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O0uM ¥ MOJMTHKA Yacomuca

Berepunapcku xypuan PemyOmuke Cprcke je mokpenyt 2001. romune kako Ou
UCTpaXUBa4u KOJ HAC, y PErMOHy M LIMPOM CBHje€Ta MONIU Ja 00jaBibyjy CBOja
UCTpakuBama U pajgose. Yaconuc je mocseheH yHampehewy U IMpemy HaydyHHX
Ca3Hama O BETEPHMHAPCKMM HAaykamMa W CpPOJHUM aKaJeMCKUM JUCIMILIMHAMA.
Berepunapcku xypnan Peny6nuke Cpricke je OTBOPEHOT MPHUCTYMA, peleH3upaHu
HayuHu yacomnuc JY Berepunapcku unctutyt Penyonuke Cprcke ”/Ip Baco byrozan™
bawa Jlyka, Peny6muka Cprcka/buX, mnocBehen o00jaBibuBamby OpPUTHMHAITHUX
HAay4YHHUX paJoBa, MpErIeHUX HAyYHHX paZoBa, KPAaTKUX CAOMIUTeHa W IMpHUKa3a
ciyudaja. Berepunapcku xypHan PemyOnuke Cpricke 06jaBbyje ce Ha JEIHOM OJ
jesuka y ciyx0eHoj ynorpebu y bocHu u XepueroBUHU U EHIVIECKOM JE3HKY, Y
TOIMIIBLUM BOTYMEHMMA KOjHU Ce cacToje o ABa Opoja, Ha moaeny Open Access koju
oMoryhaBa BUCOKY BUJJBUBOCT pajioBa. Berepunapcku xxypuan Penmyonuke Cpricke je
MHACKCHpAaH Kao HAIMOHAJIHM YacoluC. YMYTCTBAa 3a NpPHjaBJbHUBAKE PYKOIHCA,
MpUIIpEMY pajia, MPOLEAYpY pElEeH3Uje U CBE OcCTalle JeTajbe JOCTyNHA Cy Ha
cTpaHunama vacomnuca. Berepunapcku sxypnan PenyOmuke Cprcke je yacomuc
oTBOpeHOr mpuctyna. CBU pagoBH MOTy ce OECIUIaTHO Mpey3eTH M KOPUCTUTH Y
cknany ca Creative Commons Attribution 4.0 International License (CC BY 4.0).

Scope and Policy of the Journal

Veterinary Journal of Republic of Srpska was launched in 2001 to offer researchers and
professionals in the region and worldwide a place to publish their research findings and
work. The Journal is devoted to the advancement and dissemination of scientific
knowledge concerning veterinary sciences and related academic disciplines. Veterinary
Journal of Republic of Srpska is an open access, peer-reviewed scientific journal
published by the PI Veterinary Institute Republic of Srpska ,,Dr. Vaso Butozan* Banja
Luka, Republic of Srpska/ B&H, and dedicated to the publication of original scientific
paper, review scientific paper, short communications, case report. Veterinary Journal
of Republic of Srpska is published in one of the languages in official use in Bosnia and
Herzegovina and English, in yearly volumes comprising two issues, on an Open Access
model which allows high visibility ofarticles. Veterinary Journal of Republic of Srpska
is indexed as a national journal. The instructions for manuscript submission, paper
preparing, peer-review procedure and all other details are available on the Journal
homepage.

Veterinary Journal of Republic of Srpska is an Open Access Journal. All articles can be
downloaded free of charge and used in accordance with the Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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EFEKTI MENTOLA I MONEPANTELA NA KONTRAKCIJE IZOLOVANOG
NERVNOMISICNOG PREPARATA ASCARIS SUUM

Porde S. MARJANOVIC!, Dragana MEDIC', Tihomir MARIC', Miodrag
JOVANOVIC?, Stevan MITKOVIC?, Sasa M. TRAILOVIC'*

! Univerzitet u Beogradu, Fakultet veterinarske medicine, Beograd, Srbija
*Topli¢ka akademija strukovnih studija, Prokuplje, Srbija
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Sazetak

Parazitske nematode Zivotinja dovode do ozbiljnih poremecaja zdravstvenog stanja,
visokih ekonomskih gubitaka u sto€arstvu a ¢esto su 1 zoonoze §to predstavlja direktnu
opasnost po zdravlje ljudi. Prevencija i leCenje parazitskih infekcija obavlja se
primenom lekova ali je savremena antiparazitska farmakoterapija suoCena sa nekoliko
velikih izazova. Razvoj rezistencije parazita, ogranicena mogucnost povecanja doza
postojec¢ih lekova zbog potencijalne toksiCnosti, nedostatak novih antiparazitika i
dugacka karenca su razlozi da se sve viSe istrazuje mogucénost antiparazitske primene
supstanci biljnog porekla. U ovom radu prikazujemo ispitivanje anthelminti¢kog
dejstva terpenoida mentola na modelu kontrakcija nervnomisSi¢nog preparata parazitske
nematode Ascaris suum. Svi lekovi holinergicki agonisti (levamizol, pirantel, morantel
1 dr.), dovode do smrti parazita tako Sto izazivaju snaznu kontrakciju njihovih misica.
U nasem istraZivanju mentol sam po sebi nije izazvao promene tonusa nervnomisi¢nog
preparata Ascaris suum ali je signifikantno potencirao kontrakcije izazvane
acetilholinom 1 pirantelom, ¢ime je ispoljio karakteristike alostericnog modulatora
nAChR 1 to posebno L tipa. Ovo povecanje kontraktilnosti je osetljivo na monepantel,
antagonistu nAChR. Potenciraju¢i efekt mentola na kontrakcije Ascaris suum mogao
bi da se iskoristi u kombinovanoj terapiji sa holinergickim agonistima pirantelom i
levamizolom, ¢ime bi im se povecala efikasnost bez povecanja doza a smanjila
moguénost razvoja rezistencije parazita.

Kljuc¢ne re¢i: mentol, monepantel, Ascaris suum, nAChR.

UvOoD
Sve veci zdravstveni problem u veterinarskoj 1 humanoj medicini su infekcije ljudi 1
vrsta Zivotinja 1 do sada je opisano preko 80.000 vrsta, od kojih je viSe od 15.000
parazitskih (Hugot i sar., 2001). Na osnovu podataka Svetske zdravstvene organizacije
iz 2018. godine, vise od 1,5 milijarde ljudi, ili 24% svetske populacije, inficirano je
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barem jednom vrstom crevnih parazita, koje uglavnom ukljucuju valjkaste crve
(Ascaris lumbricoides 1 Trichuris trichiura) i pantljicare (Necator americanus i
Ancylostoma duodenale). Parazitske nematode Zivotinja dovode do ozbiljnih
poremecaja zdravstvenog stanja, visokih ekonomskih gubitaka u sto€arstvu, a neretko
su 1 zoonoze, odnosno predstavljaju direktnu opasnost po zdravlje ljudi (Paterson i
Barber, 2007). Glavni nacin prevencije i suzbijanja parazitskih infekcija je primena
lekova-anthelmintika, ali je savremena antiparazitska farmakoterapija suocena sa
nekoliko velikih izazova. Sve ve¢i broj izvestaja odnosi se na rezistenciju parazitskih
nematoda prema klasi¢nim antiparazitskim lekovima. Sa duge strane, za razliku od
antimikrobnih lekova, ¢ije su doze bezbedne ¢ak i posle povecanja u cilju suzbijanja
rezistencije, povecanje doza antiparazitika Cesto ima za posledicu ispoljavanje
toksi¢nosti. Posebno vazna za veterinarsku medicinu je d{injenica da vecina
antiparazitskih lekova zahteva dug period karence posle primene kod Zivotinja Cija su
tkiva namenjena za ishranu ljudi (Martin 1 sar., 2004). Ovo su neki od najvaznijih
razloga koji su farmakoloska istrazivanja usmerili prema potencijalnoj primeni biljnih
proizvoda, umesto konvencionalnih sintetskih antiparazitskih lekova. Biljke stvaraju
esencijalna ili etarska ulja kao organske produkte sekundarnog metabolizma.
Esencijalna ulja (odnosno njihovi aktivni principi) su na osnovu farmakoloSkih
karakteristika (antimikrobnih, antiparazitskih 1 dr.) potencijalno najozbiljniji
alternativni lekovi 1 biocidi. Njihovi aktivni principi su sposobni da efikasno i
bezbedno zamene klasicne antiparazitske lekove ili da im znacajno potenciraju dejstvo,
bez potrebe za povecanjem njihove doze.

Mentol je dobro poznato jedinjenje, monoterpenoid, koji se u prirodi nalazi u visokom
procentu u etarskom ulju nane (Mentha piperita), sa karakteristicnim ukusom 1
mirisom. U literaturi su opisana svojstva mentola kao lokalnog anestetika ali i pozitivna
analgetska dejstva na kozu i sluznice (Patel i sar., 2007). U naSem ranijem istraZzivanju
pokazali smo da je mentol pozitivni alosteri¢ni modulator nikotinskog acetilholinskog
receptora (nAChR) parazitskih nematoda (Ascaris suum 1  Oesophagostomum
dentatum) (Choudhary i sar., 2019).

Proslo je viSe od 35 godina od otkri¢a avermektina, poslednje velike grupe efikasnih
antiparazitskih lekova. Svi ostali, kasnije otkriveni potencijalni lekovi, uglavnom nisu
zadovoljili kriterijume za masovniju upotrebu. Monepantel je predstavnik grupe
aminoacetonitrila (AAD), jedne od najnovijih klasa antihelmintika, za koje se smatra,
na osnovu istrazivanja proizvodaca, da deluju kao alosteri¢ni modulatori nAChR. U
studijama koje su publikovane kasnije, opisuje se da monepantel deluje kao antagonista
nAChR (Abongwa i sar.,, 2018). Specifican mehanizam dejstva ukazivao je da
monepantel moZe da bude veoma znacajan novi lek u farmakoterapiji parazitskih
infekcija.

U ovom radu prikazujemo istrazivanja dejstva mentola na kontrakcije izolovanog
nervnomisi¢nog preparata Ascaris suum (A. suum), izazvane sa ACh ili pirantelom, kao
1 uticaj monepantela na efekat mentola.
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MATERIJALI I METODE
Parazitska nematoda svinja 4. suum je dopremana u termosima sa klanice u okolini
Beograda (Ambar), neposredno posle ciS¢enja creva i prikupljanja u posebno
pripremljenom rastvoru (Lockes solution). Sastav Lockes solution je standardizovan
(mM): NaCl 155, KCI 5, CaCl, 2, NaHCOs 1.5 1 glukoza 5. Nematode su u laboratoriji
cuvane u istom rastvoru, koji je odrZzavan na temperaturi 32-36°C u vodenom kupatilu.
Lockes rastvor je menjan svakih 12 sati, tokom 5 dana.
U ispitivanjima su koriS¢ene samo adultne Zenke askarisa, jer su ve¢ih dimenzija i
brojnije su u populaciji parazita. NervnomiSi¢ni preparat za ispitivanje kontrakcija
pripreman je disekcijom prednjeg dela tela parazita 2 do 3 cm kaudalno od glave.
Daljim odsecanjem tkiva izmedu dve crvene linije longitudinalno, dobijan je preparat
(segment) uvek istih dimenzija (1cm) koji je dalje koriS¢en.
Pripremljeni segmet askarisa postavljan je u komoru (kupatilce) zapremine 20 ml, koja
je ispunjena sa Ascaris Perienteric Fluid Ringer/APF Ringer standardnog sastava
(mM): NaCl 23, Na-acetat 110, KCI 24, CaCl, 6, MgCl, 5, glukoza 11, HEPES 5, sa
vrednosti pH 7,6. Jedan kraj segmenta pricvrscen je za kukicu na dnu kupatilca, a drugi
deo je koncem zakacen za izometrijski transdjuser koji je preko interfejsa i amplifajera
povezan sa PC kompjuterom. Kontinuirano meSanje aplikovanih supstanci u kupatilcu
obezbedeno je stalnim ubrizgavanjem ambijentalnog vazduha elektricnom pumpom za
vazduh, pri ¢emu kretanje mehurica nije uticalo na kontrakcije. Nakon postavljanja u
kupatilce 1 povezivanja sa izometrijskim transdjuserom, preparat je mikrometarskim
regulatorom na nosacu transdjusera izloZen pocetnoj tenziji od 0,5-1,0g tokom 15-20
minuta. Kada se osnovni tonus stabilizovao na oko 0,5g, aplikovane su ispitivane
supstance a zatim su prac¢ene i merene kontrakcije u realnom vremenu. Kontrakcije su
pracene i belezene softverom eLAB 44 (ElUnit, Beograd).
Kori$¢en je protokol aplikacije rastu¢ih koncentracija ispitivanih supstanci, koje su
poznate kao agonisti nikotinskog receptora (acetilholin 1 pirantel), 1 supstanci u
odredenim koncentracijama za koje smo pretpostavili da ¢e efekte ovih supstanci
modulisati (mentol i monepantel). Posle svake maksimalne kontrakcije preparat je
ispiran.
U ispitivanjima je koris¢en acetilholin-hlorid (Sigma-Aldrich, St. Louis, MO, USA),
monepantel (Zolvix®, Novartis, USA), pirantel-citrat (Sigma-Aldrich, St. Louis, MO,
USA) i mentol (Sigma-Aldrich, St. Louis, MO, USA).
StatistiCka analiza dobijenih rezultata obavljena je u programu Graph Pad Prism,
Version 6.0 (San Diego, Ca, USA). Razlike izmedu serija rezultata poredene su
analizom varijanse (ANOVA), odnosno Tukey-testom, dok je dozna zavisnost
dobijenih efekata analizirana nelinearnom regresijom. Svi rezultati su izraZeni kao
srednje vrednosti =SE.

REZULTATI
Na osnovu podataka iz naSih prethodnih istrazivanja (Choudhary i sar., 2019), testirali
smo efekat 100nM mentola na kontrakcije nervnomiSi¢nog preparata A. suum
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izazvanih rastu¢im koncentracijama ACh (1, 3, 10, 30 1 100mM). Na Slici 1a prikazan
je originalni zapis kontrakcija bez 1 u prisustvu 100nM mentola. Dobijeni rezultati
kontrakcija obradeni su nelineranom regresijom, na osnovu kojih je odredena vrednost
srednje efektivne koncentracije (ECsp) ACh. Kontrolna vrednost je iznosila
9,15+1,22mM, u prisustvu mentola ECso je bila smanjena na 7,29+1,21mM, dok je
posle uklanjanja mentola iz medijuma bila jo§ niza, 6,19+1,20mM. Istovremeno je
rasla vrednost maksimalnog efekta (Emax). Kontrolna Emax je bila 1,55+0,09g, u
prisustvu mentola porasla na 1,82+0,09¢g 1 nastavila je da raste 1 posle ispiranja do
1,91+0,09¢g (Slika 1b).

<0 ACh - koxtrola e
100 L 100 AL -8 Mestol 100 s )M

-4 ACh-tpiranje é § ______
g

n

FO+OEn.

Kontrakeija (g)

n

" 1 " 0 1

Mentol 100 M ACh (pAl)

a) b)
Slika 1
a) Reprezentativni zapis izometrijskih kontrakcija nervnomisi¢nog preparata A. suum
izazvanih rastu¢im koncentracijama acetilholina 1 dejstvo 100nM mentola na te
kontrakcije
b) Dozno-zavisne sigmoidne krive kontraktilnog efekta acetilholina bez i u prisustvu
100nM mentola (n=6)

Ispitali smo i dejstvo mentola na kontrakcije 4. suum izazvane pirantelom (Slika 2a i
2b). Kontrolna ECso pirantela iznosila je 8,42+1,14nM, u prisustvu mentola,
signifikantno je smanjena na 4,51+1,11nM (p=0,0483), dok se posle ispiranja ponovo
vratila na kontrolni nivo (8,42+1,18nM). Maksimalni efekat se vrlo malo menjao, sa
1,984+0,09¢g u kontroli na 2,02+0,05g u prisustvu mentola 1 1,824+0,08g posle ispiranja.
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Slika 2
a) Reprezentativni zapis izometrijskih kontrakcija nervnomisi¢nog preparata A. suum
izazvanih rastu¢im koncentracijama pirantela i dejstvo 100nM mentola na te
kontrakcije
b) Dozno-zavisne sigmoidne krive kontraktilnog efekta pirantela bez i u prisustvu
100nM mentola (n=5)

U tre¢em delu ispitivanja testirali smo dejstvo monepantela na potencirajuci efekat
mentola u kontrakcijama izazvanim ACh (Slika 3a i1 3b). Kontrolna vrednost ECso za
ACh bila je 13,30+1,25mM, ali je inkubacija sa 100nM mentola imala za posledicu
smanjenje ECso na 9,04£1,24mM. Medutim, posle dodavanja ImM monepantela,
vrednost ECso ACh je u odnosu na kontrolu signifikantno (p=0.0245) porasla na
18,48+1,33mM. Ova vrednost je bila signifikantno viSa 1 od ECso ACh u prisustvu
mentola (p<0,0001), ali je posle uklanjanja monepantela iz medijuma porasla cak i
neSto iznad kontrolne vrednosti (15,30£1,27mM). Inkubacija nervnomisi¢nog
preparata A. suum sa 100nM mentola izazvala je povec¢anje maksimalnog efekta Enax
sa 2,07+0,14g na 2,32+0,14g, ali je inkubacija sa monepantelom (1mM) signifikantno
smanjila (p=0,0418 u odnosu na kontrolu i p=0,0011 u odnosu na kontrakcije u
prisustvu mentola) Enax na 1,50+0,15g. Interesantno je da je posle ispiranja preparata,
odnosno uklanjanja mentola 1 monepantela, vrednost Emax bila viSa nego kontrolna i
dostigla je 2,18+0,17g.




10 Berepunapcku :xypHana Penyoianke Cpncke (bama Jlyka), Boa. XXIV, Bp.1-2, 5-12, 2024.
Marjanovié i sar.:
Efekti mentola i monopantela na kontrakcije izolovanog nervnomisi¢énog preparata Ascaris suum Veterinary

100 pAL

100 M 100 uM
30 pM ¢
30 AL By 100 M 30500
30 g =
Zis
10 g E
10 uAL 3
3uM 10 pM oM FRE
3puM 2
3puM 3 uM
1z i 1,5
ACh1pM ACE1pM ACR1lpM ACh1pAl
I "
0o ™ Y v T n
Imizs 0 e e e e e e e s e e o e = = ol 1 "0 0o 1000
Afentol 100 =M Monepantel 1 pAl ACH (M)
a) b)
.
Slika 3

a) Reprezentativni zapis izometrijskih kontrakcija nervnomisi¢nog preparata A. suum
izazvanih rastu¢im koncentracijama acetilholina, stimulacija kontrakcija sa 100nM
mentola i inhibicija sa 1uM monepantela (isprekidana linija: inkubacija sa 100nM

mentola; puna linija: inkubacija sa 1uM monepantela)

b) Dozno-zavisne sigmoidne krive kontraktilnog efekta acetilholina bez i u prisustvu

100nM mentola ili mentola i ImM monepantela (n=6)

DISKUSIJA

Dobijeni rezultati su pokazali da mentol pojaava kontrakcije nervnomiSi¢nog
preparata A. suum izazvane ACh. Inkubacija sa 100nM mentola smanjuje vrednost
ECso ACh 1 povecava maksimalni kontraktilni efekt za oko 20%. Medutim, sam po sebi
mentol nije izazivao promene tonusa. Ovakvi rezultati potvrduju naSe prethodno
publikovano istrazivanje, u kome smo dobili slican efekat mentola na nAChR 4. suum
i Oesophagostomum dentatum 1 pokazali da je on najverovatnije alosteri¢ni modulator
nAChR parazitskih nematoda (Choudhary i sar., 2019).

Na osnovu farmakoloskih karakteristika, miSi¢ni nAChR nematoda ima sli¢nosti na
neuronskim tipom nAChR ki¢menjaka, jer je relativno neosetljiv na blokadu alfa-
bungarotoksinom (Tornee i sar., 1995). Za razliku od ki¢menjaka, medutim, nematode
poseduju vise od jednog tipa nAChR, koji se nalazi u nervno-misi¢nim sinapsama
odrasle nematode. A. suum ima najmanje tri tipa nAChR koji se razlikuju po osetljivosti
na razliCite agoniste 1 karakteristikama jonskog kanala koji reguliSu. Svaki od tri
podtipa je imenovan na osnovu agoniste na koji je pretezno osetljiv: N tip (preferira
nikotin 1 oksantel), L tip (preferira levamisol 1 pirantel) i B tip (preferira befenijum)
(Martin i sar., 2004; Robertson i sar., 2002). U naSem ranijem istrazivanju sa mentolom
pokazalo se da on pre svega stimuliSe efekte ACh, §to je razumljivo jer je mesto
vezivanja ACh dobro konzervisano u svim tipovima nACh receptora. Medutim, mentol
je dobro stimulativno delovao na L tip, ali vrlo slabo na N tip nAChR. Upravo iz ovog
razloga testirali smo dejsvo mentola na kontrakcije izazvane pirantelom. Mentol je
potencirao dejstvo pirantela signifikantno smanjujuc¢i mu vrednost ECso, uz minimalno
povecanje Emax. S obzirom da je pirantel agonist, pre svega L tipa nAChR, ovi rezultati
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su u saglasnosti sa prethodno publikovanim (Choudhary i sar., 2019). Posebno je bilo
interesantno ispitati dejstvo monepantela, koji je negativni alostericni modulator
nAChR nematoda (Abongwa i sar., 2018). U nasem ispitivanju monepantel je potpuno
neutralisao stimulativno dejstvo mentola 1 signifikantno inhibisao kontraktilni efekt
ACh, povecavajuci vrednost njegove ECso 1 smanjujuci Emax.

ZAKLJUCAK
Prezentovano istrazivanje pokazuje da botanicki antihelmintici mogu ublaZiti pritisak
na ograni¢enu grupu dostupnih antihelmintika. Pozitivna alostericna modulacija
nAChR koju ispoljava mentol bila bi korisna u kombinovanoj terapiji sa holinergickim
antihelminticima kao S$to su pirantel ili levamizol, ¢ime bi se povecala njihova
efikasnost bez povecanja doze 1 smanjila mogucnost razvoja rezistencije parazita.
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Summary

Parasitic nematodes in animals lead to serious health disorders, high economic losses
in animal husbandry, and often are zoonoses, which represent a direct danger to human
health. Prevention and treatment of parasitic infections involves the use of medication,
but modern antiparasitic pharmacotherapy is faced with several major challenges. The
development of parasite resistance, the limited possibility of increasing the doses of
existing drugs due to potential toxicity, the lack of new antiparasitics and the long
withdrawal period are the reasons why the possibility of antiparasitic application of
substances of plant origin is increasingly being researched. In this paper, we present a
study of the anthelmintic effect of the menthol terpenoid in the model of contractions
of the neuromuscular preparation of the parasitic nematode Ascaris suum. All
cholinergic agonist drugs (levamisole, pyrantel, morantel, etc.) lead to the death of
parasites by causing strong contraction of their muscles. In our research, menthol by
itself did not cause changes in the tone of the neuromuscular preparation of 4Ascaris
suum, but it significantly potentiated the contractions caused by acetylcholine and
pyrantel, thus exhibiting the characteristics of an allosteric modulator of nAChR,
especially of the L type. This increase in contractility is sensitive to monepantel, an
nAChR antagonist. The potentiating effect of menthol on the contractions of Ascaris
suum could be used in combined therapy with cholinergic agonists pyrantel and
levamisole, which would increase their effectiveness without increasing doses and
reduce the possibility of developing parasite resistance.

Keywords: menthol, monepantel, A. suum, nAChR

INTRODUCTION
Infections of humans and animals with parasitic nematodes are a growing health
problem in veterinary and human medicine. Roundworms or nematodes are the most
diverse of all animal species and over 80,000 species have been described so far, of
which more than 15,000 are parasitic (Hugot et al., 2001). Based on data from the
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World Health Organization in 2018, more than 1.5 billion people, or 24% of the world's
population, are infected with at least one type of intestinal parasite, which mainly
includes roundworms (Ascaris lumbricoides and Trichuris trichiura) and tapeworms
(Necator americanus and Ancylostoma duodenale). Animal infections with nematodes
lead to serious health disorders, high economic losses in animal husbandry, and are
often zoonoses, i.e. they pose a direct threat to human health (Paterson and Barber,
2007). The primary way of preventing and suppressing parasitic infections is the use
of anthelmintic drugs, but modern antiparasitic pharmacotherapy is faced with several
major challenges. An increasing number of reports refer to the resistance of parasitic
nematodes to classical antiparasitic drugs. On the other hand, in contrast to
antimicrobial drugs, whose doses are safe even after increasing in order to suppress
resistance, increasing the doses of antiparasitic drugs often results in the occurrence of
toxicity. Particularly important for veterinary medicine is the fact that most
antiparasitic drugs require a long withdrawal period after administration in animals
whose tissues are intended for human consumption (Martin et al., 2004). We have only
mentioned some of the most important reasons that directed pharmacological research
towards the potential application of herbal products, instead of conventional synthetic
antiparasitic drugs. Plants produce etheric or essential oils as organic products of
secondary metabolism. Based on their pharmacological characteristics (antimicrobial,
antiparasitic, etc.), essential oils (or their active ingredients) are potentially the most
serious alternative medicines and biocides. Their active ingredients are able to
effectively and safely replace classic antiparasitic drugs or significantly enhance their
effect, without the need to increase their dosage.

Menthol is a well-known compound, a monoterpenoid that is found in nature in a high
percentage in the essential oil of mint (Mentha piperita) with a characteristic taste and
smell. The properties of menthol as a local anesthetic and positive analgesic effects on
the skin and mucous membranes are described in the literature (Patel et al., 2007). In
our earlier research, we showed that menthol is a positive allosteric modulator of the
nicotinic acetylcholine receptor (nAChR) of parasitic nematodes (Ascaris suum and
Oesophagostomum dentatum) (Choudhary et al., 2019).

More than 35 years have passed since the discovery of avermectins, the last major
group of effective antiparasitic drugs. All other, later discovered potential drugs,
generally did not meet the criteria for mass use. Monepantel is a representative of the
aminoacetonitrile group (AAD), one of the newest classes of anthelmintics, which are
considered, based on the manufacturer's research, to act as allosteric modulator of
nematode nAChR. Studies published later described monepantel as an nAChR
antagonist (Abongwa et al., 2018). The specific mechanism of action indicated that
monepantel could be a very important new drug in the pharmacotherapy of parasitic
infections.

In this paper, we present research on the effect of menthol on the contractions of an
isolated neuromuscular preparation of Ascaris suum (A. suum), induced by ACh or
pyrantel, as well as the influence of monepantel on the effect of menthol.
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MATERIALS AND METHODS
The parasitic pig nematode A. suum was delivered in temperature-controlled containers
from a slaughterhouse in the vicinity of Belgrade (Ambar) immediately after gut
cleaning and collection in a specially prepared - Lockes solution. The composition of
Lockes solution was standardized (mM): NaCl 155, KCl 5, CaCl, 2, NaHCOs 1.5 and
glucose 5. In the laboratory the nematodes were kept in the same solution, which was
maintained at a temperature of 32-36°C in a water bath. Lockes solution was changed
every 12 hours for 5 days. Only adult female Ascaris were used in the experiments
because they are larger and more numerous in the parasite population. The
neuromuscular preparation for testing contractions was prepared by dissection of the
front part of the parasite's body 2 to 3 cm caudal to the head. By further cutting the
tissue between the two red lines longitudinally, a preparation (segment) of always the
same dimension (1 cm) was obtained, which was further used.
The prepared ascaris segment was placed in a chamber (bath) with a volume of 20 ml,
which was filled with Ascaris Perienteric Fluid Ringer/APF of standard composition
(mM): NaCl 23, Na-acetate 110, KCI 24, CaCl, 6, MgCl, 5, glucose 11, HEPES 5, with
a pH value of 7.6. One end of the segment is attached to a hook on the bottom of the
bath, while the other part is attached to an isometric transducer connected to a PC
computer via an interface and amplifier. Continuous mixing of the applied substances
in the bath was ensured by constant insertion of ambient air with an electric air pump,
whereby the movement of the bubbles did not affect the contractions. After being
placed in the bath and connected to the isometric transducer, the preparation is exposed
to an initial tension of 0.5-1.0 g for 15-20 minutes with a micrometer regulator on the
transducer support. When the basic tone stabilized at around 0.5 g, the tested substances
were applied and then the contractions were monitored and measured in real time.
Contractions were monitored and recorded with eLAB 44 software (E1Unit, Belgrade).
A protocol of application of increasing concentrations of tested substances, nicotinic
receptor agonists (acetylcholine and pyrantel) and substances in certain concentrations
that we assumed would modulate the effects of these substances (menthol and
monepantel) was used. After each maximal contraction, the preparation was washed
off.
Acetylcholine chloride (Sigma-Aldrich, St. Louis, MO, USA), monepantel (Zolvix®,
Novartis, USA), pyrantel citrate (Sigma-Aldrich, St. Louis, MO, USA) and menthol
(Sigma-Aldrich, St. Louis, MO, USA) were used in the trials.
Statistical analysis of the obtained results was performed in the program Graph Pad
Prism, Version 6.0 (San Diego, Ca, USA). Differences between series of results were
compared by analysis of variance (ANOVA), i.e. Tukey-test, while the dose
dependence of the obtained effects was analyzed by nonlinear regression. All results
are expressed as means £SE.
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RESULTS

Based on data from our previous research (Choudhary et al., 2019), we tested the effect
of menthol 100nM on contractions of 4. suum neuromuscular preparations induced by
increasing concentrations of ACh (1, 3, 10, 30 and 100mM). Figure la shows the
original recording of contractions without and in the presence of 100nM menthol. The
obtained results of contractions were processed by non-linear regression, based on
which the value of the mean effective concentration (ECso) of ACh was determined.
The control value was 9.15+1.22mM, in the presence of menthol the ECso was reduced
to 7.29+1.21mM, while after the removal of menthol from the bath it was even lower,
6.19+£1.20mM. At the same time, the value of the maximal effect (Emax) increased. The
control Emax was 1.55+0.09g, in the presence of menthol it increased to 1.82+0.09g and
continued to increase after washing to 1.91+£0.09¢g (Figure 1b).
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Figure 1
a) Representative recording of isometric contractions of 4. suum neuromuscular
preparation induced by increasing concentrations of ACh and the effect menthol
100nM on these contractions
b) Dose-dependent sigmoid curves of the contractile effect of ACh without and in the
presence of menthol 100nM (n=6)

We also examined the effect of menthol on the contractions of A. suum caused by
pyrantel (Figure 2a and 2b). The control ECso of pyrantel was 8.42+1.14nM, in the
presence of menthol, it was significantly reduced to 4.51£1.11nM (p=0.0483), while
after washing it returned to the control level (8.42+1.18nM). On the other hand, the
maximal effect was changed very little, from 1.98+0.09g in control series to
2.02+0.05g in the presence of menthol and 1.82+0.08g after washing.
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Figure 2
a) Representative recording of isometric contractions of the A. suum neuromuscular
preparation induced by increasing concentrations of pyrantel and the effect of
menthol 100nM on these contractions
b) Dose-dependent sigmoid curves of the contractile effect of pyrantel without and in
the presence of menthol 100nM (n=5)

In the third part of the study, we tested the effect of monepantel on the potentiating
effect of menthol in ACh-induced contractions (Figure 3a and 3b). The control ECs
value for ACh was 13.30+1.25mM, but incubation with 100nM of menthol resulted in
a decrease in ECso to 9.04+1.24mM. However, after the addition of 1mM monepantel,
the value of ACh ECso compared to the control increased significantly (p=0.0245) to
18.48+1.33mM. This value was significantly higher than the ECso of ACh in the
presence of menthol (p< 0.0001), but after the removal of monepantel from the bath
solution it increased even slightly above the control value (15.30+1.27mM). Incubation
of the neuromuscular preparation of 4. suum with 100nM of menthol caused an
increase in the maximal effect (Emax) from 2.07+0.14g to 2.32+0.14g, but incubation
with monepantel (1mM) significantly reduced (p=0.0418 compared to control and
p=0.0011 compared to contractions in the presence of menthol) Emax to 1.50+0.15g. It
is interesting that after washing the preparation, i.e. removing menthol and monepantel,
the Emax value was higher than the control, reaching 2.18+0.17g.
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Figure 3

a) Representative recording of isometric contractions of 4. suum neuromuscular
preparation induced by increasing concentrations of ACh, stimulation of contractions
with 100nM of menthol and inhibition with 1uM monepantel (dashed line: incubation

with 100nM menthol; solid line: incubation with 1uM monepantel)
b) Dose-dependent sigmoidal curves of the contractile effect of ACh without and in
the presence of 100nM menthol or menthol and 1mM monepantel (n=6)

DISCUSSION

The obtained results showed that menthol enhances ACh-induced contractions of the
neuromuscular preparation of 4. suum. Incubation with 100nM of menthol decreases
the ECso value of ACh and increases the maximal contractile effect (Emax) for about
20%. However, menthol itself did not cause changes in basal tone of preparation. These
results confirm our previously published research where we obtained a similar effect
of menthol on the nAChR of 4. suum and O. dentatum expressed in Xenopus laevis
oocytes and showed that it is most likely an allosteric modulator of the nAChR of
parasitic nematodes (Choudhary et al., 2019).

Based on pharmacological characteristics, the nematode muscle nAChR has
similarities to the neuronal type of vertebrate nAChR, as it is relatively insensitive to
blockade by alpha-bungarotoxin (Tornge et al., 1995). Unlike vertebrates, however,
nematodes possess more than one type of muscle nAChR found in the neuromuscular
synapses of the adult nematode. 4. suum has at least three types of nAChRs that differ
in their sensitivity to different agonists and the characteristics of the ion channel they
regulate. Each of the three subtypes is named for the agonist to which it is
predominantly sensitive, N type (preferring nicotine and oxanthel), L type (preferring
levamisole and pyrantel), and B type (preferring bephenium) (Martin et al., 2004;
Robertson et al., 2002). In our earlier research with menthol, it was shown that it
primarily stimulates the effects of ACh, which is understandable because the ACh
binding site is well conserved in all types of nACh receptors. However, menthol had a
effective stimulatory effect on L-type but very weak on N-type of nAChR. Precisely
for this reason, we tested the effect of menthol on pyrantel-induced contractions.
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Menthol potentiated the action of pyrantel, significantly reducing its ECso value with a
minimal increase in Enax. Given that pyrantel is primarily an L-type nAChR agonist,
these results are in agreement with our statement previously published (Choudhary et
al., 2019). It was particularly interesting to examine the effect of monepantel, which is
a negative allosteric modulator of the nematode nAChR (Abongwa et al., 2018). In our
study, monepantel completely neutralized the stimulatory effect of menthol and
significantly inhibited the contractile effect of ACh, increasing its ECso value and
decreasing Emax.

CONCLUSION
The research presented shows that herbal anthelmintics can relieve pressure on a
limited group of available anthelmintics. Positive allosteric modulation of nAChR
exhibited by menthol would be useful in combined therapy with cholinergic
anthelmintics such as pyrantel or levamisole, which would increase their effectiveness
without increasing the dose and reduce the possibility of development of parasite
resistance.
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Caixkerak

VY npouwtoctu, AauctpuOynuja Bupyca OOJECTH IUJIaBOr je3UKa LIMPOM CBeTa
obyxBarana je monpyyja uzmely npubnrkao 35 crenenu jyxxuae u 40 cTerneHn ceBepHe
reorpad)cke IIUPUHE, Al HEAABHO j€ JOIUIO A0 HErOBOI JApaMaTUYHOI HIMpEmha y
EBponu 1o 58. ctenena cerepHe reorpadcke mupune. [Ipernocrasiba ce 1a je BUPYC
y LEHTpaliHy U 3anajaHy EBpolly yHeceH TpaHCHOPTOM 3apakKeHUX KUBOTUH-A WU
MIPEHOIICHEM 3apaKEHUX KYJIMKOUIAa BETPOM, KA0 U HEMO3HATUM MyTEBUMa IIUPEHHA.
JlaHac ce eBpOIICKe 3eMJbE CyOuaBajy ca peI0BHUM H30HjameM 00JIeCTH IJIaBOT je3UKa
M3a3BaHUX Pa3IMYUTUM cepoTunoBuMa. Ouekyje ce na he KIMMaTcke NpoMeHe
YTHULIATH Ha AUCTPUOYLIM]y U apeall MHOTHX BpCTa BEKTOpa 300T IoOaHOT 3arpeBama
U u3MemeHUX oOpaszala majgaBuHa. Kimmarcke npoMeHe MOAM(HKY]Y AyropoyHe
BPEMEHCKE M KJIMMAaTCKe oOpaciie KOju yTH4Yy Ha IOHAIllalke BEKTOpa-apTpoIrioja.
[TopacT mpoceyHMX 3UMCKUX TeMIepaTypa Basayxa OMoryhaBa NpeXHBJbaBambe
apTporojia u Mpojaykasa nepuoj akTuBHocTu. [Ipumep 3a To je mojaBa ceportumna 3
BHUpyca 0OJeCTH MIaBOr je3uka TokoM Jieta 2023. ronuHe y XoJaHIWjU, HMIMPEHE
BHpYCa U HEeroBa MOHOBHA NojaBa y 2024. roguuu. Y nocienmwux 25 roamHa, J01Iuio
je u 5o moBehama Opoja CEepOTUNOBAa Kyre KOmba KOjU LHUPKYIHMIIY Ha CEBEPHUM
rpaHuIiamMa JoMeTa Bupyca y mnozacaxapckoj Adpuuu. TpeHyTHa cuTyaluja Kyre
Komurapa nojceha Ha TUCTpUOYIHjy Bupyca OOJECTH IJIaBOT je3uKa Mpe U3HEHAHE
excrniansuje Ha cesep EBpome 2006. roqune. [IpeHomeme HHPUIMPAHUX KyIUKOUAA
BETPOM je MOCEOHO Ba)KHO W3 MEPCIEKTHBE KOHTPOJIE, jep YMHU 3a0paHy KpeTama
MPHjEeMUYUBUX KUBOTHHA 3HATHO Mambe e(PUKACHOM y CIIpeyaBamy IUpema 00JecTu.
TpeHyTHO HajBaKHMja YyJIOra KyJIMKOM/Ja ca acleKTa JaBHOT 3[paBjba j€CTE HUXOBA
CHOCOOHOCT Kao OMOJNOMIKMX BeKTopa jAa mpeHoce Oropouche BUpPYC, y3pOUHHKA
Opony1in rpo3HHILIE JbYIH.

KibyuHe peun: kiinMaTcke poMeHe, KyJIMKou e, OpOMBUPYCH, IPEKUBAPH, BEKTOPH.

YBOJ
VY mporekie Tpu neueHuje 6enexu ce ce Behu 6poj apboBupycHux nHgpekuuja. OBo
ce MpUIHCyje KIMMAaTCKUM IpOMEHaMa Koje Cy YIJaBHOM H3a3BaHE JbYACKUM
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aKTUBHOCTHMA, a KOje IIOr0/1yjy MOjaBU U IIUPEY apTpoIioia Ha HOBE TEPUTOPH]jE, Kao
Y OTIIOPHOCTH U MpeHoIIekY BUupyca. bonectu nza3zBane apboBupycruma Koje Mory 1a
yrpo3e jeHy 3eMJby, MPEeTHa Cy MO 3/paBJbe JbYAU U KUBOTHUIHA, CA MOTEHIUjATHO
pa3opHUM JIpYIUTBEHHMM M E€KOHOMCKHM Iocjienuiama, a ycjien ypOaHuzaumje,
miobanu3anyje U KIMMaTCKUX MPOMEHa MOCHEIBUX TOMHA JI0JIa3u J0 eKCHaH3Hje
apooBupyca. [mobGamna npuctpuOyuuja OONEeCTH IUIABOI je3WKa U EMH300TCKe
XeMOparu4He 0OJEeCTH y CBETY 3Ha4ajHO C€ MPOMEHMIIA MOCIeAbUX TO1HA, TOCEOHO
300r mpoaopa BHILIE CEpPOTUIIOBA BHpyca OOJECTH IUIaBOT je3uka y EBpormy.
HeoueknBana nojaBa 60JecTH MIaBOT je3UKa WM €MU300TCKE XeMoparuyHe 0oectu,
y BE€3U je ca MOTEHIMjaJIHUM MOCIeAHIIaMa KIMMATCKUX MpPOMEHa Ha reorpadcky
pacipoCTpambEHOCT U TeXKHUHY 00JIeCTH Koje ce IpeHoce BekTopuMa. Bupycu 6onectu
IUIaBOT je3MKa U eMH300TCKEe XeMoparuuHe Oosiectu MHUUUpajy Aomahe u AUBIbE
NpeKuBape M M3a3uBajy KIMHUYKA TOTOBO HJAEGHTHYHE TMpoMeHe. CumnTomMu
MoJpa3yMeBajy OTOK U IMjaHO3y je3HMKa, KOPOHUTHUC Mamaka, KpBapewa U yrunyhe.
loBena ce cmarpajy pesepBoapuma Bupyca OoJieCTH IUIaBOI je3uka M BHUpyca
eMU300TCKE XeMOparuyHe O0JIeCTH, jep Cy 3apa’keHe KUBOTUI-E, HaKo OOUYHO Oe3
cumnroma, BupemuuHe. OrpoMHa Te€HCKa Pa3HOIMKOCT OBHUX OpOMBHpYyca MOXKe
JIOBECTH JI0 TI0jaBe€ HOBUX CEPOTHUIIOBA Ca JeIMHCTBEHUM OMOJIOUIKMM CBOjCTBHMA, Ka0
1 MOryhHOCTH HE caMO XOPU3OHTAJIHOT Beh U BEPTUKAIHOT MPEHOIICHA.

Paznuunre BpcTe Kynukouga Cy NPUMapHU BEKTOpU apOOBHpYcCa y pa3iHuuTHUM
JenoBuMa cBeta. Xemartodarnu MHCeKTH u3 popa Culicoides pacnpocTpambeHH Cy
LIMPOM CBETa U y MOjE€IUHUM PETHOHHMMA CE30HCKH MOTY JOCTHhH BenuKy OpOjHOCT,
HITO y MHOTHM JIEJIOBUMA CBETA YyTHUYE HA CTOYAPCTBO, MOJHOIIPUBPEY, IIyMapCTBO U
TypusaM, oBogehu 10 BeIMKUX eKOHOMCKHX ryouTaka. Behuna Bpcra kynukouza je
xemato(arta, XpaHe ce Ha CBUM KMUMemaluma, ykibyayjyhu seyne. [lopexa Tora mro
cy yboau HempujaTHH, KyJUKOUAE MOTY MPEHOCUTH BHUpYyCe, IPOTO30€ U HEMAaToJe
TOKOM XPambeba, MPU Y€MYy HEKH BUPYCH U3a31Bajy BUCOK MOPOUAUTET U MOPTAIUTET
KOJ IpeXKUBapa, Kowba U Jbynu. buxoB Hajpehu 3Hauaj 3a BeTepUHAPCKY MEIUIIMHY
orjena ce y ToMe IITO MpeHoce OpojHe matoreHe AomMahux U JUBJBUX KUBOTHUIHA,
noceOHO opOuBUpYCE, KOJU U3a3MBaJy HEKOHTAruo3He OOJeCTH MpexuBapa.
[Ipumapuu cy Bektopu Orbivirusa (BUpPYC IUIaBOT je3WKa, BUPYC €MH300TCKE
XeMoparudne 00JIECTH U BUPYC Kyre Komwa), Orthobunyavirusa, Oropouche, Akabane
u Schmallenberg Bupyca.

[locToju BumIe myTeBa yHOILIEHa apOOBHpyca KOje MPEHOCE KYJIUKOUIE Ha HOBE
TEpPUTOpHUje, K0 LITO je MPEHOC HHMOULMPAHUX KYIUKOHIA BETPOM, YBO3 BUPEMUYHHX
KHUBOTHIHA, YIOTpeOa HEPErUCTPOBAHUX aTeHYMPAHUX BaKIIMHA (TI0jaBa cepoTUIIoBa 6
u 11 Bupyca 6onectu minasor je3uka y EBpomnn). 3a caia myTeBu yHOLIEHa CEPOTHIIOBA
8 1 25 Bupyca OosiecTu IIaBor je3uka cy Hemo3HaTH. [IpeTnocTassba ce Ja je cepoTHIl
8 YHeT TpaHCHOPTOM MH(UIMPAHUX KYJIUKOH]IA, KUBOTHIbA U JbYIU, WIH YaK YBO30M
pesanor useha. IlorenuujamHo je moryh u Tpancmopt OponoBuma. Wmak, Tpeba
HaIIaCUTU Ja Cy jaja KyJIMKOMJAa BEOMa OCETJbMBA Ha HUCYILIMBame, Ma HUXOB
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TpaHCIOPT HHUj€ BepoBaTaH MyT YHOIIEHa BHUpyca y jenHy 3emiby. [lpucycTtBo
HUCKOBUPYJICHTHOT cepoTuria 25 Bupyca 6onectu miasor je3uka (Toggenburg Bupyc)
je ,,Cay4ajHO* OTKPUBEHO TOKOM PYTHMHCKOT HaJ[30pa BUCOKO IMAaTOTEHOI cepoTua § y
[IBajuapckoj (Carpenter u cap., 2013).

Bupycu koju ce nmpeHoce BeKTOpuMa MMajy MEXaHU3ME ,,lIpe3uMibaBama‘’ 3a BpeMe
neprosia HUCKUX TeMIleparypa, Kako O OIlCTajl TOKOM 3MMCKHX MECElHd, KaJia cy
BEKTOpPM HEAKTUBHHM. MexaHuW3Mu oOIcCTaHka Bupyca Yy EBpomu ykibydyjy
npe3uMibaBambe y ,,JyTOBEUHUM' HMHCEKTUMA, MPOLYKEHO Tpajambe BUPEMHUjE KOI
MpeKMBapa U BEPTUKAIHU HAYMH MTPEHOIICHa KO MPEXKUBapa U BEKTOpa. Y3 To Tpebda
HaIIACUTH Jla KJIMMATCKE IMPOMEHE YTHYy Ha BEKTOpE, HHXOBY KOMIIETEHTHOCT,
CHOCOOHOCT MpEeHOlIeHha BUpPYyca, reorpadcky pachpoCTpambeHOCT, CKCTPUH3UYHU
MHKYOallMOHU MEPUOJI, TPajarbe aKTUBHOCTH (KacHa jeceH, paHo mnpoiehe), a Takohe u
Ha reHoM Bupyca (Hudson u cap., 2023).

Kyankoune
Wucextn u3 pamunmje Ceratopogonidae pacipoCTpambeHA Cy ITUPOM CBeTa. Y CBETY
noctoju 6.206 BpcTa ABOKpHIIana u3 nopoauile Ceratopogonidae. Y okBupy hamuivje
Ceratopogonidae wWana3e ce 4YeTUpH poJa Koja C€ XpaHe KpBJbY KHUMEHAKa
(Culicoides, Leptoconops, Lasiohelea n Austroconops) on xojux pox Culicoides, ca
1.347 onucanux BpcTa, MMa HajBehu 3Ha4aj Kaja cy MHPEKTUBHE OOJNECTU y TUTAY.
Jlo naHac je u3 OBUX MHCEKaTa u30j0BaHo Mpeko 50 apOoBupyca, on kojux 45% Huje
OTKpuBeHO Kkon Apyrux aptponoga (Mellor u cap., 2000). OB HHCEKTH CYy
MOTEHIUjaJIHU BEKTOPU Y3pOUHMKa UH(EKTUBHUX OoJiecTH, o1 Kojux Hajsehu 3Hauaj
nMajy BHUpYycC OOJIECTH IUIaBOI je3uKa, BUPYC EMH300TCKE XeMOparuyHe OO0JecTH,
[[ImanenOepr BUpyc, BUPYC Kyre Koma, kao U Oropouche BUpPYC, jeIUHU TO3HATH
BHUPYC KOJH C€ MPEHOCH KyJnKouama Ha Jebyae. Kynaukouae cy jeqHu off HajCUTHUJUX
xeMaTo(arHux MHCeKara unja Ay>KMHa Tella peTKOo Ipesia3u Tpu MuuMeTpa. PazBojau
LUKJIYC C€ CacToju Of1 jajeTa, yeTHpu ¢a3se JIapBu, JyTKe U ofpaciie jeauHke. Jlapse cy
BEOMa pa3HOJIMKE y MOomieay XxaburTyca, MOHallaka UM €KOJOTHje M pas3BHjajy ce y
BJIQXHUM cTaHumTuma. Onpaciie jequHKe MOry OWTHM M 3Ha4ajHU OIpallliBayu.
Kenkama je HeomxogHa HMCXpaHa MPOTEMHUMA 3a MPOU3BOAKY jaja. AKTUBHHU Cy Y
cympak u 3o0py. [Ipucythu cy y Behem neny cBeta ca uzy3zetkoM AHTapkTuka u HoBor
3enanzaa. 3a pa3Boj jaja, JapBHU U JYTKH HEOIXOJHA Cy UM CTaHUINTa Oorara Bjarom,
Kao LITO j€ BJIaXKHO, OpraHCKU oOoraheHo 3eMJbUIITE, KOj€ C€ UeCTO HaJla3h y OKOJIMHU
¢dapmu, a Mory ce HahH U Ha MECTHMa Kao IITO Cy MyKOTUHE y ApBehy, Bererauja koja
TPYJH, KpajeBH puOmaKa, BIa)kHa Ti1a u ofipehene Bpcre Oanere 6usbojena. 36or cBoje
BenuuuHe (1-2,5 mm), moJ MOBOJBHUM YCIIOBUMA KYJIMKOUJIE JTJAKO MOTY OMTH HOILLIEHE
BETPOBHMMA Ha BEJIMKE yIa/beHOCTH. [l0Ka3aHo je MPUCYCTBO KYJIMKOUAA U HA BETUKUM
HAJMOPCKUM BHcHHaMa. CMmarpa ce Ja je CepOTHUIl 8 BUpYyCa eMU300TCKE XeMOparnyHe
6onectu yHet y Utanujy u3 TyHuca ynpaBo Ha 0Baj HA4YMH, IPEHOCOM BEKTOpa BETPOM,
LITO j€ UCTH MY T MIPEeHOIIekha cepoTuna 3 Bupyca Oonectu riasor jesuka 2017. rogune.
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HcTtpaxkuBame mupema KyJIUKOUAa BETPOM je MoKa3ajio Ja 30Ha BUCOKOT pU3UKaA O]
HIMpeka BEKTOpa BETPOM Ca MeCTa IMPBHUX M30Mjamba cepoTuria 8 BUpyca €MU300TCKE
xeMmoparuune 6onectu y dpaHiryckoj ocTaje yriiaBHOM OTpaHHYEHA Ha jyros3amajgHu
JIe0 3eMJbe, aji ca MOryhuM mpojgopuma Ha ceBep 10 peruona ,,)KupoHae” wiu Ha
UCTOK Ayx IuianuHa [lupuneja. Y3 1o, Moryhe je u mmpeme BeKTopa Ka ceBepy
[nanuje (Bibard u cap., 2024b). [lok knuMaTcke IpoMeHe MOTY yTHIaTh Ha Oyayhe
HIMpEHEe 3apaKEHUX BEKTOpa BETPOM, TPAHCIOPT 3apak€HUX IKUBOTUHA j€
BEpPOBAaTHUJU HAYMH YHOUICHAa OpOMBUpYCa Y 3eMJbY M PErMOH KOjU MMa CTaTyc
ciobonan oz 6onectu. [lojaBa kyre koma Ha birckoM UCTOKY U y jyro3anaanoj A3uju
on 1959. no 1962. u Cesepuoj Appuuun u lnanuju 1965. rogune mocienuua je
KpeTama HoMma ckux miemena (Carpenter u cap., 2017). YBo3om 3e6pu u3 Hamubuje y
[nanujy 1987. ronuue yHeT je U cepoTHn 4 BUpyca Kyre Koma, a 2020. rogune Ha
Tajnanz je yBo30M KOmuTapa yHET CEpOTHII 1.

CrniocoOHOCT xeMaToaruux HHceKaTa Jia OyJy BEKTOpPH MaToreHa je ypoheHa u reHcku
onpehena. [locnenuiia je eBOMyTHBHE ajamnTallije MaroreHa TOKOM KOj€ jeé CTeKao
CHOCOOHOCT J1a, u30eraBajyhut UMyHOJIOIIKY 0J10paHy apTpoIroja, MHGUIMpa BEKTopa,
y HBEeroBuM henvjama U opraHuMa ce yMHOXaBa M pa3BHja, JIOCIEBa Yy IJbyBayHE
&KIJIe3le W TpeHece Ha NpHUjeMUYUBY BPCTY TOKOM Xpamema BekTopa. Yerupu
KpUTeprjymMa Mopajy OUTH HCHymeHa Ja OM ce yTBpAHWJa BEKTOpCKAa CIOCOOHOCT
apTpoIoJa 3a pa3InyUTe MaToreHe: J0Ka3uBambe BUpyca y BeKTopuMa yxBaheHUM Ha
TepeHy KOju HUCY Y3elu 00pOK KPBH, IEMOHCTPUPATH CIIOCOOHOCT J1a ce MHMULUPajy
HAKOH Xpamermha Ha 3apakeHOM JoMahnHy WU KPBJbY Y KOjO] j€ MaTOreH, yCTAHOBUTH
CHOCOOHOCT MpEeHOIIeHka MaroreHa Ha jJomahuHa y00a0M, U YTBPAMTH OpPOJHOCT U
MOBE3aHOCT BEKTOpa Ha TEpPEeHy ca ojroBapajyhum npujemunBum nomahunuma (Ruder
u cap., 2015).

Kynukoune cy Onosnomku BeKTopu opOUBHpYcCa IITO 3HAYH J]a BUPYC HAKOH MHTECTH]e
uHuupa hemmje cpenmer peBa OBUX MHCEKATa U y BbUMa C€ YMHOXaBa, OJIa3u y
TeJEeCHY IIYIMJbHHY MHCEKTa, a 3aTUM HMH(UUUpPA U IJbyBayHe *KJIE3Jle Y Kojuma ce
Takohe ymHOkaBa. Tek Taza ce BUpyc MO)ke MpeHeTH Ha HOBOT AomahuHa. Bpeme koje
MPOTEKHE OJ] MHTEeCTH]€ BUPYCa JI0 HETOBOT JIOCIEBaha y MJbyBayHe jKJIe3/1€ BEKTopa
Ha3WBa C€ EKCTPUH3WYHM HWHKYOAallMOHHM NEpPUOJ, a HEroBO TpPajarbe 3aBHCHU O]
aktuBHocTu PHK nonmmepase Bupyca, koja, ca Ipyre cTpaHe, 3aBUCH O] TEMIIEpaType
oxonuHe. Ha 15°C ekcTprH3MUHN MHKYOAIIMOHU MIEpUO]] TPaje HEKOJIMKO Heesba, JOK
Ha 30°C camo Hekonuko nana (Wittmann u cap., 2002). Hakon xpamema KylIuKouaa u
y3uMama 00poka MH()EKTUBHE KpBU, BUPYC OOJIECTH MJIABOT je€3MKa yJa3u y Cpedbe
L[peBO, YMHOXkaBa ce U Moxe Jia uHduuupa u apyre oprane. Ha remneparypu ox 25°C
BHUPYC U3 CPEIher I[peBa y POKY OJ JiBa AaHa O] MH(EKIHje 10J1a31 10 MJbYyBaYHUX
xie3na. Hakon ymacka Bupyca y anMHycHe henMje MmibyBauyHUX JKJ€3/la, BUPYC Ce
MOHOBO PEIUIMKYje, a 3aTUM C€ BUPYCHE YeCTHIIe ocio0ahajy y TepMUHATIHE alluHyCe
OJIaKJIe Ce MOTY MPEHETH MJbYBAauKOM TOKOM yOoja BekTopa. 3a pasnuky o henuja
cucapa, Koje Cy TemKo omreheHe MpolecoM H3/Iacka BHpYyCa Er30LUTO30M,
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ocnobahame Bupyca u3 henrja nHceKaTa ce JeliaBa HCKJbYUHBO MyIJbEHEM MeEMOpaHe
(Kampen u Werner, 2023). Bpeme moTpeOHO BEKTOpPY 3a Bapeme KpPBHOT 00poKa ce
Takohe cmamyje Ha BUIIMM TeMIleparypama, noehasajyhu ydectanocT xpamema. Ha
Temneparypama ucnoa 12°C pemukanyja BUpyca MOTIYHO IpecTaje, Hako BUPYC
MOXeE JIa OTICTaHe Y MHQUIIMpAaHUM KYITHKOUIaMa ¥ Ja HACTaBU PETUTUKAIIN]y aKo johe
no nopacta Temneparype (Wellby u cap., 1996). Ha oBako HHCKkUM TemiepaTrypama
cMamyje ce U aKTUBHOCT BekTopa. Kao pesynrar Tora, mpeHOIIeHhE BUpYCa je CKOpPO
MOTIYHO NPEKHUHYTO HEKOJIMKO MECElM y TOAMHMU 300r XJaJHor BpemeHa. Mnak,
€NHU300THje CE YECTO HACTaBJbajy HAKOH MEPHOa KOjU Cy JAJEKO y>KU O]l TUITUYHOT
KHBOTHOT BEKa OJPAciIOr BEKTOpa WM HOPMATHOT Tepuoaa HH()EKTUBHOCTU
nomahuHa. 3a BpeMe 3MMCKHX MECELM apTponoje Cy HEeakTHBHE, a cMaTpa ce Ja
KYJIMKOH/JIE MIPE3UMIbaBajy y cTaaujymy Jyapse. Tokom 3ume y EBpomnu, HakoH mpBHUX
Mpa3eBa, ofipaciii OONMIM KyJUKOUJA Cy HNPUCYTHH y MaJloM Opojy HJIM HOTIYHO
oncytHu. MctpaxuBame y Hemaukoj mokasaio je na cy Kynukouae u3 rpyne Obsoletus
MPUCYTHE CKOPO TOKOM IieJie TOAMHE yHyTap LITalla IITO yKa3zyje Ha BHUCOK PU3HK
MIPEHOIIICHha BUPYCa Ha MMPEXUBAPE y 3aTBOPEHOM ITPOCTOPY. Y 0BOj cTynuju, Obsoletus
rpymna je Ouiia akTUBHA M 'y 3aTBOPEHOM U Ha OTBOPEHOM TOKOM CBUX MECELIU Y TOAMHHU.
[lojenune BpcTe U3 komiuiekca Pulicaris Ouie cy akTUBHE O]l Mecella MapTa, alld Cy
Ousie mpUCyTHE U TOKOM XJIaJIHUX MECEIH CBE 0 MoYeTKa aeueMopa. Jlakie, pe3ynratu
MOKa3yjy /1a TOKOM T'OJIMHE MOCTOje MEePHOAN Ca HUCKOM aKTUBHOIIhY BEKTOpa, ajlk He
u 6e3 BekTopa (Groschupp u cap., 2023). OrnopHocT C. sonorensis Ha TEMIEPATYPy -
20°C u 3Ha4ajHO HCylIMBaWke y (a3u jajera MOXKe yKa3MBaTH Ha OTHOPHOCT Ha
MpOMEHE KJIIMMATCKUX yclioBa y OynyhHocTH.

UcTtpaxxuBama ykasyjy J1a UCT€ BPCTe KYJIMKOMJA YYECTBY]Y Y IpPEHOIIEHY 00IecTH
IUJIaBOT je3MKa, EMU300TCKE XeMoparuyHe OoJecTH W Kyre koma. Op CBHUX BpcTa
kynukounaa, y ceery Culicoides imicola je HajBaxxauju Bektop. [Ipucyran je mmpom
Adpuxe, Ha brauckom u CpeameM UCTOKY, JeJIOBUMA JyKHE M JyrOUCTOuHE A3zdje U
jyxue EBpone. ['mo6anno HajBaskuuju Bexkrop, C. imicola, 10 cajga je OTKpUBEH caMo
y 3emsbama MeauTepaHa, a HajceBepHUju neo EBpome rne je mpucyTaH je jyr
[IBajuapcke (Groschupp u cap., 2023). Takole, jour jegan 3HayajaH BeKTop y Adpuii,
jyxHo on Caxape je C. bolitinos, Bpcta cpogna Imicola xommekcy. Y CeBepHOj
Amepunin  aBau BekTop je C. sonorensis W HajOoJbe je TPOydYeHA BpCTa
Ceratopogonida. ¥ uentpannoj u Jyxunoj Amepuiu to je C. insignis, a y AycTpanuju
C. brevitarsis (Winder, 1978). Kpajem aBageceTor Beka MpeTIOCTaBIbalo Ce Ja U
ayTOXTOHE BpCTE KYJIMKOHMJA KOj€ Cy pacHpocTpameHe M OpojHEe IIUPOM CEeBEpHE
Espone, C. obsoletus n C. pulicaris Mory OWUTH KOMIIETEHTHU BeKTOpHU. To je
nedunuTBHO yTBpheno 2006. romuHe, kajna je OOJECT IJIABOr je3uka H30mia y
LEHTPaJIHO] U ceBepHOj EBponu u kaga npucyctso C. imicola H1je ycTaHOBJbEHO, Beh
camo mipucyctBo C. obsoletus u C. pulicaris (Kampen nu Werner, 2023). [lo n3bujama
0onectu muaBor jesuka 2006. roguHe y HEeHTpaliHOj U ceBepHO] EBpomu, BUpyC ce
Haja3uo yraBHOM y Adpuuu, A3uju u noapyyjy jyra EBporie rie ra je mpBeHCTBEHO
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npenocuna Bpcra C. imicola. VI36ujame OoyiecTH IJIaBOT je3UKa y LEHTPAIHO] U
ceBepHoj EBponu, tne C. imicola HUje TpuUCyTHA, Cyrepulle Jia Cy JOKaJIHE BpPCTE
KyJnukouga Takohe kommereHTHH Ouosomku Bektopu (Meiswinkel u cap., 2007).
Cwmarpaio ce Ja NOTEHIMjalIHy YJIOTY BeKTopa UMajy yetupH wiaHa Obsoletus rpyne
pona Culicoides (Culicoides obsoletus sensu stricto, Culicoides scoticus, Culicoides
dewulf, Culicoides chiopterus) v Tpu unana Pulicaris xommnekca (Culicoides pulicaris
sensu stricto, Culicoides punctatus, Culicoides impunctatus) (Nolan u cap., 2007,
Savini u cap., 2005; Torina u cap., 2004; Caracappa u cap., 2003). Hema mHOTO
nojaraka o JAMBEpP3UTETY BpCTa KyIMKOMAAa W JAoMahMHMMa Ha KOjuMa ce XpaHe y
uctounoj EBponu. UctpaxuBamem cripoBeieHMM y PyMyHUjU IPBU NYT j€ OTKPUBEHO
npucyctBo Bpcta C. griseidorsum, C. puncticollis n C. submaritimus, a ToKa3aHo je U
Jla ce KyJMKOUJIE HajBUIIIE XpaHe Ha MpeKUBapHUMa IITO je Y CarlaCHOCTU ca APYTUM
uctpaxxuBamuma 3 EBporne. ['oBena 61 Moria umMatu BaxKHy yJOTy Y YMHOXKaBamwy U
HIMpey natorena usMely nuBibux u qomahux npexusapa (Tomazatos u cap., 2020).

OpounBupycu
Bupycu pona Orbivirus, unanoBu cy nopoauie Reoviridae xoja odyxsara 14 ponosa.
TpenyTtHO y pony Orbivirus noctoje 22 mpu3HaTe BpcTe U HajMame 160 pasnuauTux
CEpOTHIIOBA 3aCTYIJbEHUX IIMPOM CBETA, MPETEKHO y TPOICKUM U CYNTPOICKUM
30Hama, ykibyuyjyhu EBpomy, Asujy u Adpuky (Attoui u Mohd Jaafar, 2015).
OpOuBupycu HHPUIUPA]Y KHUMEHaAKe U OeCKUUMEmake, OMJbKe U TJbUBE. 300T CBOT
yTHIIaja Ha CTOYapCTBO, BUPYCH KOjU M3a3MBajy OOJECT IUIABOT je3WKa, €MU300TCKY
XeMOparuyHy OoJiecT U Kyr'y KOma MMajy BEJTMKHM €KOHOMCKHM 3Haua] Ha IJ100aTHOM
HuBoy (Hudson u cap., 2023). Osu asonanyanu PHK Bupycu ca necer cermenara cy
6e3 omoraua. [IpeHomeme opOuBUpyca OJBUja C€ MyTEM Pa3IMUYUTHX aPTPOIOJAHUX
BEKTOpa Kao IITO Cy KOMaply, MyIIWIE U KpHesbH, a npunaanuuu poaa Culicoides
npeHoce BehnHy opOMBHpyca KOju N3a31Bajy BEJIMKE EKOHOMCKE T'yOUTKe Koj JoMahux
KUBOTUA. 300 CErMEHTHCAHE CTPYKType BHpyca, Y CllydajeBUMa KouH(eKuje,
Moxke Johu 10 peacopTupama T€Ha WIM pa3MEHE cermMeHara usMmel)y BpcTa
opOuBHpyca, ITO HEM30EKHO yTHYE Ha MpHjeMunBe jAoMmahuHe, BUPYJICHIIH]Y,
n30eraBame UIMYHCKOT O/IFOBOpa M aHTUBUPYCHY pe3UCTeHLH]y. PeacopTupame rena
opOuBHpyca Urpa BaKHY YJIOTy y HAaCTaHKY Pa3HOJIMKOCTH M €BOJYLIMJU OBE Ipyme
Bupyca. [Ipumep 3a To je HeJTaBHO OTKPUBEHU HOBH €Oj THOETCKOT opOuBHpyca y Kunu
3a KOju je yTBpheHo na je pesyarar npupoaHor peacoptupama (Ren u cap., 2021).
Bonectu u3a3Bane opOMBUpYyCHMa jaBJbajy CE€ CE30HCKH, YITIaBHOM KpajeM JieTa, y
CYIITPOIICKUM U YMEPEHHUM PETHOHKMA IIITO j€ Y BE3H Ca CIOJbALEOM TEMIIEPATypoOM,
akTuBHOIINY BekTopa U peruinkaiujom Bupyca (Guthrie u Weyer, 2015). Ionynanuja
Kynukouga ce mnosehaBa 3a Bpeme kumnHux nepuona (Aklilu u cap., 2014).
Enmzoornonoruja opbuBupyca ce Memwa MoJ YTUIAjeM KIMMAaTCKHX MpOMEeHa Koje
yTHYy Ha BUpYCE, BEKTOpE, aJli U MPHjeMUYUBe KUBOTUIE. KiinMaTcke nmpomMeHne Mory
MOTEHIMjaJIHO Jla MOTOopIllajy HeraTuBaH M1o0adHU €KOHOMCKH yTHLaj opOuBHpYCa.




Berepunapcku :xypHaa Penyoimnke Cpncke (bama Jlyka), Boa. XXIV, Bp.1-2, 21-37, 2024. 27
Cresuh u cap.:

Kyankonae kao BeKTOpH OpOMBHPYCa, Y3POUHHKA HAPOUHTO ONACHUX HH(PEKTHBHUX 00JIeCTH 0] 3HAaYaja 3a
BeTePHHAPCKY MeIHIHHY

Knumarcke npomeHe, 0IHOCHO MOPACT MPOCEYHE TEMIEpaType Bazayxa MOXKE TI0BECTH
no moBehaHoOr yMHOXKaBama BUpyca, a CaMUM THUM M HacTaHKa HOBUX MyTalldja.
[[Mupemem BekTopa HAa HOBE TEPUTOPHjE U HMHQPEKIUjOM BEKTOpa pa3IMuYUTHM
cepoTunoBruMa nosehahe ce u cTeneH peacopTupama BUpyca.

BoJject niaBor je3nka

Haj3nauajuuja 6onect y EBpomnu kojy npeHoce Kyaukouze je 00oJiecT IIaBor je3uka.
Bonecr nmiaBor je3uka je HEKOHTaruo3Ho 000JbeH-E MpekrUBapa (roBe/a, OBIIE, jEJICHH,
KO3¢ W Kamuiie), o Kora HajTexxe obose omie (Maclachlan u cap., 2009). Bupyc
npunana poay Orbivirus, amunuju Reoviridae. Jlo caja je onucaHo 36 cepoTuona
BHUpYCa KOJU C€ pa3iiMKyjy FeHeTH4YKu anu u no BupyneHuuju (Ries u cap., 2021).
Knunnuka cnuka Bapupa on Omare g0 temke. Kox roBega 6onect oOMUHO poTHYE
CYNKJIMHUYKH, aJld OBa BPCTa MPEACTaBJba Pe3epBOap BUpPYyCa 3aTO IITO C€ KOI e
pa3Buja ayrotpajua Bupemuja (Maclachlan u cap., 2009). Bupyc npenoce Kynukounae,
ca M3y3eTKOM MaJjor Opoja aTUIMUYHUX CEPOTHIIOBA KOJU C€ MOTY MPEHETU AUPEKTHUM
KOHTaKTOM H3Mel)y mpekuBapa: HEeKU COjeBH OBOT BUPYCa MOTY C€ MPEHETH TUPEKTHO
ca KUBOTUIbE HA KUBOTUIbY, U TO TPAHCIUIALIGHTAPHO, JaTPOr€HO U OPAJIHUM ITyTEM,
1a YaK ¥ MEXaHW4KH, MyBaMa KOje Ha CBOM YCHOM amapary Hoce Bupyc. OBU MyTeBU
MOTy OMTH OJ1 3HaYaja TOKOM IepHoa ,,ipe3umibaBama’ Bupyca (Wilson u cap., 2008).
He nocroju MHOTO JJ0Ka3a 3a BEPTHKAIHO MPEHOLICHE BUpyca O0IECTH TUIaBOT je3UKa
ca jeHe reHepalje KyJukouja Ha cieaehy u cMarpa ce a ce BUPYCHE YEeCTHIe He
MIpeHoce Ha jaja 1mTo oHeMoryhasa TpaHncoBapujaiHo npenomewne (Nunamaker u cap.,
1990). ¥V npexuBapuma, BUpPyC O0JECTH MJIABOT je3rKa OU MPEeKO 3UMe MOTao0 OICTaTH
YCIOCTaB/balbeM XPOHHYHE WJIM JIaTeHTHE HH(EKIHUje WIA TpaHCIUIAIeHTapHUM
MpPEeHOIICHeM ca HH(UIUpaHEe MajKe Ha MOTOMCTBO M pahameM HHOUUIMpaHUX
MJaayHana y mnpojehe, mTo ce A0Boau y Besy ca ceporunom 8 (Mansfield u cap.,
2024). bonecT raBor je3uka ce KapakTepHile rpo3HUIIOM, TopeMehajeM nupKynanyje,
XUIIEPEMHUJOM ycCaHa, MeTexujama, yilepalujaMa Ha CIy30KOKM HOca U YCTa,
M0jayaHOM CaJIMBaIMjOM, €I€MOM IJIaBe, OTEKAaHUM JIMCAIEM, LIMJaHO30M je3uKa U
xpomorthy, a moryh je u mob6auaj. Ilpomene Mory OUTH HM3pa)xkeHHje KOJ MIIaJUX
xuBoTua (Stevanovi¢ u Nedi¢, 2019; MacLachlan u cap., 2009). Ekonomcku yTuiaj
OCHM JMPEKTHUX T'yOHuTaka y BuAy yruHyha m abopTyca, yKJbydyje U OTpaHUYCH-E
MehyHapo/iHe TProBUHE XUBOTHH-AMa U >KMBOTHECKUM IMpOU3BOAMMA. Bakuuue cy
JOCTyNHE, alh C€ MPHUMEHBY]y PECTPUKTHMBHO OCHM Yy CHUTyalHjama u30ujama
o0osbema. MopOUIUTET U MOPTANMUTET, TPrOBHHCKA OrpaHUYEHa M BaKIUHAIMja
MoJpa3yMeBajy 3HayajHe TPOIIKOBE W HMAjy BEJIMKHM EKOHOMCKHM YTHUIa] Ha
MOJBOIIPUBPEAHHUKE U CTOYapcKy HHIycTpHjy (Puri¢ u cap., 2022; Puri¢ u cap., 2021;
Gethmann u cap., 2020).

