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O0uM U MOJIMTHKA YACONMHUCA

Berepunapcku xypHanm PemyOmmke Cpricke je mokpenyt 2001. rommHe kKako Owm
HUCTpOKMBAYM KOJ HAC, Y PETHOHY W MIMPOM CBHjeTa MOTJIM Aa 00jaBJbyjy CBOja
HCTpakuBama U pagoBe. Yacomnmc je mocBehen yHanpehemy u mupemy HaydHUX ca3Hamba
0 BETEpHHAPCKUM HayKaMa WM CpPOJHHM aKaJIeMCKHM TUCIHIUIMHaMa. BerepuHapcku
)kypHan Perryonuke Cpricke je OTBOPEHOT MPHUCTYIIA, PEICH3UPAHN HAYIHH dacomuc JY
Berepunapcku wunctutyt PenyOmuke Cprcke “p Baco byrozan” bama Jlyka,
Peny6nuka Cprcka/buX, mocsehen o0jaBibuBamby OpPUTHHAJIHUX HAayYHHX pajoBa,
nperjiefHuX HAayYHHX paZoBa, KPaTKUX CaollITelka M NpHUKa3a ciydaja. BerepuHapcku
)ypHas Peryonuke Cpricke 00jaBibyje ce Ha jeJHOM O]l je3uKa y CIyKOCHO] yrmoTpeOu y
Bocau u XepreroBuHu U €HIJTIECKOM jE€3UKY, Y TOJUIIBIM BOJTYMEHHMA KOjU C€ CacToje
on nBa Opoja, Ha mozaeny Open Access koju omoryhaBa BHCOKY BHUAJBHBOCT PalioBa.
Berepunapcku xypuan PenyOnuke Cpricke je MHASKCHpaH Kao HAIMOHAJIHHU YaCOIHC.
Ceaku pykomuc Ouhe oOpaljeH on cTpaHe ABa peLEH3CHTa KOjU TNMPYXKajy KBATUTETHY
ypenHnuky oOpaay. YIyTcTBa 3a MpHjaBJbUBAk-e PYKOMHCA, IPUIIPEMY paja, MPOLEAYPY
perieHsmje u CBe OcTaje /IeTajhe IOCTYIHA Cy Ha cTpaHuiama dacommca. OBa cTpaHHIa
he ayTope ymyTuTH KOpak Mo KOpak Kpo3 MpoIiec MpHjaBibuBame (YIIyTCTBO 3a ayTOpe).
Berepunapckn xypuan PenyOmmke Cpricke je wacomuc oTBopeHOr mpuctyma. CBu
pazoBU MOTy ce OecIulaTHO Mpey3eTH W KOpUCTUTH y ckiamy 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 Boshia and
Herzegovina and English, in yearly volumes comprising two issues, on an Open Access
model which allows high visibility of articles. Veterinary Journal of Republic of Srpska is
indexed as a national journal. Each manuscript will be handled by two reviewers
providing quality editorial processing. The instructions for manuscript submission, paper
preparing, peer-review procedure and all other details are available on the Journal
homepage. This site will guide Authors stepwise through the submission process (Author
Guidelines).

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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IIpersiennu Hay4YHu paja
QUORUM SENSING Y MUKPOBHUOJIOTUJU XPAHE
Cue:xxana BYJIAJU'R, Tujana JIEJJUHA, Jacha BOPBEBUh*

Yuusepsutet y beorpany, ®akynrer Berepunapcke menunune, beorpan, Cpouja
*Kopecnonentnu ayrop: JacHa HBophesuh, jasna.djordjevic@vet.bg.ac.rs

Caxerak

[Tocnenmux HEKOIMKO NIENEHU]ja, HaIlla IMeplernirja o 0akTeprujamMa U HBUXOBUM
3ajeJHUIIaMa 3HAYajHO Ce€ NMPOMEHMJIA. Y MpOoIUIa BpeMeHa IPEoBIaJaBaIO je
MHUIJbEHE J1a 3ajeqHulle OakTepuja MpelcTaBibajy momynanujy hemuja Koje
nenyjy wHAauBUayanmHo. Jlamac je 1moOpo JOKYMEHTOBaHa YHE-CHHUIIA Ja
MexaHu3aM Mehyhenmjcke kKoMyHUWKalMje, MO3HAT Kao ,,quorum sensing®, mma
BXHY YJIOTY y KOHTPOJIUCAY PAa3IMUUTHX IEeTyIapHUX Ipoleca 0akrepuja Kao
ITO Cy OMOJYMUHHCLIEHIIMja, BUPYJCHIIMjA, TOJEpaHIMja Ha JAe3UH(UIUjeHCE,
criopyniainuja, TOKPETJbUBOCT, CTBapame OunopuiaMa W aHTUMHUKPOOHA
pe3ucTeHIHja.

PaszymeBame cuctema mehyhennjcke KOMyHUKamuje naje MOTyhHOCT KOHTpOJIe
pacta HemoKeJbHUX OakTepuja y MAaTPUKCy XpaHE M pa3Boja HOBE CTpaTeruje y
00e30ehuBamy kBanuTeTa M 0€30€THOCTH XpaHe.

KibyuHe peun: quorum sensing, KBaJIUTET U 0€30€THOCT XpaHe.

YBOJ

»,Quorum sensing“ (QS), tepMuH ycmocTtaBjbeH o crpaHe Fuqua m Winans
(1994), mpencraBiba YHUBEpP3JIHM MEXaHHW3aM KOJUM OakTepHje TMPEro3Hajy
npoMeHe y OKpyxkemwy. [Ipemo3najyhu HOBOHacTane NMpoMeHe, MUKPOOHU CBET
“Ma MOTYhHOCT J1a TpaBOBPEMEHO pearyje, pa3BujameM crienupudHe ogopamobeHe
CTpaTeruje y iujby aJanTalije Ha HEMOBOJbHE YCIOBE Y MIPOCTOPY U KPO3 BpeMeE.
Ha oBaj HauwmH, ynHOM conmjanm3anyje (yapyKruBama) Yy MOMEHTY KaJia TyCTHUHA
Homnynanuje JOCTUTHE KPUTHYHU HHBO, OaKTepHje CHHXPOHH3Y]y CBOje
MOHANIake W THUME ONTUMH3Yjy IIAHCE 3a TPEKHBJHABAKHE Y KOMIICTUTHBHUM
HUIIIaMa.

bpojue rpaM-HeraTuBHE W TpaM-TIO3UTHUBHE BpPCTE OakTepuja Cy CIIOCOOHE aa
CBOj€ AaKTMBHOCTHU TPWJIArOZI€ JPYIITBEHOM J00pY W KOOPAMHUIIY KOJEKTHBHO
NOHANIalke Yy OKBUPY MYJITUMHKPOOHE 3ajemHunie. MexaHu3aM yapyKeHOT
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OuTHcama TOJpa3yMeBa CHUHTCTHCAkE HHUCKO MOJIEKYIApHUX CUTHAITHUX
mosiekyna. bakrepuje (hemuje ,,emutepu), KOHTHHYHPAHO TEHEPUIIY CUTHAI, HA
MOYETKY pacTa y HHUCKO] KOHIEHTPAIMjH, a TIOTOM, KaKo ce, BpEeMEHOM, TYCTHHA
nonynanuje moBehaBa, curHanm ce akymynupa. JemHOM, Kajia KOHIICHTpalluja
CHUTHAJIa TOCTUTHE KPUTUYHU HUBO, IITO OaKTepHje MEpLUNHpajy Kao OCTBapeH
,,KBOPYM*‘, CUTHAJI pearyje ca perenTopckuM MpoTenHoM hemnuje ,,pecrionaepa’, u
KpO3 KOOpIMHHMCAHYy eKcrpecujy ofpeheHux reHa mokpehe ce jeIuHCTBEHH,
3ajeTHMYKH OJITOBOP 3ajCTHUIIC Y ITUJbY MPEKUBJhaBamba.

[Mpouecn KOHTpoNHMCaHK O CTpaHe ,,JUOrUm Sensing® cucrema YKIbY4yjy
OMOJIYMUHHUCIICHIIH]Y, CIIOPYJIAIHjy, KOMIETEHIN]Y, MPOAYKIN]Y aHTUMHUKPOOHHUX
NenTHaa, CTBapame OuopuiaMa, aHTUMHUKPOOHY PpE3UCTEHIH]Y, CEKpeIujy
dakTopa BUpYJICHIH]E, CTBapamke TOKCHHA, TpaHChEp KOBYraTUBHUX ILIa3MHA,
Ka0 U MPOIYKIM]y €H3WMa 4YHhja Ce€ aKTHBHOCT JIOBOJU Y BE3y ca KBApOM XpaHe
(Smith u cap., 2004; Zhao u cap., 2020; Wang u Xie, 2020).

Bpcre curHagHUX MoJIeKyJ1a
VY ocHoBH, ,,qUOrum Sensing“ cucreM mojpazyMeBa MPOU3BOIbY H OYUTABAC
eKkcTpauenyiapaux curHaina. CurHalim Ccy XeMHjCKe MpHUpPOJE, CHUTHAIHU
MOJICKYJIH, T3B. ayTOMHIYKTOpU. YecTo, Maa He U YBEK, T€HH KOjU Cy OJITOBOPHU
3a CHHTE3Y CHUTHAJIIHUX MOJIEKYyJa M OJrOBOpP Ha HCTE, aKTUBUPA]y BIIACTUTY
eKCIpecHjy, 4nuMe ce objamrmaBa Ha3uB ayToMHAyKTOp. [Ipema Ammor u cap.
(2008), naenTHhHKOBaHN CUTHATHU MOJIEKYIIH Ce Jeiie Y 4 KaTeropuje:

1. H-ammun xomocepun naktonu (AXJI), mepuBaTd MacCHHX KHCEIUHA,
T€HEPUYKH Ha3BaHU ayTomHAYKTOpU 1 (AU-1); mpoayKyjy uX U KOPUCTE
rpaM-HEeraTUBHE OakTepHje YriIaBHOM 3a KOMYHHUKAIH]y YHYTap BpPCTE.
WNuTtpanenynapra akymynamnuja qoBosbHe KoHieHTpanuje AXJI mokpehe
aKTUBAIH]y TPAHCKPUIILKjE PA3TUUUTUX IPOMOTEPA YHYTap OaKTepHjCKOT
reHoma. Hexonuko ¢akTopa kao mro cy temneparypa, pH, canpxkaj NaCl,
cactaB MeAMjymMa 3a pacT M (asa pacta MOry YTHLIATH Ha KOJHUUHY
nponykoBanux AXJI. Ilpomykumja [l4—xomocepuH NakTOHa Off CTpaHE
Aeromonas hydrophila 519 3aBucu ox TeMmiepatype pacra, KOHIIEHTpAIIH]je
TIIyKO3€ U coiu, Kao u pH Bpeanoctu Meaujyma 3a kyntusauujy (Medina-
Martinez u cap., 2006). Uctu ayropu yrtBplyjy nma mpu 06azHoj pH
BpenHocTH, AXJI mocTajy HecTaOMIHHN U MOAJIEKY XUAPOIU3U. YIIaCKOM
OakTepuja y cramuoHapHy a3y, cMmamyje ce kommunHa AXJI (Ravn u
cap., 2001). Ilpumepu ¢enorunoBa perymucanux op crtpaHe AXIJI
VKJbY4Yy]y TPOAYKIM]Yy aHTUMHKPOOHUX TICNTHIA, AHTHUMHUKPOOHY
pesucteHuyjy, ¢opmupame OnopuiIMa, cTaTyc KOMIETEHIHje 3a
npey3umame JJHK, nudepenunjanmjy henuja, OnoasymMuHUCIIEHITH]Y, pacT,




Betepunapcku :xypHai Peny6iuxe Cpncke (bama Jlyka), Boa. XXII, bp.1-2, 5-17, 2022.
Byaajuh u cap.:
Quorum sensing y MUKPOOHOJIOTHjH XpaHe 7

TpaHchep TIa3MuAa, eKcrnpecujy (akropa BHpYJICHLHjE, Kao U
NPOIYKIHjy PAa3IHIUTUX EKCTPALEITyJIapHUX SH3UMA.

2. (ypanocui 6opat auecrep, HO3HAT Kao ayTouHaykTop 2 (AU-2); crBapajy
UX TpaM-HEraTHBHE aji ¥ IpaM-TIO3UTHBHE OaKTepHje M TUME CIY)XH Kao
YHHUBEP3AJIHW CUTHAJI 3a KOMYHHKalHWjy YyHyTap W wu3Mely Bpcra;
OJIrOBOpPaH 32 MOAYJIAIM]y HEKOJMKO (PEHOTHUIICKHX M3MEHA, Kao IITO Cy
excnpecuja (akropa BupyiaeHuuje, HUBOM ABL| Tpancmoprepa kon
Salmonella Typhimurium, mpoaykmuja nmporeasa, TpaHCKPHUIIIHja OPOJHUX
rena kox Escherichia coli, Ouonymmuucuennmja kox Vibrio spp.
[Tponykumja AU-2, kao u y ciyqajy AU-1, ycroBibeHa je TEeMIEpaTypoM H
dopmymnanujoM Mearjyma 3a pacT, Kao ¥ IpoMeHaMa y MHTPaLeTyIapHOM
MeTaboIU3My | JIeJIOBAEM CTPecopa.

3. ayromHnyktop 3 (AU-3) mpencraBiba CUTHAI 3a T€HE BUPYJICHIH]jE
earepoxemoparnune Escherichia coli (EXEIl); mnpoaykmuja oBor
ayTOMHJYKTOpa yTBpheHa je U KOJ MHTECTUHAIHE MUKPOOHOTE JbYAH IITO
UMILTUIIPA MOTYhy yJIoTy y KOMyHHKaIMju u3Mely BpcTa.

4. ayrounaykoanu nentuau (AWII) koje mpoaykyjy M KOpHCTE TIpam-
nosutuBHe Oaktepuje. AWIl ce cuHTeTHMIIY Ha prOO3OMHMA Kao
NPEeKyp30p MENTHAU, TPAaHCPOPMHUIIY C€ y AaKTUBHU NENTUA U OuBajy
ekcriopToBanu BaH henumje nemoBamweM ABIl Tpancmoprepa y ATII-
3aBUCHOM Tporiecy. OBU MENTHIN C€ KAPAKTEPHUILy MaJIOM MOJIEKYJICKOM
MacoM (5-26 aMHHOKHCEIMHCKHX pe3uiya), BHCOKOM cTaOuiaHOmhy,
cneunuynomhy u muBep3uteroM. CHUrHAN OBHMX MENTHAA C€ OOMYHO
ouynMTaBa Ha MOBPIIMHH henwja myTeM CeH30pa XHCTHUAWMH KHHA3e, Kaaa
ayroochopunanuja kuHaze mnokpehe yjemHO U docdopunammjy
perynarop NpoTenHa, WITO, Y KPajIeM MCXOAY JOBOIHM A0 TPAHCKPUIILIHUje
onrosapajyhux rena. IIpumepu (eHOTHIIOBA MOIYJIHpPAHUX AKTHBHOIINY
AyTOMHIYKOBaHMWX IMENTUAA YKJbYy4dyjy TCHETHUYKY KOMIICTCHIH]Y U
cnopynanujy kon Bacillus subtilis u Streptococcus pneumoniae,
BupyieHiujy kox Enterococcus faecalis, kao u mpomykiujy
AHTUMHKPOOHHMX cacTojaka kKao ITo cy HusuH (Lactococcus lactis) u
cyorwmmsun  (Bacillus  subtilis). Wnmak, tunmyan npumep AUl
nocpeaoBanor QS Mexanusma je agr cucrem kox Staphylococcus aureus
(Abisado u cap., 2018) u Listeria monocytogenes. Staphylocccus aureus
Ipe/ICcTaBba KOMEHCATHY MUKPOOHMOTY JbYNH, al MCIOJbaBa W MATOTCHA
CBOjCTBa MO MPOJAOpPY y TKUBO nomahmHa. MexaHm3aM MaTOT€HOCTH
cTtadUIIOKOKa ToipazymMeBa OudazuyHy CTpaTerujy: NMpyu HUCKO] TYCTUHH
nomnynamnuje crahuiIoKoKe BpIle eKCIPecHjy MpOTenHa KOjU MPOMOBHUIILY
aJIXepeHIINjy Ha MYKO3HE TTOBPIIIMHE W KOJIOHU3AIH]Y, TOK C€ MPU BHCOKO]
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KOHIICHTPALMj! TOMYyJIalije, OBa CBOjCTBA race, a MHUIUpPA Ce CEeKpeluja
TOKCHHA M TIpOTeasa, IITO MOCHeNyje TuceMHuHaIujy crapuiaokoka. OBaj
,»SWitch* y ekcipecuju reHa je perynucad agr QS MexaHH3MOM.

VY HOBHje Bpeme, OMHCaHE Cy U Jpyre BPCTE€ CUTHATHHUX MOJIEKysa, Kao MITO CY
KoJiepa ayTOMHAYKTOp 1, IMKETONMUIEpaswHHu, 4—XHIPOKCH-2-aJKUIKBUHOINHH
mudy3ubminu curnanau axkropu (Wang u Xie, 2020), pa3nuuuTé METaOOIUUKA
NPOIYKTH Kao INTO Cy WHJIOJ, KpaTKOJaHYaHE MAacHE KHCEIHMHE, CEKyHJIapHe
xyuHe kucenune (Buffie u cap., 2015).

Quorum sensing y KOHTeKCTY MUKPOOHe eK0JIOTHje
VY najeehem Opojy ciydajeBa, mocaaanimba UCTUTHBama QS MexaHU3Ma OJTHOCHIIA
Cy ce Ha Ipoy4aBame MOJEKyJIapHOr acmekTa mehyhenujcke koMyHHKanuje,
OJTHOCHO Kako QS yTuue Ha BUPYJICHIIN]Y, CIIOPYJIAIl]y WIH KOmyranujy. Jlaneko
Mame Ce carjiefaBao €KOJIOMIKH KOHIENT MpHUYe Y CPEAMIITY KOTra JIEXKH TJIaBHO
MUATakE — 3aIITO YONIITe OaKTepHje MPOAYKY]Y CUTHATHE MOJICKYJe, pyKoBoachu
ce MPUTOM OCHOBHOM €KOJIOIIIKOM ITapaJuIrMOM — CBE j€ Ca CBUM OCTaJIMM Y BE3H,
QM ¥ KaKo JIETCPMHHAHTE EKOJIONIKE HHINE YyTUYYy Ha KOMYHHKAIH]y, TOCEOHO Y
cllyyajy KaJa HUIIY TPEICTaB/bajy KOMIUIEKCHH eKocucTeMu xpaHe. Mako ce
MpoayKIuja curHaATHUX Moiekyna (AM-1, AW-2) noBoau y Be3y ca onapeheHum
ylaHOBUMa MHUKpoOuoTe xpane (Pseudomonas Bpcre, mpumagHumnu (amuimje
Enterobactericeae, 6akreprje MiIeuHe KHCEIMHE), BEOMa Majo CE 3Ha O yTHUIA]y
NPOIIECHUX TapaMeTapa M ycJoBa CKJIaJUIITEHha Ha KBAIUTET U KBAHTUTET OBHX
curHaa y xpanu. [lo3Haro je nma ngomMuHAIMja jenHe rpyre OakTepuja y
KOHTHHYYMY TpPOHM3BO/AIKE M TpEpaje XpaHe IpeICTaBJba Pe3yiTaT CI0KEHOT
mporieca MUKpPOOHE CyKIlecHje, Kaja crnenuduyHa TMoIyianuja 3axBajbyjyhu
CBOJUM UMIUTMIIUTHAM KapaKTepUCTUKaMa M yCBajameM Creun(UuyHe CTpaTeruje
CTHYE HYMEPUYKY CYINEPHOPHOCT Yy HHIIU KOja C€ YCIIOCTaBJba Kao WHTEPILIE)
(U3NUKOXEMHUJCKUX KapaKTepPUCTHUKAa MAaTpUKCa XpaHe W yCJOBa CKIIAIUIITCHbA.
Matpukc xpaHe y BehuHH ciydajeBa IMOJpa3yMeBa acoIlMjaln]y MHKPOOHHUX
henuja ca conmuaHuM cyrcTparoMm, Te cy henuje UMOOMIM30BaHe U JIOKATU30BaHE
y TOjeJMHUM MHKpPOCpPEAIMHAaMa y BUCOKO] KOHLIEHTPAIUjH, a PacT je IPUCYTaH y
BHUJly MHUKPOKOJIOHMja wiud OwmoduiamoBa. Ha pazmmuutuM MecTuma yHyTap
MaTpHUKca XpaHe MPUCYTHE Cy BapHjallje Y HUBOY KHCEOHUKA, aKTUBHOCTH BOJIE,
xpamuBUX Marepuja U pH BpeaHoctn. Ha OCHOBY WHTEpakiije CBHX OBHX
¢dakTOpa MaTpUKC XpaHE je TMpeICTaBJbeH Kpo3 cepujy MehymnoBe3aHux
MHUKpOCpEIMHa, OJl KOjUX TMojenuHe Mory naa ¢aBopu3yjy pact Oaxrtepwuja.
JluHaMuKa pacta U akTUBHOCT OaKkTepHja MPUCYTHHUX Yy XpaHH, OMIIO J1a ce paju O
y3pOYHMIIIMA KBapa, IAaTOTCHUM OakTepujamMa WM KOPHCHO] MHKPOOHUOTH
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onpehena je, BemmkuM nenmoM, N Situ  mehyhenujckuMm  ekoOmIKUM
UHTEpakiyjamMa. I3 oBor pasmora, EKOJOMKM TNPHUCTYIl je HEONXOJaH Yy
carnenaBamy Mehyhenujcke KOMyHHKalMje Y pa3IHuUTHM €KOCHUCTEMHMa XpaHe.
Bpno BepoBaTHO, cariemaBame ekojomke auMeHsuje QS MexaHusma nano Ou
onroBsope Ha ciefeha BaykHa MUTabA:
- Koja je To kputnunHa koHIeHTpanuja QS curHaza moTpeOHa Kako Ou
OakTepHje Mmperno3Halie KBOPyM U MOKPEHYJIe eKCIpecHjy reHa?
- Jla mm ycmem  auHaMHYKuX — (aOMOTMYHMX)  yCJIOBa  MOCTOjU
KOHIICHTPALIM]CKHU TPaJIUjeHT WK XeMHjCKa JIerpajialuja curnana?
- Jla om je y reHepucamy © oumTaBaky QS curHama mpocTopHa
nuctpuOynurja henuja BaxkHMja o[ TYCTHHA Homyauje?
- Jla mu je moryhe na npyre BpcTe WIM COjeBH OakTepuja, KOjU
KOCT3UCTUPAJy y HCTOj HHUIIM JACAKTUBUPAJU W/WIU TPOAYKY]y HCTH
AyTOUHIYKTOP?

