHu Ha apyr, 6e3 ekcnepumeH-
TaslHO TecTBaHe (Angelow et al., 1998;
Petrova et al., 1999; Todorova et al., 1993,
1996, 1997). B nnaHVWHCKUTE paiioHun ycTa-
HOBEHMAT AedUUUT Ha OCHOBHU MUKPO-
enemeHtTn (ceneH, 1o, UMHK, KObGasT,
Xens30) B XxpaHuTenHarta gaxba ce otpassi-
Ba BbPXY MPOAYKTMBHOCTTA U BMOMOTNYHMS
ctatyc Ha osueTe (Angelov and Todorova,
1998). [OedwmunTbT Ha CefleH oka3Ba
HeraTMBHO B/IMSIHUE BBbPXY TpaHcgepa Ha
efieMeHTa B KO3eTO W OBYETO MISKO
(Angelow et al., 1993; Anke et al., 1989;
Todorova et al.,, 1993, 1997). Ot gpyra
CTpaHa Npwv BUCOKM HMBA Ha HSIKOW Makpo- U
MukpoenemeHtn (Ca, S, Cu) Te moraT ga
NOBMMSAAT Ha akyMy/auusta Ha CeneH 1 aa

josepjat [0 BTOpuuyeH Se-gechuumTt B
opraHvM3mMa Ha MPEeXWBHUTE  XKMBOTHU
(Angelow, 1995; Dragnev et al., 1991).

CuHeprnuHmaT edbekt mexagy Se n | bewe
uscnegBaH npu nabxose u osue (Angelow,
1997; Arthur et al.,, 1991; Burk, 1994;
Delange et al., 1993). CeneHosusa geuumt
B/olWaBa MeTabosmsMa Ha  TUpeougHust
XOPMOH 4Ype3 MHXMbUpaHe Ha aKTUBHOCTTa
Ha felioavHasuTe, KOUTO NPeBpPbLUAT TUPOK-
cnHa (T4) B MeTabonnTHO MNO-aKTUBHUSA 3,
3-5 TpuogTUTPOoHUH (T3). OdeduuutbT Ha
Se BoAM [0 HamansiBaHe CbAbPXaHMETO Ha
noa B MnakoTo (27-50%) 1 KPpbBHUA CepyMm
(Angelow, 2008).

Llenta Ha HacToAleTO uscnegBaHe
belwle fga ce YCTAHOBU B/IUSIHUETO OT
cynnemMeHTaumsTa Ha ceneH B jaxbaTa Ha
naktupawm osue (Pogoncku Lurain) Bbpxy
JobvBa M cBolicTBatTa Ha  MASKOTO,
CbAbPXaHWETO Ha CeJieH 1 1iof B CypOBOTO
MNSKO U [AHEeBHaTa Cekpeuus Ha CefneH u
Mop npe3 Ha nakTauuoHHusA nepuog (60

OHW).

MATEPWNAN N METO4WA

EkcnepumeHTTEe 6s1Xa NpoBefeHU
c 16 oBue ot nopoga Popgoncku Liuraii,
pasgenenn Ha gge rpynu. Mo Bpeme Ha
nepuoga Ha nawa, B 3aBUCMMOCT OT Tuna
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The species-specific trace element supply
to different sheep breeds and its reaction
during the supplementation showed that
the results obtained in one genotype
cannot be transferred to another, without
experimental testing (Angelow et al.,
1998; Groppel, 1987; Odjakova et al.,
1998; Petrova et al., 1999; Todorova et
al., 1993; 1996; 1997). In mountainous
areas the established deficiency of basic
essential trace elements (selenium,
iodine, zinc, cobalt, iron) in the feed ration
reflects on the productivity and biological
status of sheep (Angelow and Todorova,
1998). Se deficiency influenced negatively
the Se transfer in goat and sheep milk
(Angelow et al., 1993; Anke et al., 1989;
Todorova et al., 1993, 1997). On the other
hand, high levels of some macro- and
trace elements (Ca, S, Cu) might
influence the Se accumulation and led to
secondary Se-deficiency in the organism
of ruminants (Angelow, 1995; Dragnev et
al., 1991). Synergistic effect between Se
and | was investigated in rats and sheep
(Angelow, 1997; Arthur et al., 1991; Burk,
1994; Delange et al., 1993). Se-deficiency
impairs thyroid hormone metabolism by
inhibiting the activity of the deiodinases,
which convert thyroxine (T4) to the more
metabolically active 3, 3'-5 triiodthironine
(T3). Se deficiency led to a decrease of
the I-contents (27-50%) in the milk and
blood serum (Angelow, 2008).

The objective of present study was
to establish the effect of Se
supplementation to the feed of lactating
sheep (Rhodope Tsigai) on the milk yield
and properties, Se- and I-content in raw
milk and daily Se-I production during the
lactation period (60 days).

MATERIAL AND METHODS
The experiments were carried out
with 16 ewes of Rhodope Tsigai breed,
divided into two groups. During the
grazing period, in depends on vegetation



Ha dhnoparta, XMBOTHWUTE Ca U3BEXAaHU Ha
nacva ¢ pasnyHyu Ko/MyecTBa CeseH.
Mpe3 nepuvofa Ha fJoeHe (Ha naculle)
nosoBvHaTa OBLUE Ca  AONb/HUTESTHO
cynnemeHTupaHu "per os" ¢ 0.25mg Se nof
oopmarta Ha NaHSeO0; gHeBHO. Mpobute ot
MASKO 6sxa B3eTn Ha 30-usa u 60-us geH
cnef ponbnasBaHeTo. CbAbpXaHMETo Ha
cefleH B M/IAKOTO Ce onpefens karto ce
usnonssa ATOMHO-abcopOLUMOHHA cucTemMa
Cc xuapugHo reHepupaHe (Varian Spectr-AA
55B, AAS-HG) u»n MaccnekTtpoMeTbp ¢
WHOYKTUBHO-CBbp3aHa nnasma (AGILENT
7500c ICP-MS). 3a onpegensiHe Ha iioga B
M/IAKOTO ce B3eMa 1 g Cyxo BeLecTBO OT
NMonn3npaHo MASKO U ce pasteaps B 10
ml - 0,07 n pa3tBop Ha TMAX, nocnegsaHo
OT XOMOreHusuMpaHe 3a 2 min uypes
YyNTpa3ByKoB XomoreHusartop. lMpobute ce
paspexgar go 25 ml u ce wusmepsar
anpekTHo 4ype3 ICP-MS (Agilent-7500c),
kato ce wu3nonsea Tenyp (Te) «kato
BbTpeweH craHgapt. Crartuctunyeckure
aHanm3n 6sxa M3BbLPLUEHM C NOMOLLTA Ha
"General Statistical Pack" Ha Hewlett
Packard.

PE3YNTATUN NN OBCbXXOAHE

MpoyuyBaHuATa npes nocnegHute 10
roAvHU, NPoBeAEeHN B Pas/IMYyHU NJIaHUHCKM
paiioHn Ha Bbarapus, gokassart, yYe Heop-
raHM4yHM [06aBKM KbM XpaHaTa Ha XXMBOT-
HUTe (CeneH, oA n UMHK) BOAAT A0 npome-
HW B MJIeyHaTa NpoAyKTUBHOCT, Mac/IeHOCT-
Ta U CbAbPXaAHNETO Ha 6eNTbUM B MASKOTO
(Odjakova et al., 1998). Kato us10 m3non-
3BaHETO Ha opraHocefieHoBM J06aBKu e Mno-
e()eKTMBHO OT HeopraHU4yHUTE ChbeanHEeHUs
Ha cefieH, Tbil KaTto Te ca 6UON0rMYHO Mo-
necHo ycsoummu (Lyons et al., 2007; Rayman
et al., 2008). 3HAUMTENHO MO-HMCKaTa LeHa
W fNlecHa [OCTBMNHOCT Ha HeopraHWyHuTe
CefleHOBN CbeaMHEeHNs 1 npaBu OCHOBEH
M3TOYHUK 3a cynnemeHTaumsa. Bce owe ca
HanpaBeHW TBbpAEe MasIKO U3cneaBaHus 3a
TpaHcepa Ha pas/imyHuTe opMn  Ha
CeJieH No XpaHuTenHaTa Bepura, KakTto 1 3a
XMMUYHUTE DOPMK Ha CefleH B XpaHaTa Ha
4yoBeKa W XNBOTHUTE.

EdektbT Ha pgobaBAHe Ha ceneH
BbpPXy MJe4yHOCTTa belle uscneasaH npes
nbpeute 60 AHWM cnen  nepuofa  Ha
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stage of the flora, the animals were
grazed on pasture with different amounts
of selenium. Through the milking periods
(on pasture) the control ewes were
additionally supplemented “per o0s” with
0.25mg Se in the form of NaHSeO0; daily.
The milk samples were taken on the 30"
and the 60" day after supplementation.
The selenium content in milk was
determined using Varian AAS-HG and
AGILENT ICP-MS analysis.

For determination of iodine in the milk - 1g
dry substance of lyophilized milk had
been taken and in 10 ml - 0,07 n TMAH
solution was dissolved and 2 min by
ultraturax homogenized.

The samples are diluted to 25 ml and
directly measured by ICP-MS (Agilent-
7500c) using Te as an internal standard.
Statistical analyses were performed using
“General Statistic Pack” of Hewlett
Packard.

RESULTS AND DISCUSSION

The studies in the last 10 years
conducted in various mountain regions of
Bulgaria have shown that inorganic feed
additives (selenium, iodine and zinc) lead
to changes in milk yield, fat content and
protein content in milk (Odjakova et al.,
1998). Generally, the use of organic form
of selenium as additives is more effective
than inorganic compounds of selenium, as
they are biologically more easily digestible
(Lyons et al., 2007; Rayman et al., 2008).
The significantly lower cost and easy
accessibility of inorganic  selenium
compounds makes them a major source
of supplementation. There are little
researches into the transfer of the various
forms of selenium along the food chain as
well as on chemical forms of selenium in
human and animal food.

The effect of selenium
supplementation on the milk production
was investigated during the first 60 days



otouBaHe. [o6uBbT Ha MAsko Gewe
TecTBaH upe3 VHAMBUAYaNHN Npobu MIISKO,
cbbpaHu MO BpeMe Ha aKkTWBHUSA naculleH
nepvog. [JaHHWTe 3a AvHaMuKaTa 3a [o6u-
Ba Ha oB4Yye MNAKo Ha 30-uma n 60-na geH
cnen Havya/oTo Ha CynjieMeHTauusitTa ca
npeacraseHn Ha Ta6nvua 1. KonnyectsoTo
Ha MNSKOTO, M3J0EHO OT OBLETE Ha KOH-
TposiHaTa v HecynnemMeHTMpaHara rpyna, ce
pasnuyaBa 3HauMTe/IHO. KOHTpOnHaTa rpyna
npon3sexaa no BCAKO BpeMe noseye MSKO
(209 - 56 ml/geH) c ecTecTBeHa M/evyHa
MasHVHa B CpaBHeHWe c fJeduumTHaTa
(220% pecn. 120%). C HanpeaBaHe Ha fak-
Taumsta JO6MBBT Ha MNSKO NpU ABeTe rpy-
nn Hamansea ¢ 54,4% (342 + 59 ml/geH) n ¢
16,1% (286 + 192 ml/geH). B 1031 cnyyai e
ouyeBUAHA creunmuHaTa peakuusi Ha op-
raHnsMa B 3aBUCMMOCT OT NMbpBOHAYAHUSA
GMOMNOTMYEH CTATYC Ha OTAETHUTE XUBOTHMU.

after the weaning period. Milk yield was
tested through individual milk samples,
collected during the active pasture period.
Data on the milk yield dynamics at the
30" and 60" day after supplementation
are presented on Table 1. The amount of
milk produced by control and deficient
ewe’'s differed significantly. The control
group produced at any time more milk
(209 - 56 ml/day) with natural fat content
in comparison to the deficient one (220%
and 120%). With advance of lactation the
milk yield of both groups had been
reduced by 54,4% (342 + 59 ml/day) and
by 16,1% (286 + 192 ml/day). In this case
a specific reaction of the organism
depending from the initial biological status
of different species is obvious.