Bonect miaBor je3uka je mMpBU MyT ONKCaHA TMOYETKOM JBAJIECETOT BEKa Yy JY»KHO]
Adpunu. [lo cpenune aageceror Beka donect ce nojasuia y CeBepHoj Amepuliy, a
y3pouHuK je uaentupukonan 1952. roqune y CAJl (McKercher u cap., 1953). Kpajem
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1950. roquna GosyecT miuaBor je3uka ce jaBuia y jyxkHo] Asmju (Ilakucran, Unauja,
Kuna, Unnonesuja, Manasuja, Janan) (Prasad u cap., 2009; Daniels u cap., 2009). 13
A3mje, BETpOM Cy NMpPEHETH MH(OUIUPAHU BEKTOpU Y AYCTpaiujy W HPBU CIy4yajeBU
6onectu otkpuBeHu cy 1975. rogune (Firth u cap., 2017). ¥V EBponu cy ce npsu
ciydajeBu o0osbera nojaBwin 1924. rogune, anu Behe enu3o0THje cy ce Aecuiie Ha
Kunpy (1943.) u na U6epujckom nomyoctpsy (1956.) (Gambles, 1949; Manso-Ribeiro
u cap., 1957). Jductpubyuuja Bupyca ce 3HAuajHO NMPOMEHWIA Yy TOCIEAmE TPU
JelieHyje, IITO Ce OIie[a I0jaBOM BHpYyCa y peruoHuUMa rie A0 cajaa Huje Ouo
MPUCYTaH, Kao U NI0jaBOM HOBUX CEPOTHUIIOBA y €H300TCKUM nopyyjumMa (Mansfield u
cap., 2024). Tokom mpBe MOJOBUHE JIBAJIECETOT BeKa, BUPYC OOJIECTH IJIaBOT je3UKa je
6uo npucytan y A¢ppuuu u Ha Kunpy, a 1951. ronqune norsphen je u y Uspaeny; 1961.
ronuHe y Asuju, a 3atuMm, 1975. ronune y Aycrpanuju (Wilson u Mellor, 2009). ¥V
EBporn, 1956. u 1960. ronune, y Illmanuju u Ilopryranuju u3buia je Beauka
enu300THja u3a3BaHa cepotunoMm 10, xaxa je yrunyno ckopo 180.000 >xuBoTHHa
(Manso-Ribeiro u cap., 1957). [lo kpaja aBazneceror Beka, O0JIECT IUIABOT je3UKa Ce
npourpuia U OoJiecT je MpujaB/bUBaHa IIUPOM CBETa y orcery m3mMel)y mpuOImKHO
40 crenenu ceBepHe U 35 creneHu jyxkHe reorpadceke mupune (Wilson u Mellor,
2009). Ceporun 9 je 1998. ronune oTkpuBeH y ['pukoj omakiie ce gajbe MpoIupruo Ha
cesep u 3amaa. o 1998. rogune, y EBpomnu ce OGonect miaBor je3uka jaBibajia
CHOpaJMYHO, a CBaKy €MH300TH]y MpaTHO je jeJaH cepoTun Bupyca. MehyTtum, of
1998. ronune GojyecT ce mpouupuia Ha ceBep U MeautepaHcku OaceH, a 3aTUM U
EBpony u npommpuina ce 800 km ceepuuje (Purse u cap., 2005). lllupeme Bupyca Ha
HOBE TEPUTOpPHUjE MOCIEAMIIA j& KIMMATCKUX MPOMEHa KOje Cy MOBOJHHO YTHIAJIE Ha
OIICTaHaK BHpyCa TOKOM 3MM€ M Kynukouje, mupewe C. imicola Ha ceBep, alu U
MIPEHOC BUpYyca ayTOXTOHUM BpcTaMa BEKTopa. AKTUBHOCT BUpycay EBponu ipe 2001.
TO/IMHE j€ OYMIIEHO Omiia orpaHudeHa Ha mosHatu apean C. imicola, a HEroBO
mupewme Ha ceBep, rae C. imicola HMje TIPUCYTHA, MpENCTaB/ba MPEKPETHUILY Yy
€MU300THOIOTHjH OOJIECTH IJIAaBOT je3uka y EBpomu u MOTBpAYy 1@ je MPEHOILICHE
BHpYCa OJ1 CTpaHe JIOKAJIHUX BpcTa Kynukouaa moryhe. Y Peny6numu Cpouju Bupyc
je npBu myT uzoioBaH 2001. roguHe W pesyaTatu cy norBpheHu y pedepeHTHO]
naboparopuju CBeTcke opraHusaliyje 3a 3apaBJbe )KuBoTUba y [TupOpajry, Yjenumeno
KpasseBcTBO, 1€ je ycTaHOBJBEHO Aa ce paau o cepotuny 9 (Djuricic i sar., 2004a), a
MIPUCYCTBO 0OJIECTH MOTBphEHO je U y nApyrum 3emibama bankana (Stevanovi€ u cap.,
2018; Djuricic u cap., 2004b). V¥ asrycty 2006., Bupyc 0osiecTu IIaBOT je3UKa j€ 1o
npBu nyT npemao 50° ceBepHe reorpadcke MMPUHE, a CEPOTHIl 8 MOjaBUO CE€ y
Xonanauju, benruju, Hemaukoj, ®paniyckoj u JlykcemOypry (Kampen u Werner,
2023). AHanu3a ceKBEHIle TeHOMa BUpYyCa CepoTHUIia 8 yKaszalia je Ha BEJIUKY CITMYHOCT
ca CcojeM OBOT CEpOTHIIa KOjH je MPETXOAHO U30JI0BaH U3 nojcaxapcke Adpuke (Maan
u cap., 2008). UntepecanTHo je na cy jgeto u jeced 2006. ronuHe OWIM HAJTOTUTH]H OJT
MOYeTKa 3BAaHUYHUX MEpea TeMIeparype Basayxa, a IpoceyHa TeMIeparypa Bas3ryxa
y EBpomnu y jyny Ouna je Hajromnuja 3abenexena (Purse u cap., 2008). Unctutyt
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Opunpux Jledpnep 2007. ronuHe je MOTBPAMO J1a je BHPYC YCIEUIHO MPE3UMHO Ha
nonpyyjy 3anagHe Espome. Ox 2006. ronune, GoiecT MIaBOT je3uKa ce MPOIIUpUIa
najbe Ha ceBepo3ananny EBporty, 3ay3umajyhu Teputopuje Koje ce IpoCTUpy [0 YaK
58 crenenu ceepHe reorpadceke mmpune (Wilson u Mellor, 2009). 3axBasbyjyhu
nporpaMmy obOaBe3He BaKLWHAIMje MPOTUB OOJECTH ILIABOT je3WKa, CEpOTHN § je
uckopemen u3 EBpomne 2011. romune, anmu ce 2015. romuHe, MOHOBO IMOjaBHO Yy
@paniyckoj, oBora myta cMmamene Bupynenuuje, 2017. u y IIBajuapckoj, a 2018.
ronune y Hemaukoj, npBu nyt HakoH neBeT rogauHa (Niedbalski u Fitzner, 2020).
[IpucyctBo ceporuna 4 je 2014. romune pokazano y llmanuju, Ilopryramnuju,
XpBarckoj, I'pukoj, byrapckoj, Pymynuju, CnoBenuju, a nap roguHa KacHHje, TeHCKU
U3MeEeH, cepoTull 4 je oTkpuBeH y Utanuju u @paniyckoj. Y obnactu Menutepana
OTKpHUBEHH Cy joul U cepotunoBu 1, 2 u 16. Ceporun 3 je 6MO mpucyTaH camo Ha
Cunmnunju n CapauHHjH, ajdl HAaKOH JCILIEHU]e CTaTyca 3eMJbe CI000AHE 0f 00JIeCTH
miaBor jesuka, 2023. roguHe NOoTBphEHO je MPUCYCTBO OBOT cepoTuria y XoJaHAu]u,
KaJa je JOLUIO JI0 MCIoJbaBama KIMHUYKUX CUMITOMa M yruHyha oBama u rosena.
[lopekno u myT yHOUIema BHpPyca HUCY IMO3HATH, Ka0 HHU KOMIIETEHTHAa BpCTa
Kynukouaa kao Bektopa (Holwerda u cap., 2023). V Uranuju cy oGosbeBain Maau
MIPEKUBAPH, JI0K je O0JIEeCT Koj] FOBe/Ia YIJIaBHOM MPOTULIajIa CYNKIMHUYKY. MehyTum,
y Xonanauju 6ojecT ce Op30 MUPHIIA U UCTH CEPOTHUII 3 je U3a3Ba0 TELIKY KIMHUYKY
CJIMKY ¥ BHCOK JICTAJIUTET 000JIETTNX OBalla U ToBe/a.

Hexkonuxko je Mmoryhux myteBa yHolema 00JECTH IUIABOT je3UKa Y 3eMJbY: YBO3 JKUBUX
KUBOTUIbA IIyTEM JIETallHE WM WJIerajHe TProBUHE, YBO3 PEHPOIYyKTUBHOT
MaTepujaia, KpeTame AUBJBUX >KUBOTHHbA, MPEHOIICHE BEKTOpPa BETPOM, YHOIICHE
BEKTOpa MPEBO3HUM CPECTBUMA WM YIIOTpeOa areHyrpaHux BakiuHa. Iyt yHomema
BHpyca y XOJaHJIU]jy je joIll yBEeK HejacaH, alli cMatpa ce 1a je y Mrammjy cepotun 3
YHET UHPUIIMPAHUM BEKTOpUMA KOju cy HomieHu BetpoM u3 Tynuca (Holwerda u cap.,
2023). [Tox mMOBOJLHUM METEOPOJIOIIKUM YCIOBHMA KYJIMKOHJIE MOTY OMUTH HOILIEHE
Ba3AyIIHUM CcTpyjamMa Ha yaajbeHoctd on 700 km m3nag mopa u 500 km xomHOM
(Eagles u cap., 2014; Garcia-Lastra u cap., 2012). ¥V cBojoj cryauju Bibard u cap.
(2024a), cy mpolemUBAIM PHU3MK OJ YHOIICHAa BHpyca OOJIECTH IIJIaBOT je3uKa
(ceporun 3) Berpom u3 Capaunuje y koHTHHeHTanHy EBpomy. Ilponemeno je na je
pu3uK on mmupema BekTopa ca CapauHuje orpaHuueH Ha MeauTepaHCKu OaceH,
yIJIaBHOM  TOTEHIMjaJIHO  3axBaTajyhu jyroszamafgHo TMOJpydYje HUTaJIUjaHCKOT
nonyoctpsa, Cuuninjy, Manty u Kop3uky, na yak u Ha ceBepHe U LIEHTpaJIHE JIeJI0OBE
Uranuje, baneapcku apxumnenar 1 KoHTHHEeHTaIHy @paniycky u [lnanujy.

Enm3zoorcka xemoparuuna 0oJiect
Enmzoorcka xemoparmyna Oonect je o0ojbeme jJomMahux W JAMBIBHX MpeXHBapa
M3a3BaHO BUPYCOM E€MH300TCKE XeMoparuyHe 0oiecTu Koju npumnana poay Orbivirus.
Enmzootcka xemoparuuna 6osect je npBu myT onucana 1955. roqune y by Ilepcujy,
CAJl, xana je o0Ooneo BelMKH Opoj Oemopenux jelieHa, a UCTE TOAMHE je M30JI0BaH




30 Berepunapcku sxypHaa Penyoiunke Cpncke (bama Jlyka), Boa. XXIV, Bp.1-2, 21-37, 2024.
CreBuh u cap.:

Kyaunkonae kao BeKTOpH OpOMBHPYCa, Y3POUHHKA HAPOUHUTO ONACHUX HH(PEKTHBHUX 00J1eCTH 0] 3HAYAja 3a
BeTePHHAPCKY MeIHIUHY

BUpPYC, y3pouHuk Oonectu (Maclachlan u cap., 2015). Tokom HapenHux naeLeHHja
BHpPYC Ce MPOIIKUPHO U Ha ocTaje koHTHHeHTe (Jiménez-Cabello u cap., 2023). Bupyc
eNM300TCKE XeMoparuyHe OO0JIECTH, CpOJaH je BUPYCY OOJECTH IUIABOT je3HKa,
nocenyje neoctpyky PHK ca gecer cermenara, 6e3 omoraua je u Benuuune 80 nm. Jlo
JaHac je uAeHTU(UKOBAHO ceaaM cepoTurnoBa Bupyca (1, 2, 4-8), a mocrtoje jour /iBa,
MOTEHIMjaTHO HOBa cepoTuria oTkpuBeHa y Jyxxnoj Adpuuu u Kunu (Yang u cap.,
2020). O6osbeme ce jaBiba CE30HCKH, O] CPEIUHE JIETa J0 KaCHE jECEHU, Y €H300TCKUM
MoJpy4YjuMa Ha cBake 2 10 3 roiMHe, a enru300THje U301jajy Ha cBakux 8 1o 10 roauHa.
Pasnuke y 0BUM LUKITycHMa MOTY ce 00jaCHUTH KOMOMHOBaHUM e(eKTUMa UMYHUTETA
NoTyJanuje, TpaHCIopTa )KUBOTHba U (IyKTyaluja y nomynamnuju sekropa (Becker u
cap., 2024). PammpenocT 3aBUCH O MPUCYCTBA U OPOJHOCTH KYJIUKOUIA, UMyHUTETA
U OCETJbUBOCTH MNPHUJEMUYMBHX jJEIWHKH. Y EH300TCKHM IMOJPYyYjUMa IOBOIU IO
3Ha4ajHOI MOpOUIUTETa M MOpTAJIMTETa JeJCHCKE MAMBJbAYM, KOja je BeoMma
NpHjeMynBa, a Tyouun Mory uzHocuTH u a0 90%. Mako cy roBema HemITo Mame
MpUjeMYuBa U KOJ HUX O0NECT OOWYHO MPOTHUE y CYOaKyTHOM TOKY W Yy OJiaxoj
¢dbopmu, nonaszu 10 ryOuTaka y MICUHO] HHAYCTPUJHU, a Y TIOCIEIHE ABE JICLEHU]e CBE
Jj€ BHILIE KIMHUYKHUX clTy4yajeBa 000JbeHha 1 KO OBE BpcTe xKUBOTUHbA (Jiménez-Cabello
u cap., 2023). bonect npotuye y paznuuutuM ¢opmMama y 3aBUCHOCTHU O] CEpOTUIIa
BUpYyca: KoJ Oejopenux jeleHa MOXe MPOTHULATH Kao acCHMIITOMAarcka, ca Onarum
CUMIITOMHMA T1a CBE JI0 TEIIKOT XeMOparuyHor o0oJbema u yruayha (Avelino de Souza
Santos u cap., 2023). Hajuemthu cuMntoMu enu300TCKE XeMOparuyHe OOJECTH Cy:
rpo3HuIa, c1abocCT, HEJOCTAaTaK aleTUTa, yilepalyje 1Mo cly30KoKd ycTa, MmojayaHa
cajMBallMja, OTEXKAHO TyTame, OCUI MO BUMEHY, KpBapemwe, LPBEHWIO pyda Koxke
ramnaka, OTEKaHO JUcame, OTOK je3HKa, erso(raiMyc, TaxukKapiuja, TaxHIIHE]a,
yBehanu numdHU 4BOpOBH, eeM Imiyha, XpOMOCT, OT€KaHO KpeTame U CTajambe, a
Moryha cy m3HeHagHa yrunyha y poky ox 36 yacoBa IITO ce HapO4YUTO jaBJba KOJ
jenena. Kox nuBibMX mMpekuBapa MoXke AONHM U JI0 TOjaBe OTOKa JIMla, Aujapeje ca
npuMecamMa KpBH M XeMmarypuje, JAeXujaparanuje, XurepeMmuje KomyHKTHBa. Behe
enuzootuje Aecuie cy ce y Jamany 1959. u 1997. ronune (Ohashi u cap., 1999), anu
MOCJIEAmBUX ToAMHA cBe je Behu Opoj ciydajeBa obosbewa u'y CAJl, A3uju, bauckom
Uctoky, CeBepHoj Adpunm, menutepanckuM 3emsbama (Jiménez-Cabello u cap.,
2023). HMako ce Oornect ymIaBHOM jaBjbajla Koja JuBJbUX mpexkuBapa y CAJl
(ceportumnosu 1, 2 u 6), gouuo je 10 nojase 60IECTH KOJ roBeaa Uy A3uju (CepoTHil 2
y Jamany), Ha bauckom ucroky (ceporun 7 y Uzpaeny, 6 y Typckoj u Omany) u Ha
ceBepy Adpuke (ceporun 6 y Tynucy, Mapoky, Amkupy). Ceporun 8 je mpBOOUTHO
uneHtuduxoBan y Aycrpanuju 1982. roguHe u oA Taja HUje NPUJaBJbEHO HETOBO
MPUCYCTBO HU Y JE€AHO] 3eMJbHM cBe A0 Kpaja 2021. roamHe Kajga Cy ce IOjaBUIIU
KJIMHUYKH CITy4ajeBH Koj roBena y Tynucy (Sghaier u cap., 2023). bonect ce npBu myT
nojasmia Ha teputopuju EBpornie Ha Capaunuju u y jyxnoj lnanuju kpajem 2022.
TOJIMHE, a YIPKOC 3a0paHu KpeTama >KMBOTHHbA U [10ja4aHOM HaJ30py, U y PpaHIyckoj
y centemOpy 2023. ronune. Ceporun Bupyca u3 Mranuje reHeTUUKHU je WICHTHYaH
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CEPOTHITY KOjU BOAM MOpekIo u3 TyHuca. OBa CIMYHOCT CEPOTHUIIOBA YKa3yje Ha TO Ja
je Bupyc npeHet u3 ceBepHe Adpuke y jyxkny EBpony (Lorusso u cap., 2023). Y Hekum
JIeIOBUMa CBETa MOCTOje BaklMHE MpoTuB cepotunosa 1, 2 u 6 (Kampen u Werner,
2023). Hepocrarak BakuuHe y EBpomu mpencraBiba J0onaTHY NpeTHY 3eMJbama
CJI000THUM O] OBE OOJIECTH.

Kyra konurapa

Kyra xoma je BupycHa 6osect Konurapa Koja LIUpKy/IHIle Mel)y KomruMa, Marapimuma,
3e0pamMa W Masrama y €H300TCKUM Hojpydyjuma noacaxapcke Adpuke (Mellor u
Hamblin, 2004). Y3pounuk kyre komwa je Orbivirus, Bupyc 06e3 oMoTada, BETUYUHE OKO
70 nm xoju mocenyje cerMmentupany nsosaHuany PHK. 3a canma, mocroju neBer
cepoTHIoBa BUpyca Kyre komwa (Drolet u cap., 2022). Ha xyry koma npujeMyuBH Cy
UCKJbYYMBO KomuTapu. bornect je oOMYHO CynKIMHMYKA Koi 3€0pu U appUyUKUX
Marapaia, npu 4emy ce 3e0pe W JApPYrd JAWUBJbM KOMHUTAPU CMAarpajy MpPUPOTHUM
pesepBoapuma Bupyca (Zientara u cap., 2015). Koxg koma, Oomect ce Moxe
MaHU(ECTOBATH Y TPH pa3iiiuuTa OO0JHMKAa, ca BUCOKOM CTOIIOM MOpPTaJUTEeTa Koja
u3Hocu u 10 90%. Kyra koma ce mMaHH(ecTyje TPO3HHIIOM, €IEMOM, 3HOJEHEM,
OTeXaHUM JUCAm-EM, HalmaJuMa Kallba, IEeHACTUM HMCLETKOM U3 HO3/pBA, OTOKOM Y
npeneny riaBe, KpBapemeM H konukama (Carpenter u cap., 2017). Kyra xoma
€H300TCKH C€ jaBJba y cyOcaxapckoj Adpuiiy, aam 000Jbeme Ce jaBballo U 'y CEBEPHO]
Adpunn, Ha biuckom wucroky, Uumuju u jyxxnoj EBpomu. Hajsehe 3abenexene
enu3ootrje aecusie cy ce y Jyxnoj Adpumm (17. Bek), kaga je yrunymo 70.000
KHUBOTUIbA, U HA binckoM uctoky (1959-1961.) kana je yrunyno 300.000 oGonenux
xuBotuma (Carpenter u cap., 2017; Mellor u Hamblin, 2004). I1pBu ciy4ajeBu Kyre
KOBa y JyrouctouHoj Asuju, Ha Tajmanny, npujaBibenu cy 2020. ronune (Bunpapong
u cap., 2021). 3a koHTpony Gonectu Kopucte ce areHyupane BakiuHe (Kampen u
Werner, 2023) mro He Ou OMO NMPUXBAT/BUB CUEHAPUO Y CIydajy IojaBe OoyecTu y
EBpomnu.

3AK/bYYAK
Hakon yHomema MHQUIIMPHUX KYIHKOWJAa HAa HOBY TEPUTOPHUjY HEOMXOHO j€ Jia ce
BEKTOPH aJIalTUPA]y, a 3aTUM U YOO I0M IIPEHECY BUPYC MPUjEMUNBO]j BPCTH KUBOTHIHA
WU J1a yYBE3CHE BHPEMHUYHE >KHBOTHUIGE JO)y y KOHTaKT ca JOBOJHHO OpOjHOM
MOMYJIaIjoM ayTOXTOHUX KYJIMKOH 1A Kako Ou mpeHoc Bupyca 6uo moryh. Knmmarcke
npoMeHne he moBecTH 10 eKcnaH3uje 0OJIeCTH M3a3BaHWX OPOMBUpPYCHMMA M HUXOBE
mojaBe y 3emJbaMa Koje ¢y ciiobomHe of OoJecTH Ha Taj Ha4MH INTO he mopact
MIPOCEYHHUX TeMIepaTypa Ba3ayXa YTUIIATH Ha MIUPEHE apeaja BEKTopa, MPOIyKeHhe
MepuoJia HUXOBE AKTUBHOCTH, CKpaheme EKCTPUH3MYHOT TMepuojaa WHKyOaluje u
OJIAKIIIaHO TPE3NMJbaBak-E¢ BUpyca. YIPaBO OBakaB ciieHapuo je 3abenexed 2006.
TOAVHE Kaja Cy M3MEpeHe HajBUIIEC TeMIlepaType BasayXa Off MOYETKa CUCTEMATCKOT
Oenexema TeMIiepaType U Kajia je oMo JI0 HAIMIOT IHpeHkha 00JIeCTH MIaBoT je3uKa.
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W3 yrna npeBeHTHBE U KOHTPOJE, BEOMa je BaKHA eyKallhja U o0yka BeTepuHapa 1
dapmepa 0 KIMHUYKAM MaHH]ecTanMjaMa OOJecTH Hu3a3BaHUX OpOUBHpYCHMA,
oceOHO OHUM Koje ce 00aBE3HO MPHjaBJby]y U KOj€ Ce HUCY TI0jaBJbHUBAJIE JyXkKe BpeMe,
J€p MHOTHY BET€pHHAPH MOXJAa HUCY UMAJIM MPUWIHKY J1a BUJE KIIMHUYKE CUMIITOME Y
cBojoj mpakcu. C 003upoM Ha TO J1a HE MOCTOjU aJeKBaTHA Teparvja, a YeCTO HU
eukacHe BakiuHe, Tpebano Ou paguTH Ha Pa3BOjy OPraHU3ALMOHUX, CTPYKTYPHHUX U
Mepa KoHTpoJsie Bekropa. KoHTpona apboBupyca Koje MpeHoce KyIUKOUIE 3aBUCH O]
BulIe (hakTopa Kao IITO Cy EKOHOMCKH yTHIIA] 000Jbeha, MOryhHOCTH J1a apOoBUpYC
orictaHe Ha ofApeheHOo] TEepUTOPHjU, TOCTOjarke e(]uKacHe BakIMHE, W MOXE
oOyxBaraTu eyTaHa3Wjy, 3a0paHy KpeTamba W TProBHHE >XUBOTHUI-AMa, KOHTPOIY
OpOjJHOCTH apTpPONOAa, Ka0 M CMambUBamb-€ KOHTAKaTa MPHUjEMYMBHUX >KUBOTHIA Ca
OMOJIOIIKMM BEKTOPHMA.
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Summary

In the past, the worldwide distribution of bluetongue virus was limited to areas between
approximately 35 degrees south and 40 degrees north latitude, but recently it has
dramatically expanded in Europe to 58 degrees north latitude. The virus is thought to
have been introduced into central and western Europe by the transport of infected
animals or by wind-borne transmission of infected Culicoides, as well as by unknown
routes of spread. Nowadays, European countries are experiencing regular outbreaks of
bluetongue caused by different serotypes. Climate change is expected to affect the
distribution and range of many vector species due to global warming and altered
precipitation patterns. Climate change modifies long-term weather and climate patterns
that affect the behavior of arthropod vectors. Increased average winter air temperatures
allow arthropods to survive and extend their active period. An example of this is the
emergence of bluetongue virus serotype 3 in the summer of 2023 in the Netherlands,
the spread of the virus and its re-emergence in 2024. In the last 25 years, there has also
been an increase in the number of horse sickness serotypes circulating at the northern
border of the virus in sub-Saharan Africa. The current situation of equine sickness
resembles the distribution of bluetongue virus before the sudden expansion into
northern Europe in 2006. The wind-borne transmission of infected Culicoides is
particularly important from a control perspective, as it makes the restriction of
movement of susceptible animals significantly less effective in preventing the spread
of the disease. Currently, the most important role of Culicoides from a public health
perspective is their ability as biological vectors to transmit Oropouche virus, the
causative agent of Oropouche fever in humans.

Key words: climate change, culicoids, orbiviruses, ruminants, vectors.

INTRODUCTION
During the past three decades, an increasing number of arbovirus infections has been
seen. This has been attributed to climate change, mainly caused by human activities,
which favors the emergence and spread of arthropods to new territories, as well as the
e —
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resistance and transmission of viruses. Diseases caused by arboviruses that can
endanger a country are a threat to human and animal health, with potentially
devastating social and economic consequences, and urbanization, globalization and
climate change in recent years have led to the expansion of arboviruses. The global
distribution of bluetongue and epizootic hemorrhagic disease in the world has changed
significantly in recent years, especially due to the introduction of multiple serotypes of
bluetongue virus into Europe. The unexpected emergence of bluetongue or epizootic
hemorrhagic disease is related to the potential consequences of climate change on the
geographical distribution and severity of vector-borne diseases. Bluetongue and
epizootic hemorrhagic disease viruses infect domestic and wild ruminants and cause
clinically almost identical changes. Symptoms include swelling and cyanosis of the
tongue, coronitis of the hoof, bleeding and death. Cattle are considered reservoirs for
bluetongue and epizootic hemorrhagic disease viruses, because infected animals,
although usually asymptomatic, are viremic. The enormous genetic diversity of these
orbiviruses can lead to the emergence of new serotypes with unique biological
properties, as well as the possibility of not only horizontal but also wvertical
transmission.

Difterent species of Culicoides are the primary vectors of arboviruses in different parts
of the world. Hematophagous insects of the genus Culicoides are distributed
throughout the world and in some regions can reach high numbers seasonally, which
affects livestock farming, agriculture, forestry and tourism in many parts of the world,
leading to great economic losses. Most species of Culicidae are hematophagous,
feeding on all vertebrates, including humans. In addition to being unpleasant to bite,
Culicidae can transmit viruses, protozoa and nematodes during feeding, with some
viruses causing high morbidity and mortality in ruminants, horses and humans. Their
greatest importance for veterinary medicine is reflected in the fact that they transmit
numerous pathogens of domestic and wild animals, especially orbiviruses, which cause
non-contagious diseases of ruminants. They are primary vectors of Orbiviruses
(bluetongue virus, epizootic haemorrhagic disease virus and African horse sickness
virus), Orthobunyaviruses, Oropouche, Akabane and Schmallenberg viruses.

There are several routes of introduction of arboviruses that carry Culicidae to new
territories, such as wind-borne transmission of infected Culicidae, import of viremic
animals, use of unregistered attenuated vaccines (emergence of bluetongue virus
serotypes 6 and 11 in Europe). The routes of introduction of bluetongue virus serotypes
8 and 25 are currently unknown. It is assumed that serotype 8 was introduced by the
transport of infected Culicidae, animals and humans, or even by the import of cut
flowers. Transport by ship is also potentially possible. However, it should be
emphasized that Culicidae eggs are very sensitive to desiccation, so their transport is
not a likely route of introduction of the virus into a country. The presence of the low-
virulent serotype 25 of the bluetongue virus (Toggenburg virus) was “incidentally”
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detected during routine surveillance of the highly pathogenic serotype 8 in Switzerland
(Carpenter et al., 2013).

Vector-borne viruses have mechanisms for “overwintering” during periods of low
temperatures to survive during the winter months when vectors are inactive.
Mechanisms for virus survival in Europe include overwintering in “long-lived” insects,
prolonged viremia in ruminants, and vertical transmission between ruminants and
vectors. It should also be noted that climate change affects vectors, their competence,
virus transmission capacity, geographic distribution, extrinsic incubation period,
duration of activity (late autumn, early spring), and also the virus genome (Hudson et
al., 2023).

Culicoides
Insects of the family Ceratopogonidae are distributed throughout the world. There are
6,206 species of Ceratopogonidae in the world. Within the family Ceratopogonidae,
there are four genera that feed on the blood of vertebrates (Culicoides, Leptoconops,
Lasiohelea and Austroconops), of which the genus Culicoides, with 1,347 described
species, is of greatest importance when it comes to infectious diseases. To date, over
50 arboviruses have been isolated from these insects, 45% of which have not been
detected in other arthropods (Mellor et al., 2000). These insects are potential vectors of
infectious disease agents, the most important of which are bluetongue virus, epizootic
hemorrhagic disease virus, Schmallenberg virus, African horse sickness virus, as well
as Oropouche virus, the only known virus transmitted by Culicoides to humans.
Culicidae are some of the smallest hematophagous insects, rarely exceeding three
millimeters in length. The life cycle consists of an egg, four larval stages, a pupa, and
an adult. The larvae are very diverse in habit, behavior, and ecology, and develop in
moist habitats. Adults can also be important pollinators. Females require a protein diet
to produce eggs. They are active at dusk and dawn. They are present in most parts of
the world, with the exception of Antarctica and New Zealand. For the development of
eggs, larvae, and pupae, they require moisture-rich habitats, such as moist, organically
enriched soil, which is often found around farms, and can also be found in places such
as tree cracks, rotting vegetation, pond edges, wet soils, and certain types of
herbivorous dung. Due to their size (1-2.5 mm), under favorable conditions, Culicoids
can easily be carried by winds over long distances. Culicoids have also been shown to
be present at high altitudes. Epizootic haemorrhagic disease virus serotype 8 is thought
to have been introduced into Italy from Tunisia in this way, by wind-borne vectors,
which is the same route of transmission as bluetongue virus serotype 3 in 2017.
Research on the spread of Culicoids by wind has shown that the high-risk zone of wind-
borne vector spread from the sites of the first outbreaks of Epizootic haemorrhagic
disease virus serotype 8 in France remains largely confined to the south-west of the
country, but with possible penetration northwards to the Gironde region or eastwards
along the Pyrenees mountains. In addition, the spread of the vector towards northern
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Spain is possible (Bibard et al., 2024b). While climate change may affect the future
spread of infected vectors by wind, the transport of infected animals is a more likely
route of introduction of orbiviruses into a country and region that has disease-free
status. The emergence of African horse sickness in the Middle East and Southwest Asia
from 1959 to 1962 and in North Africa and Spain in 1965 was due to the movement of
nomadic tribes (Carpenter et al., 2017). The import of zebras from Namibia into Spain
in 1987 also introduced serotype 4 of the African horse sickness virus, and in 2020,
serotype 1 was introduced into Thailand through the import of equidae.

The ability of hematophagous insects to be vectors of pathogens is innate and
genetically determined. It is a consequence of the evolutionary adaptation of the
pathogen during which it acquired the ability to evade the immune defenses of the
arthropod, infect the vector, multiply and develop in its cells and organs, reach the
salivary glands and transmit to the susceptible species during feeding of the vector.
Four criteria must be met to determine the vectorial ability of arthropods for different
pathogens: confirmation of the virus in vectors caught in the field that have not taken
a blood meal, demonstrate the ability to become infected after feeding on an infected
host or blood containing the pathogen, establish the ability to transmit the pathogen to
the host by biting, and determine the abundance and association of vectors in the field
with appropriate susceptible hosts (Ruder et al., 2015).

Culicoids are biological vectors of orbiviruses, which means that after ingestion, the
virus infects the midgut cells of these insects and multiplies there, travels to the body
cavity of the insect, and then infects the salivary glands, where it also multiplies. Only
then can the virus be transmitted to a new host. The time that elapses from the ingestion
of the virus until it reaches the salivary glands of the vector is called the extrinsic
incubation period, and its duration depends on the activity of the viral RNA
polymerase, which, in turn, depends on the ambient temperature. At 15°C, the extrinsic
incubation period lasts several weeks, while at 30°C it lasts only a few days (Wittmann
et al., 2002). After feeding on the Culicoids and taking a meal of infectious blood, the
bluetongue virus enters the midgut, multiplies and can infect other organs. At 25°C, the
virus from the midgut reaches the salivary glands within two days of infection. After
entry into the acinar cells of the salivary glands, the virus replicates again, and then the
virus particles are released into the terminal acini from where they can be transmitted
in the saliva during the vector bite. In contrast to mammalian cells, which are severely
damaged by the process of virus exit by exocytosis, virus release from insect cells
occurs exclusively by membrane budding (Kampen and Werner, 2023). The time
required for the vector to digest a blood meal also decreases at higher temperatures,
increasing the frequency of feeding. At temperatures below 12°C, viral replication
ceases completely, although the virus can survive in infected Culicoides and resume
replication if the temperature increases (Wellby et al., 1996). At such low temperatures,
vector activity also decreases. As a result, virus transmission is almost completely
interrupted for several months of the year due to cold weather. However, epizootics
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often continue after periods far longer than the typical lifespan of the adult vector or
the normal infectivity period of the host. During the winter months, arthropods are
inactive, and Culicoides are thought to overwinter in the larval stage. During the winter
in Europe, after the first frosts, adult Culicoides are present in small numbers or
completely absent. A study in Germany showed that Culicoides of the Obsoletus group
are present almost all year round inside stables, indicating a high risk of virus
transmission to ruminants in closed environments. In this study, the Obsoletus group
was active both indoors and outdoors during all months of the year. Some species of
the Pulicaris complex were active from March, but were also present during the cold
months until early December. Therefore, the results show that there are periods of low
vector activity during the year, but not without vectors (Groschupp et al., 2023). The
resistance of C. sonorensis to temperatures of -20°C and significant desiccation in the
egg stage may indicate resistance to climate change in the future.

Studies indicate that the same species of Culicoides are involved in the transmission of
bluetongue, epizootic haemorrhagic disease and African horse sickness. Of all
Culicoides species, Culicoides imicola is the most important vector worldwide. It is
present throughout Africa, the Near and Middle East, parts of South and Southeast Asia
and southern Europe. The most important vector globally, C. imicola, has so far been
discovered only in Mediterranean countries, and the northernmost part of Europe where
it is present is southern Switzerland (Groschupp et al., 2023). Also, another important
vector in Africa, south of the Sahara, is C. bolitinos, a species related to the Imicola
complex. In North America, the main vector is C. sonorensis and is the best studied
Ceratopogonid species. In Central and South America, it is C. insignis, and in Australia,
C. brevitarsis (Winder, 1978). At the end of the twentieth century, it was assumed that
the native Culicoidea species that are widespread and numerous throughout northern
Europe, C. obsoletus and C. pulicaris, could also be competent vectors. This was
definitively established in 2006, when bluetongue disease broke out in central and
northern Europe and when the presence of C. imicola was not detected, but only the
presence of C. obsoletus and C. pulicaris (Kampen and Werner, 2023). Until the 2006
outbreak of bluetongue in central and northern Europe, the virus was mainly found in
Africa, Asia and the southern part of Europe, where it was primarily transmitted by the
species C. imicola. The outbreak of bluetongue disease in central and northern Europe,
where C. imicola is not present, suggests that local Culicoidea species are also
competent biological vectors (Meiswinkel et al., 2007). Four members of the Obsoletus
group of the genus Culicoides (Culicoides obsoletus sensu stricto, Culicoides scoticus,
Culicoides dewulf, Culicoides chiopterus) and three members of the Pulicaris complex
(Culicoides pulicaris sensu stricto, Culicoides punctatus, Culicoides impunctatus)
were considered to have a potential role as vectors (Nolan et al., 2007; Savini et al.,
2005; Torina et al., 2004; Caracappa et al., 2003). There is little information on the
diversity of Culicoide species and their host populations in Eastern Europe. A study
conducted in Romania revealed for the first time the presence of the species C.
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griseidorsum, C. puncticollis and C. submaritimus, and it was also proven that
Culicoides feed mainly on ruminants, which is in agreement with other studies from
Europe. Cattle could play an important role in the multiplication and spread of
pathogens between wild and domestic ruminants (Tomazatos et al., 2020).

Orbiviruses

Orbiviruses are members of the Reoviridae family, which includes 14 genera. There
are currently 22 recognized species and at least 160 different serotypes in the genus
Orbivirus, distributed worldwide, predominantly in tropical and subtropical regions,
including Europe, Asia, and Africa (Attoui and Mohd Jaafar, 2015). Orbiviruses infect
vertebrates and invertebrates, plants, and fungi. Due to their impact on livestock, the
viruses that cause bluetongue, epizootic hemorrhagic disease, and African horse
sickness are of great economic importance globally (Hudson et al., 2023). These ten-
segmented, double-stranded RNA viruses are non-enveloped. Orbiviruses are
transmitted by various arthropod vectors such as mosquitoes, flies, and ticks, and
members of the genus Culicoides transmit most orbiviruses that cause major economic
losses in domestic animals. Due to the segmented structure of the virus, in cases of co-
infection, gene reassortment or segment exchange between orbivirus species may
occur, which inevitably affects susceptible hosts, virulence, immune evasion, and
antiviral resistance. Orbivirus gene reassortment plays an important role in the
emergence of diversity and evolution of this group of viruses. An example of this is the
recently discovered new strain of Tibetan orbivirus in China, which was found to be
the result of natural reassortment (Ren et al., 2021). Diseases caused by orbiviruses
occur seasonally, mainly in late summer, in subtropical and temperate regions, which
is related to external temperature, vector activity and virus replication (Guthrie and
Weyer, 2015). The population of Culicidae increases during rainy periods (Aklilu et
al., 2014). The epizootiology of orbiviruses is changing under the influence of climate
change that affects viruses, vectors, but also susceptible animals. Climate change can
potentially worsen the negative global economic impact of orbiviruses. Climate
change, i.e. an increase in average air temperature, can lead to increased virus
replication, and thus the emergence of new mutations. The spread of vectors to new
territories and the infection of vectors with different serotypes will also increase the
degree of virus reassortment.

Blue tongue disease
The most important disease in Europe transmitted by Culicidae is bluetongue.
Bluetongue is a non-contagious disease of ruminants (cattle, sheep, deer, goats and
camels), with sheep being the most severely affected (Maclachlan et al., 2009). The
virus belongs to the genus Orbivirus, family Reoviridae. So far, 36 serotypes of the
virus have been described, which differ genetically and in virulence (Ries et al., 2021).
The clinical picture varies from mild to severe. In cattle, the disease usually proceeds
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subclinically, but this species represents a reservoir of the virus because it develops
long-term viremia (Maclachlan et al., 2009). The virus is transmitted by Culicidae, with
the exception of a small number of atypical serotypes that can be transmitted by direct
contact between ruminants: some strains of this virus can be transmitted directly from
animal to animal, transplacentally, iatrogenically and orally, and even mechanically, by
flies carrying the virus on their mouth. These routes may be important during the
“overwintering” period of the virus (Wilson et al., 2008). There is little evidence for
vertical transmission of bluetongue virus from one generation of Culicidae to the next,
and it is thought that virus particles are not transferred to eggs, which precludes
transovarial transmission (Nunamaker et al., 1990). In ruminants, bluetongue virus may
persist over the winter by establishing a chronic or latent infection or by transplacental
transmission from infected dams to offspring and giving birth to infected young in the
spring, which has been linked to serotype 8 (Mansfield et al., 2024). Bluetongue is
characterized by fever, circulatory disorders, lip hyperemia, petechiae, ulcerations of
the nasal and oral mucosa, increased salivation, head edema, difficulty breathing,
cyanosis of the tongue, and lameness, and abortion is possible. The changes may be
more pronounced in young animals (Stevanovi¢ and Nedi¢, 2019; MacLachlan et al.,
2009). The economic impact, in addition to direct losses in the form of mortality and
abortion, also includes restrictions on international trade in animals and animal
products. Vaccines are available, but are used restrictively except in outbreak
situations. Morbidity and mortality, trade restrictions, and vaccination are significant
costs and have a major economic impact on farmers and the livestock industry (Puri¢
et al., 2022; Puri¢ et al., 2021; Gethmann et al., 2020).

Bluetongue was first described in the early 20th century in southern Africa. By the mid-
20th century, the disease had spread to North America, and the causative agent was
identified in 1952 in the USA (McKercher et al., 1953). In the late 1950s, bluetongue
was reported in southern Asia (Pakistan, India, China, Indonesia, Malaysia, Japan)
(Prasad et al., 2009; Daniels et al., 2009). From Asia, wind-borne infected vectors were
introduced to Australia, and the first cases of the disease were detected in 1975 (Firth
et al.,, 2017). In Europe, the first cases of the disease appeared in 1924, but major
epizootics occurred in Cyprus (1943) and the Iberian Peninsula (1956) (Gambles, 1949;
Manso-Ribeiro et al., 1957). The distribution of the virus has changed significantly in
the last three decades, as reflected by the appearance of the virus in regions where it
was previously absent, as well as the emergence of new serotypes in enzootic areas
(Mansfield et al., 2024). During the first half of the twentieth century, bluetongue virus
was present in Africa and Cyprus, and in 1951 it was confirmed in Israel; in 1961 in
Asia, and then, in 1975 in Australia (Wilson and Mellor, 2009). In Europe, in 1956 and
1960, a major epizootic caused by serotype 10 occurred in Spain and Portugal, killing
almost 180,000 animals (Manso-Ribeiro et al., 1957). By the end of the twentieth
century, bluetongue had spread and was reported worldwide between approximately
40 degrees north and 35 degrees south latitude (Wilson and Mellor, 2009). Serotype 9
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was discovered in Greece in 1998, from where it spread further north and west. Until
1998, bluetongue occurred sporadically in Europe, with each epizootic being
associated with a single serotype of the virus. However, since 1998, the disease has
spread northwards and into the Mediterranean region, and then into Europe, extending
800 km northwards (Purse et al., 2005). The spread of the virus to new territories is a
consequence of climate change that has favoured the survival of the virus during the
winter and the Culicoidea, the spread of C. imicola northwards, but also the
transmission of the virus by native vector species. The activity of the virus in Europe
before 2001 was apparently limited to the known range of C. imicola, and its spread
northwards, where C. imicola is not present, represents a turning point in the
epizootiology of bluetongue in Europe and confirmation that virus transmission by
local Culicoidea species is possible. In the Republic of Serbia, the virus was first
isolated in 2001 and the results were confirmed in the World Organisation for Animal
Health reference laboratory in Pirbright, United Kingdom, where it was determined to
be serotype 9 (Djuricic et al., 2004a), and the presence of the disease has also been
confirmed in other Balkan countries (Stevanovic¢ et al., 2018; Djuricic et al., 2004b).
In August 2006, the bluetongue virus crossed 50° north latitude for the first time, and
serotype 8 appeared in the Netherlands, Belgium, Germany, France and Luxembourg
(Kampen and Werner, 2023). Analysis of the genome sequence of the serotype 8 virus
indicated a high similarity to a strain of this serotype previously isolated from sub-
Saharan Africa (Maan et al., 2008). Interestingly, the summer and autumn of 2006 were
the warmest since official temperature records began, and the average air temperature
in Europe in July was the warmest on record (Purse et al., 2008). In 2007, the Friedrich
Loeffler Institute confirmed that the virus had successfully overwintered in western
Europe. Since 2006, bluetongue has spread further into northwestern Europe,
occupying areas as far north as 58 degrees north latitude (Wilson and Mellor, 2009).
Thanks to a mandatory vaccination program against bluetongue, serotype 8 was
eradicated from Europe in 2011, but in 2015, it reappeared in France, this time with
reduced virulence, in 2017 in Switzerland, and in 2018 in Germany, for the first time
in nine years (Niedbalski and Fitzner, 2020). The presence of serotype 4 was proven in
2014 in Spain, Portugal, Croatia, Greece, Bulgaria, Romania, Slovenia, and a few years
later, a genetically modified serotype 4 was discovered in Italy and France. Serotypes
1,2 and 16 have also been detected in the Mediterranean region. Serotype 3 was present
only in Sicily and Sardinia, but after a decade of bluetongue-free status, the presence
of this serotype was confirmed in the Netherlands in 2023, when clinical symptoms
and deaths occurred in sheep and cattle. The origin and route of introduction of the
virus are unknown, as is the competent species of Culicidae as a vector (Holwerda et
al., 2023). In Italy, small ruminants were affected, while the disease in cattle was
mainly subclinical. However, in the Netherlands, the disease spread rapidly and the
same serotype 3 caused a severe clinical picture and high mortality in affected sheep
and cattle.
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There are several possible routes of introduction of bluetongue into the country: import
of live animals through legal or illegal trade, import of reproductive material,
movement of wild animals, wind-borne vectors, introduction of vectors by means of
transport or use of attenuated vaccines. The route of introduction of the virus into the
Netherlands is still unclear, but it is thought that serotype 3 was introduced into Italy
by infected vectors carried by the wind from Tunisia (Holwerda et al., 2023). Under
favourable meteorological conditions, Culicoides can be carried by air currents over
distances of up to 700 km over sea and 500 km over land (Eagles et al., 2014; Garcia-
Lastra et al., 2012). In their study, Bibard et al. (2024a), assessed the risk of wind-borne
introduction of bluetongue virus (serotype 3) from Sardinia to continental Europe. The
risk of vector spread from Sardinia was estimated to be limited to the Mediterranean
region, mainly potentially affecting the southwestern area of the Italian peninsula,
Sicily, Malta and Corsica, and even northern and central Italy, the Balearic Islands and
continental France and Spain.

Epizootic hemorrhagic disease
Epizootic hemorrhagic disease is a disease of domestic and wild ruminants caused by
the epizootic hemorrhagic disease virus belonging to the genus Orbivirus. Epizootic
hemorrhagic disease was first described in 1955 in New Jersey, USA, when a large
number of white-tailed deer were affected, and the virus causing the disease was
isolated in the same year (Maclachlan et al., 2015). Over the following decades, the
virus spread to other continents (Jiménez-Cabello et al., 2023). Epizootic hemorrhagic
disease virus, related to bluetongue virus, has a double-stranded RNA with ten
segments, is non-enveloped and 80 nm in size. To date, seven serotypes of the virus
have been identified (1, 2, 4-8), and there are two more, potentially new serotypes
discovered in South Africa and China (Yang et al., 2020). The disease occurs
seasonally, from mid-summer to late autumn, in enzootic areas every 2 to 3 years, and
epizootics occur every 8 to 10 years. Differences in these cycles can be explained by
the combined effects of population immunity, animal transport and fluctuations in the
vector population (Becker et al., 2024). The prevalence depends on the presence and
abundance of Culicidae, the immunity and susceptibility of susceptible individuals. In
enzootic areas, it causes significant morbidity and mortality in deer, which are highly
susceptible, and losses can be up to 90%. Although cattle are somewhat less susceptible
and the disease usually has a subacute course and a milder form, losses occur in the
dairy industry, and in the last two decades there has been an increasing number of
clinical cases of the disease in this species of animals (Jiménez-Cabello et al., 2023).
The disease occurs in different forms depending on the serotype of the virus: in white-
tailed deer it can occur as asymptomatic, with mild symptoms, up to severe
hemorrhagic disease and death (Avelino de Souza Santos et al., 2023). The most
common symptoms of epizootic hemorrhagic disease are: fever, weakness, lack of
appetite, ulcerations of the oral mucosa, increased salivation, difficulty swallowing,




Veterinary Journal of Republic of Srpska (Banja Luka), Vol. XXIV, No 1-2, 38-53, 2024 47
Stevi¢ et al.:

Culicoides as vectors of Orbiviruses, causative agents of particularly dangerous infectious diseases of importance
for Veterinary medicine

rash on the udder, bleeding, redness of the hoof skin, difficulty breathing, swelling of
the tongue, exophthalmos, tachycardia, tachypnea, enlarged lymph nodes, pulmonary
edema, lameness, difficulty moving and standing, and sudden deaths within 36 hours
are possible, which occurs especially in deer. In wild ruminants, facial swelling, bloody
diarrhea and hematuria, dehydration, and conjunctival hyperemia may also occur.
Major epizootics occurred in Japan in 1959 and 1997 (Ohashi et al., 1999), but in recent
years there has been an increasing number of cases in the USA, Asia, the Middle East,
North Africa, and Mediterranean countries (Jiménez-Cabello et al., 2023). Although
the disease has mainly occurred in wild ruminants in the USA (serotypes 1, 2, and 6),
the disease has also occurred in cattle in Asia (serotype 2 in Japan), the Middle East
(serotype 7 in Israel, 6 in Turkey and Oman), and North Africa (serotype 6 in Tunisia,
Morocco, and Algeria). Serotype 8 was originally identified in Australia in 1982 and
has not been reported in any country since then until late 2021 when clinical cases
appeared in cattle in Tunisia (Sghaier et al., 2023). The disease first appeared in Europe
in Sardinia and southern Spain in late 2022 and, despite a ban on animal movements
and increased surveillance, in France in September 2023. The serotype of the virus
from Italy is genetically identical to the serotype originating in Tunisia. This similarity
of serotypes suggests that the virus was transmitted from North Africa to Southern
Europe (Lorusso et al., 2023). Vaccines against serotypes 1, 2 and 6 are available in
some parts of the world (Kampen and Werner, 2023). The lack of a vaccine in Europe
poses an additional threat to countries free of this disease.

African horse sickness
African horse sickness is a viral disease of equidae that circulates among horses,
donkeys, zebras and mules in enzootic areas of sub-Saharan Africa (Mellor and
Hamblin, 2004). The causative agent of African horse sickness is Orbivirus, a non-
enveloped virus of approximately 70 nm in size that possesses segmented double-
stranded RNA. To date, there are nine serotypes of African horse sickness virus (Drolet
et al., 2022). Only equidae are susceptible to African horse sickness. The disease is
usually subclinical in zebras and African donkeys, with zebras and other wild ungulates
considered natural reservoirs of the virus (Zientara et al., 2015). In horses, the disease
can manifest in three different forms, with a high mortality rate of up to 90%. African
horse sickness is manifested by fever, edema, sweating, difficulty breathing, coughing
fits, frothy nasal discharge, swelling in the head, bleeding, and colic (Carpenter et al.,
2017). African horse sickness occurs enzootically in sub-Saharan Africa, but the
disease has also occurred in North Africa, the Middle East, India, and southern Europe.
The largest recorded epizootics occurred in South Africa (17th century), when 70,000
animals died, and in the Middle East (1959-1961), when 300,000 infected animals died
(Carpenter et al., 2017; Mellor and Hamblin, 2004). The first cases of African horse
sickness in Southeast Asia, in Thailand, were reported in 2020 (Bunpapong et al.,
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2021). Attenuated vaccines are used to control the disease (Kampen and Werner, 2023),
which would not be an acceptable scenario in the event of an outbreak in Europe.

CONCLUSION

After the introduction of infectious Culicoids into a new territory, it is necessary for
the vectors to adapt and then transmit the virus to a susceptible animal species by biting,
or for the imported viremic animals to come into contact with a sufficiently large
population of indigenous Culicoids to make virus transmission possible. Climate
change will lead to the expansion of diseases caused by orbiviruses and their
occurrence in countries that are free from the disease in such a way that the increase in
average air temperatures will affect the expansion of the vector's range, prolonging the
period of their activity, shortening the extrinsic incubation period and facilitating the
overwintering of the virus. This is exactly the scenario that was recorded in 2006, when
the highest air temperatures since the beginning of systematic temperature recording
were measured and when there was a sudden spread of bluetongue disease. From a
prevention and control perspective, it is very important to educate and train
veterinarians and farmers about the clinical manifestations of diseases caused by
orbiviruses, especially those that are notifiable and have not appeared for a long time,
as many veterinarians may not have had the opportunity to see clinical symptoms in
their practice. Given that there is no adequate therapy, and often no effective vaccine,
efforts should be done to develop organizational, structural and vector control
measures. Control of arboviruses transmitted by Culicoides depends on several factors
such as the economic impact of the disease, the possibility of the arbovirus surviving
in a certain territory, the existence of an effective vaccine, and may include euthanasia,
bans on the movement and trade of animals, control of the number of arthropods, as
well as reducing contacts of susceptible animals with biological vectors.
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Sazetak

Ova studija je imala za cilj da utvrdi korelaciju izmedu ocene telesne kondicije,
proizvodnih parametara (laktacija i dnevna proizvodnja mleka), kvaliteta vaginalne
sluzi 1 procenta polimorfonuklearnih ¢elija iz citoloskog razmaza poreklom iz materice
mlecnih krava sa dijagnozom klinickog endometritisa. Ispitivanje je obuhvatilo 14
HolStajn-Frizijskih krava u prvoj 1 drugoj laktaciji. Procena kvaliteta vaginalne sluzi je
izvr§ena upotrebom Metricheck® instrumenta. Citologki brisevi iz materice su
uzorkovani upotrebom Cytoprint AI® katetera. Procena kvaliteta vaginalne sluzi i
uzorkovanje citoloskog brisa iz materice je izvrSeno 25. 1 26. dana laktacije. Rezultati
ove studije su pokazali da ne postoji znacajna korelacija izmedu procenta
polimorfonuklearnih ¢elija 1 mlecnosti ili laktacije. Medutim, pronadena je znacajna
negativna korelacija izmedu ocene telesne kondicije 1 kvaliteta vaginalne sluzi, $to
sugeriSe da krave sa viS§im ocenama telesne kondicije imaju manji rizik za nastanak
klinickog endometritisa. Rezultati ove studije su u skladu s postojec¢om literaturom koja
sugeriSe da ocene telesne kondicije moZze posluziti kao pokazatelj stepena rizika za
nastanak klinickog endometritisa.

Kljuéne reci: dnevna mlecnost, kvalitet vaginalne sluzi, laktacija, mle¢na krava, ocena
telesne kondicije, polimorfonuklearne Celije.

UvOoD
Smenjivanje gestaciono-nelaktacione faze u negestaciono-laktacionu fazu predstavlja
visok faktor rizika za nastanak puerperalnih oboljenja i naziva se tranzicioni period
(Contreras i1 Sordillo, 2011). Tokom ovog perioda desavaju se fizioloSke oscilacije,
primarno u hormonalnim i metabolickim putevima (Maleti¢ 1 sar., 2024). Neposredno
nakon teljenja, homeoretskim mehanizmima dolazi do preraspodele energije u mle¢nu
e —
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zlezdu $to dovodi do negativnog energetskog bilansa (NEB). Sistemska inflamacija
kao 1 mineralni disbalansi takode predstavljaju procese koji su uobicajena pojava u
ovom periodu. Polovina tek oteljenih krava ne uspe da se adaptira na novonastale
izazove S§to za posledicu ima nastanak strukturnih i molekulskih promena na nivou
reproduktivnih organa primarno na nivou materice i jajnika (Serbetci i sar., 2023). Ove
promene se mogu manifestovati u vidu klinickih 1 supklini¢kih oboljenja (Maleti¢ 1
sar.,, 2024). U ova oboljenja se ubrajaju puerperalna oboljenja materice, metabolicki
disbalansi kao i lokomotorna oboljenja (Vergara i sar., 2014).

Prevalenca puerperalnih oboljenja materice poput puerperalnog metritisa, klini¢kog
metritisa, klini¢kog endometritisa (KE) 1 supklinickog endometritisa je 2.8%, 25%,
29% 1 26% respektivno (Vallejo-Timaran 1 sar.,, 2021). Sve u svemu, prevalenca
postporodajnih oboljenja materice tokom prvih 60 dana nakon teljenja je 51.2%.
Medutim, prevalenca zavisi od tipa farme odnosno nacina drzanja, individualnih
karakteristika krava, dana uzorkovanja i primenjenim grani¢nim vrednostima.
Klinicki endometritis predstavlja oboljenje materice koje nastaje nakon 21 dana posle
teljenja (DPT) 1 manifestuje se klinicki vidljivim znakovima bolesti, te stoga ne
predstavlja problem u rutinskoj dijagnostici (Sheldon i sar., 2009). Medutim, stepen
osStecenja odnosno inflamacije tokom KE moZe da varira. Metode kojima se moze
utvrditi stepen oStecenja/inflamacije prouzrokovan sa KE se moze kvantifikovati
upotrebom Metrichecka® (Pleticha i sar.,, 2009) i odredivanjem stepena inflamacije
endometrijuma upotrebom citoloskih briseva (Milovanovi¢ i sar., 2023).

Cilj ovog rada je da se utvrdi da li postoji veza/korelacija izmedu pojedinih telesnih
faktora (ocena telesne kondicije (OTK)), proizvodnih parametara (laktacija i dnevna
mlecnost), kvaliteta vaginalne sluzi 1 procenta polimorfonuklearnih ¢elija (PMN) kod
krava obolelih od klinickog endometritisa.

MATERIJALI I METODE

Ovaj eksperiment je obuhvatio ukupno n=14 krava HolStajn-Frizijske rase koje su bile
u prvoj i drugoj laktaciji. Krave koje su obuhvacéene eksperimentom su bile prosecne
telesne mase 550+32,4kg. Sve krave su hranjene identiénom ishranom u vidu
kompletnog miksovanog obroka (TMR). Krave su vakcinisane vakcinama Bovilis
BVD® (MSD Animal Health, Wellington, New Zealand), Bovilis IBR Marker live®
(MSD Animal Health, Wellington, New Zealand) i Bravoxin 10® (MSD Animal Health,
Wellington, New Zealand). Upotrebom farmskog softvera DairyComp 305 (Valley
Agricultural Software, Tulare, California) dobijeni su podaci vezani za broj laktacija,
dane u laktaciji 1 dnevnu mle¢nost.

Klinicki pregledi krava izvrSeni su 25. i 26. dana nakon teljenja. Neposredno pre
odredivanja kvaliteta vaginalne sluzi i uzorkovanja brisa iz materice izvrSen je vizuelni
pregled krava. Za eksperiment su odabrane samo krave koje su imale patoloski
vaginalni iscedak.
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Ocena telesne kondicije (OTK) izvrSena je po metodi opisanoj od strane (Bauer, 2021)
koja se sastoji od gradacione skale OTK 2-5.

Provera kvaliteta vaginalne sluzi je izvr§ena uz pomo¢ Metricheck® instrumenta (Slika
1) (Simcro, New Zealand). Pre uvodenja instrumenta u vaginu, usmine su ociS¢ene
papirnim ubrusom kako bi se sprecila kontaminacija. Nakon toga, instument je uveden
u vaginu 1 sproveden do fornix vaginae. Ru¢ka instrumenta lagano je podignuta ka
dorzalnoj komisuri vagine 1 instrument retrahovan kaudalno kako bi se sa ventralnog
zida vaginalnog kanala prikupila vaginalna sluz (Milovanovi¢ 1 sar., 2023).
Odredivanje kvaliteta vaginalne sluzi je izvrSeno vizuelnom metodom opisanom od
strane (Pleticha 1 sar., 2009), na slede¢i nacin: ocena O=¢€ista prozirna sluz, ocena
I=sluz sa krpicama gnoja, ocena 2=mukopurulentni iscedak, ocena
3=gnojni/smrdljivi/trulezni iscedak.

Slika 1 Metrichecka® instrument za kvalitativnu analizu kvaliteta vaginalne sluzi
(A-Metrichecka®™; A1-kolektor vaginalne sluzi)

Uzorkovanje citoloskog brisa iz materice je izvr§eno upotrebom Cytoprint AI® katetera
(Slika 2).

——3

A
B1 B
C

Slika 2 Inseminator i Cytoprint AI® kateter za uzorkovanje citoloskog brisa
endometrijuma
(A-inseminator za vestatko osemenjavanje; B-Cytoprint AI® kateter; B1-vrh Cytoprint
AI" katetera za uzorkovanje citoloskog brisa endometrijuma; C-protektivni tubus
Cytoprint AI” katetera)

Pre uzorkovanja citoloskog brisa, ampula recti je ispraznjena manuelno. Nakon toga,
usmine su obrisane papirnim ubrusom. Cytoprint AI® kateter je stavljen na inseminator
(pistolet). Bimanuelnom metodom, uz rektalno navodenje Cytoprint AI® kateter je
uveden kroz cervix u matericu. Bris je eksponiran povlacenjem protektivnog tubusa ka
rukohvatu inseminatora. Bris sa dorzalnog zida materice je uzorkovan rotiranjem
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inseminatora sa Cytoprint AI® kateterom u smeru kretanja kazaljki na satu. Nakon toga,
protektivni tubus Cytoprint AI® katetera je vraéen u pocetni polozaj kranijalno kako bi
se citoloski bris zastitio od kontaminacije prilikom retrahovanja napolje (Milovanovi¢
i sar., 2023). Nakon ekstrakcije instrumenta van vagine pristupljeno je pripremanju
citologkog preparata. Cista mikroskopska plo¢ica (Menzel Gliser, Braunschweig,
Germany) je pripremljena i na nju je nanesen vrh Cytoprint AI® katetera na kome se
nalaze celije poreklom sa endometrijuma. Silikonski vrh katetera je celom duzinom
mikroskopske plo€ice rotiran kako bi se ¢elije ravnomerno nanele na mikroskopsku
ploc¢icu. Mikroskopska plocica sa citoloskim razmazom je nakon toga ostavljena da se
osusi na sobnoj temperaturi i transportovana do laboratorije.

Priprema citoloskog preparata je izvrSena bojenjem citoloskog razmaza upotrebom
MGG Quick Stain (Bio Optica, Milano, Italy) prema uputstvu od strane proizvodaca.
Citoloski preparati su nakon toga osuSeni na vazduhu. Mikroskopska procena preparata
je izvrSena brojanjem minimum 200 ¢elija na uvecanju 400x. Utvrdivanje procenta
polimorfonuklearnih ¢elija (PMN) je izvrSeno uporedivanjem odnosa endometrijalnih
1 PMN ¢elija (Slika 3).

Statisti¢ka obrada podataka je uradena u programskom sistemu Prism ver.8 (Graphpad,
USA), a rezultati su prikazani kroz tabele 1 grafikone u programskom softveru MS
Office Package (Microsoft, USA).

REZULTATI
Na osnovu rezultata dobijenih u ovom istraZzivanju uoc¢eno je da je dnevna mlecnost
ispitivanih grla varirala od 13,00 L do 29,70 L mleka, u proseku 22,39 L. Kvalitet
vaginalne sluzi bio je u opsegu izmedu 1 1 3, u proseku 2,88. Ocena telesne kondicije
kretala se u intervalu izmedu 2,5 i 3,25, u proseku 2,85 dok je % PMN u citoloSkim
brisevima materice bio u opsegu od 5,39-82,92%. Detaljni rezultati ovih parametara za
svaku kravu pojedinacno su prikazani u Tabeli 1.

Tabela 1 Rezultati proizvodnje mleka, procenta polimorfonuklearnih ¢elija, ocene
telesne kondicije 1 kvaliteta vaginalne sluzi prikazani u pojedinacnim vrednostima za
svaku ispitivanu jedinku

Laktacija . Dne\fna % PNVIN u Kwvalitet
Krava proizvodnja mleka citoloskom OTK . .
/ grupa o . vaginalne sluzi
u litrima brisu

1. 1 29,7 29,16 2,75 2
2. 2 27,1 61,88 3,25 1
3. 1 27,6 82,92 2,75 3
4. 2 22 50,08 2,75 1
5. 2 19 5,39 3 1
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6. 2 26 41,83 2,75 1
7. 2 19 35,23 2,75 2
8. 1 13 69,9 2,75 3
9. 2 21 66,81 3 2
10. 2 23 42,51 3 1
11. 1 25 50,61 2,5 3
12. 1 22 80 3 1
13. 1 16 65,06 3 1
14. 1 23 35,89 3 1
Rezultati statisticke analize su prikazani u Tabeli 2.
Tabela 2 Utvrdene korelacije izmedu ispitivanih parametara
. Laktacija Dnevna . Metrich
Parametri proizvodnja % PMN | OTK ®
/ grupa mleka u litrima eck
Laktacija 1,00 -0,09 -0,37 0,25 -0,40
Dnﬁ?ﬁﬂ‘ﬁfgﬁma 20,09 1,00 0,08 | -0,15 | 0,06
% PMN -0,37 -0,08 1,00 0,06 0,31
OTK 0,25 -0,15 0,06 1,00 -0,66*
Metrichecka® -0,40 0,06 0,31 -0,66* 1,00

* statisticka znac€ajnost utvrdena na nivou p<0.05

Statisti¢ki znacajna korelacija je uo¢ena u odnosu OTK i Metricheck® parametara, pri
¢emu je uoceno da krave sa visokim Metricheck® skorom imaju nizu OTK vrednost.
Odnos Metricheck® i OTK rezultata je prikazana na Slici 3.
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Slika 3 Korelativna analiza rezultata parametara Metriheck® i OTK

DISKUSIJA

Nakon teljenja, krave se adaptiraju na promene koje su nastale smenjivanjem gravidno-
nelaktacijone faze u negravidno-laktacionu fazu. U ovom periodu nastaje sistemska
inflamacija koja za cilj ima pripremu reproduktivnih organa za novu oplodnju i
graviditet. Klinicki endometritis nastaje ukoliko se inflamacija materice prolongira
nakon 21 dana posle teljenja uz prisustvo patoloskog vaginalnog iscetka i pove¢anog
%PMN (Pascottini i sar.,, 2022). Dijagnoza KE se sprovodi upotrebom Metricheck®™
uredaja ili manuelno (Pascottini 1 sar., 2020).

Na osnovu dobijenih rezultata posmatrane grupe krava uocava se da bi u teoriji svako
poveéanje OTK za vrednost boda 1 dovelo do smanjenja Metrichecka® vrednosti za
2,933 puta, odnosno, da krave koje imaju loSiju ocenu telesne kondicije imaju veci
faktor rizika za nastanak KE. U praksi to ne znaci da krave treba da budu preuhranjene
ve¢ u adekvatnoj telesnoj kondiciji shodno proizvodno-reproduktivnoj fazi laktacije.
Rezultati dobijeni u ovoj studiji korespondiraju sa rezultatima dobijenim u studijama
koje su za cilj imale utvrdivanje veze izmedu ova dva posmatrana parametra (Bogado
Pascottini i LeBlanc, 2020; Kadivar i sar., 2014; Wathes i sar., 2009).

Ocena telesne kondicije predstavlja metodu kojom se indirektno moze proceniti
energetski status krava (Rearte 1 sar., 2023). Utvrdeno je da kod krava sa visokim
energetskim deficitom inflamacija materice prolongirana i perzistira nakon 2 nedelje
nakon teljenja za razliku od krava sa umerenim energetskim deficitom (Wathes i sar.,
2009). Energetski deficit ukazuje na maladaptaciju na postpartalni period sa
posledi¢nim nastankom metabolickih oboljenja koja se odlikuju nedostatkom glukoze
(Sordillo 1 Raphael, 2013). Ispitivanjem biohemijskih parametara iz seruma krava
utvrdeno je da su nivoi neesterifikovanih masnih kiselina (NEFA), - hidroksibuterne
kiseline (BHB) znacajno visi kod krava sa KE za razliku od zdravih krava (Bogado
Pascottini 1 LeBlanc, 2020). Visoki nivoi NEFA 1 BHB ukazuju na metabolicku
maladaptaciju na postpartalni period. Posledicno tome dolazi do disfunkcije
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polimorfonuklearnih ¢elija jo§ dok se nalaze u krvnom koritu, odnosno ¢ak 1 pre nego
Sto udu u matericu. Takode, analizom kompletne krvne slike utvrdeno je da krave koje
se nalaze u visokom energetskom deficitu imaju manje leukocita od krava koje su bile
u umerenom energetskom deficitu (Wathes 1 sar,, 2009). Sa druge strane studija
(Bartolome 1 sar., 2014) koja je za cilj imala uporedivanje protokola za terapiju KE je
zakljucila da krave koje imaju visu OTK znatno bolje reaguju na terapiju za razliku od
krava sa niskom OTK (Bartolome i sar., 2014). Stoga, korelacija izmedu OTK i
Metricheck® skora (kvaliteta vaginalne sluzi) dobijena u nasoj studiji ukazuje da ovi
parametri mogu biti koristan alat za procenu rizika za nastanak KE.

Korelacija % PMN 1 laktacije u naSoj studiji nije utvrdena. Pojedine studije sugerisu
da postoji razlika izmedu %PMN shodno broju laktacija, odnosno da prvotelke imaju
znatno visi % PMN od visetelki (Mehrzad i sar., 2002), odnosno ve¢i broj cirkulisu¢ih
eozinofila 1 nezrelih leukocita (Mehrzad i sar., 2002). Od % PMN zavisi odgovor
materice na inflamaciju. Medutim, ukoliko se krava nalazi u stanju energetskog deficita
% PMN ne mora biti reprezentativan pokazatelj zdravlja materice, jer je funkcionalna
sposobnost PMN u tom slu¢aju naruSena nedostatkom glukoze. Takode, da bi se
ustanovila veza izmedu %PMN, proizvodnih parametara mozda je potrebno u analizu
ukljuciti krave sa viSe od dve laktacije kao i vece grupe Zivotinja nego §to je to slucaj
u nasoj studiji.

Korelacija % PMN i dnevne mlecnosti u nasoj studiji nije utvrdena. U studiji koja je
za cilj imala utvrdivanje veze izmedu proizvodnih parametara 1 supklini¢kog
endometritisa odnosno % PMN i dnevne mlecnosti je ustanovila pozitivnu korelaciju
izmedu ova dva parametra (Barrio i sar., 2015). Studija Barrio 1 sar. (2015) je
sprovedena u Spaniji na veéem broju krava. Takode, Spanija ima topliju klimu, a
pojedine studije su dokazale da % PMN zavisi i od klimatskih prilika (Olde Riekerink
i sar., 2007).

ZAKLJUCAK

Ustanovljena je negativna korelacija izmedu OTK i Metricheck® skora (kvaliteta
vaginalne sluzi). Tacnije, svako povecanje OTK za vrednost boda 1 dovela je do
smanjenja Metrichecka® vrednosti za 2,933 puta. Odnosno, krave s visom ocenom
OTK imaju manyji rizik za nastanak klinickog endometritisa. Medutim, to ne znaci da
krave treba da budu preuhranjene, ve¢ da budu u adekvatnoj kondiciji shodno
proizvodno-reproduktivnoj fazi laktacije. Korelacija izmedu ostalih posmatranih
parametara % PMN 1 proizvodnih parametara (laktacija i dnevna mlecnost) nije
utvrdena.
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Summary

This study aimed to determine the correlation between body condition score,
production parameters (lactation and daily milk production), vaginal mucus quality and
the percentage of polymorphonuclear cells from cytological smears originating from
the uterus of dairy cows diagnosed with clinical endometritis. The study included 14
Holstein-Friesian cows in the first and second lactation. Assessment of the quality of
vaginal mucus was performed using the Metricheck® instrument. Cytological smears
from the uterus were sampled using the Cytoprint AI® catheter. Evaluation of the
quality of vaginal mucus and sampling of the cytological smear from the uterus was
performed on the 25th and 26th days of lactation. The results of this study indicated
that there was no significant correlation between the percentage of polymorphonuclear
cells and milk yield or lactation. However, a significant negative correlation was found
between body condition score and vaginal mucus quality, suggesting that cows with
higher body condition scores have a lower risk of developing clinical endometritis. The
results of this study are in line with the existing literature suggesting that body
condition scores can serve as an indicator of the degree of risk for the development of
clinical endometritis.

Key words: daily milk yield, vaginal mucus quality, lactation, dairy cow, body
condition score, polymorphonuclear cells.

INTRODUCTION
Changing the gestation-non-lactation phase into the non-gestation-lactation phase
represents a high risk factor for the onset of puerperal diseases and is called the
transition period (Contreras and Sordillo, 2011). During this period, physiological
oscillations occur, primarily in hormonal and metabolic pathways (Maleti¢ et al.,
2024). Immediately after calving, homeoretic mechanisms redistribute energy to the
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mammary gland, which leads to a negative energy balance (NEB). Systemic
inflammation as well as mineral imbalances are also processes that are common during
this period. Half of newly calved cows fail to adapt to new challenges, which results in
structural and molecular changes at the level of the reproductive organs, primarily at
the level of the uterus and ovaries (Serbetci et al., 2023). These changes can be
manifested in the form of clinical and subclinical diseases (Maleti¢ et al., 2024). These
diseases include puerperal diseases of the uterus, metabolic imbalances and locomotor
diseases (Vergara et al., 2014).

The prevalence of puerperal uterine diseases such as puerperal metritis, clinical
metritis, clinical endometritis (CE) and subclinical endometritis is 2.8%, 25%, 29%
and 26%, respectively (Vallejo-Timaran et al., 2021). Overall, the prevalence of
postpartum uterine diseases during the first 60 days after calving is 51.2%. However,
the prevalence depends on the type of farm, i.e. the way of keeping, the individual
characteristics of the cows, the day of sampling and the applied reference values.
Clinical endometritis is a disease of the uterus that occurs after 21 days after calving
(DAC) and is manifested by clinically visible signs of the disease, and therefore does
not represent a problem in routine diagnostics (Sheldon et al., 2009). However, the
degree of damage or inflammation during CE can vary. Methods to determine the
degree of damage/inflammation caused by CE can be quantified using Metricheck®™
(Pleticha et al., 2009) and by determining the degree of endometrial inflammation using
cytological smears (Milovanovi¢ et al., 2023).

The aim of this study is to determine whether there is a connection/correlation between
individual body factors (body condition score (BCS)), production parameters (lactation
and daily milk yield), quality of vaginal mucus and the percentage of
polymorphonuclear cells (PMN) in cows suffering from clinical endometritis.

MATERIALS AND METHODS

This experiment included a total of n=14 cows of the Holstein-Friesian breed that were
in the first and second lactation. The average body weight of the cows included in the
experiment was 550+32.4 kg. All cows were fed an identical diet in the form of a total
mixed ration (TMR). Cows were vaccinated with Bovilis BVD® (MSD Animal Health,
Wellington, New Zealand), Bovilis IBR Marker live® (MSD Animal Health,
Wellington, New Zealand) and Bravoxin 10® (MSD Animal Health, Wellington, New
Zealand). Using the DairyComp 305 farm software (Valley Agricultural Software,
Tulare, California), data related to the number of lactations, days in lactation and daily
milk yield were obtained.

Clinical examinations of the cows were performed on the 25th and 26th days after
calving. Immediately before determining the quality of vaginal mucus and sampling
the swab from the uterus, a visual inspection of the cows was performed. Only cows
with pathological vaginal discharge were selected for the experiment.
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The assessment of body condition (BCS) was performed according to the method
described by (Bauer, 2021), which consists of a gradation scale of BCS 2-5.

Checking the quality of vaginal mucus was performed using the Metricheck®
instrument (Figure 1) (Simcro, New Zealand). Before introducing the instrument into
the vagina, the lips were cleaned with a paper towel to prevent contamination. After
that, the instrument was introduced into the vagina and led to the fornix vaginae. The
handle of the instrument was slightly raised towards the dorsal commissure of the
vagina and the instrument retracted caudally in order to collect vaginal mucus from the
ventral wall of the vaginal canal (Milovanovi¢ et al., 2023). Determination of the
quality of vaginal mucus was performed using the visual method described by (Pleticha
et al., 2009), as follows: grade O=clear transparent mucus, grade 1=mucus with patches
of pus, grade 2=mucopurulent discharge, grade 3=purulent/ smelly/putrid discharge.

Figure 1 Metrichecka®™ instrument for qualitative analysis of the quality of vaginal mucus
(A-Metrichecka®; A1- vaginal mucus collector)

Sampling of the cytological swab from the uterus was performed using the Cytoprint
AI® catheter (Figure 2).