Quorum sensing y MUKpOOHOJIOTHjU XpaHe
Mehyhenujcka KOMyHUKalMja MPUBIAUM MaXBy MHKPOOHMOJIOTa XpaHe ycien
nmokasza o moBe3zaHoctd QS m kBapa xpane (Ammor u cap., 2008; Skandamis u
cap., 2009; Galié u cap., 2018) u unmeHuUIe 1a Cy U3 MaTpPUKCa IIOKBAPEHE XpaHe
M30JI0BaHe pa3iauunTe curHaiaHe mosekyne (Blana u Nychas, 2014), anu u 3Ha4aja
QS y marorene3u Oakrepuja (Li u cap., 2018). ITopexn Tora, HeocropHa je ynora
QS y popmupamy 6noduima y mporecHoM okpyskemy (Galié u cap., 2018).

Quorum sensing u KBap xpaHe

KBap xpaHe )HBOTHECKOT MOPEKJIa YIIIABHOM C€ JIOBOJHU Y BE3y Ca aKTUBHOIINY
rpaM-HETaTUBHUX TPOTEOJUTUYHUX TICUXpOTpopHMX OakTepuja, BehumHOM
Pseudomonas spp., u ponosa ¢amunuje Enterobactericeae, oqnocHo Gaktepuja
MJICYHE KHCEIMHE YKOJMKO C€ XpaHa 4YyBa Yy YCJIOBUMa MOAH(HUKOBaHE
atmocdepe. Ilopen Tora, akTHBHOCT XuApoJasza, yriaBHOM ¢ocdonumnaza
MOPEKJIOM TpaM—TIO3UTHBHHUX aepoOHuX Bacillus spp. oarosopna je 3a  KkBap
MJIEKa U TIPOU3BOJIA O/ MIIEKA.

Pseudomonas spp. mpejcraBibajy JOMUHAHTHY MUKPOOHOTY acpOOHO MAaKOBAHOT
oxyahleHOr Meca, ToCTHXKyhu HUBO Off 10° CFU/g y cnyuajy kBapa meca (Liu u
cap., 2006). Jay m cap. (2003) yrBphyjy moBe3anoct QS u KkBapa Meca
ycaoBibeHOT akTHBHOIIhY Pseudomonas spp., Hafnia alvei u Serratia spp., xao
JOMHHaHTHE ncuxporpodHe Bpcte Enterobacteriaceae damunuje uzonosane u3
MMOKBAPEHOT Meca IMaKOBAaHOT Y BAaKyyMy M HACHTH(PHUKY]Y C€ Kao 3HAYajHH
npoayuentd AXJL. Bemuku 6poj AXJI yrBphyje ce y oxmahenom rosehem u
JKUBHHCKOM MECY YyBaHOM y aepOoOHHMM YCIIOBHMa, Y CUTYaIlMjHu Kajaa ce Oeneku
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BHCOKAa  KOHIeHTpaumja  Pseudomonadaceae  (10%-10° CFU/g) wu
Enterobacteriaceae (10°-10* CFU/g), y3 3HauajHy NpOTEOIMTHYKY AKTHBHOCT
(Liu u cap., 2006).

Yuan u cap. (2018) mpermocraBipajy yinory QS MexaHuW3Ma TOKOM pacta M
Merabonnuke aktuBHocTH Pseudomonas fluorescens, gector y3podynuka kBapa
MJIEKa M TIPOM3BOJAA OJf MJICKa, a YCJe[ CIOCOOHOCTHM IOTHYHE BpCTE [a
cunreruiie AXJl u ekcrpanenynapue mpoteaze. Behuna (84,5%) cojeBa
NCUXPOTPOPHE MPOTEOTUTUIHE MHUKPOOMOTE H30J0BaHE M3 CHPOBOT MIICKa
kapakrepume ce mnpoxykuujom AXJI (Pinto u cap., 2007). Hako ce
Pseudomonadaceae u Enterobacteriaceae ne Mory u3010BaTH U3 MaCTEPU30BAHOT
U CcTepuwiIM3oBaHOr Mieka, yTrBphena mnpeBaneHnuja AXJI ykasyje ma AXJI
NPOJYKOBAaHM Off CTpaHEe WHHIMjATHE MHUKPOOHMOTE CHPOBOT MIIEKa, II0
CIIPOBEJICHOM TEPMHUYKOM TpETMaHy, 3aJpXaBajy y IOTIIYHOCTH, W Oapem
JIeJIOM, CBOjy akTWUBHOCT. [Ipoaykiuja alkajgHe MeTajompoTease Ko coja
Pseudomonas fluorescens 395, xoju mocenyje H3pasHTy MNPOTCONUTHUKY
aKTHUBHOCT, perynucana je QS cucremom (Liu um cap., 2007). Ilpomykuuja
eKCTpalelyJapHUX JIMIOJIUTHYKAX U TPOTCONUTHYKUX EH3MMa OJf CTpaHe
Serratia proteamaculans coj B5a kouTtponmcana je on crpane QS cucrema
(Christensen u cap., 2003).

Quorum sensing u ¢popmupame donoduamMa

buodwim npencraBba KOMIUIEKCHU €KOCHCTEM jeTHE WM BHUIIE BPCTa OaKkTepuja
YPOBEHUX Yy EKCTpaleNyJIapHi MOJIMMEPHU MaTpukc. Pa3Buja ce mo obpacuuma
BUIICNEIMjCKOT TOHAIaka Wy KOHAYHOM OOJMKY (DYHKIIMOHHIIE Kao
KOOIIEPAaTUBHH KOH30PLHUjyM OaKTepuja Ha CI0XKeH, anu yckialheH HaunH. OBakaB
CECHJIHM HAuYWH KMBOTA Tpyka OpojHE MPEAHOCTH MPHUAPYKCHUM UIaHOBHMA —
Beha OTIOPHOCT Ha CTpPECHE yCJOBE CpeluHE, HEOCETJbUBOCT Ha aHTUMHMKpPOOHA
CpelcTBa W CpEACTBAa 3a CaHUTAIM]y W Je3uH(eKIujy, mTo oHemoryhaBa
epagukanujy OuopmiMa M3 TPOIECHOr OKpyxema. JlomatHo, MHMKpoOHa
3ajenHuIla  OuWoduiaMa TMOKa3zyje TMPUMHTHBHY XOMEOCTa3y, MPUMUTHBHH
UPKYJIATOPHH  CHCTEM, W3MEHY TEHETHYKOr MaTrepujajia ¢ IPHHIIUI
MeTaboIMuKe Koomepaliyje.

[IpBu kopak y dopmupay OuoduiMa moapazymMeBa KOHAUIIMOHUPAHE
NOBpIIMHE MaTepHjajia U PeBep3UOMIIHO Be3WBame hendja 3a MCTU MaTepujall.
[ToTom, Be3mBame MOCTaje HUPEBEP3UOUITHO W (OPMHPA]y C€ MHUKPOKOJIOHH]E.
Konayno, ¢wiM mnomnpuma TpOIUMEH3UOHAIHY CTPYKTYPY H KOMIUICKCHU
€KOCHCTEM je CIpeMaH 3a nucrepsnjy. Uumycrpuja mieka, ycnea cnenupuaHOCTH
CHpOBOT cyncTpara ((hiayua) U pa3HOIMKOCTH TEXHOJIOMIKUX Iporeca (pa3iunauTi
TeMIiepaTypHu npoduiau), mnpyxa OpojHe MOTyhHOCTH 3a KOJOHH3AIHU]Y
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6uodunma. TaHKOBH 3a CHPOBO MJIEKO, LIEBOBOAM, IIEHTpU(]YTE, TyIIIMKATOPH 32
CHp, TPOTOYHM IUIOYACTH HW3MEHHBAYM TOIUIOTE W MAallMHE 32 ITaKOBambe
NPEJCTaB/bajy MpUMEpe T3B. MOBPIIMHCKUX CYIICTpaTa Ha KOjUMa Cce HACaTHO
yrae3nae OuodunmoBu. Opx moceOHOr cy 3Hauaja Oynyhw 1a mpenacraBibajy
HEMpEeKUIHN, TOHABJbajyhn M3BOpP KOHTAMHHALMjE, INTO y KpajlkbeM Ciaydajy
HapyIaBa KBAIUTET U MUKPOOHOJIONIKYA MHTETPUTET (PUHAITHOT IMPOU3BO/A.

QS cucrem je ykipyueH y cBe ¢asze popmupama Onoduiama: perynanuja rycTuHe
nonyJaiyje, CHHXpOHHU3allija METaOOJIUTUIKEe aKTUBHOCTH, TaKO Ja aKTHBHOCT
OJroBapa HYTPUTHBHUM 3aXT€BUMa, ajll U PaCIOJOXHBOCTH XPAHHHBOT
cynctpara. [lopen Tora, GakTepuje - pesuneHTH OModuiIMa, MoKa3yjy 3Ha4ajHO
Pa3IMYUTH TeHOM/TPAHCKPHUIIIIMOHH TporpaM y nopehemwy ca c1060aH0 KuByhum
MJIaHKTOHCKUM henujama.

VYnora QS cucrema y ¢dopmupamwy Ouopunva y Hajpehem Opojy ciyuajeBa
WCIIUTHBAaHA j€ KOJ TpaM-HETraTUBHUX OaKTepuja, TIe alWIUpPaHd XOMOCEPUH
naktoHu (AXJI) nmemyjy Kao CHUrHajJHE MOJIeKysle. Y CHUTyaldju Kaja
koHmeHtpanuja AXJI mocturHe kputuuHu HuUBO, AXJI ce Be3yjy Ha peuenrtop
MoJieKyJe U (OpMHpAHH KOMIUIEKC, Ka0 OJrOBOp Ha CTPECHE YCJOBE CpPEIMHE,
nokpehe exkcmpecwjy W cekpenujy (axropa BHUpPYICHIM]E, EKCTparelyIapHuX
npoteasa, popmupame O6mopuiama, kao u Apyre ¢usnonomke dynknuje (Li u
cap., 2018).

In vitro crymuje mokasyjy na ce Salmonella spp. nmako npusbyOsbyjy Ha pamHe
nospiuHe U popmupajy 6uoduam (Coughlan u cap., 2016). Salmonella spp. u E.
coli memajy luxl ren koju xomupa AXJI cuHTeTazy M cTora Hemajy mMoryhHoCT
cunteze AXJI. Mehytum, oBu Mukpoopranm3mu nocenyjy LuxR xomomor, SdiA,
KOjH JIeTeKTYje CUTHaJl MPOJYKOBaH O[] IpYrux Oakrepujckux Bpcta. [IpucycrBo
Manux KoHmeHTparuja AXJl mpoaykoBaHMX O] cTpaHe ApYyrux OakTepwja,
uHIykyje Qopmupame Omopmima xox E. coli, Salmonella enterica serovar
Typhimurium u Vibrio spp. (Jamuna Bai u Ravishankar Rai, 2016). Silagyi u cap.
(2009) yrBphyjy na AW2 mocpemyje y dopmupamy Omopmima E. coli, rae
akTUBUpaHu QS cucTeM yjemHO YYecTByje U y peryiucamy XeMOTaKce, CHHTE3U
¢rarena v eKCIpPECcHju reHa 0JIrOBOPHUX 32 IOKPETIHUBOCT.

pucycreo I[12 XCJI, jemnor on AXJl curHama, yruue Ha (opMupame
owopunma Salmonella Enteritidis u mnpomoBuire ekcmpecuje  ¢dakropa
BUpYyJIeHIIje Yy aHaepoOHUM ycinoBuma (Almeida u cap., 2017). Lamas u cap.
(2016) yrBphyjy Besy m3mehy dopmupama Ouoduama ox crpane S. enterica u
excnpecuje QS-mose3anux rena. Kox Campylobacter jejuni cunresa AU-2 urpa
raBHy ynory y dopmupamy omodmima (Bezek m cap., 2016). dopmupame
onoduama xox Vibrio spp. 3aBucH 01 HEKOJIMKO KJbYYHUX €H3UMA, YKIbYUYCHHUX Y
OuocuHTE3y (hyarena, muiaa W TMoOJMCaxapuaa, Kao U peryyiaropa MpoTeruHa KOoju
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KOHTPOJIMINY eKcrpecHjy uctux rena (Giaouris u cap., 2015). Vibrio cholerae, V.
vulnificus u V. parahaemolyticus mpucyTHu Cy y KOHTAMUHHUPAHO] XPaHU U BOJIH,
noceOHO IMJI0JJOBUMA MOpa, rae (opMHpajy T'YCTO MakoBaHE OMO(UIMOBE, IITO
MpeACTaB/ba KIbYYHH (DAKTOp HHUXOBOT MpPEKHBJhaBama y okpykemy (Gali¢ u
cap., 2018). QS cycrem koHTponuie (GopMmupame OHOPHIMOBA U KOJ TIpaM-
MO3UTUBHUX TMAaTOTCHMX OakTepuja NPEHOCHBHX XpaHoM: L. monocytogenes,
Clostridium perfringens u B. cereus (Coughlan u cap., 2016). L. monocytogenes
dbopmupa O6modriMoBe Ha aOMOTHYHUM IOBpPIIMHAMA Y 3aJeTHUIA Ca JIPYTUM
Oakrepujama, kao mrto cy Pseudomonas spp. u E. coli (Giaouris u cap., 2015).
VYr1BpheHo je ma makTo3a MHAYKYje cTBapame ouodrima kox B. cereus, Ha Haumn
na nosehasa nponykiujy AM-2 monekyna (Duanis-Assaf u cap., 2015). Agr QS
cUCTEeM KojA S. aureus pasnukyjy ce ox apyrux QS cucrema Oynyhu na je
JIOKa3aHo Ja ekcrpecuja Agr noBoau 1o down-perynaiyje reHa OArOBOPHHX 3a
anxe3ujy Oaktepwja. Tume ekcmpecwja Agr cMamyje aaxe3uOHH MOTCHIIH]ja
0akTepHja U MHIMPEKTHO YyTUYE HAa CMAalbEHU KanauuTeT popMupama Onoduima.

HNuxudbnumja QS cucrema

Kako ce QS cucrem ociama Ha CTBapame U MPEHOC MAMX CUTHATHUX MOJIEKYJIa
Melyy Oakrepwjama, peaqHO je OdeKWBaTH Aa ce ucte Mousekyine (AM) mory
UCKOPUCTUTH Yy KOHTPOJM pacTa U I[pekKUBJbaBama OakTepHja, Kao U Yy
MOJyJalMju HHUXOBOr npodmia BupyiaeHuuje. Huxubummja QS cucrema,
MexaHuzam Tmo3HaT kao ,,Quorum Quenching® (QQ), mnpencraBba HOBY
CTpaTerujy y KOHTPOJIH creuuUIHUX ¢denoTumnona Oakrepuja
(buonymuHMCIIEHITH]A, (hOpMHpamke OnoduiIMa, BUPYJIESHTHOCT, eeKaT pojermha).
[Tocroju Hekonuko Moryhux HaunHa naxuOuIMje QS cucrema:

1. Maxubunmja AXJI cunrese,

2. [Jerpamanmja AXJI curnana aktuHomthy ensuma (AXJI-ammnaza u AXJI-

JIAKTOHA3a)
3. HaTtepdepenumja ca peuentopuMa HWIM  OJOKHpame KOMIUIEKCa
AXJI/peuentop (Lade u cap., 2014).

4. Ilocr-Tpanckpunuuona koHTpoiaa QS ensuma nyrem cPHK.
[Ipupoauu (M3070BaHU U3 PA3TMUYUTHX U3BOPA) U CUHTETHYKH QS MHXHOUTOPU
WHTEH3UBHO CE MIPOy4YaBajy. Benuku moTeHIyjan mokasyjy eKCTpakTH pa3IHauTor
Omba. MeTaHONHM EKCTpakT Juiiha MaHra cMamyje MPOAYKIHUjy TpoTease,
enacrase, MNHUOIMjaHWHA, Kao W er3omojucaxapuja, Te edexar pojema u
dopmupame Ouoduama kox Pseudomonas aeruginosa (Husain u cap., 2017). V
paay MCTHUX ayTopa, Y €KCTpPakKTy Jiniiha MaHTa WAeHTU(PHUKOBAHO je BuIle of 14
cacrojaka, yKJbyuyjyhu TpuQIyopoMeTUIKETOHE M (EeHOTHja3uHe, ca Moryhum
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antu-QS genoBameM, u TO wuHxuoOuumjom ,efflux“ mymmm, mama je Bpio
BEPOBATHO J1a IeNy]y Ha BUIIIE HUJbHUX MECTa.

YajeBr, MOroTOBO MOJIU(PEHOIN EKCTPaxOBaHU M3 Jininha yajeBa MpEACTaBIbajy
TpaJMLMOHAIHU HW3BOpP MPHUPOJHUX KOMIIOHEHTH, KOje C€, Y HOBHje BpeEME,
MHTEH3MBHO TecTHpajy kKao moryhu anTu-QS areHcu. EnuramokarexwH ranar,
HAJ3aCTYIJbCHUJU TOJU(PEHOIHN METa0OJIUT aHTUOKCHJIAHT W3 3€JICHOr dYaja
NOKa3yje CHAXKHU MHXUOUTOPHU edeKaT y OJHOCY Ha EKCIPECcH]y IreHa (CTBapame
OounoduiMa, ¥ TIOKPETJHLUBOCT) peryiarcanux oxa crpane QS cucrema E. coli (Lee u
cap., 2009). 3aunnu, Kao mWTO Cy UpHU OMOep, Oenu JTyK, KUM U IUMET MOKa3yjy
obehaBajyhe pesynrare ka0 aHTH-OMO(UIM areHCH.

Bohe, kao mro cy OpycHuua, jaroma W KynuHa, caapxke usmely ocrammx
cactojaka W (eHone, KUHOHE, (IIaBOHOWE, alKAJIOUIE, TEPICHOUAE W
NOJHALleTHIICHE, KOjU Cy C€ TOKa3ald YCIeUIHMM Kao aHTHU—QS areHcu, Ha
ocHoBy wuHTepdepeHiuje ca AXJl cuHTe3om, mHXxuOHNMje npoaykmuje Al-2
(Bezek u cap., 2016) nnu down-perynanuje QS-moBe3aHux reHa.