Tabnuua 1. EdpekT oT gobaBKaTa Ha CefnieH BbpXy 406MBa Ha M/ISIKO Npu OBLE OT
nopopata Pogoncku Liyraii npes goviHus nepuog (n.= 8; 8; n,= 8; 8)

Table 1. Effect of selenium supplementation on the daily milk yield of Rhodope
Tsigai ewes during the milking period (n;= 8; 8; n,= 8; 8)

[JHeBHa MAeYyHoCT, ml/geH 30" day 60" day Average milk yield during
Daily milk yeild, mi/day (06.May 2013)  (06.June 2013) the whole period
CynnemeHTUpaHa rpyna

Supplemented group 750 + 241 342 + 59 527 + 258
JedvuunTtHa rpyna

Deficient group 341 + 157 286 + 192 366 + 182

% 220 120 144

t - test P<0,05 P>0,05 P <0,05

*NedonuymTHa rpyna=100%; CynnemeHTupaHa rpyna=x% /

*Deficient group=100%;

[JedmumtbT Ha ceneH He oOka3Ba
B/IUSIHNE BbPXY CbObPXAHMETO Ha Mas-
HWHMTE, NPOTENHa 1 NakTo3arta B OBYETO
M/ISIKO MO Bpeme Ha nawaTta (Tabnuua 2).

Bb3 ocHOBa Ha [06VBa Ha M/ISIKO 1
CbCTaBa Ha oB4yeTo MNAKO Ha 30 u 60-uA
[leH OT eKCrnepuMeHTa, MoXe Aa ce U3YnC-
/N JHEeBHaTa CeKpeLus Ha NPOTEeNH, MasHu-
HM 1 NaKTo3a Npu ABeTe rpynu npes uenus
nepuog.  CpefHo-OHEBHaTa  CeKpeuus
HamaJ/1siBa C HanpeABaHeTO Ha flakTaumsTa,
KOETO ce Ab/IXU Ha HamasleHus 4o6KB Ha
MJISIKO M MPOMEHWTE B CbCTaBa Ha M/ISIKOTO.
Mpu cynnemeHTMpaHaTa rpyna oBLE OT
nopogaTta Pogoncku Liuraii ce yctaHoBsiBa
3HAYNTESIHO MO-BMCOK CPeAHO-AHEBEH [0-
6VB Ha MJISIKO MO BpEME Ha eKCrepuMeHTa -
152% (Tabnuua 2).

Supplemented group=X%

Selenium deficiency hadn't any
effect on the fat, protein and lactose
content of sheep milk during the grazing
period (Table 2).

Based on the milk vyield and
properties of sheep milk at the 30" and
60" day of experiment, it could be
calculating the daily secretion of protein,
fat and lactose of both group during the
whole period. The average daily secretion
decreased with the advance of lactation,
what reflected on the reduction of milk
yield and the alterations in the milk
composition? In the supplemented group
of the Rhodope Tsygai breed there was a
significantly higher average milk yield
during the experiment - 152% (Table 2).
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Tabnuua 2. Ecekt oT gobaBkaTta Ha cefieH BbpXy MNokasaTtesinTe n cbCTaBa Ha
CYpOBOTO MJISIKO Npe3 nacuwHus nepuog (n;=16; n,=16)

Table 2. Effect of selenium supplementation on the milk performance and
composition of raw milk during the pasture period (n;=16; n,=16)

JedovuutHa rp.  CynsiemeHTMpaHa rp.
Deficient group  Supplemented group % p
Average SD Average SD
[HeBHa MmiedHocT, ml/geH
daily milk yeild, mi/day 371 190 565 252 152 <0,05
MJIEYHN Ma3HUHW, %
fat content, % 8,11 1,28 7,80 1,17 96 > 0,05
M1eYeH NPoOTENH
protein content, % 6,32 0,38 6,24 0,57 99 > 0,05
0,
MedHa 3axap, % 456 027 4,57 0,17 100 >0,05
lactose, %
cekpeumsi Ha MJ/1. Ma3HUHU
daily fat secretion, g/day 30,1 14,3 441 16,4 146 <005
cekpeumsi Ha M/1. NPOTENH
daily protein secretion, g/day 234 116 353 14,2 151 <005
cekpeLms Ha MevHa 3axap
daily lactose secretion, g/day 16,9 94 258 119 153 <0.05
CB, %
total solids, % 19,9 15 19,6 1,6 98 > 0,05
0,
CBO, % 120 04 11,9 05 99 >005

solids-non-fats, %

*NeconunTHa rpyna=100%; CynsemeHTUpaHa rpyna=x%

*Deficient group=100%;

CynneMeHTUpaHUTE 0OBLIE CEKpeTu-
paT exenHeBHO 146% noBeye Ma3HUHU B

MSKOTO.  [JHEeBHATa  Cekpeuus  Ha
NPOTEMH W JflakTo3a B MJ/ISIKOTO Mpwu
CynfieMeHTMpaHaTa rpyna CcblWo e

NOSIOXUTESTHO NOB/INAHA, CbOTBETHO CbC
151% un 153%. O6WOTO KOAMYECTBO Ha
CyXO BeLecTBO Npu ABeTe rpynn Bapupa
B MaNbK guanasoH ot 19.6% po 19.9%.
He ca ycTaHOBEHW [OCTOBEPHU pPas3svKu
Mexay rpynute npes nacuwiHus nepuoa.
CbabpXxaHMeTo Ha cyx 6e3mMacnieH octa-
TbK € 0KOJs10 12% 1 ocTtaBa NOCTOSAHHO NO
BpeMe Ha JOHWUS NepPUOA,

Edekt oT pobaBkaTa Ha cesieH
BbpPXY MUKPOESIEMEHTHOTO CbAbpXa-
HVe B CypOBOTO OBYe M/ISIKO

JehmuntbT  Ha ceneH  okasBa
HeraTMBHO BAMSIHWE BbPXY CbAbpXaHWeTo
Ha ceneH B oBYeTO MAsko (Tabnuua 3).

Supplemented group=X%

The supplemented ewes secreted
daily 146% more fat into milk. The daily
secretion of protein and lactose into milk
in the supplemented group had been also
positively influenced by 151 and 153%

The total solids in both group
varied in small range from 19.6% to
19.9%. No significant  differences
between the groups and through the
pasture period were found. The solids-
non-fat content was about 12% and
remained constant during the milking
period.

Effect of selenium
supplementation on the trace element
content in raw milk

Selenium deficiency influenced
negatively the selenium content in the

sheep milk (Table 3).
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Ta6nvua 3. EQekT oT cyn/iMMeHTauusTa BbpXy CbAbPXaHWETO Ha CeJfleH B
M/IIKOTO Ha OBLUe OT nopogata Popgoncku Llvraii npe3 BpemMe Ha MNacULHUS

nepvog (ug/l)

Table 3. Effect of supplementation on the selenium content in the milk of
Rhodope Tsigay breed during the pasture period (ug/l)

30" day
(06. May 2013)

Mpynu / Nepuop,
Group / Period

60" day
(06. June 2013)

CbAabpXaHue Ha CesnleH B
MJISIKOTO MpPe3 Lenus nepmog,
Se-content in milk during
the whole period

Cynnementpana - 4; 4, 47 58,4 +3,7 52,5+7,0
Supplemented
AecpnunTha 23,1+ 7.0 183+33 206+ 5.8
Deficient
%%+ 205 320 255
t-test P<0,001 P<0,001 P<0,001

*NedonumTHa rpyna=100%; CynnemMeHTUpaHa rpyna=x%

*Deficient group=100%;

Pasnukata B KOHUeHTpauuaTa Ha
cefleH B M/IAKOTO Mexay [ABeTe rpynu
HapactBa oT 30-Tv go 60-Tm geH ot
205% Ha 320%. CpegHo npe3 uenus
nepuog AeUUUTHATE XMBOTHU MNPOU3-
Bexgar MNSAKO, CcbAbpXawo 2,55 nbtu
No-MaJsiko CesieH.

MofobHu pesyntaty ca NosyvyeHu
ypes Wu3UMCNSABaHE Ha exejHeBHaTa
cefleHoBa Cekpeuus npe3 pas/iMyHuTe
nognepuoau (Taénvua 4).

Supplemented group=X%

The difference in  selenium
concentration in the milk between the two
groups increased from day 30" to day
60™ from 205% to 320%. On the average
during the whole period, the deficient
animals secreted milk containing 2.55
times less selenium.

Similar results were obtained by
calculating the daily Se-secretion during
the different sub-periods (Table 4).

Tabnuua 4. EchekT OT cyniMMeHTauusaTa BbpPXy AHEBHaTa Cekpeuusi Ha ceneH
ype3 OBYETO MJIAKO Ha nopopata Pogoncku Uuran npe3 BpemMe Ha NacuLlLHUSA
nepuos

Table 4. Effect of supplementation on the daily selenium secretion via ewe’s milk
of Rhodope Tsigay breed during the pasture period (ug/day)

[OHEBHa cekpeuus Ha cenieH
npes uenvsi nepuog
daily Se-secretion during
the whole period

30" day
(06. May 2013)

60" day
(06. June 2013)

Fpynu / Nepuop,
Group / Period

CynnemenTipata 34,8+98 212+46 28,3+10,5
Supplemented
JedovuyuntHa
Deficient 9,0+4,6 6,1+28 74 = 40
%* 388 350 382
t - test P<0,001 P<0,001 P<0,001

*NedonuymTHa rpyna=100%; CyniemMeHTupaHa rpyna=x%
*Deficient group=100%; Supplemented group=X%

CynnemeHTMpaHuTe CbC CceJieH Se-supplemented animals secreted

XWBOTHWU, CeKkpeTupaT MO Bpeme Ha
pasnuyHuTe nognepuoam ot 3,88 po 3,50
NMbTW [MOBEYEe CefeH B CpaBHeHWE C

during the different sub-periods from 3,88
to 3,50 told more selenium in comparison
to the deficient ewes. The average Se-
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HecynsiemeHTMpaHuTe osue. CpepgHata
Cekpeuusa Ha ceneH npes Lenns nepuos
poctura 382%.

B cpaBHeHMe CcbC cefieHa, HsiMa
3HAUMTENHO MOHWXaBaHe Ha KOHLEeHTpa-
uusTa Ha nog B oB4eTO MNSKO (Tabnmuya 5).

secretion during the whole
reached 382%.