B1

O = >

Figure 2 Inseminator and Cytoprint AI® catheter for endometrial cytology swab sampling
(A- inseminator for artificial insemination; B-Cytoprint AI® catheter; B1- tip of the
Cytoprint AI® catheter for endometrial cytology smear sampling; C- Cytoprint AI®

catheter protective tube)

Before sampling the cytological smear, the ampulla recti was emptied manually. After
that, the lips were wiped with a paper towel. The Cytoprint AI® catheter is placed on
the inseminator (gun). Using the bimanual method, with rectal guidance, the Cytoprint
AI® catheter was introduced through the cervix into the uterus. The swab is exposed
by pulling the protective tube towards the handle of the inseminator. A swab from the
dorsal wall of the uterus was sampled by rotating the inseminator with the Cytoprint
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AI® catheter in a clockwise direction. After that, the protective tube of the Cytoprint
AI® catheter was returned to its initial position cranially in order to protect the
cytological swab from contamination when retracing it outside (Milovanovi¢ et al.,
2023). After the extraction of the instrument outside the vagina, the preparation of the
cytological preparation was started. A clean microscope slide (Menzel Gliser,
Braunschweig, Germany) was prepared and the tip of the Cytoprint AI® catheter
containing cells of endometrial origin was placed on it. The silicone tip of the catheter
is rotated along the entire length of the microscope slide in order to spread the cells
evenly on the microscope slide. The microscope slide with the cytological smear was
then left to dry at room temperature and transported to the laboratory.

The preparation of the cytological preparation was carried out by staining the
cytological smear using MGG Quick Stain (Bio Optica, Milano, Italy) according to the
manufacturer's instructions. The cytological preparations were then air-dried.
Microscopic evaluation of the preparation was performed by counting a minimum of
200 cells at 400x magnification. Determination of the percentage of
polymorphonuclear cells (PMN) was performed by comparing the ratio of endometrial
and PMN cells (Figure 3).

Statistical data processing was done in the Prism ver.8 software system (Graphpad,
USA), and the results were presented through tables and graphs in the MS Office
Package software (Microsoft, USA).

RESULTS
Based on the results obtained in this study, it was observed that the daily milk yield of
the examined cows varied from 13.00 L to 29.70 L of milk, on average 22.39 L. The
quality of vaginal mucus was in the range between 1 and 3, on average 2.88. The body
condition score ranged between 2.5 and 3.25, with an average of 2.85, while the % of
PMN in uterine cytological smears was in the range of 5.39-82.92%. Detailed results
of these parameters for each cow are shown in Table 1.

Table 1 Results of milk production, percentage of polymorphonuclear cells, body
condition score and quality of vaginal mucus shown in individual values for each tested
individual

- . 5 .
Lactation Daily I.mlk. % PMN.m a Quality of
Cow production in cytological BCS .
/ group i vaginal mucus
1ters smear
1. 1 29.7 29.16 2.75 2
2. 2 27.1 61.88 3.25 1
3. 1 27.6 82.92 2.75 3
4. 2 22 50.08 2.75 1
5. 2 19 5.39 3 1




Veterinary Journal of Republic of Srpska (Banja Luka), Vol. XXIV, No 1-2, 63-71, 2024 67
Milovanovi¢ et al.:

Clinical endometritis in cows: correlation of body condition, quality of vaginal mucus, lactation, daily milk
production and the percentage of polymorphonuclear cells in the cytological smear of the endometrium

6. 2 26 41.83 2.75 1
7. 2 19 35.23 2.75 2
8. 1 13 69.9 2.75 3
9. 2 21 66.81 3 2
10. 2 23 42.51 3 1
11. 1 25 50.61 2.5 3
12. 1 22 80 3 1
13. 1 16 65.06 1
14. 1 23 35.89 3 1

The results of the statistical analysis are shown in Table 2.

Table 2 Correlations established between the examined parameters

. Daily milk .
Parameters Lactation / productionin | % PMN BCS Mem@;’h
group liters eck
Lactation 1.00 -0.09 -0.37 0.25 -0.40
Daily milk -0.09 1.00 -0.08 | -0.15 | 0.06
production in liters
% PMN -0.37 -0.08 1.00 0.06 0.31
BCS 0.25 -0.15 0.06 1.00 -0.66*
Metrichecka® -0.40 0.06 0.31 -0.66* 1.00

* statistical significance determined at the p<0.05 level

A statistically significant correlation was observed in the relationship between BCS
and Metricheck®™ parameters, where it was observed that cows with a high Metricheck®™
score had a lower BCS value. The relationship between Metricheck® and BCS results
is shown in Figure 3.
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Figure 3 Correlative analysis of Metriheck® and BCS parameter results

DISCUSSION

After calving, cows adapt to the changes caused by transition from the pregnant-non-
lactating phase to the non-pregnant-lactating phase. In this period, systemic
inflammation occurs, which aims to prepare the reproductive organs for new
fertilization and pregnancy. Clinical endometritis occurs if uterine inflammation is
prolonged for more than 21 days after calving with the presence of pathological vaginal
discharge and increased %PMN (Pascottini et al., 2022). The diagnosis of CE is carried
out using the Metricheck® device or manually (Pascottini et al., 2020).

Based on the obtained results, it can be observed that in theory any increase in BCS by
the point 1 would lead to a decrease in the Metricheck® value by 2.933 times, that is,
that cows with a lower body condition score have a higher risk factor for the occurrence
of CE. In practice, this does not mean that cows should be overfed, but in adequate
physical condition according to the productive and reproductive phase of lactation. The
results obtained in this study correspond with the results obtained in studies that aimed
to determine the relationship between these two observed parameters (Bogado
Pascottini and LeBlanc, 2020; Kadivar et al., 2014; Wathes et al., 2009).

Body condition score is a method that can indirectly assess the energy status of cows
(Rearte et al., 2023). It was found that in cows with a high energy deficit, uterine
inflammation was prolonged and persisted for 2 weeks after calving, unlike cows with
a moderate energy deficit (Wathes et al., 2009). Energy deficit indicates maladaptation
to the postpartum period with the consequent emergence of metabolic diseases
characterized by glucose deficiency (Sordillo and Raphael, 2013). Examination of
biochemical parameters from the serum of cows revealed that the levels of non-
esterified fatty acids (NEFA), B-hydroxybutyric acid (BHB) are significantly higher in
cows with CE, in contrast to healthy cows (Bogado Pascottini and LeBlanc, 2020).
High levels of NEFA and BHB indicate metabolic maladaptation to the postpartum
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period. As a result, polymorphonuclear cells become dysfunctional even while they are
in the bloodstream, that is, even before they enter the uterus. Also, by analyzing the
complete blood count, it was determined that cows with a high energy deficit have
fewer leukocytes than cows with a moderate energy deficit (Wathes et al., 2009). On
the other hand, a study (Bartolome et al., 2014) aimed at comparing protocols for CE
therapy concluded that cows with a higher BCS respond significantly better to therapy
in contrast to cows with low BCS (Bartolome et al., 2014). Therefore, the correlation
between BCS and Metricheck® score (vaginal mucus quality) obtained in our study
indicates that these parameters can be a useful tool for assessing the risk of CE.

The correlation between PMN 9% and lactation was not established in our study. Some
studies suggest that there is a difference between %PMN according to the number of
lactations, i.e. that primiparous heifers have a significantly higher % PMN than
multiparous heifers (Mehrzad et al., 2002), i.e. a higher number of circulating
eosinophils and immature leukocytes (Mehrzad et al., 2002). The response of the uterus
to inflammation depends on the % of PMN. However, if the cow is in a state of energy
deficit, % PMN may not be a representative indicator of uterine health, because the
functional ability of PMN in that case is impaired by the lack of glucose. Also, in order
to establish the relationship between %PMN, production parameters, it may be
necessary to include in the analysis cows with more than two lactations, as well as
larger groups of animals than is the case in our study.

The correlation between % PMN and daily milk yield was not established in our study.
In a study that aimed to determine the relationship between production parameters and
subclinical endometritis, namely % PMN and daily milk yield, a positive correlation
was found between these two parameters (Barrio et al., 2015). The study by Barrio et
al. (2015) was conducted in Spain on a larger number of cows. Also, Spain has a
warmer climate, and some studies have shown that % PMN also depends on climatic
conditions (Olde Riekerink et al., 2007).

CONCLUSION

A negative correlation was found between BCS and Metricheck® score (vaginal mucus
quality). More precisely, each increase in BCS by 1 point led to a decrease in
Metricheck® value by 2.933 times. That is, cows with a higher BCS score have a lower
risk of developing clinical endometritis. However, this does not mean that cows should
be overfed, but that they should be in adequate condition according to the productive
and reproductive phase of lactation. Correlation between other observed parameters %
PMN and production parameters (lactation and daily milk yield) was not established.
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Caxkerak

Bona je ecenumjanna xpamuBa MarepHja y pa3Bojy Opojiepckux mwinha, Koju je
KOH3YMHUpa]y y BenukuM konnynHama. O0e30jeheme Oe30jeaHe M KBAJIUTETHE BOJIE
KJbYYHO j€ Yy OUyBamy 3/[paBJba jenuHke. buopuim npeacrapiba 3alITUTHA MEXaHU3aM
OakTepuja Ja ce IpyMHHIly U MPEKUBE HETOBOJHHE YCJIOBE Y CIOJbAIIHO)] CPEIUHHU.
Hajuemrhe ce gpopmupa Ha npenacky usmely BojeHe CperHe U Ba3lyXa UM BOJIECHE
CpeIMHE W YBPCTOr CymcTpara y npuponu. Mcrpaxupame je BpuieHO TokoM 2023.
ronuHe u oOyxBara 150 y3opaka Boje MopujeksioM ca gapmu Opojiepckux nuiauha.
Jlabopatopujcko ncnuTruBame Boje BpiieHo je Metomama BAS EN ISO 6222, BAS EN
ISO 9308 u BAS EN ISO 7899-2. Luwsp wuctpaxkuBama je yTBphuBame
MUKpPOOHOJIOIIKOT CTaTyca BOJE MOPH)EKIOM ca (papMu KUBUHE, KA0 M HCIIUTUBAHE
CHOCOOHOCTH MPOAYKIHje OModuImMa H30I0BaHUX NAaTOreHNX OaKTepuja U3 Bojie, KOju
OakTepuje BpJO JIako U €(pUKACHO CTBapajy y BOACHOM €KOCHUCTEMY, a KOjU 3HA4ajHO
MOXE JIONPUHHUJETH CTBapamky AHTUMUKPOOHE pe3UCTeHLHUje. MHUKPOOHOIOMKIM
ucnuTHBameM yTBpheHo je 64,67% 3anoBosbaBajyhux u 35,33% He3zanoBoJsbaBajyhux
y3opaka Boje 3a nuhe. Bona 3a nuhe Ha ¢apmama Opojiepckux nuianha uma Beoma
HENOBOJbaH MUKPOOUOJIOIIKH CTATYyC, MOCEOHO Ca CTAHOBUIIITA HETIOBOJHHOT YTHUIIAja
natoreHux OakTepHja Ha OBy OCJe€TJbUBY KaTeropujy x«uBuHe. [loctynak nesuHdexiyje
BOJIE MOTPEOHO j€ MPEeHCIUTaTH M 3HauajHO MOo0oJblIaTH, MoceOHO uMajyhu y BUILY
3Ha4YajHy ynoTpedy OyHapcke M M3BOPCKE BOJE, T€ MOBOJFHE YCJOBE 3a CTBAapame
onodmima y cuctemnMma 3a Hamajambe. CojeBu Escherichia coli mokazanu 3Ha4ajHO
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60Jpe cTBapame 6nopuiama Ha Temneparypu 25°C y ogHocy Ha 37°C, kao U 'y ofHOCY
Ha usosatre Enterococcus spp.

KibyuHe pujeun: Boga, MuUKpoOuosoruja, 6pojiepu, naToreHu, Ouopuim.

YBOJ
[Itune cy mane *KUBOTHUH-E KOje paHO Ca3pHjeBajy, a BUXOBA Mamba OTIIOPHOCT MOXKE
JIOBECTH J10 Tora Ja Oydy MNOAJOXKHHje HH(EKIujama, YIIaBHOM Y3POKOBAaHUM
MaToreHuMa IpUjeBHOT MOpHjeKIia, KOju MOTy OUTHM MpPHUCYTHH y BOIM, ma Macari
(1997) u Englert (1998) mpenopyuyjy aa ce Boaa 3a muhe HaMujemeHA JbyauMa
KOpPHUCTH 3a Hallajame NTHLIA.
Bopna je najkputuunuja xpamuBa marepuja 3a xkuBuny (Bell, 2002) koja momaxe y
MeTabonu3my U unyuyuBamy (Jafari u cap., 2006). ¥ nopehemwy ¢ Apyrum XpamHUBUM
Marepujama, NTHIIE KOH3YMHpPAjJy BOY y BEJIMKUM KolndynHama. [loTpomma Boge 6u
Moria OUTH TBOCTPYKO Beha o KOJIMYMHE XpaHe Koja je YHeCeHa U MOXKe BapupaTu y
3aBHCHOCTH OJ1 CTapOCTH M BpPCTE MTHUIA, HUBOA aKTMBHOCTH, TEMIIEpPAType Ba3ayxa,
BJIQXKHOCTH, Op3uHE Aucama U nocrojehux Oonectu, Te U yclioBa OKOJMHE Kao LITO je
TOIJIOTHU CTpEC.
Caako nosehame UIIN CMambekhe HOPMAIHE MOTPOILHE BOJIE KUBUHE MOXKE YKAa3UBATH
Ha 31paBcTBeHU nopemehaj ko nruia (Butcher u cap., 1999). JloctynHocT 1 KBanuTeT
BOJIC UMa]y 3HA4YajHy YJIOTY y YKYITHOM 3/paBJby U MPOAYKTUBHOCTH nTuia. Mehytum,
ynora obe30jehuBama Oe30jefHe W KBaTUTETHE BOJE 3a ONTHUMaiHEe nepdopMaHce
VIJIAaBHOM C€ 3aHeMapyje.
Bakrepuja cy nmpucyTHe y Boiu 3a mmuhe, uak U y peaaTuBHO BeaukoM 6pojy (10° no 10°
CFU/ml), Ge3 mocsbeamia mo Jby/ACKO 3/paBJbe, CBE JIOK HEMa MPUCYTHUX MaTOreHa
(Hoefel u cap., 2005; Hammes u cap., 2008; Vital u cap., 2012).
MHore 3apa3He OOJECTH JKUBOTHHA U JbYAM MPEHOCE C€ BOJOM KOHTAMUHUPAHOM
M3NyYyeBUHAMa JbYIU U )KUBOTHIHA, KOja MOCTaje U3BOP MATOTeHUX OakTepuja, BUpyca
U mapa3uta u nosehasa 3apaBcTBeHU pusuK (Sasakova u cap., 2013; Fridrich u cap.,
2014).
VYnorpeba MHAMKATOPCKUX OpraHu3ama, MoceOHO KoMu(pOpMHE Tpyne, y LUJby
MpoLjeHe MOTEHIMjaIHOT MPUCYCTBA MAaTOreHa KOju ce MPEeHOCe BOJOM, KJbY4Ha j€ 3a
3aITUTY jaBHOT 37paBiba (Hijnen u cap., 2020).
Escherichia coli je xonudopmua OGaktepuja, cMaTpa ce MPUMAPHUM HHIAUKATOPOM
(dekaaHe KOHTAMHUHAIMje TPETUPaHE M HETPETHpaHE BOJAE U jaBjba Yy (erecy CBUX
cucapa, uecto y BenukoM 6pojy (Edberg, 2000; WHO, 2008).
Entepoxoke ykibyuyjy OpojHE BpcTe Koje ce jaBibajy y (derecy JbyIu U TOIIOKPBHUX
KUBOTHI-A M CMATpajy ce€ CeKyHJapHUM MHauKaTopuma ¢ekanaHor 3arahema (WHO,
2008).
Pa3Boj npujeBae MUKpOhIOPE KO JKHBOTHHA TYOOKO j€ TI0J] YTUIIAjeM HhUXOBOT paHOT
XKHUBOTHOT OKpyxemwa (Ballou u cap., 2016). Cmamemwe ontepehema Oakrepujama y
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OKOJIHOM OKpY’K€HbY, @ CAMUM THM M CMambEeHhEe yHOCAa MaroreHa, MMa MpeiHoCT 3a
yCIOCTaBJbabe 3/JpaBe €KOJIOTH]je LpHjeBHE MUKPOQIIOpE.

Meza (1989) naBonu n1a 6u Tpebano aa NocToju 0oJba GaKTEPUOIIONIKA KOHTPOJIA BOJE
KOja ce J1aje MTHIlaMa TOKOM ModeTHe (a3e pa3Boja, MOIITO MOCTOjU Op3u OaKTEepHjCKU
pact u nosehaH je 31paBcTBeHH pU3UK 3a nTuile o 1 1o 21 gana ctapocTu.

Mopa ce ucrahu ga je Boga KojoM ce NTUIE CHaOAMjeBajy Ha MHOTUM (apmama,
KOHTaMUHUpaHa y wu3BopuMa. [IpujaBibeHO je Ja Cy y30pLM M3 HU3BOpa BOAE M
pesepBoapa Ounu KoHTaMuHHUpanu Escherichia coli y 10 dapmu Opojiepa U Koka
HOCHJba, IIITO je JoKa3 (pekanHor 3arahema y3opaka (Amaral u cap., 1999; Amaral u
cap., 2001).

Bonectu y3pokoBane 6akrepujama, BUpycHUMa U MpoTo30amMa crajajy melhy Hajuenthe
OosecTy y )KUBMHAPCTBY, y KOjUMa Bojia 3a nuhe urpa Baxxkny ynory (Gama, 1995).
[IpucyctBo Oakrepuja, ribUBMIIA, MUHEpPaAJa U aJUTHBA 32 BOAY y CHUCTEMY BOJIE 3a
KUBUHY M TOjWIMIIaMa OMeTa e(pUKacHe Npakce yIpaBibamba, KOje UMajy 3a IHb
noctusame ontuManHor yunaka (Oviedo, 2006).

MukpoOHa KOHTaMUHalMja Y BOIM 3a Nuhe >KUBUHE yrpoXkaBa OIIITE 3/paBbe U
neppopmance nruna (Maharjan u cap., 2016). Cucremu 3a Hamajame Yy
KUBUHApHUIIMMa Mory Outuh oxarosapajyhe cranumuTe 3a Oakrepuje, Koje
MIPEJICTaBIbajy 3PABCTBEHU PU3UK 32 MTHIIE.

buodunm npencrassba cecuiaH HauYMH KUBOTa MUKPOOpPraHU3aMa U HacTaje Tako IITO
OakTepuje, HaKOH IMpHjambarma 3a MOAJIOTY U YCHjeIHOT Pa3MHOKaBamwba, NOYHbY Aa
CUHTETUUIY JbEIUbMBH MOJUCAXapUIHU MATPUKCHH OMOTa4, KOjU HMa YIOTY Yy
JoAaTHOM yuBpuIhuBamwy OHOGMIMA 3a MOJIOTY, KA0 M Y MEXaHWYKO] 3aIUTUTH
OakTepuja yHyTap OwodmiMa ox ycioBa CHOJbAllE CPEAWHE, JIgjCTBa
AHTUMHUKPOOHUX CYIICTAHIIM M UMYHCKOT CUCTeMa JloMahnHa, YKOJIHKO ce OHoduiIm
cTBapa y xuBoM qomahuny (Liu u cap., 2016). Ykonuko ce OnogpuimM cTBapa y HEKUBO]
CpelvHU, JI0JIa3u 0 MojaBe Onokoposuje u omrehema moaore Ha kKojoj ce onodunm
cTBOpHO. bruodunm npencraBiba HaYMH Ha KOjU OaKkTepHje MpeBazuia3ze HEMOBOJbHE
YCIJIOBE CIIOJhAIlIbE CPEIMHE U ONCTajy U IIMPE Ce C HEeXMUBE CpeAMHE Ha JomahuHa
(Jbyne WM )KUBOTHEE).

dopmupame 3ajeHuIIe YHYTap OnoduiMa je jeaaH of 3Ha4yajHUjuX MEeXaHu3ama Koju
JIOTIPUHOCE HACTAaHKy AaHTUMUKpPOOHE pE3UCTEHLMje, jep cIpeyaBa MpoJia3ak
aHTHOMOTHKA 70 OakTepwja u oMoryhaBa OakTepujama jJa mpely y THep3ucTopcke
o0nuKe ca cMameHUM MeTabom3MoM U aunodom (Bowler u cap., 2020). 36or Tora cy
3a epaguKalujy oBako (popMmynucaHux 6akrepuja mnoTpedHe 103 aHTHOMOTHKA KOje Cy
10-1.000 myta Behe oa OHHMX KOjU C€ MCIUTY]y KJIACHYHHUM IyTEM 3a IMOjeIuHayHe
IUTAHKTOHCKE cojeBe. buogumiM mnpencraBiba 3alITUTHA MEXaHU3aM OakTepuja Ja ce
rpynuiny, (Gopmupajyhu 3alITUTHH OMOTad OJi €r3oIuionucaxapuja, Te MpeKuBe
HEMOBOJbHE YCJIOBE Y CIOJhalllb0j cpeanHd. bruodunm, oMHOCHO cecuiiHa 3ajeHuIa
MUKpoOOpranusama, Hajueurhe ce ¢popmupa Ha mpenacky usmel)y BojeHe cpeiauHe U
BazJyxa WM BOJCHE CPEeIMHE U YBPCTOT CYICTpara y Npupoau. YHyTap 6nodunma cy
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Oaktepuje 3amTuheHe, aau 300r OrpaHMYEHUX XpambUBUX Marepuja, Oakrepuje
MOYMIbY J1a Yrubajy, mro ciaadu CeCHIHy 3ajeJHHUILY U 3alITUTHH OMOTad, T€ JOBOJIU
0 crnabeema W omrehema Owoduima. Ha Taj HaumH ce Oaktepuje, koje WMajy
crocobHocT popmupama 6ModuIMa, pacunajy U Tpake HOBE CYIICTpaTe U HHILIE Y
KOjHMa Ce HaJla3e MOBOJbHUJU YCIOBH 32 TOHOBHO IPyMNHCakE U MKUpemhe onodunma y
npupoad. buoguim je Beoma O6uTaH 300T AYroTpajHOr ONCTaHKA M MPEKUBJbABAHHA
0akTepuja y BjeIITAUKUM CYIICTpaTUMa MU CpeAHHAaMa IOIMYT BOJOBOAHE MpEXKeE,
¢duntepa, MHCTpyMEHaTa KOjU ¢ KOPHCTE TOKOM Mpamka U PyKoBamba ca HAMUpPHHULIAMa,
KOJU MOTY MOCTYXHUTH Kao 3HayajaH pe3epBoap Oakrepuja 3a CTalHy KOHTaMHUHALIH]Y
BOJIC M HAaMUpPHMIIA, OAHOCHO MOTY H3a3BaTH WH(EKIHje U HMHTOKCHKaluje. 300r
noBe3aHocTH Ouoduiama ¢ MoryhoM KOHTaMHMHALMjOM BOJIOBOAHHMX CHCTEMa U
MHAUPEKTHOM KOHTAaMHUHAIIMjOM XpaHE TOKOM Ipama TaKBOM BOAOM, BeoMa je OUTHO
UCOUTATH crnocoOHOCT Oakrtepuja na ¢dopmupajy Ouoduiam Ha TeMIeparypu
CHOJballlkhe CPeIMHE U Ha TEMIIepaTypH TOIJIOKPBHUX OpraHu3ama.

Buma temneparypa Boje U cTarHupajyhu MpoOTOK y CHCTEMY 3a Hallajame KUBUHE
noBehaBajy pa3MHOKaBame OakTepuja u cTBapame onoduima (Maharjan u cap., 2017).
Crynuje cy 3abuibesxuie noehano gpopmupame Ouoduima Ha Behum temmneparypama
Bozie (Kadam u cap., 2013; Bonsaglia u cap, 2014).

Poimenidou u cap. (2016) younnu cy na je temneparypa ox 20°C Bulle mojacrakia
dbopmupame Ouodunma Hero Ha 37°C, mTO je Temmeparypa oOjeKTa y Jpyroj
MOJIOBUHHM MEPHO/Ia pacTa NTHIIA.

Herperupana Bona 3a nuhe y ¢gapmama mMoxe ga ucnojbu Behy ocCjeT/bMBOCT Ha
MPHUCYCTBO MATOT€Ha y CUCTEMY 3a Hamajame. Yak cy u TpetupaHe Boje 3a nuhe ousie
MOJUIOKHE CTBapamwy OMOpMIMa y CHCTEMY 3a Halajambe KUBUHE, TOKOM Iepuoa
pacta jara. Crora, unmheme cucTema 3a Hamajambe u3Mely 1Ba TypHyca Mocraje
obaBe3Ha mpakca 3a modospmame (Raut u cap., 2024).

Cnaba edukacHOCT JAE3MH(EKIUOHUX CpeAcTaBa MPOTHUB IOJMMEPHE MaTpHIle
o6uodunma ¢aBopusyje 60Jby 3aITUTY OakTepHja Ha HETOBUM MOBPIIMHAMA, YIIPKOC
npakcu aesuHdekuuje (Muhterem-Uyar u cap., 2015). Hcnupame cucrema 3a
Hanajame JAe3uH(PUKOBAaHOM BOJOM ocjobahja cyrcraHile M Tako yKJamba pa3BUjeHU
onopuIM.

[use uctpakuBama je yTBphUBame MUKPOOUOJOLIKOT CTaryca BOJE MOPHjeKIOM ca
(dapMu )KMBHHE, KA0 U UCIIUTUBAKE CIIOCOOHOCTH MPOAYKIIKje Ono(puiMa H30JI0BaHUX
naToreHux OakTepuja U3 BOJE, KOjU OaKTepHuje BpJO Jako M epHUKacHO CTBapajy y
BOJICHOM €KOCHCTEMY, a KOJU 3Ha4ajHO MOXKE JONPUHUJETH CTBapamby aHTUMUKPOOHE
pe3UCTEHIH]E.

MATEPUJAJIM U METO/IE
Marepujan 3a ucnutupame je 150 y3opaka Bojie nopujekyioMm ca ¢papMu TOBHUX Iuinha
JouupaHux Ha Tepuropuju Pemybmuke Cpricke, Koju ¢y y3opkoBanu y 2023. rogusu,
of1 yera cy 93 y3opka (62%) nopujekiioMm u3 BogoBoaa, 44 yzopka (29,33%) Oynapcke
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BoJie 1 13 y3opaka (8,67%) usBopcke Boje. Behnna yzopaka OyHapcke 1 U3BOpCKE BOJIE
TpeTHpaHa je 1e3MH(PEKIUOHUM CPEACTBUMA HETIOCPETHO NIPHje UCITYIITakha Y CUCTEM
3a Hamajame.
VY30pKoBame je BpIUICHO Ha HAYHH JIa CY YKJIOHKEHU CBH HACTaBIIM Ca CIaBHHE, BOJA j&
nmymTeHa Aa Tede 2-3 MUHYTa, HAKOH Yera je 3aTBOpeHa CJIaBUHAa M M3BpILIEHA
ne3uH(peKlrja ClIaBUHE aJIKOXOJIOM M CTepHIM3alidja IUIAMEHOM, Ia je IOHOBO
MyIlTeHa Boja fa Teue 2-3 MuHyTa. HakoH Tora je Boja cumnana y 3aTaMibeHe CTepUITHE
cTakieHe ¢uiamie 3arpeMune 1 aurap, npu 4Yemy je y UCTe CUIlaHa BOJa Y KOJIMYMHH O]
% 3ampemuHe ¢uamie. Y30puu cy TpaHCHOPTOBaHM Ha Temmeparypu 5+3°C, a
HCIUTHBAbE je 00aBJHEHO Y POKY OJ1 6 4acoBa O] y30pKOBamba.
JlaBopaTopujcko UCIUTHBAKE BOJIE BPUICHO je ciefehuM cTaHgapAHUM MeToJama:
- ©6poj mukpoopranuzama Ha 22°C u 37°C mpema BAS EN ISO 6222 (MCBUX,
2003a),
- 0poj upujeBHux enrepokoka nmpema BAS EN ISO 7899-2 (MCBUX, 200306),
- Opoj xomudopmuux O6aktepuja u Escherichia coli npema BAS EN ISO 9308
(MCBUX, 2018).
[IpaBuiiHUKOM O 37paBCTBEHO] MCIPABHOCTU BOJAE HAMHJCH-CHE 3a JbYACKY YIOTpeOy
(ITporue, 2017) yTtBpheHu cy mapamMeTpu HCOUTHBama M MHUKPOOHOJIOLIKUX
kputepujymu (Tabena 1).

Tabena 1 [lapameTpu ucnuTHBamba U MUKPOOUOIOUIKY KPUTEPHjYMU

Ipeunmhena Bona | Henpeunmhena Bona
[Tapamerap -
Kpurepujym

Bpoj Mmukpoopranuzama na 22°C 100CFU/1 ml 300CFU/1 ml
Bpoj mukpoopranuzama na 37°C 20CFU/1 ml 100CFU/1 ml
LlpujeBHE EHTEPOKOKE 0CFU/100 ml 0CFU/100 ml
Escherichia coli 0CFU/100 ml 0CFU/100 ml
Komugopmu 0CFU/100 ml 0CFU/100 ml

UcnutuBame npoaykiuje ouodpunma je paheno no meroau Stepanovic u cap. (2000),
¢ MoAU(pUKAIIMjOM Y KOHIIEHTPALUjH UCIIUTUBAHOT HHOKYTyMa of 10° CFU/ml, koju je
MPUIIPEMIBEH Y MOXKIaHO cpuaHoM uHGy3noHoM Oyjony (BHI). 3a cBaku coj pahene
cy no 3 mpobe, Tj. 3a CBaKU COj Cy MHOKynucaHe mo Tpu pynuue ca 100 pul BHI.
MuxkpoTtuTapcke 1iode cy 3atuM uHKyOucane 24 cara Ha 25°C m 37°C. Haxon
MHKyOaluje cajpkaj 1miode je OJCTPameH MUIETHpAmkEeM, a CBaka pynuila TpHU IyTa
ucnpaHa mydepoMm. Anxepucane OakTepuje (PUKCHpaHE Cy CYIICHEM Ha Ba3IyXy.
[Tocnuje cymemwa je y cBaky pynuily nunetupano no 100 pl 60je kpucrtan Buosier u3
ceta 3a 6ojeme no I'pamy (Biomerieux, France). bojeme je Tpajano 15 munyTa, HaKoH
yera Cy IJIo4e TpU IyTa HCIpaHe mydepoM M ocyuieHe Ha Ba3nyxy. Ja Ou ce
pecycnenoBana 0oja, y cBaky pynuity je goaaro mo 100 pl 30% cupherne kucennne
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(3opka, [abar). Exctunkiuja je ountana Ha aytomarusoBaHoMm ICN Flow Titrek
Multiscan Plus yuraawy Ha A ox 570 nm. Ha cBakoj miouyum 3a MUKPOTUTpPALU]y
KOpHIIITEHE Cy MO0 3 HeratuBHE mpole, Tj. y 3 pynuie je uHokynucan crepuwiad TXY
OyjoH. Ha ocHoBy Tora oapelhena je rpannuna (cutt-oft) Bpujennoct exctunkiuje ODc,
KOja ce u3padyHaBaja Kao Cpelha BPUjeJHOCT TPU HeratuBHe mpobe yBehaHa 3a Tpu
cTaHjmapiaHe neBujanuje. M3omaTu cy O3Ha4€HHM Kao HENMPOAYKTOpU Omoduima, Te
ci1abu, yMjepeHu | JakH MPOAYKTOpU Ha OCHOBY ciieaehux popmymna:

OD<ODc (HenpoayKTopH)

ODc<OD< 2x0ODc (cnabu mpoayKTopH)

- 2x0ODc<OD< 4xODc (yMjepeHH MPOAYKTOPH)

4x0ODc<OD (jaku npoxyKTOpH).

Kao mo3utrBHA KOHTpOJIA KOPUINITEH je pedepeHTHH coj Staphylococcus epidermidis
ATCC 14990.

VY ananu3u no0MjeHUX pe3yaTara MHUKPOOHOJNOMIKMX HCIHUTHUBAaKka KOPUCTHIIA CMO
neckpuntusHe craructuuke napamerpe (Excel, Micosoft Office 2019). 3a nopeheme
cTerneHa nponykuuje ouodunma usmely ase rpyne 6akrepuja, KopuiireH je uriepos
TecT TayHe BjepoBaTHohe. 3a mopehemwe Ouomace cTBOpeHOr OnoduiMa KoJl IBE Ipyrie
Tectupanux Oaxtepuja kopumirteH je T Tect. Bpujennoct p<0,05 cmarpana je
CTaTUCTUYKH 3HAYaJHOM.

PE3VJITATU U JUCKYCHUJA

Mukpo610JI0IIKO HCIMTHBAKA Y30PaKa Bojie
MukpoOHOIOUIKM KBAJUTET BOJIE C€ JAePUHUIIE KAa0 MAKCUMAIIHO MPUXBATIEUB OpOj
WM KOHLIEHTpalMja 6akTepyja Koje He MpeIcTaBibajy onacHocT 1o 3apasibe (IIpomuc,
2020), a Escherichia coli m UpHWjeBHU EHTEPOKOKE CMarpajy c€ OCHOBHUM
napaMeTpuma.

[IpousBoama u nuctpudynuja OHONOMIKK CTaOWIIHE BOAE MOXE C€ MOCTUhH camo
a/IeKBaTHUM NpahemeM M KOHTPOJIOM MUKPOOUOJIOMIKHMX Mpolieca TOKOM TpeTMaHa U
nuctpubynuje Boje (Prest u cap., 2016).

Onjena MUKpOOHOIONIKE yCaryaleHOCTH y30paka Bojie 3a uhe U3BpIleHa je y OJHOCY
Ha [IpaBMIIHUK O 3ApaBCTBEHO] UCIPABHOCTH BOJE HAMUjEH-CHE 3a JbYJCKY yNOTpeOy
(ITponuc, 2017).

MukpoOHOIOLUIKUM UCIIUTHBAakEM YTBpheHo je 64,67% 3anoBospaBajyhux u 35,33%
He3aJ0BoJbaBajyhux y3opaka Boje 3a nuhe, a pe3yaTard MO KaTeropujama BOJE
npukazanu cy y Tabenu 2.
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Tabena 2 Pe3ynrati MUKpOOHOJIOIIKOT UCIIUTHBAA MO KaTeropujama

Kareropuja 3anoBoJbaBajyhu y3opiu HezanoBospaBajyhu y3opiu
BOJIE % %
Bomoson 74,19 25,81
Bynap 54,55 45,45
N3Bop 30,77 69,23

Bona je HeomxomHa 3a opraHusMe Ja Ofp)KaBajy CBOje OCHOBHE MeTaboInyke
aKTUBHOCTH, a KBAJIUTET BOJE 3a NMuhe je HECyMI-MBO IOBE3aH Ca 3JpaB/beM U
nepdopmancama xxuotuma (El-Katcha u cap., 2018; Guo u cap., 2022).

Kalaba u cap. (2018) cy yrBpawiu na je 26,20% y3opaka Boae 1006ujeHux ca papmu
KUBOTUI-A OWIIO He3anoBoJbaBajyhe y PemyOmuuu Cprckoj 3a nmepuon on 2015. no
2017. ronune, a Goli¢ u cap. (2023) cy yrBpauwiu aa je 45,82% y3opaka Boge Omiio
He3azoBoJbaBajyhe Tokom 2022. rogune. JloOWjeHU pe3ynTard ce Hajase y OIcery
MIPETXOIHUX UCTPAXKUBaha, U yKa3yjy Ha BapHjallyje U3 TOAMHE Y TOJUHY, IITO YKa3yje
Ha KOHCTAHTHY 3Ha4ajHy MUKpPOOHOJIOIIKY KOHTaMUHAIIM]y BOjie 3a nuhe, Te, Kako Ha
HEaJeKBaTHOCT MOCTyIKa Je3uH(eKlHje, TaK0o M Ha HEJOC/HEIHOCT Y HEroBOj
MIPUM]EHHU.

YV Tabenun 3 mnpukaszaHu Cy He3aJq0BOJbaBajyhu y3opuu mnpema mnapameTpuma
HCIUTHBAA.

Tabena 3 He3agoBosbaBajyhu y3opiu npeMa napaMmeTpuMa HCIIUTHBAKbA

[Tapamerap He3sanoBospasajyhu yzopmm y %
Bpoj mukpoopranuzama Ha 22°C 12,67

Bpoj mukpoopranuzama Ha 37°C 15,33

LlpujeBHE EHTEPOKOKE 13,33

Escherichia coli 20

Komugopmu 20

Pasynraru yka3syjy Ha To Aa ocuMm Escherichia coli nuje Ouno apyrux koiaudopma y
MCIUTUBAHUM Y30pIIMMa BoJE. Y CTYAUjU MUKPOOHOJIOIIKE aHAIM3€ BOJIE Ha (hapMama
y Penyonmuuu Cprckoj (Kalaba u cap., 2015), yrBpheno je na je 62,66% y3opaka Boje
no0ujeHnx ca (apMu KUBOTHba OMIIO He3aZo0BoJbaBajyhe u a cy Hajuemhu y3ponu
HENPaBUJIHOCTU OWJIM BE3aHU 3a eHTEPOKOKe, Escherichia coli u ykynan 6poj KoJIoHHUja
Ha 22°C u 37°C. Cauune pesynrare noownu cy Goli¢ u cap. (2023). Pesynraru
NOOMjeHH Y HallleM MCTpakhBamy MOTBphyjy MpeTxoiHe, caMo ca 3Ha4ajHO MambUM
MPOLEHTYAIHUM yuentheM o HCITUTUBAHOM MapamMeTpy.



https://pmc.ncbi.nlm.nih.gov/articles/PMC10585633/#bib0013
https://pmc.ncbi.nlm.nih.gov/articles/PMC10585633/#bib0017
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Y TabGenu 4 mnpukazaHu Cy He3aJ0BOJbaBajyhu pesyinTatd MUKPOOHOIOUIKOT
HCIUTHBaKkA y OJHOCY Ha YKyIHaH Opoj y3opaka 1o Kareropujama, rpema napamerpy
HCIUTHBAA.

Tabena 4 HezagoBosbaBajyhu pe3yaTard MUKPOOHOIOUIKOT UCIIUTUBAA Y OAHOCY
Ha yKynaH Opoj y3opaka 1o KaTeropujama rnpema rnapameTpy UCIUTHBaba

HesanoBospaBajyhu y3opuu y %
Hapavierap Bonosox bynap H3Bop
Bbpoj mukpooprannzama Ha 22°C 8,60 13,64 38,46
bpoj mukpoopranuzama Ha 37°C 11,83 18,18 30,77
LlpujeBHE EHTEPOKOKE 9,68 13,64 38,46
Escherichia coli 13,98 18,18 69,23
Konudopmu 13,98 18,18 69,23

VY nepuony 2018-2020. ronuna, yrBpheHo je na je 23,41% y3opaka Boge NOPHjEKIOM
ca ¢apmu xuBoTHUHa Ouno HeucnpaBHo (Goli¢ u cap., 2021), o uvera je 10,19%
y30paka 300T TIPHUCYCTBa MPHjEeBHUX CHTEPOKOKa, a 6,44% y3opaka 300T MPUCYCTBA
Escherichia coli. Y namem nctpaxuBamwy J00MjeHU Cy CIMYHU PE3YTATH 32 L[PUjEBHE
CHTEPOKOKE, ajli M 3Ha4ajHO IMOBOJbHUJU pe3yATaTu Mo nutawy Escherichia coli.
Hajsehu nporenar He3anoBosbaBajyhux y3opaka OJHOCH c€ Ha U3BOPCKY BOay, Moryhe
U3 pa3jiora miTo ce oHa He Je3uH(pUKYje, 3a pa3iuKy oJ BOAOBOJCKE U OyHAapCKe BOJIE.
VY Tabenu 5 npukazanu cy pe3yJITaTH MUKPOOHOIOIIKOT HCIIUTHBAA 10 KaTeropujama
U TIapaMeTpy HUCIUTUBamka Y OJJHOCY Ha He3a10BoJbaBajyhe y3opke.

Tabena 5 Pe3ynratn MUKpOOHOJIOIIKOT UCIIMTHBAKA MO KaTeropyjama 1 napameTpy
UCIUTHBAKkA y OIHOCY Ha HE3a/10BoJbaBajyhe y30pke

HesanoBospaBajyhu y3opuu y %
Hapaverap Bonosox bynap H3Bop
bpoj mukpooprannzama Ha 22°C 33,33 30 55,56
bpoj mukpoopranuzama Ha 37°C 45,83 40 44,44
L{pujeBHE EHTEPOKOKE 37,50 30 55,56
Escherichia coli 54,17 40 100
Komudopmu 54,17 40 100

®exannu konupopMu Cy NpHUjaBibeHu y y3opuuma Boae u3 20 ¢papmu (50%), xoju cy
OuM M3HAJl MaKCHUMaJIHO IpUxXBaTJbuBOr HUBOA (Jafari u cap., 2006). Amaral u cap.
(1995) cy yrBpaunu na 90% y3opaxka Bojae u3 6yHapa u 100% y3opaka Bojie U3 U3Bopa
nMa Oaktepuje Koje ykadyjy Ha (ekanno 3araheme. Kalaba u cap. (2018) cy
ycranoBwn 1a je 63,40% He3amoBosbaBajyhux y3opaka mnocsbeauna nosehaHor
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yKynHOT Opoja kononuja Ha 22°C, 54,90% je mocsbeauia nosehanor ykymHor 6poja
kononuja Ha 37°C, 58,80% mocibenuiia mpucycTBa LPEBHUX eHTepokoka, 31,40%
nocspenuua npucycrna konupopma u 19% nocseenauua npucycta Escherichia coli.
Taxolhe, u y HalieM ucCTpaxxuBamy JOOHjEH je BUCOK MPOLEHAT He3a0B0oJbaBajyhux
y30paka Bojie 3a nuhe y oHOCY Ha mapaMeTpe UCITUTHBAbA.

HcnuruBame crBapama ouoduiama kon Escherichia coli n Enterococcus spp.
u3oJiara

YkymHo je ucnutano 30 cojeBa Escherichia coli u 20 cojeBa Enterococcus spp., Koju
Cy H30JI0BaHM U3 CBHUX Yy30paka TOKOM OCHOBHE MHUKpPOOHOJIOIIKE aHaJH3e.
HcnutuBame je BplIeHO Ha HayuH Aa je oapehuBaHa yKymHa KoJMYMHA OMomace
6uo¢uiama Ha OCHOBY eKcTUHKIIHje 0oje. CojeBU Cy Ha OCHOBY HETaTMBHHX KOHTpOJa
O3HAYeHH Kao HEMpOoAyKTOpH Ouoduima, Te Kao clabu, yMjepeHH U CHaXKHU
MPOAYKTOPH.

Kon cojeBa Escherichia coli yodeHO je TIOCTOjamhbe CTAaTUCTUYKHA BUCOKO 3HAYajHE
pasziuke y 6MomMacu CTBOpeHor Ouoduiima, Kao U 'y cTereHy npoaykuuje ouoduima Ha
TecTUpaHuM TeMiieparypama uHkyoamuje (Tabena 6). Ha coOHoj Temneparypu je Buiie
o nonouHe u3onara (17/30, 1j. 56,7%) nokasano jaky npoaykuujy ouoduima, 10K
Cy Ha TeMmIeparypud TOIUIOKPBHUX OpraHu3zaMa HajydecTaluju OWid yMmjepeHH
npoxayktopu (16/30, 1j. 53%). Kanma je y nmuramy Omomaca CTBOpEeHOT OModMIMa,
YOUEHO je J1a Cy M30J1aTh Ha COOHOj TeMIlepaTypy CTBOPUIN OMOMacy y BpHjeIHOCTH
on 0,63+0,71, y omHOCYy Ha CTaTUCTMYKA BHCOKO 3HAYajHO Mamy MPOAYKLHU]Y
6uo¢uiama Ha TemIeparypu TOIUIOKpBHUX opranuzama 0,21+0,12 (p=0,003).

Tabena 6 [Iponyknuja 6uodunma Escherichia coli izonara Ha 1Be UCTTUTUBAHE
Temneparype y %

Coj 25°C 37°C p
Henpoaykrop 3 (10%) 2 (6,7%)
Crnab npoaykTop 7 (23,3%) 7 (23,3%) 0.001*
YMjepeH npoayKTop 3 (10%) 16 (53,3%) ’
Jax mpoaykTop 17 (56,7%) 5(16,7%)

Ca gpyre crpaHe, €HTEpOKOKE Cy MOKa3aje MOJjeAHaKy CIOCOOHOCT MPOIYKIHUje
6uodunma, OUIO Aa je UCIUTUBAH creneH npoaykuuje ouopunma (Tabena 7) wu
6uomaca. Ha o6e Temmeparype cy cTBapajiu roToBO MojjeAHaKy ouomacy omoduama
(0,07 na Huxoj, onnocHo 0,09 Ha Bumoj Temneparypu) (p>0,05).
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Taodena 7 [Iponykuuja 6uodunma Enterococccus spp. u3oiatra Ha JIB€ HCITUTHBAHE

TeMIeparype

Coj 25°C 37°C p
Henpoaykrop 8 (40%) 2 (10%)
Cnab mpoaykTop 8 (40%) 8 (40%) 0.06
YMjepeH nmpoayKTop 3 (15%) 9 (45%) ’
Jax mpoaykTop 1.(5%) 1.(5%)

Kana ce ynopenu cniocobHoct popmupama onodpuima uzmely ose ase O6akrepuje Ha
HaBeJICHNM TeMIleparypama, youaBa ce na je Escherichia coli 6una 3HauajHO 00U

NpOIYKTOp OMOoUIMA KaJl Cy Y MUTaky U OMOMaca U CTENeH NpoayKiuje onopuima
Ha 25°C (p=0,001, p=0,00018) (Cnuxka 1-4).

Cauka 1 Iponyknuja ouodunma Cauka 2 Ilponyknuja 6uoduama

Escherichia coli na 25°C Escherichia coli na 37°C

Cauka 3 Ilponyknuja ouoduama Cauka 4 Ilponyknuja duodrama
Enterococcus spp. na 25°C Enterococcus spp. na 37°C
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Ha co6noj Temneparypu Behuna uzonara Escherichia coli Ounu cy yMjepeHH U jaku
npoaykropu (20/30, Tj. 66,7%), IOk cy KoA eHTepokoka BehuHa u3ojara OWUIU
HEnpoayKTopH U ciadbu npoaykropu (16/20, 1j. 80%). OBo je jacHO BUIJBUBO YKOIHKO
ce nmocMarpa u Ouomaca 6nopuima, jep je eKCTHHKIMja 0oje Omiia aeceTocTpyko Beha
Ha 25°C. Ha Ttemmeparypu TOIUIOKpBHUX oOpraHm3ama o0a HCIHUTHBaHA
MUKpOOpraHu3Ma MO/AjeTHaKo A00po Cy NpoayKoBaldu OMOPHIM Kaja ce IMOpeau
CTereH npoaykiuje onodunma, kao u ctBopeHa omomaca (p>0,05, p>0,05).
CrBapame Ouoduiama je  yHHMBEpP3aJJHU  NPOTEKTUBHM  HAYUH  3alUTUTE
MUKpOOpraHu3aMa y HENOBOJbHUM YCJIOBUMA. BOJIEHN €KOCUCTEM y MPUPOAU WIH Y
JUCTPUOYTHBHO] BOJOBOJIHO] MPEXU MPEACTaBIbaj]y OMJIMYHY CPEIHMHY 3a HAaCTaHaK
MUKpPOOHUX 3ajeHHIIa Y BUAY OnoduimMa, koju OakTepuje caMme cTBapajy HaKoH LITO
JOCTUTHY KpUTHYaH Opoj Ha oxapeheHom cyncrpary mwiu noanosu (Liu u cap., 2016).
VY Hamem ucnuTuBamy Cy cojeBu Escherichia coli moka3anu 3Ha4ajHO 00Jb€ CTBapame
O6uo¢uiIMa Ha HUXKO] TEMIEPaTypH Y OIHOCY Ha BUIIY TEMIIEpaTypy MHKyOaluje, Kao
1y OJTHOCY Ha M30J1aTe eHTepokoka. Hamm pesynraru cy y caracHocTu ca pagom Ingle
u cap. (2011) u Maltholouti u cap. (2018) koju cy, Takohe, 10kazanu 60Jby NPOAYKLIH]Y
o6uopunma Ha 25°C, MOroTOBO YKOJMKO Cy KOpPHUIITEHE Oorare XpamuBE IOAJIOTe
HeyTpaysHor pH, kao mTo je 6mio y Hamewm ciydajy. Baxkuu dakropu BuUpyneHIUje
KOjJU JOMPHHOCE CTBapamy OHOopMIMa Cy KOBPLIABH NWJIA M MPOAYKLHja LETYI03€.
[Munu cy BakHU U Kao (akTop agxepeHIrje U Kao TpaJuBHU MPOTEUHCKU €JIEMEHT, a
LeTys103a Kao JIOMUHAHTHA MTOJIMcaxapyiHa KOMIIOHeHTa. [ €H 3a MpoAyKIIHjy Lelrya03e
ce MHAKTUBHIIIE Ha TemnepatypH o1 37°C, 1ok ce akTUBUpA HA TEMIIEpaTypu HUXKO] O
30°C (Uhlich u cap., 2014). OBo 61 mMorio OuTH 00jalIkbemhe U HamuXx pasyirara. C
JIpyre cTpaHe, TeMIlepaTypa HHje HMala YyTHlaja Ha CcTBapame Ouoduima
EHTEPOKOKHHUX COJ€Ba, YaK U KaJi Cy KOpHUIITEHE TeMuepaTrype y pacnony on 10-45°C
(Marinho u cap., 2013), mro ce ciaxe ¢ HallUM HCTpaxkuBameM. Mctu aytopu
MOKa3aJM Cy Ja je JoAaTak Behe KoHIIEHTpallHje TIIyKOo3€ T0BEO JI0 PA3JIUKE Y CTBApamby
Oouodunama Ha pazIMYUTHM Temmeparypama. Y Oyayhum panoBuma Omio Ou
HMHTEPECAHTHO YTBPJAUTH J1a JI1 he U COjeBU KOPUIUTEHH y HallleM UCIUTHUBAY UMATH
ciryHo noHamame. Takohe, Jahan u cap. (2014), moka3zanu cy aa je 605pa MPOIYKIIHja
o6uopunma Ha 25°C y omHocy Ha 37°C 3aBHCHA NMPBEHCTBEHO Ol BPCTE U Jla Cy
Enterococccus faecalis nzonatu 6unu 606U POAYKTOPH y OJHOCY Ha Enterococccus
faecium, TO Tpea HAC CTaB/ba OMTAH 3aJaTak Ja ypaguMo CHElHjald]y HaIIMX
u3oJata, 1a OMcMO yTBPIWIM KOje BPCTe Cy Oniie JOMUHAHTHE y HAIIO] CTYIU]H.

3AK/bYYAK
Bona 3a mnmhe nHa ¢apmama Opojaepckux mnuiauha uMa BeoMa HEMOBOJbaH
MUKpPOOHMOJIOIIKU CTaTyC, MOCEOHO ca CTAHOBUIITA HETOBOJHHOI YTHIIAja MAaTOI€HUX
OakTepuja Ha OBy OCjeTJbUBY KaTeropujy skuBuHe. [locTymak nesumH¢ekuuje Boze
NMOTPEOHO je MPEUCIUTATH U 3Ha4ajHO MOO0JBIIATH, TOceOHO UMajyhu y BUly 3Ha4ajHy
ynotpely OyHapcke U M3BOPCKE BOJE, T€ MOBOJbHE YCIIOBE 3a CTBapame Ouoduiama y
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cucreMuMma 3a Hanajame. CojeBu Escherichia coli noka3anu 3Ha4ajHO 00JbE CTBapambe
o6uodpunma Ha temneparypu 25°C y oanocy Ha 37°C, ka0 M y OIHOCY Ha H30JaTe
Enterococcus spp. C 003upoM J1a HUCMO UCIUTHUBAIU YTHIIA] XPambUBUX MaTepuja HA
JIJCTBO TpoayKuuje OuoduiaMa U Ja HUCMO HMMalld TOTIYHY HACHTU(UKALU]Y
n3o0jlaTa, HE MOXKEMO JaTH KOHayaH OJroBOp 300r Yera Cy H30JIaTH EHTEpPOKOKa
3Ha4ajHO Mambe CTBapaju OMO(pUIM, OCUM Ja MPETIOCTaBUMO Jia Cy OHE, Kao rpam
MO3UTHBHE OaKTepuje, Mambe BOIYMHUHO3HE U HUCY OWiie MHIYyKOBaHE Ha MPOAYKLHU]Y
O6uo¢uiIMa y CTeTeHy y KOM Cy TO PaJiId IpaM HeraTuBHU u3onatu Escherichia coli.
CnuuHa ucTpaxuBama HUCY palleHa M HeMa JOCTYMHHUX IojaTaka, Tako Ja HaM y
OyayhuMm uCTpaxuBamHMa OCTaje Ja JEeTeKTyjeMo (hakrope BHUpYJICHILHjEe Kox 00e
BpPCTE€ KOJU Cy OMTHM TOKOM CTBapama Omoduima, Aa OMCMO pa3jaCHUIM HHXOBO
MOHAIIAKE Y CECUIIHO] 3aj€IHULIU Y BOJICHUM €KOCUCTEMHUMA.
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Summary

Water is an essential nutrient for the development of broiler chickens, which consume
it in large quantities. Providing safe and high-quality water is crucial for maintaining
the health of the individual. Biofilm is a protective mechanism for bacteria to group
together and survive adverse conditions in the external environment. It is most often
formed at the transition between the aquatic environment and air or the aquatic
environment and a solid substrate in nature. The study was conducted during 2023 and
included 150 water samples originating from broiler chicken farms. Laboratory testing
of water was performed using the BAS EN ISO 6222, BAS EN ISO 9308 and BAS EN
ISO 7899-2 methods. The aim of the study is to determine the microbiological status
of water originating from poultry farms, as well as to examine the ability of isolated
pathogenic bacteria from water to produce biofilms, which bacteria very easily and
efficiently create in the aquatic ecosystem, and which can significantly contribute to
the creation of antimicrobial resistance. Microbiological testing determined 64.67%
satisfactory and 35.33% unsatisfactory drinking water samples. Drinking water on
broiler chicken farms has a very unfavorable microbiological status, especially from
the point of view of the adverse impact of pathogenic bacteria on this sensitive category
of poultry. The water disinfection process needs to be considered and significantly
improved, especially considering the significant use of well and spring water, and
favorable conditions for the formation of biofilms in water supply systems. Escherichia
coli strains showed significantly better biofilm formation at 25°C compared to 37°C,
as well as compared to Enterococcus spp isolates.

Key words: water, microbiology, broilers, pathogens, biofilm.



mailto:viktorlandeka@gmail.com

Veterinary Journal of Republic of Srpska (Banja Luka), Vol. XXIV, No 1-2, 88-101, 2024 89
Goli¢ et al.:
Microbiological status of drinking water from broiler farms and biofilm-forming ability of isolated pathogenic bacteria

INTRODUCTION
Birds are small animals that mature early, and their lower resistance make them more
susceptible to infections, mainly caused by pathogens of intestinal origin, which may
be present in water, so Macari (1997) and Englert (1998) recommend that drinking
water intended for humans should be used for birds.
Water is the most critical nutrient for poultry (Bell, 2002) which support metabolism
and excretion (Jafari et al., 2006). Compared to other nutrients, birds consume large
amounts of water. Water consumption can be twice the amount of feed consumed and
can vary depending on the age and species of the bird, activity level, air temperature,
humidity, respiratory rate, and existing diseases, as well as environmental conditions
such as heat stress.
Any increase or decrease in the normal water consumption of poultry may indicate a
health disorder in the bird (Butcher et al., 1999). The availability and quality of water
play a significant role in the overall health and productivity of birds. However, the role
of providing safe and quality water for optimal performance is largely overlooked.
Bacteria are present in drinking water, even in relatively high numbers (10° to 10°
CFU/ml), without consequences for human health, as long as no pathogens are present
(Hoefel et al., 2005; Hammes et al., 2008; Vital et al., 2012).
Many infectious diseases of animals and humans are transmitted by water
contaminated with human and animal excreta, which becomes a source of pathogenic
bacteria, viruses and parasites and increases health risks (Sasakova et al., 2013; Fridrich
et al., 2014).
The use of indicator organisms, especially the coliform group, to assess the potential
presence of waterborne pathogens is crucial for the protection of public health (Hijnen
et al., 2020).
Escherichia coli is a coliform bacterium, considered a primary indicator of faecal
contamination of treated and untreated water and occurs in the faeces of all mammals,
often in high numbers (Edberg, 2000; WHO, 2008).
Enterococci include numerous species that occur in the faeces of humans and warm-
blooded animals and are considered secondary indicators of faecal pollution (WHO,
2008).
The development of the gut microbiota in animals is profoundly influenced by their
early life environment (Ballou et al., 2016). Reducing the bacterial load in the
surrounding environment, and thereby reducing the intake of pathogens, has the
advantage of establishing a healthy gut microbiota ecology.
Meza (1989) states that there should be better bacteriological control of water given to
birds during the initial phase of development, as there is rapid bacterial growth and an
increased health risk for birds from 1 to 21 days of age.
It must be noted that the water supplied to birds on many farms is contaminated at the
source. It has been reported that samples from water sources and tanks were
contaminated with Escherichia coli in 10 broiler and laying hen farms, which is
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evidence of faecal contamination of the samples (Amaral et al., 1999; Amaral et al.,
2001).

Diseases caused by bacteria, viruses and protozoa are among the most common
diseases in poultry farming, in which drinking water plays an important role (Gama,
1995).

The presence of bacteria, fungi, minerals and water additives in poultry water systems
and drinkers hinders effective management practices aimed at achieving optimal
performance (Oviedo, 2006).

Microbial contamination in poultry drinking water threatens the general health and
performance of birds (Maharjan et al., 2016). Poultry water supply systems can be a
suitable habitat for bacteria, which pose a health risk to birds.

Biofilm is a sessile lifestyle of microorganisms and is formed when bacteria, after
adhering to a substrate and successfully multiplying, begin to synthesize an adhesive
polysaccharide matrix shell, which plays a role in additional fixation of the biofilm to
the substrate, as well as in mechanical protection of bacteria within the biofilm from
external environmental conditions, the effects of antimicrobial substances and the host
immune system, if the biofilm is formed in a living host (Liu et al., 2016). If the biofilm
is formed in a non-living environment, biocorrosion and damage to the substrate on
which the biofilm was formed occurs. Biofilm is a way in which bacteria overcome
unfavorable environmental conditions and survive and spread from an inanimate
environment to a host (humans or animals).

The formation of a community within a biofilm is one of the most important
mechanisms contributing to the development of antimicrobial resistance, as it prevents
the passage of antibiotics to bacteria and allows bacteria to transit to persistent forms
with reduced metabolism and division (Bowler et al., 2020). Therefore, the eradication
of bacteria formulated in this way requires doses of antibiotics that are 10-1,000 times
higher than those tested classically for individual planktonic strains. Biofilm is a
protective mechanism for bacteria to group together, forming a protective shell of
exopolysaccharides, and survive unfavorable conditions in the external environment.
Biofilm, or a sessile community of microorganisms, is most often formed at the
transition between the aquatic environment and air or the aquatic environment and a
solid substrate in nature. Within the biofilm, bacteria are protected, but due to limited
nutrients, bacteria begin to die, which weakens the sessile community and the
protective coating, leading to the weakening and damage of the biofilm. In this way,
bacteria that have the ability to form biofilms disperse and seek new substrates and
niches in which there are more favorable conditions for regrouping and spreading
biofilms in nature. Biofilms are very important due to the long-term survival and
survival of bacteria in artificial substrates and environments such as water supply
networks, filters, instruments used during washing and handling food, which can serve
as a significant reservoir of bacteria for constant contamination of water and food, i.e.
they can cause infections and intoxications. Due to the association of biofilm with
possible contamination of water systems and indirect contamination of food during
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washing with such water, it is very important to examine the ability of bacteria to form
biofilm at ambient temperatures and temperatures of warm-blooded organisms. Higher
water temperatures and stagnant flow in the poultry water system increase bacterial
growth and biofilm formation (Maharjan et al., 2017).

Studies have reported increased biofilm formation at higher water temperatures
(Kadam et al., 2013; Bonsaglia et al., 2014).

Poimenidou et al. (2016) observed that 20°C was more supportive to biofilm formation
than 37°C, which is the house temperature during the second half of the bird growth
period.

Untreated drinking water on farms may be more susceptible to the presence of
pathogens in the drinking system. Even treated drinking water was susceptible to
biofilm formation in the poultry drinking system during the flock growth period.
Therefore, cleaning the drinking system between two rotations becomes a mandatory
practice for improvement (Raut et al., 2024).

The poor efficacy of disinfectants against the polymer matrix of biofilms favors better
protection of bacteria on their surfaces, despite disinfection practices (Muhterem-Uyar
etal., 2015). Flushing the supply system with disinfected water releases substances and
thus removes the developed biofilm.

The aim of the study is to determine the microbiological status of water originating
from poultry farms, as well as to examine the biofilm production ability of isolated
pathogenic bacteria from water, which bacteria very easily and efficiently create in the
aquatic ecosystem, and which can significantly contribute to the creation of
antimicrobial resistance.

MATERIALS AND METHODS

The material for testing is 150 water samples originating from broiler farms located on
the territory of the Republic of Srpska, which were sampled in 2023, of which 93
samples (62%) originated from the water supply, 44 samples (29.33%) from well water
and 13 samples (8.67%) from spring water. Most of the well and spring water samples
were treated with disinfectants immediately before being released into the water supply
system.
Sampling was carried out in such a way that all fittings were removed from the tap, the
water was allowed to flow for 2-3 minutes, after which the tap was closed and the tap
was disinfected with alcohol and sterilized with a flame, and the water was allowed to
flow again for 2-3 minutes. After that, the water was poured into darkened sterile glass
bottles with a volume of 1 liter, with water being poured into them in an amount of %
of the bottle's volume. The samples were transported at a temperature of 5£3°C, and
the testing was carried out within 6 hours of sampling.
Laboratory water testing was performed using the following standard methods:

- number of microorganisms at 22°C and 37°C according to BAS EN ISO 6222

(ISBIH, 2003a),
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- number of intestinal enterococci according to BAS EN ISO 7899-2 (ISBIH,
2003b),
- the number of coliform bacteria and Escherichia coli according to BAS EN
ISO 9308 (ISBIH, 2018).
The Rulebook on the Health Safety of Drinking Water Intended for Human
Consumption (Regulation, 2017) establishes testing parameters and microbiological
criteria (Table 1).

Table 1 Test parameters and microbiological criteria

Purified water | Unpurified water
Parameter ——
Criterion

Number of microorganisms at 22°C 100CFU/1 ml 300CFU/1 ml
Number of microorganisms at 37°C 20CFU/1 ml 100CFU/1 ml
Intestinal enterococci 0CFU/100 ml 0CFU/100 ml
Escherichia coli 0CFU/100 ml 0CFU/100 ml
Coliforms 0CFU/100 ml 0CFU/100 ml

The biofilm production assay was performed according to the method of Stepanovic et
al. (2000), with a modification in the concentration of the tested inoculum of 10°
CFU/ml, which was prepared in brain-heart infusion broth (BHI). Three tests were
performed for each strain, i.e. three wells were inoculated with 100 pl of BHI for each
strain. The microtiter plates were then incubated for 24 hours at 25°C and 37°C. After
incubation, the contents of the plate were removed by pipetting, and each well was
washed three times with buffer. Adherent bacteria were fixed by air drying. After
drying, 100 pl of crystal violet dye from a Gram staining kit (Biomerieux, France) was
pipetted into each well. Staining lasted 15 minutes, after which the plates were washed
three times with buffer and air-dried. To resuspend the stain, 100 pl of 30% acetic acid
(Zorka, Sabac) was added to each well. The absorbance was read on an automated ICN
Flow Titrek Multiscan Plus reader at A of 570 nm. Three negative samples were used
on each microtiter plate, i.e. three wells were inoculated with sterile TXY broth. Based
on this, the cut-off value of the ODc absorbance was determined, which was calculated
as the mean value of the three negative samples increased by three standard deviations.
Isolates were designated as non-biofilm producers, and weak, moderate and strong
producers based on the following formulas:

- OD<ODc¢ (non-producers)

- ODc<OD< 2x0ODc¢ (weak producers)

- 2x0Dc<OD< 4x0ODc (moderate producers)

- 4x0Dc<OD (strong producers).
The reference strain Staphylococcus epidermidis ATCC 14990 was used as a positive
control.




Veterinary Journal of Republic of Srpska (Banja Luka), Vol. XXIV, No 1-2, 88-101, 2024 93
Goli¢ et al.:
Microbiological status of drinking water from broiler farms and biofilm-forming ability of isolated pathogenic bacteria

In the analysis of the obtained microbiological test results, we used descriptive
statistical parameters (Excel, Micosoft Office 2019). To compare the degree of biofilm
production between the two groups of bacteria, Fisher's exact probability test was used.
To compare the biomass of the formed biofilm in the two groups of tested bacteria, T
test was used. The value p<0.05 was considered statistically significant.

RESULTS AND DISCUSSION

Microbiological testing of water samples
Microbiological water quality is defined as the maximum acceptable number or
concentration of bacteria that do not pose a health hazard (Regulation, 2020), and
Escherichia coli and intestinal enterococci are considered basic parameters.
The production and distribution of water with biologically stability can only be
achieved by adequate monitoring and control of microbiological processes during
water treatment and distribution (Prest et al., 2016).
The assessment of microbiological compliance of drinking water samples was carried
out in relation to the Rulebook on the Health Safety of Drinking Water Intended for
Human Consumption (Regulation, 2017).
Microbiological testing determined 64.67% satisfactory and 35.33% unsatisfactory
drinking water samples, and the results by water category are shown in Table 2.

Table 2 Microbiological test results by category

Water category Satlsfact(z;y samples Unsatlsfacgj)ry samples
0 0
Water supply network 74.19 25.81
Well water 54.55 45.45
Spring water 30.77 69.23

Water is essential for organisms to maintain their basic metabolic activities, and the
quality of drinking water is undoubtedly linked to animal health and performance (EI-
Katcha et al., 2018; Guo et al., 2022).

Kalaba et al. (2018) found that 26.20% of water samples obtained from animal farms
were unsatisfactory in the Republic of Srpska for the period from 2015 to 2017, and
Goli¢ et al. (2023) found that 45.82% of water samples were unsatisfactory during
2022. The results obtained are within the scope of previous research, and indicate
variations from year to year, which indicates a constant significant microbiological
contamination of drinking water, and both the inadequacy of the disinfection process
and inconsistency in its application.

Table 3 shows unsatisfactory samples according to test parameters.
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Table 3 Unsatisfactory samples according to test parameters

Parameter Unsatisfac‘([);)ry samples
0
Number of microorganisms at 22°C 12.67
Number of microorganisms at 37°C 15.33
Intestinal enterococci 13.33
Escherichia coli 20
Coliforms 20

The results indicate that apart from Escherichia coli, there were no other coliforms in
the tested water samples. In a study of microbiological analysis of water on farms in
the Republic of Srpska (Kalaba et al., 2015), it was found that 62.66% of water samples
obtained from animal farms were unsatisfactory and that the most common causes of
irregularities were related to enterococci, Escherichia coli and the number of
microorganisms at 22°C and 37°C. Similar results were obtained by Goli¢ et al. (2023).
The results obtained in our study confirm the previous ones, only with a significantly
lower percentage per tested parameter.

Table 4 shows the unsatisfactory results of microbiological testing in relation to the
total number of samples by category, according to the test parameter.

Table 4 Unsatisfactory microbiological test results in relation to the total number of
samples by category according to the test parameter

Unsatisfactory samples in %

Parameter Water supply Well water Spring

network water

Number of microorganisms at 22°C 8.60 13.64 38.46
Number of microorganisms at 37°C 11.83 18.18 30.77
Intestinal enterococci 9.68 13.64 38.46
Escherichia coli 13.98 18.18 69.23
Coliforms 13.98 18.18 69.23

In the period 2018-2020, it was found that 23.41% of water samples originating from
animal farms were unsatisfactory (Goli¢ et al., 2021), of which 10.19% of samples
were due to the presence of intestinal enterococci, and 6.44% of samples were due to
the presence of Escherichia coli. In our study, similar results were obtained for
intestinal enterococci, but significantly more favorable results were obtained for
Escherichia coli. The highest percentage of unsatisfactory samples refers to spring
water, possibly because it is not disinfected, unlike tap and well water.
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Table 5 shows the results of microbiological testing by category and testing parameter
in relation to unsatisfactory samples.

Table S Microbiological testing results by category and testing parameter in relation
to unsatisfactory samples

Unsatisfactory samples in %

Parameter Water supply Well water Spring

network water
Number of microorganisms at 22°C 33.33 30 55.56
Number of microorganisms at 37°C 45.83 40 44.44
Intestinal enterococci 37.50 30 55.56
Escherichia coli 54.17 40 100
Coliforms 54.17 40 100

Faecal coliforms were reported in water samples from 20 farms (50%), which were
above the maximum acceptable level (Jafari et al., 2006). Amaral et al. (1995) found
that 90% of well water samples and 100% of spring water samples had bacteria
indicative of faecal contamination. Kalaba et al. (2018) found that 63.40% of
unsatisfactory samples were due to increased the number of microorganisms at 22°C,
54.90% were due to increased the number of microorganisms at 37°C, 58.80% were
due to the presence of intestinal enterococci, 31.40% were due to the presence of
coliforms and 19% were due to the presence of Escherichia coli. Also, our study found
a high percentage of unsatisfactory drinking water samples in relation to the testing
parameters.

Biofilm formation testing of Escherichia coli and Enterococcus spp. isolates
A total of 30 strains of Escherichia coli and 20 strains of Enterococcus spp., which
were isolated from all samples during the basic microbiological analysis, were tested.
The test was performed in a way that the total amount of biofilm biomass was
determined based on the extinction of the dye. The strains were marked as non-biofilm
producers, and as weak, moderate and strong producers based on negative controls.
Among Escherichia coli strains, a statistically significant difference was observed in
the biomass of the formed biofilm, as well as in the degree of biofilm production at the
tested incubation temperatures (Table 6). At room temperature, more than half of the
isolates (17/30, i.e. 56.7%) showed strong biofilm production, while at the temperature
of warm-blooded organisms, moderate producers were the most common (16/30, i.e.
53%). When it comes to the biomass of the biofilm created, it was observed that the
isolates at room temperature created a biomass of 0.6340.71, compared to a statistically
highly significantly lower biofilm production at the temperature of warm-blooded
organisms of 0.21£0.12 (p=0.003)
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Table 6 Biofilm production of Escherichia coli isolates at two tested temperatures in

%
Strain 25°C 37°C p
Non-producer 3 (10%) 2 (6.7%)
Weak producer 7 (23.3%) 7 (23.3%) 0.001*
Moderate producer 3 (10%) 16 (53.3%) ’
Strong producer 17 (56.7%) 5(16.7%)

On the other hand, enterococci showed an equal ability to produce biofilm, whether the
degree of biofilm production (Table 7) or biomass was examined. At both temperatures,
they produced almost the same biofilm biomass (0.07 at the lower and 0.09 at the higher
temperature) (p>0.05).

Table 7 Biofilm production of Enterococci spp. isolates at two tested temperatures

Strain 25°C 37°C p
Non-producer 8 (40%) 2 (10%)
Weak producer 8 (40%) 8 (40%) 0.06
Moderate producer 3 (15%) 9 (45%) ’
Strong producer 1 (5%) 1 (5%)

When comparing the biofilm-forming ability of these two bacteria at the above
temperatures, it is observed that Escherichia coli was a significantly better biofilm
producer in terms of both biomass and biofilm production rate at 25°C (p=0.001,
p=0.00018) (Figure 1-4).

Figure 1 Escherichia coli biofilm
production at 25°C

Figure 2 Escherichia coli biofilm
production at 37°C
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Figure 3 Biofilm production of ‘ Figure 4 Biofilm production of
Enterococcus spp. at 25°C Enterococcus spp. at 37°C

At room temperature, most Escherichia coli isolates were moderate and strong
producers (20/30, i.e. 66.7%), while most Enterococcus isolates were non-producers
and weak producers (16/20, i.e. 80%). This is clearly visible when looking at the
biofilm biomass, as the extinction of the dye was tenfold higher at 25°C. At the
temperature of warm-blooded organisms, both tested microorganisms produced
biofilm equally well when comparing the degree of biofilm production, as well as the
biomass created (p>0.05, p>0.05).

Biofilm formation is a universal protective mechanism for microorganisms in adverse
conditions. Aquatic ecosystems in nature or in the water supply network represent an
excellent environment for the formation of microbial communities in the form of
biofilms, which bacteria themselves create after reaching a critical number on a certain
substrate or medium (Liu et al., 2016). In our study, Escherichia coli strains showed
significantly better biofilm formation at lower temperatures compared to higher
incubation temperatures, as well as compared to enterococcal isolates. Our results are
in agreement with the work of Ingle et al. (2011) and Maltholouti et al. (2018) who also
demonstrated better biofilm production at 25°C, especially if rich nutrient media with
neutral pH were used, as was the case in our case. Important virulence factors that
contribute to biofilm formation are curly pili and cellulose production. Pili are
important both as an adhesion factor and as a structural protein element, and cellulose
is the dominant polysaccharide component. The gene for cellulose production is
inactivated at 37°C, while it is activated at temperatures below 30°C (Uhlich et al.,
2014). This could also explain our results. On the other hand, temperature had no effect
on biofilm formation of enterococcal strains, even when temperatures in the range of
10-45°C were used (Marinho et al., 2013), which is in agreement with our study. The
same authors showed that the addition of higher glucose concentrations led to
differences in biofilm formation at different temperatures. In future work, it would be
interesting to determine whether the strains used in our study will also exhibit similar
behavior. Also, Jahan et al. (2014) showed that better biofilm production at 25°C
compared to 37°C is primarily species-dependent and that Enterococccus faecalis
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isolates were better producers compared to Enterococccus faecium, which poses an
important task for us to perform speciation of our isolates in order to determine which
species were dominant in our study.