Ksepuernn (mpucyran y Bohy, moBphy, opacuma W >XuTapuilama) IOKasyje
3HauajHy penykiujy QS-3aBucHUX (EHOTUIOBA MOjeIUHUX NMATOTCHUX OakTepHja
npenocuBux xpanom (P. aeruginosa, Y. enterocolitica u K. pneumoniae), moce6uo
dopmupame OHOpUIMOBA, MPOAYKLHU]Y €r3onojimcaxapuja U MOKPETIBHBOCT
(Gopu u cap., 2015). IToBphe u kuTapuie kao MTO Cy MUPUHAY, TTapaaaj3, coja,
JyK 1 OpOKOJIM Takohe MpoAyKyjy CyICTaHIle Koje OomoHaiajy akTuBHocT AXJI
curHana (Jakobsen u cap., 2012).

Ecennmjanna yspa cy ce mokaszana Kao 10o0pu uHXuOuUTOpH (opMupama
Ooumoduiama, mpe cBera MeraHmsmMom gaerpananuje AXJl curHama wim
unxuounujom AXJI cunrese.

Kao antepHatuBHuM m3BOpH MHXHOHMTOpa QS cHcTema HaBojae ce OMOAKTHBHE
KOMIIOHEHTE IOpeKJoM on Oakrtepuja, Oynyhum na je cacBUM M3BECHO Oa Cy
OakTepuje YCBOjWJIE OBaj MEXaHHM3aM Kako OW 00e30edune KOMIIETUTUBHY
OPEJHOCT Yy HHUIIaMa Yy KOjuMa OICTajy. Y OBOM CMHUCIY TOCEOHO Cy
WHTEPECAaHTHU UJIAHOBM MHUKPOOMOTE 3EMJBHINTA, 3a KOje je TOTBpheHo ma
npoaykyjy easume (AXJI-nakronaze u AXJI- anunasze) ciocobne aa pasrpane QS
MOJIEKYJle, aJli ¥ MHOTH T3B. -OLIMHHU, Ka0 IITO Cy OAKTEPHOLMHHM, JIAKTOLIMHH,
enTepourHu ¥ HU3uH (Choyam u cap., 2019).

[Tuenumu MpPOU3BOAM Ce Takohe Mperno3Hajy Kao 3HavyajaH M3BOpP MOJEKyna ca
anTu-QS MexaHW3MOM JeNoBama, mocedHo mponoauc (Bulman u cap., 2011) u
men (Maddocks u Jenkins, 2013).

JemHo ox wmoryhmx pemema y ,ramemy‘ QS cucrema jecte W TNpUMEHA
NapaoKCcoHa3a, CH3UMa M30JIOBAaHUX U3 cepyMa cucapa, IJbUBULA U PA3THUYUTHX
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O6wnbaka. OBu eH3umu O10kupajy QS crcTeM Ha OCHOBY XMIPOJIM3E JAKTOHCKOT
npcteHa H-ammn xomocepun naktona (AXJI) (Galié u cap., 2018).

3AK/bYYAK

QS cucrem perynuine eKCIpecHjy reHa OJrOBOPHHX 3a KOJUPAkE MHOTHX
BUTATHUX (yHKIOHMja, Koje omMoryhaBajy TmpexuBJbaBame OakTepuja y
HEMOBOJHHUM YCIIOBHUMA CpeAuHe. Y HacTojamy Aa ce QS cuctem CTaBH HOJ
KOHTPOJTy, WIECHTU()HUKOBAHU Cy OpOJjHM aHTAarOHWCTH CHUTHAJIHUX MOJIEKYJIa.
BaxHo je ma MMKpoOWONIO3M XpaHE MMajy CBECT O BaKHOCTH, alll YjeIHO U
pasymejy QS cucrem, 6yayhu na ctpareruje koje ,,race” MexaHHW3aM OYHMTaBamba
KBOpyMa y MOIyJalUju OakTepHja MpeacTaBibajy epukacHo opyhe 3a KOHTpOILy
pacra HenmoXkeJbHUX OaKTepHja y XpaHH.
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Panx je moapkan cpeiactBuMa MHHHCTapCTBA MPOCBETE, HAYKE W TEXHOJOMIKOT
pas3Boja Peny6nuke Cpouje (Yrosop 6poj 451-03-68/2022-14/200143).

UzjaBa o cykoOy nHTEpeca: AyTopu U3jaBibyjy Aa HE MOCTOjU CYKOO MHTEpeca.
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Summary

In the last few decades, our perception of bacteria and their communities has
changed significantly. In the past, the prevailing opinion was that bacterial
communities represent a population of cells that act individually. Today, there is a
well-documented fact that the mechanism of intercellular communication, known
as "quorum sensing”, plays an important role in controlling various cellular
processes of bacteria such as bioluminescence, virulence, tolerance to
disinfectants, sporulation, motility, biofilm formation and antimicrobial
resistance.

Understanding the intercellular communication system gives the possibility to
control the growth of undesirable bacteria in the food matrix and to develop a new
strategy in ensuring the food quality and safety.

Keywords: quorum sensing, food quality and safety.

INTRODUCTION

»Quorum sensing” (QS), term established by Fuqua and Winans (1994),
represents a universal mechanism by which bacteria recognize changes in the
environment. Recognizing newly established changes, the microbial world has the
ability to react in a timely manner, by developing a specific defense strategy in
order to adapt to unfavorable conditions in environment and during a time. In this
way, by the act of socialization (association) at the moment when the population
density reaches a critical level, bacteria synchronize their behavior and thereby
optimize the chances of survival in competitive niches.

Numerous gram-negative and gram-positive species of bacteria are capable of
adapting their activities to the social community and coordinating collective
behavior within a multimicrobial community. The mechanism of combined
expression involves the synthesis of low-molecular signal molecules. Bacteria
("emitter” cells) continuously generate a signal, at the beginning of growth in a
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low concentration, and then, as the population density increases over time, the
signal accumulates. Once, when the concentration of the signal reaches a critical
level, which the bacteria perceive as a "quorum", the signal reacts with the
receptor protein of the "responder” cell, and through the coordinated expression of
certain genes, a unique, common response of the community is triggered in order
to survive.

Processes controlled by the "quorum sensing” system include bioluminescence,
sporulation, competence, production of antimicrobial peptides, biofilm formation,
antimicrobial resistance, secretion of virulence factors, toxin production, transfer
of conjugative plasmids, as well as production of enzymes whose activity is
linked to food spoilage (Smith et al., 2004; Zhao et al., 2020; Wang and Xie,
2020).

Types of signaling molecules
Basically, the "quorum sensing” system involves the production and reading of
extracellular signals. Signals are chemicals, signal molecules, so-called
autoinductors. Often, although not always, the genes responsible for the synthesis
of signaling molecules and the response to them activate their own expression,
which explains the name autoinducer. According to Ammor et al. (2008), the
identified signaling molecules are divided into 4 categories:

1. N-acyl homoserine lactones (AHL), derivatives of fatty acids, generically
called autoinducers 1 (Al-1); they are produced and used by gram-negative
bacteria mainly for intraspecies communication. The intracellular
accumulation of a sufficient concentration of AHL triggers the
transcriptional activation of various promoters within the bacterial
genome. Several factors such as temperature, pH, NaCl content, growth
medium composition and growth phase can affect the amount of AHLs
produced. The production of C4-homoserine lactone by Aeromonas
hydrophila 519 depends on the growth temperature, glucose and salt
concentration, as well as the pH value of the cultivation medium (Medina-
Martinez et al., 2006). The same authors determine that at a basic pH
value, AHLs become unstable and undergo hydrolysis. As bacteria enter
the stationary phase, the amount of AHL decreases (Ravn et al., 2001).
Examples of AHL-regulated phenotypes include antimicrobial peptide
production, antimicrobial resistance, biofilm formation, DNA uptake
competence status, cell differentiation, bioluminescence, growth, plasmid
transfer, expression of virulence factors, as well as production of various
extracellular enzymes.
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2. furanosyl borate diester, known as autoinducer 2 (Al-2); they are created

by gram-negative and gram-positive bacteria and thus serve as a universal
signal for communication within and between species; responsible for the
modulation of several phenotypic changes, such as expression of virulence
factors, levels of ABC transporters in Salmonella Typhimurium,
production of proteases, transcription of numerous genes in Escherichia
coli, bioluminescence in Vibrio spp. Production of Al-2, as in the case of
Al-1, is conditioned by the temperature and formulation of the growth
medium, as well as changes in intracellular metabolism and the action of
stressors.

autoinducer 3 (Al-3) is a signal for virulence genes of enterohemorrhagic
Escherichia coli (EHEC); the production of this autoinducer has also been
found in the intestinal microbiota of humans, which implies a possible role
in communication between species.

autoinduced peptides (AIP) produced and used by gram-positive bacteria.
AlPs are synthesized on ribosomes as precursor peptides, transformed into
an active peptide and exported outside the cell by the action of ABC
transporters in an ATP-dependent process. These peptides are
characterized by low molecular weight (5-26 amino acid residues), high
stability, specificity and diversity. The signal of these peptides is usually
read on the cell surface via the histidine kinase sensor, when the
autophosphorylation of the kinase triggers the phosphorylation of the
regulatory protein, which ultimately leads to the transcription of the
corresponding genes. Examples of phenotypes modulated by the activity
of autoinduced peptides include genetic competence and sporulation in
Bacillus subtilis and Streptococcus pneumoniae, virulence in Enterococcus
faecalis, as well as production of antimicrobial compounds such as nisin
(Lactococcus lactis) and subtilisin (Bacillus subtilis). Nevertheless, a
typical example of an AIP-mediated QS mechanism is the agr system in
Staphylococcus aureus (Abisado et al., 2018) and Listeria monocytogenes.
Staphyloccus aureus represents the commensal microbiota of humans, but
it also exhibits pathogenic properties after penetrating the host's tissue.
The pathogenicity mechanism of staphylococci implies a biphasic strategy:
at low population density, staphylococci express proteins that promote
adherence to mucosal surfaces and colonization, while at high population
concentration, these properties are extinguished, and the secretion of
toxins and proteases is initiated, which promotes the dissemination of
staphylococci. This "switch™ in gene expression is regulated by the agr QS
mechanism.
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More recently, other types of signaling molecules have been described, such as
cholera autoinducer 1, diketopiperazines, 4-hydroxy-2-alkylquinoline diffusible
signaling factors (Wang and Xie, 2020), various metabolic products such as
indole, short-chain fatty acids, secondary bile acids (Buffie et al., 2015).

Quorum sensing in the context of microbial ecology

In most cases, previous studies of the QS mechanism were related to the study of
the molecular aspect of intercellular communication, that is, how QS affects
virulence, sporulation or conjugation. Less attention was given to the ecological
concept at the center of which lies the main question - why do bacteria produce
signal molecules in the first place, guided by the basic ecological paradigm -
everything is related to everything else, but also how the determinants of the
ecological niche affect communication, especially in the case when the niche is
represented by complex food ecosystems. Although the production of signaling
molecules (Al-1, Al-2) is associated with certain members of the food microbiota
(Pseudomonas species, members of the Enterobactericeae family, lactic acid
bacteria), very little is known about the influence of process parameters and
storage conditions on quality and quantity of these signals in food. It is known
that the dominance of one group of bacteria in the continuum of food production
and processing is the result of a complex process of microbial succession, when a
specific population, thanks to its implicit characteristics and the adoption of a
specific strategy, acquires numerical superiority in a niche that is established as an
interplay of the physicochemical characteristics of the food matrix and storage
conditions. In most cases, the food matrix implies the association of microbial
cells with a solid substrate, and these cells are immobilized and localized in
certain microenvironments in high concentration, and growth is present in the
form of microcolonies or biofilms. At different places within the food matrix,
there are variations in the level of oxygen, water activity, nutrients and pH values.
Based on the interaction of all these factors, the food matrix is presented through a
series of interconnected microenvironments, some of which can favor the growth
of bacteria. The growth dynamics and activity of bacteria present in food, whether
they are spoilage agents, pathogenic bacteria or beneficial microbiota, is
determined, to a large extent, by in situ intercellular ecological interactions. For
this reason, an ecological approach is necessary in understanding intercellular
communication in different food ecosystems. Very likely, looking at the
ecological dimension of the QS mechanism would provide answers to the
following important questions:

- What is the critical concentration of the QS signal required for the bacteria
to recognize the quorum and initiate gene expression?
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- Is there a concentration gradient or chemical signal degradation due to
dynamic (abiotic) conditions?

- Is the spatial distribution of cells more important than population densities
in the generation and reading of QS signals?

- Is it possible that other species or strains of bacteria, which coexist in the
same niche, deactivate and/or produce the same autoinducer?

Quorum sensing in food microbiology

Intercellular communication attracts the attention of food microbiologists due to
the evidence of the connection between QS and food spoilage (Ammor et al.,
2008; Skandamis et al., 2009; Galié et al., 2018) and the fact that different
signaling molecules have been isolated from the matrix of spoiled food (Blana and
Nychas, 2014), but also due to the importance of QS in bacterial pathogenesis (Li
et al., 2018). In addition, the role of QS in the formation of biofilm in the process
environment is undeniable (Galié et al., 2018).

Quorum sensing and food spoilage

Spoilage of food of animal origin is mainly associated with the activity of gram-
negative proteolytic psychrotrophic bacteria, mostly Pseudomonas spp., and
genera of the Enterobactericeae family, i.e. lactic acid bacteria if the food is
stored in modified atmosphere conditions. In addition, the activity of hydrolases,
mainly phospholipases originating from gram-positive aerobic Bacillus spp., is
responsible for the spoilage of milk and milk products.

Pseudomonas spp. represent the dominant microbiota of aerobically packaged
refrigerated meat, reaching a level of 10° CFU/g in case of meat spoilage (Liu et
al., 2006). Jay et al. (2003) determined the connection between QS and meat
spoilage caused by the activity of Pseudomonas spp., Hafnia alvei and Serratia
spp., as dominant psychrotrophic species of the Enterobacteriaceae family
isolated from spoiled meat packed in vacuum and identified as significant AHL
producers. A large number of AHLSs is determined in refrigerated beef and poultry
meat stored in aerobic conditions, in a situation where a high concentration of
Pseudomonadaceae (108-109 CFU/g) and Enterobacteriaceae (103-104 CFU/qg)
is recorded, with significant proteolytic activity (Liu and et al., 2006).

Yuan et al. (2018) assume the role of the QS mechanism during the growth and
metabolic activity of Pseudomonas fluorescens, a frequent cause of spoilage of
milk and milk products, due to the ability of the species to synthesize AHL and
extracellular proteases. Most (84.5%) strains of psychrotrophic proteolytic
microbiota isolated from raw milk are characterized by AHL production (Pinto et
al., 2007). Although Pseudomonadaceae and Enterobacteriaceae cannot be
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isolated from pasteurized and sterilized milk, the determined prevalence of AHLs
indicates that AHLs produced by the initial microbiota of raw milk retain their
activity completely, or at least partially, after thermal treatment. The production of
alkaline metalloprotease in Pseudomonas fluorescens strain 395, which has a
pronounced proteolytic activity, is regulated by the QS system (Liu et al., 2007).
The production of extracellular lipolytic and proteolytic enzymes by Serratia
proteamaculans strain B5a is controlled by the QS system (Christensen et al.,
2003).

Quorum sensing and biofilm formation

Biofilm represents a complex ecosystem of one or more types of bacteria
immersed in an extracellular polymer matrix. It develops according to patterns of
multicellular behavior and in its final form functions as a cooperative consortium
of bacteria in a complex but coordinated manner. This sessile way of life offers
numerous advantages to associated members - greater resistance to stressful
environmental conditions, insensitivity to antimicrobial agents as well as
sanitation and disinfection agents, which makes it impossible to eradicate biofilm
from the process environment. In addition, the microbial community of the
biofilm shows a primitive homeostasis, a primitive circulatory system, the
exchange of genetic material and the principle of metabolic cooperation.

The first step in biofilm formation involves conditioning the surface of the
material and reversibly attaching cells to the same material. Then, binding
becomes irreversible and microcolonies are formed. Finally, the film acquires a
three-dimensional structure and the complex ecosystem is ready for dispersion.
The milk industry, due to the specificity of the raw substrate (fluid) and the
variety of technological processes (different temperature profiles), provides
numerous opportunities for biofilm colonization. Tanks for raw milk, pipelines,
centrifuges, duplicators for cheese, flow plate heat exchangers and packaging
machines are examples of the so-called surface substrates on which biofilms are
ideally formed. They are of particular importance since they represent a
continuous, recurring source of contamination, which in the extreme case
damages the quality and microbiological integrity of the final product.

The QS system is involved in all phases of biofilm formation: regulation of
population density, synchronization of metabolic activity, so that the activity
corresponds to the nutritional requirements, but also to the availability of the
nutrient substrate. In addition, biofilm-resident bacteria show a significantly
different genome/transcriptional program compared to free-living planktonic cells.
The role of the QS system in the formation of biofilms was investigated in most
cases in gram-negative bacteria, where acylated homoserine lactones (AHL) act as
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signaling molecules. In a situation when the AHL concentration reaches a critical
level, AHL binds to the receptor molecule and the formed complex, in response to
stressful environmental conditions, triggers the expression and secretion of
virulence factors, extracellular proteases, biofilm formation, as well as other
physiological functions (Li et al., 2018).

In vitro studies show that Salmonella spp. readily adhere to work surfaces and
form a biofilm (Coughlan et al., 2016). Salmonella spp. and E. coli do not have
the luxl gene that encodes AHL synthetase and therefore do not have the ability to
synthesize AHL. However, these microorganisms possess a LuxR homologue,
SdiA, which detects a signal produced by other bacterial species. The presence of
small concentrations of AHL produced by other bacteria induces biofilm
formation in E. coli, Salmonella enterica serovar Typhimurium and Vibrio spp.
(Jamuna Bai and Ravishankar Rai, 2016). Silagyi et al. (2009) determined that
Al2 mediates the formation of E. coli biofilm, where the activated QS system also
participates in the regulation of chemotaxis, flagella synthesis and expression of
genes responsible for motility.

The presence of C12 HSL, one of the AHL signals, affects the formation of
Salmonella Enteritidis biofilm and promotes the expression of virulence factors in
anaerobic conditions (Almeida et al., 2017). Lamas et al. (2016) establish a link
between biofilm formation by S. enterica and the expression of QS-related genes.
In Campylobacter jejuni, Al-2 synthesis plays a major role in biofilm formation
(Bezek et al., 2016). Biofilm formation in Vibrio spp. depends on several key
enzymes, involved in the biosynthesis of flagella, pila and polysaccharides, as
well as protein regulators that control the expression of the same genes (Giaouris
et al., 2015). Vibrio cholerae, V. vulnificus and V. parahaemolyticus are present in
contaminated food and water, especially seafood, where they form densely packed
biofilms, which is a key factor in their survival in the environment (Galié et al.,
2018). The QS system also controls the formation of biofilms in gram-positive
foodborne pathogenic bacteria: L. monocytogenes, Clostridium perfringens and B.
cereus (Coughlan et al., 2016). L. monocytogenes forms biofilms on abiotic
surfaces in community with other bacteria, such as Pseudomonas spp. and E. coli
(Giaouris et al., 2015). It was found that lactose induces biofilm formation in B.
cereus, in a way that increases the production of Al-2 molecules (Duanis-Assaf et
al., 2015). The Agr QS system in S. aureus differs from other QS systems since it
has been proven that the expression of Agr leads to the down-regulation of genes
responsible for bacterial adhesion. Thus, the expression of Agr reduces the
adhesion potential of bacteria and indirectly affects the reduced capacity of
biofilm formation.
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Inhibition of QS system

As the QS system relies on the creation and transfer of small signaling molecules
between bacteria, it is realistic to expect that the same molecules (Al) can be used
to control the growth and survival of bacteria, as well as to modulate their
virulence profile. Inhibition of the QS system, a mechanism known as "Quorum
Quenching” (QQ), represents a new strategy in the control of specific bacterial
phenotypes (bioluminescence, biofilm formation, virulence, swarming effect).
There are several possible ways of inhibiting the QS system:

1. Inhibition of AHL synthesis,

2. Degradation of AHL signal by enzyme activity (AHL-acylase and AHL-

lactonase)
3. Interference with receptors or blocking of the AHL/receptor complex
(Lade et al., 2014).