In comparison to the trace element
selenium, there was no significant
decrease in the iodine concentration of

ewe’s milk (Table 5).

period

Tabnuua 5. EdhekT OT cynnumeHTaumsita BbpPXYy CbAbpPXaHMETO Ha liog B
M/ISIKOTO Ha oBLe OT Pogoncku Liuraii npes Bpeme Ha nacuiHus nepuog, (1g/l)
Table 5. Effect of supplementation on the iodine content in the milk of Rhodope
Tsigay ewe’s during the pasture period (ug/l)

30" day
(06. May 2013)

Mpynu / Nepuogp,
Group / Period

60" day
(06. June 2013)

CbAbpXaHve Ha iof, B M/ISKOTO
npes uesns nepnog
I-content in milk during the
whole period

CynnemeHTupaHa
Supplemented 70,784 60,6 £14,6 65,2+ 12,7
JednuntHa
Deficient 729%43 48,0+ 6.8 61,6 + 14,0
% 97 126 106
t - test P>0,05 P>0,05 P> 0,05

*NedonumTHa rpyna=100%; CynnemMeHTUpaHa rpyna=x%

*Deficient group=100%;

Pasnukute wmexagy [nABeTe rpynu
jocturat Ha 60-ns geH cnep HavanoTo
Ha cynaMMeHTaumsaTa okono 26% (p>
0.05). Bb3 ocHOoBa Ha pgobuBa Ha
M/ISSKOTO MpU ABEeTe rPynu ca yCTaHOBEHM
pasnMyHn HMBa B CPefHO-AHeBHaTa
cekpeums Ha nop (Mg/AeH) 4ype3 MAsKo
npes Asata nognepuoga (Taénvua 6).

Supplemented group=X%

The differences between the two
groups reached at the 60" day after the
start of the supplementation about 26%
(p> 0.05). Based on the milk yield of the
two groups during the two sub periods,
different values in the daily iodine
production via milk have been
established (Table 6).

Tabnuua 6. EdbekT OT cyninMmeHTauusaTa BbpXy AHEBHaTa CeKpeumsa Ha nopg yupes
OBYETO M/IIKO Ha Pogoncku Lurain npes Bpeme Ha nacuiHua nepuog, (Lg/aeH)
Table 6. Effect of supplementation on the daily iodine secretion via ewe’s milk of
Rhodope Tsigay breed during the pasture period (ug/day)

30" day
(06. May 2013)

Fpynu / Nepuog
Group / Period

(06. June 2013)

[HEBHa cekpeuus Ha iiog,
npes uenns nepuos
daily I-secretion during the
whole period

60" day

CynnemeHTMpaHa
Supplemented 53,5+18,6 21,2+7,6 35,9 £ 20,7
JedomyntHa
Deficient 32,1+13,1 14,0 £ 10,2 239+147
%* 167 151 150

t-test P<0,05 P>0,05 P>0,05
*NedonuymTHa rpyna=100%; CyninemMeHTupaHa rpyna=x%
*Deficient group=100%; Supplemented group=X%

Paznukute Mexay cyniemeHTupa- The differences between the

HaTa W HecynnemeHTMpaHa rpynu sapwu-
pat ot 151% pno 167%. OBueTe nonyya-

supplemented and non-supplemented
group varied from 151% to 167%. The
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Ba/IM [OMbJIHUTE/THO CefleH npes Lenvs
nepuog, cekpetupaTt 150% noseue 1iog,
OTKOJIKOTO XWBOTHUTE B HECYNIeMeHTU-
paHara rpyna.

N3BOAN

MpoyyBaHETO C fakTupawy OoBLE
nokasea B/IMSHMETO HA CWHO WU3paseH
MUKpPOeNeMeHTeH  aeduuMT  (XPOHUYEH
cenieHoB 1 cybonTuManeH iiogeH gecnumr)
BbpXY A06MBa U CbCTaBa Ha M/ISIKOTO, KaKToO
U CbAbPXAHWETO HA CefneH K iiog B cypo-
BOTO MJISIKO M CE/IEHOBO-0HAaTa cekpeLust.
[JvcbanaHca B CbAbpXKaHMETO Ha CeneH no
BpEME Ha MacuLLHOTO OTIfeXgaHe ca B
CpaBHeHWe C ApyrM NpoyyBaHus MPUNOXW-
MW 1 NoKa3BaT 3HAYUTE/THU AMHAMUYHK Npo-
MEHU B KOHLIEHTpaLunUTe Ha CeneH u iog B
MASIKOTO. MosyyeHuTe pesynTatu nokasear,
ye e HeobxoAMMa KOpeKkuus B npejnaraHe-
TO KbM A@X6UTe Ha NakTMpallmTe 0BLE.

ewes received additionally selenium
during the whole period, secreted 150%
more iodine than animals in the deficient

group.

CONCLUSIONS

The investigation with lactating
ewe’s showed the influence of multi-
element deficiency (chronic selenium and
suboptimal iodine deficiency) on the milk
yield and milk properties, as well as the
Se-l content of raw milk and Se- and I-
secretion. The imbalance in the Se
content during the pasture feeding was in
comparison to the other studies relevant
and showed the dynamic changes of
selenium and iodine in milk significant.
The results obtained showed that a
correction of Se offer to the rations of
lactating sheep was needed.
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PE3OME SUMMARY
EkcnepumeHTUTE ca npoBeAeHn C The experiments were carried out

20 oBue oOT KapakayaHckaTa nopofga, | with 20 ewes of the Karakachan breed,
pasgenenu B age rpynu (2x10). XKnusoTHu- | divided into two groups (2x10). The
Te ce xpaHaT ad libitum Ha nacvwa c | animals were fed ad libitum on pasture
pasnuuHM Konm4yectBa Ha ceneH u iogd. | areas with different amounts of selenium
MbnHaTa gneTa cbabpXa HUCKM HMBA Ha | and iodine during the grazing period.
ceneH (0,065 mg Se/kg DM) n cybontu- | Complete diet contained low levels of
Ma/lHO CbAbpxaHume Ha nopg (0,096 mg | selenium (0.065 mg Se/kg DM) and sub
I’lkg DM). KoHTposiHaTa rpyna nonydasa | optimal content of iodine (0.096 mg I/kg
ponbrHuTenHo no 0,25 mg Se / geH nog | DM).  The control group received
thopmaTta Ha NaHSeO3 n 0,10 mg l/geH | additionally 0.25 mg Se/day as NaHSeO;
kato Kl npes uenusa uscnegsaH nepuof | and 0.10 mg l/day as Kl during the whole
(90 gHu). HesaposonuTtennHoTo Se 1 Map- | investigated period (90 days). The
rMHaUTHO OAHO npegnaraHe no BpemMe Ha | insufficient Se and marginal iodine offer
nawaTta Bogu A0 HamasnsiBaHe Ha mneud- | during lactation period led to decrease of
HaTa NPoOAYKTUBHOCT, npoTenHa un cekpe- | milk production, daily protein and trace
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umata Ha mukpoenemeHtu. OT 30 anpun
fo 30 oHM nacvwHarta TpeBa npepgsara
okoso 50% oT HyXauTe Ha ceneH n 70%
OT Moga Ha XMBOTHOTO. [JdedumumTHUTE
oBUe npogyumpar cpegHo ¢ 19% no-
MaJ/IKO MJIIKO C eCTEeCTBEHO CbAbpXaHue
Ha MasHuHW. [lpoTeuHoBaTa cekpeuus
ypes MAAKOTO Hamanssa Cc 32% B
CpaBHeHWe C cynjemMeHTMpaHaTa rpyna.
OcBeH TOBa CbObpXaHMETO Ha Se B
AerumMTHOTO MISIKO 1 exeaHeBHaTa Se-
cekpeuus ca [OOCTOBEPHO HamaieHn ¢
178% n 401% npe3 BpemMe Ha naculiHuA
nepuog (mai-toHM). 3a nocTuraHe Ha
MakcymasiHa MJIeYHOCT e Heobxoaumma
3a/b/DKMTENHA KOPEeKuus Ha CceneHoBo-
nogHoTO npepgnaraHe B Jdaxbata Ha
naktvpawy oBue, OTriexaaHn B paioHa
Ha CpegHute Pogonu (Bbnrapus).

KnwovoBn gymu:  oBue, Se-
Aevumt, mneyHocT, Se- 1 I-cbabpxaHue
Ha M/SKOTO, CcpefHo-gHeBHa Se |-
cekpeuus

YBO/[,

CrneuucbmyHoTO npegnaraHe Ha
MUWKPOENEMEHTM 3a pas3/IMYHUTE NOpPoau
OBLUE W THAXHOTO B3aMMOAENCTBME MO
BpEME Ha CynjiemeHTauusTa nokassa, ye
pesyntatute, NoJiyyeHn npu onpegeneH
reHoTun, He moraT ga 6baaT npexsbprie-
HW Ha apyr, 6e3 ekcnepMMeHTaslHO TecT-
BaHe (Anke et al., 1993; Groppel, 1987,
2001; Odjakova et al., 1998; Todorova et
al., 1993, 1995; Arthur et al.1991).

KomnsiekcHa oueHka 1 aHa/in3 Ha
pacTuTeNnHUTE pecypcu B MNIAHWHCKUS
paiioH Ha CpegHute Pogonn ca nmbpBuAT
eTan 3a noslyyaBaHe Ha MHdopMauusa 3a
NPOTENHOBO-MUHEPA/THOTO  NpeanaraHe
ype3 ecTecTBEHUTE nacua Npu XxpaHeHe
Ha oOBLe OT MecTHaTa KapakauaHcka
nopoga. [lJaHHvTe 3a MUHEpPa/IHUA CbCTaB
Ha ecTecTBeHarta naculiHa pacTuTesiHocT
nokassar HepaBHOMEPHO pasnpegeseHune
Ha OCHOBHWTE HEeOpraHW4yHW XpaHuTenHu
BellecTBa B 3aBMWCMMOCT OT Tuna Ha
MEeCTo0bMTaHNeTo, 60TaHNYECKNST CbCTaB
Ha (puToUEHO3NTE W  BeEreTauMoHHUS
CTagun Ha pacTuTesIHocTTa.
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element secretion. From 30.April to
30.June the pasture grass offer about
50% from selenium and 70% from iodine
of the animal needs. Deficient ewe’s
produced on the average 19% less milk
with natural fat content. The protein
secretion via milk was reduced by 32% in
comparison to the supplemented group.
Furthermore, the Se content in the
deficient milk and daily Se-secretion were
significantly decreased by 178% and
401% during the grazing period. In order
to achieve maximum milk production, a
mandatory correction of selenium-iodine
supply in the lactating sheep farmed in the
region of the Middle Rhodopes (Bulgaria)
is necessary.

Key words: sheep, Se-deficiency,
milk yield, Se-, Zn-, I-content of milk, daily
Se-l-secretion

INTRODUCTION

The species-specific trace element
supply to different sheep breeds and its
reaction during the supplementation
showed that the results obtained in one
genotype can not be transferred to
another, without experimental testing
(Anke et al. 1993; Groppel, 1987, 2001;
Odjakova et al. 1998; Todorova et al.,
1993, 1995; Arthur et al.1991).

A complex evaluation and analyses
of plant resources in the mountain area of
the Middle Rhodope are the first stage to
obtain information about protein and
mineral offer through the permanent
grassland to ewe populations of the local
Karakachan breed.

Data on the mineral composition of the
natural pasture vegetation indicated
irregular distribution of essential inorganic
nutrients, depending on the type of sites,
botanical composition of phytocenoses
and vegetation stage.



Cb3faneHarta 6a3a faHHU 3a NoKasl-
HOTO pasnpefefieHne Ha MUHepasHUTe Be-
LecTBa, CBbpP3aHO CbC CrneumunyHnTe eko-
NOTMYHM OCOBEHOCTM Ha paiioHa, nokassa
orpaHvyaBallo BAMSHUME Ha onpegeneHu
€/1IEMEHTUN NO OTHOLLUEHMNE Ha XPaHUTEsTHUTE
noTpebHOCTU Ha [pebHUTE NPEXMBHU XU-
BOTHU. V3BBbpLUEHNTE U3c/eaBaHus Nno xpa-
HWTeNHaTa Bepura Ha XXMBOTHUTE odyepTa-
BaT paiioHa KaTo eHAEMUYEH NO OTHOLLEHUE
Ha HAKOW OCHOBHW eNleMeHTU: ceneH u iiog,
HabnionaBa ce HepocTaTbYHOTO Npejanara-
He Ha MUHepasTHN KOMMOHEHTW NpU OTrex-
[JaHe Ha CeJiICKOCTONAHCKATE XUBOTHU B
NAaHVHCKMTE arpoekocucTeMu, Heobxoau-
MW 3a NOCTUraHe Ha GaslaHCMpPaHO XpaHeHe.