CONCLUSION

Drinking water on broiler farms has a very unfavorable microbiological status,
especially from the point of view of the adverse impact of pathogenic bacteria on this
sensitive category of poultry. The water disinfection process needs to be considered
and significantly improved, especially considering the significant use of well and
spring water, and favorable conditions for biofilm formation in water supply systems.
Escherichia coli strains showed significantly better biofilm formation at 25°C
compared to 37°C, as well as in relation to Enterococcus spp. isolates. Since we did
not examine the effect of nutrients on the effect of biofilm production and did not have
complete identification of the isolates, we cannot give a definitive answer as to why
the enterococcal isolates formed significantly less biofilm, except to assume that they,
as gram-positive bacteria, are less voluminous and were not induced to produce biofilm
to the extent that gram-negative Escherichia coli isolates did. Similar studies have not
been conducted and no data are available, so in future studies we need to detect
virulence factors in both species that are important during biofilm formation, in order
to clarify their behavior in a sessile community in aquatic ecosystems.
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Caixkerak

Mieko Kao XMBOTHA HaMHpPHHUIA MMa BEJIUKU HYTPUTUBHO-(DM3HOJIOMIKM 3HA4Yaj U
MOoCeOHO MECTO 3ay3MMa y UCXpaHHU Jelle, CTapuX U OonecHux ocoba. depMeHTHCaHU
MPOM3BOAM Cy JIAKO CBAapJbUBU M TPENOpydyjy ce ocodama ¢ pa3BHjeHOM
MHTOJIEpAHIM]jOM Ha JlakTo3y. CMarpa ce Jja CBaKOAHEBHO YHOIICHE OBUX MPOU3BOJA
oMoryhaBa ycrocTaBibambe 1 HOPMaJIHO (PyHKIIMOHHUCAHE MHTECTUHAIHOT TpakTa. OBU
MIPOU3BO/IU ce 100M]jajy (pepMeHTalMjoM O] yTHUllajeM OaKTepHja MIIUHE KUCEIIUHE.
VY (epmenTHCaHEe TPOU3BOJIE CIAIajy JOTYPT, KUCEJIO MJIEKO, Ke(pup U BONHU jOTYpT,
Kao u JApyre Bpcre (pepMmeHTHCaHUX Miieka. [IpousBoama Oe30eaHEe M KBaJIUTETHE
XpaHe je HeLITO YeMy TEXKH CBaka Jip;kaBa U 300T Tora ce JOHOCE 3aKOHHM U MPOIUCH
Koju nepUHUITY cTaHJap/e KBaJUTETa KOje HaMUPHUIIE MOpajy UCIYHaBaTH Kako Ou
ce Halule Ha TpIe3Hu HoTpoulada. Mileko crmaja y OCHOBHE HAMHUPHUIE Y UCXpaHU
CTAaHOBHHUIITBA U HETOB KBAIUTET MOpa OMTH KOHTpoiucaH. Lusbs oBor pana je 6uo ga
Ce MCIUTAa KBAJUTET MJIeKa U IPOU3BO/Ia O MJIEKa Y IPOMETY U U3 yBO3a Ha MOAPYY]y
Peny6nuke CpOuje. Marepujai je npeactansbano 70 y3opaka Mieka U MpoU3BoAa Of
mieka. [lapameTpu kBanuTeTa Mileka U MPOU3BOJA Cy UCIHUTAaHU npema [IpaBuiiHuKy
0 KBAJIUTETY MPOMU3BOJA 01 MiieKa U cTaptep KyaTypa (CiayxOenu rmacHuk PemyOmuke
Cpb6wuje 33/2010, 69/2010, 33/2013, 34/2014). 3a ucnutuBame cy kopumihere cnezche
crangapaae merone: SRPS ISO 19660, SRPS EN ISO 8968-4, SRPS ISO 22662/IDF
198. lloOujenu pe3ynraru cy mokazanu aa je 95,71% wucnuraHux y3opaka miieka u
MIPOM3BO/IA O] MJIeKa UCITYHaBajio KpUTEpHjyMe Mmpomnucane perynarusoM. [lapamerpu
KBaJIUTETETA Cy 3a[10BOJbaBajyhu, anu ce mpenopydyje npaheme KBajIuTeTa Mjeka u
MpPOU3BO/Ia Off MJIeKa, jep HEKU OJ NPOU3BOIM HHCY HCIYHABAIU KpUTEPHUjyMe
MpOMNKCcaHe MPaBUIIHUKOM MJIM HUCY UMl OiroBapajyhy npousBohauky Aeknaparujy.

K.]'by‘lﬂe pedm: KBAJIUTCT, MJIICKO, IIPOMU3BOIMU OO MJICKA.
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YBOJ
Mieko Kao KMBOTHAa HaMHUpPHHUIA 300T HYTPUTHBHO-(U3MOJOIIKA 3Ha4Yaja 3ay3uma
MOCeOHO MECTO Y UCXpaHU Jlelle, cTapux U 0ojiecCHUX ocoba. Miieko U mpou3BOIH O
MJIeKa y MCXpaHU JbYyOH, OCHUM BHCOKOBpPEIHHMX IMpOTeHHa, 00e30elhyjy u maxo
CBapJbUBE MAacTH, JIAKTO3y, MUHEpajiHe MaTtepuje, ButamuHe A u D. On BuTamuHa,
mieko canapxku B2, B6, B12, A, D u K, a kaga cy MUHepaiu y TUTamy TO Cy KallUjyM,
docdop, kanmujym u maraezujym. [IpousBonu ox mieka, Kao MTO Ccy (HepMEHTUCAHH,
KOjU ce 1o0ujajy pepMeHTalnjoM MoJ yTHIlajeM OaKTepHrja MIIeUHE KUCEIHUHE, JIAKO CY
CBapJbUBH U TMpPENoOpydyjy ce ocobama ¢ pa3BHjeHOM HMHTOJEPAHLMJOM Ha JIAKTO3Y.
CwMmatpa ce a CBakOJJHEBHO YHOIIIECHE OBHX MPOMU3BOJa oMoryhaBa ycrocTaB/bambe U
HOpMaJHO (PYHKIMOHHCAkE€ MHTECTUHAIHOT TpakTa. Y (epMeHTHCaHe MpPOU3BOJIE
crajnajy jorypr, KHCelo MJeKo, kehpup W BOhHM jOorypr, Kao M Jpyre BpCTe
(dbepMeHTHCAaHUX MJIEKA.
Heomnxonno je 06e36enuT neuu He camo XpaHJbuBYy Beh U 6e30eAHy U KBaJUTETHY
HCXpaHy Kako OM ce Mo/p)Kao HBUXOB PAaCT U Pa3Boj U crpednsie 60JIeCTH y OApacioM
100y (Armas u cap., 2016). Yopkoc ToMme IITO Cy HEBEPOBATHO XPaHJbMBH U BpEIaH
M3BOP €CEHIHUjaTHUX MaKpo- M MUKPOHYTpHjEHATa 3a JbYACKO 3paBJbe, MIEKO M
MJIEYHH MPOU3BOIM MPEICTaBIba]y 3HaYajHE 3/IpaBCTBEHE Mpobiieme, moceOHo 3a 6ede
u aeny (Towhida u cap., 2021).
Miieko ¥ MJIEYHHM MPOM3BOIMU CY MO3HATH KAa0 HAJUCIUIATMBHjAa XpaHa KUBOTUHCKOT
MopekJia y 3emJbamMa ca HUCKUM 10 cpenmuM mnpuxoauma (Nyokabi u cap. 2021;
Alonso u cap., 2018; Muunda u cap., 2021).
[IpousBoawa wmieka y PenyOmuum CpOuju je jemHa oA  Haj3HAYaJHUJUX
MOJHONIPUBpPEAHHX rpana. [loTpomma Miieka U mpou3Boja o1 Miieka u3HocH oko 190
kg rogumime 1Mo raBM CTaHOBHUKA. Y MOCHEIBUX JE€CET rofuHa npuMmeheH je man
MPOU3BO/IbE MACTEPU30BAHOI MJIEKA M Macialla, MPOU3BOma MaBlake U cupa je y
KOHCTAHTHOM PacTy, 10K KOJIMYMHA MPOU3BOAE (PePMEHTHUCAHUX ITPOM3BO/IA 01 MIIEKa
ociunupa (P3C, 2023).
[Tomto cy Mieko M MJIEUHH MPOM3BOJIM TOBE3aHH ca OojlecTHMa Koje ce MpeHoce
XpaHOM, TOTPOIIAYU Cy 3a0pHHYTH 3a KBAJIMTET MJICYHUX MPOHU3BOJA U YCIOBE
npousBoame (Walstra u cap., 2006). O6e30ehuBame kBanuTeTa 1 6€30€THOCTH MIIeKa
u npepal)eBrHa 3aXTeBa KOHTPOJIY pa3auuuTuX ¢aza JaHla npepajae Mieka, oJ MyKe
Kpage /10 notpouime (Babege u cap., 2020; Tegegn, 2021).
[IpousBoama Oe30e1HE U KBATUTETHE XpaHe je HELITO YeMY TEKH CBakKa Jip;kaBa U 300r
TOra ce JOHOCE 3aKOHM W MPOIUCU KOjU Ne(UHUIILY CTaHAaplie KBaJUTETa Koje
HaAMUpPHHULIE MOpajy Ja UCIYyHaBajy Kako OM ce Halule y MPOMEeTYy M Ha TpIe3u
norpouraya. Mieko craja y OCHOBHE HAMUPHHMIIE Y UCXPAHU CTAHOBHUILTBA U HETOB
KBaIWTET Mopa Outu koHTponucaH. Y PenyOmumm CpOuju ycinoBm y ToOTIEAy
KBaJIUTETa TEPMHUUYKU oOpaleHOr Mieka M MPOU3BOAA OJl MIIEKAa MPOMUCAHH CYy
[IpaBuiiHMKOM 0 KBaJIMTETY MPOU3BOAA 011 Miieka u ctaptep Kynrypa (IIpomuc, 2010).
OBuM MpaBWIHMKOM Jare Ccy Kiacuukanuja, kareropusaluja U Ha3UB MPOU3BOA,
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¢duznuKa, XxeMujcka, GU3NYKO-XEMH)CKa U CEH30pHA CBOJCTBA, KA0 M cacTaB IMPOU3BO/IA,
BpCTa U KOJMYMHA CUPOBMHA, JI0JlaTaka U APYTUX CYICTAHIIM KOje ce ynorpedsbaBajy
y TIPOU3BOMGY U Mpepaau MPOU3BOAA, €NEMEHTH OMTHUX TEXHOJOLIKHUX MOCTyIaKa
KOJU Ce MpUMEY]y Yy NPOU3BOAKBU U IMpepagy NMPOM3BOJIA U JOJATHU 3aXTEBH 3a
O3HayaBame MPOU3BOAA.

[uss oBor paja 61O je a ce UCIMTA KBAIUTET MJIeKa U POU3BO/IA O MJIeKa y IIPOMETY
Y U3 yBO3a Ha noipyyjy Penyonuke Cpouje.

MATEPUJAJIN U METOJE

Marepujan je npeacraBibasio ykynHo 70 y3opaka: TepMuyku oopaheno mieko (n=8) u
MPOM3BOAM O] MJIeKa (cupeBr n=42, KajMak n=2, Maciai N=3, jOrypT H KUCEJIO MIICKO
n=7, ypaa n=1, MJeKko y mpaxy n=3, cypyTka y mpaxy n=3, 6ackuja n=1), koju cy
notuuaiu ¢ noapydyja Penmybmuke CpOuje, ka0 1 METOJIOM CIy4YajHOT y30pKOBama C
rpaHu4HoOr npesnaza Xoproul. CBU y30plid U3 yBo3a OWIH Cy OpeksIoM u3 dpaHIrycke,
JHancke, [Tosbcke, JIntBanuje, CnoBauke, Hemauke u Mahapcke. Ha Cnutin 1 o3HaueHO
j€ TIOPEeKJIO UCTIMTAaHNX y30paka TepMUYKH oOpaljeHOr MyIeKa ¥ TPOU3BO/Ia O MiIeKa ca
tepuropuje Penyonuke CpOuje.

Cauxka 1 [Topekio y3opaka miieka ¥ IpoOU3Bojia Of] MJieKa ¢ TepuTopuje Penyomnke
Cpbuje

VY 1usby HCIIUTHBAA KBAJIMTETA TEPMUYKH 00pal)eHOT MileKa U TIPOM3BOJIa OJ] MJIeKa,
WCIUTaHHM Cy cienehy HaBeJACHH MapaMeTpH:
- TACTepU30BaHO MJICKO: Cajprkaj MIJICYHE MACTH aluI00yTHPOMETPUJCKH II0
I'epbepy, caapikaj a3oTa U cyBa MaTepwja,
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- CHp: caJpkaj MJICYHE MACTH anuao0yTUpoMmeTpujcku 1o lepbepy u cysa
Marepuja,

- JOTYpT M KHCEJIO MJICKO: Ca/Ip)Kaj MIIEYHE MACTH alluJa00yTUPOMETPHjCKH TIO
I'epbepy u pH BpeaHOCT (IOTEHITMOMETPHjCKH),

- Maciai cajpikaj MJIeYHe MacTu auuao0yTupoMmeTpujcku no [epbepy u cysa
Marepuja,

- MJIEKO y Ipaxy: caJpikaj MJeUyHE MacTH anuao0yTupoMerpujcku o ['epbepy,
CyBa MarepHja u cajpxaj a3oTa,

- CcypyTKay mpaxy: caJpikaj MIIe4He MacTH alluao0yTupomerpujcku o ['epoepy,
CyBa MarepHja u cajpxaj a3oTa,

- KajMak: cajJpikaj MJIEYHE MacTd anmuao0yTupomeTpujcku mo [epbOepy, cysa
marepuja, pH BpeaHoct (moreHumomerpujcku) U caapxkaj NaCl
tutpumeTpujcku o Volhardu,

- ypha: caiapikaj MIIEYHE MAcTH anuao0yTHpoMeTpHjcku mo Iepbepy u cysa
Marepuja,

- Oackuja: cagpikaj MIIEUHE MAacTU alugo0yTUpoMeTpujcku 1o I'epbepy u cyBa
Marepuja.

HcnutuBame y30paka BpIICHO je cieachiM cTanIapAHUM MeToJama:

- SRPSISO 11870 (UCC, 2014),

- SRPS ISO 8968-4 (MUCC, 2016),

- SRPSISO 6731 (UCC, 2013).

3a crarucTruKy 00pany pesynrara cy kopuithenn GraphPad ver.3 1 MS Excel ver.10,
a 3a CTaTUCTHYKO mopeheme BPEAHOCTH, KOjeé HE TMOTNaAajy MOA HOPMAJHY
TUCTpUOyLHjy, npuMemeH je Mann-Whitney U tecr.

PE3VIITATHN
Jobujenun pesynratu cy mokaszanu jaa cy of 235 amammza, 232 anamuze (98,7%),
ogHOCHO 95,71% ucnuTaHUX y30paka MJEKa W MPOU3BOAA Of MJIEKAa HCIYyHaBalie
KpuTepujyme npomnucane perynatusoM (Ciuka 2).

3 (4,29%)

 (

= 3310B0/baBa He 3apgoBosbaBa

Cauka 2 Pe3YJ'ITaTI/I HNCIIMTHBaka KBAJIUTCTA MJICKA U IIPOU3BOAa O MJICKA
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Pesynratu ucnutuBama napamerapa cajapxaja MICYHE MacTH U CapiKaja IPOTEUHA y
y30plLuMa acTepu30BaHor Mileka puka3anu cy y Tabenu 1. Miedna mact ce Kperana
on 2,8 % mo 3,6 %, ok je caapikaj mpoTerHa usMepeH y omcery 2,9 % mo 3,3 %.
Jlo6ujene cy mMaje BapHjalirje OKapakTepucaHe Koe(QHIIMjeHTOM BapHjalije 3a MICUHY
mact 10% wu 3a caapxaj nporeuna 4,6%.

Tao6ena 1 PGSYJ'ITaTI/I HUCIIMTHBAaka KBAJIUTCTA MMACTCPHU30BAHOT MJICKA

[Tapamerap | Maeuna mact (%) | Caapxkaj mporenHa
bpoj y3opaka 8 8
MuH. 2,8 2,9
Makc. 3,6 33
X 3,1 3,1
SD 0,31 0,14
CV (%) 10 4,6

PesynTaru ucnuruBama kBanuTeTa 42 y30pka cupa, Koju cy notunanu u3z Cpouje u u3
yBO3a, NpHuKa3anu cy y Tabemnu 2.

Tabena 2 30upHU IpUKa3 UCTIUTUBAKA MapamMeTapa KBaautera cupa uz Cpouje u

yBO3a
Mineuna Mineuna mact y Canpxay Boaey Cysa
Mapamerap Mmact (%) | cyBOj MaTepuju 6€3MaCH.OJ MaTepuja
MaTepuju
Bbpoj y3zopaka 42 42 30 42
MuH. 1 4,75 49,06 21,06
Makc. 31 58,66 82 66,15
X 22,71 42,59 60,39 51,18
SD 7,489 9,756 7,351 12,48
CV (%) 32,98 22,91 12,17 24,39

VY 30upHOM npuKazy pe3yirara UCIIUTUBaa MapaMmerapa kpaautera cupesa (Tabena
2), cupeBH HHCY KJIacH(PHUKOBAaHM IpeMa HauuHy Jo0ujama, o0paze U 3pema, na cy
300r TOra pesyiaTaTd HCIUTHBama NpaheHu 3HAaTHUM BapupameM. M3 pesynrara
onpehuBama mapameTapa KBaJIMTETa CUpPeBa 3amaxa ce Jia ce caJpikaj MJIeUuHe MacTH
kpetao o1 1% 1o 31%, cagpikaj MieuHe MacTH y cyBoj Matepuju on 4,75% o 58,66%,
caapxkaj Bozie y 6e3macHoj marepuju cupa og 49% no 82%, ok je cyBa Matepuja cupa
umana BpeaHoctu usmely 21% u 66%. Koedbunmjent Bapujaiuje je Hajpehu 3a
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caapxaj muieune Mactu (32,98%), a HajMamwu 3a caJip:kaj Bojie y 6e3MacHO) MaTepuju

(12,17%).

Pesynratn ucnutuBama mapaMerpa yaela MIEYHE MacTH Y CYBOj Marepuju cy
MOKa3aJIu Ja Cy Y30pLH CUpeBa npunaaanu oopanum cupesuma (1%), HUCKOMacHUM
cupeBuMa (2%), noaymacHum cupeBuma (15%) u mynomacuum cupeBuma (23%), 10k
HUje/1aH y30paK HUje KaTeropucan kao ekcrpamacuu cup (Criuka 3).

25%
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Cauka 3 /luctpubynuja y3opaka cupeBa rpema yaeny MIeYHe MacTu y CyBOj

MaTepuju

Tabeaa 3 PCSYHTaTI/I HCIIMTUBABkA IapaMeTapa KBAJIMTETa CUPCBA IMOPCKIIOM M3

Cpbuje
Mineuna Mineyna macT y Canpxaj soaey Cyga
HMapaverap mact (%) CYBOj MaTepuju 6e3MaCH.OJ Marepuja
MaTepuju
bpoj y3opaka 29 29 19 29
MumH. 1 4,75 53,56 21,06
Makc. 30 58,66 82 61,35
X 20,74 41,02 61,99 47,54
SD 8,232 11,27 7,671 13,26
CV (%) 39,70% 27,47% 12,38% 27,89%

Tao0ena 4 Pe3yJ'ITaTI/I HUCIIMTHBaka MapaMeTapa KBaJIUTETa CUPEBA ITIOPEKIIOM U3 YBO3a

Canpxaj Bozie y

Mueuna Mueuna mact y . Cysa
HMapaverap mact (%) CyBOj MaTepuju Oe3macHoj Marepuja
YBOJ pHj MaTepuju pyj
Bpoj y3zopaka 13 13 11 13
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MuH. 25 40,76 49,06 48,67
Makc. 31 53,42 69,36 66,15
X 27,10 46,11 57,62 59,31
SD 1,79 3,09 6,12 4,29
CV (%) 6,60 6,70 10,63 7,23

Ha Canmum 4 u 5 npukazana je aucTpuOylja MJI€YHE MacTh y CyBOj MaTepHuju
MOJlyMacHUX U MacHHUX cHpeBa nopekiom u3 CpOuje u u3 yBosa.
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Cauxka 4 u 5 [lpuka3 guctpulynuje MjIedHe MAacTH Y CyBOj MaTepUjU MOTyMACHUX
(1eBO) M MacHUX cupesa (1ecHo) nopekiom u3 Cpouje u u3 ysosza (X + SD).

Y TabGenu 5 mnpukazanu cy pe3yiaraTd ojpehuBama Mmapamerapa KBaJUTeTa
(dbepMeHTHCaHNX MPOU3BO/Ia (JOTYPT U KUCEJIO MIIEKO).

Tabena 5 Pe3ynratu ucnuTuBama napamerapa KBajJuTeTa jorypra U KUCeJIor MileKa

Mieuna macT
[Tapamerap (%) pH
bpoj y3opaka 7 7
MuH. 0,5 4.2
Makc. 11 4.4
X 4,5 4,3
SD 3,4 0,078
CV (%) 76 1,8
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VY Tabenu 6, 7, 8, 9 u 10 npukazanu cy pe3yaTaTu UCIIUTHBaka IapaMeTapa KBaJIuTeTa
3a MPOM3BOJIE O] MJIeKa (Machall], MJIEKO U CypyTKa y Ipaxy, KajMak, ypaa).

Tabena 6 Pesynraru ucnuTuBama napaMeTpa KBaJuTeTa Maciana

Tapamerap Mneuna mact | CyBa marepuja | Brara
(%) 0e3 MacTu (%)
bpoj y3opaka 3 3 3
MuH. 84 1,1 11
Makc. 88 1,9 15
X 86 1,4 13
SD 2,3 0,44 1,9
CV (%) 2,6 32 15

Tabena 7 Pe3ynratu ucnuTuBama napamerapa KBajJuTeTa Mieka y npaxy

[TapameTap Muetna mact Iporentu cyse Canpxaj Canpxaj
(%) MaTepuje 6e3 MacTu BOJIE poTenHa
bpoj y3opaka 3 3 3 3
Makc. 28 35 4 33
X 15 33 32 27
SD 14 3.5 0,71 53

Tabena 8 Pe3ynraru ucnutuBama napamerapa KBajJuTeTa CypyTKe y mpaxy

Canpxaj Canpxaj | Miueuna mact | Ilemeo H 10%
Hapamerap npOTI;I/IHJa Bﬂgl“e : (%) (%) IfaCTBopa
Bbpoj y3opaka 3 3 3 3 3
MuH. 3,2 1,9 0,3 2,8 6,3
Makc. 11 3 0,8 7,3 6,5
X 7,5 2,3 0,6 5,7 6,4
SD 4 0,58 0,26 2,5 0,06
CV (%) 54% 25% 44% 44% 0,94%




110 Berepunapcku :xypuaia Penyonaunke Cpncke (Bama Jlyka), Boa. XXIV, Bp.1-2, 102-114, 2024.
Casuh PagosanoBuh u cap.:
IIpouena kBajauTeTa MJIeKa H MPOU3BoAa o Mieka y Penyonuu Cpouju

Tabena 9 Pe3ynraru ucnutuBama KBaJUTeTa KajMaka

Mie4dna mMact .
Mapamerap Mineuna Y CyBOj CyBa. pH Canpixaj
mact (%) ; Matepuja conu (NaCl)
MaTepHjH
Bbpoj y3opaka 2 2 2 2 2
MuH. 57 81 67 6 1,2
Makec. 58 87 71 6 1,2
X 58 84 69 6 1,2
SD 0,71 4,4 2,8 0,01 0,03
CV (%) 1,2 5,2 4,0 0,12 2,4

Tabena 10 PesynTatu ncnutuBama KBAIUTETA YL

Mneuna mact | MiledyHa MacT y CyBa
(%) CYBO] MaTepuju | marepuja
6.5 26,4 24,6
JAUCKYCHUJA

W3 mpuxazaHux pesynrara BHIM CE€ Jla Cy CBH Y30pLM NacTepU30BAHOI MIIEKa
HCIYHaBaJId KPUTEPUjyMe KBAJIUTETa MPOMUCAHE PETYIaTUBOM U Jla HUjelIaH y30paK
HUje caJp’KaBa0 Mame MJIEYHE MAacTH Off HaBEACHOT Ha JACKJIapalyju Mpou3BOJA.
Canprkaj mpoTerHa OAroBapa MpoCeYHOM CaipkKajy IpoTerHa KpaBiber mieka. [Ipema
anaynusu u3 2022. ronuHe, Npou3Bomka Mieka y Pemyonumu CpOuju ce crabuinsoBaia
Ha oko 1,5 munujapau autapa 3axBajbyjyhu nosehamwy npou3BOIE 10 JETHOM IpIIy.
Mehytum, nomro je cMameH Opoj rpia moyena je aa onajaa u npoussBoama. Y 2021.
roivHu Ouia je Mamwa npou3Boama 3a 100 munnona nurapa (P3C, 2023).

CBHU HCIUTaHU y30pLH CHpa Cy 3aI0BOJHUIIN KpUTEPUjyM Iponucan [IpaBumHuKOM y
norneny cyse marepuje (IIpomuc, 2010), ¢ BapupameMm y Horieay KOJIUYUHE CyBe
Martepuje oj] oko 24%, mto ce o0janimana J1a Cy y30pLu O pa3IuuuTe BPCTE CHPEBA,
Koju ce nobujajy Ha paznuuure HaunHe (Tabena 2). Kao mapamerap xoju HajOosbe
OIHCYje Pa3HOBPCHOCT CHPEBa Ha TPXKUIITY UCTUYE C€ Ca/IprKaj MIICYHE MACTH KOjU je
Bapupao ckopo 33%. OBa pasnuka MoTuye, OCUM Off KapaKTepUCTHKA MPOU3BOILE, U
0] 3aXTeBa TPXKUIITA, T Y MOCIEIHE JIBE ACLEHU]E pacTe MOTPaXiba 3a CUPEBUMA O]
oOpaHOr MJIeKa Ca CMambeHUM CaJpXkKajeM MJIeYHE MacTH. AHAJIM30M pe3yliTara
HCIUTHBaWbA y30paKka cupeBa nopekyiom u3 CpOuje 3amaxa ce Jja ce cajapiaj MiIeyHe
Mactu kpetao ox 1% no 30%, caaprxaj MiedHe MacTH y cyBoj Matepuju of 4,75% 10
58,66%, camapkaj Boje y Oe3macHo] mMarepuju cupa ox 53,56% mo 82%, mok ce cysa
Matepuja cupa kperana ox 21% no 61%. Koedunujent Bapujaruje je 1’y OBOM ClIydajy
HajBehu 3a caapxaj mieune mactu (39,70%), a HajMam1 3a cajpkaj Bojie y 6€3MacHoj
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Mmarepuju cupa (12,38%) (Tabena 3). Ykonuko ce ymopene CHpPEBH MOPEKIOM M3
Peny6nuke CpOuje u cupeBu uU3 yBo3a, mpumehyje ce paznuuura 3aCTYIJbEHOCT y
BpcTama cupeBa. CBU UCHHUTAHU YBO3HM CHPEBU MMAjy yI€O MJIEYHE MAacTHU y CYBOj
Matepuju npeko 40, onHOCHO mpeko 25% miieuHe MacTH, Na Mpema MoJeNu Ccrajaajy y
nonymacHe u MmacHe cupese (Cnuka 3, 4 u 5). Kako [IpaBunnuk gedunuiine paziuuure
yCJIOBE KBAJIUTETa CHpa y 3aBUCHOCTU O] MPOU3BOAHUX KapaKTEPUCTUKA, MOXE Ce
3aKJbYUYHUTH J1a CBU UCIIMTUBAHU CUPEBU UMAjy ajeKBaTaH KBaiuTeT. Ol HCIMTUBAHUX
KapaKTepUCTHKa, CTAaTUCTHUYKHM 3HayajHa pas3lidKa yCTaHOBJbeHa je Mmely cupeBuma
noMahux mpousBohaua M U3 yBO3a y momieny canapikaja mieune mactu (U= 98,5
p=0,013), kao u y canpxkajy cyBe marepuje (U=62 p=0,0003). OBu pesyararu ce
OJTHOCE Ha CBE MCMUTHBAHE Y30pKe U MOTBPlyjy pa3iuky usmel)y Turona, mopekia u
BpCTe yBe3eHHUX U jomMahux cupena. Kako cy cBU MCTIUTaHU YBO3HHU CUPEBU MPUTIAIaTH
KaTeropuju MoJIyMacHUX U MaCHUX CHPEBA, YKOJIHMKO C€ YIOpe/e C UCTOM KaTeropujoM
cupeBa mpousBeneHUM y CpOuju, y mapameTpuMa KBajUTeTa HEMa CTaTUCTUYKH
3HauajHe pasnuke (p>0,05). ¥ panujum ucrpaxuBamuma y CpOUju UCIIUTUBAHU Cy U
CUpPEBHU C THjala, e cy YTBpheHu mapaMeTpH KBaJIUTETa CHpPEBa MPOU3BEICHUX O
TepMuyuku obpahenor miieka u on HekyBaHor mieka (PamoBanoBuh u cap., 2016).
PesynTtatu Tux aHanmu3a cUpeBa MHAMBHUAYAIHUX MOJHONPUBPEIHUX Mpou3Bohaya cy
MOKa3aJIi Mambe BPEIHOCTH 3a CyBY MaTepHjy O y30paka UCIIUTAHUX Y OBOM pany, Tj.
KOJI CUpEeBa 071 HeKyBaHOT miieka 36,87+6,10%, 10K je KoJ cupeBa O/ KyBaHOT MJIeKa
Taj yaeo ouekuBaHo Hewto Behu, 1j. 41,13+4,97%. MacT y cyBoj MaTepuju TaKBHX
cupesa Ouna je 56,39+9,36% xon cupeBa o] HEKyBaHOT MJIEKa, JIOK j€ KOJI CUpeBa Off
KyBaHOT MJIEKa yJ1eo mMileuHe MacTh 6uo 42,63+17,68%, mto npeacTaBba OUEKHUBAHO
cCMambembe, jep Maji Ipor3Bohauun ¢ KyBaHOT MJIEKa 0]1Bajajy KajMak Mpe MoJCHpaBama.
Hamm pesynratu nokasyjy npoceuny KoIuuuHy miaeune Macti oa 41,02+11,27%, mro
J€ pe3ynTar Koju ce Mopa MOCMAaTpaTu y KOHTEKCTY aJleKBaTHE Ipyle cHUpeBa mpema
KOJMYMHU MIledHe MacTh. CBU HMCHHMTaHU Y30pUM (EPMEHTHUCAHUX IPOU3BONA CY
UCIyHaBalid Kputepujyme kpaiurera nponucane I[IpaBuinuxkom (ITpomuc, 2010).
Jlo6ujeHe BpeIHOCTH 3a UCIUTHBAHE MapaMeTpe Cy 3Ha4ajHO HMXKE O]l OHHUX KOje Cy
nobumu Goli¢ u cap. (2014).

[TapameTpu ucnuTHBamka KBAIUTETA Maciana OWin Cy caapskaj MIEYHEe MacTH, BOJIE U
cyBa Marepuja (Tabena 6). Y3pomu cy mpeacraBbajid Maciall y OJOKYy, CMP3HYTH
Maciall M Macjal of mnactepu3oBaHe maiake. CBU y30pHd Cy 3aJ0BOJHHIIU
KpUTEepUjyMe MpaBWIHUKA, aJld Cy CBU UMaJld ¥ BPEAHOCTH MOMEHYTHX Mapamerapa
Behe o1 MUHHMMaNHMX mnponucanux [IpaBuiHUKOM, mITO caMu Mpou3Bohaum Mory
HCKOPUCTHUTHU y IIHJbY MPOAYKEHa POKa Tpajara M a/leKBaTHE MOHYIE HA TPIKUILTY.
[Tapamerap koju je HajBHILIE BapUpao y UCIIUTUBAHUM y30pIMMa Maciala je caapxaj
cyBe Marepuje 6e3 mactu (koedpuuujeHT Bapujauuje 32%), mMTO camMo OCIHKaBa
pa3aNyunTe TEXHOJOMIKE MOCTYIKE CKIIAUIITEHa MPOU3BO/a, Kao IITO je 3aMp3aBambe.
Canprkaj MiIeYHE MAcTH j€ IMao BeoMa HU3aK KOe(UIIM]eHT BapHujallije Y HCIUTaHUM
y3opuuma (2,6%), mTo J0Ka3yje KOH3UCTEHTHOCT Y CTaHJapAU30BaHO] MPOU3BOIBH
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Macnana. JlobujeHn pesynraTv cy y CKialy ¢ pesylratuma ucTpaxkupama Paduret
(2021).

CBu y30puM MIIEKa y Tpaxy 3a HCIUTUBaKkE MOTHUIAIM Cy U3 yBo3a ([aHcka u
@panirycka). [IBa y3opka cy JekiapucaHa kao IyHOMAacHO MJIEKO y Mpaxy, 0K je jeJaH
y30pak JAepuHHCAaH Kao 00paHO MIIeKy Yy mpaxy. JemaH ol HaBeIeHUX Yy3o0paka
JIeKJIapucaH Kao MyHOMAacHO MJIEKO Y Mpaxy cajpxanao je 14,5% miieuHe MacTH, IITO
HUje y ckiany ¢ oapendoama [IpaBminuka, koju nedunuiie MuHUMyM on1 20% mieuHe
mactu. OBaj mpou3Boa O Mopao Aa Oyze nekiiapucaH kao 00paHo MIIEKO Yy Mpaxy, jep
OBaKo He ofAromapa aexnapanuju. OcTaau nmapaMeTpu KBaJIMTETa CBUX HCIHTAHUX
MIPOM3BO/Ia OWIIK Cy Y CKJIaay ¢ nmpousBohaukum aeknapanujama (Tabena 7).

CBu y30puM CypyTKe y MIpaxy moTtuuaiu cy u3 yBos3a (®panmycka, JlutBanuja u
CnoBauka). Of CBUX UCIIMTAaHUX IPOU3BOJIA OJ1 MJIEKA Y IIUJbY UCIIUTUBAKa KBAJIUTETA,
HajBehu yeo mpow3Boaa, KOju HHje 33JI0BOJBHO KPUTEPHUjyMe TIOTHIIA0 j€ Off y30paka
cypyTke y npaxy. On cBUX UCHHTAaHUX y30paka, Tek je Tpehuna (33,3%) 3amoBosbuia
ce npomnucane kputepujyme (Tabena 8). Hecnarame c¢ [IpaBuiHuKOM youyeHO je y
KpUTEpUjyMy cajip>kaja MpOTeHHa, TJe Cy camMo y30piu u3 OpaHilycke UMaIH MPeKo
11% mnporenHa, mWTO MpeACTaB/ba MPONUCAHU MUHUMYM. CBH OCTajaM MapameTrpu
KBaJIUTETa MPOM3BO/Ia CBUX HUCIIUTAHUX y30paKa CypyTKe y Ipaxy OWiu cy y CKIaay ca
3axteBuMa [IpaBuiiHuka.

PesynTaru ucnutuBama kajMaka 00yxBaTHiia cy JiBa y30pKka MJIaIoT KajMaka ¢ peruoHa
3natubopa U oba Cy 3aJ0BOJbHJIA YCIIOBE KBaJuTeTa mnponucaHe IIpaBuiHUKOM.
PesynTaru ucniutuBama jeanor y3opka ypae (Tabena 10) ucnymwaainu cy Kpurepujyme
kBanuteTa nponucane [IpasminukoM. CiuyHe pe3ynrare UCIUTHBamba KBanuTera 14
y3opaka ypae y Lipnoj 'opu HaBoge Bojanic Rasovic u cap. (2017), koju cy nokazanu
Jla je cpeba BPeIHOCT cajipikaja cyBe marepuje ypae ouna 42,85%, caapxaj MacTH
21,74%, npotenna 13,66%, comu 2,67%, mactu y cyBoj matepuju 50,77%, Mactu y
cyBoj marepuju 21,11% u cagprkaja Boge y cyBoj MaTepuju ciobonne mactu 49,67%.
Backuja npencraiba 3peny rpyny y npouecy Jo0ujama cupeBa Off MapeHor TecTa Kao
mTO je KaukaBasb. [lapameTpu kBanutera Oackuje Hucy AeduHucanu [IpaBuiHUKOM,
1a HeMa MOCTaBJbEHUX T'PaHUIIA 3a MapaMeTpe KBAJIUTETa OBOT IPOU3BOA.

3AK/bYYAK

JloOujenn pesyntat cy mokazanu aa je 95,71% wucnurtaHux y3opaka Mileka U
MPOU3BO/Ia Ofl MJIEKAa HCIYHaBallo KPUTEPHjyME MPOIMCAHE DPErylaTuBOM. JemaH
y30paKk MJieKa y mpaxy HHje OAroBapao JeKjapaluju 300r Mamer cajpikaja MeyHe
MAacTH, aJii OM UCITYHHO KpUTEpHjyMe Ja je NeuHucCaH Kao 00paHO MIIEKO Y Mpaxy, jep
Cy OCTaJli MCIUTaHU MapaMmeTpH oarosapajyhu. J[Ba y3opka cypyTke y mpaxy HHUCY
HCIYHUJIAa KPUTEPUJYM MUHUMAIIHOT CajipiKaja MPOTEHHA, I0K Cy OCTajH MapaMmeTpu
6unu ogrosapajyhu. IlapameTpu kBanuTeTa 0ackuje HUCY Je(UHUCAHU PETYIAaTUBOM,
1a HeMa MOCTaBJLEHUX IPAHUIIA 32 TapaMeTpe KBaJIUTETa OBOT pou3Boa. [lapamerpu
KBaJIUTETa Cy y HajBehem Opojy MCIUTaHMX y30paka 3a/70BosbaBajyhu, amu he ce
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npaheme KBaJIUTETa MJIeKa U MPOU3BOJA O]l MJIEKa HACTABUTU KPO3 MOHUTOPHHT, jep
HEKHU MPOU3BOAM HUCY UCIYHaBaJIH KPUTEPHjyME MPOIMUCAHE PETYIaTUBOM UIIN HUCY
MMaJii oJiroBapajyhy npousBohauky nekaapanujy.
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Pan je mogprkan cpeacTBumMa MUHHCTApCTBA POCBETE, HAYKE U TEXHOJIOMIKOT Pa3Boja
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Summary

Milk as a foodstuff has great nutritional and physiological importance and occupies a
special place in the diet of children, the elderly and sick people. Fermented products
are easily digestible and are recommended for people with lactose intolerance. It is
believed that the daily intake of these products enables the establishment and normal
functioning of the intestinal tract. These products are obtained by fermentation under
the influence of lactic acid bacteria. Fermented products include yogurt, sour milk,
kefir and fruit yogurt, as well as other types of fermented milk. The production of safe
and high-quality food is something that every country strives for, and that is why laws
and regulations define the quality standards that food must meet in order to be on the
consumer's table. Milk is one of the basic foods in the diet of the population and its
quality must be controlled. The aim of this study was to examine the quality of milk
and dairy products on market and from imports in the territory of the Republic of
Serbia. The material included 70 samples of milk and dairy products. The quality
parameters of milk and products were examined according to the Regulation on the
quality of dairy products and starter cultures (Official Gazette of the Republic of Serbia
33/2010, 69/2010, 33/2013, 34/2014). The following standard methods were used for
testing: SRPS ISO 19660, SRPS EN ISO 8968-4, SRPS ISO 22662/IDF 198. The
obtained results showed that 95.71% of the tested samples of milk and dairy products
met the criteria prescribed by the Regulation. The quality parameters are satisfactory,
but it is recommended to monitor the quality of milk and dairy products, because some
of the products did not meet the criteria prescribed by the Rulebook or did not have an
appropriate manufacturer's declaration.

Key words: quality, milk, dairy products.
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INTRODUCTION
Due to its nutritional and physiological importance, milk as a foodstuff occupies a
special place in the diet of children, the elderly and sick people. Milk and dairy products
in the human diet, in addition to high-value proteins, also provide easily digestible fats,
lactose, minerals, vitamins A and D. Milk contains B2, B6, B12, A, D and K vitamins,
as well as calcium, phosphorus, potassium and magnesium, as minerals. Dairy
products, such as fermented milk products, which are obtained by fermentation under
the influence of lactic acid bacteria, are easily digestible and are recommended for
people with lactose intolerance. It is believed that the daily intake of these products
enables the establishment and normal functioning of the intestinal tract. Fermented
products include yogurt, sour milk, kefir and fruit yogurt, as well as other types of
fermented milk.
It is necessary to provide children with not only nutritious but also safe and high-quality
nutrition in order to support their growth and development and prevent diseases in
adulthood (Armas et al., 2016). Despite being incredibly nutritious and a valuable
source of essential macro- and micronutrients for human health, milk and dairy
products pose significant health problems, especially for babies and children (Towhida
et al., 2021).
Milk and dairy products are known as the most cost-effective foods of animal origin in
low- to middle-income countries (Nyokabi et al., 2021; Alonso et al., 2018; Muunda et
al., 2021).
Milk production in the Republic of Serbia is one of the most important agricultural
branches. The consumption of milk and dairy products is about 190 kg per year per
capita. In the last ten years, a decline in the production of pasteurized milk and butter
has been observed, the production of cream and cheese is constantly growing, while
the amount of production of fermented milk products fluctuates (RZS, 2023).
Since milk and dairy products are associated with food-borne diseases, consumers are
concerned about the quality of milk products and the conditions of production (Walstra
et al., 2006). Ensuring the quality and safety of milk and dairy products requires the
control of different stages of the milk processing chain, from milking the cow to
consumption (Babege et al., 2020; Tegegn, 2021).
The production of safe and high-quality food is something that every country strives
for, and that is why laws and regulations define the quality standards that foods must
meet in order to be on market and on consumers' tables. Milk is one of the basic foods
in the diet of the population and its quality must be controlled. In the Republic of
Serbia, conditions regarding the quality of thermally processed milk and milk products
are prescribed by the Regulation on the quality of dairy products and starter cultures
(Regulation, 2010). This Regulation provides the classification, categorization and
name of the product, physical, chemical, physico-chemical and sensory properties, as
well as the composition of the product, the types and quantities of raw materials,
additives and other substances used in the production and processing of the product,
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elements of essential technological procedures that are applied in the production and
processing of the product, and additional requirements for labeling the product.

The aim of this study was to examine the quality of milk and dairy products on market
and from imports in the territory of the Republic of Serbia.

MATERIALS AND METHODS

The material included a total of 70 samples: thermally processed milk (n=8) and dairy
products (cheese n=42, kajmak n=2, butter n=3, yogurt and sour milk n=7, “urda‘“ n=1,
milk powder n=3, whey powder n=3, Basque n=1), which came from the territory of
the Republic of Serbia, as well as by the method of random sampling from the Horgos
border crossing. All imported samples originated from France, Denmark, Poland,
Lithuania, Slovakia, Germany and Hungary. Figure 1 shows the origin of the tested
samples of thermally processed milk and dairy products from the territory of the
Republic of Serbia.

Figure 1 Origin of milk and dairy products samples from the territory of the Republic
of Serbia

In order to test the quality of thermally processed milk and dairy products, the
following parameters were tested:
- pasteurized milk: milk fat content by Gerber method, nitrogen content and
dry matter,
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- cheese: milk fat content by Gerber method and dry matter,
- yogurt and sour milk: milk fat content by Gerber method and pH value
(potentiometric),
- butter: milk fat content by Gerber method and dry matter,
- powdered milk: milk fat content by Gerber method, dry matter and nitrogen
content,
- whey powder: milk fat content by Gerber method, dry matter and nitrogen
content,
- kajmak: milk fat content by Gerber method, dry matter, pH value
(potentiometric) and NaCl content by Volhard method,
- cottage cheese: milk fat content by Gerber method and dry matter,
- Basque: milk fat content by Gerber method and dry matter
The samples were tested using the following standard methods:
- SRPS ISO 11870 (ISS, 2014),
- SRPS ISO 8968-4 (ISS, 2016),
- SRPS ISO 6731 (ISS, 2013).
GraphPad ver.3 and MS Excel ver.10 were used for statistical processing of the results,
and the Mann-Whitney U test was used for statistical comparison of values that did not
have normal distribution.

RESULTS
The obtained results showed that out of 235 analyses, 232 analyzes (98.7%), or 95.71%
of the tested samples of milk and dairy products met the criteria prescribed by the
Regulation (Figure 2).

3 (4,29%)

 (

= Satisfies Not satisfies

Figure 2 Results of testing the quality of milk and dairy products

The results of testing parameters of milk fat content and protein content in pasteurized
milk samples are shown in Table 1. Milk fat ranged from 2.8% to 3.6%, while protein
content was measured in the range of 2.9% to 3.3%. Small variations were obtained,
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characterized by a coefficient of variation for milk fat of 10% and for protein content

of 4.6%.

Table 1 Test results of pasteurized milk

Parameter Milk fat (%) Protein content
Number of 8 8
samples
Min. 2.8 2.9
Max. 3.6 33
X 3.1 3.1
SD 0.31 0.14
CV (%) 10 4.6

The results of quality testing of 42 samples of cheese, which came from Serbia and
were imported, are shown in Table 2.

Table 2 A summary of the examination of cheese quality parameters from Serbia and

imports
. . Water content
Parameter Milk fat (%) Milk fat in dry in fat-free Dry
matter matter
matter
Number of 42 42 30 42
samples
Min. 1 4.75 49.06 21.06
Max. 31 58.66 82 66.15
X 22.71 42.59 60.39 51.18
SD 7.489 9.756 7.351 12.48
CV (%) 32.98 2291 12.17 24.39

In the summary of the test results of the quality parameters of cheeses (Table 2), the
cheeses are not classified according to the method of obtaining, processing and
ripening, and therefore the test results are characterised with considerable variation.
From the results of determining the quality parameters of the cheeses, it can be seen
that the milk fat content ranged from 1% to 31%, the milk fat content in the dry matter
from 4.75% to 58.66%, the water content in the fat-free cheese matter from 49% to
82%, while the dry matter of the cheese had values between 21% and 66%. The
coefficient of variation is the highest for the milk fat content (32.98%), and the lowest
for the water content in the fat-free matter (12.17%).
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The results of testing the parameter of milk fat in dry matter showed that the cheese
samples belonged to skimmed cheeses (1%), low-fat cheeses (2%), semi-fat cheeses
(15%) and full-fat cheeses (23%), while no sample was categorized as extra-fat cheese

(Figure 3).
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Figure 3 Distribution of cheese samples according to the share of milk fat in dry

matter

Table 3 The results of testing the quality parameters of cheeses originating from

Serbia
) ) Water content
Parameter Milk fat (%) Milk fat in dry in fat-free Dry
matter matter
matter
Number of 29 29 19 29
samples
Min. 1 4.75 53.56 21.06
Max. 30 58.66 82 61.35
X 20.74 41.02 61.99 47.54
SD 8.232 11.27 7.671 13.26
CV (%) 39.70% 27.47% 12.38% 27.89%
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Table 4 The results of testing the quality parameters of imported cheeses

. . Water content
Parameter Milk fat (%) Milk fat in dry in fat-free Dry
matter matter
matter
Number of 13 13 11 13
samples
Min. 25 40.76 49.06 48.67
Max. 31 5342 69.36 66.15
X 27.10 46.11 57.62 59.31
SD 1.79 3.09 6.12 4.29
CV (%) 6.60 6.70 10.63 7.23

Figures 4 and 5 show the distribution of milk fat in the dry matter of semi-fat and full-
fat cheeses originating from Serbia and imported.
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Figures 4 and 5 Presentation of the distribution of milk fat in the dry matter of semi-
fat (left) and full-fat cheeses (right) originating from Serbia and imported (X + SD).

Table 5 shows the results of determining the quality parameters of fermented products
(yogurt and sour milk).
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Table S Results of testing quality parameters of yogurt and sour milk

Parameter Milk fat (%) pH
Number of
7 7
samples
Min. 0.5 4.2
Max. 11 4.4
X 4.5 4.3
SD 34 0.078
CV (%) 76 1.8

Tables 6, 7, 8, 9 and 10 show the results of testing quality parameters for milk products

(butter, milk and whey powder, kajmak, cottage cheese).

Table 6 Test results of the butter quality parameter

Parameter Milk fat Fat-free dry Moisture
(%) matter (%)
Number of samples 3 3 3
Min. 84 1.1 11
Max. 88 1.9 15
X 86 1.4 13
SD 2.3 0.44 19
cv (%) 2.6 32 15

Table 7 The results of testing the quality parameters of milk powder

Parameter Milk fat (%) Fat-free dry Water Protein
matter proteins content content
Number of samples 3 3 3 3

Min. 1 29 2.6 23

Max. 28 35 4 33

X 15 33 3.2 27

SD 14 3.5 0.71 5.3

CV (%) 93 11 22 19
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Table 8 Results of testing the quality parameters of whey powder
Protein Water Milk fat 0 pH of 10%
Parameter content content (%) Ash (%) solution
Number of samples 3 3 3 3 3
Min. 3.2 1.9 0.3 2.8 6.3
Max. 11 3 0.8 7.3 6.5
X 7.5 23 0.6 5.7 6.4
SD 4 0.58 0.26 2.5 0.06
CV (%) 54% 25% 44% 44% 0.94%
Table 9 Results of testing the quality of kajmak
Parameter Milk fat Milk fat in Dry o Salt content
ele (%) dry matter matter P (NaCl)
Number of samples 2 2 2 2 2
Min. 57 81 67 6 1.2
Max. 58 87 71 6 1.2
X 58 84 69 6 1.2
SD 0.71 4.4 2.8 0.01 0.03
CV (%) 1.2 5.2 4.0 0.12 2.4

Table 10 Results of testing the quality of “urda“

Milk fat Milk fat in Dry
(%) dry matter matter
6.5 26.4 24.6

DISCUSSION

The presented results show that all samples of pasteurized milk met the quality criteria
prescribed by the Regulation and that no sample contained less milk fat than stated on
the product declaration. The protein content corresponds to the average protein content
of cow's milk. According to the analysis from 2022, milk production in the Republic
of Serbia has stabilized at around 1.5 billion liters thanks to the increase in production
per head. However, since the number of heads was reduced, the production also began
to decline. In 2021, production was 100 million liters lower (RZS, 2023).

All tested cheese samples met the criterion prescribed by the Regulation in terms of
dry matter (Regulation, 2010), with a variation in the amount of dry matter of about
24%, which is explained by the fact that the samples were different types of cheese,
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which are obtained in different ways (Table 2). The milk fat content, which varied by
almost 33%, stands out as the parameter that best describes the variety of cheeses on
the market. This difference originates, apart from the characteristics of production, and
from the demands of the market, where in the last two decades the demand for cheeses
made from skimmed milk with a reduced milk fat content has been growing. Analyzing
the test results of cheese samples originating from Serbia, it is noted that the milk fat
content ranged from 1% to 30%, the milk fat content in the dry matter from 4.75% to
58.66%, the water content in the fat-free cheese matter from 53.56% to 82%, while the
dry matter of the cheese ranged from 21% to 61%. In this case, the coefficient of
variation is the highest for the milk fat content (39.70%), and the lowest for the water
content in the fat-free cheese (12.38%) (Table 3). If cheeses originating from the
Republic of Serbia and imported cheeses are compared, different types of cheeses are
represented. All tested imported cheeses have a share of milk fat in dry matter over 40,
that is, over 25% of milk fat, so according to the division they are classified as semi-
fat and fat cheeses (Figure 3, 4 and 5). As the Regulation defines different cheese
quality conditions depending on the production characteristics, it can be concluded that
all tested cheeses have adequate quality. Of the examined characteristics, a statistically
significant difference was found between domestically produced and imported cheeses
in terms of milk fat content (U= 98.5 p=0.013), as well as in dry matter content (U=62
p=0.0003). These results refer to all tested samples and confirm the difference between
the types, origins and types of imported and domestic cheeses. As all tested imported
cheeses belonged to the category of semi-fat and fat cheeses, if they are compared with
the same category of cheeses produced in Serbia, there is no statistically significant
difference in the quality parameters (p>0.05). In earlier study obtained in Serbia,
cheeses from markets were examined, where the quality parameters of cheeses
produced from thermally processed milk and from uncooked milk were determined
(Radovanovi¢ et al., 2016). The results of those analyzes of cheeses from individual
agricultural producers showed lower values for dry matter than the samples tested in
this study, i.e. in the case of uncooked milk cheeses, 36.87+6.10%, while in the case of
cooked milk cheeses, this share is expected to be slightly higher, i.e. 41.13+4.97%. The
fat in the dry matter of such cheeses was 56.39+9.36% in uncooked milk cheeses, while
in boiled milk cheeses the share of milk fat was 42.63+17.68%, which represents an
expected decrease, because small producers separate the cream from boiled milk before
making cheese. Our results show an average amount of milk fat of 41.02+11.27%,
which is a result that must be seen in the context of an adequate group of cheeses
according to the amount of milk fat. All tested samples of fermented products met the
quality criteria prescribed by the Regulation (Regulation, 2010). The obtained values
for the tested parameters are significantly lower than those obtained by Goli¢ et al.
(2014).

The parameters of the butter quality test were the content of milk fat, water and dry
matter (Table 6). The samples were block butter, frozen butter and butter made from
pasteurized cream. All samples met the criteria of the Regulation, but all of them had
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values of the mentioned parameters higher than the minimum prescribed by the
Regulation, which the manufacturers can use in order to extend the shelf life and
adequate offer on the market. The parameter that varied the most in the examined butter
samples was the content of dry matter without fat (coefficient of variation 32%), which
only reflects the different technological procedures of product storage, such as freezing.
The milk fat content had a very low coefficient of variation in the tested samples
(2.6%), which proves the consistency in standardized butter production. The obtained
results are in accordance with the results obtained by Paduret (2021).

All milk powder samples for testing were imported (Denmark and France). Two
samples were declared as whole milk powder, while one sample was defined as
skimmed milk powder. One of the mentioned samples declared as whole milk powder
contained 14.5% milk fat, which is not in accordance with the provisions of the
Regulation, which defines a minimum of 20% milk fat. This product would have to be
declared as skimmed milk powder, because it does not correspond to the declaration.
Other quality parameters of all tested products were in accordance with the
manufacturer's declarations (Table 7).

All whey powder samples were imported (France, Lithuania and Slovakia). Of all the
tested dairy products for the purpose of quality testing, the largest share of products
that did not meet the criteria came from whey powder samples. Of all the tested
samples, only a third (33.3%) met all the prescribed criteria (Table 8). Disagreement
with the Rulebook was observed in the criterion of protein content, where only the
samples from France had over 11% protein, which represents the prescribed minimum.
All other product quality parameters of all tested whey powder samples were in
accordance with the requirements of the Regulation.

The results of the kajmak testing included two samples of young kajmak from the
Zlatibor region, and both met the quality conditions prescribed by the Regulation. The
test results of one “urda” sample (Table 10) met the quality criteria prescribed by the
Regulation. Similar results of testing the quality of 14 “urda” samples in Montenegro
are reported by Bojanic Rasovic et al. (2017), who proved that the mean value of the
dry matter content of “urda” was 42.85%, fat content 21.74%, protein 13.66%, salt
2.67%, fat in dry matter 50.77%, fat in dry matter 21.11% and water content in dry
matter of free fat 49.67%.

Basque represents a mature lump in the process of obtaining cheeses from steamed
dough such as cheese. Basque quality parameters are not defined by the Regulation, so
there are no set limits for the quality parameters of this product.

CONCLUSION

The obtained results showed that 95.71% of the tested samples of milk and dairy
products met the criteria prescribed by the Regulation. One sample of milk powder did
not correspond to the declaration due to a lower content of milk fat, but it would have
met the criteria if it had been defined as skimmed milk powder, because the other tested
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parameters were appropriate. Two samples of whey powder did not meet the criteria of
minimum protein content, while the other parameters were adequate. The quality
parameters of Basque are not defined by Regulation, so there are no set limits for the
quality parameters of this product. The quality parameters are satisfactory in the
majority of tested samples, but monitoring of the quality of milk and dairy products
will continue through monitoring, because some products did not meet the criteria
prescribed by the Regulation or did not have an appropriate manufacturer's declaration.
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Caxerak

JKvBuHapcka npou3Bo/iha je TOKOM MOCHEBUX JEeHHja 0]l CIIOPEIHE AETaTHOCTH Y
CEOCKUM JoMahMHCTBUMA M3pacia Yy BUCOKO CHEIHjaJIn30BaHy MHIYCTPH]CKY TpaHy
CTOYapCKe MPOU3BOAIKE KOja MMa BEJIMKM MOTEHIHjal 3a Pa3Boj MPHUBPEIE MHOTHUX
3emMasba. Y PenmyOmumu CpOuju TpeHyTHO ce raju yKynmHo 21,6 MUIMOHA jeIUHKHU
XKUBUHE, o yera 12,5 munmona Opojiaepa ¥ 7,5 MHUIMOHA KOKOLIaka HOCUJba. Y
nopehemwy ca pesynraruma [lonuca nossonpuspene u3 2018. ronuue, yousbuB je maj
YKyTIHOT Opoja >xuBuHe 3a 7,3%, oqHOCHO 3a 4ak 23,25% y ofgHOCy Ha pesyiarare u3
2012. romune. [IpousBoama jaja je HA HUBOY HELITO BUIIEM o1 1,5 MuMjapau komaaa
HITO MPEICTaB/ba MUHUMAIIHU 3a0€eJ1eKeH HUBO MPOU3BOIHE jaja Y TOKY MPETXOAHUX
necetr roguHa. Ca apyre crpane, TokoM 2023. ronuHe, OCTBapeHa je MPOM3BOIHA
xuBUHCKOT Meca of1 127 000 1, onnocHO Ha 10% BuIleM HUBOY Y OHOCY Ha MTPETXOAHY
ronuny u 13,6% Bule y ogHOCY Ha NETOrOAUIIBH pocek. HeonmxoaHu cy 030ubHU
HaTopH y CTPYKTYpHOM pedopMucamy OBOT CEKTOpa MOJbONPUBPENIE, Al U PypPATHUX
CpeIHHa, y CMUCITY jayama BbUXOBE EKOHOMCKE €()UKaCHOCTH U KOHKYPEHTHOCTH.

KibyuHe peun: )xuBuHapcKa MpoOU3BOAKHA, UCXpaHa, OpojiiepH, HOCHIbE.

YBOJ
3axBasbyjyhu OMOJIOIIKMM KapaKTepUCTHKaMa >KMBHUHE (BUCOKA pENpoOayKTHUBHA
CHOCOOHOCT, ©Op3 TMmOpacT, Kparak TeHepalHjcKu HMHTEepBal U  e(UKACHO
uckopuihaBame XpaHe) pa3Boj >KMBHHAPCKE NMPOU3BOIE Yy CBETY, Ka0 M KOJ HAc,
MOCNIEAmBUX JEleHHja MIIA0 je y NpaBlly HEHOT WHTEH3UWBUpama. 10 ce HajBUIIE
OJHOCH Ha KOKOLIKE, KOje TMpeJICTaB/bajy OCHOB CaBpEMEHE MHIYCTPHjCKe
MIPOU3BO/IHE, AJTM U Ha hypKke, KOje Cy 3aCTyIUbEHE y AajieKo MameM O0pojy. CTBopeHn
CY HOBH U OIUIEMEHEHU CTapU XUOPUAM BUCOKOT T€HETCKOT MOTEeHIIMjajia, TOo je 3a
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pe3yaTar UMalio 3Ha4ajHoO ckpahuBame dyKHUHE Tpajarba TOBa, Opike MOJHO Ca3peBambe
JjenuHKu, Kpahe Bpeme npoHoIIeHha U Ay KU Mepuoj] ekcruioarauuje. Mehyrtum, tpeda
HATNlOMEHYTH J1a CEJIEKIM]CKHU pajl yCMEpEH Ka 1001jalby OBaKBHUX jeIMHKU HUjE MOTao
na npohe 6e3 npobiema. To ce y IpBOM pelly OJHOCH Ha BbUXOBY CMambEeHY OTIIOPHOCT,
Behy yuecrajocT HacTaHka MeTaOonuMukux nopemehaja, Behe 3axTeBe y morieny
yCIlIOBa HETe U JApiKamba, BUCOKE MOTpede y XpaHJbUBUM MaTepujaMa U HEOMXOAHOCT
kopuithema XpaHuBa 100pe Ouonomike BpeaHOCcTH U cBapsbuBocTé (Kleyn u cap.,
2021). be3 003upa Ha cBe M3a30Be€ ca KOjUMa C€ Cyo4aBa, )KMBHUHAPCKA MPOU3BO/IHA j&
TOKOM TOCJbEIIbUX JICLEHUja O] CIIOPEIHE JIENAaTHOCTH Y CEOCKUM JoMahHMHCTBUMA
u3paciia y BUCOKO CIelHjau30BaHy UHyCTPH)CKY I'paHy CTOYapCKe MPOU3BOIIHE KOja
oMoryhaBa /1a ce y peJaTMBHO KpaTKOM BPEMEHCKOM IEpUOy IMPOU3BEIY 3HauyajHEe
KOJIMYKMHE BUCOKOKBAJIMTETHUX MPOU3BOA MOMYT Meca M jaja, ajli U 1epja, OpraHcKor
hyOpuBa u nparehux npousBoga KOju 0CTajy HaKOH Kiama U oOpazae Tpymnosa. 300r
TOra, Kao 1 Op30r 0OpTa KanurTajia Koju Mpyxa, OHa ©Ma BEJTUKU MOTEHIIMjaJl 32 pa3Boj
MpuBpeAe MHOTMX 3eMmaba. Jlujerercka cBOjcTaBa Meca M BHCOKAa HYTPUTHUBHA
BPEIHOCTH jaja, Kao M BUX0BA PEJaTUBHO HUCKA TP)KUILHA IIEHa YMHE OBE MPOU3BOJIE
MPUXBATJLUBUM O] CTPaHE CBHX KYJITypa W Halldja, a YjeIHO BpJIO MOXKEJbHUM M
MPUKJIaJHUM HaMUpHHIIAMa y CBAaKOAHEBHO] McXpaHu Jbynu (MapkoBuh u bantuh,
2018).

TpeHyTHO cTame Y )KUBHHAPCKOj NPOU3BOIAHH
Ha ocHoBy pesynrara momuca mnossonpuBpene u3 2023. rogune (P3C, 2023), y
Peny6nuuu Cpbuju raju ce ykynsao 21,6 munmona jequnku xuBuHe (21.604.693), ox
yera 12,5 mwmona Opojnepa (12.468.831) u 7,5 MwinoHa KOKOIIaka HOCHJbA
(7.489.642). YV oanocy Ha nperxonny, 2022. roauHy, yKynaH 0poj >KUBHHE MambH je
3,6%, npu ueMy je Opoj KOKa HOCHJba CMameH 3a 5,2%. Melytum, oBaj HeraTuBaH
TPEHJ 3HATHO j€ W3PAKEHUJU YKOJIMKO C€ aHaJIM3upajy pe3yaTard Iomnuca
nossonpuBpeae u3Bpmenux 2012. u 2018. ronune (P3C, 2012; P3C, 2018). Taxo je
2018. roquHe ykynas 6poj >kxuBuHe nuznocuo 23.184.408, ca magom oz 7,3%, oMHOCHO
3a yak 23,25% kana je y nutamwy 2012. roquna (ykynad Opoj >KMBHHE TaJ1a j€ H3HOCHO
26.627.308).
[locmarpano mo permonuma, y PemyOmuum CpOuju KUBMHA C€ HAjBUIIE Taju y
Bojoaunm, ca ykymHo 9.676.620 jenunku, (mTo npeacTaBiba 45% ykymHOT Opoja),
HakoH uera cieae Ulymanmja m 3amamna Cp6uja, Jysxxna u Mcrouna Cpbuja u
Bbeorpaacku peruos.
CrpykTypa rajeHe >KMBMHE IpeMa BpcTaMma yKasyje Ja Cy KOKOILIKE JOMHHAHTHO
3acTymbene ca 98% (Opojnepu 58%, a xoke Hocube 35%), mok yuemnihe maraka,
hypaxka u rycaka uznocu 0,5%, 0,4% u 0,3%, HaBeeHUM peaociieioM. Y OIHOCY Ha
MeTOrOIMIILH MPOCEK, EBUICHTAH je maj Opoja hypaka (-25%) u nmaraka (-14%), nox
je 6poj rycaka y nopacty (+43%), 3axBasbyjyhu, mpe cBera, BeJIMKOM mopacTy Opoja
rycaka y 2023. y onnocy Ha 2022. ronuny, 3a 4ak 35 xuspaaa jeaunuku (+150%).
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BnacHunm kuBHHE Cy TOTOBO Yy TOTIYHOCTH PETHCTPOBAHU Kao IOPOAUYHA
razauncTia (220.324), y3 Bpio manu 0poj npaBaux juua (147) u npenysetHuka (44).
WuTepecanTtHo je mak Ja mpaBHA JIMIA PACTIONaXy ca BHUILE O 8,5 MUIMOHA JeAUHKI
xuBuHE (8.553.613), omHocHO mpubamxHO 40% ykymHOTr Opoja kuBuHE. cTo Tako,
€BUJICHTHO j€ U YKPYITHhaBambe ra3InHCTaBa Koja ce OaBe )KMBUHAPCKOM MTPOU3BOAHOM.
Hauwme, 6poj raznuncraBa koja umajy ao 50 jemunku, npe net roausa (P3C, 2018)
yiHHO je 23% yKynHor Opoja ra3IMHCTBa, 0K je caja oBo ydeurhe Ha HUBOY o1 16%.
UcroBpemeHo, 3acTymibeHOCT Ta3AuHCTaBa Koja uMmajy npeko 5.000 jemunukwm je ca
58% yBehana Ha 71,5%. M3HeTn pe3ynraTd ToBope y MPWIOT UYUEHUIM Ja
KUBUHAPCKa NPOU3BO/Iba CBE BHILE J00Mja WMHAYCTPUJCKH KapakTep U 3axTeBa
KOPIOPATUBHU MPUCTYII.

[Ipouemwyje ce na ykynHa MHAYCTPUjCKA MPOU3BOAA XPaHE 3a KUBOTHILE Y HAIIIO]
3eMJbU Ha TOAMIIE-EM HUBOY U3HOCH HEIITO Mpeko 1,4 MUIMOHA TOHA, OJ] Yera XpaHa
3a kuBMHY y3uMma yuemthe ox 33%. ¥V Tabenu 1 mpenacrtaBibeHM Cy MOAaLU O
OCTBAapEHO] MPOU3BOIHY MOTIYHUX, JONYHCKUX U MpEACMeNIa 3a UCXPaHy KUBUHE Y
nocneame yetupu rogune (P3C, 2023).

Tabena 1 nnycTpujcka npou3Boima XpaHe 3a )kuBuny y Pemyomuiu Cpouju

Wunyctpujcka mpou3Boamba OcTtBapeHa NpoU3BO/IHA/TOIHA
XpaHe 3a )KUBHUHY (Y TOHaMa) 2021. 2022. 2023. 2024.*
[Tornyne cMenie 3a )kuBuny | 441.463 | 456.217 | 489.734 | 308.473
JlomyHCKe cMelle 3a )KUBUHY 7911 6.862 8.220 5.371
[Ipencmeliie 3a )KUBUHY 2.223 1.963 1.207 737

*jaryap-jyn

ExoHoMcKH noKa3aTe/bu NPOU3BOAHE

On yKynHe BpeIHOCTH MOJBONPUBpenHE Npou3Boame y Penyonunu Cpouju y 2019.
TOJIMHU, CTOYapCTBO je 00yxBaTano oko 29%, ca Bpennomhy ox 1,49 munujapau EYP,
mTo npenacrasiba 15% Buie y nopehemy ca 2015. romunoM. Bpeanoct npousBoame y
CTOYapCTBY MOCMaTpaHa MO BPCTH KUBOTUI-A Ouia je cieneha: mpousBoAma roBeaa
n3Hocwia je 275,5 mumona EYP, ceuma 540,4 munvona EYP, xxusune 127,9 Munnona
EVP, a oBama u kxo3a 90,2 mwmona EYP (P3C, 2020). Ilpema nomaumma wu3
Exonomckux pauyna noseonpuspene y Penyonunu CpOuju, y nepuony ox 2012. Jlo
2022. ronuHe, y CTPYKTYPH BPEAHOCTH CTOYAPCKE MPOU3BOAE MPOCEYHO y3I0j CTOKE
yuecTByje ca 68,2%, a mpomsBomu crouapctBa ca 31,8%. VY y3rojy crtoke, y
MocMaTpaHoM MepHoy, mpoceuHo Hajehe yuenthe nma y3roj ceuma (51,8%), a motom
cienu ys3roj roeega (27,0%), xusune (12,4%), oBana u xo3a (8,6%) u y3roj koma
(0,2%).

JIBe aBHE JMHHjE MPOU3BOAKE y KUBHAPCTBY OJHOCE C€ Ha y3roj Opojiepa u
MPOU3BO/IbY KOH3YMHHUX jaja U MPeCTaBJbajy Haj3acTyIJbEHH]e TpaHe cTOYapCcTBa Ha
MOJHONIPUBPEAHUM TazauHcTBUMa Y PeryOmuuu CpOuju. On necer ra3auHcTaBa CBUX
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TUIOBa, TOTOBO CEJaM y3raja >KMBUHY. VICTOBpeMeHO, >KMBMHApPCTBO j€ HajBHILE
MHAYCTpHjau30BaHa rpaHa MoJbONpuUBpee, rie ce yak 37,3% rpia >kMBHHE y3raja Ha
cBera 225 mOJbONPUBPEAHUX Ta3IUMHCTaBa KOja MMajy CTaTyCc NpPaBHOI JULA M
npeny3eTHuka. [1o BpenHOCTH MpOW3BOAKE, )KUBUHAPCTBO 3ay3uMa Tpehe MecTo y
cTrouapctBy ca yuenom oa 12%. Ilpema 3BanumuHuM mnopauuMa CTaTHCTUYKOT
ronummaka PemyOmuke Cpbuje 3a 2020. roauHy, Mpou3BOAKA KOKOIIMJUX jaja U
Opojnepa yuectByje ca 4,9% y yKymHO] BPEIHOCTH MOJbONPUBPEIHE MPOU3BOIHE Y
2019. roguuu. OyuIIEOHO je JAa 3HAyaj KUBHHAPCTBA pacTe Kako HAa CBETCKOM
TP>KMIUTY, Tako U Ha TpxkulTy Pemybnuke Cpouje (Scanes, 2007).

VY oanocy Ha 2022. roguny, neHa opojiepa y 2023. rogunu je 7% Huxa, 10k je 19,7%
BUIIa y opehemy ca MpoceyHoM MeToroauImhoM eHoM (Tabena 2). Benuku ytunaj
Ha TO MMajy LIEHE XpaHe 3a )KUBOTUIHE U EHEepreHara, Koje cy 3HayajHo nopacie 'y 2022.
TOJIMHU, Ka0 U LIeHE MECHUX Mpepal)eBUHA O]l 5 KUBUHCKOT Meca, KOj€ C€ Y BEJIMKO] MEPH
yBo3e. McTtoBpemeHo, noBehano kiame U Beha moHya Meca, yCIOBHIN Cy HIXKY LIEHY
Meca Ha TPXKHILTY.

VY Tabenu 2 npukazaHe cy NpoceyHe roiulImhe OTKYITHE 1IeHe Mpour3Bolaya )KuBUHE 3a
nepuog 2014-2023. roquna (P3C, 2023).

Ta6ena 2 IIpoceune roguime OTKYHE 1IeHE Tpou3Bohaua sxuBHuHE 3a nepuoa 2014-
2023. roguHa

['oguna Otkynsae nene y PCIl/kg Otkynne niene y EYP/kg
2014, 121,27 1,03
2015. 112,91 0,94
2016. 111,98 0,91
2017. 111,76 0,92
2018. 104,71 0,89
2019. 95,57 0,81
2020. 96,53 0,82
2021. 112,88 0,96
2022, 141,74 1,21
2023. 132,00 1,13

Hnnexc 2023/22 93,13 93,29
Wnpeke 2023/18-22 119,69 120,17

VY CHOJFHOTPrOBHUHCKO] pa3MEHU >KMBUHCKOT Meca y MPOTEKIOM MEepUOIy Oeexu ce
BULIETOUINGU Je(UIUT, Y3 IPUCYTaH pacTyhu Tpena. BpeaHocT n3Bo3a >KMBUHCKOT
Meca 'y 2023. rogunu je 3a 5,7% BHIlIa HETO MPETXOAHE roAMHE, WTO je 3a 20% u3Hajg
HUBOA MPOCEYHE METOTOJUIIHLE BPEIHOCTH M3Bo3a. TokoM 2023. roguHe yBe3€HO je
AKUBUHCKO MECO y BpeaHOCTU 12% BHIIIO] HETO NMPETXOHE TOANHE, OJHOCHO Yak 61%
BHUIIIO] O POCEYHE METOTO/IUIIHE YBO3HE BPEHOCTH OBE BpcTe npousBoaa. Y Tabemu




132 Berepunapcku :xypuana Penyonunke Cpncke (Bama Jlyka), Boa. XXIV, Bp.1-2, 128-146, 2024.
PanysaoBuh u cap.:
JKuBunapcka npoussoama y Penyoanuu Cpouju — TpeHYTHO cTame H MepcrneKTuBe

3 mpuKa3aHu Cy MOJAIU CIIOJbHOTPTOBUHCKE pa3MEHE KUBUHCKOT Meca Y MEPHOIY O
2019 no 2023. ronune. (P3C, 2023).

Tabesa 3 Crio/bHOTPrOBUHCKA pa3MeHa KUBUHCKOT Meca (€KBUBAJICHT Mace TpyIa)
(000 EVP)

l'oguna | 2019. 2020. 2021. 2022. 2023.

N3B03 16.827 16.425 17.549 19.832 20.978
YB03 35.348 37.655 43.821 59.925 67.164
Cango | -18.521 | -21.230 | -26.272 | -40.093 -46.186

Lena jaja je Toxom 2023. rogune nosehana 13% y ogHOCYy Ha MPETXOAHY TOIUHY,
JOCTUTABIIN HUBO Yak 52% BUIIM HUBO O MpoceyHe neroroAuiimne ene (Tabena 4).
3HavyajaH yTUIaj Ha LEHY jaja UMalie Cy IIeHe CTOYHEe XpaHe U eHepreHara, Koje cy
3HayajHo mnosehane toxkom 2022. u 2023. roauHe, y3 UCTOBPEMEHHM HH(IATOPHU
nputucak. Jaja ce u3 Pemyonuke CpOuje n3Bo3e UckbyunBo y bocHy u Xepiieropuny,
Hpuy T'opy u CeBepny MakenoHujy, J0K ce MPOU3BOAU O] jaja YBO3€ Y BEIMKUM
KoJM4MHaMa u3 Apxasa uianuna EBporicke Yuuje (EVY), ynpkoc uunmeHunm aa y
Peny6nuuu Cpbuju mocrtoje nBa ogoOpeHa objekra 3a mpepany jaja (,,[akoBo” u3
Wnhuje u ,,Menamx” u3 Basbesa).