4. Post-transcriptional control of QS enzymes via SRNA.
Natural (isolated from various sources) and synthetic QS inhibitors are intensively
studied. Extracts of different herbs show great potential. Methanolic extract of
mango leaves reduces the production of protease, elastase, pyocyanin, as well as
exopolysaccharides, and the swarming effect and biofilm formation in
Pseudomonas aeruginosa (Husain et al., 2017). In the study of the same authors,
more than 14 ingredients, including trifluoromethylketones and phenothiazines,
were identified in the extract of mango leaves, with possible anti-QS action,
namely by inhibiting "efflux” pumps, although it is very likely that they act on
more than one target site.
Teas, especially polyphenols extracted from tea leaves, represent a traditional
source of natural components, which have recently been intensively tested as
possible anti-QS agents. Epigallocatechin gallate, the most abundant polyphenolic
antioxidant metabolite from green tea, shows a strong inhibitory effect in relation
to the expression of genes (biofilm formation, and motility) regulated by the QS
system of E. coli (Lee et al., 2009). Spices such as black pepper, garlic, cumin and
cinnamon show promising results as anti-biofilm agents.
Fruits, such as cranberries, strawberries and blackberries, contain, among other
ingredients, phenols, quinones, flavonoids, alkaloids, terpenoids and
polyacetylenes, which have proven to be successful as anti-QS agents, based on
interference with AHL synthesis, inhibition of the production of Al- 2 (Bezek et
al., 2016) or down-regulation of QS-related genes.
Quercetin (present in fruits, vegetables, nuts and cereals) shows a significant
reduction of QS-dependent phenotypes of certain pathogenic food-borne bacteria
(P. aeruginosa, Y. enterocolitica and K. pneumoniae), especially biofilm
formation, exopolysaccharide production and motility (Gopu et al.,, 2015).
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Vegetables and grains such as rice, tomatoes, soybeans, onions and broccoli also
produce substances that mimic the activity of AHL signals (Jakobsen et al., 2012).
Essential oils have proven to be good inhibitors of biofilm formation, primarily
through the mechanism of AHL signal degradation or inhibition of AHL
synthesis.

As alternative sources of QS system inhibitors, bioactive components originating
from bacteria are mentioned, since it is quite certain that bacteria have adopted
this mechanism in order to provide a competitive advantage in the niches in which
they exist. In this sense, the members of soil microbiota are particularly
interesting, which have been confirmed to produce enzymes (AHL-lactonases and
AHL-acylases) capable of breaking down QS molecules, but also many so-called -
ocins, such as bacteriocins, lactocins, enterocins and nisin (Choyam et al., 2019).
Bee products are also recognized as a significant source of molecules with an anti-
QS mechanism of action, especially propolis (Bulman et al., 2011) and honey
(Maddocks and Jenkins, 2013).

One of the possible solutions in "turning off" the QS system is the application of
paraoxonases, enzymes isolated from the serum of mammals, fungi and various
plants. These enzymes block the QS system based on the hydrolysis of the lactone
ring of N-acyl homoserine lactone (AHL) (Galié et al., 2018).

CONCLUSION

The QS system regulates the expression of genes responsible for coding many
vital functions, which enable bacteria to survive in unfavorable environmental
conditions. In an effort to bring the QS system under control, numerous
antagonists of signaling molecules have been identified. It is important that food
microbiologists are aware of the importance, but also understand the QS system,
since strategies that "turn off" the quorum sensing mechanism in the bacterial
population represent an effective tool for controlling the growth of undesirable
bacteria in food.
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Caxerak

Jenan on riaBHMX LMJbeBa Mepa 0e30eqHOCTH XpaHe je moBehame MoBepema
NOTpoIIaYa y XpaHy YOIIIITe, a MECO HAPOYUTO, T€ CE CTOra MOTPOIIady IMyTeM
JIeKIapucama TMpyxkajy uHpopManuje o KBamuTeTy u 0Oe30eqHOCTH Meca.
[ToBepeme morpomiadya U 0e30€AHOCT XpaHe TMOCTATM Cy IEHTPATHO IMUTAkE Y
naHny ucxpaHe. HemaBHu pas3Boju y obnactu oOenexaBama, CICAJBUBOCTH U
nieMa OCHUTYpama KBAJIUTETa HyJE MIMPOKE TOKOBE HH(OpMAIUja JOCTYITHHX
notpomrayy. Jlekiapucame je JaHac jelaH oOJ HajIoy3JaHMjUX HauyWHa
UHpOpMICamka MOTpolIada 0 KBAJIUTETY XpaHe. 3a moTpede OBOT MCTPaKHBamba
NoJalM Cy NPUKYIUbeHH aHkeTupameM 1.000 noTpomava ca noapydyja bama Jlyke
u ['pagumke. Pesynratu oBor ncnutHBama mokasyjy na Hajsehu geo moTpornava
(98,1%) cmarpa ma meco Tpeba aa MMa JeKIapanujy ¥ CTAaTUCTHYKH HajBaKHH]jA
(p<0,05) undopmanuja Ha neknapaiyju jecte pok Tpajama (75,8% oarosopa) y
OJHOCY Ha ocTtaie uH(popMaiuje (XpaHJbUBOCT, HAYMH IPOU3BOIE, 3eMJba
nopekJyia). 3a moTpoliaye je, Takohe, 3HauajaH M HAuYMH MakoBama Mmeca (45,3%
oarosopa). Takohe, yrBphene cy crarucrtuuke 3Ha4ajHocTH paziuka (P<0,05) y
OJroBOpHMMa O TMOBepewy y uHpoManuje o O0e30eqHOCTH/KBAINTETY Meca
JOOMjEeHHNX Ha pa3IMuuTe HauMHe (Mecap, npojasail, pohak, Mo3HaHUK, KYJIHHAp).
Hcnurann MOTPOIIAYH HajBHIIIC BEPYjYy nHpopManujama 0
0e30eTHOCTH/KBAIUTETy Meca ToOujeHuX of Jiekapa/Hyrpunuonucte (53,1%), a
Hajuenthe HeyTpajgaH OJHOC HWMajy mpema uHdOpmaljamMa A00HJEHUM O]
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yIapyXema 3a 3amTuTy norpomaya (41,9%). Huje moBoJbHO paszjalimeHo Koju
TUT KHQOpPMAaIIK]ja MOTPOIIAYH HajBUIIIE TPaKe HA JeKIapalijaMa, HapouuTo Kaja
je mUTamky Meco M MPOM3BOIM O] Meca, 300T Yera je OnpaBJaHO KOHTHHYHPAHO
WCIIUTHUBAKE TIOTPOIIada, YKIbYUyjyhu COIMOJIONIKE U eKOHOMCKE (aKTope, IITa
UX MOTHBHILIE Ja KYIyjy, KOje KapaKTepHUCTUKE KBAJIUTETA 3aXTEBajy U KOJUM
M3BOpUMa HH(OpPMHUCaka HajBUIIIE BEPY]Y.

Kibyune peum: 06e30€IHOCT M KBAJIUTET Meca, OOelekaBame Meca, MOPEKIIOo
uHopmanyja.

YBOJ
O6jexTuBHE MH(POpPMAIIHjEe Y BE3H ca MPEeXpaMOHUM MPOU3BOAMMA HE TapaHTY]y
NOBEpemE MOTpoIlaya y UCTe. JempaH of INIaBHUX IMJbeBa Mepa 0e30e1HOCTH
XpaHe je moBehame MmoBepema NoTpoIIaya y XpaHy H CMambelhe HEM3BECHOCTH, T€
ce cTora MoTpollavy npyxkajy uHhopManuje 0 KBAIUTETY U 0e30eTHOCTH Meca.
[ToBepeme moTpomiadya U 0e30€AHOCT XpaHe TOCTATM Cy IEHTPATHO MUTAkE Y
nanny ucxpase (Grunert, 2005; Rohr u cap., 2005; Verbeke, 2005).
Kao kpajlbi KOpUCHHIIM Y JIaHIy TPOM3BOAIKE Meca, MOTPOIIAYH 3ay3UMajy
KJbYuHY Mo3unujy Oyayhu na ce Hamase Ha Kpajy OBOI JlaHIa, Mehytum ca
acreKkTa HWHCIHpAlMje 3a OpraHu3aldjy JaHIa BoheHy MoTpomadyuMa WIH
OpHjeHTalje MIaHUpamba TPXKUILTA, TOTPOIIAYM ce MOTy Hahu Ha MPBOM MeECTY
,»JJaHIIa BOheHOT MmoTpoiaynMa ¥ OpeHTaIvje TIaHupama TpxkumTa®. OBa apyra
NO3MIIMja YUHU TOTPaXby MOTpoIIaya 3a 6€30eTHOM U 37JpaBOM XPaHOM YOIIIITE,
U MeCOM IMoceOHO, HajBehoM MOKpeTauykoM CHaroM 3a YBOhEHE pa3IuYUTHX
UHPOPMALIMOHUX CHUCTEMa Kao IITO Cy OpeHaupame, CICIJBUBOCT M IlIeMe
ocurypama kBanureta (Gellynck u Verbeke, 2001).
VY KOHTEKCTYy CHCTeMa HCXpaHe, IMOBEPEHE je YCKO IOBE3aHO Ca PH3UKOM.
HNHTepecanTHa je TOBE3aHOCT u3Mel)y MOBepema M PHU3HMKA jep TMOBEPEHE HE
Iperno3Haje MPUCYCTBO PH3UKa. Y Clydajy MOBEpema, pU3UK ce He mpumehyje.
HcToBpeMeHo, KOJTMYMHA MTOBEPEHha Y XpaHy MOXe ce JeGHHUCATH Kao CyNpOTHA
KOJIMYMHU pu3uka ox xpane (Grunert, 2005). Hlrasuie, ogHoc usmel)y pusuka y
XpaHHU ¥ MOBEpema je 0OOpHYTO MpomopuroHaiaH jep he Jbynu Koju umajy Behu
HUBO TOBEpPEHA y CUCTEM HCXpaHe OWTH Mamke 3a0pHHYTH 3a PU3HKE U OOPHYTO
(Knight i Varland, 2005). Iuxoromuja uzmel)y noBepema u pusuka je moBe3aHa
ca TmpyxameM wuHPoOpMaIMja, jep ce TOBEPEHE MOXKE CXBATHTH Kao
UH/IMBUJYAJIHU U Cy0jeKTUBHHM OJATOBOP Ha O0JEKTUBHH U MPHIMYHO ANCTPAKTHU
nojam pusuka (Berg, 2004). Ha Taj HaunH KOMyHHKAIIM]jCKE CTpaTeTHje MOpajy
y3eTH y 003up Tpanchopmaiyjy 00jeKTUBHOT pU3HKa Y CYyOjeKTUBHH OATOBOD Y
CMHCITY TIOBEpEHA.
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HenaBuu pas3Boju y obnactu oberexaBama, CISIJBHUBOCTU W IIEMa OCUTYparmba
KBaJIUTETa HyJe IIUPOKE TOKOBE HHQOpMalMja IOCTYNHUX THoTpouiady. Y
noryiefly TMeplenuyje MoTpomada, MehyTuM, TO HHje TaKO jeIHOCTaBHO.
O6jextuBHa MHpOPMaIHja ce He pedUIeKTyje ayTOMATCKH Y MEPLEIIHjH, jép OBO
NOCJIEIHke HEe 3aBUCH CaMO OJ1 KOJIMYMHE 00jaB/beHMX HH(popmarmja, Beh u of
eMOoIMOHaTHOT caapkaja mopyke (Rosa u cap., 2006). OOGjekTHBHM caapiKaj
nopyke he pa3inuuuTo H0KMBIbABATH PA3IHUMTH MOTpomayku cermentu (Bernués
u cap., 2003; Frewer u cap., 2005; Miles u Frewer, 2001; Verbeke u Vackier,
2004). Takohe, mocroju peanHa MOTEHIMjaTHA OMACHOCT O]l NpeonTepehema
noTpomiavya uHpopmanujama. [lopehane xonumunne nHboOpManuja, Ha TPUMEpP HA
€THKETH IPOU3BOJA, MOTY IPEONTEPETUTH ETUKETy WM MAKOBambe M OTEXKaTH
W3J/IBajamke JAaTe M JKeJbeHE KOJIMUMHE HH(POpMaIHja, WU JeTHOCTaBHO IOBECTHU JI0
TOora Ja TMOjeUHIM KOjU HEeMajy BpeMeHa WM CIocoOHOocTH na obpabyjy
nH(opMaIMje TO UTHOPHIILY, a CAaMHM THM Tpou3BohaumMma omaaa 3apana 300r
CMameHe 3anHTepecoBaHocTH 3a npousBoy (Salain u Flores, 2001). Takole, nara
nH(opMmalja MOXKE WU3a3BaTH JIOCaAy M HECTPIUbEHE, Kao M TyOHTaK
caMomnoy3aama KoJ MoTpomiaya 300r Hepa3yMmMeBama O3HaKa Ha JAeKJIapaluuju
MIPOU3BO/JIA.

O3HauaBame XpaHe je CBe BXXHUJU MYT 3a JOCTABJbAE MOPYKA MMOTPOIIAYNMa O
0e30eHOCTH W HCTIpaBHOCTH Xpane. Jlyro ce, mehyrum, cmarpano na Huje
TOJUKO OMTHO OHO IITO MOTPOIIAYH KEJIE U J1a JIU aZIeKBaTHO pa3yMe]y U KOPUCTE
nHopmanje nare Ha Aekiaapanuju. I[lokazano ce ga W MOTpOIIAYM YECTO
NOTPEIIHO pa3yMejy WM IOTPEelIHO Tymade HHQOpMaluje, HIp. OHE Koje ce
OJIHOCE Ha KBAJIUTET WJIM MOPEKJIO, IITO JA0BOAU 10 (hopMUpamka OUYeKHBamba OHOT
KBaJMTEeTa KOjU MOaa Hehe OuTu mnoTBpheH cTBapHUM mHepdopMaHcama
pOM3BOJIa HaKoH moTpomke (Grunert, 2005).

Jlexnapucame je JaHac jelaH oOJ HajIoy3JaHUjUX HauyuHa WHGPOpMHCamka
NoTpoIIaya 0 KBaJUTETYy XpaHe. /o mpe HewTo BUIlle O]l AECET FOJUHa HUCY HU
NIOCTOjajI TIOCEOHU MPOMKCH O ACKJIapucamy XpaHe, Beh je nekiapucame OMIIO
CacTaBHM JICO IPOMKUCA O KBAJIUTETY MOjeAMHUX BpcTa XpaHe, HIp. [IpaBuiHuk o
kBanuTeTy mnpousBona ox meca (Ilpomuc, 1974). Ha mpocropuma PemyGiuke
Cpricke 3aKOHCKM OKBUDP KOjUM ce JAe(uHUIIE IeKIapucame XpaHe IaT je Kpo3
3akon o xpanu (IIpommc, 2017) u IlpaBunmHMK 0 mpyxkamy uHOpMalrja
notpomauynma o xpanu ([Ipomwuc, 2018). Lwm oBuX mpomuca je ga ce 3alITHUTH
3[IpaBJbe MOTpPOIIAYa, J1a MOTPOIlIay Ha OCHOBY IOJlaTaka U3 JAeKJIapalije u3BpIIH
u300p XpaHe KOjy >KeJH, 3aTUM Je(QHHUCamhe MpaBuUia KojuMa O ce crpedmiia
TEXHHMYKa MpenpeKa y MpoMeTy XpaHe U J1a ce IPUMEHOM OBHUX MPOIMKCA YIPaBiba
PU3UKOM Yy CIIy4ajy OIACHOCTH O IITETHOM JIEJOBamkby XpaHe Ha 37paBJbe
nmoTpomiava. 3a WHpOpManHje O YHNAKOBaHUM IMpeXxpaMOCHHM TMPOW3BOJIUMA
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OJITOBOPAH je CcyOjeKaT y MOCIOBaKkY XPAaHOM IMOJ YHUjUM C€ HA3MBOM, OJHOCHO
MMOCJIOBHMM MMEHOM XpaHa CTaBJba y IPOMET, a 3a MH(POPMAITH]je O HEYITaKOBaHO]
XpaHHU OJIrOBOpaH je cy0jeKaT y MoclioBamby XpaHOM KOjU IMaKyje XpaHy Ha MECTy
mpojiaje KpajieM MmoTpomady. TeKCT Jekiapaije 3a XpaHy Tpeda Ja caapiku
cieaehe mojarke: Ha3WB MOJ KOJUM C€ XpaHa CTaB/ba Ha TPXKHILTE, CIUCAK
cacTojaka, KOJWYMHY ojapeheHux cacrojaka WJIM KaTerOpHje cacTojaka, HETO
KOJIMYMHY, POK Tpajama, YCIOBE CKIAJUINTEHa W YCIOBE yNoTpede, Ha3uB U
azpecy cy0OjekTa y TMOCIOBaKky XpaHOM IO YHJUM C€ Ha3MBOM, OJHOCHO
MOCJIOBHUM MMEHOM, MECO M INPOU3BOAM OJ MECa CTaBJbajy y MPOMET, 3eMJbY
MOPEKJIa, YIYTCTBO 3a YMoTpeOy ako ce MOXKe OYEKMBATH Jja XpaHa He Ou Moria
OUTH UCTIPAaBHO MPUIPEMIbEHA U YIIOTpeOJbeHa 0e3 TaKBOT YIIYTCTBA M MOAATKE O
XpamUBO] BPEIHOCTH KOjU Tpeda Ja caapike €HEePreTCKy BPEIHOCT W KOJIMYUHY
MacTd, 3acMNeHMX MacCHHMX KHCEJIHMHA, YIJbeHUX XHJpaTa, MPOTeHHA U COJIH.
3aK0HOM O XpaHH Je(HUHHCAHU CY OIIITH YCJIOBH 3a 0€30€THOCT XpaHe U XpaHe
3a JKHBOTHIE, 00aBe3e M OJrOBOPHOCTH cy0jekara y IOCIOBaky XpaHOM U
XpaHOM 3a JKHBOTHIbE, YKIbYUyjyhu W TpaaulOHAIHE MPOU3BO/E, Ka0 U Jpyra
NUTamka OJ1 3Ha4yaja 3a 0e30eHOCT XpaHe M XpaHe 3a KUBOTHUIbE, Pajly 3aIITUTE
KMBOTAa W 3]IpaBJba JbY/AH, JKUBOTHE CpPEIHHE, IOTpomada W e(UKacHOCT
(GyHKIMOHKCAa HA TPKULITY.

[{nse paga 61O je 1a ce mMpoBepH JAa Ju mojeArnHe uHbopMaIfje Ha JeKIapalnju
yCIieBajy Ja CTBOpPE JIOJAaTHO TOBEpEHE KOJ MOoTpomavya y O0e30eqHOCT u
UCTIPAaBHOCT Meca.

MATEPUJAJIU U METOJIE

3a motpebe OBOT' HCTPaXKHMBamka, KA0 CPEACTBO KOjUM he ce MCIIUTHUBATH CTaBOBU
moTpoliaya o0 KBaJIUTETy M 0e30emHOCTH Meca KopuimheH je KBaHTUTATHBHH
VIIUTHHK.

AHKeTa je peanu3oBana y Toky 2017. u 2018. rogune, a ankeToM je 00yxBaheHO
CTaHOBHMILTBO ca mojapyuyja rpajga bame Jlyke u ['pagumke (ypOana cpenuna).
[Tomamu cy mpuKymnsbaHU CBE O MOMEHTA JIOK HUje NMpuKyrybeHo 1.000 BamumHO
NOMYHKEHUX oOpasalia aHKeTe, IITO 3HaYH Jla aHKeTe KOje HUCY Ousie MoIymheHe,
OIHOCHO TJIe HUCY JaTH OJrOBOPH Ha TMOjelMHA THUTama, HUCY Y3UMaHE Y
MOCTYIIaK o0paje mojaTaka.

Jemorpadcku nogany o y4eCHULIMMA OJJHOCE C€ Ha: CTapoCT, 00pa30Bame U IO
VYuecHunu ankere Owim cy pasnuuute crtapoctu on 20 mo mpeko 60 rongunHa, Ha
OCHOBY Yera Cy HOJIeJbeHH Y NET Tpymna (MHTEPBaJIU OJ1 JIeCeT roiuHa). Y OJHOCY
Ha oOpasoBame, HajOpojHUja TpyMa y UCTPAKUBAKY OWUIIM Cy OHU Ca CPEIHUM
obpazoBameM (53,10%), 3aTUM HUCTIUTAHUIM Ca BUCOKUM oOpazoBameM (38,9%) u
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rpyme ca HajHWKUM oOpa3oBameM. Mcnuranumm cy 6mn 45,80% sxena u 54,25%
MyIIKapana.