MHoro aBTopu cbobLiaBar 3a Heob-
XOAMMOCTTa OT CUCTEMATUYEH KOHTPOS Ha
XpaHuTenHaTa CTOMHOCT Ha TpeBuTe nO
BpEME Ha MacuLlHWs nepuos (anpus-oHn) u
JasaT OTroBop 3a 6MosIornMyHMA edoekt oT
cynnemeHtupaHeto (Angelow et al., 2004,
2004a; Arnhold et al., 1993; Chanoine et al.,
1993; George and Haenlein, 2006). Job6as-
KaTa Ha XW3HEHO HeobXoaumMuTe MUKPO-
ef1eMeHTU No usnaTa XxpaHuTenHarta sepura
BOAM [0 NMPOMEHWN B CBOWCTBATa Ha MISKO-
TO, HKOW Makpo napamMeTpy U MUHepPasHus
CbCTaB Ha M/AKOTO W M/IEYHWUTE NPOAYKTU
(Angelow et al., 1993; Angelow and
Todorova, 1998; Petrova et al., 1999).

Lilenta Ha HacToALLEeTO nNpoyyBaHe e
Ja ce npocnean edekta OT Aob6aBkaTa Ha
CeneH 1 o Npu NacuHOTO OTrAexgaHe
Ha oBuUeTe oOT KapakayaHckaTa mnopoga
BbpPXY  MJ/IEYHOCTTa,  (PUINKOXMMUYHUTE
nokasarenum Ha M/ISKKOTO W NPOMEHUTE B
HMBaTa Ha ceneH u 1io4 B OBYETO MJISKO
npes AolHNA Nepuoa.

MATEPVAJT N METOOU

EkcnepvmeHTUTE Ca npoBefeHn C
20 oBue oT KapakauyaHcka nopoga, pas-
AenexHn Ha age rpynu (2x10). XXuBoTHuTe
ce xpaH4ar ,ad libitum“ ¢ nMBagHa TpeB.a, €
pasnnyHM KoMyecTsa ceneH u iiog npes
BpeMe Ha nawaTta. XpaHuTesnHaTa gueta
CbAbpXa HUCKN HMBA Ha ceneH (0,065 mg
Se/kg DM) 1 onTMMasiHO CbAbpXaHWe Ha
nop (0,096 mg I/kg DM). KoHTponHaTa
rpyna nosydasa gonbaHuTesiHo 0,25 mg
Sel/peH nog popmarta Ha NaHSeO; 1 0,10
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The established database on the
local distribution of mineral components
related to the specific ecological features
of the region, identified the limiting
influence of particular elements regarding
the nutritional requirements of small
ruminants. The implemented research
along the nutrient chain of the animals
outlined the area as endemic, regarding to
some essential elements: selenium and
iodine. The insufficient mineral supply to
the farm animals reared in the mountain
agro-ecosystems required to achieve a
balanced nutrition.

Many authors report the need on
the systematic control of the nutritional
value of grasses during pasture period
(April-June) and gave the answer on the
biological effect of supplementation
(Angelow et al., 2004, 2004a; Arnhold et
al., 1993; Chanoine et al., 1993; George
and Haenlein, 2006). The addition of
necessary essential trace elements along
the food chain led to changes in milk
properties, some macro parameters and
mineral composition of milk and dairy
products (Angelow et al., 1993; Angelow
and Todorova, 1998; Makaveeva et al.,
2004; Petrova et al., 1999).

The aim of the present study is to
investigate the effect of selenium and
iodine addition in the pasture of
Karakachan sheep on milk vyield,
physicochemical parameters of milk and
changes in selenium and iodine levels in
the ewe’s milk during the milking period.

MATERIAL AND METHODS

The experiments were carried out
with 20 ewes of the Karakachan breed,
divided into two groups (2x10). The
animals were fed ad libitum on pasture
areas with different amounts of selenium
and iodine during the grazing period.
Complete diet contained low levels of
selenium (0.065 mg Se/kg DM) and sub
optimal content of iodine (0.096 mg I/kg
DM). The control group received
additionally 0.25 mg Se/day as NaHSeO;



mg l/geH kato Kl npes3 uenua mscnegsad
nepunog (90 gHu). MpobuTe OT MSKO ca
cbbupaHn Ha 30-Tn, 60-u n 90-u geH no
BpemMe Ha nacuwHua nepuod. Cbabpxa-
HWETO Ha CeJieH B MJISKOTO € ornpejesieHo
Kato ce u3non3sa ATOMHO-abcopObLMOHHA
cuctemMa C xuapugHo reHepupade (Varian
SpectrAA 55B AAS-HG) n MaccnekTtpo-
MeTbp C WHAYKTMBHO-CBbP3aHa nnasmMa
(AGILENT 7500c ICP-MS). 3a onpegensiHe
Ha lioga B MAsikOTO ce B3ema 1 g cyxo
BELLEeCTBO OT AMOUIM3NPAHO MSKO U ce
pastBaps B 10 ml - 0,07 n pa3TBop Ha
TMAX, nocneggatlo XomoreHusupaHe 3a 2
min  4Ype3 yNATPa3ByKOB XOMOreHu3artop.
Mpobute ce paspexgar go 25 ml n ce
n3mepBaT gupekTHo ypes ICP-MS (Agilent-
7500c), kato ce mn3nonsea Tenyp (Te) kaTo
BbTpelleH cTaHdapT. Bcuuku pesyntatm ce
u3passaBar kaTo cpefHa CTOMHOCT + CTaH-
[apTHO OTK/IOHEHMEe M Ce CpaBHABAT ypes3
cTaHAaTpeH t-TecT.

PE3YJITATN N OBCbXJAHE

YcTaHoBeHUTe gucbanaHcu Ha OCHOB-
HUTE XpaHuTenHu enemeHTn (Se mn |) BbLB
hnopata B u3cnefsaHara obnact morat ga
NoB/IMAAT OTpULATENHO BbLPXY MPOU3BOL-
CTBOTO Ha MJISIKO MO BpeMe Ha MnacuHus
nepuos. BnusHmweto Ha pobasknte Se u |
CcbCTaBa Ha CypOBOTO MJISIKO MO Bpeme Ha
nacuwHua nepvog Gelle TecTBaHO upes
WHAMBUAYAHU U COOPHU MIeYHU npobu,
CbOpaHN Mo BpemMe Ha aKTMBHUA MacuLLeH
nepvod. [JaHHuTe 3a AuHamvkaTa Ha
M/IEYHOCTTa MO BPEME Ha [AONHMS nepuog,
ca npegcrtaBeHn Ha Tabnmuya 1.

and 0.10 mg l/day as Kl during the whole
investigated period (90 days). The milk
samples were collected at 30", 60" and
90" day during the pasture period. The
selenium content in milk was determined
using Varian AAS-HG and AGILENT ICP-
MS analysis.

For determination of iodine in the milk - 1g
dry substance of lyophilized milk had
been taken and in 10 ml - 0,07 n TMAH
solution was dissolved and 2 min by
ultraturax homogenized.

The samples are diluted to 25 ml and
directly measured by ICP-MS (Agilent-
7500c) using Te as an internal standard.
All results were expressed as mean =*
standard deviation and compared through
standard t-test procedure.

RESULTS AND DISCUSSION

The established imbalances of basic
essential elements (Se and 1) in the flora in
the investigated area could affect negatively
the milk production during the pasture
period. Influence of the Se- and I-
supplementation on the milk performance
and composition of raw milk during pasture
period was tested through individual and
average milk samples, collected during the
active pasture period. Data on the milk yield
dynamics during milking period on the
pasture are presented on Table 1.

Tabnuua 1. EdeKT oT cynnemeHTaumaTa Ha cefieH U o BbpXy AHeBHaTa
Msle4HOCT npu KapakayaHckaTta oBLa Npe3 BPpeMe Ha natwiata

Table 1. Effect of selenium and iodine supplementation on the daily milk yeild of
Karakachan ewe’s during the pasture period

JHeBHa mneyHocT, ml/aeH 30" day

Daily milk yeild, mil/day

60" day
(30.April 2013) (30.May 2013) (30.June 2013) Y

Average milk
ield during the
whole period

90" day

CynnemeHTMpaHa rpyna

Supplemented group 991 + 125
OecbmuymntHa rpyna

Deficient group 838 + 99
% 118

1 - test P>0,05

796 + 122 499 + 165 771 + 243
651 +101 374 +129 649 + 212
122 133 119
P<0,05 P<0,05 P < 0,05

*NedonumTHa rpyna=100%; CynnemMeHTUpaHa rpyna=x%

*Deficient group=100%;

Supplemented group=X%



B Hauyanoto Ha nacuHus nepuos
CPefHUAT OHEeBEH J06UB Ha MASKO Npwu
cynnemeHTMpaHaTa rpyna e 991+125 ml.
B kpas Ha naktauusta gobusa Ha MASKO
Hamasnsa o 499+165 ml (c okono 50%).
Mpwn HecynjeMeHTUpaHmTe oBUe
[06MBBT Ha MSKO HamasnsiBa oT 838+99
ml go 374+129 ml (55%) B kpas Ha
[OliHUS nepuogd. Hali-ronemu pasnukm ca
HabnwgaBaHW B Kpasi Ha uscneaBaHus
nepvof (33%). CynnemeHTMpaHuTe oBLe
umart Mo-BMCOKa MJIEYHOCT Mpe3 Luenvs
nuscnenBaH nNepuoj 1 pasnukara mMexay
aBete rpynu pgoctura 19% (p<0,05).
Mogo6bHNM pesynTtatyv ca NoSyvyeHu npu
onutn ¢ osue oT Angelow et al. (2004,
2004a) n Makaveeva et al. (2004).

Tabnunua 2. EdpekTt oT gobaBkata Ha

At the beginning of pasture, the
average daily milk vyield of the
supplemented group was 991+125 ml. At
the end of lactation, the milk production
has been reduced to 499+165 ml by 50%.
In non-supplemented ewes milk yield has
decreased from 838+99 ml to 374+129 ml
(55%) by the end of milking period. The
biggest differences from 33% have been
observed at the end of the investigated
period. The supplemented ewes had
higher milk production during the whole
period and the difference between the
both groups reached 19%. Similar results
were obtained in sheep tests by Angelow
et al. (2004, 2004a) and Makaveeva et al.
(2004).