VY Tabenu 4 npukazane cy IpoCce4yHe roAMIILE OTKYITHE LIEHE TPOU3BOhaua KOH3yMHUX
jaja 3a mepuon 2014-2023. roquna (P3C, 2023).

Tabena 4 [IpocedHe OTKyHe TOAMIILE [IEHE TPOM3BOhaua KOH3yMHHUX jaja 3a
nepuon 2014-2023. ronuna

l'ongnHa Ilene y u PCl/xom Ilene y EUR/kom
2014, 8,24 0,07
2015. 7,79 0,06
2016. 7,69 0,06
2017. 8,55 0,07
2018. 7,70 0,07
2019. 8,04 0,07
2020. 7,99 0,07
2021, 8,22 0,07
2022, 11,80 0,10
2023, 13,38 0,11

HNunexc

2023/22 113,39 113,59

HNunexc

2023/18-22 152,91 153,52
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HajBa:kuuju npodjemMu koju ontepehyjy ;KNBUHAPCKY NPOU3BOAY
C o03upoM za je HabaBKa KBAJIMTETHOT MPUILIOJHOT UM TOBHOT MaTepujajia OCHOBHU
KOpaK y JKUBHHApPCKO] NMPOU3BOJIbYU, HAajupe, TpeOa HaBECTH YMIHLEHUILY Jla y Hallloj
3eMJbU JI0 JaHacC Ha)kaJloCT HHUje CTBOpPEH HHU jenaH xuOpun, Beh je mpousBoama
3aCHOBaHa caMO Ha YBO3y NPUIUIOAHUX Tpiia U jaja U3 eBpONCKuX 3emasba. OHa ce
HabaBJsbajy MPEKO MPUBATHUX (PUPMHU KOj€ YITIaBHOM Pa3MUIILbajy O MPOQUTY, I0K Cy
KBAJIUTET U MPOOJIEMH JI0 KOjJUX TO MOXKE TOBECTH KOJ Hamux apMepa 3aHeMapeHu.
VBe3eHa jaja Cy MOHEKaJl M3BaH KJlace, TaKo Ja HAKOH BUXOBOT MHKYOUpama U 01iroja
MIPUILIOTHOT MOoAMIIaTKa OMBa (POPMHUPAHO POTUTEIHCKO jaTO, KOj€ Y TOKY MPOU3BOJHOT
IUKJTyca KOHCTAHTHO Jiaje JIoNIHje mpou3BoaHe pe3ynrare (Joxuh u cap., 2004).
VY ciuyHMM OKOMHOCTMMa (Kao M MpOM3BOhauM pOAMTEIbCKHUX jaTa) Hallaze ce U
dapmepu koju ce 6aBe ToBoM Opojiepa u hypuha min mpou3BOAKHOM KOH3YMHHUX jaja.
Hauwme, 300r HectaOWiIHOr Tp)KHILNTA, MOHYAA jJETHOAHEBHE MuiIaau (3a TOB WIIHM
Oyayhux HOcWJba) JOCTa BapHpa y TOKY TOJMHE, a CaMUM TUM M HUXOBa LEHa.
Haxanoct, kon Hac je jom yBeK MPUCYTHAa M cTapa HaBHMKa, Ja C€ OJyCTaje Of
MIPOU3BO/IHE YKOJIMKO CE Ha YJIOKEHH HE MOYKE 3apaJuTH JOII jefaH JUHap.
300r HeypeheHoCTH TpXKUIITA IIEHE Meca, jaja U XpaHe 3a )KUBUHY 3Ha4ajHO Bapupajy
y TOKY jeaHe roaune. HepeTko ce nemnraBa fa 1ieHa XpaHe He PaTH LIeHy Meca U jaja u
oOpnyTo. Takolhe, He BpIIM ce HU KOpEKIIMja LIEHE Meca Ha TPXKUILTY KaJa ce IeHa
yTOBJbEHOT THJIeTa Ha (papmu Memwa (moBehasa win cMamyje). YecT je ciayyaj na ce
NMUWIeTHHA U3 yBo3a (KOJ Hamux JoMahuila oKapakTepucaHa Kao ,,HaJyBaHa, IyHa
Bojie”’) Mpojaje o HWXKOj IEeHH of Jomahe, KBATUTETHO MPOU3BENICHE, Ka0 M TO Ja
MacHHU ¥ MpILIAB TPYIl, CUTHO U KPYITHO jaje, Ha TPXKUIITY UMajy ucty 1eny (Jokuh u
cap., 2023). To y najBehoj Mepu HapylIaBa ycrnocTaBjbame 100pe capajme u3mely
nmpousBohaua XpaHe 3a KUBOTUIE, (papmepa u mnpepahuBauke unmyctpuje. Ilo
3aBpUIETKY MMPOU3BOAHOT IMKJIyca (TOBa WM MPOU3BOH-E KOH3YMHHUX jaja), jaBjba ce
JOII jeZlaH BEJIMKU MpoOJieM, KaKko YTOBJbEHA Ipila WM KOH3YMHA jaja IjIacHpaTH Ha
TPKMIITE U MO KOjo] LeHW. To je MpemylTeHO caMHM Ipou3Bohaunma, KOju Ccy
TEXHUYKU HEONPEeMJbEHU U 0e3 Oprann3zoBaHor HacTyna. Haxanoct, oHn yecto Mopajy
Jla Tpojajy CBOje MPOM3BOJE MO HUCKO] LIEHH, jep CBAKUM JIaJbUM MPOIYy’KaBabEM
MIPOU3BO/IE yia3e y joul Behu pruHaHCHjCKU TPoOIeM.
Tpeba pehu u T0 Aa U camu papmepu (YIIIaBHOM MamkbU WHAUBUAYAIHU TPOU3BOhaun)
HOCE BEJIUKH JIe0 OJTOBOPHOCTH, jep, Ja JI1 300T He3Haa, HECaBECHOCTH, WJIH IPOCTO
UTHOpHCamkha YIOYTCTBA 3a ynorpeOy BETEPHMHAPCKUX JIEKOBA, HUX KOPHUCTE Y TOKY
neprosia HOCUBOCTH, MJTH JI0 CaMOT Kpaja TOBa, ILITO 3a MOCIIECAMILY UMa [I0jaBy pe3uaya
y Mecy H jajuMa. Mako y Haioj 3eMJbH MOCTOjU BeoMa J100ap mporpam KOHTPOJIE
HaBEJICHUX MarepHja, 0e3 Mo/inu3ama CBECTH CaMHUX MIPOM3Bohada 0 3Hayajy IpaBUIIHE
ynotpede JeKoBa, 0Baj MpobieM ce HUKaja He MOXe y OTHYHOCTH pemuTH. He cme
ce 3a00paBUTH HU MOJATAK Jla CMO MO Opojy KaHIleporeHux obosbema Mehy Bogehum
3emsbama y EBponu (Jokuh u cap., 2004). 360r cimyHUX OpOmMycTa, a y TPIH 3a
po(UTOM IO CBaKy IIEHY, HE TaKO JaBHO Y CBETY Cy CE JAECCHJIU BEJIUKH JOMOBH (CIy4aj
kaHueporenor nuokcuna y Esponu u CAPC-a y A3ujn), kazia je 101uio J0 MaCOBHOT
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YHMILITaBamka Ha CTOTMHE MHJIMOHA yToBJbeHe nmuianu. (Ghimpeteanu u cap., 2014;
Lam u cap., 2003).

VYenen cBe omTpuje TpXKUIIHE KOHKYpeHIMje mnpousBohaun cy mnpuHyhenu na
npobneMe ca KojuMa ce cycpehy MoKymiaBajy Jia perie caMocTainHo, 6e3 momohu u
caBeTa CTpyumaka. Tako ce KUBHHAPCKOM IPOU3BOIH-OM JaHAC yIIIaBHOM OaBe ocole
KOje He TMO3Hajy y JOBOJAHO] MEpH OBy oOnact, a Ha cBojuM (apmama Hemajy
aHra)xoBaHE arpOHOME U BeTepuHape. Tome 1o1aTHO JONPUHOCH YHMHH-CHUILIA J1a CE OHH,
Oam 300r HemoCTaTKa 3HaWa, YIIABHOM MPHIP)KaBajy YCTa/beHHX TEXHOJIOTHja, Ha
KOje Cy HaBHKJIHM (jep ce Iaile yBolema MHOBaIMja), a Koje Cy y Mpou3BoamU Beh
onaBHoO npeBasuhene u Hanymrene (Pagynosuh u cap., 2024).

Hanac cy y ynorpeOu pa3iM4uTH Mporpamu 3a ¢Gopmynanujy oOpoka, KOju Mmopen
XEMHJCKOT cacTaBa M Mpernopyka 3a ojpel)eHy BpCTy U KaTeropujy ’KMBHHE, y3UMajy y
o03Up M ILIeHy XpaHHMBa, Kao M OpojHE Jpyre mapaMmerpe Kao MTO cy OajaHC
CJIEKTPOJINTA, My(PEPCKH U aHTUOKCHIATUBHHU KamanurteT xpaHe. Mehytum, HabaBka
KBAJIMTETHOI TMporpaMa 3axTeBa W aHTaXOBalke CTPYYHOI JuIa kKoje he mume
pykoBoauTu. Ha TepeHy cy mo3HaTu OpojHU MpuUMeEpHU TAe cy (hapMepu camoCTaIHoO,
300r mocTH3ama HUXKE LEHE CMeIle, KOPUCTWIM je(TUHHja XpaHHBA JIOIIMjET
KBAJIUTETa Y BHCOKOM IIPOLIEHTY, @ 3aTUM OCTBAPWJIM BpJIO JOUIE MPOU3BOIHE
pesynrare. MicTo Tako, OHM 4eCTO MPUXBaTajy T3B. TEPEHCKE pELENType Koje cy Aalie
nobap edexar Ha oapeheHoj papmu, He y3umajyhu npu ToMe y 003up pasziuke Koje
noctoje u3mely xopumhenux xubpuaa, 300XUrHjeHCKUX YCI0Ba WU MpodiieMa Koju
Cy NMPHUCYTHH y BHXOBOM 00jekTy. 'pemike ce MOry jaBUTH M KOJ cCaMHUX JU3ajHEpa
(mporpamepa), KOju HE€ IMO03HAJy OOJIACT HCXpaHE >KUBOTHHA, TaKO Ja HUXOBHU
IporpaMu 4YecTo Hemajy Ao0py ynoTpeOHy BpeaHocT, Beh 3axTeBajy A0AaTHU
MaHyeJIHH paja HyTpuimonucta (Paxynosuh u cap., 2018).

Yecto ce Ha TepeHy Besldya XpaHa HMHOCTPAaHUX MpPOM3BOhaua, MAKO TOCTOje CBU
MpeaycIOBH /1a C€ XpaHa MCTOT, YaK M OOJber KBaJHWTETa Mpou3Bene oj JoMahux
CHUpOBHHA, C 003MpPOM Jia y MOMIEAYy OCIMOCOO/BEHOCTH HHMMAJO HE 3a0CTajeMo 3a
IUXOBUM CTpyUmbaluMa. McTo Tako, Ha TP>KUIITY j€ MPUCYTaH U BeIMKU Opoj aluTUBa
U3 yBO3a, a HEKMMA Off BHUX CE YeCTO MPHUIHCY]y W HepeajHa CBOJCTBA. YKOIHUKO,
IbUXOBU €(PEeKTH HUCY MPOBEPEHH y MPOU3BOAHUM YCIOBHMA KOjJU Cy yOOHMUajeHU 3a
HAaIly 3€MJbY, OHU TaJla YIIIaBHOM IPEICTaBJbajy CaMo JICNO IPEe3eHTOBaHe MOJaTKe Ha
OecrpeKkopHO JIU3ajHUPAHOM MapKeTHHIIKOM Matepujaiy (¢umajepy). Heperko ce y
JeaHoj ucToj cMemH 300r ,JbyAcKor (hakropa” HemoTpeOHOo kopuctu Behu Opoj
Jl07laTaka ca UCTUM HaYMHOM JIeJIOBamha, IITO 3HATHO MoBehaBa mbEeHy LEHY KOILTamba.
Baxxno je HamoMeHyTH J1a aAUTUBU HUKaJa He Tpeba na Oyny KopuirheHu Kao 3aMeHa
3a HeaJeKBaTHE YCIIOBE CMEIITaja, HECTPYYHO PYKOBOhEHmE HCXpaHOM, TpeuIke
HauMb-EHE Y MHKYOaTOpCKUM CTaHUIIAMa U JIOII T€HETCKU MOTEHIUjal rpia.




Berepunnapcku :xypHaa Penyoimnke Cpncke (bama Jlyka), Boa. XXIV, Bp.1-2, 128-146, 2024. 135
PanysaoBuh u cap.:
JKuBunapcka npoussoama y Penyoaunu CpOuju — TpeHYTHO cTame H MepcrneKTHBe

CexkTopcka SWOT ananusa

Ha ocHoBy u3BplIlIeHe aHaIM3€ CTama M0 CEKTOpUMa y MOJFONPUBPEIU U Y PypPATHOM
pa3Bojy A00MjeHH Cy MOJalM U APYTH UHITYTH Koju omoryhyjy uspaxy SWOT ananusze
(enmn. Strengths, Weaknesses, Opportunities, Threats - mpemHoctH, cnaboctw,
npuinuke, nperwe). Ha npemenan naumH, SWOT Ttabenom cy cucremaru3oBaHa
cazHama O MmpeAHocTuMa M MoryhHocThMa yHampehema cTamba y OBOM CEKTOpPY
MOJHOIIPUBPEAEC U Yy JOMEHY pypajHOr pa3Boja, Koja yrno3opaBajy Ha ci1aboCTH U
MpeTHEe ca KOojuMa Ce arponpHBpeda W pypaiHa mnoapydja yoyayhe mory cpectu
(Tabena 5 u 6). OBe nuHpopMaIlHje NpeaACcTaBbajy OCHOBY 32 CHCTEMaTHU3alll]y HUJbEBA,
Mepa u aktuBHOCTH CTpareruje u nparehux goKymeHara, Te OTyAa CIIy:Ke Kao BOAUY
noHocuourMa nonutuukux omnyka (Ilpomnuc, 2014; Ipomnuc, 2023).

Tabena 5 SWOT ananuza 3a cekTop Meca

JloBOJbHA MPOU3BOIEHA CTOYHE XPaHE

3anoBospaBajyhu Opoj paaHe cHare

[ocTojame BenuKor Opoja 00pa3oBHHUX M HAYYHUX HHCTUTYIH]ja
Jo6pa pernoHaiHa 3aCTYIIJbEHOCT CAaBETOIAaBHHUX CIYKOU

Huzak ¢puHaHCH]CKM KaalMTeT CEKTOpa

YcuremeHa Nporu3BOAHa U MaJle MPOU3BOIHE JeJMHUIIE
HenoBoJspHa eaykanuja npousBohada u Maiux npepahupaya Meca
HenoBoskan HHBO yckmalheHocTH ca cranmapauMa (I1oOpoOuT
KHUBOTHIHA, 0€30€JHOCT XpaHe M 3alITUTA KUBOTHE CPEANHE)
3acrapesa TEXHOJIOTHja, 00jeKTH, MAILIIMHE W ONIPEeMa
CJIABOCTH Cnabe BemITHHE ypaBibamba PapMoM

Henmocratak edukacHOr cuctema 3a ojjarame >KUBOTUECKOT
0Tnasa ¥ OMOCUTYPHOCTH

HenoBossHO Kopumhemne 00HOBJBUBUX H30pa EHEPTH]je
HepmocraTak agekBaTHe caBeTOJaBHE MOAPIIKE U 00yKa

Cnab TtpaHcdep TEXHONOTHje M HU3aK HHBO HCTPaXHBamba H
pasBoja

Jo6po cTpaTemko U GUHAHCH]CKO OKpYKEHhe Ha HALIMOHAIHOM U
HuBoy EY

noBehaHa Tpakmka MNOTPOIIAYa 3a JIOKATHUM INPOU3BOAUMA H
KpaTKHUM JIAHIIMMA BPEJIHOCTH

YecTa mojaBa enu300TCKUX O0JIeCTH

[IpomeHa 1ieHa Ha TPXKUIITY

CHATE

MOI'YRHOCTH

[NPETHE

Bpoj 3aknanux rpia )KMBHHE TOKOM IMOCIEIBE ACLEHU]E KPETao ce y MPOCeKy OKo 65
MUJIMOHA I'piia, pH yemy je Hajpehu Opoj rpmna 3aknan 2019. ronune. Y 2023. rogunu,
Taj Opoj je 7% BUILM HEro MPETXOAHE ToAMHE W M3HOCU 69,6 MuiHMoHa rpiaa. bpoj
3aksanux rpna 'y 2023. roqunu Behu je 3a 1,5% y onHOCY Ha METOTOJUILGU MPOCEK.
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[Ipoceuna OpyTo maca 3akjiaHUX rpia *uUBUHE TOkoM 2023. roguHe MUHHMAIHO je
mopacna, ca 2,5 Ha 2,6 kg, 10K je HETO Maca ocTajia HelpoMemeHa y ogHocy Ha 2022,
ronuny (1,8 kg). [Ipon3Bonma KMBUHCKOT Meca C€ Y MPETXOAHOM J€CETOTOAUIIIHEM
Nepuoiy Kperajia y pacnoHy o 86 xuibaga ToHa no0 115 xuspaga tona y 2020. (y3
MPOCEYHY TOIUIIBY MOTpoky oA 17 kg mo craHOBHUKY), A CBE A0 peKopaHux 127
XUJhajJa TOHa, KOJIUKO je 3abenexeno 2023. ronune. Toxom 2023. roamne, oCcTBapeHA
je Tpou3BoAma KUBUHCKOT Meca Ha 10% BHUIlIEM HHUBOY y OAHOCY Ha NMPETXOAHY
ronuny u 13,6% Buie y oIHOCY Ha METOroAulImbH mpocek. [TopacT mpousBoame
KUBUHCKOT Meca pe3yTar je noBehama Kiama JKUBUHE, TPU YEMY j€ TOKOM IPETXOHE
JerieHrje mpuMeTHo noBehame yuentha 3akianux rpia y KIaHuIaMa y yKyImHOM Opojy
3aKJIaHe JKUBHHE — off 55% 3akianux rpia y kinanunama y 2013. roguau g0 99%
3aKiaHuX rpia y kinanunama tokom 2023. romumne (MIILIB PC, 2023). OakBu
pe3yATaTH TOBOPE Y MPUJIOT YHHLEHUIH /1a dKUBUHCKO MECO MOCTaje MPOU3BOJI KOJU ce
MOJIAKO CEMM U3 Maje NpPOU3BOMIIE HA Ta3JAMHCTBUMA Yy BEJIMKE WHIYCTPHjCKE
komriuiekce. [Touerkom nemnemOpa 2019. rogune, y peructpy omoOpeHux oOjekara
VYmpase 3a Berepuny Pemmyonuke Cpbuje Hanasuio ce 78 oqodpenux objekara objexara
Koju ce 0aBM KIameM, pacellameM W mpepanoM Oermor meca (KuBUHE) U TO: 35
KOMOMHOBaHUX 00jeKkaTa 3a Kllambe, pacelamne U pepajy kuBuHe; 21 objexar 3a Kiame
KUBHUHE; 22 00jeKTa 3a Kilame U pacename xxuBune (IIpomuc, 2023).

Y EVY npousBoama )XUBUHCKOT Meca TokoM 2022, ToMHe HacTaBuIIa je 1a ce CMambyje,
HAaKOH JIOCTUTHYTOT pexopaHor HuBoa 2020. rogune. IIponemyje ce na je Tokom 2022.
ronune y EY nmpousseneno oko 13 MunmoHa ToHa AUBUHCKOT Meca, mTo je 1,5% mame
y oaHOCy Ha mpousBoamy u3 2021. rogune. OBakaB pe3yiTar MpencTaB/ba MPEKU
u3pasuto pacryher Tpenna npousBoame KuBUHCKOT Meca y EY nmo 2020. roqune. Y
2022. roguau, Hajehn npousBohaum sxuBuHCKOr Meca y EY Ounu cy Ilosbeka (21%
npousBonamwe EY, 2,7 munuona tona), [llnanuja (12,6%, 1,6 mumona Tona), Hemauka
(11,9%, 1,5 munuona tona), ®panirycka (11,6%, 1,5 munrona Tona) u Utanuja (9,3%,
1,2 Munurona tona). CynpoTHO OMILTEM TPEHIY, MPOU3BOAbA KUBUHCKOI Meca y
[Tossckoj 3Hauajuo je moehana (+7,5%) toxom 2022. roauHe, NOCTHXKYhH HOBH
pEeKOpIIHU HUBO, 10K je y lllnanuju ocrana Ha penaTuBHO cTadmiiHOM HUBOY (+0,6%).
Hacynpot ToMe, 3Ha4ajHO HIKA MPOU3BOAHA 3a0eiexkeHa je y @paniyckoj (-8,7%) u
Uranuju (-11,8%) (Eurostat, 2022).

Tabena 6 SWOT ananu3za 3a cektop jaja

KonnunHa 1 KBaaIUTET CTOUHE XpaHe

CHATE - .
Tpaauimja u 1o0po Mo3HATa TEXHOJIOTH]a IPOU3BOIHE
HenoBosbna yckmahenoct ca crangapauma  go0pooutu
KHUBOTHIHA, XUTH]CHE U CTaHJapuMa KUBOTHE Cpe/IHe
CJIABOCTHU . AapA —

Crapuje CTaHOBHMIUTBO Y PYPATHUM MOJPYYjuMa
Ycutmena mpou3Boikha U Majie MPOU3BOIHE JeIUHUIIE
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Hemoctatak ~ OMOCHMTYpHOCHMX Mepa Yy  €KCTEH3UBHO]
MIPOW3BOHHI

[ToBehame Tpaxme MmoTpolava 3a MPOU3BOJIMMA U3 OJPKUBE
MIPOU3BOAHE

[ToBo/bHY (pMHAHCHJCKM W3TJIEAM 32 OJPKHBE IMPOU3BOHE
CHCTEME

[TojaBa enu300TCKUX OOJIECTH

ITPETHHE HemorosbHU KamanuTeTH 3a IOCTU3alke CTaHaapia y o0JacTh
J00poOUTH KUBOTHIHA

MOI'YRHOCTHU

[IpousBoama jaja y Penmyonuim Cp6uju y 2023. roguHu je Ha HUBOY HEUITO BUILIEM O]
1,5 mMunujapau komaja, IITO NPEACTaB/ba MHUHMMAIHU HUBO TMPOM3BOIILE jaja,
3a0elieeH y MPEeTXOIHUX JeceT roauvHa (HaBeieHa mpou3Bonama y 2018. romuuu
n3Hocuna je 1,79 munujapau). OBakaB TpeH]I je OUYeKUBaH, UMajyhul y BUY CMambEeHmhe
yKynHOT Opoja koka Hocuiba y 2023. ronunu. buxoB 6poj y NpeTxoaHo] AeueHUju
J0CcTa ocuuilyje, y3 Onary TeHACHIM]y Naja, Koja je npucyTHa u TokoMm 2023. rogune,
¢ 003uUpoM Ha To J1a ce 6enexu 2,6% Mamu Opoj KoKa HOCUJba Y OTHOCY Ha MPETXOAHY
TOJIMHY, OMHOCHO 9,5% ucnon neroroauuImer npoceka. Kperame 6poja koka HOCUIba
MMaJIo je YTUIaj U Ha Opoj CHeCeHUX jaja, Koju je y 2023. ronunu 7% HUKH Y OJHOCY
Ha MPETXOJHY TOJIMHY, AOK j€ y OJHOCY Ha METOTOAMIILU MPOCEK Taj Opoj HUKH 3a
12% (MIIMIB PC, 2023). Ilopenehu mnomatke o Opojy Koka HOocwiba U Opoja
ra3JIMHCTaBa Koja ce 0aBe HUXOBHUM y3rojeM y momnucy nosbonpuspene 2012 u 2023
(P3C, 2012; P3C, 2023) u AHKeTE O CTPYKTYPH MOJbONPUBPEIHUX ra3auHcTaBa 2018.
ronune (P3C, 2018), youaBa ce Gnaro nosehame Opoja Koka HOCUJba peMa AHKETH y
oxHocy Ha nonuc u3 2012. ronuue, y3 A0cTU3amke Opoja of 1eBeT MUJIMOHA TpJia, Kao
1 HETIPOMEH-EH MpoceyaH 0poj jeAnHKH 1o ra3auHcTBy (30 rpia mo ra3auHCTBY) y 00a
ucTpaxkuBama. Mehytum, npema pesynraruMa momnuca u3 2023. roauHe, npoceyaH
Opoj rpia mo ra3AMHCTBY je moBehan Ha 42, WITO TOBOPHU y MPHUJIOT YKPYIHbaBamby
ra3auHcTaBa. Mnak, nako je Jo1uio 10 YKpyIibaBamba MPou3BObhe, Opoj Koka HOCUIba
je npema nonucy u3 2023. roquHe MambHM y OJHOCY Ha pesynrare momuca u3 2012.
ronuue 3a 12%, 1ok je Opoj ra3AuHCTaBa y UCTOM MEPUOIY CMameH 3a 36%.

Ha ocHoBy HaBeeHux nmojgaraka Mmoxe ce pehu 1a nosbonpuBpeanu cexktop Pemyonuke
Cpbuje mocenyje 3Ha4ajHE pecypce, Kako y CMHCIy o0MMa Tako M HhUXOBE
Pa3HOBPCHOCTH, IITO TMpyXa 3Ha4ajHe MOTyhHOCTHM pacta MpPOU3BOAE,
TUBep3U(UKaIje TPOU3BOJa U yCIyra U Kpeupama HOBUX, MHOBATUBHUX MPOU3BOJA
u mnpakcu. Ca Jpyre cTpaHe, HEONXOJHU Cy O30MJbHM HAloOpH Yy CTPYKTYPHO
pedopMmucame ceKkropa IMOJBONPUBPENE U PYypPaTHHX CpEelrHA, y CMHUCIY jadyama
IbUXOBE EKOHOMCKE e(pUKAaCHOCTH M KOHKYpeHTHOCTH. Behuna o6jekara 3a y3roj u ToB
xuBoTUa Y Penyonuim CpOuju Mopa OUTH peKOHCTpyHCcaHa WK Mpuiiarohexa, Kako
OU ce TOCTUIVIM HEOTIXOIHU 3aXTEBU 3a y3r0j U 100pOOUT KUBOTHIHA, KA0 U CTAHIAPIN
y o0nacTu 3alTuTe XUBOTHE cpeauHe, uMajyhu y BuAy moceOHy BakKHOCT Koja ce
npunaje yHanpehewy OHOCUTYPHOCTH Ha Ta3IUHCTBY, YIpPaBJbalby CTajIakoM U
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kopuithewy OOHOBJBMBUX U3BOpa eHepruje. Heomxomna je MoaepHU3anyja
MPOU3BOIHE HUHQPPACTPYKType y IHJbY JOCTHU3alka 00Jb€ ONPKHUBOCTH U
KOHKYPEHTHOCTH Ha TPXKUIUTY, JOK cama MPOU3BOAKA MOpa OMTH €KOHOMUYHHjA U
edukacHyja.
Bynyhnoct croyapcTBa, Koje je MHTE3MBHO Yy MOIVIENy pajHe CHare M 3amoljbaBa
HajBehu Opoj CTAaHOBHMILTBA y PYpaJHUM MOApYYjUMa, HUjE CaMO MUTAHkE pa3Boja
noJborpuBpeze, Beh je U MmoBe3aHo ca MOJIMTUKOM pypasiHOr pas3Boja. [lompmika y
OKBHUPY MOJbONPUBPEIHE MOJUTHKE M TMOJUTUKE PYypajHOT pa3Boja NeduHucCaHA je
3aKoHOM O TOACTULIAjUMA Y MOJHONPUBpenU U pypaiHoMm pas3ojy (IIpomuc, 2013),
KOJUM cCe€, MOpeA BpCTa MOJCTHIIAja, MPOIMHUCY]Y YCJIOBHU, HAaYMHU Kopullhewma Hu
KOPUCHHIIM MO/ICTUIIAja Y TOJFOTIPUBPEIU U PypajTHOM pa3Bojy. Ha ocHOBY oBor 3akoHa
JIOHOCH ce ypea0a o pacrioiesiy MOACTUIaja Y OJbONPUBPEIN U PYypPaTHOM pa3Bojy 3a
CBaKy KaJeHJIapCcKy TOJMHY, KOJOM C€ BpIIM ajokauuja OyIIeTCKHX CpeJlCTaBa,
mponucaHa 3akoHOM o Oypgery PenyOmmke CpOuje 3a KaleHJapcKy TOJMHY.
[MoncTuiaju y mosbONpHUBpPEAN M pypajHOM pa3Bojy ce (uHaHcupajy u3 Oyuyera
Peny6nuke CpOuje, mpu yemy cy mnojeauHe Mepe nozpuike (unHaHcupane uz EY
¢don0Ba U MehyHapOIHUX JOHATOPCKUX cpeacTaBa. Tokom 2023. ronuHe, y OKBUPY
HAI[MOHAJIHE MOJONPUBPEIHE MOIUTHUKE U TIOJIUTHUKE PYPAIHOT Pa3Boja, peain30BaHU
cy cnenehu moacTunaju:
1. JlupextHa turahama (mpemuje, MOACTHIAJH 332 TPOU3BOILY, PErpecH), Koja
KpO3 TIOZICTHIIAje 32 POAUTEIhCKE KOKoIKe Jlakor Tuna uznoce 100 PC/I/rpmy,
a 3a pomutesbcke hypke 3.300 PCll/rpiy. YBohemem oBe mieMe MOAPIIKE,
Mpou3BohaurmMa ce 1ajbe jacaH CUTHAJI Jla je HEOIXOHO Jia pajJie Ha OuyBamby
OpojHOr cTama rpiia, Ka0 M Ha yHampehewmy pacHe CTpyKType cTaia u
MPOM3BOJHUX KapaKTEepUCTUKa comncTBeHUX rpina. Edekar mnpumene
MOJCTHIIAja 3a NPUIUIOAHA rpia MaHUdecToBahe ce Kpo3 yHampeheme
KBaJIUTETa MPOU3BOJIa CTOYAPCTBA, Ka0 U Kpo3 MoBehame KoMMYruHa IpOU3Bo/ia
iacupaHux Ha Tpxkuiure. Takohe, peanusanujom oBe Mepe mnoBehaBa ce
KOHKYPEHTHOCT Ipou3Bohauya, ¢ 003MpOM Ja ce yTHYe Ha CMameHe IIeHa

KOILITamba.

2. Mepe pypasiHor pa3Boja,

3. Ilocebuu moacTHuaju,

4. TPARD moacrumaju,

5. Kpeautna nogpuika y noJb0npuBpeIn.

JacHo pasrpannueme usMmely kopucHuka [PARD mozaprike W HalMOHAJIHUX Mepa
noapiuke pypaiHoM pas3ojy (NPRR) npeacrasibeno je y Tabenu 7.
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Tabesna 7 Paszrpannueme nzmel)y kopucauka IPARD noapiike 1 HalmoHaIHUX Mepa
nojjpuIke pypaisom paspojy (IIpomuc, 2023)

WHBECTHULIE Y ®U3NYKY UIMOBUHY TTOJbOIMTPUBPEAHUX 'A3JIUHCTABA

CexTop

IPARD

NPRR

INossonpuBpeHa Ta3aMHCTBA KOja Ha Kpajy
WHBECTHUIIMje NMajy KaraluTeT O MHHUMYM
MuHuMyM 1.000 n makcumym 10.000 hypxu,
w/umn mMuHUMYM 300 u makcumym 3.000
rycaka, u/uin MUHUMYM 5.000 1 MakcuMyM
50.000 Opojmepa 1O TYpHYyCY, W/HWIU
yIUCaHUM  00jeKTOM 32  HPOU3BOILY
POANTEIHCKOT jaTa KOKOIIKH TEUIKOT TUIIa, Ha
Kpajy UHBECTHUII]E.

+  TlosmompuBpesana  ra3iMHCTBA  ca
KanarureToM objekra Behum ox 10.000
hypku w/wmu Behum on 3.000 rycaka, w/wim
Behum ox 50.000 Gpojiepa mo TypHyCy, Ha
TIOYETKY WHBECTHIIMje, NPUXBATIbHUBA CY 3a
WHBECTHUIIH]E y u3rpajimy u/unm
PEKOHCTPYKIM]Y CKIQANIIHUX KalaluTeTa 3a
CTajlbak W/WIM y cHeuuduuHy ompemy H
MeXaHHU3alHujy 3a 00jeKTe 3a MaHWITyJIalujy
CTajlaka, Kao W 3a HHBECTHIHjC Y
NPOU3BOJIIY €HEprHje Hn3 OOHOBJBMBUX
W3BOpa Ha TOJHONPHUBPEAHOM Ta3IUHCTBY U
WHBECTHUIIH]E y o0oJbIIAke
OMOCHTYPHOCHHX Mepa.

CexTop
Meca

INossonpuBpeHa ra3IUHCTBA
KOja Ha Kpajy HMHBECTHIHjE
MMajy yKyIaH KanamuTeT Of
MakcuMyM 999 hypku w/umu
299 rycaka w/wmmm  4.999
Opojiepa no TypHyCY

CexTop
jaja

INosonpuBpeHa Ta3gUHCTBA Ca YKYIHHM
KarnanureToM o0jexkra oJ MuHuMyM 5.000 10
makcumym  200.000 koka Hocuipa |y
eKCIUTOATallfjH, OJHOCHO MOJHOIPHBPEIHA
ra3MHCTBA KOja MMajy ymucaH o0jekar 3a
MIPOU3BO/IIbY POJANTEIHCKOr jaTa KOKOIIKH
JIaKOT THIIA, OJJHOCHO O/Ir0j KOKa HOCHJba, Ha
Kpajy UHBECTHIIH]E;

+  TlosmompuBpesnna  ra3auMHCTBA  ca
kanarureToM o0jexra Behum o1 200.000 koka
HOCWJbA, HA TIOYETKY WHBECTUIHjE CY
NPUXBaT/HHBA 3a WHBECTHUIIH]E y

IMossonpuBpe/IHA ra3IUHCTBA
ca YKyIMHMM KamaimuTeToM
objekta g0 4.999 koka
HOCHJbA y E€KCILIOATAIIUjH
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PEKOHCTPYKIIU]y 00jeKTa y Be3H ca 3aMCHOM
cTapux HeoOoraheHHX KaBe3a W/WIIM OIpeMe
pamu ucnymema ctaHgapaa EY, kao u 3a
WHBECTHUIIAjE Y TPOU3BOIY CHEPrHje U3
00HOBJPMBHX HW3BOpA HA IMOJHOIPHUBPEIHOM
Ta3IuHCTBY.

MHBECTULIE Y ®U3NYKY UMOBUHY KOJE CE TUUY ITPEPAJIE U
MAPKETUHI A TIOJbOTIPUBPEJHUX TTPOU3BOJA

KopucHumu koju cy ynucanu
y Perucrap objexara
(ITporuc, 2005)

* VYV ciuywajy KIaHHMIA,
MPUXBATIBUBH CYy KOPUCHHIU
ca MaKCHUMaTHUM

» Kopucuuin koju cy ymucanu y Perucrap
objekara  (IIpommc, 2005) Ha Kpajy
WHBECTUIIN]E

* V ciyuajy KIaHUWIA, NPUXBATIBUBH CY
KOPHCHHI[M Ca MUHHMAIHAM KaaluTeTOM

Cexkto KamaluTeToM Kiama 10 499
P | knawa ox 500 hypku u rycaka umu 5.000 H :
npepage | . .| hypkn u rycaka wim 4.999

JeAVHKU OSKUBUHE JHEBHO Ha  Kpajy | .
Meca u . JeIMMHKH KMBHHE JHEBHO Ha
UHBECTHULIH]E . .
MapKeTHHT Kpajy UHBECTHUIH]E

* VYV ciydajy MOCTpOjema 3a CeUCHEe W/UIU
npepaay Meca, MPUXBAT/BHBU CY KOPHCHHIIN
ca MHHUMAJHAM KalalUTeTOM CEeucHkha WU
npepazae ox 500 kr mpepajie JHEBHO Ha Kpajy

* V ciydajy mocTpojema 3a
CeueHhe¢ /UK Mpepany Meca,
MPUXBATIBUBH Cy KOPUCHHIU

. ca MaKCUMaJTHUM
WHBECTHILIH]E
KarnamuTeToM Ccedema WIH
npepaje

INoppmika KOpuUCHHIMMA 3a
WHBECTUIIMjE Yy Be3H ca
npepajioM M MapKETHHIOM
jaja he ce crpoBoauTH caMo
kpo3 IPARD mporpam.

Cekrop | Mukpo, Mama W CpeAma INpaBHA JUNA, Y

mpepage | ckaanmy ca EY mnpenmopykoM O ManuM H

jajaum CpenmBUM npenysehuma (MCID),
MapKeTHHT | IPUXBATJbHBA CY HA KPajy UHBECTHIIH]E

Onmty je 3akijbydak Jia Ccy Mepe MOJpILIKE 3a Mama ra3JAMHCTaBa IUIAHUPaHa Kpo3
Hammonanuu mporpam pypajiHOT pa3Boja, a 3a Mama U Cpelba Ta3IuHCTBA KpO3
IPARD mnporpam (MHCTpyMeHT 3a mpeTHnpucTynHy nomoh 3a pypannu pa3soj). [Ipu
TOME, MOJIPILIKAa MAaJIUM I'a3IMHCTBUMA yCMEpEHa je Ha roBehame J0X0TKa M EKOHOMCKY
CaMOOJZIP’)KUBOCT, JIOK j€ MOJpIIKA 3a ra3JAMHCTBA CpEAbe BeIMYMHE Oa3upaHa Ha
yHarnpehemy epuKkacHOCTH U KOHKYPEHTHOCTH.

Cucremcke Mepe y ;)KHBUHAPCTBY
Crpareruja noJponpuBpesie U pypaiHor pa3Boja Pemyomuke Cpouje 3a nepuoa 2014-
2024. roguna (Ilpomwuc, 2014) mpencraBiba CTpaTEeIKA JOKYMEHT HajBUIIET HHUBOA
OMIUTOCTH, KOJUM C€ JAe(PUHUIIY BHU3Hja, LIUJbEBU, IPUOPUTETHE OOJACTH JIEIOBaba,
Kao W MpaBUU pa3Boja MOJHONPHUBpPENE U pypanHor pasBoja PemyOmuke CpbOuje y
MIPETXOIHOM JIECETOTOIUIIIbEeM neproay. Kako ce Baxeme 1 mpUMeHa OBOT JOKYMEHTa
3aBpuiaBajy kpajem 2024. roguHe, 3amoyeTa je M y TOKY je HM3paja CTpaTelkor




Berepunnapcku :xypHaa Penyoimnke Cpncke (bama Jlyka), Boa. XXIV, Bp.1-2, 128-146, 2024. 141
PanysaoBuh u cap.:
JKuBunapcka npoussoama y Penyoaunu CpOuju — TpeHYTHO cTame H MepcrneKTHBe

JIOKYMEHTa 3a HapeIHu nepuoi. HanronanHu nporpamu 3a noJjboNpuBpesy U pypaHu
pasBoj ce nmoHoce Ha ocHoBy ctpareruje (IIpomuc, 2014), kao cpeamepodHr
MPOrPaMCKU IOKyMEHTH, KOJU TIOKPHBajy TPOTOIUIIEBLH NEPUOJ U Ca/ipikKe IIIAHOBE U
JUHAMHUKY peanu3anuje Mepa. [lopex Tora, HalMOHAJIHM TpPOTrpamMHu  CaapiKe
aKTUBHOCTH M Mepe, Koje ce y MPUMEY]y Y LIMJbY JaJber ycKialuBama HallMOHAITHE
MOJHOIIPUBPEIHE MOIUTHKE ca 3ajeJHUYKOM MoJbonpuBpeaHoM nonutukom EY (3I111).
[IperxonHu HaIMOHAIHM TpOrpaM 3a MOJBONPUBPENY MPUMEHHUBAO CE€ Yy
TporoguiitbeM nepuoxy on 2018. mo 2020. romune (Ilpomwmc, 2017). Hapennu
HAIMOHAJIHU MPOrpam 3a MoJbOIPUBPEAY Tpebdasio je na ce peanusyje moyen on 2021.
ro/IMHE, ajii 300T BAaHPEAHUX OKOJIHOCTH, n3a3BaHux nanaemujom COVID-19, uspana
JIOKyMeHTa 3arnouena je TokoM 2021. rogune, ca pokoM MpUMeHe JOKYMEHTa IOYeB 0]
2022. rogune, y HapeaHoM TporomuiimeM nepuony (Ilpomuc, 2022). Hanmonamuau
porpam 3a nossonpuspeny 3a nepuos 2022-2024. ronune (Ilponuc, 2022) 6a3upas je
Ha Crpareruju mosbONpHUBpENe U pypasHOr pa3Boja PemyOmuke CpOuje 3a mepuoj
2014-2024. romune (Ilpommc, 2014) u mnpeacraBba WEHY Jajby paspaay Ha
CPEIHOPOYHOM (TpOroaullbeM) HUBOY. [loceOHO nmoraBsbe y 0BOM Mporpamy OHOCH
ce Ha cTaHjapau3anujy pode y nomahoj u melhyHapoHoj TproBUHH, Koja 00e30ehyje
jacHo gneduHHCAH KBAJUTET, HU3paK€H Kpo3 TpXKUIIHE craHgapae. [lpumena
TPKMIIHUX CTaHJgapAa oMoryhaBa mnakily KOMyHUKanujy mely ydecHunuma Ha
TPKMIITY, Ka0 W OJaKUIaH TPXKHUIIHU TIUIACMaH. YCIOCTaBJbAkbEM TPXKULIHUX
CTaHJap/a, Kymail je CUrypaH Jia Kymyje poOy TauHO KJIacu(UKOBaHOT KBAJUTETa, JOK
O6u mpojamall Tpebajio JAa MMa UCTU TPETMaH Kao CBU NPOJABLU HCTE KaTeropuje
npousBoaa. Behuua mpomuca, Koju peryimuiny Tp)KUIIHE CTaHAApAe W KBaJIUTET
MOJHOIIPUBPEAHUX M MpeXpaMOCHUX MPOM3BOJA, a KOJU CE TPEHYTHO MPUMEHY]Y Y
Peny6nuuu CpOuju, Huje yckiahena ca mel)yHapogHuM nponucuMa M CTaHAapAUMa,
ITO YIJIABHOM OTE€XaBa IUIaCMaH CPIICKMX MPOM3BOJA HAa WHOCTPAHO TPIXKUIITE.
VYcarnamasamwe noMahux mporuca y oBoj obnactu ca Mel)yHapoaHUM MporucuMa 1
cTaHjaapaMMa ymHorome he nonpuneTd He camo nosehamwy M3B03a, Beh U perynucamy
cUTyallHje Ha JoMaheM TP >KUIITY.

Jenan on mpemaycnoBa Jajber pa3Boja CEKTOpa jaja jecTe u3paja 3aKOHCKOT OKBHPA,
KOJUM OM Ce ypeauo CHCTEeM Kjlachpama jaja M H3BEIITaBambEe O HHUXOBUM IIEHaMa.
TpenyTtHo Baxkxehu nmponuc genumuyHo je yckiaahen ca 3I1I1 y oBoj oGmactu, a na 6u
ce JIOCTHIIIa ITyHa XapMOHHU3allkja Iponuca ca mpaBHUM TekoBruHaMa EY, morpe6Ho je
YCIIOCTAaBUTH TPAHCIAPEHTAH CHUCUTEM HU3BELITBama O LieHama jaja. Peanmsanmjom
OBHX AaKTHBHOCTM CTBOpuhe ce YycloBM 3a YyHampeheme Monokaja CpICKUX
npousBohaua Ha nomaheM U MehyHapoIHOM TPXKHIUTY. TpXKHUIIHU CTaHAAPAU 3a
KUBUHCKO Meco Takohe Hucy yckiahenu ca 3IIII, 30or yera je HalMOHAIHO
3aKOHO/IABCTBO MOTPEOHO YCKIaAUTH ca npaBwiuMa EY y oBoj obnacTu, HApoyuTo y
JIeTy KOjU Ce€ OTHOCH Ha KJIaCHpame >KUBUHCKOT MecCa U U3BEILTaBAE O [IeHaMa.
Pesyntatu yBohema HOBHX Mepa Yy >KMBHHAPCKO] MPOM3BOILU TOKOM Iepuoaa
npumene [Iporpama npate ce kpo3 ABa Mokasaresba: ydenrhe U3Bo3a )KUBUHCKOT Meca
y YKYIIHOM M3BO3Y M yuelrhe W3B03a jaja y YKyIHOM H3BO3Yy. Y TOM CMHCIY, Kpajem
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nepuoia MpuMeHe mporpama ouekyje ce noehano yuenrhe u3Bo3a )KUBUHCKOT Meca 3a
0,05%, nok 6u yuenrhe u3Bo3a jaja y yKylmHoOM U3B03y Tpebaio aa ce moseha 3a 0,02%
y 2024. ronunu. Kako 6u ce HaBe/leH! ITUJbEBY PEaTi30Baid HEOMXOHO je:

JIOHOIICH-€ TTPABMITHUKA O TPXKUITHAM CTaHIapIMMa 32 MeCO TIepHaTe KUBUHE
u

JIOHOIIIEH-€ MPAaBIJIHAKA O TPXKUIITHKAM CTaHAapJuMa 3a jaja U jaja 3a JIeKEHe
u nuiuhe noMmahe JKuBHUHE.

[Toka3zatesbu pesynrara 3a TpXKUIIHE CTaHAape Npuka3anu cy y Tabenu 8.

Ta6ena 8 Ilokaszaresbu pesynrara 3a TpxkuiHe crangapzae (Ilpomuc, 2014)

[upHa
Jenununa | basna BpegHocT
Nunpuxatop BPCAHOCT

Mepe (2020.) (2024.)
VYuemnrhe u3Bo3a cBexer Boha u % 7.0 10,0
nospha y yKyIlHOM U3BO3Yy
Vuemhe wm3B03a JKUBHHCKOT % 0,25 0,30
Meca Y YKYITHOM H3BO3Y
VYyenrhe u3Bo3a jaja y yKynmHom % 0,08 0,10
U3BO3Y

Cmnuno HaBegeHoM [lIporpamy, IPARD III mporpam PenyGnuke CpOuje 3a mepuon
2021-2027. ronune (IIpomnuc, 2023) nedpunucao je cneunduyHe HubEBE 3a pa3IuunuTe
BUJIOBE MPOU3BO/AE, KOJU CE€ KOHKPETHO Y KMBHHAPCTBY MOTY MOJEIIUTH HAa CEKTOP
MIPOM3BO/IILE MECa U jaja, Kao U CEKTOp Ipepajie Meca U jaja U MapKETUHT.

l.

CexTop Meco:

VHanpehewe crTaHaapaa  3alITUTE JKMBOTHE  CpeIUHE, IPOU3BOAHE
UHQPACTPYKType M OmpeMe, y IWbY JOCTH3ama OAPKUBOCTH H
KOHKYPEHTHOCTHU Ha TpxkuITy BY.

[ToBehamwe BpenHOCTH MOJHONPUBPEIHE MPOU3BOAE 10/IaBAEM BPEIHOCTH
NpUMapHUM TPOMU3BOAMMA KpO3 TNOAPHIKY BHUIIMX (a3a mpepage Ha
ra3JIMHCTBUMA.

[Toehamwe nonpiike Behum crernujann30BaHuM ra3AMHCTBUMA 32 HHBECTHIIN]E
y Be3Hu ca ouononikom 6e36enHouthy EY, 106poouTu )KuBOTHIHA, YIPABIbakhEM
U CKIQJUMIITEHEM CTajlhaka W/WIM OTHaja W/WiIM CTaHAapauMa 3a
CKJIQIMIITEHE U YIIpaBJbakbe OTHAJHUM BoJama.

[ToGosbiIamke XOpU30HTAIHOT TOBE3UBaba MOJHONPUBPEIHUX MTPOU3BOhada.
Cekrop mpepazie Meca U MapKeTHHT:

Vhanpehewe o0jexkata 3a Kilame, Ceueme M Ipepagy Meca, Kako Ou ce
YCKIAAWIX ca ctangapauma EY.
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VBoheme HOBHX TEXHOJIOTHja, MOOOJBIIAKE Mpoleca MPOU3BOAKE U
noOoJblllatbe MPOU3BO/A, Yy LKWJbY OOJbEr MO3UIMOHMpama Ha JoMaheM H
MelyHapOIHOM TPKULITY .

VYBoheme cucrema 6e30eaHocT U kBanurera xpane (GHP — nobpa xurujencka
npakca, GMP — no6pa npoussohauka npaxca, HACCP — ananuza onacHoctu
U KPUTHYHUX KOHTpOJHUX Tadaka u ISO — mehynapomna opranuzanuja 3a
CTaHJIapau3alujy), paau npahema, KOHTPOJIE U yIpaBbakba MPOU3BOIHOM.
VYHanpehewe ynpaBspama OTIAJ0M U OTHAJHUM BOAAaMa, Ka0 U OOHOBJbUBUM
HM3BOpUMA EHEPTH]E.

Cexkrop jaja:

VHanpehewe KOHKYpPEHTHOCTM U TNPOAYKTUBHOCTH  IOJHONPUBPEIHUX
ra3JIMHCTaBa kKoja ce 0OaBe MPOM3BOAIHOM jaja KpoO3 ylarama y HU3rpaiby
o0jekaTta 1 HabaBKy onpeMe.

Hoctuzame crangapna EY y mnomieny 6e30eqHocTH M KBajJdTeTa jaja,
NOOpOOUTH >KUBOTHE-A W 3alTUTE MXUBOTHE CpENMHE, KpO3 ylarama y
U3rpajiby objexara U HabaBKy oIrpeme 3a Apxkame (y3roj) KOKollaka HoCHba,
CKJIQIMIITCHEe U YIPaBJbalkhe CTAjIbakOM, Ka0 M MPOU3BOMAKY EHEpruje 3
0OHOBJBMBHUX M3BOPA HA MOJHOIPUBPEIHOM Ta3AMHCTBY.

Cekrop npepaje jaja 1 MApKETHHT:

VYhanpehewe HOBUX U mocTojehux mpepahuBaukux KamamureTra, Kako Ou ce
ycknaguiu ca craggapauMma EY, xao u moBehame KOHKYPEHTHOCTH H
MPOAYKTUBHOCTH.

VBoherme HOBHX TEXHOJNOTMja M MOOOJBbIIAKE Mpolleca NPOU3BOAKE H
MPOU3BO/A, Y IMJbY OOJbEr MO3HIMOHUpama Ha AomaheM U MelyHaponHOM
TPIKUILTY.

VYBoheme cucrema 6e36eaHoctu u kBanutera xpane (GHP, GMP, HACCP u
ISO).

[ToGosbiame TpeTupama 1 yrpanibamba OTHaIOM.

3AK/bYYAK

W3 cBera nmpeTxonHo HaBeACHOT Npou3niasu aa he Oynyhu pa3Boj >KMBHHApPCTBa KOJ
HacC M y CBETy MMaTH ycCIeXa camMO YKOJIMKO C€ CTPOro BOAU payyHa O KBAJIUTETY
UcXpaHe M 37paBJby JbyId, UMajyhu mpu TomMe y BUIY €KOHOMHUYHOCT MPOU3BOMALE,
JT0OPOOUT KUBOTHEHA U OUYBab€ )KUBOTHE CPEIMHE Y3 YBA)KAaBah€ MUIIJbEHa HayKe U
cTpyke. To Hanaxxe MyITUAUCUMILIMHAPHY capa/iiby U CBEOOYXBAaTHU MPUCTYII KOJU Ce
MOXe€ CBECTH Ha cienehe mepe:

l.

2.

bosba koHTponma yBo3a jaja M XuOpujga, y3 MaKCUMAJIHO aHTaKOBaHE
CaHUTAPHUX U CEJIEKIIM]CKUX CITY>KOH.

Yemrha KoHTpoJIa U TapaHTOBAE KBAJUTETA KAaKO XpaHe 3a KUBUHY, TaKO U
3IpaBCTBEHOT CTalba M CBUX MPEAYy3€TUX NPEBEHTUBHUX Mepa y MPOU3BOABU
JETHOAHEBHE MWJIAJU HAMEHEHUX 3a TOB WJIM MPOHM3BOAY HOCHIbA jaja 3a
KOH3YM, YUMe ce n30eranajy He peTKHU CYJICKU CIIOPOBH.
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CTpoxHja KOHTpOJIA CBUX YBO3HHUX KOMIIOHEHTH 3a UCXpaHy KUBUHE.
CakogHeBHO mpaheme HajBaKHUJUX 300XUTHjEHCKUX IMapameTapa, Kao u
yemrha KOHTpoJia KBaJIUTeTa Boje 3a nuhe Ha hapmama.

Behe cyOBeHIIMOHNCakE Y OBOj BPCTH MPOU3BO/IHE, KA0 U YHAIIPE] yTOBOPEHE
LIEHE KpajilbUX Mpou3BoJa (Meca U jaja).

Yenocrapibambe MapTHEPCKOT OIHOCA, TIOBE3aHOCTU U J00pe capaame usmely
mpousBohaua XpaHe 3a JKMBUHY, (dapMepa U NpPEIACTaBHUKA KIAHUYHE
UHAYCTpHje, KOju Tpeba 3ajelHUYKU Ja Jejie ocTBapeHH npodut. To yjeaHo
Hajaxe 1 popMupame yapyKema y HUby 3ajeJHUUKOT HACTya Ha TPKULITY.
Wsrpanmwa kiaHuIa no CBUM €BPOICKUM CTaHJapauMa, Koje Ou Omciy>KuBaie
Behu Opoj MamuX Mpou3Bohaya, MITO jeé HEOMXOAaH MPeayciioB 3a nmoBehame
KOHTPOJIE KBAJIUTETA U U3BO3A.

OcnocobpaBambe Beher Opoja cTpydyHHMX JMla y OKBUpY Beh moctojehmx
CIIy’)kOM, KOju OM pajuiad Ha TepeHy y LUJby KOHTPOJE TPOU3BOAEKE U
peliaBamba TPEHYTHUX IMpoOjieMa y J>KMBUHAPCTBY, Kao U €IyKOBamba
npousBohaya (CTpyyHa npeaaBamba U CEMUHAPH).

dopmupame mrto Beher 6poja mopoanyHux papmu, y3 kopuirhemwe noctojehux
KamauTeTa, kKako Ou ce, mopen moBehama 3amoCIEHOCTH M MOAMHUpEHA
noMaher Tp:KHILTa, CTEKJIN YCJIOBU 3a Behu M3BO3 JKMBMHCKOI Meca U jaja,
noceOHor kBanuTera. HaBenenu npoussohaun nmajy MOryhHOCT yapyKUBamba
y 3aJIpyre Kako Ou Kpo3 3ajeJHUYKY capajiiby U HACTYIl Ha TPXKUIITY OWIIU ILITO
BUJIJBUBUJU Y KOHKYPEHTHH]H.

Maxkcumaino xkopunrheme 1oMahix KOMIIOHEHTH HaMEHEHUX 3a MPOU3BOIbY
XpaHe 3a )KUBUHY, y3 NTpaherme ’UXOBOT KBAJIUTETa U UICIIPABHOCTH, IPABUIIHOT
CKJIaIMIITEHa U MPEBEHUPaba pa3Boja MJIECHU U MUKOTOKCHHA.

[Tocebny naxkmwy Tpeba MOCBETUTH CTPYKTYPH U KBAJIUTETY 00OpOKa, jep ce Ha
Taj HAYMH 3HAYajJHO MOKE€ YTHULATH HA KBAJIMUTET OOWjEHOT MPOHM3BOJAA U
31paBJbe JbYIH, IPU Y€MY OOPOK YBEK MOpa UMATu U MPUXBATIEUBY LICHY.
VYenocraBibabe  CTAlMOHAPHUX — ONIEJHMX IMyHKTOBAa (IOCeOHO  mpu
(dakynaTeTiMa ¥ MHCTUTYTHMMA), y KOjuMa OM ce BpUIMJIa €KCIepUMEHTaJIHa
UCTpaKUBamba, KOpUIIhemheM HajHOBUjUX OMOTEXHOJIOMIKMX JocThrHyha y
0BOj o0nacTu, a Yuju OU MO3UTHBHU €(PEKTH 3aTUM MOIIM OUTH MPUMEHHEHH Y
MIPAKCH.

VY cBoM npodecnoHamTHOM paxy U KapHjepu, arpOHOMH U BEeTEpUHApHU HE OU
Tpebasno aa Oyny KOHKYpeHTH, Beh HanmpoTHB, KoJere ca jacHO JAe(pUHUCAHUM
nosbeM paaa. OHM HHMKAaKO He cMejy Ja 3a0opaBe M TNPEKUHY KOHTAKT U
capaJmy ca (akyaTeTuMa ca Kojux cy norekiu. thuxoa kpoBHA HHCTUTYLIM]A
Tpebano O Aa yBEK IMpencTaB/ba OCJOHALl Y MPAKTUYHOM pany, IpyKd UM
MOTYhHOCT JA0AaTHOT ycaBpllaBama, ajld U Moy3JaHe J1adopaTopujcKe yCiayre
koje he ca curypHomihy KOpUCTUTH.

HeomnxonHo je aHrakoBaTu CTPYKYy NPHJIMKOM JOHOILICHA CBHUX 3aKOHCKHUX
MpOIKca KOju peryiauiry oBy oosiact. [Ipu Tome je moTpeOHO JaTu 3HATHO BUIIIE
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MEIMjCKOT IPOCTOpa EMUHEHTHUM JOMahuM CTpydmaluma, KOju U T€ Kako
MMajy 1ITa J1a Kaxy.

3axBajiHHIIA
Pan je moapxkan cpenctBuMa MwMHMCTapcTBa HayKe, TEXHOJOIIKOT pa3Boja M
uHoBanuja Peny6nuke Cpouje (Yrosop 6poj 451-03-136/2025-03/200143).

U3jaBa o cykoOy uHTepeca: AyTopu u3jaBibyjy Jla He MOCTOjU CYKOO MHTepeca.
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Summary

Over the last decades, poultry production has grown from a secondary activity in rural
households into a highly specialized industrial branch of livestock production that has
great potential for the development of the economy of many countries. A total of 21.6
million poultry are currently raised in the Republic of Serbia, of which 12.5 million are
broilers and 7.5 million are laying hens. In comparison with the results of the Census
of Agriculture 2018, there is a noticeable decrease in the total number of poultry by
7.3%, 1.e. by as much as 23.25% compared to the results from 2012. Egg production is
at the level of slightly more than 1.5 billion pieces, which represents the minimum
recorded level of egg production during the previous ten years. On the other hand,
during 2023, the production of poultry meat was 127,000 t, i.e. at a 10% higher level
compared to the previous year and 13.6% more compared to the five-year average.
Serious efforts are necessary in the structural reform of this sector of agriculture, but
also of rural areas, in terms of strengthening their economic efficiency and
competitiveness.

Key words: poultry production, nutrition, broilers, layers.

INTRODUCTION
Thanks to the biological characteristics of poultry (high reproductive capacity, rapid
growth, short generation interval and efficient use of food), the development of poultry
production in the world, as well as in our country, has been intensified in recent
decades. This applies mostly to chickens, which represent the basis of modern
industrial production, but also to turkeys, which are represented in much smaller
numbers. New and improved old hybrids of high genetic potential were created, which
resulted in a significant shortening of the duration of fattening, faster sexual maturation
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of individuals, shorter laying time and a longer period of exploitation. However, it
should be noted that this type of selection has led to some problems. This primarily
refers to their reduced resistance, higher incidence of metabolic disorders, greater
requirements regarding care and conditions, high nutrient requirements and the
necessity of using nutrients of good biological value and digestibility (Kleyn et al.,
2021). Regardless of all the challenges it faces, during the last decades, poultry
production has grown from a secondary activity in rural households into a highly
specialized industrial branch of livestock production, which enables the production of
significant quantities of high-quality products such as meat and eggs in a relatively
short period of time, but also feathers, organic fertilizer and accompanying products
that remain after slaughtering and processing carcasses. Because of this, as well as the
rapid turnover of capital it provides, it has great potential for the development of the
economy of many countries. The dietary properties of meat and the high nutritional
value of eggs, as well as their relatively low market price, make these products
acceptable by all cultures and nations, and at the same time very desirable and suitable
foods in people's daily diet (Markovi¢ and Balti¢, 2018).

Current situation in poultry production
Based on the results of the 2023 agriculture census (RZS, 2023), a total of 21.6 million
poultry (21,604,693) are raised in the Republic of Serbia, of which 12.5 million are
broilers (12,468,831) and 7.5 million are laying hens (7,489,642). Compared to the
year 2022, the total number of poultry is 3.6% lower, with the number of laying hens
reduced by 5.2%. However, this negative trend is much more pronounced if the results
of the agricultural census conducted in 2012 and 2018 are analyzed (RZS, 2012; RZS,
2018). Thus, in 2018, the total number of poultry was 23,184,408, with a decrease of
7.3%, 1.e. by as much as 23.25% when it comes to 2012 (the total number of poultry
then was 26,627,308).
In relation to regions of the Republic of Serbia, poultry is grown the most in Vojvodina
region, with a total of 9,676,620 individuals, (which represents 45% of the total
number), followed by Sumadija and Western Serbia, Southern and Eastern Serbia and
the Belgrade region.
The structure of farmed poultry according to species indicates that chickens are
dominantly represented with 98% (broilers 58%, and laying hens 35%), while the
participation of ducks, turkeys and geese is 0.5%, 0.4% and 0.3%, respectively.
Compared to the five-year average, there is an evident decline in the number of turkeys
(-25%) and ducks (-14%), while the number of geese is on the rise (+43%), thanks
primarily to the large increase in the number of geese in 2023 compared to 2022, by as
many as 35 thousand units (+150%).
Poultry owners are almost entirely registered as family farms (220,324), with a very
small number of legal entities (147) and entrepreneurs (44). It is interesting that legal
entities have more than 8.5 million poultry (8,553,613), that is, approximately 40% of
the total number of poultry. Likewise, the consolidation of farms engaged in poultry
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production is also evident. Namely, five years ago the number of farms with up to 50
animals was 23% of the total number of farms (RZS, 2018), while now this is at the
level of 16%. At the same time, the representation of farms with over 5,000 units
increased from 58% to 71.5%. The presented results support the fact that poultry
production takes an industrial character and requires a corporate approach.

It is estimated that the total industrial production of animal feed in our country on an
annual basis amounts to slightly over 1.4 million tons, of which poultry feed takes a
share of 33%. Table 1 presents data of the production of complete, supplemental and
premixes for poultry feed in the last four years (RZS, 2023).

Table 1 Industrial production of poultry feed in the Republic of Serbia

Industrial production of Realized production/year

poultry feed (in tons) 2021 2022 2023 2024*
Complete mixes 441.463 | 456.217 | 489.734 | 308.473
Supplemental mixes 7.911 6.862 8.220 5.371
Premixes 2.223 1.963 1.207 737

* January-July

Economic indicators of production

Of the total value of agricultural production in the Republic of Serbia in 2019, animal
husbandry comprised about 29%, with a value of EUR 1.49 billion, which represents
15% more compared to 2015. The value of livestock production observed by type of
animal was as follows: cattle production was EUR 275.5 million, pigs EUR 540.4
million, poultry EUR 127.9 million, and sheep and goats EUR 90.2 million (RZS,
2020). According to data from the Economic Accounts for Agriculture in the Republic
of Serbia, in the period from 2012 to 2022, in the structure of the value of livestock
production, the average share of livestock breeding is 68.2%, and livestock products
are 31.8%. In the breeding of livestock, in the observed period, the largest share is the
breeding of pigs (51.8%), followed by the breeding of cattle (27.0%), poultry (12.4%),
sheep and goats (8.6%) and horse breeding (0.2%).

The two main lines of production in animal husbandry relate to the breeding of broilers
and the production of table eggs are the most represented branches of animal husbandry
on farms in the Republic of Serbia. Out of ten farms of all types, almost seven raise
poultry. At the same time, poultry farming is the most industrialized branch of
agriculture, where as much as 37.3% of poultry heads are raised on only 225 farms that
have the status of legal entities and entrepreneurs. In terms of production value, poultry
farming ranks third in livestock farming with a share of 12%. According to the official
data of the Statistical Yearbook of the Republic of Serbia for 2020, the production of
chicken eggs and broilers accounted for 4.9% of the total value of agricultural
production in 2019. It is obvious that the importance of poultry farming is growing
both on the world market and on the market of the Republic of Serbia (Scanes, 2007).
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Compared to 2022, the price of broilers in 2023 is 7% lower, while it is 19.7% higher
compared to the five-year average price (Table 2). The prices of animal feed and
energy, which have increased significantly in 2022, as well as the prices of poultry meat
products, which are largely imported, have a great influence on this. At the same time,
increased slaughtering and a greater supply of meat caused a lower price of meat on
the market.

Table 2 shows the average annual purchase prices of poultry producers for the period
2014-2023 (RZS, 2023).

Table 2 Average annual purchase prices of poultry producers for the period 2014-

2023
Year Purchase prices in Purchase prices in
RSD/kg EUR/kg
2014 121.27 1.03
2015 11291 0.94
2016 111.98 0.91
2017 111.76 0.92
2018 104.71 0.89
2019 95.57 0.81
2020 96.53 0.82
2021 112.88 0.96
2022 141.74 1.21
2023 132.00 1.13
Index 2023/22 93.13 93.29
Index 2023/18-22 119.69 120.17

In the foreign trade exchange of poultry meat, a multi-year deficit has been recorded in
the past period, with a growing trend present. The value of poultry meat exports in
2023 is 5.7% higher than the previous year, which is 20% above the level of the average
five-year export value. During 2023, the value of imported poultry meat was 12%
higher than the previous year, i.e. even 61% higher than the average five-year import
value of this type of product. Table 3 shows data on foreign trade of poultry meat in
the period from 2019 to 2023 (RZS, 2023).

Table 3 Foreign trade exchange of poultry meat (carcass weight equivalent) (000

EUR)
Year 2019 2020 2021 2022 2023
Export | 16.827 | 16.425 | 17.549 [ 19.832 | 20.978
Import | 35.348 | 37.655 | 43.821 | 59.925 | 67.164
Balance | -18.521 | -21.230 | -26.272 [ -40.093 | -46.186
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During 2023, the price of eggs increased by 13% compared to the previous year,
reaching a level even 52% higher than the average five-year price (Table 4). The prices
of animal feed and energy had a significant impact on the price of eggs, which were
significantly increased during 2022 and 2023, with simultaneous inflationary pressure.
Eggs from the Republic of Serbia are exported exclusively to Bosnia and Herzegovina,
Montenegro and North Macedonia, while egg products are imported in large quantities
from member states of the European Union (EU), despite the fact that there are two
approved facilities for egg processing in the Republic of Serbia ("Takovo" from Indija
and "Melange" from Valjevo).

Table 4 shows the average annual purchase prices of table egg producers for the period
2014-2023 (RZS, 2023).

Table 4 Average annual purchase prices of table egg producers for the period 2014-

2023
Year Prices in RSD/piece Prices in EUR/piece
2014 8.24 0.07
2015 7.79 0.06
2016 7.69 0.06
2017 8.55 0.07
2018 7.70 0.07
2019 8.04 0.07
2020 7.99 0.07
2021 8.22 0.07
2022 11.80 0.10
2023 13.38 0.11
Index 2023/22 113.39 113.59
Index 2023/18-22 152.91 153.52

The most important problems burdening poultry production

Given that the acquisition of quality breeding or fattening material is a basic step in
poultry production, first of all, it should be mentioned the fact that unfortunately not a
single hybrid has been created in our country to date, but production is based only on
the import of breeding heads and eggs from European countries. They are procured
through private companies that are mainly focus on profit, while the quality and the
problems of farmers are neglected. Imported eggs are sometimes out of class, so after
their incubation and breeding young, a parental flock is formed, which during the
production cycle constantly has bad production results (Joki¢ et al., 2004).

Farmers who fatten broilers and turkeys or produce table eggs are in similar situation
(as producers of parent flocks). Namely, due to the unstable market, the supply of one-
day-old chicks (for fattening or future litters) varies a lot during the year, and therefore
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their price. Unfortunately, we still have the old habit of abandoning production if one
more dinar cannot be earned on the invested dinar.

Due to the irregularity of the market, the prices of meat, eggs and poultry feed vary
significantly over a year. It often happens that the price of food does not follow the
price of meat and eggs and vice versa. Also, the price of meat on the market is not
adjusted when the price of fattened chicken on the farm changes (increases or
decreases). It is often the case that imported chicken (characterized by our housewives
as "bloated, full of water") is sold at a lower price than domestically produced, high-
quality chicken, as well as that fatty and lean carcasses or small and large eggs have
the same price on the market (Joki¢ et al., 2023). To the greatest extent, this disrupts
possible good cooperation between animal feed producers, farmers and the processing
industry. At the end of the production cycle (fattening or production of consumption
eggs), another big problem arises, how to bring the fattened heads or consumption eggs
on the market and at what price. This is left to the producers themselves, who are
technically unequipped and without an organized performance. Unfortunately, they
often have to sell their products at a low price, because with each further extension of
production, they enter into an even greater financial problem.

It should also be emphases that farmers (mostly small individual producers) bear a
large part of the responsibility, because, whether due to ignorance, negligence, or
simply ignoring the instructions for the use of veterinary drugs, they use them during
the laying period, or until the end of fattening, which results in the appearance of
residues in meat and eggs. Although our country has a very good program for
controlling the above substances, without raising the awareness of the producers
themselves about the importance of the correct use of drugs, this problem can never be
completely solved. We must not forget the fact that we are among the leading countries
in Europe in terms of the number of carcinogenic diseases (Joki¢ et al., 2004). Due to
similar failures, and in the race for profit, not so long ago, major failures occurred in
the world (the case of carcinogenic dioxin in Europe and SARS in Asia), when
hundreds of millions of fattened chickens were mass-culled (Ghimpeteanu et al., 2014;
Lam et al., 2003).

Due to increase market competition, producers are forced to try to solve the problems
independently, without the help and advice of experts. Thus, poultry production today
is mainly carried out by people who do not know this field sufficiently, and do not have
agronomists and veterinarians engaged on their farms. Because of their lack of
knowledge, they mostly adhere to established technologies, to which they are
accustomed (because they are afraid of introducing innovations), and which have long
been overcome and abandoned in production (Radulovi¢ et al., 2024).

Today, various programs for formulating meals are in use, which, in addition to the
chemical composition and recommendations for a particular type and category of
poultry, also take into account the price of the feed, as well as numerous other
parameters such as electrolyte balance, buffering and antioxidant capacity of the feed.
However, the acquisition of a quality program also requires the engagement of a
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professional who will manage it. There are numerous examples in the field where
farmers have independently, in order to achieve a lower price for the mixture, used
cheaper feeds of poorer quality in a high percentage, and then achieved very poor
production results. Likewise, they often accept the so-called field recipes that gave a
good effect on a particular farm, without taking into account the differences that exist
between the hybrids used, zoohygienic conditions or problems that are present in their
facility. Errors can also occur among designers (programmers) themselves, who are
unfamiliar with the field of animal nutrition, so their programs often do not have good
usability, but instead require additional manual work by nutritionists (Radulovi¢ et al.,
2018).

Food from foreign producers is often praised in the field, although all the prerequisites
exist for food of the same, or even better quality, to be produced from domestic raw
materials, given that in terms of competence we are not behind foreign experts.
Likewise, there is a large number of imported additives on the market, and some of
them are often attributed with unrealistic properties. If their effects have not been tested
in the production conditions that are common in our country, then they generally
represent only beautifully presented data on impeccably designed marketing material
(flyer). Often, due to the "human factor", a larger number of additives with the same
mode of action are unnecessarily used in one and the same mixture, which significantly
increases its cost. It is important to note that additives should never be used as a
substitute for inadequate housing conditions, incompetent nutritional management,
mistakes made in hatchery facilities, and poor genetic potential of the flock.

Sectoral SWOT analysis

Based on the analysis of the situation by sector in agriculture and rural development,
data and other inputs were obtained that enable the preparation of a SWOT analysis
(Strengths, Weaknesses, Opportunities, Threats). In a summarized manner, the SWOT
table systematizes knowledge about the strengths and opportunities for improving the
situation in this agricultural sector and in the field of rural development, which warns
of the weaknesses and threats that the agricultural sector and rural areas may encounter
in the future (Tables 5 and 6). This information represents the basis for the
systematization of the objectives, measures and activities of the Strategy and
accompanying documents, and therefore serves as a guide for political decision-makers
(Rulebook, 2014; Rulebook, 2023).