Xu-kBagpar TecT KopuirheH je 3a mopelerme ydecTaqocTH HemapaMeTpHjCKUX
obenexja. AHAJIM30M TPEH/IA M CTETICHOM JIETEpPMUHAIIN]Ee TTPUKA3aHU Cy CTEIICHU
cllaramba UCIUTaHUKa Ha ojpeleHy TBpamYy.

3HauajHOCT pa3nuka yTBpheHa je Ha HUBoMMa 3Ha4yajHOCTH o 5%. CraTucTuuka
aHanmM3a NoOMjeHuX pesynTara ypaheHa je y craructmykoM mnakery PrismaPad
8.00 (GraphPad Software, San Diego, California USA, www.graphpad.com).
JlobujeHu pe3yntaTH MpuKa3aHu cy TabenapHo U rpadudKu.

PE3YJITATHU U JTUCKYCHUJA
O KxBanMTETY Meca MOTPOIIayd ce HHPOPMHUINY Ha pa3IMunTe HaYWHE. JemaH of
BUX je JAeKiIapalyja Ha nmpou3Boay. Jlanac ce y BehuHu 3emasba pajiu Ha 3aIITUTH
NoTpoIIaya, ma Cy W KUXOBa MpaBa M 3aKOHCKM 3amrTuheHa. tbuxoBa mpasa
HITUTE W JpPXKaBHE OPraHU3alldje 3a 3alTHTY IOTpOoIlava, 1Ma W HEBIAJUHE
HernpoduTadbmiHe opranu3anyje (apymrsa). ¥ Pemyonumum Cprickoj neknapucame
XpaHe je o0aBe3HO u HajBehu neo morpomiaya je ymnosHar ca Tum. O ToMe roBopu
nomarak na 98,1% aHkeTMpaHUX MOTpoIIada cMarpa Ja Meco Tpeba na uma

JeKIapanyjy Ha OCHOBY Koje Oum ce crekiie onapehene mHdopmaimje o memy
(Cruka 1).

HE

IA
98,1%A

Jlerenna: Mcto cioso *— p<0,05.

Cnuka 1 [lexnapanuja Ha Mecy — ,,Mucium J1a 61U Meco Koje KyIyjem Tpedao Jia nMa
JeKnapanujy ca uapopmaimjama o memy* (n=1000)
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Ha nurame koje ce oHOCH Ha KBanUTET U Oe30eqHOCT Meca Koje Kymyjy, 56,3%
WUCMIMTaHWKA CMaTpa Ja JAeKiapandja jgaje HWHpoOpManHuje O KBAIHTETY H
6e30eHOCTH Meca Koje KyIlyjy, IITO jeé CTaTUCTHYKU 3HadajHo Behe (P<0,05) ox
Y4eCTAJIOCTH OATOBOpa Ja TakBe wHWHGOpMalHje HEe Mory jAa Jo0ujy Ha
nexmnapauuju (11,5% onrosopa). binsy jenne tpehune ucnuTanuka HUje CUTYpHA
Ia Aekjapandja aaje mHbOpMaIMje O KBAIUTETy M 0€30€THOCTH Meca Koje
Kymyjy. CraTucTuyka 3Ha4yajHOCT pa3nuka u3mely Tpu mnonyheHa onrosopa
npukazaHa je y Tabemm 1. OBo Moke na ce 00jaCHM JIOIIMM HCKYCTBOM
HOTpoIIaya ca JeKJIapUCambeM U CTBAPHUM KBAJIUTETOM XpaHE.

Ta6ena 1 [ITa 3a ucnuTaHuKe IPEACTaBIbajy HHbOpMaIije Ha aexnapanuju (N=1000)

Ja au Bam Te nundopmanuje rosope o kpaaurery | Oarosop
u 0e30eHOCTH Meca Koje Kynyjere? (%)
Jla 56,3"°
He 11,5M°
Hucam curypan/na 32,2%¢

Jlerenna: Victo cnoso ¢ — p<0,05.

[Ipema moganuma xoje naje EFSA (2019), 3a EBponicky Yaujy u Cpoujy mopexsio
xpaHe je BaxHo 3a 53% anketupanux y EVY, a 41% aunkerupanux y CpOuju. ¥V
Cpbuju je maneko BakHHja 1eHa XpaHe (61% oxarosopa) mero y EV (51%
oarosopa). [lpubmmkHO jeqHaka je BaXHOCT O€30eqHOCTH XpaHE Be3aHe 3a
pu3uKe KoH3ymMHpama Xpane ucnutanuka y EY (50%) u Cpouju (52%), xao mto
je mpuOIMKHO jeTHaKa U BaXKHOCT yKyca xpaHe npu kynoBunu (EY 49%, Cpbouja
52% wucnutanuka). 3a ankerupane y EY xpaHspuBu cactojuu XxpaHe (BUTaMMHU,
npoTeuHu, mehep, MacTH) najieko cy 3HaudajHuju (44% wucnuTaHUKa) HEro y
Cpbuju (31% wucnuranuka). Taxohe, 3a yuecHuke y aHketu u3 EY ernukum
CTAaBOBU U yBepema (Bepa, T00pOOUT KMBOTHIHA, 3AIITHTA KUBOTHE CPEIIUHE) Cy
npu KymnoBuHU XpaHe BaxHHjU (19% wucnuranumka) Hero y Cpobuju (10%
ucniutanuka) (banruh u cap., 2015).

3a moTpolmraya je HajBakHUja MHPOpMaIKja O MECy OHa KOja c€ OJHOCU Ha POK
Tpajama (75,8% oarosopa) U oOHa je CTaTUCTUYKU 3HayajHo Beha (p<0,05) ox
ocTaux MHQpOpMaluja (XpaHJbUBOCT, HAUMH MPOU3BOMLE, 3eMiba Mopekia). Of
ucnutanuka wux 30,3% cmarpa 3HaYajHUM HAUMH MPOU3BOAME, ILITO CE, Kaj je y
NUTalky CBEXKE MECO, OHOCH Ha XUTHjeHY y TOKY KJlama, o0paze Tpyna, xyiaheme
U pacename Meca. [lorpomaun mpuaajy 3Hada] W 3eMJbH TOpHjeKia meca (3a
23,4% wucnuraHuKa je OBO 3HayajHO). M3 oBor oxroBopa He Moxe ce crtehu
CazHame J1a JIM MOTPoIIay BUIIE Bepyje nomahuM mpo3Bohaurma HETO Mecy Koje
je yBe3eHO u3 Heke Jpyre 3emibe. Jeana meruna (20,5%) moTpomraya cmaTpa 1a
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6u nexnapanuja Tpebana ga caJpikKd MOJaTKe O XpaHJbUBO] BPEIHOCTH MEca, jep
je To 3a mux BaxkHa mHMopMmarmja. CrarucTHuku 3HavajHa pasnuka (p<0,05)
yrBpheHa je uamely oarosopa ,,Hauwna mpousBoame U 0AroBopa Koje ce 0OHOCE
Ha ,, XpaHJBUBOCT®, OJHOCHO ,3emipy mopekna*“ (Tabema 2). JegHa mneTruHa
(20,5%) moTpomraga cmaTpa Aa Ou Aekiapanuja Tpedanra Ja caapkKh MOJIaTKe O
XpaHJbUBO] BPEIHOCTH Meca, jep je TO 3a \mHuX BaxkHa mHpopmaruja (Tadema 2).
N3mehy cBa Tpu monyhena oaroBopa o Be3u u3mehy Oe30eqHOCTH/KBalUTETa
Meca W 3eMJbe TOpeKJIa yTBpleHa je CTaTUCTHYKH 3HaudajHa paznmka (p<0,05).
Cratuctnuky 3HadajHa pasnuka (p<0,05) yrBphena je u wu3Mmel)y Bese
0e30eTHOCT/KBAJIUTET Meca U LIEHE, 3aTUM OCTAJIUX PACTIOIOKUBUX HHPOpMAIIH]a,
pOKa Tpajama M HauWHA MTaKOBamba.

Ta6ena 2 Hajsakuuja nadopmanmja Ha gexnapaiju (n=1000)

HajBaxknuja uHpopmManuja Ha | Oarosop
JAeKJapauuju Mo MOM MHILbEY je: (%)
XpaHIBUBOCT 20,5
Hauun npousBoame 30,3A'C'D
3emuba Mmopekya 23,4°F
Pok Tpajama 75,8%PF

Jlerenna: Ucra coa ~P“PF — p<0,05; Viynau 36up je Behu ox

100% 360r MoryhHOCTH 1aBamka BHIIE OJ jeHOT OJTrOBOPA Ha MOCTABJHEHO MHUTAGE.

O 06e30eqHOCTH M KBaJUTETy Meca MOTPOIIayv c€ WH(POPMHUITY U HAa OCHOBY
uHpopMalMja Ha TMakoBawmy (Iekmapanuja). Jlekmapamuja caapku IMOAaTaKk o
3eMJBH MOPEKJIA, IIEHY U APYTe MOJaTKe 0 MECy KOju MOTy Ja Oyay oj 3Hadaja 3a
UH(POPMHCAHOCT MOTpolIaya o 0e30eIHOCTH/KBAJIUTETY Meca. 3a MOTpolIaye je,
Takohe, 3HayajaH M HauWH MakoBama Meca (45,3% oxarosopa). 3Hauajan neo
UCTHMTAaHUKA, OJHOCHO Tpeko jenHe mososuHe (51,1%) cmarpa, ogHOCHO naje
3Hayaj MOpeKIy Meca, HeyTpajiaH cTaB uma 26,7%, a npeko jenne netune (21,3%)
cMmaTpa na 3a 6e30eJHOCT/KBAIUTET Meca 3eMJba MOPEKiIa HUje 3HadajHa. M3melhy
cBa Tpu moHyheHa oaroBopa o Be3w u3Mehy Oe30emHOCTH/KBaTUTETAa Meca U
3eMJbe TOpeKia yTBpheHa je cratucTMuku 3HayajHa pasznuka  (P<0,05).
CraTuCTHYKHU 3HaYajHA pas3yivka yrBpheHa je u uzmel)y Beze 6e30€1HOCT/KBATUTET
Meca W IIeHe, 3aTUM OCTaJHX pPAacIOJOKUBUX HH(OpMalMja, poka Tpajama U
HayMHa MmakoBama. CTaTUCTUYKK 3Ha4dajHa paznuka (P<0,05) yrBphena je uzmehy
CTeIleHa cllarama OAroBopa ,,HaunH npousBoame™ U 0AroBopa Koje ce oJHoce Ha
»XPaHJBUBOCT", OJTHOCHO ,,3eMJby mopekia® (Ciuka 2). Jla cy uadopmarimje Koje
ynyhyjy Ha kBaauTeT/0€30€JHOCT Meca BakKHE MOTPOIIady TOBOPH IOJIATaK J1a je
CTENEeH clarama ca HaBeaeHHMM uHpopmarnujama onx 44,8% (uena) mo 66,9%
(pacmosiokuBOCT HHPOpPMaLIjama).
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ABC
Jlerenna: Mcra cioa “*~~ — p<0,05; mopeljeHu cy crerneHu clarama.

Cauka 2 Koje napopmanyje cMapate BaXXHHM 32 pacro3HaBame 0e30eTHOCTH/KBaJIUTETa
Mmeca?

[Mopen nuYHOT MCKyCTBAa M 3HAMma KOja C€ OJHOCE Ha ONPEACIbCHE MPUITHKOM
KyIIOBUHE Me€ca, Ka0 M Ha OCHOBY YBUJA y JEKJapalujy M Ca3Hambe U3 TEKCTa
JeKJIapanyje, MOTPOIIavH ce O KBATUTETY Meca MHPOPMHUIITY U U3 APYTUX U3BOPA.
Tako moTtpomaun y BehuHH ciydajeBa 0€30€THOCT/KBAJIMTET Meca MPENO3Hajy
aKo MMajy TOoJaTKe O OJArajuBavy, ako Te IMOAAaTKe M00HMjy Ha MECTy Mpojaje,
O3Halld OpraHcKe MpPOM3BOIAKE M M3BOpa MH(popMmamuja o mecy. M3mehy cux
noHyheHuX cTereHa cliaramka YTBphHEHa j€ CTAaTHCTHYKH 3HavajHa pas3iuka
(p<0,05) usmely yuecranoctu onrosopa (Cnuka 3).
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AB,C

Jlerenna: Mcra cinosa — p<0,05; mopelhenu cy crenenu cnarama.

Cauka 3 Pacnio3HaBame 0e30€IHOCTH/KBaIUTETa MECa Ha OCHOBY Pa3IMYUTHX
napaMeTapa

O xBanutery/0e30eHOCTH Meca MoTpolnaun ce uH(opmumy onx cHabaeBava
MecoM, pohaka, mo3HaHuka, KyiauHapa (Criuka 4). Mame moBepema 0 0coOnHama
Meca UMajy Kaja MoTU4y OJ IpoJaBlia y CyliepMapKeTy, HEero Kajga o ocoonHama
Meca a100ujy mHpopManujy y Mecapama. OUurieqHo je Ja MOTPOIIadyd HUMajy
BUIle MOTyhHOCTH [1a KOMYHHIIMPAjy ca TpPOJABIEM Yy Mecapama HEro y
cymepMmapkeruma. IlomoBuna ucnuranuka (50,2%) wuma 1moBepeme Y
uHpopmanje modujene ox pohaka, 41,6% on mosznanuka, 41,4% ox casera
kynuHapa. CTaTHCTUYKE 3HAYaJHOCTH pasliuka O TOBepewmy y HHpoOMaiuje o
0e30eaHOCTH/KBAIMTETY Meca (Mecap, mponasail, pohak, NMO3HAHUK, KyJIMHAp)
npukazane cy CiaukoMm 4. YV cBuM ciydajeBuMa nopehema CTaTUCTHYKH 3HAYajHO
mamu (P<0,05) je yBek oarosop ,,He cnaxem ce®.
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Jlerenna: Mcra ciosa —p<0,05; mopehenu cy cTerneHu ciarama.

Cunka 4 Hajsuie nosepema y mopexiio nadpopmaiimje o KBaaureTy/0e30e1H0CTH Meca
nMmare?

[Motpommaun ce nanac o 6e30e1HOCTH/KBATUTETY XpaHe HHPOPMHUILY U U3 APYTUX
n3BOpa (CpeACTBMMA jaBHOT MH(MOPMHUCAma, YAPYKEHha 3a 3allITUTY MOTpoIIaya,
caBeT Jiekapa/HyTpuionucre). Ilpema ydectamoctu oarosopa ,,He cinaxem ce®
MOTpOIIaYl MMajy HajMame TMOoBepema O HHpopMamujama Koje ce OJHOCE Ha
0e30eIHOCT/KBaIUTET Meca Koje moOujajy u3 peknama (50,2% wucnuranuka), a
3aTUM U3 HOBUHCKUX uiaHaka (47,8% ucnuranuka). [lorpomauu HajBuIie Bepyjy
uHpopmanujama o0  0e30eIHOCTM/KBAJIMTETYy  Meca  JOOHMjeHHX  Of
nexkapa/mytpunuonucte (53,1%), a Hajuenthe HeyTpanaH OJHOC HMMajy Ipema
uHpopManrjama TOOUjeHHUM O] yapyXKema 3a 3amrTuty norporrada (41,9%)
(Cruka 5). CrarucTuuka 3Ha4ajHOCT pa3nnka u3mel)y monyheHux omarosopa o
NoBepewmy MOTpomaya y uHpopMalMje U3 CpeAcTaBa jaBHOI HH(GOpMHUCambA,
yIpYXKeHba 3a 3alTUTY TOTpOIIaya U caBeTa JIeKapa/HyTPUIIMOHKICTA TTPUKA3aHU
cy Cnukom 5.

HoBuHcku unanax Pexname Cager 3a 3aLITHTY Caser
norpoiaya JeKapa/HyTPHIIHOHHCTE

@ He craxxem ce  ®Heytpanan/ua cam M Craxem ce

Jlerenta: Mcra cnosa “B¢ — p<0,05; mopelhenn cy crenenn cnarama.

Cauka 5 [Topekno nnpopmanyje o KBIUTETY U 0e30eTHOCTH Meca - ME/IUjH, jABHO
uHpOpMHUCAHE
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VY Esporickoj Yuuju (EY 28) npema ankeru EFSA (2019) motpormaun HajBuIie
noBepema MMajy y cienehe usBope nare mo omnanajyhem Husy: Hayununu (82%
oJIroBopa) > opranuszaiuje norpomaya (79%) > nossonpuBpenuuuu (69%) >
npxxaBHe wuHcutynuje (60%) > wuncruryuuje EY (58%) > HeBmagune
opraam3anuje (56%) > nosunapu (50%) > cymepmapkeTu u pectopanu (43%) >
npexpambena uniaycrpuja (36%) > crnaBHe auuHOCTH U ocole of yrunaja (19%).
Ogaj Hu3 3a CpOujy UMa HEIITO Apyrauuju peaocien: HayaHuu (81% oarosopa)
> mosporipuBpenuunu (70%) > opranuzauuje mnorpomada (68%) > apxaBHE
uHcutynuje (56%) > mnpexpambena unmyctpuja (55%) > cymepMapkeTd u
pectopanu (51%) > uncruryuuje EY (49%) > neBnanune opranuzauuje (40%) >
HoBUHapH (36%) > cnaBHe TUYHOCTU U 0cobe on yrunaja (32%) (banruh u cap.,
2015).

[otpomaun jacHo pas3niuKyjy WHGOpPMALMOHE O3HAKE Y IOTJeNy BaXXHOCTH MU
KOPUCHOCTH W W3IJIe[a)y MHOIO CIPEMHHjEe Jla KOPUCTE O3HaKe KBaJHTETa
nperpare HEro O3HaKe KBAJIMTETa BEPOJOCTOJHOCTH KajJa JOHOCE OJIYKE O
KynoBuHH Meca. OBaj Haja3 je y CKJIANy ca MPETXOJHHUM CTyaujama Koje Cy
o0jaBuiie J1a Cy MOTPOILIAYM OTBOPEHHMjH 3a KOpHIINEHEe JIaKO pasyMJbUBUX U
no3Hatux o3Haka kBanurera (Grunert, 2005; Gellynck wu cap., 2006).
Crermuduune uHpOpManMje O CISIAJBUBOCTH Cy HHUCKO pPAaHTHpPAHE y CMHUCITY
omakeHe BakHoCcTH U KoprcHoctu (Hobbs u cap., 2005).

3AK/bYYAK

[loBepeme moTpomraya MoOXKE €€ M3TpaJuTH IMyTEM OCHTypama MpOH3BOJA U
ydecHHKa y cucreMy xpaHe. Ocurypame Npou3BoJa IyTeM JeKiapanuja Ha
ambanaxu XpaHe Koje MHPOPMHIIY O OCOOMHAMa XpaHe, 36MJbU WJIM PETUOHY
HOpeKia M CIEIJbMBOCT XpaHe je BakaH CKYI OIMIUBMBUX 3HAKOBA M HM3BOPA
uHpopMalMja KojUMa TIOTPOIIAYM Bepyjy Kada mpolemyjy O0e30eaHoct u
KBAINTET XpaHE Yy BpeMe KyNoBHHE. MehyTuMm, HamMM HCIUTHBAKEM HUjE
JIOBOJBHO Da3jallllbeHO KOjU THUIl WH(pOpMalMja MOTPOLIayd HajBHILIE TPake Ha
JIeKJIapaljaMa, HapounuTo KaJia je MUTamky MECO M TPOU3BOIHN OJ1 Meca, 300T yera
je oIpaBlaHO KOHTHHYHPAHO MCIHUTHUBAKE MOTpPOIAYa, yKibydyjyhu cormomnomnike
U EKOHOMCKE (pakTope, IITa MX MOTHUBHILNE Ja KYIyjy, KOje KapaKTepUCTHUKE
KBAJIMTETA 3aXTE€BAjy U KOJUM U3BOpHUMa WH(OpMUCaa HAJBHIIIEC BEPY]Y.