CeJiIEH Mn I7IO,EI, BbpXy nokasaresinte u

CbCTaBa Ha CypoBOTO MJ/ISIKO Npe3 nacuiHua nepmnog, (n;=30; n,=30)
Table 2. Effect of Se- and I-supplementation on the milk performance and
composition of raw milk during the pasture period (n;=30; n,=30)

OedwmuymtHa rp. CynnemeHTupaHa rp.
Mokasatesin Deficient group  Supplemented group p %
Parameter X 3D X SD
AHeBHa MieqHoCT, ml/geH
daily milk yeild, mi/day 649 212 771 243 <0,05 119
MJIEUHI Ma3HIHM, % 6,55 1,52 5,85 218  >005 90
fat content, %
MJ1IeYEH NPOTEUH
protein content, % 5,79 0,79 5,71 1,14 >0,05 100
MsieyHa 3axap, %
lactose, % 4,52 0,73 4,36 0,75 >0,05 94
cekpeums Ha M/1. Ma3HUHU
daily fat secretion, g/day 41.8 146 42,5 17.9 >0,05 103
CEKPEeLMA Ha M. NPOTENH 34,9 17,2 4377 16,6 <0,05 132
daily protein secretion, g/day ' ' ' ! ’
cekpeumsi Ha M/lievHa 3axap
daily lactose secretion, g/day 27.4 12,6 33,9 128 <005 127
CB, %
total solids, % 17,8 1,9 16,9 29 >0,05 95
0,

CBO, % 11,4 0,7 111 1,1 >0,05 98

solids-non-fats, %

*NedonumTHa rpyna=100%; CynnemMeHTUpaHa rpyna=x%

*Deficient group=100%;

LLlo ce oTHaca A0 MacTHUA CbCTaB
Ha CypOBOTO MJISIKO, XapakTepHOTO YyBe-
NIVYeHVEe Ha CbAbpPXaHWETO Ha MasHUHU
ce HabnogaBa B Kpas Ha nakraumarta u
poctura 23% npu cynjieMeHTupaHaTa

Supplemented group=X%

Regarding the fat composition of
raw milk, the characteristic increase in
the fat content by the end of lactation
reached 23% in the supplemented group
and 17% in the Se-l deficient one and
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rpyna un 17% npu geuumtHaTa Ha Se u |
rpyna u e cBbp3aHo C pegyuupaHe obema
Ha cekpeTupaHoTOo Masko (Tabnuua 3).
To3n heHOMEH e KOHCcTaTupaH 1 OT Apyru
npoy4ysaHus Npu YC/IoBUA Ha MUKpoerse-
MeHTeH fedmumnT. B cnyvauTe Ha gedumum-
TEH MUKPOEsIEMEHTEH CTaTyC Ha opraHusMa
ce Habnogasa No-BUCOKO ChbAbpXaHue Ha
M/IEYHN Ma3HVHM B MPOAYKTa, KOEeTo ce
065icHABa C MOOWIM3NPAHETO Ha MacTHUTe
Jena n gereHepauusita Ha MacTHUTE TbKaHW
(Angelow et al., 2000, Petrova et al., 1999).

was related to the reduction of milk
secreted volume (Table 3). These
phenomena have been reported by other
studies under conditions of trace element
deficiency. In cases of the deficient trace
element status of organism the observed
higher milk fat contents has been
explained due to the mobilization of fat
depots and degeneration of fat tissues
(Angelow et al., 2004, Petrova et al.
1999).

Tabnnuya 3. EPeKT OT cyn/iMMeHTaumnaTa Ha CefieH U og BbpXy CbAbpPXKaHUETO Ha
MJIEYHU Ma3HUHWN B MJISKOTO Ha KapakadaHCKn oBLe npe3 BpemMe Ha nawiata (%)
Table 3. Effect of Se-I supplementation on the milk fat content of Karakachan ewe’s

during the pasture period (%)

Milk fat, % 30" day 60" day 90" day Qﬁrfﬁﬁg"lwé
(30.April 2013) (30.May 2013)  (30.June 2013) whole period

Supplemented group 5,51+ 2,56 5,05+ 0,87 7,10 + 2,38 5,85+2,18

Deficient group 6,51+ 1,20 5,82 +1,22 7,65+ 1,83 6,55 £ 1,52

% 85 87 93 89

t - test P>0,05 P>0,05 P>0,05 P > 0,05

*NedonymTHa rpyna=100%; CynnemMeHTupaHa rpyna=x%

*Deficient group=100%;

CpepHo-gHeBHaTa cekpeuus Ha
6eNTbUYMHN, Ma3HWHU 1 NakTo3a cfejsa
naktauuoHHaTa kpusa. lMpe3 nacuwHus
nepuog cynnemeHTMpaHute / Hecynne-
MEHTUpaHWTE OBLle cekpeTupar cpegHo
43,7/34,9 g npoteuH, 42,5/41,8 ¢
MasHuHa 1 33,9/27,4 g nakto3a fHeBHO.

Mo Bpeme Ha BCeK/ noAanepuog
ceKkpeuuaTa Ha MIeYHNA NMPOTEUH W Nak-
TO3aTa € CbOTBETHO MO-BUCOKA CPeHO C
32% n 27% (P<0,05). HesaBucmMmo oT no-
HUCKMA [06MB Ha MASKO M nopagy no-
BMCOKMS MPOLIEHT Ha MJIEYHU Ma3HUHW B
rpynata ¢ pgecuumt Ha Se-l, He ca
YCTaHOBEHN pas3/IMKM B Cekpeuusita Ha
MasHUHUTE Mexay rpynute. MNpes uenus
nepuog (90 aHM) MacTHaTa cekpeLus npu
CcynneMeHTMpaHuTe OBLE e MOo-BUCoKa C
3% (P>0.05). B cynnemeHTupaHarta CbC
ceneH u og rpyna CyxoTO BeLLECTBO
Bapupa oT 16,09% po 17,84%, a B
pethmymtHata — oT 16,92% pao 18,94%.
He ca ycTaHOBEHW 3HAYUTESTHU PA3/INKK
Mexzay rpynute npes naculiHua nepuog.

Supplemented group=X%

The daily secretion of protein, fat
and lactose was following the lactation
curves. During pasture period the
supplemented / non-supplemented ewes
secreted on the average 43,7/ 34,9 g
protein, 42,5/ 41,8 g fat and 33,9/ 27,4 g
lactose dalily.

During each sub-period the
secretion of milk protein and lactose were
higher, on the average by 32% and 27%
(P<0.05), respectively. Regardless to the
lower milk yield and due to the higher
milk fat percentage of the Se-l deficient
group, differences in fat secretion
between the groups were not established.
During the whole period (90 days) the fat
secretion in the supplemented ewes was
higher by 3% (P>0.05). In the Se-l
supplemented group the total solids
varied from 16.09% to 17.84%, in the
deficient group — from 16.92% to 18.94%.
No significant differences between the
groups and through the pasture period
were found. In both groups the solids-
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M B ABeTe rpynu CbObpXaHUETO Ha CyXx
6e3macsieH octaTbk € 0ko/10 11% u ocTaBa
NMOCTOSIHHO MO BPEME Ha A0HUS Nnepuroa,

Edekt Ha cynnemeHTauusTa
BbpXYy CbAbPXaHNETO Ha
MMWKPOESIEMEHTM B CYpPOBOTO MJISIKO

CeneHoBuAT N NogHUAT agedpmunt
okasBaT HeratTMBHO BMUSIHAE  BbPXY
CbAbPXaHNETO Ha CeneH B OBYETO
mMnsiko (Tabnuua 4).

non-fat content was about 11% and
remained constant during the milking
period.

Effect of supplementation on the
trace element content in raw milk

Selenium and iodine deficiency
influenced negatively the selenium
content in the sheep milk (Table 4).

Tabnuua 4. EdpekT OT cyniMMeHTaumaTa BbpPXy CbAbPXAHWETO Ha cefieH B
M/ISIKOTO Ha KapakayaHCku OBLe npe3 Bpeme Ha nacuiiHusa nepuog, (Lg/l)

Table 4. Effect of supplementation on the selenium content in the milk of
Karakachan ewe’s during the pasture period (ug/l)

Mpynu / Mepriog, 30" day

Group / Period

60" day
(30.April 2013) (30.May 2013) (30.June 2013)

CbAbpXaHue Ha Se
npes uenunsa nepuog,
Se-content in milk
during the whole

90" day

period
CynnemerTipana 46,6 + 6,0 68,1+7,9 86,0 7,9 66,2 + 17,7
Supplemented
AepmumTHa 257 +2.5 18,3+ 2.6 14,4 1,8 17,3+2,9
Deficient
%* 181 372 597 383
t - test P<0,001 P<0,001 P<0,001 P<0,001

*NedonumTHa rpyna=100%; CynnemMeHTUpaHa rpyna=x%

*Deficient group=100%;

Pasnukata B KOHUEHTpauuaTa Ha
cefnleH B M/ISKOTO Mexay [ABeTe rpynu
HapacTtBa oT 30-ua geH o 90-ua geH ot
181% Ha 597%. CpepgHo npe3 uenusd
nepuog, aemumtHuTe XUBOTHU
cekpeTupar M/ISIKO, CbAbpxalo 3.8 NbTu
Mo-MaJsiko CesieH.

Mopo6HY pesynTtaty ca NosyyYeHu
npu n3vmcnsBaHe Ha AHeBHaTa cekpeuus
Nno Bpeme Ha pas3uyHuTe noanepuoam
(Tabnumuya 5).

Supplemented group=X%

The difference in  selenium
concentration in the milk between the two
groups increased from day 30" to day
90" from 181% to 597%. On the average
during the whole period, the deficient
animals secreted milk containing 3.8
times less selenium.

Similar results are obtained by
calculating the mean daily secretion
during the different sub-periods (Table 5).
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Ta6nvua 5. EchekT oT cyniMMeHTaumaTa BbpXy AHEBHATA CEKPELMSI Ha CENEH C
OBYETO MJIAKO Ha KapakauaHckaTa mopofa npe3 BpeMe Ha MaculHUs nepuog,

(Hg/AeH)

Table 5. Effect of supplementation on the daily selenium secretion via ewe’s milk
of Karakachan breed during the pasture period (ug/day)

Fpynu / Mepriog, 30" day

Group / Period

60" day
(30.April 2013) (30.May 2013) (30.June 2013)

OHeBHa cekpeLus Ha
Se npes uenusa nepuog,
daily Se-secretion
during the whole

90" day

period
CynnemeHTupaHa
Supplemented 46,4+9,8 54,4 +11,8 43,7 +17,8 48,3 + 13,7
JedovmuyuntHa
Deficient 21,7+6,0 11,8+2,0 5,4 £2,2 138+ 7,1
%* 214 461 809 350
t - test P<0,001 P<0,001 P<0,001 P<0,001

*NedonymTHa rpyna=100%; CynnemeHTUpaHa rpyna=x%

*Deficient group=100%;

CynnemeHTMpaHuTe CbC CENeH U
nog XXMBOTHW cekpeTupar no BpemMe Ha
pasnuyHuTe nognepuoam ot 2,14 no 8,09
NbTW [MOBEYe CefleH B CpaBHeHWEe C
HecynsieMeHTMpaHuTe oBLe. Pasnuknte B
cpefHata cekpeuuss Ha ceneH npes
uenna nepuog goctura 350%.

Supplemented group=X%

Se-l supplemented animals
secreted during the different sub-periods
from 2,14 to 8,09 told more selenium in
comparison to the deficient ewes. The
differences between two groups on the
Se-secretion during the whole period
reached 350%.

Tabnuua 6. EdhekT OT cynnumeHTaumsata BbpPXY CbAbpPXaHMETO Ha iliog B
M/ISIKOTO Ha KapakauaHCku OBLe npe3 Bpeme Ha nacuwHmnsa nepuog, (Lg/l)

Table 6. Effect of supplementation on the iodine content in the milk of
Karakachan ewe’s during the pasture period (ug/l)

Fpynu / Mepriog, 30" day

Group / Period

60" day
(30.April 2013) (30.May 2013) (30.June 2013)

CcbAbpXaHue Ha |
npes uenunsa nepuog,
I-content in milk
during the whole

90" day

period
CynnemeHTupaHa
Supplemented 139,2 + 67,5 109,9+254  1555+414 134 + 50
JedvuyuntHa
Deficient 151,4+37,4 107,4+315 142,0 +31,5 133 + 38
%" 92 102 110 99
t-test P>0,05 P>0,05 P>0,05 P> 0,05

*NedomuymTHa rpyna=100%; CyninemMeHTupaHa rpyna=x%

*Deficient group=100%;

B cpaBHeHMe CbC cefieHa Hama
[OCTOBEPHO yBE/IMYEHME Ha KOHLEHTpa-
umsaTa Ha og B oB4YeTo Mnsako (Tabnavuya
6). Pasnuknte wMexay [ABeTe rpynu
pocturat Ha 90-usa feH cref, HavyasoTo
Ha nob6askaTa okos10 10% (p>0.05).