Table 5 SWOT analysis for the meat sector

Sufficient fodder production

Satisfactory workforce numbers

STRENGTHS The existence of a large number of educational and scientific
institutions

Good regional representation of advisory services
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Low financial capacity of the sector

Shredded production and small production units

Insufficient education of producers and small meat processors
Insufficient level of compliance with standards (animal
welfare, food safety and environmental protection)

Outdated technology, facilities, machines and equipment
WEAKNESSES Poor farm management skills

Lack of an efficient system for disposal of animal waste and
biosecurity

Insufficient use of renewable energy sources

Lack of adequate advisory support and training

Weak transfer of technology and low level of research and
development

Good strategic and financial environment at national and EU
level

Increased consumer demand for local products and short chain
values

Frequent occurrence of epizootic diseases

Price change on the market

OPPORTUNITIES

THREATS

The number of poultry slaughtered over the last decade has averaged around 65 million
heads, with the highest number of heads slaughtered in 2019. In 2023, this number is
7% higher than the previous year and amounts to 69.6 million heads. The number of
slaughtered heads in 2023 is 1.5% higher than the five-year average. The average gross
mass of slaughtered poultry in 2023 increased minimally, from 2.5 to 2.6 kg, while the
net mass remained unchanged compared to 2022 (1.8 kg). Poultry meat production in
the previous ten-year period ranged from 86 thousand tons to 115 thousand tons, in
2020 (with an average annual consumption of 17 kg per capita), up to a record level of
127 thousand tons, recorded in 2023. During 2023, poultry meat production was
achieved at a 10% higher level compared to the previous year and 13.6% higher than
the five-year average. The increase in poultry meat production is the result of an
increase in poultry slaughtering, with a noticeable increase in the share of slaughtered
heads in slaughterhouses in the total number of slaughtered poultry over the past decade
— from 55% of slaughtered heads in slaughterhouses in 2013 to 99% of slaughtered
heads in slaughterhouses in 2023 (MPSV RS, 2023). These results support the fact that
poultry meat is becoming a product that is slowly moving from small-scale production
on farms to large industrial complexes. At the beginning of December 2019, the register
of approved facilities of the Veterinary Directorate of the Republic of Serbia contained
78 approved facilities for slaughtering, cutting and processing white meat (poultry), as
follows: 35 combined facilities for slaughtering, cutting and processing poultry; 21
facilities for slaughtering poultry; 22 facilities for slaughtering and cutting poultry
(Rulebook, 2023).
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In the EU, poultry meat production continued to decline in 2022, after reaching a record
level in 2020. It is estimated that around 13 million tonnes of poultry meat were
produced in the EU in 2022, which is 1.5% less than in 2021. This result represents an
interruption of the significantly increasing trend of poultry meat production in the EU
until 2020. In 2022, the largest poultry meat producers in the EU were Poland (21% of
EU production, 2.7 million tonnes), Spain (12.6%, 1.6 million tonnes), Germany
(11.9%, 1.5 million tonnes), France (11.6%, 1.5 million tonnes) and Italy (9.3%, 1.2
million tonnes). Contrary to the general trend, poultry meat production in Poland
increased significantly (+7.5%) in 2022, reaching a new record level, while in Spain it
remained relatively stable (+0.6%). In contrast, significantly lower production was
recorded in France (-8.7%) and Italy (-11.8%) (Eurostat, 2022).

Table 6 SWOT analysis for the egg sector

Quantity and quality of fodder

Tradition and well-known production technology

Insufficient compliance with animal welfare, hygiene and
environmental standards

WEAKNESSES Older population in rural areas

Shredded production and small production units

Lack of bio safety measures in extensive production
Increasing consumer demand for products from sustainable

STRENGTHS

production

OPPORTUNITIES Favorable financial prospects for sustainable production
systems

THREATS Occurrence of epizootic diseases

Insufficient capacity to meet animal welfare standards

Egg production in the Republic of Serbia in 2023 is at the level of slightly more than
1.5 billion pieces, which represents the minimum level of egg production recorded in
the previous ten years (the stated production in 2018 was 1.79 billion). This trend is
expected, bearing in mind the decrease in the total number of laying hens in 2023. Their
number fluctuated a lot in the previous decade, with a slight downward trend, which is
also present during 2023, given that the number of laying hens is 2.6% lower than the
previous year, i.e. 9.5% below the five-year average. The trend in the number of laying
hens also had an impact on the number of eggs laid, which in 2023 was 7% lower
compared to the previous year, while compared to the five-year average, this number
was 12% lower (MPSV RS, 2023). Comparing the data on the number of laying hens
and the number of farms engaged in their breeding in the 2012 and 2023 Census of
agriculture (RZS, 2012; RZS, 2023) and the Survey on the structure of agricultural
holdings in 2018 (RZS, 2018), a slight increase in the number of laying hens can be
noted according to the Survey compared to the 2012 Census, with the number reaching
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nine million heads, as well as an unchanged average number of hens per farm (30 heads
per farm) in both investigations. However, according to the results of the 2023 Census,
the average number of heads per farm increased to 42, which speaks in favor of
consolidation of farms. However, even though there was a consolidation of production,
according to the 2023 Census, the number of laying hens is 12% lower than the results
of the 2012 Census, while the number of farms decreased by 36% in the same period.

Based on the above data, it can be said that the agricultural sector of the Republic of
Serbia possesses significant resources, both in terms of volume and their diversity,
which provides significant opportunities for production growth, diversification of
products and services, and the creation of new, innovative products and practices. On
the other hand, serious efforts are necessary to structurally reform the agricultural
sector and rural areas, in terms of strengthening their economic efficiency and
competitiveness. Most facilities for breeding and fattening animals in the Republic of
Serbia must be reconstructed or adapted, in order to meet the necessary requirements
for breeding and animal welfare, as well as standards in the field of environmental
protection, bearing in mind the special importance attached to the improvement of
biosecurity on farms, manure management and the use of renewable energy sources. It
is necessary to modernize the production infrastructure in order to achieve better
sustainability and competitiveness on the market, while the production itself must be
more economical and efficient.

The future of animal husbandry, which is labor-intensive and employs the largest
number of people in rural areas, is not only a question of agricultural development, but
also related to rural development policy. Support within the framework of agricultural
policy and rural development policy is defined by the Law on Incentives in Agriculture
and Rural Development (Rulebook, 2013), which, in addition to the types of incentives,
prescribes the conditions, methods of use and beneficiaries of incentives in agriculture
and rural development. On the basis of this law, a regulation on the distribution of
incentives in agriculture and rural development for each calendar year is adopted,
which allocates budget funds, prescribed by the law on the budget of the Republic of
Serbia for the calendar year. Incentives in agriculture and rural development are
financed from the budget of the Republic of Serbia, while certain support measures are
financed from EU funds and international donor funds. During 2023, within the
framework of the national agricultural policy and rural development policy, the
following incentives were implemented:

1. Direct payments (premiums, incentives for production, rebates), which through
incentives for parent hens of light type amount to RSD 100/head, and for parent
turkeys RSD 3,300/head. By introducing this support scheme, a signal is sent
to the producers that it is necessary to work on preserving the number of the
heads, as well as on improving the racial structure of the herd and the
production characteristics of their own heads. The effect of the application of
incentives for breeding cattle will be manifested through the improvement of
the quality of livestock products, as well as through the increase in the quantity
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of products placed on the market. Also, the implementation of this measure
increases the competitiveness of producers, considering that it affects the
reduction of cost prices.
Measures of rural development,
Special incentives,
IPARD incentives,

5. Credit support in agriculture.
A clear demarcation between beneficiaries of IPARD support and national rural
development support measures (NPRR) is presented in Table 7.

Bl

Table 7 Demarcation between beneficiaries of [IPARD support and national rural
development support measures (Rulebook, 2023)

INVESTMENTS IN PHYSICAL ASSETS OF AGRICULTURAL FARMS
Sector IPARD NPRR
Agricultural holdings that at the end of
the investment have a capacity of
minimum 1,000 and maximum 10,000
turkeys, and/or minimum 300 and
maximum 3,000 geese, and/or minimum
5,000 and maximum 50,000 broilers per
cycle, and/or a registered facility for the
production of a parent flock of heavy-
type chickens, at the end investments.

* Agricultural farms with a building | Farms that at the end of the
capacity of more than 10,000 turkeys | investment have a total
and/or more than 3,000 geese, and/or | capacity of a maximum of
more than 50,000 broilers per turn, at the | 999 turkeys and/or 299 geese
beginning of the investment, are | and/or 4,999 broilers per turn
acceptable for investments in the
construction and/or reconstruction of
storage capacities for manure and/or in
specific equipment and mechanization
for manure manipulation facilities, as
well as investments in the production of
energy from renewable sources on the
farm and investments in improving
biosecurity measures.

Farms with a total facility capacity of a
minimum of 5,000 to a maximum of
Egg sector | 200,000 laying hens in operation, i.e.
agricultural farms that have a registered
facility for the production of a parent

Meat
sector

Agricultural farms with a
total facility capacity of up to
4,999 laying hens in
operation
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flock of light-type hens, i.e. raising of
laying hens, at the end of the investment;
» Agricultural farms with a facility
capacity of more than 200,000 laying
hens, at the beginning of the investment,
are acceptable for investments in the
reconstruction of the facility in
connection with the replacement of old
non-enriched cages and/or equipment in
order to meet EU standards, as well as for
investments in the production of energy
from renewable sources on the
agricultural economy.

INVESTMENTS IN PHYSICAL ASSETS CONCE

RNING THE PROCESSING

AND MARKETING OF AGRICULTURAL PRODUCTS

Users registered in the
» Users who are registered in the Register | Register of Objects
of Objects (Rulebook, 2005) at the end of (Rulebook, 2005)
the investment . In the case of

* In the case of slaughterhouses, users

slaughterhouses, users with a

Meat with a minimum slaughter capacity of | maximum slaughter capacity
processing | 500 turkeys and geese or 5,000 poultry | of up to 499 turkeys and geese
and per day at the end of the investment are | or 4,999 poultry per day at the
marketing | acceptable. end of the investment are

sector * In the case of meat cutting and/or | eligible.
prOCCSSing plants, users with a minimum | » In the case of meat Cutting
cutting or processing capacity of 500 kg | and/or processing plants,
of processing per day at the end of the | ;gers with the maximum
investment are acceptable. cutting or processing capacity

are acceptable

Egg Micro, small and medium-sized legal | Support to  users  for
processing | entities, in accordance with the EU | investments related to egg
and recommendation on small and medium- | processing and marketing
marketing | sized enterprises (SME), are acceptable | will be implemented only
sector at the end of the investment through the IPARD program.

The general conclusion is that support measures for smaller farms are planned through
the National Rural Development Program, and for smaller and medium-sized farms
through the IPARD program (Instrument for Pre-accession Assistance for Rural
Development). At the same time, support for small farms is aimed at increasing income
and economic self-sustainability, while support for medium-sized farms is based on
improving efficiency and competitiveness.
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Systemic measures in poultry farming

Agriculture and rural development strategy of the Republic of Serbia for the period
2014-2024 (Rulebook, 2014) represents a strategic document of the highest level,
which defines the vision, goals, priority areas of action, as well as directions for the
development of agriculture and rural development of the Republic of Serbia in the
previous ten-year period. Since the validity and application of this document ends at
the end of 2024, the drafting of a strategic document for the next period has been started
and is ongoing. National programs for agriculture and rural development are adopted
on the basis of strategy (Rulebook, 2014), as medium-term program documents, which
cover a three-year period and contain plans and dynamics of the implementation of
measures. In addition, the national programs contain activities and measures, which are
implemented with the aim of further harmonizing the national agricultural policy with
the EU's Common Agricultural Policy (CAP). The previous national program for
agriculture was implemented in the three-year period from 2018 to 2020 (Rulebook,
2017). The next national program for agriculture was supposed to be implemented
starting in 2021, but due to extraordinary circumstances caused by the COVID-19
pandemic, the drafting of the document began in 2021, with the deadline for
implementing the document starting in 2022, in the next three-year period (Rulebook,
2022). National program for agriculture for the period 2022-2024 (Rulebook, 2022) is
based on the Agriculture and Rural Development Strategy of the Republic of Serbia for
the period 2014-2024 (Rulebook, 2014) and represents its further development at the
medium-term (three-year) level. A special chapter in this program refers to the
standardization of goods in domestic and international trade, which ensures clearly
defined quality, expressed through market standards. Application of market standards
enables easier communication between market participants, as well as easier market
placement. By establishing market standards, the buyer is sure that he is buying goods
of exactly the classified quality, while the seller should have the same treatment as all
sellers of the same product category. Most of the regulations, which regulate the market
standards and quality of agricultural and food products, and which are currently applied
in the Republic of Serbia, are not harmonized with international regulations and
standards, which mainly hinders the placement of Serbian products on the foreign
market. The harmonization of domestic regulations in this area with international
regulations and standards will greatly contribute not only to the increase in exports, but
also to the regulation of the situation on the domestic market.

One of the prerequisites for the further development of the egg sector is the creation of
a legal framework, which would regulate the system of grading eggs and reporting on
their prices. The currently valid regulation is partially harmonized with the CAP in this
area, and in order to achieve full harmonization of regulations with the EU legal acquis,
it is necessary to establish a transparent system of reporting on egg prices. The
implementation of these activities will create conditions for improving the position of
Serbian producers on the domestic and international markets. The market standards for
poultry meat are also not harmonized with the CAP, which is why the national
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legislation needs to be harmonized with the EU rules in this area, especially in the part
related to poultry meat classification and price reporting.
The results of the introduction of new measures in poultry production during the
Program implementation period are monitored through two indicators: the share of
poultry meat exports in total exports and the share of egg exports in total exports. In
this sense, at the end of the program implementation period, the share of poultry meat
exports is expected to increase by 0.05%, while the share of egg exports in total exports
should increase by 0.02% in 2024. In order to realize the stated goals, it is necessary
to:

- adopt regulations of market standards for poultry meat and

- adopt regulations of market standards for eggs and laying eggs and chicks of
domestic poultry.

The performance indicators for market standards are presented in Table 8.

Table 8 Indicators of results for market standards (Rulebook, 2014)

Indicator Unit of | Base value | Target value
measure (2020) (2024)
Share of export of fresh fruit and vegetables 9 70 10.0
in total export
Share of poultry meat exports in total exports % 0.25 0.30
Share of egg export in total export % 0.08 0.10

Similar to the mentioned Program, the [IPARD III program of the Republic of Serbia
for the period 2021-2027 (Rulebook, 2023) defined specific goals for different types
of production, which specifically in poultry can be divided into the meat and egg
production sector, as well as the meat and egg processing and marketing sector.

1. Meat sector:

- Improvement of environmental protection standards, production infrastructure
and equipment to achieve sustainability and competitiveness on the EU market.

- Increasing the value of agricultural production by adding value to primary
products through the support of higher stages of processing on farms.

- Increasing support to larger specialized farms for investments related to EU
biosecurity, animal welfare, management and storage of manure and/or waste
and/or standards for waste water storage and management.

- Improvement of the horizontal connection of agricultural producers.

2. Meat processing sector and marketing:

- Improvement of facilities for slaughtering, cutting and processing meat to
comply with EU standards.

- Introducing new technologies, improving production processes and improving
products, with the aim of better positioning on the domestic and international
markets.
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Introduction of food safety and quality systems (GHP — good hygienic practice,
GMP — good manufacturing practice, HACCP — hazard analysis and critical
control points and ISO — international organization for standardization), for
monitoring, control and management of production.

Improvement of waste and wastewater management, as well as renewable
energy sources.

Egg sector:

Improving the competitiveness and productivity of agricultural farms engaged
in egg production through investments in the construction of facilities and the
purchase of equipment.

Achieving EU standards in terms of egg safety and quality, animal welfare and
environmental protection, through investments in construction of facilities and
procurement of equipment for keeping (breeding) laying hens, storage and
management of manure, as well as production of energy from renewable
sources on the farm.

Egg processing sector and marketing:

Improvement of new and existing processing capacities to comply with EU
standards, as well as increasing competitiveness and productivity.
Introduction of new technologies and improvement of production processes
and products, with the aim of better positioning on the domestic and
international market.

Introduction of food safety and quality systems (GHP, GMP, HACCP and ISO).
Improvement of waste treatment and management.

CONCLUSION

From all of the above, it follows that the future development of poultry farming in our
country and in the world will only be successful if the quality of nutrition and human
health are strictly taken into account, keeping in mind the economy of production, the
welfare of animals and the preservation of the environment, while respecting the
opinions of science and the profession. This requires multidisciplinary cooperation and
a comprehensive approach, which can be reduced to the following measures:

l.

2.

W

Better control of the import of eggs and hybrids, with maximum engagement
of sanitary and selection services.

More frequent control and guarantee of the quality of poultry feed, as well as
the health status and all preventive measures taken in the production of one-
day-old chicks intended for fattening or the production of laying eggs for
consumption, which avoids not infrequent court cases.

Stricter control of all imported poultry feed components.

Daily monitoring of the most important animal hygiene parameters, as well as
more frequent quality control of drinking water on farms.

Greater subsidization in this type of production, as well as pre-agreed prices of
final products (meat and eggs).
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6. Establishing a partnership relationship, connection and good cooperation
between producers of poultry feed, farmers and representatives of the
slaughterhouse industry, who should jointly share the realized profit. This also
requires the formation of an association with the aim of joint performance on
the market.

7. Construction of slaughterhouses according to all European standards, which
would serve a larger number of smaller producers, which is a necessary
prerequisite for increasing quality control and exports.

8. Training of a larger number of experts within the already existing services, who
would work in the field with the aim of controlling production and solving
current problems in poultry farming, as well as educating producers
(professional lectures and seminars).

9. The formation of as many family farms as possible, with the use of existing
capacities, in order to, in addition to increasing employment and satisfying the
domestic market, acquire the conditions for greater export of poultry meat and
eggs, of special quality. The aforementioned producers have the option of
joining cooperatives to be as visible and competitive as possible through joint
cooperation and appearance on the market.

10. Maximum use of domestic components intended for the production of poultry
feed, with monitoring of their quality and correctness, proper storage and
prevention of mold and mycotoxin development.

11. Special attention should be paid to the structure and quality of the meal,
because in this way the quality of the obtained product and the health of people
can be significantly affected, while the meal must always have an acceptable
price.

12. Establishment of stationary experimental points (especially at faculties and
institutes), where experimental research would be carried out, using the latest
biotechnological achievements in this field, and whose positive effects could
then be applied in practice.

13. In their professional work and career, agronomists and veterinarians should not
be competitors, but on the contrary, colleagues with a clearly defined field of
work. They must never forget and stop contact and cooperation with the
faculties from which they came. Their umbrella institution should always be a
support in practical work, provide them with the possibility of additional
training, but also reliable laboratory services that they will use with certainty.

14. It is necessary to engage the profession when adopting all legal regulations that
regulate this area. At the same time, it is necessary to give significantly more
media space to eminent domestic experts, who also have something to say.
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Caxkerak

Obosmewa u mopeMehaju penpoayKTHBHOI TpakTa Iaca 4ecTH Cy Yy KIMHHUYKO]
BETEPUHAPCKO] MpakcH, a MOTryhHOCT NHpuUMeHe Tepanuje MMa KJbY4YHY YyJory 3a
cTBapame Oyayher moroMmcTBa. CBeCT BlacHUMKAa KyhHUX JbyOMMala o 3paBCTBEHOM
CTamby HUXOBHUX KMBOTHI-A 3HAYajHO C€ MpOMEHMJa mocienmwux roauHa. C apyre
CTpaHe, 300T M3MEHEHOI HauyWMHa JpKama Iaca, OHU Cy CKJIOHHUJU pa3IuuyuTUM
30paBCTBEHUM MopeMmehajuma, a Mmel)y muMa U nopeMehajuma penpoxyKTUBHOT
3apaBiba. Kajma ce ucnuryjy penpoayKTHBHHM CTAaTyCH Maca YBEK je MOTpPeOHO y3eTu
JIeTaJbHy aHaMHE3y O HMCTOPUJU PEMpPOAYKTUBHOT 3/1paBiba. ¥ OBOj PETPOCIEKTUBHO]
CTYIUjU aHAJU3UPAHU Cy MOAALHM y3€TH o1 95 maca ¢ maToIoTUjoM PenpoOIyKTHBHOT
Tpakta. [lopen Hajuenthu nopemehaja koju ce jaBibajy y 0BOj 007acTH, KO OBUX Iaca
3a0eyexxeHa Cy M HeEKa peTka ypoheHa maronomika crama. Hajseha yuectanoct
pENpOIyKTUBHE MaToI0rHje 3a0enexeHa je koj skeHCKUX (73%), a 3aTUM Ko MYIIKHX
jenuHku (22%), NOK cy HEOHATaJlHW MalWjeHTH Ouiu HajMame oOyxBaheHu OBOM
BpcToM narosoruje (5%). Xupypuika HHTepBeHIMja cpoBeieHa je y 71% ciy4dajeBa,
JIOK je (apMakoTepanujoM HHTEpBEHUCAHO Ko 24% mnauujeHata. Y ciydyajeBUMa
HeOHATATHMX mopemehaja, Morio ce camo KoHcTaroBaru yrunyhe mrenera (5%
ciydajeBa). PenponykTuBHa ucTOpHja Kyje, MyXKjaka U Jieria MOXKe JaTh OUINYHe
CMEpHHUIIE 3a MOCTOjabeé T'eHETCKe MPEeIUCIIO3HIIMje 3a pa3Boj crepunurera. Crora je
OBa PETPOCHEKTHBHA CTyAMja COPOBEACHA Yy LUJby MpHKa3a pPasIuYUTHX
penponykTuBHUX mnopemehaja, Mmoryhux Tepanuja paszauuutux nopemehaja, amm u
MHIUJICHLIE T[0jaB/bUBamba HCTUX Yy OAHOCY Ha moil U crapocT. CBeoOyXxBaTHO,
npoOJieMu KOju ce Hajyemihe jaBibajy Yy BETEPHUHAPCKOj MPAKCH, a OJHOCE C€ Ha
MATOJIOTH]y PENPOAYKIH]je Maca, TyKH BPEMEHCKH MepHoj 0cTajy candnu. [lo3utuBan
edekaT Ko OBakBHX MopeMehaja nmpoHanasu ce y 6p30j U JaKoj JUjarHOCTHIIM, aju U
CBE CaBpPEMEHHUJUM MeTo/laMa 3a ’bUXOBO KOPUTOBAHE.

KibyuHe peun: crepunuteT, hapmMakoTepanuja, Xupypruja, rncH.
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YBOJ

300r BenHMKe >KeJbe JbyIu 3a KyhHuM JsbyOMMIMMa, Tomynamnuja maca y Behum
rpaJloBUMa M3 TOJMHE Y TOAWHY ce moBehara. JloOujame cBe Beher Opoja 31paBor u 3a
AKHUBOT CIIOCOOHOT MOTOMCTBa Iaca, JOBOAM M J0 moBehama pPernpoayKTUBHUX
npobemMa oApaciux rnaca Koju ce KOpUCTe y penpoayKUuju. YIpaBo je 0BO pa3ior 300r
KOI' JaHallllha BETEpUHApPCKA JIENAaTHOCT 3aXxTeBa ymoTpedy caBpeMEHUX MeToja 3a
JIMJarHOCTUKY W pellaBambe MaTOJOLIKUX Ipolieca PEnpoIyKTUBHOI TpakTa Maca.
MHora o1 OBHX MaTOJOLIKUX CTaka MOTY CE MOjaBUTH y OMJIO KOM TPEHYTKY TOKOM
pPEenpOIyKTUBHOT KHBOTA Maca. J[a Ou ce n3beria morpemiHa repamnuja uia HenorpedHa
oJylarama, BaKHO je Ja KIMHUYap Op30 Mperno3Ha U pa3yMe MaTosIoTHjy Hajuenrhux
penponykTuBHux mopemehaja (Ortega-Pacheco u cap., 2012). I'muekonomku wian
aH/IPOJIOLIKY TIpervie]] maca y Lujby yTBphuBama y3poka HEIIOAHOCTH Tpeba 00aBUTH
npema yTBpheHoj 1memMu, Koja yKJbydyje MpUKYIJbalbe aHaMHe3€e, KIMHUYKHU Tperie,
kKao u naboparopujcke ananuze (Holumbiovska u Stefanyk, 2018). Hemnognocrt je
MPUBPEMEHH, TNPONYKEHH WIM TpajHu TyOUTaK pEnpoIyKTHBHE CIOCOOHOCTH
(ITaBnoBuh, 2018). Ilopemehaju penpoayktuBHe (yHKIHMjEe Y3POKOBAaHU CYy
pa3IMYUTUM ETHOJOMIKUM (akTopuMma: HENpaBUIHA OIUIOAKA, CTpec, Oosect
MOjeIMHUX PENPOIYKTUBHUX OpraHa, MH(GEKTUBHA 00JIeCT U UAMONATCKA HEIIOAHOCT
(Holumbiovska u Stefanyk, 2018).

PenponyktuBnu mnopemehaju kon maca mory Outu ypohenu u credeHu. CreueHu
penponyKTUBHM mopeMehaju, y JaHalImb0] BETEPUHAPCKO] Mpakcu (y3 caBpeMeHe
JIMJarHOCTHYKE MPOLEAYPEe) CE€ MHOIO JIaKIlIe MOTY YKJIOHHUTH, OHOCHO Ca HUMa Cce
MHOTO JIaKIIIe MOXKe yrpaBibaTH. Ypolhenu nopemehaj, O1HOCHO ypolheHU CTEpUIIUTET,
y oapehenom Opojy ciydajeBa MPUIMKOM XUPYPIIKOT 3aXBaTa MOXe OWTH CaHUPaH,
alM ce 4ecTo THME 3aBpllaBa M PENpoayKTHBHA aKTHMBHOCT jeauHke. Hermmomnoct
KEHKHU T1aca jaBJba ce y BeheM Opojy cilydajeBa y OJHOCY Ha My’KjakKe, aJli aToJI0MIKa
CTama Koja ce jaBJbajy KOJI My’Kjaka cBakako He Ou Tpebasa aa mpoly 6e3 030uspHE
orncepranuje 1 ananuse (Cranunh u ['anuh, 2021). ITopact undeprunurera Moxe OUTH
MOCJIeANIIa IOMECTUKAlLlMje W ymoTpebe maca y pasiuyuTuM cdepama y JbyIACKe
JIeNIaTHOCTH, 1a C€ U3 TOT Pa3Jiora, BeoMa BeJIKa MaKiba MOKIJIaka U PEnpOIyKIHjH
kyhnux spyoumana (Cranuuh, 2012; I'anuh u cap., 2022). Konuku ytunaj uma cama
JIOMECTUKaIMja yKa3yje YHEHHIIA Ce TICH CMaTpajy MOTOMIIMMA ByKa, alld 3a pa3liuKy
0]l Tlaca, By4Ydlla UMa caMmo jelaH €CTPyCHU mnepuoa TokoMm roauHe (Nagashima u
Songsasen, 2021), kaga 1 caM ByK TOKOM TOT IIeprojia MPou3Boau criepmarozouse. Ca
JpyTre cTpaHe, JOMECTHKAIMja JoBesa je 0 Tora Ja *eHka Ica Hajuenthe uMa 1Ba/Tpu
ecTpyca ToIullIbe, JOK MY’Kjalld maca npou3Bose (pepTHiiHe CIepMaTo30HMIe TOKOM
nene roaune (Ortega-Pacheco u cap., 2006; Cranuuh, 2012).

ToxoM rpaBuAMTETa U HHTPAYTEPUHOT pa3Boja, Behu Opoj mopemehaja ce u gajbe Beoma
TEHIKO OTKpHBa, a W KajJa ce JUJarHOCTHKY]y, OCTajy 0e3 Moryhe xXupypiike
UHTepBeHL]e win Gpapmakorepanuje (Miinnich u Kiichenmeister, 2014; Pereira u cap.,
2022). YpoheHr KOHTCHUTAJIHU CTEPHIUTET MOXKE CE MOJAEIUTH Ha (OPMATUBHU M
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(GyHKIMOHANHUA. 3a OBaKBe OOJMKE CTEPHJIMTETa, Ca CTAHOBUIITA BETEPUHAPCKE
Mpakce, Tepanyuja MpakTUYHO He moctoju. PopmaruBHU nopemehaju mpencraBibajy
rpy0e aHatoMcke aOHOPMAHOCTH, KOJ KOjuX (pyHKIMja penpoIyKTUBHUX OpraHa He
noctoju. PopmaruBHU nopemehaju ce y TOM CMUCITy MOTY MOJAEIUTH Ha TUN Kaja
KOMIUJIETHO HEI0CTajy PENpOAYKTUBHU OpPraHU M Ha TUN Kaja Cy IOjeIWHU JEIOBU
TeHUTAJHOT TpakTa pyauMmentupanu (IlaBnosuh, 2018).

I'maBHe npouenype ucTpakuBama 3a yTBphuBame y3poka HeII0JHOCTH Cy: BarHHAJTHU
CEKpeT, BarMHOCKONMja, BaruHajHa LMUTOJOTHja, MHKPOOUOIIOIIKE CTYyIuje,
paauorpaduja, XUCTEPOCKOINHU]a, XHUcTeporpaduja, yaTpa3BydHH perie, oapehrupame
KOHIIGHTpallMj€ MOJHUX XOPMOHAa y KpBH, ajli M KBaJIUTET M OLEHA ejaKynara
(Holumbiovska u Stefanyk, 2018; Cranuuh u I'anuh, 2021).

[TaTonomka cTama penpoIyKTUBHOT TpakTa cy yoOM4YajeH! Hajla3h y BETEPUHAPCKO]
npakcu KyhHux JpyOumana. Heke o oBHX mpoMeHa, Kao IITO Cy MHOMETpa, MOTY
030MJbHO YTHIIATH HA PENPOLYKTHBHO 3/paBibe KyhHHMX JbyOMMalla, Koja ako ce He
MIpero3Ha U He JIEYH Ha BpeMe, MOXKe JIOBECTH 10 yruHyha skuBoTHme. Kimnuuapu
MOpajy OUTH CBECHU PA3IUYUTOCTH PENPOAYKTUBHE MATOJOTHje U OMTU CIPEMHU Jia
MIPENo3Hajy OHE KOjU 3axTeBajy XUTHO Jjeuyewme (Ortega-Pacheco u cap., 2012). 360r
CBEra HaBeJICHOT, LIWJb OBE PETPOCIIEKTUBHE CTYH]j€ je OO Jla ce aHAIM3UPajy MOJAII
nobujeHu ox1 95 maca ca maToJIOTUjoM PENpOyKTUBHOT TPAKTa.

MATEPUJAJIN U METOIE

[Ipernenana je mequiuHCcKa JokyMeHTanuja Berepunapcke kinnuke ([Jenaptman 3a
BeTepUHApCKy Meauinny, [lossonpuspeanu axynret, Yauep3utetr y Hosom Cany),
paau MpuKylJbakba HHPOpPMalMja O McuMa (MyLIKE jeAMHKE, KEHCKE jelUHKE WU
HEOHATaJHU NalMjeHTH, N=95): pa3auyuuTe pacHe NPUIATHOCTHU, Pa3IMUUTE CTApOCTH,
3a BpeMEHCKH mepuoj o janyapa 2021. no jamyapa 2023. ronuHe, ca pa3inuuTUM
pENpONyKTUBHUM mpobiemuma. OOyxBaheHM Ccy CBH Clly4ajeBU Marojioruje
PENPOIYKTUBHOT TpaKkTa, U OHU KOJU Cy YCIEIIHO CaHHpaHU (Tepanuja/Xupypuiku
3axBar), Kao u nopemehaju Koju Cy OTKpUBEHH IPUIMKOM XHPYPIIKOT 3aXBara (LapcKu
pe3/0BapUOXUCTEPEKTOMU]A).

3a cBakor maiMjeHra nocedHo, a Ha OCHOBY pe3ysTara OMILUTET KIMHUYKOT Iperena,
eKCIUIOpAaTUBHE XHUPYpruje, MaTOXUCTOJIOIIKOT Hajias3a, YIATpa3BydyHe M pEHAreH
JIMJarHOCTHKE, XOPMOHCKOT CTaryca, MHKPOOMJIOIIKOT M LUTOJOMIKOr Opwuca,
JIOHEIIeHa je paJHa JAMjarHo3a 3a ojapeheHu penpoayktuBHu mnopemehaj. Yum je
OTKpHUBEH ofipeh)eHn penpoayKTUBHU MpoOiIeM, MPEASIOKEH j€ U XUPYPIIKU 3aXBaT
WM IPYMEHa JIEKOBa. 3a N3BOhere XUPYPUIKOT 3aXBaTa CBE )KUBOTHHLE CY MOIBPIHYTE
CHEILMjaTUCTUYKOM Tperiey, aHaIu3u KpBU (KOMIUIETHA KpBHA CIIUKa U OMOXeMuja),
paauorpadckoM M YATPa3By4HOM IIperieay, a Mo mnoTpedu paheHa je u
MAaTOXMCTOJIONIKA aHaIM3a, MPETXOIHO y30pKOBAHUX OuomnTara. XUpypUIKU 3aXBaTH
U3BEJICHU Cy Yy OIIUTOj aHEeCTEe3Uju. AHECTE3UOJOMKHA MPOTOKOIH (MpeMeaInKalja,
MHAYKIHMja U OJAp)KaBalke OIIITEe aHecTe3uje) Cy yHoTpeOJbUBaHM Ha OCHOBY
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OMOIOIIKHUX U 3APaBCTBCHUX KAPAKTCPHUCTHUKA CBAKC je,IlI/IHKe HOjCI[I/IHa‘{HO. v CKiIany
ca MpEeTXO0AHO HAaBCACHUM, (bOpMHpaHI/I CYy Pa3IMYUTH aHCCTC3UOJOMIKU IIPOTOKOJIN Y
KOjI/IMa cy KopnmheHa cneﬂeha cpeacTtBa: CEOaTuBU (MI/I,Z[aSOJ'IaM, JAua3ciiaM,
KCI/IJ'Ia3I/IH), OINIITH MBCKIMOHKW aHCCTCTHIN (HpOHO(bOJ'I, KCTaMI/IH) 1 HMHXaJIallMOHH

AHECTETHUIIN 32 OJIpKaBame aHecTe3uje (ceBodurypan, n3odmypan).
3a nmotpebe popmupama 6a3e mogaraka, aHalu3e pesyiTara U CTaTUCTHUKE oOpaje
nonaraka ynorpeosben je Microsoft Office Excel (v2019).

PE3VIITATHA
JleBenecer u neT naca (’KEHCKe JeIMHKE, MYIIIKE JeIMHKE U HEOHATAIHU MAalUjeHTH) Y
NepHOy O1 JBE TOAMHE MOKa3ajo je penpoaykTuBHe nopemehaje.

Kapaxrepucruke nanujenara npukasase cy y Tabenu 1.

Ta6ena 1 Kapakrepuctuke nanujeHara

[Tapamerap [loarpymna WHnupenna

PKencka jennnka 73%

My1ka jequHka 22%

Maumjent Heonaranau nauujeHt 5%
Crapoct ox 5 do 10 roguna 38%

Crapoct < 5 ronuHa 31%

Crapoct > 10 roguHa 28%

Kpunrtopxuzam 14%

PenponykTuBHU mopeMehaju OGomema npoctate 4%
P Tymopu Tectuca 2%
y J [Iponamncyc nenuca 1%
Xunocnanuja 1%
26%
[TymMopH MieuHe ie3ne 13%
[IceynorpaBuauTeT 10%

[TnomeTpa 50

[Iponancyc BaruHe 50,

MacTurtuc 3%

ByiBoBaruHuTHC 294

Penponykrusan nopemehaju  [Lucte jajHuka (OTKpUBEHE TOKOM 294
PKEHCKUX jeTUHKH KacTparuje) 1%
X emaroMeTpa 1%

X epmadpoautuzam 1%

Mauepanuja 1%

PexToBarunanHa ucryna 1%

[loBpene BynBe 1%

CUHIPOM 320CTalIOT jajHUKA 1%
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[TpaHCMUCHOMITHI BEHEPUYHHU TyMOP
(TBT)
[Tymopwu jajHuKa
[Topemehaju HEOHAaTATHIX HakazHa cTama 2%
alyjeHara OTKPUBEHH HAKOH |AHacapka 2%
LIapCKOT pe3a/mapryca [acTpommza 1%
X UpypILIKK TpeTMaH 1%
[IpemyseTe mepe DapmakoTepanyja 24%
KoncraroBano yrunyhe 5%
Creprurer CreueHn 83%
Ypohenu 17%

Hajseha yuecTanoct penpoayKTuBHUX pobaema 3a0eexeHa je KoJl AKEHCKHUX JeUHKI
(73%), 3aTM KO MYHIKUX jenUHKH (22%), a HajMambe KOJl HEOHAaTaJHUX MalldjeHaTa
(5%). IManmjentu cy Mo cTapocTu MojaesbeHu y Tpu rpyne. [IpBy rpyny cy YHMHUIU
MalUjeHTH CTApOCTH MPEKo aeceT roauHa (28%), aApyry rpyny nanujeHtu udmehy net
u necet roauna (38%), a mocieamwy NalMjeHTy cTapocTu uenox net roguna (31%). Ox
PENpPONYyKTUBHUX MpolieMa 3alenexxkeHu cy cieaehu: TyMOpu MIIEUHE JKIe3Je,
o0osbema mpocrare (UUCTUYHE MpoMeHe M OenurHa xwumnepruiazuja) (Comka 1),
KpuntopxuzaMm, xepMmappoauruzam (Cnuka 2), uucte jajuuka (Cnmka 3), Tymopu
tectuca (Cnuka 4), nuoMeTpa, XeMaToMeTpa, Malepalidja, Haka3Ha CTama, aHacapka,
ractpomnza (Cnouka 5), BynBoBarunutuc (Cnumka 6), [CeylIOTpaBUAMTET,
peKToBarMHagHa (ucTyna, MOBpene BYJIBE, CHHAPOM 3a0CTAJIOT jajHHKA, MPOJIATICYC
BarvMHe, MacTUTHUC, MPOJIANCYC NEHHCA, XUIOCHaaAnja, TPAHCMUCUOUIHN BEHEPUYHU
TyMOp, TYMOPH jajHUKA.

P ‘

" [ Y
Cauka 2 Barunanau Canka 3 Ciyuajan Hanas

Cauka 1 YaTpasByuHa . ..
. Iperie] 1ca U ANjarHoCTHKAa  COJIMTapHE LIUCTE HA JaJHUKY
JINJarHOCTUKA [IUCTUYHE . T
KIIMTOPOMETaNIN]€ KOJ cTapuje Kyje NIpUINKOM
IIPOMEHE Ha NIPOCTATH TIca .
xepMadpoIuTHIMA OBapUOXHUCTEPEKTOMHU]E
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Canka 6 Mzonanuja u
uaeHTudUKanuja
Y3pOUHHUKA
BYJIBOBATHHUTHUCA HA
KpPBHOM arapy y
naboparopuju 3a
MHUKPOOHOIOTH]Y

Cauxka 5 INactpommsa
Canka 4 Tymop Tectuca HEOHATATHOT TAINjCHTA,
(lecHO IPOMEEH TECTHC)  HETOCPEIHO HAKOH
LAPCKOT pe3a

®dororpaduje: Mran ['anuh

Kox KeHCKMX jemWHKH O]l CBHX EBUICHTHUPAHUX PENpOAYKTUBHHX mopemehaja
HajBUIIIE Cy 3a0eNie)KeHN TYMOPHU MJICUHUX *kJie3na (26%), nceynorpasuauret (13%) u
nmmomeTpa (10%).

Kon mymkux jenunku Hajehu Opoj eBHISHTHpAaHUX MpOMEHa 3abesekeH je 3a
kpuntopxuzam (13%).

PenponykTuBHe aHOMalIMje KOJI HEOHATAIHUX TalldjeHaTa eBUICHTUPAHE CY YKYITHO Y
5% ciy4ajeBa, ¥ TO Haka3Ho cTame (2%), anacapka (2%) u ractpommusza (1%).
Xwupypiika WHTEpPBEHIIMja caHamuje crpoBeAeHa je y 71% ciydajeBa, JOK je
MPOTOKONIMMa (papMaKkoTepanuje HHTepBEHUCaHO Kof 24% nanujenrta. Y ciydyajeBuma
HEOHaTaJHUX nopemehaja, MOIJIO ce caMO KOHCTaToOBaTH yrUHyhe HITeHeTa, ITOo je
3abenexeHo y 5% ciydajesa.

Creuenu crepuiuTeT jaBuo ce y 83% ciyuajeBa, ca HajBehuM ynenom KoJ cTapujux
JKUBOTHIbA (Ipymna jeAUHKH cTapocTH of 5 1o 10 roguna, xao u rpyna > 10 roguna),
ok ce ypohenn (17%) y Hajeehem Opojy ciydajeBa OTKPUO KOJ MalldjeHaTa CTapOCTH
UCTON TeT rojuHa (XWmocnaauja, xepmadpoauTH3aM, PEKTOBarMHANIHA (HCTYIA,
racTpoIusa).

JAUCKYCHUJA
PeTrpocniektuBHE cTyIUje, CIMYHE HAIIO] CTYAHjU, OTKPUBAjy YUECTATIOCT Pa3THIYUTHX
PENpONyKTUBHUX MopeMehaja y Momyalujy mnaca, ITo je KOPUCHO 3a JAU3ajHUpPAE
npOoPUIAKTHYKUAX W KIMHUYKHUX CTPaTeTHja, ajld M 32 CaBETOBAaHE BIIACHHKA KyhHHMX
JpyOumara o mpobieMumMa y3roja u penpoaykiuje maca (Hadiya wu cap., 2021). ¥V
HAIIOj CTYIWjU 3a0eNeXuIn CMO TyMOpe MJIeYHHUX >kie3na (24), tymop jajuuka (1),
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TpancMucHOWIHKM BeHepuuHu Tymop (1) m gBa Tymopa Ttectuca mnca. Oppacie
KUBOTUIE CTapHvje oJ S5 roauHa cy HajBuiie mnorohene, anu BehwHa Tymopa
PENpOIyKTUBHOT TpaKTa He MpeCTaBsba pacHy npeaucnosuuyjy (Veiga u cap., 2009).
Pesynraru ctynuje (Veiga u cap., 2009), cnuunu cy pe3yiTatuma Halle CTyAH]je I1e je
HajBehu Opoj ciayyajeBa CBUX PENPONYKTHUBHUX MATOJOLIKUX CTama 3a0eiexeH y
rpynu xuBoTumba u3mehy 5 u 10 ronuna (38%), nok ce 28% cBUX penpoOIyKTHUBHHUX
nopemehaja jaBuiio kop naca crapujux of 10 roguna. 11ITo ce sxenku naca Tuye, nopes
TyMoOpa MJIEUHE XkJie3/ie, Hajuenihe 3a0efeKeHn TYMOPH KOjU Ce jaBJbajy, jaBJbajy ce y
Matepuiy win Baruau (Veiga u cap., 2009). V Haiioj peTpoCcreKTUBHOj CTYIUJU HUje
3a0elie’KeH HU jelaH TYMOp MarepHuile, 0K cy 3abenesxeHu Tymop jajuuka u TBT koju
3ay3MMa BardHaJHy CIy30KOKYy M TpelICTaB/ba jeAaH O]l Hajuelhux BarvHaJIHHUX
TyMOpa y TPOIICKUM KpajeBUMa U 3eMJbama y pa3Bojy (Ortega-Pacheco u cap., 2007;
lNanuh u cap., 2019). Heorasme BarmHe u BynBe mpenctaBibajy 2,4% - 3% cBux
TyMopa KoJl naca u Behuna wux je 6enurna (McEntee, 2002). [Iponancycu Barune (y
HAIIOj CTYAMjU 3a0eJIeKeHO 5 cllydajeBa) U KIMTOpOMEraiinja KoJ xepMappoauTuzma
(3abenexeH jeaH ciyyaj y HallleM HCTPaXHBamy), MOTY C€ 3aMEHUTH ca TyMOpUMa
BarvHe, ra MpWIMKOM HBUXOBE JMjarHOCTUKE U KOHAYHE JIMjarHo3e Tpeda OuTH Beoma
oba3puB (Ortega-Pacheco u cap., 2012). Hajuenrhe npujaBsbeHu TyMOpHU My>KjaKa maca
Cy TYMOpPH TeCTHCa, Ipenyluujyma u Tymopu npoctare (Veiga u cap., 2009). Mehytuwm,
y OBOM HCTpa)kKMBamyCy INpHjaB/beHA caMO JBa TyMopa Tectuca. McrpaxkuBame H3
2022. roguHe, Koje je rpymna ayTopa cmpoBeia Ha necer maca (CmacojeBuh u cap.,
2022), nokazano je ga ce OwiarepaiHu Kpunropxuzam jaBuo kox 20%, 1ok je
yHUJIaTepanHu 3abenexen koj 80% mauujeHara, JOK ce KO JeJHOTr 1ca 0] OCHOBHE
JIjarHo3e 3a0CTajamba TeCTHCA MOCIEANYHO JaBUO CEMUHOM THI TyMoOpa TecTuca. Y
OBOj CTYIWjU HUCY pa3/iBajaHU TUIOBU KPUNTOPXU3Ma, il C€ Of CBUX MATOJIOLIKUX
MpoMeHa, KpunrTopxuszaMm jaBuo y 14% ciydajeBa W mpeacTaBba Haj3acTyIJbEHU)E
MATOJIOIIKO CTa€ MYIIKUX JETUHKHU KOj€ Cy YIIUIE Y OBO UCTPaKUBAILE.
Xunocnaauja, abHOpPMaIHU TOJI0XkKa] OTBOpa YpeTpe, cMaTpa ce peTKoM ypoheHom
Maa(popMalijoM PEePOAYKTUBHUX OpraHa MyIIKHUX Maca. Y peTpOCHEKTUBHO] CTYIU]H
u3 jenne BerepuHapcke kiuHuke y Iloseckoj (2006-2017), nmpujaBbeHo je ykymnHo 10
u3BewTaja o xunocnagauju neuuca (0,05%), npunukom yeuaa y 19.950 Mmeauuunckux
KapToHa MyILIKuX naca (Switonski u cap., 2018). YV npukasy oBe cCTyauje, 3a 1€ TOIUHE
Ha Berepunapckoj kiunuiu I[lossonpupennor gakynrera y Hosom Cany, npujaBibeH
j€ jellaH city4aj XMIocmayje.

Pusunm on mojaBe MaroJOIKKUX Mpolieca Ha jajHUIMMA, PacTy MPOMOPILHOHAIHO ca
ctapoihy Kyja, IITO OCTaBJba MUTAKE ONTHUMAIHE CTAPOCTH Kyja 3a TOHAJIEKTOMU]Y
(Bostedt u cap., 2013). CunzapoM 3a0cTajor jajHUKa je jJaTpOreHo CTame KOje HacTaje
NPWIMKOM TpeliKe Yy TMOJBE3UBalky jajHUKAa TMPUIMKOM OBapUEKTOMUjE WIIU
oBapuoxuctepekromuje (Wallace, 1991). Takohe, moxe na nohe 10 ucnajgama TKUBA
JajHUKa MPUJIMKOM OBOT XUPYPIIKOT 3aXBaTa y aOJIOMEH Kyje U J1a TOM MPHIUKOM TKUBO
JjajHuka ocrane aktuBHO (Terazono u cap., 2012). ITopen ynrpacoHorpaduje, koja Huje
yBEK HajcurypHHuja Metona (Sontas u cap., 2007), Mepermbe akTUBHOCTH €CTPaanoiia u
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MpOrecTepoHa Jaje jacHUjy CIMKY AMjarHocThke oBor cuHipoma (Ortega-Pacheco u
cap., 2012). YV ucrpaxxuBamwy Tpu kiunuke u3 Cjenumenux Amepuukux [Ipxasa (Ball
u cap., 2010) y mepuony on cemam roauna (2000-2007) mpujaBibeHO je cBera
JICBETHAECT Iaca ca CUHJIPOMOM 3a0CTaJIor jajHHUKA, TOK j€ Y OBOj CTYAM]jH MPETIeAOM
MEIMIIMHCKE JTOKyMEHTAaIlMje 3a MEepHoj Of JBE TOAMHE, 3a0eekeH jeaH Ciaydyaj
CHUHJIpOMA 3a0CTajior jajHUKA. AHOBYNAaTOpHE (YHKIMOHAIHE (OJTUKYTapHE LHUCTE
JajHUKa cy yoOM4YajeH! CITyYyajHU Hajla3u KOJl CTapujuX Kyja, TOCEOHO KOJ OHUX KOje
HUKaJa HUCY MapeHe WM HUCY MMaJle JIErI0, a MOTy OMTH COJIMTApHE WU MYJITHILIE
(Schlafer nu Miller, 2007; Ortega-Pacheco wu cap., 2012; Cranuuh, 2012). V¥
uctpaxuBamwy u3 2017. ronune (Maya-Pulgarin u cap., 2017), cipoBeneno Ha 3.600
Kyja KoOje Cy TOABPrHYTE€ OBapUOXHUCTEPEKTOMUjU, TmpHjaBibeHo je 10,5%
(donuKyIapHUX IMCTA, TOK CY Y OBOj CTYAH]jH 3a0enexeHa camo ABa (2%) Hanasza nmucra
Ha jajHULIMMA.

Hoswuje ucrpaxusame u3 2021. ronune, npujassbyje 13,2% macturuca xyja (Lection u
cap., 2021), 1ok ce y OBOM HCTpakHBamby MacTUTUC jaBUO Y 5% ciyuajeBa. Ca npyre
cTpaHe, 000JbeHEC KOje je IUPEKTHO BE3aHO 3a MIICYHY IKIE3dy Kyja jecre
nceynorpasuauteT. Knuanuku cumntomu ce kpehy on Omaror yBehama BuMeHa U
JIAKTOTeHe3€ 10 I0jaBe JaCHUX 3HAKOBA MpaBe TPaBUAHOCTH ca MaHHU(ECTaIjoM
napryca, paBJbeHha rHe3/1a, TyOUTKOM areTuTa, arnaTijoM, EeMOTUBHOM Be3aHoluihy 3a
HEKe HEMOKpeTHe MpeAMeTe M cHakHoMm jakTanujoM (Cranumh u cap. 2012a), u
uanuaeHoM on 4,43% (Dhurvey wu cap., 2022) g0k je WHIUJEHIA Yy HAIIeM
uctpaxuBamy 13%. Y maioj mpakcu, mMoMeTpa je jeaHO o Hajuemhux o0oJbema
Mmarepuile kyja. [lojaBa muomerpe 3HayajHO ce moBehaBa mocie 5. TOAUHE CTapoCTH,
anu Mory na obone u muahe kyje. [lopen crapoctu Kyja, Takohe u paca ©Ma 3Ha4ajHOT
yTHLIaja, anu U roauuimbe 106a (Cranunh u cap., 2008; Cranuuh u cap., 20126). YV
OBOM HCTpaxkuBamy 3abenexxeno je 10% ciyuajeBa mmomerpe, mrto cy mopen 2%
cllydajeBa XeMarOMETpe, jeAMHU CIyyajeBU MATOJOUIKUX CTama Marepuie. Y
PETPOCHEKTUBHO] CTYIUjU Koja je oOyxBaruia 599 maca, ayropu mpujaBibyjy Aa je
TOKOM cBOT >kuBoTa 79 maca (13,2%) paszsuiio muometpy, a 160 (26,7%) Tymop miieuHe
xne3ne (Beaudu-Lange u cap., 2021), mTo je y ckiIagy ca pe3ylraTUMa OBOT
HCTpaKUBama, I7ie ce muomerpa jaBuiay 9 ciuydajena (10%), a TyMopu MieuHe xiie3/ie
y 24 cnyuyajeBa (26%).

Heonaranne Oonect u ryOuuu MmiagyHana cy 4ecT M HeusOexkaH NpolieMm y
BETEPUHAPCKOj MpakcH. MOopOUAUTET U MOPTAIUTET ce Kpehy, mpeMa JuTeparypu, of1
5 1o 35% (Miinnich u Kiichenmeister, 2014). ¥ 0B0j peTpOCIEKTUBHO] CTYyAH]H KOI
HEOHAaTaJHUX MopemMehaja, MOIJIO ce caMO KOHCTAaToBaTH yrunyhe mreHera (Haka3zHa
CTama, aHacapka W racTpommsa), mTo je 3abenmexeHo y 5% ciyuajeBa. Mehy
HEeMH(PEKTUBHUM Y3pOIIMMa, TIOpPEI XMIIOKCHj€ TOKOM polhema, Xumorepmuja,
XUIMOMIMKEMHja W JAeXHujaparalyja cy HajBUIIE OJIrOBOPHU 3a OoyiecTh U ryOuTKe
HITeHala y MpBUM JaHUMa >KMBOTa, Ma je YATpa3By4YHAa IMPOIEHA BUTAIHOCTH
MJIaJlyHala TOKOM TpaBUAMTETa Majke, BeoMa 3HauajHa y BETEPUHAPCKO] IMpaKCH
(Pereira u cap., 2022; I'anuh u cap., 2022).
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3AK/bYYAK

Hekanammy npuctyn TpajgulMOHAIHOT JIedemha PENpolyKTUBHUX MopeMmehaja maca,
MOJPa3yMeBao j€ OBAPHUOXUCTEPEKTOMHU]Y WM OpXuekToMujy. JlaHac cy paziauuute
(dapmakoTepanujcke Tpylne MHOTO IIUpe, 3a chenuduuHe mpobieme y Be3u ca
PENpPOIYKIIUjOM Maca, ajid ca APYyre CTpaHe, XUPYPILKE TEXHUKE CaHAIMje Pa3InIUuTHX
nopemehaja cy U najbe jeMHM HAYMH OTKJIAmkamkba MHOTHUX NAaTONOIIKUX CTama y
penponykuuju naca. CBeoOyxBaTHO, MpoOJeMH Koju ce Hajuemhe jaBibajy Yy
BETEPUHAPCKO] MPAKCH, a OJHOCE C€ Ha NaToJIoTH]y PEenpoidyKIHje Maca, IyKd
BPEMEHCKH Mepuoj, ocrajy uctu. [lo3utmBan edekar ko OBakBUX mNopemehaja,
MpoHaia3yu ce y Op30j U JaKoj MjarHOCTHUIM, I U CBE CaBPEMEHHUJUM METOo/aMa 3a
IbUXOBO KOPUTOBAHE.

U3jaBa o cykoOy uHTepeca: AyTopu U3jaBibyjy Jla He MOCTOjU CYKoO MHTepeca.
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Summary

Diseases and reproductive tract disorders are common in clinical veterinary practice,
and the possibility of applying therapy plays a key role for future offspring. The
awareness of pet owners about the health status of their animals has changed
significantly in recent years. On the other hand, due to the changed way of keeping
dogs, they are more prone to various health disorders, including reproductive health
disorders. When examining the reproductive status of dogs, it is always necessary to
take a detailed history of reproductive health. In this retrospective study, data taken
from 95 dogs with reproductive tract pathology were analyzed. In addition to the most
common reproductive disorders, some rare congenital pathological conditions were
also detected in these dogs. The highest frequency of reproductive pathology was
recorded in females (73%), followed by males (22%), while neonatal patients were
least affected by this type of pathology (5%). Surgical intervention was performed in
71% of cases, while pharmacotherapy was used in 24% of patients. In cases of neonatal
disorders, only the death of the puppy was noted (5% of cases). The reproductive
history of the bitch, the male and the litter can provide excellent guidelines for the
existence of a genetic predisposition to the development of sterility. Therefore, this
retrospective study was conducted with the aim of presenting different reproductive
disorders, possible therapies for different disorders, but also the incidence of their
occurrence in relation to gender and age. Overall, the problems that most often occur
in veterinary practice, and relate to the pathology of canine reproduction, remain
similar for a long period of time. A positive effect in such disorders can be found in
quick and easy diagnosis, but also in increasingly modern methods for their correction.

Keywords: sterility, pharmacotherapy, surgery, dogs.

INTRODUCTION
Due to the great need of people to have pets, the dog population in major cities is
increasing year by year. Obtaining an increasing number of healthy and viable dog
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offspring also leads to an increase in reproductive problems of adult dogs used in
reproduction. This is the reason why today's veterinary practice requires the use of
modern methods for diagnosing and resolving pathological processes of the
reproductive tract of dogs. Many of these pathological conditions can occur at any time
during the reproductive life of dogs. In order to avoid incorrect therapy or unnecessary
delays, it is important for the clinician to quickly recognize and understand the
pathology of the most common reproductive disorders (Ortega-Pacheco et al., 2012).
Gynecological or andrological examination of dogs in order to determine the cause of
infertility should be performed according to an established scheme, which includes
anamnesis, clinical examination, as well as laboratory analyses (Holumbiovska and
Stefanyk, 2018). Infertility is a temporary, prolonged or permanent loss of reproductive
ability (Pavlovi¢, 2018). Reproductive function disorders are caused by various
etiological factors: inadequate fertilization, stress, disease of individual reproductive
organs, infectious disease and idiopathic infertility (Holumbiovska and Stefanyk,
2018).

Reproductive disorders in dogs can be congenital and acquired. Acquired reproductive
disorders, in today's veterinary practice (with modern diagnostic procedures), can be
much easier to remove, that is, they can be much easier to manage. Congenital
disorders, or congenital sterility, can be repaired in a certain number of cases during
surgery, but this often ends the reproductive activity of the individual. Infertility of
female dogs occurs more often than in males, but pathological conditions that occur in
males should also treat with serious observation and analysis (Stanci¢ and Gali¢, 2021).
The increase in infertility may be a consequence of the domestication and use of dogs
in different human activities, and for this reason, great attention is given to the
reproduction of pets (Stanci¢, 2012; Gali¢ et al., 2022). The impact of domestication
itself is indicated by the fact that dogs are considered descendants of wolves, but unlike
dogs, the female wolf has only one estrous period per year (Nagashima and Songsasen,
2021), and that is the period when the wolf produces sperm. On the other hand,
domestication has led to the fact that female dogs most often have two/three estrus
periods per year, while male dogs produce fertile sperm throughout the year (Ortega-
Pacheco et al., 2006; Stanci¢, 2012).

During pregnancy and intrauterine development, a large number of disorders are very
difficult to detect, and even when diagnosed, they remain without possible surgical
intervention or pharmacotherapy (Miinnich and Kiichenmeister, 2014; Pereira et al.,
2022). Congenital sterility can be divided into formative and functional. For these
forms of sterility, from the point of view of veterinary practice, therapy practically does
not exist. Formative disorders represent gross anatomical abnormalities, in which the
function of the reproductive organs does not exist. In this sense, formative disorders
can be divided into a type when the reproductive organs are completely missing and a
type when certain parts of the genital tract are rudimentary (Pavlovi¢, 2018).

The main procedures for determining the cause of infertility are: vaginal secretions,
vaginoscopy, vaginal cytology, microbiological studies, radiography, hysteroscopy,
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hysterography, ultrasound examination, determination of sex hormone concentrations
in the blood, as well as the quality and assessment of ejaculate (Holumbiovska and
Stefanyk, 2018; Stanci¢ and Gali¢, 2021).

Pathological conditions of the reproductive tract are common findings in veterinary
practice of pets. Some of these changes, such as pyometra, can seriously affect the
reproductive health of pets, which, if not recognized and treated in time, can lead to the
death of the animal. Clinicians must be aware of the diversity of reproductive pathology
and be prepared to recognize those that require urgent treatment (Ortega-Pacheco et
al., 2012). For all of the above reasons, the aim of this retrospective study was to
analyze data obtained from 95 dogs with reproductive tract pathology.

MATERIALS AND METHODS

The medical documentation of the Veterinary Clinic (Department of Veterinary
Medicine, Faculty of Agriculture, University of Novi Sad) was reviewed to collect
information on dogs (males, females and neonatal patients, n=95): different breeds,
different ages, for the period from January 2021 to January 2023, with different
reproductive problems. All cases of reproductive tract pathology were included, and
those that were successfully treated (therapy/surgery), as well as disorders that were
detected during surgery (cesarean section/ovariohysterectomy). For each patient
separately, and based on the results of a general clinical examination, exploratory
surgery, pathohistological findings, ultrasound and X-ray diagnostics, hormonal status,
microbiological and cytological smears, a diagnosis for a specific reproductive disorder
was made. As soon as a specific reproductive problem was detected, either surgery or
medication was suggested. For the surgical procedure, all animals underwent a
specialist examination, blood analysis (complete blood count and biochemistry),
radiographic and ultrasound examination, and, if necessary, pathohistological analysis
of previously sampled biopsies was performed. Surgical procedures were performed
under general anesthesia. Anesthesia protocols (premedication, induction and
maintenance of general anesthesia) were used based on the biological and health
characteristics of each individual. In accordance with the above, different anesthesia
protocols were formed in which the following agents were used: sedatives (midazolam,
diazepam, xylazine), general injectable anesthetics (propofol, ketamine) and inhalation
anesthetics for maintenance of anesthesia (sevoflurane, isoflurane).

Microsoft Office Excel (v2019) was used for the purposes of database creation,
analysis of results, and statistical data processing.

RESULTS

Ninety-five dogs (females, males, and neonatal patients) over a two-year period
showed reproductive abnormalities.
Patient characteristics are shown in Table 1.
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Table 1 Patient characteristics

Parameter Subgroup Incidence
A female individual 73%
A male individual 22%
Patient [Neonatal patient 5%
[Age from 5 to 10 years 38%
Age < 5 years 31%
[Age > 10 years 28%
Cryptorchidism 14%
Reproductive disorders of male ?1S§ases of the prostate 4;%
dividuals est'lcular tumors 2%
Penile prolapse 1%
Hypospadias 1%
Tumors of the mammary gland
26%
Pseudopregnancy 13%
Pyometra 10%
Vaginal prolapse °
. 5%
Mastitis 50,
Vulvovaginitis 39,
Ovarian cysts (discovered during 294
Reproductive disorders of femalelcastration) 20,
individuals Hematometra 1%
Hermaphroditism 1%
Maceration 1%
Rectovaginal fistula 1%
Injuries of the vulva 1%
Residual ovary syndrome 1%
Transmissible veneral tumor (TVT) 1%
Ovarian tumors
Disorders of neonatal patients  |[Abnormal conditions 2%
detected after caesarean [Anasarca 2%
sectin/delivery Gastroschisis 1%
Surgical treatment 1%
Measures taken Pharmacotherapy 24%
Confirmed death 5%
. Acquired 83%
Sterility Coggenital 17%

The highest incidence of reproductive problems was recorded in females (73%),
followed by males (22%), and the lowest in neonatal patients (5%). Patients were
divided into three groups by age. The first group consisted of patients over ten years of
age (28%), the second group consisted of patients between five and ten years of age
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(38%), and the last group consisted of patients under five years of age (31%). The
following reproductive problems were recorded: mammary gland tumors, prostate
diseases (cystic changes and benign hyperplasia) (Figure 1), cryptorchidism,
hermaphroditism (Figure 2), ovarian cysts (Figure 3), testicular tumors (Figure 4),
pyometra, hematometra, maceration, congenital conditions, anasarca, gastroschisis
(Figure 5), vulvovaginitis (Figure 6), pseudogravidity, rectovaginal fistula, vulva
injuries, ovarian residual syndrome, vaginal prolapse, mastitis, penile prolapse,
hypospadias, transmissible venereal tumor, ovarian tumors.

P
Figure 2 Vaginal

N

Figure 3 Incidental finding

Figure 1 Ultrasound

. . . examination of a dog and of a solitary ovarian cyst in
diagnosis of cystic changes . . . . .
. . diagnosis of clitoromegaly ~ an elderly bitch during
in the dog's prostate . ” .
in hermaphroditism ovariohysterectomy

B

Figure 6 Isolation and

Figure 4 Testicular tumor Figure 5 Ga.stros?hisis ip a identification of the .c?lusative
(right-sided changed testicle) neonatal patient, 1rpmed1ately agent of Vu¥vovag1n.1tls on
after cesarean section blood agar in the microbiology
laboratory

Photos: Ivan Gali¢
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In females, the most common reproductive disorders were mammary gland tumors
(26%), pseudogravidity (13%) and pyometra (10%).

In males, the most common disorder was cryptorchidism (13%).

Reproductive anomalies in neonatal patients were recorded in a total of 5% of cases,
namely, congenital malformation (2%), anasarca (2%) and gastroschisis (1%).
Surgical intervention was performed in 71% of cases, while pharmacotherapy protocols
were used in 24% of patients. In cases of neonatal disorders, only the death of the puppy
was noted, which was recorded in 5% of cases.

Acquired sterility occurred in 83% of cases, with the highest proportion in older
animals (group of individuals aged 5 to 10 years, as well as the group > 10 years), while
congenital sterility (17%) was detected in the majority of cases in patients under five
years of age (hypospadias, hermaphroditism, rectovaginal fistula, gastroschisis).

DISCUSSION
Retrospective studies, similar to our study, reveal the frequency of various reproductive
disorders in the dog population, which is useful for creating prophylactic and clinical
strategies, but also for advising pet owners on breeding and reproduction problems in
dogs (Hadiya et al., 2021). In our study, mammary gland tumors (24), ovarian tumor
(1), transmissible venereal tumor (1) and two testicular tumors in dogs were recorded.
Adult animals older than 5 years are most affected, but most reproductive tract tumors
do not represent a breed predisposition (Veiga et al., 2009). The results of the study
Veiga et al. (2009), are similar to the results of our study where the highest number of
cases of all reproductive pathological conditions was recorded in the group of animals
between 5 and 10 years of age (38%), while 28% of all reproductive disorders occurred
in dogs older than 10 years. In female dogs, besides mammary gland tumors, the most
commonly reported tumors are those of the uterus or vagina (Veiga et al., 2009). In our
retrospective study, no uterine tumors were reported, while ovarian tumors and TVT,
which invades the vaginal mucosa and is one of the most common vaginal tumors in
tropical regions and developing countries, were reported (Ortega-Pacheco et al., 2007;
Gali¢ et al., 2019). Vaginal and vulva neoplasms account for 2.4% - 3% of all tumors
in dogs and most of them are benign (McEntee, 2002). Vaginal prolapse (5 cases were
recorded in our study) and clitoromegaly in hermaphroditism (one case was recorded
in our study) can be mixed with vaginal tumors, so great attention should be taken in
their final diagnosis (Ortega-Pacheco et al., 2012). The most commonly reported
tumors in male dogs are tumors of the testicles, foreskin, and prostate (Veiga et al.,
2009). However, only two testicular tumors were reported in this study. A study
obtained in year 2022, conducted by the authors on ten dogs (Spasojevi¢ et al., 2022),
showed that bilateral cryptorchidism occurred in 20%, while unilateral cryptorchidism
was recorded in 80% of patients, while in one dog, a seminoma type of testicular tumor
subsequently occurred after the primary diagnosis of undescended testicle. This study
did not distinguish types of cryptorchidism, but of all pathological changes,
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cryptorchidism occurred in 14% of cases and was the most common pathological
condition of male individuals in this study.

Hypospadias, an abnormal position of the urethral opening, is considered a rare
congenital malformation of the male reproductive organs of dogs. In a retrospective
study from a veterinary clinic in Poland (2006-2017), a total of 10 cases of penile
hypospadias (0.05%) were reported, when reviewing 19,950 medical records of male
dogs (Switonski et al., 2018). In the review of this study, one case of hypospadias was
reported in two years at the Veterinary Clinic of the Faculty of Agriculture in Novi Sad.
The risk of developing pathological processes in the ovaries increases proportionally
with the age of the bitch, which raises the question of the optimal age of the bitch for
gonadectomy (Bostedt et al., 2013). Residual ovary syndrome is an iatrogenic
condition that occurs when an error occurs in tying the ovaries during oophorectomy
or ovariohysterectomy (Wallace, 1991). Also, ovarian tissue can fall out into the
abdomen of the bitch during this surgical procedure, and the ovarian tissue can remain
active (Terazono et al., 2012). In addition to ultrasonography, which is not always the
safest method (Sontas et al., 2007), measuring the activity of estradiol and progesterone
provides a clearer picture of the diagnosis of this syndrome (Ortega-Pacheco et al.,
2012). In a study of three clinics in the United States (Ball et al., 2010) over a seven-
year period (2000-2007), only nineteen dogs with residual ovary syndrome were
reported, while in this study, a review of medical records over a two-year period
recorded one case of residual ovary syndrome. Anovulatory functional follicular
ovarian cysts are common incidental findings in older bitches, especially those that
have never been mated or have not had a litter, and may be solitary or multiple (Schlafer
and Miller, 2007; Ortega-Pacheco et al., 2012; Stanci¢, 2012). In a study done in year
2017 (Maya-Pulgarin et al., 2017), conducted on 3,600 bitches that underwent
ovariohysterectomy, 10.5% of follicular cysts were reported, while in this study only
two (2%) ovarian cysts were found.

A more recent study from 2021 reported 13.2% mastitis in bitches (Lection et al.,
2021), while in this study mastitis occurred in 5% of cases. On the other hand, a disease
directly related to the mammary gland of bitches is pseudopregnancy. Clinical
symptoms range from mild udder enlargement and lactogenesis to the appearance of
clear signs of true pregnancy with the manifestation of parturition, nest building, loss
of appetite, apathy, emotional attachment to some immovable objects and strong
lactation (Stanci¢ et al. 2012a), and an incidence of 4.43% (Dhurvey et al., 2022) while
the incidence in our study was 13%. In small practice, pyometra is one of the most
common uterine diseases in bitches. The incidence of pyometra increases significantly
after the age of 5, but younger bitches can also be affected. In addition to the age of the
bitches, the breed also has a significant influence, as does the season (Stanci¢ et al.,
2008; Stanci¢ et al., 2012b). In this study, 10% of cases of pyometra were recorded,
which, in addition to 2% of cases of hematometra, were the only cases of pathological
uterine conditions. In a retrospective study that included 599 dogs, the authors report
that 79 dogs (13.2%) developed pyometra during their lifetime, and 160 (26.7%)
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developed mammary gland tumors (Beaudu-Lange et al., 2021), which is in line with
the results of this study, where pyometra occurred in 9 cases (10%) and mammary gland
tumors in 24 cases (26%).

Neonatal diseases and puppies losses are a common and unavoidable problem in
veterinary practice. Morbidity and mortality range, according to the literature, from 5
to 35% (Miinnich and Kiichenmeister, 2014). In this retrospective study of neonatal
disorders, only puppies deaths (deformities, anasarca and gastroschisis) could be noted,
which was recorded in 5% of cases. Among non-infectious causes, in addition to
hypoxia during birth, hypothermia, hypoglycemia and dehydration are most
responsible for diseases and puppies losses in the first days of life, so ultrasound
assessment of pup vitality during maternal pregnancy is very important in veterinary
practice (Pereira et al., 2022; Gali¢ et al., 2022).

CONCLUSION

The traditional approach to treating reproductive disorders in dogs used to involve
ovariohysterectomy or orchiectomy. Nowadays, the various pharmacotherapeutic
groups are much broader for specific problems related to canine reproduction, but on
the other hand, surgical techniques for the repair of various disorders are still the only
way to eliminate many pathological conditions in canine reproduction. Overall, the
problems that most often occur in veterinary practice, and relate to the pathology of
canine reproduction, remain the same for a long period of time. The positive effect in
such disorders is found in quick and easy diagnosis, but also in modern methods for
their correction.
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Sazetak

Magarac, kao jedna od najstarijih domacih Zivotinja, rasprostranjen je po svim
kontinentima. Organizovanih selekcijskih mera vekovima nije bilo. Osnovni uslov je
bio da moze dugo da hoda 1 nosi teret. Takvi zahtevi, a 1 ekoloski uslovi u kojima se
razvio i u kojima Zivi, uslovili su da magarci, bez obzira gde Zive, imaju, prakti¢no istu
konstituciju tela, a ona se ogleda u indeksu koscatosti. Bez obzira na visinu grebena,
odnosno veli¢inu tela, relativni odnosi pojedinih delova tela prili¢no su sli¢ni. Magarac
ima snaznu konstituciju tela.

Kljuéne re¢i: Magarac, ekoloski faktori, indeks koscatosti.

UvOoD

Domaci magarac (Equus asinus) pripada grupi najranije domestifikovanih Zivotinja.
Vodi poreklo od africkog divljeg magarca (Equus asinus africanus) iz severoistocne
Afrike. Postojala su tri tipa divljih magaraca 1 to nubijski, somalijski 1 magarac s
planinskog masiva Atlas. Za afri¢kog divljeg magarca s planinskog masiva Atlas
pouzdano se zna da je nestao (UroSevi¢ i sar., 2022b). Kada je re¢ o nubijskom divljem
magarcu, za njega postoji opravdana sumnja da je nestao u slobodnoj prirodi.
Pretpostavlja se da je poslednji primerak viden u slobodnoj prirodi 1930-tih godina.

Proces domestifikacije, najverovatnije, otpocCeo je pre 8-11.000 godina. Taj proces se
iz severne Afrike polako Sirio ka jugoistonoj Aziji 1 jugu Evrope (Trailovi¢ i sar.,
2021). I pored toga Sto se na osnovu istrazivanja mitohondrijalne DNK (Kimura i sar.,
2011) smatra da je rodonacelnik domaceg magarca isklju¢ivo nubijski magarac, €ini se
da takva istrazivanja treba nastaviti 1 produbiti, poSto odredene fenotipske ekspresije
domacih magaraca ne idu, u potpunosti u prilog takvoj teoriji. Naime, nubijski magarac
nema poprecno prugarste linije, kao zebra, na nogama, a somalijski ima. Osim toga




Berepunnapcku :xypHaa Penyoimnke Cpncke (bama Jlyka), Boa. XXIV, Bp.1-2, 186-192, 2024. 187
UroSevi¢ i sar.:
Uticaj ekoloskih faktora na konstituciju magaraca

nubijski magarac ima ,krst* na ledima, a somalijski divlji magarac nema. Medutim, u
praksi takva podela nije striktna, poSto postoje domaci magarci bez ,krsta” ali sa
popre¢nim prugama na nogama ili sa obe kombinacije. Nubijski divlji magarac visok
je, u grebenu, oko 122 cm, a somalijski oko 140 cm (UroSevi€ 1 sar., 2022a). Ivankovié
1 sar. (2011) iznose miSljenje da su se, najverovatnije, ove dve podvrste divljih
magaraca, nubijski (Equus africanus africanus) 1 somalijski (Equus africanus
somaliensis) u proslosti medusobno parile. Postoji 1 pretpostavka da nubijski divlji
magarac poti¢e od somalijskog divljeg magarca. Ni ova pretpostavka ne moze se, u
potpunosti, odbaciti.

Smatra se da su magarci do Evrope stigli iz dva pravca. Do prostora Balkana dosli su
iz Male Azije. Adaptiraju¢i se na nove klimatske uslove na Balkanu, magarci su se
postepeno Sirili na zapad, do Italije. Tu su, zbog svojih karakteristika, postali veoma
cenjeni 1 omiljeni. Tokom perioda Sirenja Rimske imperije, 1 magarci su, s legionarima,
dospevali u druge predele i klimatske uslove. Za razliku od ovog puta ili nac¢ina dolaska
u Evropu, drugi put bio je znatno krac¢i. Preko Gibraltarskog prolaza dospeli su u
Spaniju, a odatle je im bio otvoren put ka drugim zemljama.

Region gde su u prirodi ziveli divlji magarci karakteriSe se prili€no surovim uslovima
zivota. Hrane i vode gotovo da nikada nije bilo dovoljno. Magarci, mada su
monogastricni, adaptirali su i razvili Zeludac kao 1 celokupan digestivni trakt da mogu
konzumirati 1 iskoristavati hranu koja ima znatno vise celuloze nego $to je to slucaj sa
drugim monogastri¢nim Zivotinjama, pre svega konjima.