Bynyha uctpaxuBama 6u ce morna (oKycHpaTH Ha CIPEMHOCT NMECHUMHUCTa Ja
mJiaTe 3a CUCTEME CIICIJbUBOCTH WJIM JTOAATHE MHPOPMAIIHje O CICIJBUBOCTH, KOje
Cy mpouMpeHe HH(pOpMalyjamMa O TMpoLeCy NPOU3BOJAKBE M Ha TMPEHU3HH]Y
KapaKkTepu3alyjy OBOT TPXKHIIHOT CErMeHTa (HIp. MECTO KYIOBHHE, TPEHYTaK
HOTPOILILE MECA).
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3axBaJIHHIIA

OBy cTyaujy moxpkano je MHHHCTapcTBO NPOCBETE, HAyKe M TEXHOJOIIKOT
pa3Boja Peny6nuke CpOuje, y ckiany ca oapendama YroBopa o (puHaHCHpamby
ucrpakuBama 202 1. rogune (0p. 451-03-68/2022-14/200143).
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Summary

One of the main goals of food safety measures is to increase consumer confidence
in food in general, and meat in particular, and therefore consumers are provided
with information about the quality and safety of meat through declaration.
Consumer confidence and food safety have become central issues in the food
chain. Recent developments in labelling, traceability and quality assurance
schemes offer a large amount of information available to the consumer. Declaring
is today one of the most reliable ways of informing consumers about food quality.
For the purposes of this study, data were collected by surveying 1,000 consumers
from the Banja Luka and Gradiska areas. The results of this survey show that the
majority of consumers (98.1%) believe that meat should have a declaration and
that the statistically most important (p<0.05) information on the declaration is the
expiration date (75.8% of responses) compared to other information (nutritional
value, method of production, country of origin). The way the meat is packaged is
also important for consumers (45.3% of responses). Also, the statistical
significantly different answers (p<0.05) were given related to the trust in
information about the safety/quality of meat obtained in different ways (butcher,
seller, relative, friend, cook). The consumers showed that they mostly believe to
information about the safety/quality of meat received from doctors/nutritionists
(53.1%), and most often have a neutral attitude towards information received from
consumer protection associations (41.9%). It is not sufficiently clarified what type
of information consumers are most looking for on declarations, especially when it
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comes to meat and meat products. Because of that, continuous examination of
consumers is needed, including sociological and economic factors, what motivates
them to buy, what quality characteristics they require and what sources of
information they believe the most.

Keywords: meat safety and quality, meat labeling, origin of information.

INTRODUCTION
Objective information regarding food products does not guarantee consumer
confidence in them. One of the main goals of food safety measures is to increase
consumer confidence in food and reduce uncertainty, and therefore provide
consumers with information about the quality and safety of meat. Consumer
confidence and food safety have become a central issue in the food chain
(Grunert, 2005; Rohr et al., 2005; Verbeke, 2005).
As end-users in the meat production chain, consumers occupy a key position since
they are at the end of this chain, however from the aspect of inspiration for a
consumer-driven chain organization or market planning orientation, consumers
can be found in the first place of a "consumer-driven chain and market planning
orientation". The latter makes consumer demand for safe and healthy food in
general, and meat in particular, the biggest driving force for the introduction of
various information systems such as branding, traceability and quality assurance
schemes (Gellynck and Verbeke, 2001).
In the context of food systems, confidence is closely related to risk. The
connection between confidence and risk is interesting because confidence does
not recognize the presence of risk. In the case of confidence, the risk is not
noticed. At the same time, the amount of confidence in food can be defined as the
opposite of the amount of food risk (Grunert, 2005). Moreover, the relationship
between food risk and confidence is inversely proportional because people who
have a higher level of confidence in the food system will be less concerned about
risks and vice versa (Knight and Varland, 2005). The dichotomy between
confidence and risk is related to the provision of information, because confidence
can be understood as an individual and subjective response to an objective and
rather unrealistic concept of risk (Berg, 2004). In this way, communication
strategies must take into account the transformation of objective risk into a
subjective response in terms of confidence.
Recent developments in labelling, traceability and quality assurance schemes offer
a large amount of information available to the consumer. In terms of consumer
perception, however, it is not so simple. Objective information is not
automatically reflected in perception, because the latter does not depend only on
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the amount of published information, but also on the emotional content of the
message (Rosa et al., 2006). The objective content of the message will be
perceived differently by different consumer segments (Bernués et al., 2003;
Frewer et al., 2005; Miles and Frewer, 2001; Verbeke and Vackier, 2004). Also,
there is a real potential danger of consumer information overload. Increased
amounts of information, for example on a product label, can overload the label or
package and make it difficult to extract the given and desired amount of
information, or simply lead to individuals who do not have the time or ability to
process the information ignoring it, and thus producers' profits decrease due to
reduced interest in the product (Salaiin and Flores, 2001). Also, the given
information can cause boredom and impatience, as well as loss of self-confidence
among consumers due to misunderstanding of the labels on the product
declaration.

Food labeling is an increasingly important way to deliver messages to consumers
about the safety and integrity of food. For a long time, however, it was considered
that it is not so important what consumers want and whether they adequately
understand and use the information given on the declaration. It has been shown
that consumers also often misunderstand or misinterpret information, e.g. those
related to quality or origin, which leads to the formation of expectations of that
quality that may not be confirmed by the actual performance of the product after
consumption (Grunert, 2005).

Declaring is today one of the most reliable ways of informing consumers about
food quality. Until a little more than ten years ago, there were no special
regulations on food declaration, but declaration was an integral part of regulations
on the quality of certain types of food, e.g. Rulebook on the quality of meat
products (Regulation, 1974). In the territory of the Republika Srpska, the legal
framework defining the declaration of food is given through the Food Law
(Regulation, 2017) and the Rulebook on providing information to consumers
about food (Regulation, 2018). The aim of these regulations is to protect the
health of the consumer, for the consumer to choose the food he wants based on the
information from the declaration, then to define the rules that would prevent
technical obstacles in the food trade, and to manage the risk in the case of a risk of
harmful effects of food by applying these regulations on consumer health. The
entity in the food business under whose business name the food is placed on the
market is responsible for information on packaged food products, and the entity in
the food business that packages the food at the point of sale to the final consumer
is responsible for information on unpackaged food. The text of the food
declaration should contain the following information: the name under which the
food is placed on the market, list of ingredients, quantity of certain ingredients or
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categories of ingredients, net quantity, shelf life, storage conditions or conditions
of use, name and address of the entity in the food business under which the meat
and meat products are placed on the market, country of origin, instructions for use
if it can be expected that the food could not be properly prepared and used without
such instructions, and information on the nutritional value, which should contain
the energy value and the amount of fat, saturated fatty acids, carbohydrates,
proteins and salt. The Food Law defines the general conditions for food and
animal feed safety, the obligations and responsibilities of subjects in the food and
animal feed business, including traditional products, as well as other issues of
importance for food and animal feed safety, in order to protect life and health of
people, the environment, consumers and the efficiency of functioning on the
market.

The goal of the study was to determine whether certain information on the
declaration manages to create additional confidence among consumers in the
safety and quality of the meat.

MATERIALS AND METHODS
For the purposes of this study, a quantitative questionnaire was used as a tool for
examining consumers' attitudes about the quality and safety of meat.
The survey was conducted in 2017 and 2018, and the survey included the
population from the area of the cities of Banja Luka and Gradiska (urban areas).
Data were collected until 1,000 validly filled survey forms were collected, which
means that surveys that were not filled in, that is, where answers to certain
questions were not given, were not included in the data processing procedure.
Demographic data on the participants refer to: age, education and gender. The
survey participants were of different ages, from 20 to over 60 years old, on the
basis of which they were divided into five groups (intervals of ten years). In
relation to education, the most numerous group in the study were those with
secondary education (53.10%), followed by respondents with higher education
(38.9%) and groups with the lowest education. Respondents were 45.80% women
and 54.25% men.
The chi-square test was used to compare the frequency of non-parametric features.
Trend analysis and the degree of determination show the degree of agreement of
respondents to a certain statement.
The significance of the differences was determined at significance levels of 5%.
The statistical analysis of the obtained results was done in the statistical package
PrismaPad 8.00 (GraphPad Software, San Diego, California USA,
www.graphpad.com). The obtained results are presented tabularly and
graphically.
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RESULTS AND DISCUSSION

Consumers are informed about the quality of meat in different ways. One of them
is the declaration on the product. Today, in most countries, efforts are being made
to protect consumers, so their rights are also legally protected. Their rights are
protected by state organizations for consumer protection, as well as non-
governmental non-profit organizations (companies). In the Republic of Srpska,
food declaration is mandatory and most consumers are familiar with it. This is
indicated by the fact that 98.1% of surveyed consumers believe that meat should
have a declaration on the basis of which certain information about it would be
obtained (Figure 1).

NO

YES
98.1%4

Legend: Same letter *— p<0.05.

Figure 1 Declaration on meat - "I think the meat I buy should have a declaration with
information about it" (n=1000)

When asked about the quality and safety of the meat they buy, 56.3% of
respondents believe that the declaration provides information about the quality
and safety of the meat they buy, which is statistically significantly higher (p<0.05)
than the frequency of responses that such information is not they can gain from
the declaration (11.5% of responses). Close to one third of respondents are not
sure that the declaration provides information about the quality and safety of the
meat they buy. The statistical significance of the differences between the three
offered answers is shown in Table 1. This can be explained by the bad experience
of consumers with the declaration and the actual quality of the food.
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Table 1 What does the information on the declaration represent for respondents (n=1000)

Does this information tell you about the quality | Answer
and safety of the meat you buy? (%)

Yes 56.3"°

No 11.57¢

Not sure 32.2%¢

Legend: Same letters B¢ — p<0.05.

According to data provided by EFSA (2019), for the European Union and Serbia,
the origin of food is important for 53% of those surveyed in the EU, and 41% of
those surveyed in Serbia. In Serbia, the price of food is far more important (61%
of responses) than in the EU (51% of responses). The importance of food safety
related to the risks of food consumption is approximately equal for respondents in
the EU (50%) and Serbia (52%), as is the importance of the taste of food when
shopping (EU 49%, Serbia 52% of respondents). For respondents in the EU, the
nutrients in food (vitamins, proteins, sugar, fats) are far more important (44% of
respondents) than in Serbia (31% of respondents). Also, for survey participants
from the EU, ethical attitudes and beliefs (religion, animal welfare, environmental
protection) are more important when buying food (19% of respondents) than in
Serbia (10% of respondents) (Balti¢ et al., 2015).

For the consumer, the most important information about meat is the one related to
the expiration date (75.8% of responses) and it is statistically significantly higher
(p<0.05) than other information (nutritional value, method of production, country
of origin). Of the respondents, 30.3% consider the method of production to be
important, which, when it comes to fresh meat, refers to hygiene during
slaughtering, processing the carcass, cooling and cutting the meat. Consumers
also emphases importance to the country of origin of the meat (for 23.4% of
respondents, this is significant). From this answer, it is not possible to understand
whether the consumer trusts domestic producers more than meat imported from
another country. One-fifth (20.5%) of consumers believe that the declaration
should contain data on the nutritional value of meat, as this is important
information for them. A statistically significant difference (p<0.05) was found
between the answer "Method of production” and the answers related to
"Nutritional value", i.e. "Country of origin™ (Table 2). One-fifth (20.5%) of
consumers believe that the declaration should contain data on the nutritional value
of meat, as this is important information for them (Table 2). A statistically
significant difference (p<0.05) was found between all three offered answers
regarding the relationship between meat safety/quality and the country of origin.
A statistically significant difference (p<0.05) was also found among the
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connection between safety/meat quality and price, followed by other available
information, shelf life and packaging method.

Table 2 The most important information on the declaration (n=1000)

In my opinion, the most important | Answer
information on the declaration is: (%)

Nutritional value 20.5™°

Method of production 30.3"¢P

Country of origin 23.4°F

Expiration date 75.85PF

Legend: Same letters #®“PF _ p<0.05; The total sum is greater than

100% due to the possibility of giving more than one answer to the question.

Consumers are also informed about the safety and quality of meat based on the
information on the packaging (declaration). The declaration contains information
about the country of origin, price and other information about the meat that may
be important for informing consumers about the safety/quality of the meat. The
way the meat is packaged is also important for consumers (45.3% of responses). A
significant part of the respondents, i.e. over half (51.1%) consider or give
importance to the origin of the meat, 26.7% have a neutral attitude, and over a
fifth (21.3%) believe that the country of origin is not important for the
safety/quality of the meat significant. A statistically significant difference
(p<0.05) was found between all three offered answers regarding the relationship
between meat safety/quality and the country of origin. A statistically significant
difference was also found among the connection between safety/meat quality and
price, followed by other available information, shelf life and packaging method. A
statistically significant difference (p<0.05) was found between the degree of
agreement between the answer "Method of production” and the answers related to
"Nutritional value”, i.e. "Country of origin" (Figure 2). The fact that the degree of
agreement with the mentioned information is from 44.8% (price) to 66.9%
(availability of information) shows that the information referring to the
quality/safety of meat is important to the consumer.
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Legend: Same letters “®¢ — p<0.05; degrees of agreement were compared.

Figure 2 What information do you consider important for establishing meat
safety/quality?

In addition to personal experience and knowledge related to the determination
when buying meat, as well as based on insight into the declaration and knowledge
from the text of the declaration, consumers are also informed about the quality of
meat from other sources. Thus, in most cases, consumers recognize the
safety/quality of meat if they have information about the breeder, if they get this
information at the point of sale, the mark of organic production and the source of
information about the meat. Between all offered degrees of agreement, a
statistically significant difference (p<0.05) was found between the frequency of
responses.
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Figure 3 Recognizing the safety/quality of meat based on different parameters

Consumers are informed about the quality/safety of meat from meat suppliers,
relatives, friends, and cooks (Figure 4). They have less confidence about the
characteristics of meat when they get it from a seller in a supermarket, than when
they get information about the characteristics of meat from butchers. It is obvious
that consumers have more opportunities to communicate with the seller in
butchers than in supermarkets. Half of the respondents (50.2%) have confidence
in information received from relatives, 41.6% from friends, 41.4% from cooks
culinary advisers. The statistical significance of the differences in confidence in
information on the safety/quality of meat (butcher, seller, relative, friend, cook) is
shown in Figure 4. In all cases of comparison, the answer "I disagree" is always
statistically significantly lower (p<0.05).
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Figure 4 From whom you have the most confidence in the origin of information about the
quality/safety of meat?

Today, consumers are also informed about food safety/quality from other sources
(public information media, consumer protection associations, advice of
doctors/nutritionists). According to the frequency of the answer "I do not agree",
consumers have the least confidence in the information related to the
safety/quality of meat that they get from advertisements (50.2% of respondents),
followed by newspaper articles (47.8% of respondents). Consumers most trust
information about the safety/quality of meat obtained from doctors/nutritionists
(53.1%), and most often have a neutral attitude towards information obtained from
consumer protection associations (41.9%) (Figure 5). The statistical significance
of the differences between the offered answers about consumer trust in
information from public media, consumer protection associations and
doctor/nutritionist councils are shown in Figure 5.
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Figure 5 Source of information on meat quality and safety - media, public information

In the European Union (EU 28), according to the EFSA survey (2019), consumers
have the most trust in the following sources, given in descending order: scientists
(82% of responses) > consumer organizations (79%) > farmers (69%) > state
institutions (60%) ) > EU institutions (58%) > non-governmental organizations
(56%) > journalists (50%) > supermarkets and restaurants (43%) > food industry
(36%) > celebrities and influential people (19%). This series has a slightly
different order for Serbia: scientists (81% of responses) > farmers (70%) >
consumer organizations (68%) > state institutions (56%) > food industry (55%) >
supermarkets and restaurants (51%) > EU institutions (49%) > non-governmental
organizations (40%) > journalists (36%) > celebrities and influential people (32%)
(Balti¢ et al., 2015).

Consumers clearly make difference regarding to information labels in terms of
importance and usefulness and appear much more willing to use search quality
labels than credibility quality labels when making meat purchasing decisions. This
finding is consistent with previous studies which reported that consumers are
more open to using easy-to-understand and familiar quality labels (Grunert, 2005;
Gellynck et al., 2006). Specific traceability information is ranked low in terms of
perceived importance and usefulness (Hobbs et al., 2005).
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CONCLUSION

Consumer confidence can be built by securing products and participants in the
food system. Product assurance through declarations on food packaging that
inform about food characteristics, country or region of origin and food traceability
Is an important set of signs and sources of information that consumers trust when
evaluating the safety and quality of food at the time of purchase. However, our
survey did not sufficiently clarify what type of information consumers are most
looking for on declarations, especially when it comes to meat and meat products,
which is why a continuous survey of consumers is justified, including sociological
and economic factors, what motivates them to buy, what quality characteristics
they require and which sources of information they trust the most.

Future research could focus on pessimists’ willingness to pay for traceability
systems or additional traceability information, which is augmented by information
on the production process and on a more precise characterization of this market
segment (e.g. place of purchase, moment of meat consumption).
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Sazetak

Sir je polutvrdi ili tvrdi proizvod mlijeka, dobiven zgruSavanjem mlijeka i
odvajanjem grusa od sirutke. Ispitivanje je obuhvatilo 46 uzoraka sira
proizvedenih na poljoprivrednim gospodarstvima i malim mini-siranama na
podru¢ju Hercegovine, s naglaskom da najvec¢i dio uzoraka potie iz juzne
submediteranske i mediteranske regije Hercegovine. Cilj istrazivanja je bio
utvrditi mikrobioloSku ispravnost i fizikalno-kemijske parametre kvalitete sireva
koji se stavljaju na trziste kao kozji svjezi sir, kozji polutvrdi sir te ov¢iji i kozji
sir iz mjeha. Od ukupnog broja analiziranih uzoraka 49,22% nije zadovoljilo
zahtjeve fizikalno-kemijskih i mikrobioloskih parametara ispitivanja, pri ¢emu
36,22% nije zadovoljilo fizikalno-kemijsku kvalitetu, a 13% mikrobioloSku zbog
poveéanog broja B glukuronidaza pozitivne Escherichia coli. Prisustvo J3
glukuronidaza pozitivne Escherichia coli u uzorcima sira ukazuje na nedovoljnu
higijenu prilikom samog tehnoloskog procesa proizvodnje sira. Patogeni
mikroorganizmi Salmonella spp i Listeria monocytogenes nisu izolirani, a broj
koagulaza pozitivnih stafilokoka i Staphylococcus aureus bio je u dozvoljenim
granicama. Ovo istrazivanje ukazuje da je neophodno ujednaciti fizikalno-
kemijske parametre u proizvodnji sira, kao i koriStenje isklju¢ivo autohtone
sirovine u proizvodnji kod individualnih malih proizvodaca i u mini siranama koje
se bave ovom proizvodnjom, kao $to je to slucaj s industrijskom proizvodnjom
ovih proizvoda u tom podrucju.

Kljuéne rije¢i: sir, mikrobioloska ispravnost, fizikalno-kemijska parametri,
Hercegovina.
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uvoD
Mlijeko je osnovni sastojak za proizvodnju sira, te kao esencijalni izvor hrane za
mladuncad znacajno se razlikuje ovisno o vrsti zivotinje od koje se dobija. U
ljudskoj prehrani svjeze mlijeko i preradevine predstavljaju vazan izvor
bjelancevina, masti i energije. Sir je hrana koja pripada skupini gotovih proizvoda
i konzumira se najceS¢e svjez. To je visoko vrijedna namirnica koja se kao
delikatesa provlaci kroz vec¢inu svjetskih kuhinja. To je polutvrdi ili tvrdi proizvod
mlijeka, dobiven zgrusavanjem mlijeka i odvajanjem grusa od sirutke. Sto se vise
sirutke odvoji, dobije se tvrdi sir. Proces proizvodnje sira jako je kompleksan, za
koji je znacajan odabir mlijeka i hladenje na 4°C da bi zavrSila baktericidna faza.
Nakon hladenja, mlijeko je potrebno toplinski obraditi i dva su moguca nacina za
to, termizacija i pasterizacija. Sir se moze proizvoditi od nepasteriziranog i
pasteriziranog mlijeka, $to ovisi o tehnici i tradiciji spravljanja i vrlo je slicna na
prostorima jugoistocne Europe, slijede¢i autohtone tradicije izrade, Uz
specifi¢nosti proizvodnje za pojedine regije i drzave ovog dijela Europe.
Sir iz mjeha je autohtoni tvrdi proizvod od mlijeka iz juznog dijela Bosne i
Hercegovine (BiH) odnosno submediteranskog dijela regije Hercegovine.
Njegova je glavna karakteristika anaerobno zrenje unutar vrece izradene od
jagnjece koze (mjesSine) po kojoj je sir i dobio ime. Tradicionalnim tehnikama
sirarstva proizvodi se od nepasteriziranog ovc¢ijeg mlijeka bez dodatka starter-
kultura, a odlikuje se dugim zrenjem $to mu u konacnici daje specifi¢na senzorna
svojstva. Lipoliza je dominantna te je biokemijskim procesima tokom zrenja sira u
vreci zivotinjske koze odgovorna za okus i miris, a proteoliza je takoder ukljucena
u stvaranje Zeljene arome sira. U usporedbi sa sirevima dozrelim u prirodnoj kori,
sirevi dozrijevani u vre¢i imaju jedinstveno jak i pikantni okus. Ova vrsta sira
zastupljena je u Hrvatskoj, BiH, Crnoj Gori i Turskoj, uz odredene razlike u
tehnoloSkom procesu proizvodnje (Tudor Kalit i sur., 2010; Ki$ i sur., 2018;
Rako i sur., 2019). Optimalno vrijeme zrenja za sir iz mjeha je 45 dana, no zbog
povecane potraznje za ovim sirom na domacéem trziStu, vrijeme sazrijevanja je
vrlo ¢esto 30 dana (Tudor Kalit i sur., 2014; Rako i sur., 2019).
Meki sirevi proizvedeni su od svjezeg mlijeka, a fermentacija se zasniva na
autohtonoj mikrobioti, koju ¢ine bakterije mlije¢ne kiseline (EC, 2003). Medutim,
zbog problema higijene, veéina sireva se danas proizvodi termizacijom (65-
68°C/5-15 sekundi) ili pasterizacijom (72°C/15 sekundi) mlijeka, uz koriStenje
odabranih starter kultura (Meyrand i Vernozy-Rozand, 1999).
Lodi i sur. (1994) su, na osnovu bakterija mlijecne kiseline, svrstali 32 vrste
svjezeg sira u 3 kategorije: sirevi sa visokim brojem bakterija mlije¢ne kiseline,
sirevi sa odsustvom bakterija mlijecne kiseline i malim brojem prirodne
mikrobiote i sirevi sa odsustvom bakterija mlije¢ne kiseline, ali sa visokim
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sadrzajem prirodne mikrobiote. Autori su zakljucili da se u prvoj kategoriji broj
patogenih bakterija naglo smanjuje tokom obrade, dok u drugoj i trec¢oj kategoriji
patogene bakterije prezivljavaju nekoliko tjedana.