Bb3 ocHoBa Ha gobuBa Ha M/AKO

Supplemented group=X%

Compared to selenium, there was
no significant increase in the iodine
concentration of ewe’'s milk (Table 6).
The differences between the two groups
reached at the 90" day after the start of
the supplementation about 10% (p>0.05).

Based on the milk yield of the two
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npu ABeTe rpynu npes Tpute nognepuoga
06siXxa YCTAHOBEHW pa3/IMdHM HMBA B
CpefHO AHEBHaTa cekpeuwus Ha iiof upes
mnsiko (Tabnuua 7).

groups during the three sub periods,
different values in the daily iodine
secretion via milk have been established
(Table 7).

Ta6nuua 7. EQQekT oT cynnMMeHTaumaTa Bbpxy AHEBHATA CEKpPeLMs Ha o upes
OBYETO MJISIKO Ha KapakadaHckaTa nopoga npes3 Bpeme Ha NnaculHus nepuog,
Table 7. Effect of supplementation on the daily iodine secretion via ewe’s milk of
Karakachan breed during the pasture period (ug/day)

Mpynu / Mepriog, 30" day

Group / Period

60" day
(30.April 2013) (30.May 2013) (30.June 2013)

[OHeBHa cekpeuus Ha |
npes uennsa nepunog,
daily I-secretion
during the whole

90" day

period
CynsieMeHTUpaHa
Supplemented 133,6 + 58,5 89,1 +31,7 76,7 27,4 101 + 48
JedomuyntHa
Deficient 124,9 + 25,0 69,6 + 21,7 51,5+18,4 85 £ 38
%* 107 128 149 118
t-test P>0,05 P>0,05 P<0,05 P>0,05
*NedonumTHa rpyna=100%; CynnemMeHTUpaHa rpyna=x%
*Deficient group=100%; Supplemented group=X%
Paznukute mMexay cyniemeHTupa- The differences between the

HaTa W HecynnemeHTupaHarta rpyna Ba-
pupart ot 7 0o 49%. OBLeTe nosy4yasann
JonbnHuTesiHo Se- u | npe3 uenuA
nepuog, ca cekpetupanau ¢ 18% noseue
nof, OTKOSIKOTO XXMBOTHUTE OT Hecynne-
MeHTupaHara rpyna.

N3BOAN

MpoyyBaHeTO C nakTupawy oBue
nokassa B/IUSHWETO Ha MYy/TUENIEMEHT-
HUS 0ednUnT BbpXY [06MBaA Ha MIISKO W
HEroBMsi CbCTaB, KakTO U CbAbPXaHMETO
Ha CefleH W iog B CYpOBOTO MASIKO U
cesleHoBo-liogHaTa cekpeums. AuHamuka-
Ta Ha OCHOBHUTE HEOPraHWYHN XPaHUTESI-
HM BellecTBa B OBYETO MJISAKO M Aucba-
NnaHca B CbObpXaHWeTo Ha Se u | npm
XpaHeHeTo Ha nawla ca no-BMCOK/ B cpaB-
HEHMe C HsKou ped)epeHTHM CTOMHOCTU
Ha pasnnyHM aBTOpU MpU OMUTU C OBLE,
Ko3n n kpaeu (Anke and Groppel, 1987;
Beate Heseker and Heseker, 1999;
Council Directive 92/46/EEC, 1992; Davis
and Mertz, 1986; Drobner, 1997; Hurley
and Keen, 1987; Heeschen, 1998)

supplemented and non-supplemented
group varied from 7 to 49%. The ewes
received additionally Se- and | during the
whole period, secreted 18% more iodine
than animals in the deficient group.

CONCLUSIONS

The investigation with lactating
ewe’s showed the influence of multi-
element deficiency on the milk yield and
milk properties, as well as the Se-l
content of raw milk and Se- and I-
secretion. The dynamic of the essential
inorganic nutrients of ewes’ milk and the
imbalances in the Se and | content during
the pasture feeding was higher than some
reference values of different authors in
experiments with sheep, goats and cows
(Anke and Groppel, 1987; Beate Heseker
and Heseker, 1999; Council Directive
92/46/EEC, 1992; Davis and Mertz, 1986;
Drobner, 1997; Hurley and Keen, 1987;
Heeschen, 1998).
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PE3OME

Mpoy4yeHo e BAUSHMETO Ha Ce30Ha
BbPXY 06emMa Ha eskynata (cm’), 6posi Ha
cnepmarosoungute (X 106/cm3), noaBuX-
HoCcTTa Ha cnepmatoungute (%) n pH Ha
crnepma oT XMbpuaHU HeEpPe3n OTIeX4aHn
B MacuBHa Crpaja, UUMEHTOB nog u
cBO6OAEH [AOCTBN A0 XpaHa W Boja.
M3cnegBaHn ca 52 edkynarta, NosyyeHu
oT 5 Hepe3a Ha Bb3pacT 12 - 24 meceua
npe3 nepuoga Mapt 2013 — Anpun 2014 r
rpynvpaHM no ces3oHu: 3uma (HAHyapw,
despyapn, MapT), nponet (Anpun, Maiw,
KOHu), nato (KOnwu, Asryct, Centemepu) 1
eceH (OktomBpu, Hoemspwu, [ekemspu).
YBenmyaBaHe Ha KOHUEHTpauusita Ha
cnepmaro3onan Cce ycTaHoBsiBa Mpe3
3umata u nposerta (P<0.001), a Ha
obema — npe3 natoto (P<0.001). Haii-
aKTMBHM ca cnepmaro3oungnTte B eskyna-
TMTe, nosnydeHn npes 3umata (P<0.001).
Pasnnuna no oTHoweHne Ha pH Ha
crnepmara npes3 pas/iMyHUTEe CEe30HW He
6sxa pernctpmpaHu. C yBesimyaBaHeTo Ha
obema Ha eskynata He BUHarum HapacTsa
N KOHUEHTpauusaTa Ha cnepmaTosonguTe.

48

Accepted: 31.08.2018

Published: 11.10.2018

SUMMARY

The effect of season on ejaculate
volume (cm®), concentration (x 10%cm?),
motility (%) and pH of the semen of hybrid
boars kept in a massive building, cement
floor and free access to food and water
was investigated.

Studied 52 ejaculates obtained from 5 of
the male age 12 to 24 months during the
period March 2013 - April 2014 grouped
by seasons: winter (January, February,
March), Spring (April, May, June),
summer (July, August , September) and
autumn (October, November, December).
It is established increasing the
concentration of sperm is established in
the winter and spring (P<0.001), and the
volume - in the summer (P<0.001). The
most active spermatozoa in the ejaculate
are those obtained in winter (P<0.001).
Differences with respect to the pH of the
semen in different seasons have been
recorded. By increasing the volume of
sperm is not always increases and the
concentration of spermatozoa. Temperature



Mo-ronsiMmo  BAWSIHWE BBLPXY W3CneaBaHuTe
nokasaTefin Ha crnepmarta umat Temnepary-
paTta u oTHocUTeNHaTa B/IaXHOCT OTKO/IKOTO
NPOAB/MKUTENHOCTTA Ha CBET/IMHHUS [IEH.
KnouoByn AyMuU: Hepesu, cnepma,
CE30H, Temneparypa, BMAXXHOCT,
NPOAB/IKUTENHOCT HA CBET/IMHHUS eH

yBO/[,

MpoMULLNIEHNTE  TEXHOOTUKA  Ha
oTrnexgaHe B CBMHEBBLACTBOTO Hanarat
M3MOM3BAaHETO Ha W3KYCTBEHO OCEMEHS-
BaHe Ha CBUWHeTe-maliku. ToBa U3MCKBa
oTrNiexgaHe Ha 34paBu M C  LEHHU
reHeTUYHN nokasaTenn Hepesu, KoUTo da
ce n3nonseart AbAro BpeMe KaTto crnepmo-
npoussoguteny. ®akropute Ha cpegarta
Cca HEOTMEHEH U CbMbTCTBALLY, eIEMEHT OT
€KO/I0TUYHUSA (DOH Ha XMBOTHUTE, KOUTO
MHOr0 4ecTo Morat ja ce npeBbpHaT B
cTpecchakTop. 3atoBa M Kogan (1983)
[ONb/IBa, Ye XMBOTA Ha BCEKN OpraHn3bm
€ HenpekbCcHaT nNpoLec Ha aganTtauus.

BAnsHMeTo Ha ce3oHa, C KOMMJekK-
ca cu OT B3aUMHOCBbP3aHu 1 B3anmoaeii-
cTBawM (oaktopw, B/MsSie HenocpeacTse-
HO BbpXy O6MsAHaTa Ha BellecTBara,
TON0- 1 ra3o06MeHa, 34paBeTo, NPOAYK-
TMBHOCTTa, penpoaykuuaTa u peguua
Apyrn oyHKUMM Ha opraHmama (Plyashtenko
and Hohlova, 1976; Petkov et al., 1979;
Bildirev et al., 1989; Kunavongkut et al.,
2005; Tolon et al., 2008). Cnopepg, Love
(1981) TemnepaTypaTa U UHTEH3MBHOCTTA
Ha cBeT/MHaTa B/IMSASAT BbpXY cekpeLumsaTa
Ha FSH, a upe3 Hero Ha TecToCTepoHa, B
pesyntaT Ha KoeTo ce Habnwogasat
NPOMEHN B pasMepute Ha TecTucute u
KayecTBOTO Ha cnepmara. [lpoyuBaiiku
CE30HHMAT eheKkT Ha CBeT/IMHaTa BbpXy
Hepesun aBTOPbLT YCTAHOBSBA, Ye Hamasie-
HMETO Ha JHEBHaTa CBET/IMHA Npe3 3uma-
Ta M eceHTa MMa CTUMynupaw, edqiekT
BbPXY PENPOAYKTUBHATA UM (PYHKLUUS.

Cnabo pasBUTMTE MOTHU X/1E3n U
pexaBa KocmeHa nokpueka crnopepg Kelly
and Curtis (1978) ca npuumMHa 3a HMCKaTa
YCTOMYMBOCT Ha HepesnTe KbM BUCOKWTE
NeTHN TemnepaTtypu, oco6eHO B chyeTa-
HMEe CbC CuHa CNbHYEeBa pajvauus.
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and relative humidity have greater
influence on the examined indicators of
sperm than duration of light day.

Key words: boars, semen, season,
temperature, humidity, duration of the light
day

INTRODUCTION

The industrial breeding
technologies in pig-breeding necessitate
the use of artificial insemination of sows.
This requires breeding of healthy boars
with valuable indicators, which can be
used as sperm producers for a long time.
The factors of the environment are
irrevocable and concomitant element of
the ecologic background of animals,
which factors can often turn into stress
factors. That is why Kogan (1983) also
adds that the life of each organism is a
permanent process of adaptation.