Ekoloski uslovi
Pod ekoloSkim uslovima podrazumeva se skup ekoloskih faktora (Stankovi¢, 1979).
Oni predstavljaju heterogeni kompleks spoljasnje sredine, koji konstantno deluje na
sva ziva bi¢a. Zheleznova (2016) skup svih organizama, koji Zive na odredenom
prostoru, podvodi pod termin agrobiocenoza.
Uticaji na Zivotinje nastaju kao posledica aktivnosti Zive 1 nezive prirode. Osnovna
karakteristika ovakvih uticaja je neprekidnost i kompleksnost. Pojedini ekoloski faktori
nisu fiksni ve¢ se menjaju u vremenu i posmatranom prostoru, a ¢esto je dejstvo jednog
faktora uslovljeno delovanjem drugog ekoloskog faktora. Ovakav kompleksni sistem
uslovljava da je nemoguce samostalno delovanje jednog faktora.
Intenzitet uticaja kompleksa ekoloskih faktora konstantno je promenljiv, ali nikada ne
prestaje. Kada se posmatra jedna populacija, pre svega mikropopulacija neke
zivotinjske vrste, uo€ljivo je da pripadnici tog dela populacije imaju relativno
ograni¢en Zzivotni prostor. Taj deo Zivotnog prostora naziva se ekoloSka niSa. Kako
navodi Stankovi¢ (1979), pod tim pojmom se podrazumeva skup svih ekoloskih valenci
jedne organske vrste. To su granice koje agrobiocenoza moze, uz toleranciju, da
podnese bez Stetnih posledica, na mestu koje naseljava.
Da bi odredena vrsta opstala u odredenim uslovima, ona mora biti maksimalno
adaptirana. ZavrSetku procesa adaptacije prethodio je dug proces modifikacije. Efekti
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modifikacije, u cilju adaptacije, su razli€iti 1 vidljivi. Furtunescu (1958) navodi da
postoje dve osnovne grupe modifikacije: morfoloska i fizioloSka modifikacija.

Za morfoloske modifikacije je karakteristicno da u ovom kompleksu modifikacionih
promena dolazi do znacajnih promena dimenzija (veli¢ine) i mase tela. Zatim promene
uslovljavaju i1 izmene u konformaciji tela. Dolazi do izmena u obliku i veli€ini glave,
formi tela i snazi kostiju. U morfoloSke modifikacije spadaju i promene u gradi skeleta.
U zavisnosti gde Zivotinje zive 1 kako obavljaju rad, javljaju se duze ili krace kosti,
odnosno vise ili nize telo Zivotinje. U grupu morfoloskih modifikacija spada i promena
boje dlacnog pokrivaca. Postoji moguénost da izostane pigment (albinizam). Moguce
je da pigmenta nema u dlaci, ve¢ samo u koZi (leucizam). Kod intenzivnog tamnog,
crnog pigmenta, re¢ je o melanizmu, a ako su prisutne druge obojenosti onda se govori
o flavizmu. U kompleks morfoloskih modifikacija dolaze i morfolosko-fizioloske
promene muskulature. O¢igledni su primer Zivotinja za rad (magarac) i tovne Zivotinje.
Ove promene ocigledne su, primera radi, kod goveda selekcioniranih za proizvodnju
mleka i onih za proizvodnju mesa.

Fizioloske modifikacije su neophodne da bi se odredena Zivotinjska vrsta prilagodila
na postoje¢e uslove zivota. Tipi¢an primer su magarci. Ove Zivotinje doZivele su
znacajne fizioloske modifikacije u vrsti hrane koju konzumiraju, a i u koli¢ini vode
koju mogu izgubiti, bez posledica, iz organizma, kao i na¢in na koji nadoknaduju
izgubljenu vodu. Znacajne fizioloske modifikacije desile su se u genitalnom aparatu i
sistemu reprodukcije. Sezona parenja je tako bioloski organizovana, da se mladunci
radaju u vreme kada ima najviSe hrane. Kod magaraca nije karakteristicno da majka na
svet donosi viSe mladuncadi, za razliku od nekih drugih Zivotinja. To je posledica
adaptiranja na uslove Zivota, koji ne nude dovoljno hrane za vise mladuncadi.

Aklimatizacija

Danas su magarci rasprostranjeni na svim kontinentima, ima ih u svim predelima i
regionima (osim predela vecitog leda). To je posledica uspeSnog procesa aklimatizacije
magaraca. Proces aklimatizacije, odnosno njena uspeSnost, razlicito je izrazena kod
razliCitih vrsta, rasa, sojeva, a osim toga postoje 1 unutar rasne razlike (Nikoli¢ i
Simovi¢, 1980). Ovo uslovljava brzu ili sporiju aklimatizaciju, a to zavisi, pre svega,
od naslednih osobina, konformacije tela, konstitucije i zdravstvenog stanja. Veoma su
bitne razlike u klimatskim uslovima i njihov uticaj na organizam.

Magarci poti€u iz toplih, aridnih regiona. Procesi modifikacije su omogucili njihov
opstanak u takvim krajevima. Cesto se postavlja pitanje kako su magarci uspeli da se
aklimatizuju na tako Sirok spektar klimatskih uslova.

Kada je re¢ o aklimatizaciji, potuno logi¢no je da su problemi mnogo manji i redi ako
se radi o sli¢nim regionima iz kojih Zivotinje izlaze i u koji dolaze. Najmanje problema
postoji kod aklimatizacije ako se Zivotinje prenose (presele) po izotermickoj liniji.
Aklimatizacija je lakSa ako Zivotinje dolaze iz toplijih 1 suvih krajeva u vlaZnije i manje
tople. Upravo takva situacija je sa magarcima. Oni su se veoma dobro aklimatizovali
na nove uslove, koji se drasti¢no razlikuju od onih gde su nastali.
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Proces aklimatizacije traje dugo, a trajna aklimatizacija moZze se posti¢i tek posle 3-4
generacije (Nikoli¢ 1 Simovi¢, 1980).

Konstitucija
Pojam konstitucija koristio se u humanoj medicini jo§ u doba Hipokrata (cca 460-380.
godine p.n.e.). Za razliku od humane medicine, konstitucija se, u zootehnici, kao pojam
pojavljuje tek krajem 19. veka (Zigo i sar., 2016). Pod tim pojmom podrazumeva se
skup osobina koje su nasledne i stecene, zatim tu pripadaju fizioloske osobine kao i
otpornost na uticaj faktora spoljasnje sredine.
Konstitucija obuhvata sve osobine (morfoloske, fizioloske, biohemijske i funkcionalne
karakteristike) koje uticu 1 omogucavaju vitalnost, izdrzljivost 1 produktivnost jedinke.
U zavisnosti od razvijenosti jedinki, postoje razli€iti tipovi konstitucije. Za magarce je
karakteristi¢na snazna konstitucija.
Procena konstitucije obavlja se na dva nac¢ina (Creta 1 sar., 1995):
- Somatoscopia: ovo je brzi nacin procene konstitucije poSto se Zivotinja
vizuelno posmatra i na osnovu videnog izvode zakljucci 1
- Somatometria: ovo je najpouzdaniji nacin procene i utvrdivanja konstitucije,
posto se obavlja utvrdivanje morfoloSkih parametara na telu posmatrane
zivotinje.

Telesni indeksi
Na osnovu dobijenih apsolutnih vrednosti pojedinih morfometrijskih parametara nije
mogucée obaviti poredenje, odnosno izvodenje zaklju€ka o pojedinim odnosima i
utvrdivanju tipa konstitucije. Zbog toga se koriste indeksi, a oni predstavljaju
procentualan odnos jedne mere prema nekoj drugoj. Indeksi se izraCunavaju za one
mere koje svojim medusobnim odnosima najbolje izraZzavaju odredene odnose, tj.
proporcije tela. Oni najbolje odrazavaju telesnu gradu (Pani¢, 1985).
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Slika 1 Utvrdivanje vrednosti pojedinih morfoloskih parametara na telu magarca
(Urosevic 1 sar., 2019b)

Na osnovu dobijenih vrednosti pojedinih telesnih indeksa, moguce je obaviti procenu
11zvesti zaklju€ak o nivou razvoja i tipu konstitucije posmatrane Zivotinje.

Za definisanje odredenog tipa konstitucije najpouzdaniji je indeks koScatosti. Za
izraCunavanje ovog indeksa neophodno je utvrditi obim cevanice i1 visinu grebena.
Apsolutna vrednost za obim cevanice podeli se sa apsolutnom vrednoS¢u visine
grebena 1 pomnozi sa 100.

Kada se posmatra fenotip magarca (somatoscopia) oni su prili€no heterogena vrsta.
Misli se, pre svega na visinu grebena. Postoje magarci ¢ija visina grebena ne doseZe ni
90 cm, dok sa druge strane postoje oni Cija visina grebena iznosi i 150 cm. Ako se
posmatra samo visina grebena, oni su, zaista, izuzetno razliciti.

Magarac je domaca zivotinja koja vekovima nije bila podvrgavana nikakvim
selekcijskim merama. Sve §to se stvaralo nastalo je kao rezultat prirodne selekcije,
odnosno adaptacije na postojece uslove i potrebe. Osnovna potreba bila je rad. Bez
obzira na klimatske uslove 1 geografske regione, magarac je bio isklju¢ivo radna
zivotinja. Takva potreba profilisala je 1 uslovila stvaranje snazne Zivotinje, a to je
uslovilo nastanak snazne konstitucije. Bez obzira gde se nalaze, magarci imaju snaznu
konstituciju i1 gotovo isti biostatiCki model grade tela. Takav biostaticki model
omogucava maksimalnu produkciju biokineticke energije, koja izaziva biokinematicki
efekat koji nazivamo kretanje.

Snazna konstitucija ogleda se u vrednosti indeksa koscatosti. Urosevic i sar. (2019b) u
populaciji belog baroknog magarca u Austriji utvrdili su prose€an obim cevanice od
14,00 cm 1 prosecnu visinu grebena od 115,50 cm. Tu je indeks koSc€atosti iznosio
12,12. Kada je re¢ o obimu cevanice magaraca na otoku Rabu (Hrvatska), UroSevi¢ i
sar. (2019a) utvrdili su prosecnu vrednost kod muskih jedinki od 13,30 cm i zenki 13,20
cm, a prose€na visina grebena bila je 100,80 cm za muzjake 1 95,40 cm za Zenke. Indeks
koscatosti muzjaka bio je 13,90, a zenki 13,83.

Jo§ 1938. godine Babi¢ (1938) je, utvrdujuci eksterijerne karakteristike napuljskih
magaraca uvezenih u Dalmaciju (Hrvatska), utvrdio da je visina grebena priplodnjaka,
u proseku, iznosila 128,80 cm, a obim cevanice u proseku 16,30 cm. U tom slucaju
indeks koscatosti iznosio je 12,65.

Na prili¢no velikom uzorku od 147 pastuva, 62 kastrata i 240 magarica, ukupno 449
jedinki, na otoku Mljetu (Hrvatska), Essert (1959) je utvrdio da je ukupni prosek
vrednosti obima cevanice 12,20 cm, a visine grebena 100,00 cm. Na osnovu toga
prose¢na vrednost indeksa koScatosti bila je 12,20.

Proucavaju¢i zemaljski uzgoj magaraca u Austriji, UroSevi€ 1 sar. (2022a) utvrdili su
da se obim cevanice nalazi u rasponu od 12 do 16 cm uz visinu grebena od 99,60 do
140,60 cm. U ovoj populaciji indeks koScCatosti nije se mnogo razlikovao unutar
populacije. Razlike u visini grebena bile su 37,3%, a razlike u indeksu kosSc¢atosti
26,99%.
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Ivankovi¢ i sar. (2000) utvrdili su da prose¢na vrednost obima cevanice kod primorsko-
dinarskog tipa magaraca iznosi 12,82 cm, a visina grebena 96,93 cm. Na osnovu toga
indeks koscatosti je 13,26. Kod severno-jadranskog tipa magaraca ovi autori su utvrdili
prose¢nu visinu grebena od 115,28 cm 1 obim cevanice od 14,85 cm. U tom slucaju
indeks koscatosti je 12,88. Kod istarskog magarca ovi autori su utvrdili prose¢nu visinu
grebena od 124,07 cm i obim cevanice od 16,30 cm, Sto uslovljava indeks koscatosti
od 13,14.

Na impozantnom uzorku od 123 muska grla i 200 zenki magaraca u severozapadnom
regionu Etiopije, Mustefa i sar. (2020) utvrdili su da se obim cevanice krece u
granicama od 20,00 do 29,00 cm uz istovremenu visinu grebena od 79,00 do 119,00
cm. Na osnovu tih rezultata proizlazi da se indeks koscatosti kretao u intervalu od 24,37
do 25,32. Mora se priznati da ovakve vrednosti prilicno odudaraju od mnogobrojnih
literaturnih podataka o indeksu koscatosti. Ocigledno je da magarci u regionu
Benishangul Gumuz imaju prilicno snazan kostur.

Ispitujuci morfoloske karakteristike magaraca rase amiata, Sargentini i sar. (2018) suu
Cetiri grupe proucavanih magaraca ove rase utvrdili da se obim cevanice kretao od
16,30 do 17,60 cm. Gde je registrovana najmanja vrednost obima utvrdena je srednja
vrednost visine grebena od 123,20 cm, a uz najveci obim cevanice visina grebena bila
je 130,70 cm. Na osnovu tih rezultata sledi da je indeks koS¢atosti bio u intervalu od
13,23 do 13,46.

ZAKLJUCAK

Na osnovu podataka o indeksu koS¢atosti magaraca u razli¢im klimatskim uslovima
namece se zakljucak da su svi rezultati, osim onih o magarcima u Etiopiji, prilicno
homogeni. To je potpuno logi¢no jer bez obzira na veli¢inu tela, odnosno visinu
grebena, ako obavljaju isti ili veoma slican rad, to zahteva priblizno istu konstituciju
tela, odnosno priblizno isti indeks koScatosti. Ovo je rezultat selekcije koja je imala,
iskljucivo za cilj, odabir najpovoljnijih jedinki za dugo hodanje i noSenje tereta. Sli¢ni
radni zahtevi uslovljavaju postojanje slicnog biostatickog modela tela magarca.

Izjava o sukobu interesa: Autori izjavljuju da ne postoji sukob interesa.
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Summary

The donkey, as one of the oldest domestic animals, is spread over all continents. There
were no organized selection measures for centuries. The basic condition was that the
donkey could walk for a long time and carry a load. Such requirements, as well as the
ecological conditions in which they developed and live, caused donkeys, regardless of
where they live, to have practically the same body constitution, which is reflected in
the bony index. Regardless of the height of the withers, that is, the size of the body, the
relative relationships of individual parts of the body are quite similar. The donkey has
a strong body constitution.

Key words: donkey, ecological factors, bony index.

INTRODUCTION

The domestic donkey (Equus asinus) belongs to the group of the earliest domesticated
animals. It originates from the African wild donkey (Equus asinus africanus) from
northeastern Africa. There were three types of wild donkeys: Nubian, Somali and the
Atlas mountain donkey. The African wild donkey from the Atlas mountain massif is
reliably known to have disappeared (UroSevi¢ et al., 2022b). When it comes to the
Nubian wild donkey, there is a justified suspicion that it has disappeared in the wild
nature. It is assumed that the last specimen was seen in the wild nature in the 1930s.

The domestication process, most likely, began 8-11,000 years ago. This process slowly
spread from North Africa to Southeast Asia and southern Europe (Trailovi¢ et al.,
2021). Despite the fact that, on the basis of mitochondrial DNA research (Kimura et
al., 2011), it is considered that the progenitor of the domestic donkey is exclusively the
Nubian donkey, it seems that such research should be continued and deepened, since
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certain phenotypic expressions of domestic donkeys do not fully support such a theory.
Namely, the Nubian donkey does not have cross-striped lines, like a zebra, on its legs,
while the Somali donkey does. In addition, the Nubian donkey has a "cross" on its back,
while the Somali wild donkey does not. However, in practice, such division is not strict,
since there are domestic donkeys without a "cross" but with transverse stripes on the
legs or with both combinations. The Nubian wild donkey is about 122 cm tall at the
withers, and the Somali wild donkey is about 140 cm (UroSevi¢ et al., 2022a).
Ivankovi¢ et al. (2011) state the opinion that, most likely, these two subspecies of wild
donkeys, Nubian (Equus africanus africanus) and Somali (Equus africanus
somaliensis), mated with each other in the past. There is also an assumption that the
Nubian wild donkey originates from the Somali wild donkey. This assumption cannot
be completely rejected either.

It is believed that donkeys reached Europe from two directions. They came to the
Balkans from Asia Minor. Adapting to the new climatic conditions in the Balkans,
donkeys gradually spread to the west, to Italy. There, due to their characteristics, they
became highly valued and loved. During the period of the expansion of the Roman
Empire, the donkeys, along with the legionnaires, reached other regions and climatic
conditions. Unlike this route or way of arriving in Europe, the second route was
significantly shorter. They reached Spain through the Strait of Gibraltar, and from there
the way to other countries was open to them.

The region where wild donkeys lived in nature is characterized by rather harsh living
conditions. There was almost never enough food and water. Donkeys, although they
are monogastric, have adapted and developed their stomach and entire digestive tract
to be able to consume and use food that has significantly more cellulose than is the case
with other monogastric animals, primarily horses.

Ecological conditions

Ecological conditions mean a set of ecological factors (Stankovi¢, 1979). They
represent a heterogeneous complex of the external environment, which constantly acts
on all living beings. Zheleznova (2016) states that the term agrobiocenosis represents
a set of all organisms that live in a certain area.

Impacts on animals occur as a result of the activities of living and non-living nature.
The basic characteristic of such influences is continuity and complexity. Some
environmental factors are not fixed but change in time and observed space, and often
the effect of one factor is conditioned by the effect of another environmental factor.
Such a complex system means that the independent action of one factor is impossible.
The intensity of the influence of the complex of environmental factors is constantly
changing, but it never stops. When one population is observed, primarily a
micropopulation of an animal species, it is noticeable that the members of that part of
the population have a relatively limited living space. That part of the living space is
called an ecological niche. According to Stankovi¢ (1979), this term means the set of
all ecological valences of one organic species. These are the limits that the
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agrobiocenosis can bear, with tolerance, without harmful consequences, in the place it
inhabits.

In order for a certain species to survive in certain conditions, it must be maximally
adapted. The end of the adaptation process was preceded by a long modification
process. The effects of modification, with the aim of adaptation, are different and
visible. Furtunescu (1958) states that there are two basic groups of modification:
morphological and physiological modification.

It is characteristic of morphological modifications that there are significant changes in
the dimensions (size) and mass of the body. Then the changes provoke the changes in
the conformation of the body. There are changes in the shape and size of the head, the
shape of the body and the strength of the bones. Morphological modifications also
include changes in the structure of the skeleton. Depending on where the animals live
and how they perform their work, longer or shorter bones appear, that is, the animal's
body is taller or shorter. The group of morphological modifications also includes a
change in the color of the hair cover. There is a possibility that the pigment is absent
(albinism). It is possible that there is no pigment in the hair, but only in the skin
(leucism). With intense dark, black pigment, it is melanism, and if other colors are
present, then it is flavism. Morphological-physiological changes in the musculature are
also included in the complex of morphological modifications. Obvious examples are
working animals (donkey) and fattening animals. These changes are evident, for
example, in cattle selected for milk production and those for meat production.
Physiological modifications are necessary in order for a certain animal species to adapt
to the existing living conditions. Donkeys are a typical example. These animals
experienced significant physiological modifications in the type of food they consume,
and in the amount of water they can lose, without consequences, from the body, as well
as the way they compensate for lost water. Significant physiological modifications
occurred in the genital apparatus and reproductive system. The mating season is so
biologically organized that cubs are born at the time when there is the most food. It is
not characteristic of donkeys that the mother gives birth to more cubs, unlike some
other animals. This is a consequence of adapting to living conditions, which do not
offer enough food for more cubs.

Acclimatization

Today, donkeys are spread on all continents, they are found in all areas and regions
(except for areas of permafrost). This is a consequence of the successful acclimatization
process of the donkeys. The process of acclimatization, i.e. its success, is expressed
differently in different species, races, strains, and in addition, there are also racial
differences (Nikoli¢ and Simovi¢, 1980). This leads to faster or slower acclimatization,
which depends, first of all, on hereditary traits, body conformation, constitution and
health status. Differences in climatic conditions and their impact on the organism are
very important.
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Donkeys come from warm, arid regions. Modification processes have enabled their
survival in such regions. The question is often asked, how did the donkeys manage to
acclimatize to such a wide range of climatic conditions.

When it comes to acclimatization, it is completely logical that the problems are much
smaller and rarer if it is about similar regions from which the animals leave and to
which they arrive. Acclimatization has the fewest problems if the animals are
transported (moved) along an isothermal line. Acclimatization is easier if animals come
from warmer and drier regions to wetter and less warm ones. This is exactly the
situation with donkeys. They have acclimatized very well to the new conditions, which
are drastically different from those where they were born.

The acclimatization process takes a long time, and permanent acclimatization can only
be achieved after 3-4 generations (Nikoli¢ and Simovi¢, 1980).

Constitution
The term constitution was used in human medicine as early as the time of Hippocrates
(approx. 460-380 BC). In contrast to humane medicine, constitution, in zootechnics, as
a term appeared at the end of the 19th century (Zigo et al., 2016). This term means a
set of characteristics that are hereditary and acquired, then it includes physiological
characteristics as well as resistance to the influence of external environmental factors.
The constitution includes all features (morphological, physiological, biochemical and
functional characteristics) that influence and enable the vitality, endurance and
productivity of an individual. Depending on the development of individuals, there are
different types of constitution. Donkeys are characterized by a strong constitution.
The constitution is assessed in two ways (Creta et al., 1995):
- Somatoscopy: this is a quick way to assess the constitution, since the animal is
visually observed and based on what is seen, conclusions are drawn and
- Somatometry: this is the most reliable way to assess and determine the
constitution, since the morphological parameters are determined on the body
of the observed animal.

Body mass index
Based on the obtained absolute values of individual morphometric parameters, it is not
possible to make a comparison, that is, to draw a conclusion about certain relationships
and determine the type of constitution. This is why indexes are used, and they represent
the percentage ratio of one measure to another. Indices are calculated for those
measures that best express certain relationships with their mutual relations, i.e. body
proportions. They best reflect body composition (Pani¢, 1985).
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Legend

Figure 1 Determination of certain morphological parameters on the body of a donkey
(Urosevic et al., 2019b)

Based on the obtained values of certain body indices, it is possible to make an
assessment and draw a conclusion about the level of development and type of
constitution of the observed animal.

For defining a certain type of constitution, the bony index is the most reliable. To
calculate this index, it is necessary to determine the circumference of the shin and the
height of the crest. The absolute value for the shin circumference is divided by the
absolute value of the height of the withers and multiplied by 100.

When looking at the donkey phenotype (somatoscopy), they are quite a heterogeneous
species. This applies primarily to the height of the ridge. There are donkeys whose
withers do not even reach 90 cm, while on the other hand there are those whose withers
are as high as 150 cm. If only the height of the crests is observed, they are, indeed,
extremely different.

The donkey is a domestic animal that has not been subjected to any selection measures
for centuries. Everything that was created was the result of natural selection, that is,
adaptation to existing conditions and needs. The basic need was work. Regardless of
the climatic conditions and geographical regions, the donkey was exclusively a
working animal. Such a need shaped and conditioned the creation of a strong animal,
which conditioned the creation of a strong constitution. Regardless of where they are,
donkeys have a strong constitution and almost the same biostatic model of body
structure. Such a biostatic model enables maximum production of biokinetic energy,
which causes the biokinematic effect we call movement.

A strong constitution is reflected in the value of the bony index. Urosevic et al. (2019b)
in the population of the white baroque donkey in Austria determined an average
circumference of the shin of 14.00 cm and an average height of the withers of 115.50
cm. The bony index was 12.12. When it comes to the girth of donkeys on the island of
Rab (Croatia), UroSevi¢ et al. (2019a) found an average value of 13.30 cm for males
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and 13.20 cm for females, and the average height of the withers was 100.80 cm for
males and 95.40 cm for females. The ossity index of males was 13.90, and of females
13.83.

Back in 1938, Babi¢ (1938), while determining the exterior characteristics of
Neapolitan donkeys imported to Dalmatia (Croatia), determined that the height of the
withers of the breeding stock was, on average, 128.80 cm, and the circumference of the
shin was 16.30 cm on average. In that case, the bony index was 12.65.

On a fairly large sample of 147 stallions, 62 geldings and 240 donkeys, a total of 449
individuals, on the island of Mljet (Croatia), Essert (1959) determined that the overall
average value of the tibia circumference was 12.20 cm and the height at the withers
was 100.00 cm. Based on this, the average value of the bone index was 12.20.
Studying the land breeding of donkeys in Austria, UroSevi¢ et al. (2022a) determined
that the circumference of the tibia is in the range of 12 to 16 cm with the height of the
ridge from 99.60 to 140.60 cm. In this population, the ossification index did not differ
much within the population. The differences in the height of the withers were 37.3%,
and the differences in the bony index were 26.99%.

Ivankovi¢ et al. (2000) determined that the average value of the circumference of the
shin in the Primorsko-Dinaric type of donkeys is 12.82 cm, and the height of the withers
1s 96.93 cm. Based on this, the bony index is 13.26. In the North Adriatic type of
donkeys, these authors determined an average height of the withers of 115.28 cm and
a circumference of the shin of 14.85 cm. In this case, the bony index is 12.88. In the
case of the Istrian donkey, these authors determined an average height of the withers
of 124.07 cm and the circumference of the tibia of 16.30 cm, which determines the
bony index of 13.14.

In an impressive sample of 123 male donkeys and 200 female donkeys in the
northwestern region of Ethiopia, Mustefa et al. (2020) determined that the
circumference of the tibia ranges from 20.00 to 29.00 cm with a simultaneous ridge
height of 79.00 to 119.00 cm. Based on these results, it follows that the bony index
ranged from 24.37 to 25.32. It must be admitted that these values deviate quite a lot
from numerous literature data on the bony index. It is obvious that the donkeys in the
Benishangul Gumuz region have quite a strong skeleton.

Examining the morphological characteristics of amiata donkeys, Sargentini et al.
(2018) found that the circumference of the tibia ranged from 16.30 to 17.60 cm in four
groups of donkeys of this breed. Where the smallest girth value was registered, the
mean value of the crest height was determined to be 123.20 cm, and with the largest
shin circumference, the crest height was 130.70 cm. Based on these results, it follows
that the ossification index was in the interval from 13.23 to 13.46.

CONCLUSION
Based on the data on the bone density index of donkeys in different climatic conditions,
the conclusion is that all the results, except for those on donkeys in Ethiopia, are quite
homogeneous. This is completely logical because regardless of body size, i.e. the
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height of the withers, if donkeys perform the same or very similar work, it requires
approximately the same body constitution, i.e. approximately the same bony index.
This is the result of a selection that had the sole aim of selecting the most suitable
individuals for long walks and carrying loads. Similar work requires the existence of a
similar biostatic model of the donkey's body.
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Caixkerak

AyjeckujeBa 6osecT (J1aKHO 0jeCHHIIO) je€ aKyTHO, KOHTarno3Ho, BUPYCHO 000JbEHE,
MpHje CBEra CBUIbA, a 3aTUM U JIPYTHX BpcTa JoMahuX M JAMBJBHX JKUBOTHIHA, KOjE
n3a3uBa xepnecBupyc cBuma Til 1. Kox cBuma 3apa3a je eH300TCKOT Kapakrepa, ca
BHCOKOM CTOIIOM JIETAJUTETa MPHU MPBOM YJIACKy BHUpYycCa y 3amaTe U KapakTepulle ce
eHIe(aJTUTUCOM U BHCOKOM CTOIIOM MOpPTaJIUTETa KOJ Mpacaau, MTHEYMOHUJOM KO
cTapujux U abopTycuma KoJ cymnpacHux kpmada. OOosbeme ce KO CeKyHIapHUX
noMahuHa jaBjba CHOpAJWYHO U MpaheHo je KpaTKuM HHKYOAllMOHUM IMEPUOJOM U
¢arannum ucxogom. Kapuusopu ce 3apasze y AMPEKTHOM WM UHAUPEKTHOM KOHTAKTY
ca CBUIaMa M MHTECTHjOM CHUPOBOT WJIM TEPMHUYKH HEIOBOJRHOT oOpaheHor meca u
YHYTpAIllbUX OpraHa, a Koj HUX C€ KapaKTepHIle HeypoJolIKuM mnopemehajuma y
BUJy MIPypUTYyCa 10 ayTOMyTHJIAIH]e.

VY pany je onucan ciydaj AyjeckujeBe Oonectu Ha TepuTopuju rpana Tecnuh y 2024.
TOJIMHU, KOJI IOBAYKOT Tica pace [110T, Koju je TOKOM JIOBa JI0IIA0 Y TUPEKTaH GU3NIKU
KOHTaKT ca JMBJbOM CBUIOM, KaO U JICHIOM OJCTpeJbeHE KUBOTHUIbE. MHHUIMjamHu
3HauM OOJIeCTH Cy ce MOjaBWiIM HakoH 24 4Yaca y BHJAY HHamnereHue, (ebdpe u
noBpahama. HakoH MHHIIMjamHUX 3HAKOBA, YCIUjEIWIN Cy HEYPOJIOUKHU nopemehaju
HCIIOJbEHU Y BUJIy HarMmbama INaBe Ha CTpaHy, XUIlepcallBallije U IpypuTyca, Koju
je mporpeanpao 10 ayToMyTHIIALMje Y Tpejeny IiaBe. Yrunyhe je yciaujennno HakoH
36 ydacoBa oI TOjaBe HEypoJOMIKUX Nopemehaja. MakpOCKOIICKMM MperieaoM Ccy
youeHe Jie3Mje Ha KOXKM IJIaBe M Bpara, XWUIlepeMHja KOHJYHKTHBA, F€HEepaln30BaHa
mumdazeHonaryja, xumnepemuja miyha, MoXJaHWIa U MO3ra. YCTaHOBJbEHA j€ U
JUIIaTalrja JKeyyla ca TOp31joM ClIe3MHe Ha JJECHO, HajBjepOBaTHH]je Kao MocsbeIuia
aKyTHOT 1IOKa M ©Oona. XHUCTOMATOJIOIIKOM AaHalu30M YTBpheH je HerHojHu
MEHUHTOCHIIE(AIUTUC KOJU C€ KapaKTepucao JUCKPETHHUM IEpPUBACKYTAPHUM
MOHOHYKJICADHUM HMH(UATPATOM M TEPUBACKYIAPHUM KpPBaBJbEHUMA Yy BEIHMKOM
MO3TY, T€ IJIM030M, CAaTeIUTO30M U HEyPOHO(DArujoM y MPOAYKEHO] MOKIUHH, Ka0 U
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HaJa30M MHTPaHyKJIEapHUX €03WHO(PHIHUX HHKIy3Hja Yy HEypOHMMa MpOIy>KEeHE
MOXAHHE. Pe3ynraTu MoiekyaapHe aHajan3e MOKIaHOT TKUBA M TKHUBA U3 JIE31ja KOXKE,
npumenoM PCR wmeTtome Joka3anmu Cy TPUCYCTBO HYKJIEHMHCKE KHCEJIMHE
XepHepcBUpyca CBUbA TUIT | y HCIUTUBAHUM Y30pLIHMA.

CrniopagnuHo MHUIMpake JOBAUYKUX Maca MOXE Jla yKa3yje Ha IUpKYJIalujy BUpyca
y MOMyJIallKju AUBJBHUX CBUba y Pemyomuiu Cprickoj.

KibyuHne pujeun: AyjeckujeBa OOJECT, Xeprec BUPYC CBHIbAa THUN 1, JIOBaYKH Mac,
HErHOjJHU MEHHMHTOeHIe(haIuTHC.

YBOJ

AyjeckujeBa Oonect (JlaxHO OjeCHHIIO) je aKyTHO, KOHTarno3HO, BUPYCHO 000JbEH-E
MIpHje CBera CBUIbA, a 3aTUM U IPYTUX BpCTa AoMahuX U AUBJBUX KUBOTHIHA. Y3POUHHUK
je xeprniecBupyc cBuma thn 1 (Suid herpvirus 1), JHK Bupyc u3 pona Varicellovirus,
u3 noadamunuje Alphaherpesvirinae, a xoje oOyxBara damunuja Herpesviridae
(WOAH, 2018). AyjeckujeBa 6onect Hema 300H03HM noreHuujan (CFSPH, 2017).
300r U3pa3uTor MOTEeHIMjana Aa n3a30Be HH(EKIN]y HEPBHOT TKUBA, a C IpyTe CTpaHe
300r HEroBUX CENTUKEMUYHO-BUCIIEPOTPOIHUX IATOJIOUMIKUX edekara Ha APYTruM
OpPraHCKHM CHCTEMHMa, JACPHUHMIIE C€ Kao MNaHTPONaH BHUPYC ca HU3PAKEHUM
HeypotponuzmoM (Codpenosuh u Kuexxesuh, 1994). Koy cBuma 3apasa je €H300TCKOT
KapakTepa, ca BUCOKOM CTOIIOM JIETaJUuTeTa IpU MPBOM YJIAcKy BUpyca y 3arare.
HcnospaBame KIMHUYKMX 3HAKOBa OOJIECTH KOJA CBHIbAa 3aBUCU TpUje CBera of
CTapOCTH >KMBOTHH-E, a 3aTUM O]l UMYHOJIOIIKOT CTaTyca, MEHalIMeHTa Ha (papMu U
BUpYJIeHIIUje y3pouHuKka. O00Jbeme ce KOJ| CBUIba KapakTepulle eHUedaaTuTHcoM U
BHCOKOM CTONIOM MOpPTalUTeTa KOJ TMpacaju, ITHEYMOHUJOM KOJ CTapHjuX U
aboprycuma koj cynpacHux kpmaya (Pejsak u Truszezynski, 2006; Koshemetov u cap.,
2021). Mebhytum, kox nomahux M AUBJ/BMX CBHUIbA HEPHUJETKO MOXKE Jla CE pa3BHje
JaTeHTHa UH(]EKIH]ja ca JIOKAIU3allijoM BUpyca y HEpBHUM ranrivjama. Ha taj Haunn
CTBapajy c€ yCJIOBM 3a aKTMBHO WJIM MAaCHBHO KJIMIIOHOILITBO, T€ JoMahe U IUBIbE
CBUIbE MPEACTaBIbA]y pe3epBoOap BHUpyca 3a ceKyHaapHe nomahuHe (Hajuemrhe oBlle,
rosejia, kapauBope) (Milicevic u cap., 2016; Sehl u Teifke, 2020). Kox cexyHmapHux
noMahnHa 000JbEHE CE jaBJba CIIOPATNYHO, KAPAKTEPHUIIIE CE KPATKUM HHKYOAIIHOHUM
nepuonoM U (aranHuMm ucxogoM. OBIe M TroBeAa ce 3apasze y Koxaburauuju ca
ceumama (Deblanc u cap., 2019; Ciarello u cap., 2022). Kapausopu ce 3apase y
JUPEKTHOM WJIM MHIWPEKTHOM KOHTAKTy ca CBUE-aMa, WM UHTE€CTHJOM CHUPOBOT MIIU
TEPMHUYKU HEIOBOJbHO 0Opal)eHor Meca M yHyTpalllmbuxX opraHa. Hakon nHULIMjamHUX,
HecrenupUYHUX 3HaKoBa OOJIECTH, jaBJbajy C€ 3HAIM HEYPOJOLIKUX nopemehaja y
BUIy IPypUTyca KOjU MOXKeE Ja mporpeaupa no aytomytuianuje. Ilpyputyc je kox
CeKyHIapHuX naomahumHa MaHudecTanuja TPUTEMHUHAIHOT TaHNIMOHEYPUTHCA,
nH(eKLM]je TaHIVIja JOp3aJHOT KOpHjeHa U mapaBepTeOpaiHux ranmuja. CBumbe He
ucnoJbanajy 3Hake npyputyca (Laval u Enquist, 2020).
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MATEPUJAJIM U METO/IE

O6aykuuja nca u3BpiueHa je 2024. roguxe, ca CyMibOM J1a je 10 yruHyha 0110 ycibea
AyjeckujeBe 6onectd. Matepujan 3a 00QyKIH]jy j€ JIel YTHHYJIOT JIOBAYKOT Tica pace
[Tnot ca reputopuje rpaaa Tecauh, crapoctu 19 Mmjecenu, HHTaKTHA Kyja, y J0OpoM
KOHJIMITMOHOM CTamy. HakoH u3BpiIeHe OOIyKIIMje, 3a XHCTOMATOJOUIKY aHAJIHU3Y
y30pKOBaHa Cy TKMBa MO3ra M MPOIYKEHE MOXKJIWHE, JUM(HHUX YBOpOBA, jeTpe U
wiyha. Hakon ¢ukcamuje y 10% neytpannom mydepusoBaHoM (popManuHy, TKUBA Cy
JeXUApUpaHa y Cepuju ajlkoxoJia, MPOCBUjET/heHA Y KCHIIONY U HAKOH UMIPErHUpama
y Te4YHOM napaduHy ykanymbeHa y napapuHcke kaitymne. Mcjeunu TkuBa nedpune 3-
5 um cy 000jeHH XeMaTOKCHIIMHOM U €03WHOM.

JI1o y30pKa TKHMBa MO3Ta j€ OJBOJEH 3a UCIIMTUBAE MPUCYCTBA HYKJIENHCKE KHCEINHE
BHUpYyca AyjeckujeBe 00JeCTH, IPUMJEHOM METO/Ie KBAHTUTATUBHE pPeakiyje JaHuyaHe
nonmMepaze y peamHoM BpemeHy (qPCR). Vi3opak Mo3ra je XOMOTEHHW30BaH
KopuithemeM aBaHa U TyuKa, HAKOH 4era je nomujeman y ogHocy 1:10 ca pocharnum
nypepom u uentpudpyrupan Ha 4500 oOpraja Tokom 10 wMmunyTta. [loOujeHu
CYIIEpHATaHT je CaKyIJbeH U 3aMp3HyT Ha -80°C 1o name ananuze. Bupycna JIHK je
ekcTpaxoBaHa kopumihewmeMm Indical IndiSpin xuTa 3a eKCTpakivjy, y CKiIaay ca
yIyTCTBUMa IIpou3Bohaua. AMIuMdukalmja BUpyCHE HyKJICMHCKE KUCEINHE U3Be/IeHa
je momohy npeTxoaHo o0jaBibeHUX MpajMepa o cTpane Ma u cap. (2008). 3a qPCR je
xopuithen komepujanuu Luna® Universal Probe gPCR Master Mix (New England
Biolabs, Ipswich, MA, US), a temnieparypau npodun peakiuje o0yxsarao je cieaehe
kopake: nenarypauuja JJHK Bupyca na 95°C tokom 1 Munyta (1 nukiyc), Be3uBame
npajmepa Ha 95°C tokom 15 cexynnu (50 mukinyca) u cunresa JJHK nanna na 60°C
TokoM 30 cekynau. Peakimona cMjema ykynHe 3anpemune 12,5 pl npunpemana je
nonasameM 2,75 pl Luna® Universal Probe gPCR Master Mix, 0,50 ul F npajmepa (10
uM), 0,50 ul R mpajmepa (10 uM), 0,25 ul npode (10 uM) u 2,5 ul nykneuncke
KHCETIHE.

PE3VIITATHA

[Ipema aHaMHECTHYKUM M €MM300TUOJIOIIKUM MOJAIIMMa Y3€TUX OJ1 BIaCHHKa, Kyja je
y TOKY JIOBa JOUUIA Yy TUPEKTaH KOHTAKT Ca JHUBJbOM CBHEOM, a HEMOCPEAHO HAKOH
JIOBa JM3aja je KpB ca Jiella OJCTPEJbeHE IUBJBE CBUEE M TPAaroBe KpBU KOjU CY
OCTajajli y OKOJIMHU HAKOH yKJamama Jema. HakoH 24 yaca, mac je MCHOJbaBao
HecrnenuuiHe 3HaKe 000Jbema y BUy noBpahama, MHaneTeHlle, jJerapruje u gpeodpe.
Hakon 30-36 wacoBa oj mojaBe MNpBUX 3HAKOBa OOJECTH, jaBUJIM Cy C€ 3HAIU
HEYpOoJIOUIKKX nopemehaja: Harumame IN1aBe Ha CTpaHy, XUIepcaluBalija U IpypUTyc
70 ayToMyTwianuje y mupenjeny miaBe. Heyponomku mopemehaju cy ce y TOKy
HEKOJIMKO YacoBa MHTeH3uBUpanu. Jlo yrunyha je qouuio HakoH 36 yacoBa oj1 1ojaBe
HEYPOJIOUIKUX 3HAKOBA 000JbEHbHa.

MaxkpocKorncke MNpOMjeHe YCTaHOBJbEHE CIOJbALIBLUM IMPErieoM Jela Ccy ce
KapakTepucase Haja3oM Jie3dja Ha KOKU IVIaBe Y BUIY Oe3JIauHUX, XUIEPEMUUYHUX
MoJpyyYja Ha YIIHUM HIKOJbKaMa, JOHO0j CTPaHU BpaTa, OKO OYUj]y M Ha HbYIILH, T
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xunepemMujoM KoHjyHktHBa (Cnmka 1). HakoH ykiamama KoKe YO4YeHa je
nuMdaneHonartuja MOABWIMYHUX JTHUM(HUX YBOpOBA. YHYTPALIHBHM MPETISIOM
YCTaHOBJbEHA Cy XUIIEPEMH]ja U KPBaBJbEHha Ha IUTyha, Te XurepeMuja MOXKIaHUX OITHU
Y MHUIMPAHOCT KpBHUX cynoBa mosra (Cnuka 2). Ha jerpu je ycraHoBsbeHa Onaxka
xurnepemuja. Takohe, ycTaHOB/bEHA je WM TUCKpETHA JMJIaTaIfja >Kelylla U Top3uja
ClIe3UHE Ha JISCHY CTpaHy, HajBjepoBaTHHje HacTala Kao MOCIJheUIA aKyTHOT IIOKa U
ooma (Cnuka 3).

Cauka 1 A, b: Jle3uje Ha KOXXU TJIaBe Kao MOCJbeIUIIa ayTomyTrianuje; L1
Xwumnepemuja KOHjyHKTUBE
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Cianka 2 Mo3ak HakoH o,uBajaH)a TBPAC MOXIAHHUIIC, XI/IHepCMI/Ija 1 MHUOHUPAHOCT
KpBHUX CyJ0OBa

Ciamka 3 JluckpeTHa quiaranyja eayla U TOp3uja ClIe3UHE Ha AeCHY CTpaHy

XHUCTOMATONOMIKUM TpEerie oM yTBpheH je HErHojHu MEHMHroeHue(aIuTuc ca
nparehuM (GeHoMeHnMa y MO3Ty W MPOIYKeHO] MOxIuHH. [IpomjeHe y Mo3ry je
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KapakTepucao Haja3 AUCKPETHOT MEpHUBACKYIapHOT MOHOHYKJICApHOT MH(UITpaTa C
AUMQOIUTHMA U XUCTHUOLMTHMA, T NEPUBACKYJapHUM KpBaBjbewuMa (Cimka 4).
[TpomjeHe y MpoOyX€HO] MOXIMHU Cy C€ KapaKTepucaje Hala3oM CaTelIuTo3e U
HeypoHodaruje, QokamHe akyMmynanuje mMja henuja, AereHepanje M HEKpO3e
HeypoHa (Crnuka 5). Y HeypoHUMa MPOAYKEHE MOXKIMHE YCTaHOBJBEHO j€ MPUCYCTBO
MHTpaHyKJIeapHUX eo3uHodunHux mHKIy3uja (Ciauka 6). [IpoMjeHe ycTaHOBIbEHE Y
JIPYTUM OpraHMMa YMHHUIE Cy JeIulelrja JUM(OLUUTa y TepMUHATUBHUM LIEHTPUMA
nuMQHUX YBOpOBa, XUMEpEMHja, eaeM U emduszeM Iuiyha, Te ymjepeHa Xurepemuja
jeTpe U IUCKPETHO U3PaXeHO MyTHO OyOpeme XeraTouuTa.

Ciauka 4 Mo3ak

A, b: luckpetan nepuBackyaapHu MOHOHyKiIeapHu nHuarpar, XE x 400, XE x
600; L1: [TepuBackynapHuo kpBaBibeme, XE x 400
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Cauka 5 IIponyxeHa MoxuHa
A: Heyponodaruja (rnasa crpenuie), XE x 400; b: pokanna akymynanuja rimja
henuja (cTpenuna), nerenepaiyja u Hekpo3a HeypoHa (3Bjesaumna), XE x 400

Cauka 6 [IpoxyxeHa MOXIMHA — HHTPaHYKIIEpaHe €03UHO(DUITHE HHKITY3H]e
(crpenuua), XE x 600
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Metonom qPCR paerextoBana je JIHK Bupyca AyjeckujeBe GojecTu (XeprnecBUpycC
CBUbA THMA 1) y y30pIiMMa TKMBA MO3Ta U Jie31ja KOXKe.

JAUCKYCHUJA

JluBJbe CBUIE MpPECTaBJbajy OpojuaHO 3Ha4YajHy IMBJbAa4 Ha MpocTopy bamkaHckor
MOJTyOCTPBA, a 3aXBajbyjyhu pernpoayKTUBHOM MOTEHIIMjaJly MOTY C€ CBPCTaTH Yy jeIHY
O]l ’HBa3WBHUJUX JAMBJBUX BpcTa. borare mryme, Kao v TOCTYITHOCT U3BOpa BOJIE OBOj
JIMBJbAYU MPYKa]y KaKO YTOUYHINITE, TAKO M HEHCLPIaH U3BOp XpaHe, ITO 00jalmkaBa
BUXOBY OpojHOCT. JIOB je TpaaulMoHaliHA aKTUBHOCT Ha mpoctopuma PemyOmuke
Cpricke, a TUBJbE CBUILE MPEACTABIbA]y YECTO JIOBJbEHY JIMBJbau. Y JIOBY Ha JMBIbE
CBUIbE TPAJUIIMOHAIHO CE KOPUCTE JIOBAYKHU TICH, YIIIABHOM TOHUYH, TAKO J1a j€ TOKOM
OBE€ aKTUBHOCTHU KOHTAKT Iaca U JUBJbUX CBHUIbA (TOmEHE U 001ajaBakbe) HEMUHOBAH.
HakoH oznctpena ncu yecTto fonas3e y KOHTaKT ca TPYIOM OACTPEIbEHE KUBOTUIHE, ATl
U ca BbUXOBUM MECOM U YHYTpPAILIBUM OpraHuma. AyjeckujeBa 00JecT je CiopaJudaHo
MpUCYTHA Yy MOMyJaluju JoMahMx W JUBJBUX CBHUE-a Ha TepuTopHju PemyOmuke
Cpricke. Y nepuony 2019. no ¢edbpyapa 2024. ronune, 3a0usbexeHa cy 44 xapwuinra,
OZTHOCHO 000Jbem-€ je moTBpheHo ko 209 nomahux cBuma u 3 nica. bonecr je mpucyTHa
y CBHM aprkaBama u3 okpyxerba (Cerne u cap., 2023; Milicevic u cap., 2016; Lazi¢ u
cap., 2017), xkao u na repuropuju EBpone (Cay u Letellier, 2009; Ciarello u cap., 2022).
Ciarello u cap. (2022) HaBoje J1a MOCTOjU BUCOKA IMpeBajieHIa 6ojecTH Ha Gapmama
cBUma Ha CUIWIIK] U, Kao U Ja Cy 3a0MJbEeKEHU CIy4ajeBH 3apaxkaBama Koj roeaa. Ha
Cunmnmju ce AyjeckujeBa 060yecT pHjeTKo I0jaBibyje KoJ Maca, a OnrcaHa je KoJ JBa
JIOBaYKa 1ca. Y TUM cilydajeBUMa IICH Cy KOH3yMHpaJId TEPMUUKH HeoOpaheHo meco
CYCIIEKTHE JIMBJbE CBUILE HAKOH JioBa. Y nepuony 1995-2022. ronuna, Freuling u cap.
(2023) cy nerekroBanu AyjeckujeBy O6onect koj 35 naca u 3 nucuue y bemaukoj. Ko
BehHe Maca MCIOJbaBamkEe 3HAKOBA OOJIECTH €MUAEMHUOJIONIKH je OWUI0 MOBE3aHO C
KOH3yMallljoOM TEpMHUYKH HeoOpaljeHor Meca AMBJBMX CBUIbA WM KOHTAaKTOM C
JMBJbUM CBUIbaMa. [Icu Kao v Apyru KapHUBOPH C€ 3apa’kaBajy BUPYCOM Y TUPEKTHOM
WIM WHAUPEKTHOM KOHTAKTy Ca CBHUIbAMa U MHIECTUJOM CHUPOBOT WIH TEPMUUKH
HEIOBOJBHO oOpaheHor Meca M yHyTpammux opraHa. CropagudHO I0jaB/bUBAHHE
Oonectd, Ka0 M KpaTak KIMHUYKUA TOK, YCJIOBJbaBajy Aa AyjeckujeBa OOJECT KOi
KapHHBOpa 4ecTo Oy/ie HerjarHOCTUKOBaHA.

Cano-Terriza u cap. (2019) HaBoze 1a AMpEeKTaH KOHTAKT MPEACTaBIba MOTSHIIN]aTHU
PU3UK 3apajkaBama KoJ JIoBauKuX mnaca. OHHM OMUCY]y €KCIIO3ULHM]y JOBAauYKHX Iaca
BUpYCY AyjeckujeBe OOJIECTH Y BHUCOKO €HJIEMHUYHOM IOJPYYjy 3a OBaj BHPYC KOJ
nuBsbux cBumba y Hnanuju. Ciarello u cap. (2022) y cBom paay HaBoze MPYypUTYC 10
ayToOMyTWJIalMje Kao ToMuHaHTaH Heyposowku cumntoM. Sehl u Teifke (2020) y cBom
pajy HaBoJ€ HETHOJHU eHIe(aTUTUC Kao JOMUHAHTaH XHMCTOMATOJOUIKK Haja3 y
HEpBHOM TKHUBY. Takole, onucyjy XHCTONATONIONIKY Halla3 y JeTpH U IuryhumMa, Koju ce
KapakTepullle HeKpo3ama, KpBaBJbelbrMa 1 HH(]IaMalnjoM.

VY mepuony 2006-2020. rogune y CioBeHHjU Cy ONUCAHH CIIy4yajeBU I0jaBe
AyjeckujeBe 060€CTH KOJ JOBAYKHX Iaca W JOMUHAHTaH XHUCTOIMATOJIOMIKU Haya3 y
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THM Cly4ajeBUMa OWJIO je NPHCYCTBO HerHojHor MenunroeHuedamutuca (Cerne u
cap., 2003). bpojuu ayTtopmu, Takohe, Kao JOCJbE/IaH XHMCTOMATOJOMIKA Hajia3 KOJ
AyjeckujeBe O60ecTu IeTeKTyjy HeTHOJHU eHuedanuTuc ¢ BackyautucoM (Freuling u
cap., 2023). Cay u Letellier (2009) norBpauBiu AyjeckrjeBy 001ecT Ko JBa JOBaYKa
nca y benruju nzonanujom Bupyca u npumjeHom Real Time PCR (RT-PCR) metone,
HaBO/IE /1A j€ KOJI I1aca HaKOH JIOBA JIOIILIO JI0 TI0jaBe KapaKTePUCTUYHUX HEYPOJIOIIKUX
3HakoBa Oosnect. Y Utanuju je AyjeckujeBa 00JeCT JETEKTOBaHA KOJ JIOBAYKOTI TIca
CTapor ceJaM roJinHa, Koju je OMo y KOHTaKTy ca KpBJbY JUBJbe cBUbE (Pizzurro u cap.,
2016). Ynorpebom RT-PCR u uzonauujom Ha Kyntypu henuja Oyopera kyaunha (RK13)
JIOKa3aH je Xeprec BUPYC CBUIbA THII 1.

3AK/bYYAK
Ha ocHoBY enn300THOIONIKE aHAMHE3€, KITMHUYKE CIIMKE M XMCTOMATOJIOLIKOT Hajlasa,
MOCTaBJbEHA € CyMIba Ha AyjecKrjeBy 0OJIECT, a Ha OCHOBY pe3yJliTaTa MOJIEKYJIapHHUX
HCIUTHBaka NOTBPhEeHO MpUCYCTBO BHpyca AyjeckujeBe 00IecTH KOJ JIOBAYKOT IIca.
CropaguuHo 3apakaBamb€ JIOBAUKMX Ilaca YKasyje Ha IMHpKyJalujy BHUpyca Yy
MOMyJIalUju TUBJbUX CBUba y PermyOmunu Cprickoj. Y ckiagy ¢ HaBeIeHUM, TEpPMUYKa
oOpajzia Meca ¥ yHYTpallllbUX OpraHa JIMBJbUX CBHUHbA j€ 00aBe3Ha.

3axBajHULIA
Pan je moapxkan cpeactBuma MuUHHCTApCTBA TOJHONIPUBPENE, IIyMapcTBa W
Bononpuspene Pemyonuke Cpricke, Pecop 3a BeTepuHapcTBO.

U3jaBa o cykoOy uHTepeca: AyTopu u3jaBibyjy Jla He MOCTOjU CyKoO MHTepeca.
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Summary

Aujeszky's disease (pseudorabies) is an acute, contagious, viral disease, primarily of
pigs, and then of other species of domestic and wild animals, caused by porcine
herpesvirus type 1. In pigs, the infection is enzootic, with a high mortality rate upon
the first entry of the virus into the group and is characterized by encephalitis and a high
mortality rate in piglets, pneumonia in older pigs, and abortions in sows. The disease
occurs sporadically in secondary hosts and is accompanied by a short incubation period
and a fatal outcome. Carnivores become infected through direct or indirect contact with
pigs and ingestion of raw or undercooked meat and internal organs, and is characterized
by neurological disorders in the form of pruritus to self-mutilation.

The paper describes a case of Aujeszky's disease in the territory of the city of Tesli¢ in
2024, in a hunting dog of the Plot breed, which came into direct physical contact with
a wild boar during hunting, as well as the carcass of a shot animal. Initial signs of the
disease appeared after 24 hours in the form of inappetence, fever and vomiting. After
the initial signs, neurological disorders manifested in the form of tilting the head to the
side, hypersalivation and pruritus, which progressed to self-mutilation in the head area.
Death occurred 36 hours after the onset of neurological disorders. Macroscopic
examination revealed lesions on the skin of the head and neck, conjunctival hyperemia,
generalized lymphadenopathy, hyperemia of the lungs, meninges and brain. Gastric
dilatation with right-sided splenic torsion was also found, most likely as a result of
acute shock and pain. Histopathological analysis revealed non-suppurative
meningoencephalitis, characterized by discrete perivascular mononuclear infiltrates
and perivascular hemorrhages in the cerebrum, gliosis, satellitosis, and neuronophagia
in the medulla oblongata, as well as intranuclear eosinophilic inclusions in medulla
oblongata neurons. The results of molecular analysis of brain tissue and tissue from
skin lesions, using the gPCR method, demonstrated the presence of porcine herpesvirus
type 1 nucleic acid in the examined samples.
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Sporadic infection of hunting dogs may indicate virus circulation in the wild boar
population in the Republic of Srpska.

Key words: Aujeszky's disease, porcine herpesvirus type 1, hunting dog, non-purulent
meningoencephalitis.

INTRODUCTION

Aujeszky's disease (pseudorabies) is an acute, contagious, viral disease primarily of
pigs, and then of other species of domestic and wild animals. The causative agent is
swine herpesvirus type 1 (Suid herpvirus 1), a DNA virus from the genus
Varicellovirus, from the subfamily Alphaherpesvirinae, which is included in the family
Herpesviridae (WOAH, 2018). Aujeszky's disease does not have zoonotic potential
(CFSPH, 2017). Due to its strong potential to cause infection of nervous tissue, and on
the other hand due to its septicemic-viscerotropic pathological effects on other organ
systems, it is defined as a pantropic virus with pronounced neurotropism (Sofrenovié¢
and Knezevi¢, 1994). In pigs, the infection is enzootic in nature, with a high mortality
rate upon the first entry of the virus into the herd. The manifestation of clinical signs
of the disease in pigs depends primarily on the age of the animal, and then on the
immune status, farm management and virulence of the pathogen. The disease in pigs is
characterized by encephalitis and a high mortality rate in piglets, pneumonia in older
pigs and abortions in pregnant sows (Pejsak and Truszczynski, 2006; Koshemetov et
al., 2021). However, in domestic and wild pigs, latent infection with localization of the
virus in the nerve ganglia can often develop. In this way, conditions for active or
passive carriership are created, and domestic and wild pigs represent a reservoir of the
virus for secondary hosts (most often sheep, cattle, carnivores) (Milicevic et al., 2016;
Sehl and Teifke, 2020). In secondary hosts, the disease occurs sporadically, is
characterized by a short incubation period and a fatal outcome. Sheep and cattle
become infected when cohabiting with pigs (Deblanc et al., 2019; Ciarello et al., 2022).
Carnivores become infected through direct or indirect contact with pigs, or by ingestion
of raw or undercooked meat and internal organs. After initial, nonspecific signs of the
disease, signs of neurological disorders appear in the form of pruritus, which can
progress to self-mutilation. Pruritus in secondary hosts is a manifestation of trigeminal
ganglioneuritis, infection of the dorsal root ganglia and paravertebral ganglia. Pigs do
not show signs of pruritus (Laval and Enquist, 2020).

MATERIALS AND METHODS
An autopsy of the dog was performed in 2024, with suspicion that the death occurred
due to Aujeszky's disease. The material for the autopsy was the caracass of a deceased
hunting dog of the Plot breed from the territory of the city of Tesli¢, aged 19 months,
intact bitch, in good condition. After the autopsy, brain and medulla oblongata, lymph
nodes, liver and lung tissues were sampled for histopathological analysis. After fixation
in 10% neutral buffered formalin, the tissues were dehydrated in a series of alcohols,
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enlighten in xylene and, after impregnation in liquid paraffin, embedded in paraffin
molds. Tissue sections 3-5 um thick were stained with hematoxylin and eosin.

A portion of the brain tissue sample was separated for testing for the presence of
Aujeszky's disease virus nucleic acid using real-time quantitative polymerase chain
reaction (qPCR). The brain sample was homogenized using a mortar and pestle, then
mixed 1:10 with phosphate buffer and centrifuged at 4500 rpm for 10 minutes. The
resulting supernatant was collected and frozen at -80°C until further analysis. Viral
DNA was extracted using the Indical IndiSpin Extraction Kit, according to the
manufacturer's instructions. Viral nucleic acid amplification was performed using
previously published primers by Ma et al. (2008). For qPCR, a commercial Luna®
Universal Probe qPCR Master Mix (New England Biolabs, Ipswich, MA, US) was
used, and the reaction temperature profile included the following steps: viral DNA
denaturation at 95°C for 1 minute (1 cycle), primer binding at 95°C for 15 seconds (50
cycles), and DNA strand synthesis at 60°C for 30 seconds. A reaction mixture with a
total volume of 12.5 ul was prepared by adding 2.75 ul Luna® Universal Probe gPCR
Master Mix, 0.50 pl F primer (10 uM), 0.50 pl R primer (10 uM), 0.25 pl probe (10
uM), and 2.5 pl nucleic acid.

RESULTS

According to the anamnestic and epizootiological data taken from the owner, the bitch
came into direct contact with a wild boar during the hunt, and immediately after the
hunt she licked the blood from the carcass of the shot wild boar and traces of blood that
remained in the environment after the carcass was removed. After 24 hours, the dog
showed non-specific signs of illness in the form of vomiting, inappetence, lethargy and
fever. After 30-36 hours from the appearance of the first signs of illness, signs of
neurological disorders appeared: tilting the head to the side, hypersalivation and
pruritus up to self-mutilation in the head area. Neurological disorders intensified over
several hours. Death occurred 36 hours after the appearance of neurological signs of
illness.

Macroscopic changes determined by external examination of the caracass were
characterized by lesions on the scalp in the form of hairless, hyperemic areas on the
auricles, lower neck, around the eyes and on the muzzle, and hyperemia of the
conjunctiva (Figure 1). After removal of the skin, lymphadenopathy of the
submandibular lymph nodes was observed. Internal examination revealed hyperemia
and hemorrhages in the lungs, as well as hyperemia of the meninges and initiation of
blood vessels in the brain (Figure 2). Mild hyperemia was determined in the liver. Also,
discrete dilatation of the stomach and torsion of the spleen to the right side were
determined, most likely as a result of acute shock and pain (Figure 3).
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Figure 1 A, B: Scalp lesions as a result of self-mutilation; C: Hyperemia of the
conjunctiva
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Figure 2 Brain after separation of the dura mater, hyperemia and initiation of blood
vessels

Figure 3 Discreet dilatation of the stomach and torsion of the spleen to the right side




216 Veterinary Journal of Republic of Srpska (Banja Luka), Vol. XXIV, No 1-2, 211-220, 2024
Gligori¢ et al.:
AujeszKy's disease in hunting dog in the territory of the Republic of Srpska

Histopathological examination revealed non-purulent meningoencephalitis with
accompanying phenomena in the brain and medulla oblongata. Changes in the brain
were characterized by the finding of a discrete perivascular mononuclear infiltrate with
lymphocytes and histiocytes, and perivascular hemorrhages (Figure 4). Changes in the
medulla oblongata were characterized by the finding of satellitosis and neuronophagy,
focal accumulation of glial cells, degeneration and necrosis of neurons (Figure 5). The
presence of intranuclear eosinophilic inclusions was found in the neurons of the
medulla oblongata (Figure 6). Changes found in other organs consisted of lymphocyte
depletion in the germinal centers of the lymph nodes, hyperemia, edema and
emphysema of the lungs, and moderate liver hyperemia and discretely expressed
cloudy swelling of hepatocytes.

=

Figure 4 Brain
A, B: Discrete perivascular mononuclear infiltrates, HE x 400, HE x 600; C:
Perivascular bleeding, HE x 400
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Figure 5 Medulla oblongata
A: neuronophagia (arrowhead), HE x 400; B: focal accumulation of glial cells
(arrow), degeneration and necrosis of neurons (asterisk), HE x 400

Figure 6 Medulla oblongata — intranuclear eosinophilic inclusions (arrow), HE x 600
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The qPCR method detected Aujeszky's disease virus (porcine herpesvirus type 1) DNA
in brain tissue samples and skin lesions.

DISCUSSION

Wild boars are a numerically significant game species on the Balkan Peninsula, and
thanks to their reproductive potential, they can be classified as one of the more invasive
wild species. Rich forests, as well as the availability of water sources, provide this
game with both a refuge and an inexhaustible source of food, which explains their large
numbers. Hunting is a traditional activity in the Republic of Srpska, and wild boars are
a frequently hunted game species. Hunting dogs, mainly hounds, are traditionally used
in wild boar hunting, so during this activity, contact between dogs and wild boars
(chasing and barking) is inevitable. After shooting, dogs often come into contact with
the carcass of the shot animal, but also with its meat and internal organs. Aujeszky's
disease is sporadically present in the population of domestic and wild boars on the
territory of the Republic of Srpska. In the period from 2019 to February 2024, 44
outbreaks were recorded, i.e. the disease was confirmed in 209 domestic pigs and 3
dogs. The disease is present in all surrounding countries (Cerne et al., 2023; Milicevic
etal., 2016; Lazi¢ et al., 2017), as well as in Europe (Cay and Letellier, 2009; Ciarello
et al., 2022). Ciarello et al. (2022) report that there is a high prevalence of the disease
on pig farms in Sicily, and that cases of infection in cattle have been recorded. In Sicily,
Aujeszky's disease rarely occurs in dogs, and it has been described in two hunting dogs.
In these cases, the dogs consumed uncooked meat of suspected wild boar after hunting.
In the period 1995-2022, Freuling et al. (2023) detected Aujeszky's disease in 35 dogs
and 3 foxes in Germany. In most dogs, the manifestation of signs of the disease was
epidemiologically associated with the consumption of undercooked wild boar meat or
contact with wild boar. Dogs, like other carnivores, become infected with the virus
through direct or indirect contact with pigs and the ingestion of raw or undercooked
meat and internal organs. The sporadic occurrence of the disease, as well as the short
period of clinical signs, are the reasons why Aujeszky's disease in carnivores is often
undiagnosed.

Cano-Terriza et al. (2019) report that direct contact poses a potential risk of infection
in hunting dogs. They describe the exposure of hunting dogs to Aujeszky's disease virus
in a highly endemic area for this virus in wild boars in Spain. Ciarello et al. (2022)
report pruritus to the point of self-mutilation as the dominant neurological symptom.
Sehl and Teifke (2020) report non-suppurative encephalitis as the dominant
histopathological finding in nervous tissue. They also describe histopathological
findings in the liver and lungs, characterized by necrosis, hemorrhage, and
inflammation.

In the period 2006-2020, cases of Aujeszky's disease in hunting dogs were described
in Slovenia, and the dominant histopathological finding in these cases was the presence
of non-purulent meningoencephalitis (Cerne et al., 2003). Numerous authors also
detect non-purulent encephalitis with vasculitis as a consistent histopathological
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finding in Aujeszky's disease (Freuling et al., 2023). Cay and Letellier (2009), having
confirmed Aujeszky's disease in two hunting dogs in Belgium by virus isolation and
the application of the Real Time PCR (RT-PCR) method, state that characteristic
neurological signs of the disease appeared in the dogs after hunting. In Italy, Aujeszky's
disease was detected in a seven-year-old hunting dog that had been in contact with wild
boar blood (Pizzurro et al., 2016). Porcine herpes virus type 1 was proven using RT-
PCR and isolation on rabbit kidney cell culture (RK13).

CONCLUSION
Based on the epizootiological history, clinical picture and histopathological findings,
Aujeszky's disease was suspected, and based on the results of molecular testing, the
presence of Aujeszky's disease virus in a hunting dog was confirmed. Sporadic
infection of hunting dogs indicates the circulation of the virus in the wild boar
population in the Republic of Srpska. Accordingly, thermal processing of meat and
internal organs of wild boars is mandatory.
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Sazetak

Biosigurnost, dobrobit, dobra proizvodacka praksa 1 analiza rizika veoma su znacajni
elementi za intenzivnu proizvodnju na farmama visoko mle¢nih krava 1 svinja. Planska
primena biosigurnosnih mera presudna je u zastiti zdravlja goveda 1 svinja i uspehu
same proizvodnje. Preporuka je da se stalno izgraduje svest zaposlenih o unapredenju
biosigurnosti, da postoji aktivan odnos prema postojecim rizicima i da preduzete mere
predstavljaju kljuc uspeha u osmisljavanju i pripremi planova biosigurnosti za svaku
konkretnu situaciju, odnosno farmu. Opste je poznato da previdi, propusti i greske u
odrzavanju potrebnog nivoa biosigurnosti obi¢no dovode do nastanka oboljenja, pada
obima proizvodnje, uginuca i gubitka zarade. Zato se na zdravstvenu zastitu goveda i
svinja primenom znacajno vise preventivnih mera moZe ispuniti koncept u kome ¢e se
realizovati rentabilna proizvodnja na farmama. Potrebno je da se istakne da je primena
biosigurnosnih mera na farmama goveda 1 svinja danas najvaznija mera za spreavanje
potencijalnog unoSenja i Sirenja patogenih uzro¢nika. Stoga mere biosigurnosti moraju
biti dobro definisane, prakticne, funkcionalne i1 razumljive farmerima odnosno
odgajivaCima goveda i svinja. U ovom radu prikazana je ocena stalne kontrole
biosigurnosti na farmama goveda i svinja, kao deo realizovanih projektnih zadataka.

Kljuéne reci: biosigurnost, zdravstvena zastita, goveda, svinja.

UvOoD
Biosigurnost na farmama
Generalno, danas u literaturi postoje brojne definicije biosigurnosti odnosno
biosigurnosnih mera, koje mogu biti razmatrane sa razlicitih aspekata kao 1 za razlicite
proizvodne sisteme. Medutim, moze se re¢i da je zajednicko svim definicijama da
biosigurnost obuhvata skup mera i postupaka koji imaju za osnovni cilj umanjenje
rizika od unoSenja, pojave 1 Sirenja razli€itih uzro¢nika bolesti u odnosno na farmu
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svinja, bez obzira na obim proizvodnje (Alarcon i sar. 2021; Prodanov-Radulovié i sar.,
2022).

Pri razmatranju stanja biosigurnosti na farmskom nivou treba istovremeno imati u vidu
srodne, ali u izvesnoj meri razliite koncepte: planove biosigurnosti, procenu rizika na
kriti¢nim kontrolnim tackama i planove za urgentne situacije. Biosigurnosni planovi su
klju¢ni za prevenciju uzgojnih i infektivnih bolesti. Takode su biosigurnosni planovi
klju¢ni u sprecavanju nezeljenih situacija 1 unapredenju poslovanja (Stankovi¢ 1 sar.,
2015a; Stankovic i sar., 2016; Hristov i sar., 2006, Polacek i sar., 2021).

Intenzivna proizvodnja u govedarstvu i svinjarstvu podrazumeva veliku koncentraciju
zivotinja na relativno malom prostoru, zbog ¢ega je potrebno primeniti odredene mere
u cilju oCuvanja zdravlja stada goveda 1 svinja, spreCavanja unosenja i Sirenja uzgojnih
i infektivnih bolesti u stadu i o¢uvanja proizvodnje (WQ, 2009; Bojkovski, 2015;
Bojkovski 1 sar.,, 2017; Bojkovski i sar., 2020). Primena biosigurnosnih planova
podrazumeva stalnu aktivnost na stvaranju i ouvanju zadovoljavajuceg okruzenja za
zivot Zivotinja 1 njihovu proizvodnju, pre svega u pogledu spreCavanja unosenja i
Sirenja uzro¢nika infektivnih bolesti, a dobija na znacaju kako trziSte govedeg mesa,
mleCnih proizvoda i svinjskog mesa sve viSe poprima internacionalni karakter
(Stankovi¢ i sar., 2011).

Mnoga reSenja koja se primenjuju na farmama visoko mle¢nih krava i svinja u cilju
poboljSanja profitabilnosti, povecanja efikasnosti 1 bezbednosti proizvodnje Cesto
uzrokuju nelagodnost, bol i stres odnosno distres Zivotinja, dok sprec¢avaju njihovo
prirodno instinktivno ponaSanje, Sto se u najvecoj meri ogleda u ekonomskim
rezultatima proizvodnje (Hristov 1 sar., 2018). Previdi, propusti 1 greske u odrzavanju
potrebnog nivoa biosigurnosti obi¢no dovode do pojave oboljenja, smanjenja obima
proizvodnje, uginuca i gubitka zarade, ugrozavajuci na taj nacin opstanak citavih stada
goveda i svinja (Hristov i sar., 2007).

Pojam biosigurnosti podrazumeva tri glavna ¢inioca:

1. Izolaciju, kojom se sprecava kontakt jedinki iz kontrolisanog okruZenja i
okoline, a odnosi se na novonabavljene Zivotinje, kontakte izmedu postojecih
grupa goveda podeljenih prema uzrastu i/ili na proizvodne grupe, kao
proizvodne operacije koje se ponavljaju kod viSe grupa zivotinja, poput
hranjenja, utovara i sl.

2. Kontrolu prometa, koja podrazumeva nadzor nad kretanjem vozila, ljudi i svih
zivotinja sa farme 1 prema farmi i mora biti osmisljena tako da spreci ili
minimalizuje rizik od ulaska patogena u zapat i kontaminaciju hrane i opreme.

3. Sanitaciju, koja se odnosi na dezinfekciju materijala i opreme koja ulazi na
farmu 1 higijenu ljudi 1 opreme na farmi (Hristov 1 sar., 2007).

Ocena postavke biosigurnosti na farmi
Ne postoji jedinstven plan biosigurnosti za sve farme mlec¢nih krava i svinja. Postizanje
potrebnog nivoa biosigurnosti na farmi mle¢nih krava podrazumeva plan koji je nastao
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analizom aktuelne epizootioloSke situacije na podru¢ju na kom se farma nalazi
(Stankovic i sar., 2008; Stankovi¢ i sar., 2011).

Brojni ograniCavajuéi faktori oteZavaju dostizanje potrebnog nivoa zastite zdravlja
stada 1 uspeha proizvodnje. Veli¢ina zapata i obim proizvodnje razumljivo u velikoj
meri ograni¢avaju obim i kvalitet preduzetih mera, $to se moze reci i za intenzitet
proizvodnje. To prakti¢no znaci da ekonomska isplativost mora imati presudnu ulogu
u pogledu odredivanja ciljeva koje je potrebno ostvariti primenom nekog plana
biosigurnosti, ili bar pojedinih biosigurnosnih mera, iskazanih u vidu dobre
odgajivacke prakse, dobre veterinarske prakse ili HACCP (Hazard Analysis Critical
Control Point ) orijentisanih planova (Ostoji¢-Andri¢ i sar., 2017).

Na farmama goveda i svinja koje su bile ukljucene u projektna istraZivanja uoceni su
propusti u primeni odredenih biosigurnosnih mera. Cilj ovog preglednog rada, koji je
bio deo projektnih zadataka je da pruzi informacije vezano za usavrSavanje odnosno
uvodenje biosigurnosnih mera na farmama visoko mlec¢nih krava i svinja.

Indikatori biosigurnosti na farmi

1. Izolacija kao element biosigurnosti na farmi
Lokacija farme predstavlja kljuéni element odrzivog biosigurnosnog plana.
Izdvojenost objekata za odgoj u odnosu na potencijalne izvore patogenih
mikroorganizama predstavlja vaznu meru zastite, narocito kada su u pitanju aerogene
infekcije (Stankovi¢ 1 sar., 2015b). Ovo znac¢i da lokaciju odreduje niz povezanih
faktora, od kojih se udaljenost moze najlakse izmeriti, ali ona ukljucuje i tip 1 veli¢inu
farme, dominantne vetrove, vlaznost vazduha i dr. Gotovo redovno se zanemaruje
znacaj zelenog zastitnog pojasa oko samih farmi (Hristov 1 sar., 2007; Stankovi¢ 1 sar.,
2015b).

2. Karantin
Novonabavljene Zivotinje se moraju smestiti u izolaciju u cilju potvrdivanja njihovog
bezbednog zdravstvenog statusa, kao i1 aklimatizacije na nove smestajne uslove, pri
¢emu se mora voditi rauna o lokaciji odgovarajuce staje 1 duZini trajanja izolacije.
Duzina trajanja izolacije je obrnuto srazmerna zdravstvenom statusu domaceg stada,
Sto znaci da ako je on visi 1 kontrola mora biti strozija i traje obicno 4 nedelje, ali je
preporucljivije da traje Sest nedelja (Hristov i sar., 2007).