S aspekta higijene hrane sir moZe da izazove oboljenja prenosiva hranom. Mlijeko
i mlijecni proizvodi su namirnice koje su cesto dovodene u Svezu sa trovanjem
hranom enterotoksinima stafilokokoka (Delbes i sur., 2006). Medutim,
enterotoksini stafilokoka nisu uvijek utvrdeni u finalnom proizvodu, iako
populacija Staphylococcus aureus dostiZe vrijednost preko 10° cfu/g sira, jer svi
sojevi stafilokoka nisu enterotoksi¢ni (Delbes i sur., 2006; Aoyama i sur., 2008).
U svjetskoj literaturi sve viSe se poklanja paznja kontaminaciji sira salmonelama i
Listeria monocytogenes. Prevalencija ovih patogenih bakterija u siru varira od
same studije, tako da za Listeria monocytogenes prevalenca iznosi od 2,1 do 4,8%
kod sireva u Italiji nakon pakiranja (Manfreda i sur., 2005). Ova bakterija
dospjeva u sir u procesu proizvodnje, tako da neki podaci govore da se prisustvo
bakterije moze inhibirati dodavanjem mlije¢no kiselinskih bakterija (Ennahar i
sur., 1998). Takode, smatra se da se listerije ¢eS¢e mogu naci kod mekih mladih
sireva, za razliku od tvrdih sireva gdje su rjede. Patogene enterobakterije, posebno
rod bakterija Salmonella i Escherichia coli (O157:H7) detektirane su u svjezim
sirevima u mnogim studijama (Colak i sur., 2007).

Najvaznije komponente u suhoj tvari mlijeka su mlije¢na mast, proteini, laktoza,
mineralne tvari i vitamini. Odredivanje vode ima veliki znacaj obzirom da ona
utjeCe na fizikalna, kemijska i nutritivna svojstva proizvoda. Ostatak predstavlja
udio suhe tvari. Jedan od osnovnih i veoma znacajnih postupaka u analitici hrane 1
prehrambenih proizvoda predstavlja odredivanje vode. U odnosu na udio vode u
bezmasnoj materiji sira, konzistenciju i gradu tjesta, sirevi se proizvode i Stavljaju
na trziste BiH pod nazivima ekstra tvrdi sir, tvrdi sir, polutvrdi sir, meki sir, svjezi
sir (Propis, 2011). Mlijecna mast je pretezno gradena od triacilglicerola, a
kvantitativno nakon njih slijede steroli, najvise kolesterol i fosfolipidi (Chow,
2008).

Cilj istrazivanja je bio utvrditi mikrobioloSku ispravnost i fizikalno-kemijske
parametre kvalitete sireva sa Hercegovacke regije, koji se stavljaju na trziste kao

kozji svjezi sir, kozji polutvrdi sir te ov¢iji 1 kozji sir iz mjeha.

MATERIJALI | METODE
Uzorci sira proizvedeni su na poljoprivrednim gospodarstvima i malim mini-
siranama na podruc¢ju Hercegovine (BiH), sa naglaskom da je najveci dio uzoraka
potekao iz juzne submediteranske i mediteranske regije Hercegovine.
Karakteristike ovog podru¢ja su najcesSce ekstenzivni nacin drzanja Zivotinja
(ovaca i koza) te trave i mediteransko bilje sa kraskih polja, koje Zivotinje jedu pri
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proizvodnji mlijeka. To autohtono mlijeko sluzi kao sirovina u proizvodnji sireva
ovog podrucja. Istrazivanjem je analizirano 46 uzoraka kozjeg svjezeg sira, kozjeg
polutvrdog sira te ov¢ijeg i kozjeg sira iz mjeha, uzorkovanih tokom tri godine
(2019-2021), a ispitivanje je vrseno u akreditiranom laboratoriju Federalni
agromediteranski zavod Mostar, BiH.
MikrobioloSko ispitivanje uzoraka sira provedeno je prema vaze¢im propisima u
BiH, Pravilniku o mikrobioloskim Kkriterijumima za hranu (Propis, 2013), te
Smjernicama za mikrobioloSke kriterijume za hranu (ASH BiH, 2013),
standardnim metodama i to:
-  BASEN ISO 6579-1 za detekciju Salmonella spp. (ISBIH, 2018a),
- BAS EN ISO 11290-1 za detekciju Listeria monocytogenes (ISBIH,
2018b),
- BAS EN ISO 6888-1 za brojanje koagulaza pozitivnih stafilokoka i
Staphylococcus aureus (ISBIH, 2005),
- BAS EN ISO 16649-2 za brojanje B glukuronidaza pozitivne Escherichia
coli (ISBIH, 2008).
Fizikalno-kemijska ispitivanja uzoraka sira vrSena su standardnim metodama i to:
- BAS EN ISO 5534 (ISBIH, 2006) za utvrdivanje udjela vode/suhe tvari,
- AOAC (1996) za utvrdivanje udjela mlije¢ne masti U Siru.
Udio mlije¢ne masti u suhoj tvari i sadrZzaj vode u nemasnoj tvari sira dobiven je
racunski (Slanovec, 1982).

REZULTATI I DISKUSIJA
Do sada su dobro poznati i opisani slucajevi kontaminacije Sireva sa mnogim
patogenim bakterijama koje mogu da budu uzrok infekcija za Covjeka: Listeria
monocytogenes, Staphylococcus aureus, Salmonella spp. i Escherichia coli
(Kousta i sur., 2010). Kontaminacija sira naj¢esce nastaje u fazi procesa pripreme,
transporta 1 ¢uvanja, tako da je vazan aktivan nadzor u procesu proizvodnje i u
prometu, radi sigurnosti ove namirnice za konzumaciju. U naSem istrazivanju,
mikrobioloSkim ispitivanjem uzoraka sira utvrden je nezadovoljavaju¢i broj P
glukuronidaza pozitivne Escherichia coli u 13% uzoraka, i to isklju¢ivo u
uzorcima svjezeg i polutvrdog kozjeg sira (>10°CFU/g do >10°CFU/g), u 6,50%
uzoraka sira utvrden je prihvatljiv broj (>10°CFU/g do <10°CFU/g), dok je
80,50% wuzoraka bilo zadovoljavajue (<10CFU/g). Vrijednosti koagulaza
pozitivnih stafilokoka i Staphylococcus aureus bile su u propisanim granicama.
Patogeni mikroorganizmi Salmonella spp i Listeria monocytogenes nisu izolirani
ni u jednom ispitivanom uzorku. Dobiveni rezultati su u korelaciji s istrazivanjem
koje je proveo niz istrazivaca Sirom Europe. Tako u uzorcima autohtonog sira iz
mjeha iz regije Hercegovine (BiH) proizvedenog od sirovog ov¢ijeg te mijeSanog
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ovc¢ijeg i kravljeg mlijeka nisu izolirani Listeria monocytogenes, Salmonella spp.,
Yersinia enterocolitica i Staphylococcus aureus, 40% uzoraka sadrZavalo je
poveéan broj Escherichia coli, a u 60% uzoraka utvrdene su enterobakterije (Kis i
sur., 2018). Dobijeni rezultati po pitanju Salmonella spp. i Listeria monocytogenes
u skladu su s rezultatima Goli¢ i sur. (2014). Isti autori su ispitivanjem bijelog
ov¢ijeg sira utvrdili u 36,40% uzoraka povecan broj B glukuronidaza pozitivne
Escherichia coli, a kod 18,10% uzoraka povecan broj koagulaza pozitivnih
stafilokoka. Nalaz kolonija B glukuronidaza pozitivne Escherichia coli u nasem
slucaju pokazatelj je loSe higijene procesa proizvodnje. Ispitivanjem Vlasi¢kog
sira porijeklom iz BiH, uzetih iz domacinstava koja se bave tradicionalnom
proizvodnjom ovog sira od sirovog ov¢ijeg i kravljeg mlijeka, uz dodatak soli,
utvrdeno je prisustvo koagulaza pozitivnih stafilokoka u 76% uzoraka (Goli¢ 1
sur., 2015). Vlasi¢ki sir podrzava rast stafilokoka jer se proizvodi od sirovog
mlijeka, kojima pogoduje temperatura proizvodnje ovog sira (22-30°C), dodatak
soli i period zrenja od najmanje 60 dana, pa sve do 180 dana. Ovi rezultati se
razlikuju od naSih iz razloga Sto uslovi zrenja Vlasickog sira, zbog mehanizma
siriSne koagulacije, kada ne dolazi do znacajnog pada pH vrijednosti i razvoja
bakterija mlije¢ne kiseline, favorizuju rast stafilokoka, kojima dodatno, indirektno
pogoduje prisustvo soli, koja onemogucava rast konkurentskih bakterija tj.
bakterija mlije¢ne kiseline. Ispitivanjem Sjenickog autohtonog sira u salamuri u
jugozapanoj Srbiji proizvedenog od sirovog ovcijeg mlijeka, tokom pracenog
perioda proizvodnje sira, broj koagulaza pozitivnih stafilokoka nije dostigao
vrijednost od 10° cfu/g (Bulajié¢ i sur., 2015), $to se podudara s rezultatima nasih
istraZzivanja. Takode, Zarate i sur. (1997) ispitivali su Staphylococcus aureus u
kozjem siru sa Tenerifa (Spanija), proizvedenog od sirovog mlijeka, bez
dodavanja startera, koji se konzumira svjez (u roku 2-3 dana) ili nakon zrenja od
60 dana. Primijeceno je povecanje Staphylococcus aureus za 2-3 log CFU/g u siru
starom dva dana, ali je nakon toga zabiljeZen brz pad.

Voda je jedan od glavnih sastojaka koji utjeCe na kvalitetu namirnica tokom
skladiStenja, transporta, prerade i sl. Posljedi¢no tome, odredivanje sadrzaja vode i
suhe tvari je jedna od najvaznijih metoda kod analize hrane. U Tablici 1 prikazani
su rezultati fizikalno-kemijskih parametara sira.
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Tablica 1 Rezultati fizikalno-kemijskih parametara sira

Vrsta sira Broj Prosjecna vrijednost i standardna devijacija

uzoraka ST % SV % SV % nr SM % SM % s7v
Eg;‘:lt‘gf' 22 54,2045,97 45,8045,97 57,8547,22 38,24+10,79 20,7046,14
Egjzjgizl sir 1 44,07+4,47 55,93+4,47 70,45%5,00 46,56%7,15 20,48+3,56
i:/rc_:lz mjeha 7 60,21+3,75 39,79+3,75 56,46+3,58 48,90+6,28 29,53+5,00
i’(')rzj'lz mjeha 6 63,74+4,35 36,26+4,35 51,80+4,69 47,25+3,02 30,14+3,08

ST % - % suhe tvari; SV % - % vode; SV % yr - % voda u nemasnoj tvari; SM % - % mast; SM % sty - %
masti u suhoj tvari;

Prosje¢na koli¢ina vode sa standardnom devijacijom u analiziranim uzorcima
iznosila je za polutvrdi kozji sir 45,80 + 5,97%, za svjezi sir kozji 55,93 + 4,47%,
za ovCiji sir iz mjeha 39,79 £ 3,75%, te za kozji sir iz mjeha 36,26 + 4,35%. Ako
se posmatra po godinama i kategoriji sira, taj omjer prosjecne vrijednosti se krece
od 38,88% za polutvrdi sir do 57,18% za svjezi kozji sir. Vaznu ulogu kod
formiranja teksture tijesta i unutarnji izgled konzumno zrelih sireva ima koli¢ina
prisutne vode. Aktivna voda uti¢e na smjer biokemijskih zbivanja, na obim
kemijsko-fizikalnih promjena tijesta, na postojanost sira pa i na njegov randman.
Tip sira treba usmjeravati pravilnim izborom odgovarajuce sirovine, pravilnom
pripremom mlijeka kao 1 odgovaraju¢im tehnoloSkim procesom. Samo u tom
slucaju moze se ocekivati, uz odgovarajucu koli¢inu vode u nemasnoj tvari sira,
da ¢e se fermentacijski procesi normalno odvijati, naravno uz pretpostavku da su
normalni i svi ostali mjerodavni faktori (Slavonec, 1982). Suha tvar koja zaostaje
nakon uklanjanja vode zapravo su ukupne krute tvari u nekoj namirnici (Nielsen,
2010). Prosjecna koli¢ina suhe tvari sa standardnom devijacijom u analiziranim
uzorcima iznosila je za polutrajni kozji sir 54,20 + 5,97%, za svjezi kozji sir 44,07
+ 4,47%, za ov¢iji sir iz mjeha 60,21 + 3,75%, te za kozji sir iz mjeha 63,74 +
4,35%. Ako se posmatra po godinama 1 kategoriji sira, taj omjer se kre¢e od
46,26% za svjezi kozji sir do 29,53% za ov¢iji sir iz mjeha. Mlije¢na mast je
maseni udio (m/m) mlijecne masti u mlijeku, pretezno gradena od triacilglicerola,
kvantitativno nakon njih slijede steroli (najvise kolesterol) i fosfolipidi. Smatra se
kako mlije¢na mast, odnosno udio mlije¢ne masti, utjeCe na okus samog mlijeka.
Prosjecna koli¢ina mlijecne masti Sa Standardnom devijacijom u ovom
istrazivanju iznosila je za polutvrdi kozji sir 38,24 + 10,79%, za svjezi kozji sir
46,56 * 7,15%, za ov¢iji sir iz mjeha 48,90 + 6,28%, te za kozji sir iz mjeha 47,25
*+ 3,02%. Ako se posmatra po godinama 1 kategoriji sira, taj omjer se kre¢e od
19,20% za svjezi kozji sir do 61,64% za kozji sir iz mjeha. Udio vode u nemasnoj
tvari sira jedan je od parametara prema kojem se sirevi mogu podijeliti na razli¢ite
vrste. Udio vode utjeCe na sazrijevanje sira tj. kod vece koli¢ine vode dolazi do
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brzih kemijskih promjena i brzeg kvarenja, izmedu ostalog uslijed pojacane
aktivnosti bakterija i enzima u vlaznom okruzenju (Nielsen, 2010). Prosje¢an udio
vode u nemasnoj tvari sira sa standardnom devijacijom u ovom istrazivanju
iznosio je za polutvrdi kozji sir 57,85 + 7,22%, za svjezi kozji sir 70,45 + 5,00%,
za ov¢iji sir iz mjeha 56,46 + 3,58%, te za kozji sir iz mjeha 51,80 + 4,69%. Ako
se posmatra po godinama i kategoriji sira, taj omjer se kre¢e od 52,70% za kozji
sir iz mjeha do 73,15% za svjezi kozji sir. S obzirom na udio mlije¢ne masti,
odnosno udio mlije¢ne masti u suhoj tvari sira, sirevi se prema nacionalnoj i
medunarodnoj regulativi dijele na ekstra masne, punomasne, masne, polumasne i
posne. Prosjecna koli¢ina mlije¢ne masti u suhoj tvari sa standardnom devijacijom
ovom istrazivanju iznosila je za polutvrdi kozji sir 20,70 £ 6,14%, za svjezi kozji
sir 20,48 * 3,56%, za ov¢iji sir iz mjeha 29,53 + 5,00%, te za kozji sir iz mjeha
30,14 + 3,08%. Ako se posmatra po godinama i kategoriji sira, taj omjer se krece
od 16,78% za polutvrdi sir kozji do 52,00% za kozji sir iz mjeha. Statisticki
gledano, izrazeni preko srednje vrijenosti 1 standardne devijacije, svi podaci po
kategorijama sira su u skladu s Pravilnikom o proizvodima od mlijeka i starter
kulturama (Propis, 2011) dok nisu svi specifi¢no pojedina¢ni podaci uskladeni po
parametrima ispitivanja za pojedine kategorije sira. Prosje¢ne srednje vrijednosti
bez standardne devijacije za kategorije polutvrdi kozji sir, svjezi kozji sir i ov€iji
sir iz mjeha su u skladu s odredbama pravilnika (Propis, 2011). Kategorija koziji
sir iz mjeha na nivou ispitivanja sa prosjecnom vrijednosti i standardnom
devijacijom (Tablica 1) zadovoljava odredbe pravilnika (Propis, 2011). Od
ukupno ispitanih uzoraka, ako uzmemo pojedina¢ne rezultate, najveci broj
nezadovoljavajuc¢ih uzoraka u svim kategorijama sireva je bio za parametar
sadrzaj vode u nemasnoj tvari 34,07%, Sto ispod ili iznad propisane vrijednosti za
pojedina¢nu kategoriju sira. Od ispitanih uzoraka, 2,13% uzoraka polutvrdog
masnog kozijeg sira imalo je sadrzaj mlijeCne masti u suhoj tvari 16,78%, $to je
ispod propisane vrijednosti od minimum 25% (Propis, 2011). Mali proizvodaci
sira su gotovo svi ispravno deklarirali svoje proizvode, zadovoljivsi odredbe
pravilnika (Propis, 2011). Razmatraju¢i kvalitetu analiziranih uzoraka svih
kategorija sira, 36,22% uzoraka nisu zadovoljili zahtjeve za parametar sadrzaj
vode u nemasnoj tvari i sadrzaj masti u suhoj tvari. Dobijeni rezultati za fizikalno-
kemijska istrazivanja su sli¢na istraZzivanjima drugih autora. Rezultati istrazivanja
sira kod malih individualnih proizvodaca, provedenog na podrucju centralne i
zapadne BiH, za tradicionalne ov¢ije sireve (livanjski i travnicki) uporedivi su s
naSim rezultatima. Prema rezultatima Hrkovi¢ i sar. (2011), prosjec¢ni udio suhe
tvari za livanjski sir bio je 62,88%, sadrZaj vode iznosio je 37,11%, a udio
mlije¢ne masti iznosio je 31,93%. Rezultat prosje¢nog udjela za travnicki sir za
mlije¢nu mast iznosio je 27,08%, a prosjecni udio vode odnosno suhe tvari u
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travni¢kom siru bio je 54,66% odnosno 45,34%. Rezultati naSih ispitivanja su u
skladu s ovim rezultatima, ali se dijelom razlikuju u dobijenim vrijednostima
ispitivanja. Mirecki i sur. (2015) objavili su rezultate istrazivanja fizikalno-
kemijskih svojstava Njeguskog sira, tradicionalnog ov¢ijeg sira iz Crne Gore, pri
¢emu su dobili rezultate sadrzaja mlije¢ne masti u ov¢cijem mlijeku od 4,92%, a
suhe tvari bez masti 9,46%. Sirevi pripadaju punomasnim polutvrdim sirevima,
jer imaju sadrzaj masti 29,97%, masti u suhoj tvari 51,73%, vode u nemasnoj tvari
60,07%, a sadrZzaja suhe tvari 57,93%. Ovo istraZzivanje je u korelaciji s nasSim
istazivanjem. Rezultati istrazivanja koje je proveo Drozdz (2001) u regiji Tatra na
jugu Poljske, na tradicionalnom siru Oscypek, dimljenom ope¢enom tvrdom siru
koji se proizvodi od sirovog ovcijeg mlijeka, sa sadrzajem vode prosje¢no
27,50%, sadrZzajem masti od 22,50% i sadrzajem mlijeCne masti u suhoj tvari
prosjec¢no od 31,30%, razlikuju se od rezultata naSeg istrazivanja za sir od ovcijeg
mlijeka sa sadrZzajem vode od 39,79% i sadrzajem masti od 48,90%, koji je znatno
ve¢i za ove parametre ispitivanja. Istrazivanjem fizikalno-kemijskih svojstava
punomasnog, polumasnog i posnog ov¢ijeg sira u Spaniji (Sanchez-Marcias i sur.,
2010), zakljuceno je da se sirevi opcenito razlikuju zbog fizikalnih i kemijskih
promjena koje se javljaju tokom zrenja, a na to prvenstveno utje¢e kemijski sastav
mlijeka koriStenog za proizvodnju sira. Nakon Cetrnaest dana zrenja utvrdeno je
da punomasni sir sadrzi 25% mlijeCne masti, polumasni sir 12,17% mlijene
masti, a posni sir 4,43% mlijeCne masti. Udio vode nakon cetrnaest dana kod
punomasnog sira iznosio je 44,12%, polumasni sir sadrZzavao je 50,98% vode, a
posni sir 55,15%. Prema rezultatima dobivenima u ovom istrazivanju moze se
zakljuciti da su vrijednosti fizikalno-kemijskog istrazivanja sira priblizno iste.