The influence of the season, with its
complex of interrelated and interactive

factors, has a direct influence on
metabolism, heat exchange, gas
exchange, health, productivity,
reproduction, and a number of other

functions of the organism (Plyashtenko
and Hohlova, 1976; Petkov et al., 1979;
Bildirev et al., 1989; Kunavongkut et al.,
2005; Tolon et al., 2008). According to
Love (1981), the temperature and the
intensity of light have influence on the
secretion of FSH, and, through it, on the
testosterone, as a result of which changes
in the size of the testicles and the quality
of sperm is observed. While studying the
seasonal effect of the light on the boars
the author deduces that the reduction of
daylight in winter and autumn has a
stimulating effect on their reproductive
function.

According to Kelly and Curtis
(1978), the poor development of sweat
glands and the loose hair cover are the
reason for the low tolerance of boars to
the high summer temperatures, especially
in combination with strong solar radiation.



Correa et al., (1999) ycraHoBsiBa, ue
HUCKMTE TemnepaTtypu Ha cpefaTta He
oKasBaT BMSHUE BbPXY CNepMOonpoayk-
uMsATa WM Ka4yecTBOTO Ha cnepmaTta. Mo
JaHHn Ha Petkov et al., (1979); Love
(1981) u Silva et al., (2004) ycnosusita Ha
npeoxsaxgaHe W Ha MperpsisaHe ca
npuyvHa 3a npepasxof Ha dhypax, Hapy-
LWEH pacTex, HapylleHa cnepmMore-Hesa 1
KayecTBO Ha cnepmata. [pyrm asTopu
kato Onegov et al., (1977) u Bildirev and
Brachkova (1986) ponbneaT, 4Ye Korato
amnanTygarta Ha BJIaXHoOCTTa e no-Buco-
ka ¢ 30% Hag onTuMasiHaTa ce Habnwga-
Ba HeraTMBHOTO U B/VSIHWE BbpXY pasBu-
TMEeTO, pacTexa 1 HopMasiHata crnepmore-
He3a npu Hepe3ute. O'Brien et al. (1989)
npvemart, Ye cTeneHTa Ha NofobHu cTpe-
COBW Bb3AENCTBUA U TAXHOTO BUSHUE
BbpPXY 34paBeTo M NPOAYKTMBHOCTTA Ha
CBUHETE Ce Onpegesniss He camo OT CTOl-
HOCTWUTE Ha BCEKM XUIMEHEH MokasaTen,
HO 1 OT BPEMETO Ha TAXHOTO Bb3aeliCTBYE.

Bcuuko ka3aHo 0 TyK HU MOTUBMPA
Ja npoyyMM B/IMSIHMETO Ha ce30Ha Ha
nosyyaBaHe BbPXY KayecTBOTO Ha
crnepma OT Hepesu.

MATEPWNAN N METO4WA

N3cnepBaHuaTa N3BBPLLUUXME
BbpXy Hepesu, OoTriexaaHu B Tyx/ieHa
crpafia C¢ AbpBeHa MNOKPMBHA KOHCTPYK-
LUMs, C BbHLWHA U BbTpellHa Bapo-nsch-
YyHa 3amaska U LMMEHTOB Noj B palioHa
okono rpag MNnosgue npes nepuoga Mapt
2013 — Anpun 2014 roguHa. Crpagata e
nosvumMoHMpaHa B Nocoka U3Tok-3anag, a
npo3opuuTe i ca MOHTMPaHW Ha XXHaTa
HagbXHa cTeHa. Temnepartyparta W
OTHOCUTEeNHaTa BN&XHOCT BbH U BbTpE B
crpajara um3MepBaxmMe CbC CeAMUYHU
Tepmo-xurporpagy 1 KoHTponunpaxme c
NCUXPOMETHLP Ha ACMaH, a MHTEH3VBHOCT-
Ta Ha OCBETeHOCT — C nykcumeTtbp PU

320. WN3mepBaHMsATa B crpagata ca
M3BBbPLUBAHN B KM3HEHATa 30Ha Ha
XUBOTHUTE.

Knumatoreorpadpckata  xapakre-
pucTMkKa Ha palioHa W3BLPLUIMXME MO
[aHHM Ha arpoMeTEOpPOIONMYHNS LLEHTBP,
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Correa et al., (1999) establishes that the
low temperatures of the environment do
not have influence on sperm production or
on the quality of the sperm. According to
the data of Petkov et al.,, (1979); Love
(1981), and Silva et al.,, (2004), the
conditions of overcooling or overheating
are a reason for over-expenditure of
fodder, disturbed growth, disturbed sperm
genesis and quality of the sperm. Other
authors, like Onegov et al., (1977) and
Bildirev and Brachkova (1986) add that
when the amplitude of moisture is 30%
over the optimal one, its negative
influence is observed on the development,
the growth, and the normal sperm genesis
of boars. O'Brien et al. (1989) conclude
that the level of such stressful influences
and their effect on the health and
productivity of pigs is defined not only by
the values of each hygiene indicator but
also by the time of their effect.

All of the above-mentioned
statements motivate us to study the
influence of the season of obtaining on
the quality of boar semen.

MATERIAL AND METHODS

We conducted the studies on boars
bred in a brick building with wooden roof
structure, with internal and external lime
and sand putty, and a cement floor, in the
area around the town of Plovdiv, in the
period between March 2013 and April
2014. The building is situated east-
westwards, and its windows are mounted
on the southern longitudinal wall. We

measured the internal and external
temperature and the relative humidity of
the building with weekly thermo-
hygrograph and controlled it with

Assmann psychrometer; the intensity of
lightness was measured with light meter
PU 320. The measurements in the
building were performed in the habitat of
the animals.

We analyzed the features of climate
and geography of the area in accordance
to the data of the agrometeorological



rpag rNnnosgus.

PasnnogHuunte ce otrnexgaxa u
XpaHexa npu efHaKbB PeXuM, Cbr1acHo
HOpMaTMBHMUTE U3NCKBaHUA. [10 BCSAKO
BpeMe Ha [EeHOHOLLMEeTO Hepe3uTe nMaxa
cBobOJEeH [JOCTbN [0 ABopdyeTata 3a
pasxofka c obla nsouw, 3a BCeku no 17
m? a ot crpagaTta - no 6 m?. Eakynaturte
nosyyaBaxme OT 5 Hepesa Ha Bb3pacT
Mexay 20 n 24 meceua no mMetoja Ha
~0BOMHaTa pbkaBumya”. Mpu 52 oT TAX
uscneBaxme nokasarenute o6emM Ha
esikynata (cm®), K0H|_6|,eHT§)au,vm Ha cnep-
MaTtozongute (x 10°/cm”), noaBWMXHOCT
(%) n pH no cvoTBeTHUTE MeToAM (Semkov
et al., 1989; Dimitrov et al., 2000).

Pesyntatute o6paboTuxme
BapuaLMOHHOCTATUCTUYECKMN.

PE3YJITATU N OBCBXXOAHE

M3nonsgaHeTo Ha pasniogHULM
n3nuckBa [06po Mno3HaBaHe Ha TexHuTe
PU3NONOTYMHN N BMOIOTMYHN OCOBEHOC-
TW, KaKTO M Bb3MOXHOCTTA MM fJa ce
noBnusieat OT pPasHOObpasHUTE akTopu
Ha 3aobukanswara rm cpega. Eto 3auwo,
0COGEHO BHMMaHMe Mpu OTIIEXAAHETO Ha
Hepe3n TpsbBa [Ja ce o06pblla Ha
pakTopuTe Ha NPOM3BOACTBEHaTa cpeja,
KOWTO 4Ype3 HenpekbcHaTuTe cu Koneba-
HWA feicTBaT CTUMyNupalwo Ha ajanTa-
UMOHHUTE UM MEXaHU3MW U AoNpuUHacAT
3a 3anasBaHe Ha TAXHOTO 34paBe W
npoaykTneHocT (Hristev, 2007).

OcpefgHeHnNTe CTOMHOCTU Ha Tem-
nepatypara v OTHOCUTENHaTa BJIaXHOCT,
CbOTBETCTBALLM Ha YETMPUTE TOLULLHU
ce30Hu, npeactaBsme Ha durypa 1, a Ha
Tabnuua 1 — HAKOM OT OMOAOrNYHUTE
napameTpy Ha cnepmaTa OT Hepesu npes
CbLUWTE CE30HM.
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centre, the town of Plovdiv.

The breeding animals were bred
and fed under identical regimen,
according to the regulations. The boars
had a 24-hour free access to the walking
yards with a total area for each one of 17
m? and 6 m® each of the building area.
We obtained the ejaculates from 5 boars
aged between 20 and 24 months, under
the ‘the double glove’ method. In 52 of
them, we studied the volume indicator of
the  ejaculate (cm3 , the sperm
concentration (x 10%cm?®), the motility (%),
and the pH, under the respective methods
(Semkov et al., 1989; Dimitrov et al.,
2000).

The results were processed with
variation and statistical methods.

RESULTS AND DISCUSSION

The use of breeding animals
requires knowledge of their physiological
and biological features, and of their
possibility to be influenced by the various
factors of the environment. That is why,
particular attention in boar breeding is to
be paid to the factors of the production
environment, which factors, through their
permanent variation, have stimulating
effect on their adaptation mechanisms
and help for the preservation of their
health and productivity (Hristev, 2007).

The average values of temperature
and the relative humidity, corresponding
to the four seasons of the year, are
presented in Figure 1, while Table 1
shows some of the biological parameters
of the sperm of the boars in the same
seasons.
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Fig. 1. Mean seasonal outdoor temperature (° C) and relative humidity (%) for the

period March 2013 - April 2014

Tabnuua 1. NokasaTtenn Ha cnepmarta n
pasniMyHnTE Ce30Hn
Table 1. Seminal characteristics of termi

py TEpPMUHAIHN Hepesu, NoJjlyyeHa npes

nal boars obtained in different seasons

Mokasartenn Ha cnepmarta/ Semen traits
CesoH
Season O6em , KOHueHTpau,Mﬂ |_|O,£I,B!/I_)KHOCT pH
Volume, cm Concentration, x 10%cm?® Motility,%
Nato/Summer 422,73+19,5 277,3+20,0 71,4+0,8 8,0
EceH/Autumn 270,0+28,9 400,0+29,7 71,0+1,1 8,0
3uma/Winter 344,6+17,9 492,3+£18,4 82,3+0,7 8,0
Mponet/Spring 313,0+13,5 463,0+£13,8 81,9+0,5 8,0
P< 0,001 0,001 0,001
EnHoroguwiHmAT KOHTpO/ Ha The one-year control of the

MUKPOKIMMATUYHUTE (PakTopu YCTaHOBMU,
Yye cpefjHaTta Temneparypa Ha Bb3fyxa B
crpap,aTa npe3 3umara e 5,7 ° C (npu min
- 2° n max 15° C) npes nposnetta e 11,2
°C, ﬂFITOTO e 28 8°C (npy min 15,4 n max
32,7°C) n 7,7°C npes eceHta. CpegHata
OTHOCUTENHa BNaXHOCT € OKono 70%
(npn min 45% u max 100%). CkopocTTa
Ha [BWXeHMe Ha Bb3ayxa npes NAToTo e
Hali-Hncka — 0,18 m/s, a npe3 3umarta

Hali-Bucoka — 0,31 m/s. Mpe3 npexogHu-

microclimatic factors deduced that the
average temperature of the air within the
building is 5, 7 ° C in winter (with min - 2°
and max 15 C) in spring it is 11,2° C, in
summer -28,8°C (with min 15,4 and max
32,7°C), and in autumn - 7,7°C. The
average relative humidity is around 70%
(with min 45% and max 100%). The
airflow is the lowest in summer — 0,18
m/s and it is highest in winter — 0,31 m/s.
It has an intermediate value during the
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Te nepuvoauM TA  3aemMa  MeXOUHHU
cToiHocTh — 0,25 m/s.
M3BbpLlUueHaTa XUTUEHHO-

eHepreTMyHa OUEeHKa Ha crpagarta oT
Hristev and Zapryanova (2014) gokasa,
ye 6e3 JOMbAHUTENIHO OTOM/IeHUe npes
3umata 1 6e3 MexaHWyHa BeHTuauus
npe3 3umarta u NAToTo, Ce o4akBaT npe-
pasxo4 Ha dypax W 3aHWKEHW penpo-
OYKTUBHW NoKasaTenun npu Hepesute.