3. Zdravstveni status zapata
Odrziva zaStita zdravstvenog stanja i uspesSna proizvodnja su moguci samo ako u
zapatu nema uzroc¢nika infektivnih bolesti i ¢inilaca koji dovode do pojave tehnopatija.
Nacin upotrebe, cuvanja, odrzavanja 1 rukovanja terapeutskim sredstvima,
instrumentima, semenom, kao i upotreba sredstava za jednokratnu upotrebu svakako
utiCu na postizanje zadovoljavajuc¢eg zdravstvenog stanja svih kategorija goveda i
svinja (Stankovi¢ i sar., 2015b).

4. Odnos osoblja prema opremi
Uzroc¢nici infektivnih oboljenja se mogu prenositi i posredno putem opreme. U cilju
redukcije Sirenja agenasa opremom preduzima se sledece: pranje ruku pre svakog
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ulaska u segment farme 1 nakon rada sa bolesnim grlima, noSenje zastitnih rukavica.
Odvojena upotreba opreme za rad sa hranom 1 stajnjakom, jednokratna upotreba igala,
sterilizacija instrumenata, markiranje 1 pranje radne odece odgovaraju¢im
deterdZentima (Hristov 1 sar., 2007).

5. Kontrola kretanja i prometa
Kontrola kretanja vozila, ljudi 1 Zivotinja sa farme 1 prema njoj mora biti sastavni deo
tehnologije proizvodnje 1 mora biti osmisljena tako da spreci ili smanji na najmanju
mogucéu meru kontaminaciju stada, hrane 1 opreme (Hristov i sar., 2007). U praksi se
vrlo Cesto zanemaruju neki vazni elementi kontrole kretanja, koji se odnose na
dezobarijeru i proceduru pri ulasku na farmu vozila i stranih lica, iako je sve to
predvideno protokolom farme. Dezobarijere su redovno nenatkrivene, izloZene
atmosferskim i1 povrSinskim vodama, a rastvor se ne menja dovoljno ¢esto koliko to
zahteva frekvencija saobracaja.

6. ReZim poseta
U cilju smanjenja moguénosti rasejavanja kontaminanata preduzima se informisanje
posetilaca 1 vozaCa o metodama zaStite 1 insistiranje na njihovoj saradnji u
minimiziranju mogucnosti kontaminacije, spre¢avanju ulaska posetilaca u prostore za
smestaj 1 ishranu, postavljanje znakova za zabranjen ulaz, s brojem telefona za kontakt
na ulaz farme (Hristov i sar., 2007).

7. Kontrola hrane i opreme za hranjenje
Pravilnim skladiStenjem hrana se §titi od kontaminacije. Hranu za razliite kategorije i
sisteme treba oznaciti 1 razvrstati u cilju izbegavanja propusta. Takode, treba pratiti
kvalitet vode 1 obezbediti odgovarajuci sistem za napajanje. Ukoliko se hrana nabavlja,
najbolje je kupovati je od proizvodaca s kontrolisanim rezimom proizvodnje, kvaliteta
i bioloske bezbednosti (Hristov i sar., 2007).

8. Izdubravanje
PoloZaj deponije za stajnjak u okviru farme i ocena organizacije izdubravanja pruzaju
veliki broj informacija o nivou biosigurnosti na farmi i svesti zaposlenih (Hristov i sar.,
2007).

9. Uklanjanje leSeva uginulih Zivotinja
Veoma je vazno da se svi leSevi uginulih Zivotinja §to pre i na odgovaraju¢i nacin
uklone s farme (Hristov 1 sar., 2007).

10. Odnos prema drugim zZivotinjama na farmi
Iako to nije pozeljno, nekada se ne moZe zanemariti Zelja vlasnika farmi da na farmi
imaju pse, macke ili konje. U tom smislu, treba uskratiti pristup navedenim Zivotinjama
u delove farme u kojima su smeStena proizvodna grla (Hristov 1 sar., 2007).

11. Kontrola ptica i glodara
Kontrola ptica ima svoje znacenje na komercijalnim farmama svinja. Ptice (golubovi,
vrapci, ¢vorci 1 laste) mogu biti nosioci infektivnog materijala na nogama ili u sistemu
za varenje. Stoga se preporuCuje zatvaranje rupa pogodnih za pravljenje gnezda;
postavljanje mreza na prozore i otvore za ventilaciju, zatvaranje otvora na silosima i
pokrivanje rubova ispod krovista i streha pogodnih za gnezda 1 lezanje (Hristov 1 sar.,
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2007). Kontrola populacija glodara je obavezan deo svakog plana biosigurnosti, pa se
u tom cilju preduzima sledece: izgradnja objekata u koje glodari ne mogu da prodru,
zatvaranje bezbednih mesta za skrivanje, eliminisanje moguc¢nosti ishrane i napajanja
1 uniStavanje postojecih populacija trovanjem, zadimljavanjem i zamkama.
12. Sanitacija

Sanitacija ima znacenje za komercijalne farme svinja. Pojam sanitacije se odnosi na
odrzavanje higijene, €iS¢enje 1 dezinfekciju materijala, ljudi 1 opreme koji ulaze na
farmu 1 higijenu ljudi 1 opreme na farmi (Hristov 1 sar., 2007).

Evaluacija kontrolisanih farmi

Danas postoje brojne metode evaluacije odnosno procene biosigurnosnih mera na farmi
svinja uz mogucnost svojevrsnog bodovanja i statisticke obrade podataka. U oceni
inidikatora biosigurnosti koristimo 1 skalu od 0 do 5. Takode se ponekad koristi i
SWOT analiza (snaga, slabost, prilike, pretnje). Tako na primer, na osnovu ocene
inidkatora i SWOT analize smo ustanovili da na ve¢em broju farmi svinja je prisustvo
respiratornih infekcija. Ustanovljeno je prisustvo Mycoplasma hyopneumoniae i
Actinobacullus pleuropneumoniae. Na naSim kontrolisanim farmama ucestalost
navedenih uzrocnika je bila visoka. Jedan od ozbiljnijih zdravstvenih problema na
farmama je prisustvo PRRS (porcine reproductive and respiratory syndrome). Na
kontrolisanim farmama indikator zdravstvenog stanja je dobio nisku ocenu iz razloga
jer su na ve¢ini pregledanih farmi ustanovljeni neadekvatan smestaj, ishrana i
sprovodenje terapije, kao i odsustvo sprovodenja preventivnih mera. Kao rezulat
takvog stanja bili su prisutni znacajni gubici prasadi na sisi, kao 1 u kategoriji zalu¢ene
prasadi. Ekonomski problem predstavljaju gubici u kategoriji tova, koji su manji u
odnosu na gubitke prasadi na sisi i odbijene prasadi (Bojkovski 1 sar., 2022; Bojkovski
1 sar., 2023). Pored navedenog, danas veliki broj autora navodi da su zoohigijenski
uslovi na farmi jedan od nacina kako spreciti prisustvo patogenih agenasa uzgojnih ili
infektivnih bolesti, odnosno da je sprovodenje zoohigijenskih mera osnov da
inidikatori biosigurniosti budu dobro ocenjeni (Asaj, 2003; Stankovi¢ i sar., 2009;
Krnjai¢, 2010). Kao osnova za profilakticke mere, vrlo cesto se sprovodi
imunoprofilaksa, koja u osnovi nema zakonsku obavezu, ali je vrlo znaajna s
ekonomskog aspekta. Medutim, danas o vakcinaciji odlucuje farma, odnosno sprovodi
se na licni izbor vlasnika, §to i nije dobro kada se sagledava sa stru¢nog aspekta.

Imajuéi u vidu razli¢itosti koje postoje u okviru postoje¢e farmske proizvodnje u
Republici Srbiji, svaka komercijalna ali i porodi¢na farma treba da ima razraden i
usvojen sopstveni plan i1 protokol o primeni biosigurnosnih mera, u skladu s
postojecom infrastrukturom i kapacitetima u proizvodnom pogonu. Od posebnog je
znacaja 1 da lica koja rade na farmi treba da budu upoznata s biosigurnosnim merama,
odnosno svim preventivnim i kontrolnim merama koje se sprovode na farmi u cilju
spreavanja unoSenja uzro¢nika naro€ito opasnih zaraznih bolesti svinja. Stoga, u cilju
efikasne primene biosigurnosnih mera, neophodan je i kontinuirani rad na edukaciji i
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informisanosti svih lica uklju¢enih direktno i/ili indirektno u proizvodni proces na
farmi svinja (farmeri, zaposlena lica-radnici na farmi, stru¢na lica).

Na farmama visoko mle¢nih krava koje su bile uklju¢ene u projektni zadatak, kod teladi
su izolovane sledeCe bakterije: Pasteurella multocida, Mannheimia haemolytica,
Pasteurella spp., Histophilus somni, Haemophilus spp., Trueperella pyogenes,
Pseudomonas aeruginosa, Salmonella Enteritidis, Salmonella Typhimurium.
Najznacajniji uzrocnici gastrointestinalnih oboljenja kod teladi su enteropatogeni
sojevi E. coli i C. perfringens. Ulogu u nastanku oboljenja imaju samo oni sojevi E.
coli koji su sposobni da postanu dominanti u crevnoj flori i progresivno se
razmnoZavaju u prednjim partijama tankih creva. Gastrointestinalna oboljenja izazvana
klostridijama naroCito su karakteristicna za telad mladu od tri nedelje, koja su
prijem¢ivija od odraslih jedinki. Gastrointestinalna oboljenja virusne etiologije
(Rotavirusi) nastaju kada je uticaj virulence odredenog soja virusa potisnuo lokalani
crevni imunitet 1 redukovao crevnu bakterijsku floru. Virusi se ne smatraju primarnim
uzro¢nicima oboljenja, €ak 1 kad se izoluju iz fecesa dijarejicne teladi. Prisustvo
enteropatogenih sojeva E. coli pospeSuje njihovu patogenost, a neadekvatni
zoohigijenski uslovi 1 neredovno izdubravanje pogoduju zadrZzavanju patogenih
mikroorganizama iz fecesa u objektima (Bojkovski i sar., 2022; Ninkovi¢ 1 sar., 2023).
Oboljenja teladi su najeS¢e multifaktorijalne etiologije, a kao najznacajniji
zdravstveni problemi na farmama visoko mle¢nih krava izdvajaju se oboljenja organa
za disanje 1 varenje. U nastanku infektivnih oboljenja razlicite etiologije, veliki znacaj
imaju nepovoljni higijenski i mikroklimatski uslovi smestaja 1 neadekvatni tehnoloski
postupci u odgoju. Intenzivni uzgoj teladi zahteva kontinuirano pracenje zdravstvenog
stanja teladi 1 adekvatnu primenu veterinarsko-profilaktickih, higijensko-sanitarnih i
zootehnickih mera (Ninkovi€ 1 sar., 2023).

ZAKLJUCAK

U sagledavanju prikazanih indikatora nivoa biosigurnosti treba imati u vidu da svest
ljudi o stvarnoj potrebi zastite proizvodnje u celini i stalan rad na uklanjanju pretnji po
biosigurnost predstavlja klju¢ uspeha u osmisljavanju i primeni planova biosigurnosti
za svaku konkretnu situaciju i farmu. Vlasnici farmi imaju najve¢u odgovornost u
za$titi sopstvenih zapata. Takode, zaposleni na farmi, kao i posetioci, moraju biti svesni
svoje uloge u ocuvanju bezbednog zdravstvenog statusa farme. Biosigurnost treba
razmatrati kao osnovu svih preventivnih i zdravstvenih programa u kontroli, suzbijanju
i iskorenjivanju bolesti svinja i goveda. Treba ista¢i da je primena biosigurnosnih mera
na farmama svinja i goveda danas najvaznija mera u spreCavanju potencijalnog
unoSenja 1 Sirenja patogenih mikroorganizama. Stoga, mere biosigurnosti moraju biti
dobro definisane, prakticne, funkcionalne i razumljive farmerima, odnosno
odgajivacima goveda i svinja.
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Summary

Biosecurity, welfare, good production practice and risk analysis are very important
elements for intensive production on farms of high yielding dairy cows and pigs. The
planned application of biosecurity measures is crucial in protecting the health of cattle
and pigs and for the production success. It is recommended that employees' awareness
of improving biosecurity constantly raise, that there is an active attitude towards
existing risks, and that the measures taken are the key to success in designing and
preparing biosecurity plans for each specific situation i.e. the farm. It is generally
known that oversights, omissions and mistakes in maintaining the required level of
biosecurity usually lead to the emergence of diseases, decline in production, death and
economic loss. Therefore, by applying more preventive measures to the health care of
cattle and pigs, the concept of profitable production on farms can be fulfilled. It should
be emphasized that the application of biosecurity measures on cattle and pig farms is
the most important measure to prevent the potential introduction and spread of
pathogens. Therefore, biosecurity measures must be well defined, practical, functional
and understandable to farmers, i.e. cattle and pig breeders. This paper presents an
evaluation of the permanent biosecurity control on cattle and pig farms, as part of the
implemented project tasks.

Key words: biosecurity, health care, cattle, pig.

INTRODUCTION
Biosecurity on farms
Nowadays, in general, there are numerous definitions of biosecurity or biosecurity
measures, which can be considered from different aspects as well as for different
production systems. However, all definitions have in common that biosecurity includes
a set of measures and procedures whose main goal is to reduce the risk of introduction,
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occurrence and spread of various disease agents in or on a pig farm, regardless of the
production levels (Alarcon et al. 2021 ; Prodanov-Radulovi¢ et al., 2022).

When considering the state of biosecurity at the farm level, one should simultaneously
take into account related, but to some extent different concepts: biosecurity plans, risk
assessment at critical control points and plans for emergency situations. Biosecurity
plans are crucial for the prevention of production and infectious diseases. Also,
biosecurity plans are crucial in preventing unwanted situations and improving business
(Stankovic¢ et al., 2015a; Stankovi¢ et al., 2016; Hristov et al., 2006, Polacek et al.,
2021).

Intensive production in cattle and pig farming implies a large concentration of animals
in a relatively small area, which is why it is necessary to apply certain measures in
order to preserve the health of cattle and pig herds, prevent the introduction and spread
of production and infectious diseases in the herd and preserve production (WQ, 2009;
Bojkovski, 2015; Bojkovski et al., 2017; Bojkovski et al., 2020). The application of
biosecurity plans implies constant activity to create and preserve a frendly environment
for the life of animals and their production, primarily in terms of preventing the
introduction and spread of infectious disease agents, and it is important since the
market for beef, dairy products and pork increasingly takes an international character
(Stankovi¢ et al., 2011).

Many solutions that are applied on high-yielding dairy and pigs farms, in order to
improve profitability, increase efficiency and safety of production, often cause
discomfort, pain and stress, i.e. distress of animals, while preventing their natural
instinctive behavior, which is reflected to the greatest extent in the economic results of
production (Hristov et al., 2018). Overlooks, omissions and errors in maintaining the
required level of biosecurity usually lead to the appearance of diseases, production loss,
death and loss of income, thereby endangering the survival of entire herds of cattle and
pigs (Hristov et al., 2007).

The concept of biosecurity implies three main factors:

1. Isolation, which prevents the contact of individuals from the controlled
ambience and the environment, and refers to newly acquired animals, contacts
between existing groups of cattle divided by age and/or into production groups,
as production operations that are repeated in several groups of animals, such as
feeding, loading, etc.

2. Traffic control, which includes monitoring the movement of vehicles, people
and all animals from and to the farm and must be designed to prevent or
minimize the risk of pathogens entering the farm and contaminating food and
equipment.

3. Sanitation, which refers to the disinfection of materials and equipment entering
the farm and the hygiene of people and equipment on the farm (Hristov et al.,
2007).
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Assessment of on-farm biosecurity settings
There is no single biosecurity plan for all dairy and pig farms. Achieving the required
level of biosecurity on a dairy farm implies a plan that was created by analyzing the
current epizootiological situation in the area where the farm is located (Stankovi¢ et
al., 2008; Stankovi¢ et al., 2011).
Numerous limiting factors make it difficult to reach the required level of herd health
protection and production success. The size of the farm and the production level
understandably greatly limit the scope and quality of the measures taken, which can
also be said for the intensity of production. This practically means that economic
profitability must have a decisive role in determining the goals that need to be achieved
by implementing a biosecurity plan, or at least certain biosecurity measures, expressed
in the form of good husbandry practices, good veterinary practices or HACCP (Hazard
Analysis Critical Control Point) oriented plans. (Ostoji¢-Andri¢ et al., 2017).
Failures in the application of certain biosecurity measures were observed on the cattle
and pig farms that were included in the project research. The aim of this review, which
was part of the project tasks, is to provide information related to the improvement or
introduction of biosecurity measures on farms of high yielding dairy cows and pigs.

Biosecurity indicators on the farm

13. Isolation as an element of biosecurity on the farm
Farm location is a key element of a sustainable biosecurity plan. Isolation of facilities
in relation to potential sources of pathogenic microorganisms is an important measure
of protection, especially when it comes to airborne infections (Stankovi¢ et al., 2015b).
This means that the location is determined by a number of related factors, of which
distance is the easiest to measure, but it also includes the type and size of the farm,
prevailing winds, humidity, and more. The importance of the green protective belt
around the farms is almost regularly neglected (Hristov et al., 2007; Stankovi¢ et al.,
2015b).

14. Quarantine
Newly acquired animals must be placed in isolation in order to confirm their safe health
status, as well as acclimatization to the new housing conditions, taking into account the
location of the appropriate barn and the duration of the isolation. The duration of
isolation is inversely proportional to the health status of the domestic herd, which
means that if it is higher, the control must be stricter and usually lasts 4 weeks, but it is
more recommended to last six weeks (Hristov et al., 2007).

15. Health status of the herd
Sustainable health protection and successful production are possible only if there are
no causative agents of infectious diseases and factors that lead to the appearance of
technopathies. The way of use, storage, maintenance and handling of therapeutic
agents, instruments, semen, as well as the use of single-use agents certainly affect the
achievement of a satisfactory health condition of all categories of cattle and pigs
(Stankovi¢ et al., 2015b).
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16. How the staff handle with equipment
The causative agents of infectious diseases can also be transmitted indirectly through
equipment. In order to reduce the spread of agents with equipment, the following is
undertaken: hand washing before each entry into the farm segment and after working
with diseased animals, wearing protective gloves. Separate use of equipment for
working with food and manure, single use of needles, sterilization of instruments,
marking and washing of clothes with appropriate detergents (Hristov et al., 2007).

17. Movement and traffic control
Control of the movement of vehicles, people and animals from and to the farm must be
an integral part of production technology and must be designed to prevent or minimize
contamination of herds, food and equipment (Hristov et al., 2007). In practice, some
important elements of movement control, related to the barrier and procedure for
entering the farm for vehicles and foreign persons, are often neglected, although all of
this is provided in the farm's protocol. Desobarriers are regularly uncovered, exposed
to atmospheric and surface water, and the solution is not changed often enough as
required by the frequency of traffic.

18. Visiting regime
In order to reduce the possibility of contaminant dispersion, it is necessary to inform
visitors and drivers about protection methods and to insist on their cooperation in
minimizing the possibility of contamination, preventing the entry of visitors into
accommodation and eating areas, placing signs for prohibited entry, with a contact
phone number at the entrance of the farm (Hristov et al., 2007)

19. Control of food and feeding equipment
Proper storage protects food from contamination. Food for different categories and
systems should be labeled and sorted in order to avoid omissions. Also, the quality of
water should be monitored and a suitable water supply system should be provided. If
food is purchased, it is best to buy it from producers with a controlled regime of
production, quality and biological safety (Hristov et al., 2007).

20. Manure management
The location of the manure dump within the farm and the evaluation of the manure
treatment provide a large amount of information about the level of biosecurity on the
farm and the awareness of employees (Hristov et al., 2007).

21. Removal of carcasses of dead animals
It is very important that all carcasses are removed from the farm as soon as possible
and in an appropriate manner (Hristov et al., 2007).

22. Relation to other animals on farm
Although it is not desirable, sometimes the desire of farm owners to have dogs, cats or
horses on the farm cannot be ignored. In this sense, the mentioned animals should be
denied access to the parts of the farm where the production animals are located (Hristov
etal., 2007).

23. Bird and rodent control
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Bird control has its meaning on commercial pig farms. Birds (pigeons, sparrows,
starlings and swallows) can carry infectious material on their feet or in their digestive
system. It is therefore recommended to close holes suitable for making nests; placing
nets on windows and ventilation openings, closing openings on silos and covering
edges under roofs and eaves suitable for nests and laying (Hristov et al., 2007). Rodent
population control is a mandatory part of any biosecurity plan and the following is
undertaken: construction of facilities where rodents cannot penetrate, closure of safe
hiding places, elimination of feeding and drinking opportunities, and destruction of
existing populations by poisoning, fumigation and traps.
24. Sanitation

Sanitation has implications for commercial pig farms. The term sanitation refers to the
maintenance of hygiene, cleaning and disinfection of materials, people and equipment
entering the farm and the hygiene of people and equipment on the farm (Hristov et al.,
2007).

Evaluation of inspected farms

Nowadays, there are numerous methods of evaluation, i.e. assessment of biosecurity
measures on pig farms, with the possibility of a scoring and statistical data processing.
We also use a scale from 0 to 5 in the assessment of biosecurity indicators. SWOT
analysis (strength, weakness, opportunities, threats) is also sometimes used. For
example, based on the indicator's assessment and SWOT analysis, we found that
respiratory infections are present in a large number of pig farms. The presence of
Mycoplasma hyopneumoniae and Actinobacullus pleuropneumoniae was established.
On farms that we inspected, the frequency of the above pathogens was high. One of
the more serious health problems on farms is the presence of PRRS (porcine
reproductive and respiratory syndrome). On the inspected farms, the health condition
indicator was low due to the fact that on the majority of inspected farms, inadequate
accommodation, nutrition and implementation of therapy, as well as the absence of
implementation of preventive measures, were found. As a result of such a situation,
there were significant losses of suckling piglets, as well as loss in the category of piglets
that were weaned. The economic problem is represented by the losses in the fattening
category, which are smaller compared to the losses of suckling and weaned piglets
(Bojkovski et al., 2022; Bojkovski et al., 2023). In addition to the above, a large number
of authors state that zoohygiene conditions on the farm are one of the ways to prevent
the presence of pathogenic agents of production or infectious diseases, that is, that the
implementation of zoohygiene measures is the basis for biosecurity indicators to be
well evaluated (Asaj, 2003; Stankovi¢ et al., 2009; Krnjai¢, 2010). As a basis for
prophylactic measures, immunoprophylaxis is very often carried out, which basically
has no legal obligation, but is very important from an economic point of view.
However, vaccination is decision of the farm management, that is, it is carried out as
the owner's personal choice, which is not good when viewed from a professional
perspective.
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Bearing in mind the differences that exist within the existing farm production in the
Republic of Serbia, every commercial as well as family farm should have its own plan
and protocol on the application of biosecurity measures developed and adopted, in
accordance with the existing infrastructure and capacities in the production plant. It is
of particular importance that persons working on the farm should be familiar with
biosecurity measures, that is, all preventive and control measures implemented on the
farm in order to prevent the introduction of the causative agents of particularly
dangerous infectious diseases of pigs. Therefore, in order to effectively apply
biosecurity measures, continuous work on education and information of all persons
involved directly and/or indirectly in the production process on the pig farm (farmers,
farm workers, professionals) is necessary.

On high-yielding dairy farms that were included in the project task, the following
bacteria were isolated from calves: Pasteurella multocida, Mannheimia haemolytica,
Pasteurella spp., Histophilus somni, Haemophilus spp., Trueperella pyogenes,
Pseudomonas aeruginosa, Salmonella Enteritidis, Salmonella Typhimurium. The most
important causative agents of gastrointestinal diseases in calves are enteropathogenic
strains of E. coli and C. perfringens. Only those strains of E. coli that are capable of
becoming dominant in the intestinal flora and progressively reproduce in the front parts
of the small intestines play a role in the development of the disease. Gastrointestinal
diseases caused by clostridia are especially characteristic of calves younger than three
weeks, which are more susceptible than adults. Gastrointestinal diseases of viral
etiology (Rotaviruses) occur when the influence of the virulence of a certain strain of
virus suppresses the local intestinal immunity and reduces the intestinal bacterial flora.
Viruses are not considered to be the primary cause of disease, even when isolated from
the feces of diarrheal calves. The presence of enteropathogenic strains of E. coli
enhances their pathogenicity, and inadequate animal hygiene conditions and irregular
mature management favor the retention of pathogenic microorganisms from feces in
facilities (Bojkovski et al., 2022; Ninkovi¢ et al., 2023). Diseases of calves are most
often of multifactorial etiology, and the most significant health problems on farms with
high-yielding cows are diseases of the respiratory and digestive organs. Unfavorable
hygienic and microclimatic housing conditions and inadequate technological
procedures in breeding are of great importance in the emergence of infectious diseases
of various etiologies. Intensive breeding of calves requires continuous monitoring of
the health status of calves and adequate application of veterinary-prophylactic,
hygienic-sanitary and zootechnical measures (Ninkovi¢ et al., 2023).

CONCLUSION
Regarding the biosecurity level indicators, it should be known that people's awareness
to protect production as a whole and constant work on removing threats to biosecurity
is the key to success in designing and implementing biosecurity plans for each specific
situation and farm. Farm owners have the greatest responsibility in protecting their own
herds. Also, farm employees, as well as visitors, must be aware of their role in
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maintaining the safe health status of the farm. Biosecurity should be considered as the
basis of all preventive and health programs in the control, suppression and eradication
of swine and cattle diseases. It should be emphasized that the application of biosecurity
measures on pig and cattle farms is the most important measure in preventing the
potential introduction and spread of pathogenic microorganisms. Therefore,
biosecurity measures must be well defined, practical, functional and comprehensible
to farmers, i.e. cattle and pig breeders.
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IIpujaB/buBame

[logHomemeM pykonuca ayToOpH rapaHTyjy Ja je HHXOB JIOCTaBJBEHH PaJl YaCOMHUCY
Bemepunapcru sicypnan Penydauxe Cpncke HUXOBO OPUTHHAIHO Jjelio, Jia paHuje HUje
00jaBJbeH, Ja ce He pa3Marpa 3a 00jaBJbUBAE HA IPYTHUM MjeCTUMa, Kao U Ja Cy HerOBO
00jaBJbUBabE OI0OPWIIM CBH KOAyTOPH, aKO HX je OWJIO, Ka0 M OITOBOPHU OpIaHU,
npehyTHO WM EKCIUIMIIMTHO, Y YCTaHOBHM y KOjOj j€ Jjelo W3BEICeHO. AyTOpH Cy
HUCKJbYYMBO  OJIOBOPHM 32  CajJpXkKaj CBOJUX  TOAHECAaKa,  HCIPABHOCT
eKCIIepUMEHTAIHUX pe3yaTara W Mopajy Ja ce yBjepe Ja HMajy JI03BOJy CBHX
YKJbYUEHHUX CTpaHa Jia MojiaTke jaBHO 00jaBe. AyTOpHU KOjU Kelle J1a YKJbyde MojaTKe
WM TEKCTyallHEe OAJIOMKE KOju cy Beh 00jaB/beHM Ha JPyrUM MjecTHMa, MOpajy na
N00HMjy J03BOJY Ol HOCHJalla ayTOPCKUX IpaBa M Ja YKJbyde Jl0Ka3e Ja je TakBa
JI03BOJIa J1aTa MPUJIMKOM IMOJHOIICHAa BUXOBUX paaoBa. [Ipernocrasspahe ce na Ouio
KOJU MaTepujaj NpUMJbeH 0€3 TaKBHX JI0Ka3a MOTUYE O] ayTopa.

[IpujaBpuBameM pykonuca Bemepunapckom scypuany Penyonuxe Cpncke ayTopu ce
clnaxy c oapeabama u ycioBuMma dacomnuca. CBa mpenucka je, ykJbydyjyhu u
o0aBjelITehe 0 OUTYIM YpEIHHKA W 3aXTjeBUMa 3a PElEeH3HU]Y, MyTeM EJIEKTPOHCKE
nomre (e-mail). Tekct pykomnuca ce nuiiie Ha jeTHOM OJ1 je3UKa y CIYKOCHO] yrmoTpeon
y bocun u XepueroBuHu u J100pOoM EHIVIECKOM je3UMKY (amepuyka Wid OpuUTaHCKa
ynorpeba je npuxBaheHa, anu He U MjelIaBUHA OBUX). YPEIHHK 3ajprkaBa MpaBo Ja
M3MHUJE€HU MTOJHU]eTe pyKOMHCe Mo oaroBapajyhem crangapay (popMmaiHor je3uka Koju
je y ciyx0OeHoj ynorpebu y bocHu n XepreroBuHu u eHIiieckor je3uka. Pykonucu ce
yHaIpHjel MpoLjemnyjy y YPEIHUIITBY Kako OM ce MpOBjepUsIO Ja JIU UCIYHaBajy
OCHOBHE 3axTjeBe 3a o0jaBjbuBame U cTapaapae kBanurera. OHU ce Takohe
npoBjepaBajy 30or miuarujara. Ayropu he Outu 00aBHjeIITEHH IMyTEM €-IOLITE O
npujeMmy nogHecka. CaMo OHM PYKOIHMCH KOjU Cy y CKJIay C YIyTCTBOM ayTOpHMa,
Mory outu mpuxsaheHH 3a peleH3ujy. Y CynpoTHOM, pykonucu he 6utu BpaheHu
ayTopHMa ca 3anakarbiMa 1 KOMEHTapuMa.

IMpouenypa penensuje

Bemepunapcxu  ocypnan  Penyonuxe Cpncke uHyau Op3y online W mtamiany
myOJIMKalKjy 3a CBE YWiIaHKe KOju HUCY 00jaB/beHH Ha IPYTUM MjeCTUMa, a pelieH31ja ce
BOJIM €JIEKTPOHCKUM yTeM. O ayTopa ce MoXe TPaKUTH Ja Aajy KOHTAKT MoJaTKe TpU
MOTEHIMjalHa PELIEH3EeHTa, alli KOHayHa OJUTyKa O M300py peleH3eHTa Mo4yhBa Ha
ypEAHUIITBY, Oe3 MKakBe oOaBe3e Ja KOHTAaKTHpa OWJIO KOT Of pelleH3eHara Koje
Mpernopyyyje ayTop. YpeIHUK UMEHYje HajMambe JIBa PELEH3eHTa Ha MPETopyKy YIaHOBa
ypeauuiuTsa. [Ipocibehenu pykonucu ce masby pelieH3eHTUMA 3ajeIHO ca YIyTCTBUMA
3a peueHsujy u mnparehum oOpacuuma 3a olfjemHBambe pykonuca. llpuxsarame
pyKoIHca ce 3aCHMBA Ha pelieH3rjaMa U Ha KOHAYHUM OJiTyKaMa pelieH3eHaTa y Be3u
ca mnpuxBarjbuBomihy pykonuca. Omlyka peleH3eHTa je jeaHa on cieaehux:
“IIpuxBar/biiB0 32  o0jaBJpMBame”, “[lpuxBaTbMBO  HAaKOH  MCHpaBKU® — WU
“HenpuxBarjbuBo 3a 00jaBJbHBame”. AKO IMOCTOJU HEyCalIalleHOCT Yy oOJulyKama




Betepunapcku :xxypHaa Peny6inke Cpncke (bama Jlyka), Boa. XXIV, Bp.1-2, 238-246, 2024. 239
YIIYTCTBO AYTOPUMA U PEHEH3EHTUMA

n3Mel)y perieH3eHara, ypeaHuK MoyKe OCIaTH PyKOIUC APYTOM PELIeH3eHTY 3a JI0JJaTHe
KOMEHTape U Jajby OuIyKy uiu he pan 6utu ondujen. Vimena peuneHseHara ce He
npeHoce ayTopy 1 00pHyTO (000CcTpaHo ciujena pereHsuja). Odekyje ce na he mporec
peleH3uje, TeHepalHO IVIeJaHo, MOYETH Y POKY O JBHje HEejesbe O]l MOAHOIICHA
pykomuca, a 1a he ucnpaBibeHU pyKonucH OUTH BpaheHu y pOKy OJ1 YETHPH HeJljesbe.
Unanak ce o0jaBibyje Ha BeO cTpanu Bemepunapcroe sicypnana Penyonuxe Cpncke, Ha
BeO ctpanu Arenmuje DOI Cpricka 1 kao mramMmnanu npuMjepak u3fama.

KATEIOPHJE U YCJIOBHU 3A PYKOITUCE

[MaxspMBO POYMTAjTE YIYTCTBO. PYKOITHC KOjU HUjE MPUIIPEMIBEH y CKIIa Ty C YIIyTCTBOM
ayropuMa, Hehe Outu mpuxBaheH 3a pa3marpame. Pykormuc mopa OuUTH OTKylaH
kopumthewem gonta Times New Roman 12 Tadaka ca 000CTpaHUM HOpaBHABAHEM,
JMHUjaMa ca jeIHIM pa3MakoM Ha CTpaHuld A4 BeWYHHE, ca MapruHama crpanuie 3,0
M (kao MS Word files, .doc). HacnoBu tekcra Tpeba na Oyny OTKyLaHH BEJIUKHUM
CIIOBUMA U KPATKUM TOJHACIOBUMA, TJIj€ je HEONXOIHO, CaMO Ca TMOYETHUM BEITUKUM
CIIOBOM.

Bemepunapcru soicypuan Penybnuxe Cpncke 00jaBibyje paoBe U3 00J1aCTH BETEpUHAPCKE
MEUIIMHE U CPOAHUX OOJIACTH, KOjU Cy OJI IIUPOKOT HHTEpeca 3a IUJbHY ITyOIInKY.
Kareropwuje pykonuca koje 00jaBibyje Bemepunapcru scypnan Penyonuxe Cpncke cy:

- OpuUrrHaIHU HAy4HU Paj

- [Mpernennu HayYyHU pa

- KpaTko i npeTxoiHo CaomnTenhe

- [Tpuka3 ciaydaja.

Opuzunannu HayyHu pao

OpuruHaJlHi HayYyHH paj je paj y KoM ce MpBH MyT MyONInKyje TEKCT O pe3yiaTaruMa
COIICTBEHOI HCTPa)KMBama OCTBAPEHOI TNPUMJEHOM HayYyHHX METOAa, Koje Cy
TEKCTYyaJHO OIMHUCaHe U Koje oMoryhaBajy J1a ce UCTpakHBame MO MOTpeOu MOHOBH, a
yTBpheHe unmenule nposjepe. OpuruHaIHU HAy4YHU paj] caapku cieaehe nujenose:
HACJIOBHA CTpaHa, CakeTak, KJbyuyHEe pHUjeuH, YBOJ, MaTepujalid U METOAE, pe3ylaTaTu,
JMCKYCH]a, 3aKJbydak, qureparypa. CTui nucama Tpeba aa Oyze caxer, ajau J0BOJbHO
jacaH Ja yuTaouuMa oMoryhu penpoayKiujy eKCriepuMeHTaIHe METOA0JIOTHj€ KaKo je
ornucaHo. Unanak Mopa MpeICTAaBUTH jaCHY XHUIOTE3y M IOJATKe H3pakeHe Mpema
onronapajyheM exkcrnepuMeHTaHOM Au3ajHy. Juckycwja y3uma y o03up mno3Hare
MoJaTKe WM YMH-CHHIIE CaMO y Be3u ca JI0O0MjeHUM pe3ylTaTuMa U Mpy’Ka OCHOB 3a
JIOHOILICH-€ 3aKJby4yaKa Ha OCHOBY pe3yaTara. JlucKycuja He yKJbydyje OIIITa 3Hamba O
UCTpakuBaHO] TeMu. OpUTHHATIHU HAYYHU pajl 00M4HO canp:xu HajBuiie 4000 pujeun
u 30 pedepeniu.

Ilpezneonu nayunu pao

[Ipernennu HaydyHu paja TpeacTaB/ba Mperie] HajHOBUJUX pagoBa o onapeheHom
MpeIMETHOM MONpYYjy ¢ LuW/beM naa ce Beh myOnukoBaHe uH(MOpMaILUje CaxMy,
aHaAJIM3MPAjy, eBalyHpajy WIM CUHTETHU3Yjy, T€ JOHOCH HOBE CHHTE3€ Koje Takohe
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00aBe3HO yKJbYUyjy pe3yaTare COICTBEHOI UCTpakuBama ayTopa. [Ipermennn HayuyHu
pazioBu cy 0OUYHO IO MO3UBY. AYyTOPH KOjU IIPETo3Hajy NoTpely U jKeJie /1a MpujaBe paj
Cy IoOpOoAOLUIM U CaBjeTyje UM C€ J1a KOHTAKTHPaJy YPEAHUIITBO IMpHje MOYETKa
nucama Kako OM ce yBjepwusIM Ja CIMYHa TeMma Beh HHje MpujaBJbeHa U J1aTa HEKOM
ayTopy. Aytopu Tpeba 1a Oydy eKClepTH 3a MpeIMeT MperieHOT HayuyHOor paja, IITo
JI0Ka3yjy LUTUPamEeM CBOJUX 00JaBJbEHHUX HAYYHHX pPaJioBa y MPUJaBJbEHOM paay
(HajMame MeT HayYHUX pajioBa, KOju ce OaBe HCTOM TEMOM Kao U MPHUjaBJbEHU YIAHAK).
[Ipernennu HayuyHu paja caapxu cienehe aMjenoBe: HACIOBHA CTpaHa, CaKeTak,
KJbYYHE pUjeuH, YBOJ, 3aKJby4aK, tureparypa. [Ipermennu nayunu pajg oOU4HO capxu
HajBuuie 4000 pujeun u 30 pedepenuu.

Kpamko unu npemxoono caonuimerse

Kpatko uinu npeTxoaHo caonmTene je paj Mamber 00uMa Wi IpeTMMHUHAPHOT
KapakTepa, Y KOjeM Ce paJid O Ca)KETOM M3HOIICHY pe3yaTara 3aBpIICHOT U3BOPHOT
HCTPa)KUBAYKOT pajia UM YWiaHKa KOjH je y HacTajamwy (eHr1. Working Paper). Kparko
WJIM MIPETXOIHO CAOMIITEHE CaApPKH cienehe ujenoBe. HacJI0BHA CTPaHa, CaKeTak,
KJbYYHE PHjeuH, YBOJ, MaTepujajl U METOAE, Pe3yJITaTH, JUCKYCH]a, 3aKJbyaK,
muteparypa. Kparko caonmreme o6uuHo canpsxu HajBuiie 3000 peun u 15
pedepeHiy.

Ilpuxkas cnyuaja

[puka3 ciayyaja je mpuiIor y KOMe ayTop Hpoljjerbyje MPaBUIHOCT/HEMPAaBUIHOCT HEKOT
HAay4YHOT WJIM CTPYYHOTI paja, KpUTepujyma, MOCTaBKe WIM MOJa3uIlTa, y3 mocedaH
HaIacak Ha KBAJUTET OLjemUBaHOr paja. [Ipuka3 ciydaja caapxku cneaehe nujenose:
HACJIOBHA CTpaHa, CaKeTakK, KJbyyHE pHUjeud, YBOI, IUCKycHja, jqureparypa. [Ipukas
cirydaja o0u4Ho caapyku Hajuie 2500 pujeun u 15 pedepenun.

M3IJIEA PYKOITUCA, CTUJIA U OBJIMKA
Pyxonucu cy nonujesbenu y cienehe ypehene nujenose:
HacnoBHa ctpana
Caxerak
Kibyune pujeun
YBO/J,
MATEPUJAJIN U METOE
PE3VIITATU*
JUCKYCUJA*
3AKJbYYAK
BaxBaguumna**
Cyko0 unrepeca
JIMTEPATYPA
HacnoBu Tabena u / winu Jlerenae cnvka
TaGene u / niu cnuke
* Pe3ynTaru U TUCKyCcHja MOTY J1a Oyy Y jeJTHOM NOIJIABJbY
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** Huje obaBe3HO

HacnoBHa cTpana

Hacnoeéna cmpanuya yxipydyje HacloB pyKoOlHMCa, Kao W IyHAa HMEHAa H
MHCTUTYIIMOHAJHE TMPUMAJHOCTH CBHUX ayTopa. KopecmomeHTHu aytop mMopa OuTh
HaBEICH.

Hacnos: Hacno ne caapxu Bume on 110 3HakoBa (ykipyuyjyhu pasmake) u
crieruduyan je 3a ctyaujy. Tpebao Ou OMTH pa3yMIbUB TUPOKOM CIICKTPY YHTAIAIIA.
Aymopu u npunaonocmu. To ykibyuyje UMEHA, Cpe/iibe MHUIIHUjaJIe (aKO Ce KOPHUCTE),
npe3uMeHa W TPUIMIAJHOCTU Mpema cieaeheM pefocnujeny: yHHUBEP3UTET WU
opraHusanuja / MHCTUTYLIM]a, TPaJl U IpkaBa 3a cBe aytope. Hagpehenu 6pojesu (1,2,3)
KOPHUCTE Ce Y CllydyajeBUMa KaJjia Cy ayTOpU U3 PAa3IMYUTUX UHCTUTYLIH]A.
Kopecnooenmnu aymop. Jepan on ayropa mMopa OUTH O3HAYEH KaO KOPECIIOIEHTHHU
ayTtop (ImopeJ1 IMEeHa ayTopa JoJatu cuM0071 *). Mopa ce HaBecTH nMe, Ipe3ume 1 e-mail
KOPECIIOIEHTHOT ayTopa.

Casxerak

Caxerak caapxu 10 250 pujeun. /{ujenoBu kpaTkor caapxaja He CMUJy OUTH OBOJEHU
HACJIOBUMA HETO CaMO HOBHUM I1aCyCOM.

CrpykTypucan caxerak o0OaBe3aH j€ 3a OPUSUHANHU HAYYHU pad W KPAmKO UlU
npemxoo0Ho caonwimerbe W TIONWjeJbEH je y cienehe aujeroBe: yBOI, MaTepujalu U
MeToJIe, pe3ysiTaTH U 3akibydak. Kopumihene TexHuke Mopajy ce moMeHyTH 0e3 yiacka
y METOJIOJIONIKE JIeTalbe, a HajBAXXHHUjU HAJIA3U MOPajy C€ Pe3UMUPATH.

CaxeTak 3a npeaneonu HayyHu paod je CTPYKTypHCcaH U TIojfjeJbeH Ha cienehe aujenose:
1033 IuHa, OOMM U TMPUCTYII, KJbYYHH HAJIa3U ¥ 3aKJbYYIIH.

[Tpuka3 ciryuaja He 3aXTHjeBa CTPYKTYPHCAH CAXKETaK, alld OH YKIby4yje pe3ume
cltyyaja.

[uraru, Tabene, cnenujande ckpahenuiie n HuBou 3Hauajuoctu (Hip. I1 <0,05) Hucy
YKJbYYCHHU Y CaXKeTaK.

Kwyune pujeuu

Wcnon kpaTkor caapxaja Mopa ce HaBECTH TPH JI0 TIET KIJbYUHUX PUjeuH 10 aberieTHOM
peny, u3bjeraBajyhu omniure, mojMoBe y MHOXHHH U BHILE 1ojMoBa (Hrp. ,,%, ,,01%).
Oge kJbyuHe pHjeun he ce KOPUCTUTH 3a UHIEKCUPAHE.

YBO/J

Y oBoM niujeny Tpeba yka3aTu Ha CYIITHHY po0iieMa u CBpxy cTyauje. KibyuHne acriekre
o0jaBJbEHE JINTEPATYPE U UCTPAXKHBaa TPeOaIo OU NpervieiaTH ¢ [IUJbEM Ja Ce YKaKe
Ha TO 3aIlITO C€ OBaj PYKOITUC CMaTpa OPUTHHATIHUM JOMPHUHOCOM TPEHYTHUM HayUYHUM
casHamuMa. Tpeba m30eraBaTH JieTa/baH OIKC JMTEpAType WM pE3WMe pe3ysrara.
[Tocnenmu 110 yBOAA MOpPa J1a CaJIpKH CIIeIU(pUIHE [IMJbEBE CTYAMje. YBOJ HE ITpesia3u
400 pujeun.
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MATEPUJAJIU U METOJE

OBaj aAMo yKJpyuyje, mpema MoTpeOH, ONMUC Au3ajHa CTyAHje, EKCIEPUMEHTATHHX
KUBOTUIbA, AHAJTUTUYKAX METOJa M CTAaTUCTUYKHX aHalIu3a. YTBPAUTE METONIE U
MOCTYIKE ca JOBOJbHO JieTajba Ja OMOTyhe Jpyruma a penpoaykyjy cryamjy. Ako cy
METOZIe IIMPOKO IMO3HAaTe, HHUCY OMNHCaHe, alli Ce MOpajy HaBeCcTH oaromapajyhe
pedepentie. 3a HOBe MeTOo/ie Tpeda YKIbYUUTH MPOTOKOJIE 3a METOLY. AyTOpH MOpajy
NpYKUTU pedepeHie 3a YCIOCTaB/beHe METOJE, YKJbyuyjyhu CTaTuCTHUKe METOJE.
HaBeaurte 610 koju OMIITH padyyHApCKU MporpaM Koju ce kopuctu. UaeHtudukyjre
CBE JIMJEKOBE M XEMHUKAJIUj€ KOJU C€ KOPUCTE ca TeHEPUUKHUM WIIM XEMHJCKUM UMEHHMA,
J03aMa 1 HaYMHOM npuMjeHe. HaBenuTe npounssohaua, 6poj mpousBoaa, rpaji u Ip:KaBy,
rae je To Moryhe. JlajTe eTuuky u3jaBy 0 JOOPOOUTH KUBOTHEHA AKO j€ MIPUM]CHHBO.

PE3VIJITATHU

PesynTaru cy npeacTaBibeHU y JIOTUYHOM PeOCIIMjedy U MapalielHoO ca MeToaMma (3a
CBaKy MeToay TpeOa Ja MOCTOju pe3ynrar), kopucrehu tabene u / wiu ciuke 0e3
JOyruidpama pesyarara usmely osa nBa gopmara. [la 6u ce nmobosbiana jacHoha, 0BO
MOTJIaBJbE€ MOKE C€ MOJIMJEIUTH Ha MOAIOIIaB/ba, CBAKO C KOHIM3HUM IOIHACIOBOM,
Koj€ Mpy>Ka JeTajbe 0 HaJla3uMa KOjH Cy MOTPEeOHU y IPUJIOT 3aKJbyUIIIMa U3 PYKOIMHCA.

JAUCKYCHJA

O pesynraruma Tpeba pa3roBapary 1 MOBE3aTH UX ca APYTMM PEIeBaHTHUM CTyAHjama u
TPEHYTHUM Ca3HambHUMa Tamo TJe je To noTpedHo. MehyTtum, auckycuja ce He KOPUCTH
3a CyMHUpame TPEeHYTHOT 3Hama. Juckycuja Tpeba jacHO Aa uaeHTU(UKYje TIIaBHE
3aKJbyuyke cCTynuje. AyTtopu Tpeba Aa Mpyke jacHO o00jalllkbeme BaXKHOCTH U
pEJIeBaHTHOCTH OBHUX 3akjbyyaka. CBe HOBe HMH(popmanuje Tpeda pas3IuKoBaTH Of
MPETXOIHUX Hajla3a U MOTY C€ CTBOPUTHU PEJICBAaHTHE XHUITOTE3E.

3AK/bYUYAK

3akJpyyak ce cacToju OJ] KpaTke MHTErpaluje pe3yirara Koju ce JUPEKTHO OHOCE Ha
HaBeJICHE LMJbEBE CTYIWj€ W U3jaBe O NPAaKTUYHUM HMILUIMKaIlMjama pe3ysTara.
3aKJpyully Cy MOBE3aHU ca IIMJbEeM CTyAHje, u3berapajyhu HekBanudukoBaHe u3jaBe u
3aKJby4Ke KOJU HHUCY MOTKPHUJEIJbeHU BalluM nojairMa. OBo moriasibe He Ou Tpebalio
Ja Tpenasy jelaH Kparak ojyioMak. He pesumupajte IUCKYCH]y WIH TPEHYTHO 3HAE Y
OBOM TOIVIaBJbY.

3axseannuua

W3Bop (uHaHCHpama CTyauje MO)Ke OWTH HaBElIEH Y OBOM IIOIVIaBJbY. Y OBOM
MOTJIaBJby MOTY C€ IMOMEHYTH CBM OHU KOJH Cy JaJld 3Ha4ajaH JONPUHOC CTYIAHH Y
norieay Ju3ajHa, u3Bohema, aHamu3e WM Hu3pajae / pPeBU3Wje PYKOIMCA, ald He
OJITOBapajy KpUTEPHjyMHUMa 3a ayTOPCTBO.
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Cyko6 unmepeca

Cykob6 wuHTepeca MOCTOJM KaJa Ha TyMmadyewme I[ojaTaka WIM Mpe3eHTalu]jy
uHpopMaIja MOXE YTHIATH JUYHU WIM (PUHAHCUJCKM OIHOC C JbyAMMa WIU
opranu3zanujama. O aytopa ce Tpaku Ja MOIYyHE u3jaBy O CykoOy mHTepeca. CBU
MpHjaB/bEHU CYKOOU MHTepeca Ouhe HaBeACHM Ha Kpajy 00jaBJbeHUX WiaHaka. Tamo
rJje ayTop HEe HaBOAM CyKoO HMHTepeca, HaBemihe ce ,,AyTop (M) U3jaBibyjy Ja He
MOCTOjU CyKoO MHTEpeca.

JINTEPATYPA

[TotpebHo je 06e30ujeauTu 1a cBaka pedepeHla HaBeeHa y TEKCTy Oy/e NpUcyTHa U
Ha CIHCKY JuTeparype (1 0OpHyTO).

[Ipenopyuyje ce na pedepenue He Oyay crapuje o 20 roguna u ga npexko 80%
pedepenuu Oyze U3 HAayYHUX YacoIuca, a OCTalI0 U3 IPYrHX HayYHUX U3BOpA.

[uTtatn y TEKCTy, Kao IITO Cy JIMYHE KOMYHHUKaIUje, HE0OjaB/beHH MOAALUU WIH Y
ITAMIIM, MarucTapckd M MacTep pajoBH, MOAALM W3 aHOHMMHHUX H3BOpa, Kao U
JIOKTOpCKE JUcepTanyje Koje Hucy mnpupeheHe kao HayyHe MoHorpaduje, HUCY
MpUXBaTJbUBH. PasioBU ca HAyYHHX CKYIOBa MOTY C€ IIUTHPATH CaMO aKko ¢y 00jaBJbeHU
y LjeNOCTH. Y TEKCT Tpeda yBPCTUTH CaMO OCHOBHE pedepeHLie, a OHE Cy OrpaHUYEHE
Ha HeonxoaHu MUHUMYM. HaBenute pedepeHniie y TeKCTy mpema npe3uMeHy U FoIMHU
y 3arpagu (unp. KomaueBuh, 2014). V cnyuajy aBa ayTopa, KOpUCTUTE ,,u* (HIp.
CreBanoBuh u Henuh, 2015). Ckpahenuna ,,u cap.“ Mopa ce KOPUCTHUTH y CBUM
cllydajeBMMa TJje ce HaBOAM BUILE O]l JBa ayTopa (HIp. Marasas u cap., 2016). Buie
pedepeHin yHyTap 3arpajia y TeKCTy HaBOJM ¢€ OOpHYTHM XPOHOJIOIIKUM PEIOM (HIIp.
CreBanosuh u cap., 2016; I'onuh u Heauh, 2015; Teonoposuh, 2014). V ciyyajy na uctu
ayToOp MMa BUIIE MyOiIMKaluja y UCTO] TOIUHH, IIOPE]] TOAMHE Ce JI0/a]y 0/IaTHE CIIOBHE
o3Hake (‘boxosuh u cap., 2008a; [Tetposuh u cap., 200806).

VY cnyuajy noMumama opraHu3alija uin cTaiiapaa Kopucte ce ckpahenuie (HIp.
EFSA, 2016; ISO, 2017) a xox 3akoHa U NpaBUWJIHKMKA TepMUH ripomnuc (Hip. [Iponwuc,
2012).

Jlucra pedepeniu nopenana je no adenenu (moMohy anara 3a coprupame A-3 Ha Tpalu
MS Word Home, ako je moTpedHO) npema rnpe3uMeHuMa rnpBux ayTopa.
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ISO (2017): Microbiology of the food chain - Horizontal method for the detection and
enumeration of Listeria monocytogenes and of Listeria spp. - Part 1: Detection method.
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3axmjesu

Bemepunapcku owcypnan Penybnuke Cpncke mpenopydyje ynorpeQy TauyHUX U
yTBpheHux jeaunuua, ckpahenuia, popmyina 1 HOMEHKIIAType Kaj rof je To moryhe.
Jenunuue. Cee cnenudukanyje Mopajy OMTH HaBeleHe y ckiaay ca MelhyHaponHum
cucreMoM jeaununa (CH). Axko cy momeHyTe Apyre jeAMHHULE, HAaBEAUTE HUXOB
exBuBajieHT y CU. Cumbonu 3a jequHuIe U3BEICHE AeJbeHhEM JaTH Cy KaO HEraTUBHU
excrioneHTH (Hop. 10 g L-1; 250 V cm-2).

Ckpahenuuie. CBe ckpaheHulle XeMHjCKUX, OMOJIOIIKUX, MEIUIUHCKUX WIH JPYTUX
n3paza Tpeda KOpUCTUTH CaMo aKo j€ CUTYPHO J1a ¢y MehyHapoaHo no3zHare. Ckpahenuiie
ce He KOPUCTE Y KpaTKoM caJipkajy U Mopajy ce AeduHucaTy y 3arpajama kaja ce npBu
MyT KOPUCTE y TNIABHOM TeKCTy. He 3anounmuTe peueHuIy ckpaheHuIoM.
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Marematuuke popmyne. Ilpenajre MaTemMaTuuke jeqHAYMHE KAO TEKCT KOJU CE MOXKE
ypehuBatu, a He kao ciuke. [IperncraBute jeaHoctaBHe (opmyne y ckiaay ca
HOpPMAJIHUM TEKCTOM, T7Ae je To Moryhe, u kopuctute coiuayc (/) ymjecrto
XOpU30HTAHE JIMHUjEe 3a Malie paszfioMmJbeHe mnojMoBe (Hmp. A / bB). Y3zacromno
HYMEpHILUTE CBE jeIHaYMHE KOje MOpajy OUTH ImpHUKa3aHe O/IBOJEHO OJ1 TEKCTa (aKo Ccy
y TEKCTY U3PUYUTO HABEJCHE).

Homenknarypa u Takconomuja. CBU MEIMLMHCKU, XEeMU]JCKH, OMOJOIIKA WU JPyTH
u3pasu Tpeba Ja ce KOPUCTE y CKJIaly ca HajHOBHjUM IMpenopykama oaronapajyhe
MehyHaponHe HOMeHKIaType. FiMeHa pooBa 1 BpcTa MUKpPOOpraHU3aMa M 300JI011Ka
MMEHA Cy y Kyp3uBy (HIp. Aeromonas hydrophila). Tamo tae ce poj mojaBibyje y
HACJIOBY, TO TpeOa y MOTIYHOCTH UCIIHCATH. Y TIJIABHOM TEKCTY, pojl Ou Tpebdaso Ha mpBU
Ha4YuH MIOMEHYTH, a TOTOM 1 ckpaheHo (HIIp. A. hydrophila). Ayropu MOpajy ocuryparu jia
He Oyzie 3a0yHe ca 0CcTaJiuM POoAOBHMA IOMEHYTUM Y TeKcTy. [IpaBomnuc u TakcoHoMuja
nMeHa Tpeba aa mpare mehynapoaHo nmpuxBaheHy HoMeHKIarypy. MiMena Gakrepuja
MOpajy OuTH y CKJIaay ca HaJHOBHjUM H3aameM bepuej-esor [Ipupyunuka 3a cucreMaTuxky
OakTepuja ¥ / WO MHUIUbEHEM y MelhyHapoIHOM YacoluCy 3a CHCTEMAarcKy Hu
€BOJIYLIMOHY MUKPOOHOJIOTH]Y, @ BUpycHuMa Tpeba AaTu KiIacHu(pUKaIjy U Ha3uBe Koje
npenopy4dyje MelyyHapoJH! KOMUTET 32 TAKCOHOMHU]Y BUpyca. EH3MMCKe moTeH1uje cy
nare y W.J. (Melhynaponne jenuHuiie) U mpemMa €H3MMCKO] HOMEHKIATypu. [enu,
MyTaluje, TeHOTUIIOBU M aJieId Cy YKOIIEHH U ayTopu OM Tpedanio Ja KOHCYITY]y
onroBapajyhe 0a3e momaraka reHercke HoMeHkiarype. IlporenHun oOu4HO HHCY Yy
Kyp3uBy. Tpeba HaBecTH MpenopydyeHH MelyHapoaHU 3alITUNEHM Ha3WB JIMjeKOBa
(rINN). Komeprujanna umeHa Apyrux npousBoaa Tpeda KOPUCTUTH caMO TaMo e 3a
MIPOM3BO/I HE MMOCTOjU JAPYTH OAroBapajyhu TepMuH. Y TakBUM clly4yajeBUMa, UME, Ipajl
U Ip>KaBy npousBolaya Tpeda HaBECTH y 3arpajama npu MpBOM IOMHbAY MTPOU3BO/IA.

Tabene u cnuxe

TaGene u ciuke (ykibyuyjyhu rpapukone), Tpeda na Oyry MHTErprcaHe y IaBHU
TEKCT.

TaGene u ciivke HyMepHILy c€ y3aCcTOIHO oMohy apanckux 6pojesa (Cnuka 1, Cnuka
2, Tabena 1, Tabena 2 utn.) u o3HayaBajy HaciaoBoM. HacnoBu Tabena mocrasibajy ce
n3HaJ Tabesie, a HACJIOBU CIIMKA TOCTaBJbajy CE€ UCIOJ CIUKE. 3a UACHTH(PHUKAIH]Y
JjenoBa BUILeAjenHe purype Tpeda KopucTuTH Benuka ciosa A, b utn. Ciuke mopajy
outn y pe3onynuju 300 dpi. [lo3Bosbern hopmaru

- JPG, TIFF. 3a mukpodororpaduje ce Mmopajy 0b6e30eautu ckajie ca oAaronapajyhum
jenuauniama. CumO0IH, CTpeuIle Wik ciaoBa Kopuithenu Ha ¢ororpadujama Tpeda aa
Oyly y KOHTpAcTy ca 1o3aJnHOM.

PesynTatu koju ce y TEKCTy MOTy OomucaTd Kao KpaTKd HaBOAM HE MpHKa3yjy ce Kao
ciuke win tabene. [lonanu ce He cMujy KonMparu y Tabelne U CIuKe.

HacnoBu tabena u civka noMmaxy Ja Tabese u ciivke Oyly pa3yMJbHBH, a 1a YUTaall He
MoOpa Jia ce Mo3MBa Ha IIaBHU TeKCT. OHM MOpajy OUTH CakKeTH M HE KOpHUCTE ce 3a
MOHOBHM omnuc MeTononoruje. Oarosapajyhu OpojeBu Tabesa U ClHMKa CTaBjbajy ce
MOpeJ PEJIEBAaHTHOT TEKCTA y YIIAHKY.
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3a objammaBame ckpahenuia tabene Mory jAa caipike (QycHOTE, a CIMKE MOTy Ja
cajJipKe JiereHjae, Koje ce Hamaze ucrnopa tabene u ciauke. IlorpeOHO je KopHCTUTH
HaTMCHE aparicke OpojeBe (1, 2 WTA., y IpaBUIHOM pEIOCIHUjeay uuTama Talerne,
0JI03T0 JIMjE€BO JI0JI€ JECHO) Ja Ou cBaka (hycHOTa Oumiia moBe3aHa ¢ oarorapajyhom
cTaBKOM y Ta0enu. Jlerene ciamka ykjbydyjy o0janimbemha CBUX KOPUIITEHUX cUMOoI1a,
JUHHja WIK O3HaKa, KOjU ce T0CTaBJbajye Ha oAroBapajyhe MjecTo y OKBUpY IJIaBHOT
TEKCTa.

AyTOpCcKoO npaBo

AyTopu 3a/ipkaBajy ayTopcka Ipasa Ha 00jaB/beHe paJIoBe U J1ajy U3/aBady IpaBo J1a 00jaBu
YJIaHaK, /1a ce y CiIydajy MOHOBHE ynoTpeOe HaBee Kao HeroB M3BOPHU M3JaBay U Ja
ra JuUcTpuOyuIle y CBUM OOJIMIIMMa W MeaujuMa. AKO 4Yacoluc HE NpUXBaTH 3a
o0jaBJbHBab-€ MPEaT PYKOITUC, CBa MIpaBa Ha pyKomuc 3aapxahe aytop ().

Winannm o6jaBibenn y Bemepunapcxom scyprany Penyoruxe Cpncke 6uhe unanny ca
OTBOpPEHUM TpucTynom auctpudyucanu noj Creative Commons Attribution (CC BY)
4.0 International License.

H3jaBa o npuBaTtHOCTH

Nwmena u agpece e-noure kopuctuhe ce HCKJbYYUBO y HaBEJIEHE CBPXE OBOI YacoInca
u Hehe 6uTH JoCTyIHE y OUJI0 KOje Apyre CBpXe WM OMIJIO KOjOj IPyroj CTpaHu.
Asxypupano ynyTcTBo 3a aytope: 07. pedpyapa 2023.

AZIPECA YACOIIUCA:

JaBna Ycranosa Betepunapcku uncruryt Penmyonuke Cpncke ,,/Ip Baco bytozan*
bama Jlyka bpanka Paguuesuha 18, 78000 bama Jlyka

Tenedon/daxc: +387 51 229-210

I'maBuu ypenuuk: [Ipod.ap Hparo H. Henuh: drago.nedic@virs-vb.com;
drago.nedic@gmail.com
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Submission

By submitting the manuscript, the authors guarantee that their article submitted to the
Veterinary Journal of Republic of Srpska is their original research, that it was not
published earlier, that it is not considered for publication elsewhere, and that its
publication was approved by all co-authors, if any, as well as responsible authorities,
tacitly or explicitly, in the institution where the study was obtained.

Authors are entirely responsible for the content of their submissions, the accuracy of the
experimental results and must ensure that they have the permission of all parties involved
to make the data public. Authors wishing to include data or textual parts already
published elsewhere must obtain permission from the copyright holders and include
evidence that such permission was given when submitting their manuscript. It will be
assumed that any material received without such evidence originates from the author.
By submitting the manuscript to the Veterinary Journal of Republic of Srpska, the
authors agree with the terms and conditions of the journal. All correspondence,
including notification of the editor’s decision and review requests, is by e-mail. The
text of the manuscript is written in one of the languages in official use in Bosnia and
Herzegovina and in good English (American or British English is accepted, but not a
mixture of these). The Editor reserves the right to change the submitted manuscripts in
accordance with the standards of formal language which is in official use in Bosnia and
Herzegovina, or in accordance with English language. Manuscripts are pre-evaluated
by the editorial board to verify that they meet basic publishing requirements and quality
standards. They are also checked for plagiarism. Authors will be notified by email of
receipt of the submission. Only those manuscripts that are in accordance with the
Instructions for authors can be accepted for review. Otherwise, the manuscripts will be
returned to the authors with observations and comments.

Review procedure

The Veterinary Journal of Republic of Srpska offers a fast online and printed publication
for all articles that have not been published elsewhere, and the review is conducted
electronically. The author may be asked to provide contact information of three potential
reviewers, but the final decision on the selection of the reviewer is made by the editorial
board, without any obligation to contact any of the reviewers recommended by the
author. The editor appoints at least two reviewers on the recommendation of editorial
bord members. Submitted manuscripts are sent to reviewers along with Review
instructions and accompanied Manuscript evaluation forms. Acceptance of the
manuscript is based on the review and on the final decisions of the reviewers regarding
the acceptance decision. The reviewer’s decision is one of the following: “Acceptable
for publication”, “Acceptable after corrections” or “Unacceptable for publication”. If
there is a nonconformity in the decisions between the reviewers, the Editor may send
the manuscript to another reviewer for further comment and further decision or the
article will be rejected. Reviewers’ identity are unknown to the authors and vice versa
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(the double blind review system). The review process is generally expected to begin
within two weeks of submitting the manuscript and that the revised manuscripts will be
returned within four weeks. The article is published on the website of the Veterinary
Journal of the Republika of Srpska, on the website of the Agency DOI Srpska and as a
printed copy of the publication.

CATEGORIES AND CONDITIONS FOR MANUSCRIPTS
Read the instructions carefully. A manuscript not prepared in accordance with the
Instructions for authors, will not be accepted for consideration. Manuscript must be
typed using the Times New Roman 12-point font with both left and right margins fully
justified, single-spaced lines on A4 size pages, with 3.0 cm margins (such as MS Word
files, .doc). Headings of the text should be typed in capital letters and short subtitles,
where necessary, only with the initial capital letter.
The Veterinary Journal of Republic of Srpska publishes articles in the field of veterinary
medicine and related fields, that are of wide interest to the target audience.
The categories of manuscripts published by the Veterinary Journal of Republic of
Srpska are:

- Original research article

- Review article

- Short communication or Working paper

- Case report.

Original research article

Original research article is a article in which the text is published for the first time on
the results of own research achieved by applying scientific methods, which are textually
described and replicable if necessary, and the established facts are verified. The original
researh article should be subdevided in the following sections: Title page, Summary,
Keywords, Introduction, Materials and methods, Results, Discussion, Conclusion,
References. The writing style should be concise but clear enough to allow readers to
reproduce the experimental methodology as described. The article must present a clear
hypothesis and data expressed according to the appropriate experimental design. The
discussion takes into account known data or facts only in relation to the obtained results
and provides a basis for drawing conclusions based on the results. The discussion does
not include general knowledge of the research topic. An original research article usually
contains no more then 4000 words and 30 references.

Review article

A review article summarizes the latest studies in a particular research area in order to
summarize, analyze, evaluate or synthesize already published information, and bring
new syntheses that also necessarily include the results of the author’s own research.
Review articles are usually by invitation. Authors who recognize the need and want to
submit an article are welcome and are advised to contact the editorial board before
writing to make sure that a similar topic has not already been submitted and given to an
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author. Authors should be experts in the subject of a review article, as evidenced by
citing their published scientific papers in the submitted article (at least five scientific
papers, which deal with the same topic as the submitted article). The review article
should be subdevided in the following sections: Title page, Summary, Keywords,
Introduction, Conclusion, References. A review article usually contains no more then
4000 words and 30 references.

Short communication or Working paper

A Short communication or Working paper is a concise research artical or a preliminary
work, which is a summary of the results of the completed original research work or an
work in progress. The Short communication or Working paper should be subdevided in
the following sections: Title page, Summary, Keywords, Introduction, Materials and
methods, Results, Discussion, Conclusion, References. A Short communication usually
contains no more then 3000 words and 15 references.

Case report

A case report is an contribution in which the author assesses the regularity/irregularity
of a scientific or professional work, criteria, settings or starting point, with special
emphasis on the quality of the evaluated work. The Case report should be subdevided
in the following sections: Title page, Summary, Keywords, Introduction, Discussion,
References. The Case report usually contains no more then 2500 words and 15
references.

MANUSCRIPT LAYOUT, STYLE AND FORMATING
The manuscripts are divided into the following edited sections:
-Title page
-Summary
-Keywords
- INTRODUCTION
- MATERIALS AND METHODS
-THE RESULTS*
- DISCUSSION*
- CONCLUSION
- Acknowledgment **
- Conflict of interest
- REFERENCES
- Table titles and/or Figures legends
- Tables and/or Figures
* Results and discussion can be in one chapter
** Optional
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Title page

The title page includes the title of the manuscript, as well as the full names and
institutional affiliations of all authors. Corresponding author must be listed.

Title: The title contains no more then 110 characters (including spaces) and is specific
to the study. It should be understandable to a wide range of readers.

Authors and afiliations. This includes names, middle initials (if used), surnames and
affiliations in the following order: University or Organization/Institution, City and
Country for all authors. Superscripts (1,2,3) are used in cases when the authors are from
different institutions.

Corresponding author. One of the authors must be marked as a corresponding author
(add the symbol * next to the author’s name). The name, surname and email of the
corresponding author must be stated.

Summary

The summary contains up to 250 words. Sections of the summary should not be
separated by titles but only by a new paragraph.

A structured summary is required for an Original research article and a Short
communication or Working paper and is subdivided into the following sections:
Introduction, Materials and methods, Results and Conclusion. The methods used must
be mentioned without going into methodological details, and the most important
findings must be summarized.

The summary for the Review article is structured and subdivided into the following
sections: Background, Scope and approach, Key findings and Conclusions.

The Case report does not require a structured summary, but it does include a summary
of the case.

Citations, tables, special abbreviations and significance levels (eg P <0.05) are not
included in the summary.

Keywords

Below the Summary, three to five keywords must be listed in alphabetical order,
avoiding general, plural and multiple terms (eg “and”, “from”). These keywords will be
used for indexing.

INTRODUCTION

In this part, the essence of the problem and the purpose of the study should be pointed
out. Key aspects of published literature and research should be reviewed to indicate
why this manuscript is considered an original contribution to current scientific
knowledge. A detailed description of the literature or a summary of the results should
be avoided. The last part of the introduction must contain the specific objectives of the
study. The introduction contains no more then 400 words.

MATERIALS AND METHODS
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This section includes, as appropriate, a description of study design, experimental
animals, analytical methods and statistical analyzes. Establish methods and procedures
in sufficient detail to enable others to reproduce the study. If the methods are widely
known, they are not described, but appropriate references must be given. For novel
methods, method protocols should be included. Authors must provide references to
established methods, including statistical methods. List any general computer program
used. Identify all medications and chemicals used with generic or chemical names,
dosages, and routes of administration. Indicate the manufacturer, product number, city
and country, where applicable. Provide an Ethical statement on animal welfare if
applicable.

THE RESULTS

The results are presented in a logical order and in accordance with the methods (there
should be aresult for each method), using tables and/or figures without duplicating the
results between the two formats. To improve clarity, this section can be divided into
subsections, each with a concise subtitle which provides details of the findings needed
to support the conclusions of the manuscript.

DISCUSSION

The results should be discussed and linked to other relevant studies and current
knowledge where needed. However, discussion is not used to summarize current
knowledge. The discussion should clearly identify the main conclusions of the study.
The authors should provide a clear explanation of the importance and relevance of these
conclusions. All new information should be distinguished from previous findings and
relevant hypotheses can be created.

CONCLUSION

The conclusion consists of a brief integration of the results directly related to the stated
objectives of the study and a statement of the practical implications of the results. The
conclusions are related to the goal of the study, avoiding unqualified statements and
conclusions that are not supported by your data. This section should not exceed one
short paragraph. Do not summarize the discussion or current knowledge in this section.
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It is necessary to ensure that each reference mentioned in the text is present in the
reference list (and vice versa).

It is recommended that references are not older than 20 years and that over 80% of
references are from scientific journals, and the rest from other scientific sources.
Citations in the text, such as personal communications, unpublished data or in the press,
master’s theses, data from anonymous sources, as well as doctoral dissertations that
were not prepared as scientific monographs, are not acceptable. Articles from scientific
conferences can be cited only if they are published in full. Only esencial references
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Requirements:

The Veterinary Journal of Republic of Srpska recommends the use of accurate and
established units, abbreviations, formulas and nomenclatures whenever possible.
Units. All specifications must be listed in accordance with the International System of
Units (SI). If other units are mentioned, indicate their equivalent in SI. Symbols for
divisible units are given as negative exponents (eg 10 g L-1; 250 V cm-2).
Abbreviations. All abbreviations of chemical, biological, medical or other terms should
be used only if it is certain that they are internationally known. Abbreviations are not
used in the summary and must be defined in parentheses when first used in the main
text. Do not start a sentence with an abbreviation.

Math formulas. Submit mathematical equations as editable text, not as images. Present
simple formulas in accordance with normal text, where possible, and use forward slesh
(/) instead of a horizontal line to separate terms (e.g. A / B). Sequentially number all
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equations that must be shown separately from the text (if they are explicitly stated in
the text).

Nomenclature and taxonomy. All medical, chemical, biological or other terms should
be used in accordance with the latest recommendations of the relevant international
nomenclature. Names of genera and species of microorganisms and zoological names
are in italics (e.g. Aeromonas hydrophila). Where the genus appears in the title, it should
be written in full. In the main text, the genus should be mentioned first, and then
abbreviated (eg A. hydrophila). Authors must ensure that there is no confusion with other
genera mentioned in the text. Spelling and taxonomy of names should follow
internationally accepted nomenclature. Bacterial names must be in accordance with the
latest edition of Bergey’s Manual of Systematic Bacteriology and/or opinion in the
International Journal of Systematic and Evolutionary Microbiology, and viruses should
be given the classification and names recommended by the International Committee on
Taxonomy of Viruses. Enzymatic potencies are given in [.U. (International Units) and
by enzyme nomenclature. Genes, mutations, genotypes and alleles are are in italics and
the authors should consult the appropriate databases of genetic nomenclature. Proteins
are not usually in italics. The recommended International Nonpropietary Name (rINN)
should be provided. Commercial names of other products should be used only where
there is no other appropriate term for the product. In such cases, the name, city and
country of the manufacturer should be given in brackets when the product is first
mentioned.

Tables and figures

Tables and figures (including graphs) should be integrated into the main text.

Tables and figures are numbered consecutively using Arabic numerals (Figure 1, Figure
2, Table 1, Table 2 etc.) and labeled with a title. Table titles are placed above the table and
figure titles are placed below the figure. Capital letters A, B etc. should be used to
identify parts of a multi-part figure. Images must be at a resolution of 300 dpi. Allowed
formats are JPG, TIFF. Scales with appropriate units must be provided for
microphotographs. Symbols, arrows or letters used in photographs should contrast with
the background.

Results that can be described in the text as short statements are not shown as figures or
tables. Data must not be copied into tables and figures.

Table and figure headings help make the tables and figures understandable without the
reader having to refer to the main text. They must be concise and are not used to re-
describe the methodology. Corresponding numbers of tables and figures are placed next
to the relevant text in the article.

To explain abbreviations, tables may contain footnotes, and figures may contain
legends, which are located below the table and figures. It is necessary to use superscript
Arabic numerals (1, 2 etc., in the correct order of reading the table, from top left to
bottom right) to link each footnote to the corresponding item in the table. Figure legends
include explanations of all used symbols, lines or marks, which are placed in the
appropriate place within the main text.
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