CpegHata nNpOAbL/DKUTETHOCT Ha
CBET/IMHHUS A€eH npe3 3umarta 6e 0KoJo
10 h, npes nponetrta 12,5 h, npe3 naroto
14,5 h n npe3 eceHta 12,3 h. Vamepe-
HaTa WMHTEH3UBHOCT Ha eCcTeCTBEeHO OcC-
BET/IEHVEe B crpajaTa ce konebae mexay
6 1 60 lux, KoeTo e nog, XMrMeHHo Aonyc-
Tumata rpaHuya (75 lux). Cnopeg Love
(1981) HamaneHneTo Ha MHTEH3UBHOCTTA
Ha OCBEeT/IeHMEe Mpe3 3umarta K eceHTa
umMa CTUMYSMpaWo BAUSIHUE  BBPXY
penpoaykTMBHaTa (UYHKLUMSA Ha HepesuTe.
Mpu HawwWTe n3cnegBaHWA He OTKPUXME
CblLIECTBEHA 3aBNCUMOCT MeXAy m3crnes-
BaHUTe OGMONOrMYHM KayecTBa Ha cnep-
MaTa OT Hepes3n U NPOAbIIKUTENHOCTTA
Ha CBET/IMHHUA AeH. [py KOMMIEKCHOTO
npeactaBsHe Ha TemneparypaTa, OTHO-
cuUTeNHarta BJI&XHOCT W NPOABLIKATEN-
HOCTTa Ha CBET/IMHHMSA AEH, 06eANHEHN B
.Ce30H”, nokaszaxa CWMHO nog4veptaH
edhekT BbpXy U3cneABaHNTE Mnokasatenu
Ha crnepmara.

Pesyntatute OT HawuTe u3cneg-
BaHUS Mokasaxa, Ye Mexgy opraHusma
Ha HepesuTe U cpejara ce uHayuupa
ycnewHa ajantaumsa KbM NPOMeHsALWmTe
ce (pakTopM Ha BbHWHaTa cpega.
HesaBucumo ot ToBa, Npes nepuogute ¢
no-peskn NPOMeEHN Ha TemnepaTypHus K
CBET/IMHHUA hakTop, Korato npoTuyar
npouecute 3a MNOCTUraHe Ha YCTOWYMBO
XOMEOCTATUYHO CbCTOSHME Ha OpraHus-
Ma, ce HabnwgaBaT NPOMEHU B HAKOM OT
O6Mo/IorMYHMTE KayecTBa Ha chepmara
(Tabnuua 1). Peguua aBTOpK Kato Love
(1981), Claus and Weiler (1985),
Kozdrowski and Dubiel (2004), Rivera et
al. (2005), Tolon et al. (2008), Knecht et
al. (2014) cbwo cbobwasar 3a NoA06HU

transitional periods — 0,25 m/s.

The hygiene and energy
assessment of the building, conducted by
Hristev and Zapryanova (2014) proved
that without additional heating in winter
and mechanical ventilation in winter and
summer, boars are expected to have
over-expenditure of fodder and reduced
reproduction indicators.

The average duration of daylight in
winter was around 10 hours, in spring —
12,5h, in summer — 14,5h, and in autumn
— 12,3h. The measured intensity of
natural light within the building fluctuates
between 6 and 60 lux, which is lower than
the permissible hygiene limit (75 lux).
According to Love (1981), the reduced
intensity of light in winter and autumn has
a stimulating effect on the reproductive
function of boars.

Our studies did not find any significant
dependence between the studied
biological features of the sperm from
boars and the duration of the daylight. In
the complex presentation of the
temperature, the respective humidity, and
the duration of the daylight, combined in
‘Season’, showed a strongly expressed
effect on the studied indicators of the
sperm.

The results of our studies showed
that successful adaptation is induced
between the organism of the boars and
the environment.

However, during the periods with sharper
changes of the temperature and light
factor, at the time of the processes of
permanent homeostatic condition of the
organism, changes are observed in some
of the biological features of the sperm
(Table 1). A number of authors, like Love
(1981), Claus and Weiler (1985),
Kozdrowski and Dubiel (2004), Rivera et
al. (2005), Tolon et al. (2008), Knecht et
al. (2014) also state of similar changes in
the volume, concentration, and
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npoMeHn B obema, KOHLeHTpauusata u
naronornyHuTe ¢opmMm Ha cnepmara B
3aBMCMMOCT OT ce3oHa. 3a B3emaHe Ha
OKOHYaTeNHo pelleHve npu Nogo6HU
cflyyanm He TpsibBa ga ce U3KI4YBa U
(hakTa, Ye cbllecTByBaT M UHAMBUAYaAN-
HW pas3/imuMsa B cnepmoreHesarta v cnep-
MOMNpoAyKuusTa.

HamepeHnTe pasnvku B KOHLEH-
TpauusiTa Ha cnepmaro3ouan npes pas-
JINYHUTE CE30HU B6sixa 3HAYUTEsTHU, OCO-
6eHOo obpe nogyvepTaHn npes 3umMaTa u
natoto (P < 0,01). Hai-ronam 6poi Ha
crnepmaro3onay  ycTaHoBUXMe — npes
3umaTta (P<0,001), a Hail-mManbk npes
natoto. NogobHa KoHcTaTauws npa.AT
Malinova and Nikolov (2015) npu 6uyun.
Mo oTHoweHne Ha obemMa Ha eskynara
KOHCTaTMpaxMe, 4Ye TOW € Hail-MasTbK
npe3 nposieTTa u Haii-Beye Npes eceHTa,
a Haii-ronam npe3 natoto (P <0,001).
CTaTUCTUYECKM 3HAYUMU PA3/TUKA MEXAY
o6WwuMa 6poii Ha cnepmarosouguTe "
6pos Ha kuBUTe chepmaro3onan B
eslkynata npe3 OoTAesIHUTE Ce30HU He
OTKpUXME.

Cnopes Rivera et al. (2005) wu
Knecht et al. (2014) Temnepartypata u
OTHOCUTENHaTa BAaXHOCT Ha Bb3ayxa
umart no-rofIIMo B/IVSIHNE BbPXY U3cnesn-
BaHUTE MNokas3aTesin OTKOSIKOTO MpPOAbII-
XWUTENHOCTTa Ha CBET/IMHHWA feH. Tasu
KOHCTaTauusa Ha aBTopuTe 6e noTBbpAE-
Ha W OT HawwuTe wuscnedBaHns, KOWUTO
yCTaHOBMXa Hal-HUCBbK 6poli u cnaba
NOABWKHOCT Ha crnepmaro3ongute npes
NATOTO. 3ak/lyeHnsaTa, HanpaseHu OT
Bildirev et al., (1989); Tolon et al., (2008)
n Flowers (2008) cbuio noTBbpXAasBat
CTAHOBMLLETO, Ye TemnepaTypHUsT CTpec,
npeausBukaH OT BUCOKUTE Temnepa-Typu
npe3 NATOTO, OKa3Ba HEraTMBHO BAUsSIHUE
BbpXy KA4eCcTBOTO Ha criepmarta OT Hepesu.
CbuoTo e HabnwgasaHo 1 oT Kozdrowski
and Dubiel (2004) npu guBM CBUHE, KOUTO
LenorogMwHo o6butaBat efHa MOCTOSIHHO
NPOMEHsILLA Ce BBbHLUHA cpeja.

Ce30HbT e KOoHCTesauuss OT MHO-
)KECTBO MPOMEHSALN Ce (PU3NUYHN haKTo-
pyv Ha okoMHaTa cpefa kaTo Temnepary-

pathological forms of the sperm
depending on the season. In order to take
a final solution in such cases, the fact that
there are individual differences in the
sperm genesis and sperm production is
not to be excluded.

Significant  differences in the
concentration of sperm in the different
seasons were found, as they are well
expressed in winter and summer (P <
0,01). We found the highest number of
sperms in winter (P<0,001), and the
lowest — in summer. Malinova and
Nikolov (2015) came to a similar
conclusion with bulls. Regarding the
volume of the ejaculate, we established
that it is the lowest in spring, and mostly
in autumn, and it is the highest in summer
(P <0,001). We did not find any significant
differences between the total number of
sperms and the number of living sperms
in the ejaculate during the different
seasons.

According to Rivera et al. (2005)
and Knecht et al. (2014), the temperature
and the relative humidity of the air have a
greater influence on the examined
indicators than the duration of the
daylight. This conclusion of the authors
was also confirmed by our studies, which
established the lowest number and poor
motility of the sperms in summer. The
conclusion made by Bildirev et al.,
(1989); Tolon et al., (2008) n Flowers
(2008) also confirm the opinion that the
temperature stress resulting from the high
temperatures in summer, has a negative
effect on the quality of boar sperm. The
same result was observed by Kozdrowski
and Dubiel (2004) with wild boars which
inhabit a permanently  changing
environment during the whole year.

The season is a constellation of
multiple changes of physical
environmental changes like temperature,
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pa, B/IQXHOCT, CBET/IMHA, ABWKEHME Ha
Bb3ayxa M apyrn. Te ca B CbCTOsIHME Aa
NPOABAT KaKTO CBOETO KOMMJ/EKCHO (Ha
ce30Ha), Taka U UHAUBUAYASTHO BAUSHUE
BbPXY KauyecTBOTO M KOJIMYECTBOTO Ha
noslyyaBaHata OT HepesuTe cnepma.
Ono3HaBaHETO Ha Te3u 3aBUCUMOCTY Le
[lafie OCHOBa 3a Cb3fJaBaHe 1 npunaraHe
Ha NoAXoAsALM TPUXM C Or/fie[ 3anasBaHe
Ha TsAXHaTa PenpoayKTMBHA CMOCOGHOCT
3a MNo-Ab/TbI Nepuof oT BpeMme.

n3BOAU

1. Hucknte Temneparypu 1 Bucoka-
Ta BMIAXHOCT Ha Bb3Ayxa npes 3umMara u
eceHTa okasBarT CTumy/nupal, edpekrt
BbPXY KOHLEHTpauuaTa U MNoABMKHOCTTa
Ha cnepmaTto3onanTte (P<0,001).

2. Bucokute netHuM Temnepartypu
cb3fasar yc/ioBMA 3a MperpssaHe W
TON/IMHEH CTpec y Hepe3uTe, B pesy/rar
Ha KOeTo ce HamansBa 6pos Ha
crnepmarosounanTte n TaxHata NnoABUKHOCT
Hes3aBMCMMO, 4e obwmsa o6em Ha
cnepmara HapacTtsa (P<0,001).

humidity, light, airflow, etc. They are able
to show both their complex (seasonal)
and their individual influence on the
quality and quantity of the sperm
obtained by boars. Learning about these
dependencies will give a basis for the
establishment and  application  of
appropriate care with view to preserving
their reproductive ability for a longer
period of time.

CONCLUSIONS

1. The low temperatures and high
humidity of air in winter and autumn have
a stimulating effect on the concentration
and motility of sperms (P<0,001).

2. The high summer temperatures
create conditions of overheating and
thermal stress in boars, which results in
the reduction of the number of sperms
and of their motility, regardless of the fact
that the total volume of sperm increases
(P<0,001).
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