ZAKLJUCAK
Rezultati mikrobioloSkog ispitivanja ukazuju na potrebu poboljSanja nivoa
higijene procesa proizvodnje, s obzirom na utvrdeni broj Escherichia coli u siru,
pri ¢emu se mora voditi posebna paznja prilikom manipulacije mlijekom.
Autohtoni hercegovacki sir iz mjeha i1 svjezi sir se proizvode najcescée iz toplinski
neobradenog mlijeka, te je neophodna primjena dobre higijenske prakse, posebno
preventivnih postupaka, u svrhu smanjenja javnozdravstvenog rizika za Siroku
populaciju stanovniStva. Rizik od Escherichia coli se prvenstveno odraZava na
senzorne karakteristike sira, Sto moze ugroziti sam tehnoloski proces proizvodnje i
uticati na fizikalno-kemijske parametre kvaliteta. Sa fizikalno-kemijskog aspekta,
dobiveni analiticki podaci mogu predstavljati doprinos utvrdivanju zahtjeva
kvalitete i standardizacije proizvodnje autohtonih sireva u regiji Hercegovine.
Ovo istrazivanje ukazuje da je neophodno ujednaciti fizikalno-kemijske parametre
u proizvodniji sira, kao i koriStenje isklju¢ivo autohtone sirovine u proizvodnji kod
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individualnih malih proizvodaca i u mini siranama koje se bave ovom
proizvodnjom, kao $to je to slucaj s industrijskom proizvodnjom ovih proizvoda u
tom podrucju. Time bi i potrosaci bili sigurni u proizvod koji kupuju, te bi se
stekli uvjeti za registraciju oznake kvalitete geografskog podrijetla (sir iz mjeha)
na nacionalnom nivou, a vremenom i na nivou EU.

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

Cheese is a semi-solid or solid milk product, obtained by curdling milk and
separating the curds from the whey. The examination included 46 samples of
cheese produced on agriculture farms and small mini-dairies in the territory of
Herzegovina, with the emphasis that most of the samples originate from the
southern sub-Mediterranean and Mediterranean regions of Herzegovina. The goal
of the study was to determine the microbiological safety and physicochemical
quality parameters of cheeses that are marketed as fresh goat cheese, semi-solid
goat cheese, and sheep and goat bellows cheese. Of the total number of analyzed
samples, 49.22% did not meet the requirements of the physicochemical and
microbiological parameters of the quality, where 36.22% did not meet the
physicochemical quality, and 13% did not meet the microbiological quality due to
an increased number of B glucuronidase positive Escherichia coli. The presence of
B glucuronidase positive Escherichia coli in cheese samples indicates insufficient
hygiene during the technological process of cheese production itself. Pathogenic
microorganisms Salmonella spp and Listeria monocytogenes were not isolated,
and the number of coagulase-positive staphylococci and Staphylococcus aureus
was within the permitted limits. This study indicates that it is necessary to
standardize the physicochemical parameters in the production of cheese, as well
as the use of exclusively autochthonous raw materials in the production of
individual small producers and in mini-dairies engaged in this production, as is
the case with the industrial production of these products in that area.
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INTRODUCTION

Milk is the basic ingredient for the production of cheese, and as an essential
source of food for the young, it differs significantly depending on the animal
species from which it is obtained. In the human diet, fresh milk and milk products
are an important source of proteins, fats and energy. Cheese is a food that belongs
to the group of finished products and is most often consumed fresh. It is a highly
valuable food that is used as a delicacy in most of the world's cuisines. It is a
semi-solid or solid milk product, obtained by curdling milk and separating curds
from whey. The more whey is separated, the more solid the cheese is. The cheese
production process is very complex, for which the selection of milk and cooling to
4°C to complete the bactericidal phase is important. After cooling, the milk needs
to be heat-treated and there are two possible ways to do this, thermalization and
pasteurization. Cheese can be produced from unpasteurized or pasteurized milk,
which depends on the technique and tradition of making it and is very similar in
Southeastern Europe, following autochthonous production traditions, with the
specifics of production for individual regions and countries of this part of Europe.

Bellows cheese is an autochthonous solid milk product from the southern part of
Bosnia and Herzegovina, i.e. the sub-Mediterranean part of the Herzegovina
region. Its main characteristic is anaerobic ripening inside a bag made of lamb
skin (bellow), which is how the cheese got its name. It is produced using
traditional cheesemaking techniques from unpasteurized sheep's milk without the
addition of a starter culture, and is characterized by a long ripening process, which
ultimately gives it specific sensory properties. Lipolysis is dominant and is
responsible for taste and smell through biochemical processes during cheese
ripening in the animal skin bag, and proteolysis is also involved in the creation of
the desired cheese aroma. Compared to cheeses ripened in the natural rind,
cheeses ripened in a bag have a uniquely strong and spicy taste. This type of
cheese is present in Croatia, Bosnia and Herzegovina, Montenegro and Turkey,
with certain differences in the technological production process (Tudor Kalit et
al., 2010; KiS et al., 2018; Rako et al., 2019). The optimal ripening time for cheese
from the bag is 45 days, but due to the increased demand for this cheese on the
domestic market, the ripening time is very often 30 days (Tudor Kalit et al., 2014;
Rako et al., 2019).

Soft cheeses are produced from fresh milk, and fermentation is based on
autochthonous microbiota, which consists of lactic acid bacteria (EC, 2003).
However, due to hygiene problems, most cheeses today are produced by
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thermalization (65-68°C/5-15 seconds) or pasteurization (72°C/15 seconds) of
milk, with the use of selected starter cultures (Meyrand and Vernozy-Rozand,
1999).

Lodi et al. (1994), on the basis of lactic acid bacteria, classified 32 types of fresh
cheese into 3 categories: cheeses with a high number of lactic acid bacteria,
cheeses with the absence of lactic acid bacteria and a small number of natural
microbiota, and cheeses with the absence of lactic acid bacteria, but with a high
content of natural microbiota. The authors concluded that in the first category the
number of pathogenic bacteria decreases sharply during processing, while in the
second and third categories pathogenic bacteria survive for several weeks.

From the aspect of food hygiene, cheese can cause foodborne diseases. Milk and
milk products are foods that are often associated with staphylococcal enterotoxin
food poisoning (Delbes et al., 2006). However, staphylococcal enterotoxins are
not always detected in the final product, although the population of
Staphylococcus aureus reaches a value over 105 cfu/g of cheese, because not all
staphylococcal strains are enterotoxic (Delbes et al., 2006; Aoyama et al., 2008).
In literature, more and more attention is paid to the contamination of cheese with
Salmonella and Listeria monocytogenes. The prevalence of these pathogenic
bacteria in cheese varies from study to study, so that for Listeria monocytogenes
the prevalence is from 2.1 to 4.8% in cheeses in Italy after packaging (Manfreda
et al., 2005). This bacterium gets into the cheese during the production process, so
some data suggest that the presence of the bacterium can be inhibited by adding
lactic acid bacteria (Ennahar et al., 1998). Also, it is believed that listeria can be
found more often in soft cheeses, in contrast to solid cheeses where they are less
common. Pathogenic enterobacteria, especially the genus Salmonella and
Escherichia coli (O157:H7) have been detected in fresh cheeses in many studies
(Colak et al., 2007).

The most important components in milk solids are milk fat, proteins, lactose,
minerals and vitamins. Determination of water is of great importance since it
affects the physical, chemical and nutritional properties of the product. The rest
represents the proportion of dry matter. One of the basic and very important
procedures in the analysis of food and food products is the determination of water.
In relation to the proportion of water in the fat-free matter of the cheese, the
consistency and structure of the dough, cheeses are produced and placed on the
Bosnia and Herzegovina market under the names of extra solid cheese, solid
cheese, semi-solid cheese, soft cheese, fresh cheese (Propis, 2011). Milk fat is
predominantly composed of triacylglycerols, quantitatively followed by sterols,
mostly cholesterol and phospholipids (Chow, 2008).
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The goal of the study was to determine the microbiological safety and
physicochemical quality parameters of cheeses from the Herzegovina region,
which are marketed as fresh goat cheese, semi-solid goat cheese, and sheep and
goat bellows cheese.

MATERIALS AND METHODS
The cheese samples were produced on agricultural farms and small mini-dairies in
the territory of Herzegovina (Bosnia and Herzegovina), with the emphasis that the
largest part of the samples originated from the southern sub-Mediterranean and
Mediterranean regions of Herzegovina. The characteristics of this area are mostly
the extensive way of keeping animals (sheep and goats) and the grass and
Mediterranean plants from the karst fields, which the animals eat during milk
production. This autochthonous milk serves as a raw material in the production of
cheeses from this area. In this study 46 samples of fresh goat's cheese, semi-solid
goat's cheese and sheep's and goat's bellows cheese, sampled during three years
(2019-2021) were analyzed. The analyses were obtained in the accredited
laboratory of the Federal Agro-Mediterranean Institute in Mostar, Bosnia and
Herzegovina.
Microbiological examination of cheese samples was carried out according to the
current regulations in Bosnia and Herzegovina, the Rulebook on Microbiological
Criteria for Food (Regulation, 2013), and the Guidelines for Microbiological
Criteria for Food (ASH BiH, 2013), using standard methods, namely:
- BAS EN ISO 6579-1 for the detection of Salmonella spp. (ISBIH, 2018a),
- BAS EN 1SO 11290-1 for the detection of Listeria monocytogenes (ISBIH,
2018b),
- BAS EN ISO 6888-1 for counting coagulase positive staphylococci and
Staphylococcus aureus (ISBIH, 2005),
- BAS EN ISO 16649-2 for counting B glucuronidase positive Escherichia coli
(ISBIH, 2008).
Physicochemical examinations of cheese samples were performed using standard
methods, namely:
- BAS EN ISO 5534 (ISBIH, 2006) for determining the proportion of water/dry
matter,
- AOAC (1996) for determination of milk fat content in cheese.
The proportion of milk fat in the dry matter and the water content in the non-fat
matter of the cheese were calculated (Slanovec, 1982).
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RESULTS AND DISSCUSION

Until these days, cases of cheese contamination with many pathogenic bacteria
that can cause human infections are well known and described: Listeria
monocytogenes, Staphylococcus aureus, Salmonella spp. and Escherichia coli
(Kousta et al., 2010). Contamination of cheese most often occurs during the stage
of the preparation, transport and storage process, so active monitoring in the
production process and in traffic is important for the safety of this food for
consumption. In our study, the microbiological examination of cheese samples
revealed an unsatisfactory number of B glucuronidase positive Escherichia coli in
13% of the samples, exclusively in fresh and semi-solid goat cheese samples
(>103CFU/g to >109CFU/qg), in 6.50% of the samples of cheese, an acceptable
number was determined (>102CFU/g to <103CFU/g), while 80.50% of the
samples were satisfactory (<10CFU/g). The values of coagulase positive
staphylococci and Staphylococcus aureus were within the prescribed limits.
Pathogenic microorganisms Salmonella spp and Listeria monocytogenes were not
isolated in any of the tested samples. The obtained results are in correlation with
research conducted by a number of researchers across Europe. Thus, in the
samples of autochthonous bellows cheese from the region of Herzegovina (Bosnia
and Herzegovina) produced from raw sheep's and mixed sheep's and cow's milk,
Listeria monocytogenes, Salmonella spp., Yersinia enterocolitica and
Staphylococcus aureus were not isolated, 40% of the samples contained an
increased number of Escherichia coli, and Enterobacteriaceae were found in 60 %
of the samples (Kis et al., 2018).

The obtained results regarding Salmonella spp. and Listeria monocytogenes are in
accordance with the results of Goli¢ et al. (2014). The same authors, by examining
white sheep's cheese, found an increased number of B glucuronidase positive
Escherichia coli in 36.40% of the samples, and an increased number of coagulase
positive staphylococci in 18.10% of the samples. The finding of colonies of 3
glucuronidase positive Escherichia coli in our case is an indicator of poor hygiene
in the production process. Examination of Vlasi¢ cheese originating from Bosnia
and Herzegovina, taken from households engaged in the traditional production of
this cheese from raw sheep's and cow's milk, with the addition of salt, revealed the
presence of coagulase-positive staphylococci in 76% of the samples (Goli¢ et al.,
2015). Vlasi¢ cheese supports the growth of staphylococci because it is made from
raw milk, which is favored by the production temperature of this cheese (22-
30°C), the addition of salt and a ripening period of at least 60 days and up to 180
days. These results differ from ours for the reason that the ripening conditions of
Vlasi¢ cheese, due to the mechanism of rennet coagulation, when there is no
significant drop in the pH value and the development of lactic acid bacteria, favor
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the growth of staphylococci, which are additionally, indirectly favored by the
presence of salt, which prevents the growth of competing bacteria i.e. lactic acid
bacteria. When examining Sjenica autochthonous cheese in brine in southwestern
Serbia, produced from raw sheep's milk, during the monitored period of cheese
production, the number of coagulase-positive staphylococci did not reach the
value of 105 CFU/g (Bulaji¢ et al., 2015), which coincides with the results of our
study. Also, Zarate et al. (1997) investigated Staphylococcus aureus in goat
cheese from Tenerife (Spain), produced from raw milk, without the addition of
starter, consumed fresh (within 2-3 days) or after ripening for 60 days. A 2-3 log
CFU/g increase in Staphylococcus aureus was observed in two-day-old cheese,
but a rapid decline was noted thereafter.

Water is one of the main ingredients that affects the quality of food during
storage, transportation, processing, etc. Consequently, determining the content of
water and dry matter is one of the most important methods in food analysis. Table
1 shows the results of the physicochemical parameters of the cheese.

Table 1 Results of physicochamical parameters of cheese

A Number Average value and standard deviation

type of of

cheese samlples DM % W % W % \r F % F % pm
Semi-

solid goat 22 54.20+5.97 | 45.80+5.97 57.85+7.22 | 38.24+10.79 | 20.70+6.14
cheese

Fresh

goat 11 44,07+4.47 | 55.93+4.47 70.45+5.00 46.56+7.15 20.48+3.56
cheese

Sheep

bellow 7 60.21+3.75 | 39.79+3.75 56.46+3.58 48.90+6.28 29.53+5.00
cheese

Goat

bellow 6 63.74+4.35 | 36.26+4.35 51.80+4.69 47.25+3.02 30.14+3.08
cheese

DM % - % dry matter; W % - % water; W % yg - % water in non-fat dry matter; F % - % fat; F % py - % fat
in dry matter;

The average amount of water with standard deviation in the analyzed samples was
45.80 + 5.97%, for semi-solid goat cheese, 55.93 + 4.47% for fresh goat cheese,
39.79 = 3.75% for sheep's bellow cheese, and 36.26 + 4.35% for goat bellow
cheese. If it is observed by years and category of cheese, this ratio of the average
value ranges from 38.88% for semi-solid cheese to 57.18% for fresh goat cheese.
The amount of water plays an important role in the formation of the texture of the
dough and the internal appearance of mature cheeses. Active water affects the
direction of biochemical events, the extent of chemical and physical changes in
the dough, the stability of the cheese and its performance. The type of cheese
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should be guided by the correct choice of the appropriate raw material, the correct
preparation of milk as well as the appropriate technological process. Only in this
case can it be expected, with an adequate amount of water in the non-fat content
of the cheese, that fermentation processes will take place normally, assuming that
all other relevant factors are also normal (Slavonec, 1982). The dry matter that
remains after the removal of water is actually the total solids in a food (Nielsen,
2010). The average amount of dry matter with standard deviation in the analyzed
samples was 54.20 + 5.97% for semi-solid goat cheese, 44.07 = 4.47% for fresh
goat cheese, 60.21 + 3.75 % for sheep's bellow cheese, and 63.74 = 4.35% for
goat bellow cheese. If it is observed by years and category of cheese, this ratio
ranges from 46.26% for fresh goat cheese to 29.53% for sheep's bellow cheese.
Milk fat is the mass fraction (m/m) of milk fat in milk, mainly composed of
triacylglycerols, quantitatively followed by sterols (mostly cholesterol) and
phospholipids. It is believed that milk fat, or the proportion of milk fat, affects the
taste of the milk itself. The average amount of milk fat with standard deviation in
this study was 38.24 + 10.79%, for semi-solid goat cheese, 46.56 + 7.15% for
fresh goat cheese, 48.90 + 6.28 % for sheep's bellow cheese, and 47.25 + 3.02%
for goat bellow cheese. If it is observed by years and category of cheese, this ratio
ranges from 19.20% for fresh goat cheese to 61.64% for goat bellow cheese. The
proportion of water in the non-fat content of cheese is one of the parameters
according to which cheeses can be divided into different types. The proportion of
water affects the ripening of cheese, i.e. with a larger amount of water, rapid
chemical changes and faster spoilage occur, due to, among other things, the
increased activity of bacteria and enzymes in a moist environment (Nielsen,
2010). The average ratio of water in the non-fat content of cheese with the
standard deviation in this study was 57.85 + 7.22% for semi-solid goat cheese,
70.45 + 5.00% for fresh goat cheese, 56.46 + 3.58% for sheep's bellow cheese,
and 51.80 + 4.69% for goat bellow cheese. If it is observed by years and category
of cheese, this ratio ranges from 52.70% for goat bellow cheese to 73.15% for
fresh goat cheese. According to national and international regulations, cheeses are
divided into extra-fat, full-fat, fat, semi-fat and low-fat according to the milk fat
content, i.e. the milk fat content in the dry matter of the cheese. The average
amount of milk fat in dry matter with standard deviation in this study was 20.70 £
6.14% for semi-solid goat cheese, 20.48 + 3.56% for fresh goat cheese, 29.53 +
5.00% for sheep bellow cheese, and 30.14 + 3.08% for goat bellow cheese. If
observed by age and category of cheese, this ratio ranges from 16.78% for semi-
solid goat cheese to 52.00% for goat bellow cheese. Statistically, expressed
through the mean value and standard deviation, all data by cheese category are in
accordance with the Ordinance on milk products and starter cultures (Propis,
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2011), while not all specific individual data are aligned with the test parameters
for individual cheese categories. Average mean values without standard
deviations for the categories of semi-solid goat cheese, fresh goat cheese and
sheep's bellow cheese are in accordance with the provisions of the regulations
(Propis, 2011). The category of goat bellow cheese at the test level with the
average value and standard deviation (Table 1) meets the provisions of the
regulations (Propis, 2011). Of the total tested samples, if we take the individual
results, the largest number of unsatisfactory samples in all categories of cheese
was for the parameter water content in non-fat dry matter 34.07%, which is below
or above the prescribed values for the individual category of cheese. Of the tested
samples, 2.13% of semi-solid fat goat cheese samples had a milk fat content in dry
matter of 16.78%, which is below the prescribed value of a minimum of 25%
(Propis, 2011). Almost all small cheese producers correctly declared their
products, meeting the provisions of the ordinance (Propis, 2011). Considering the
quality of the analyzed samples of all categories of cheese, 36.22% of the samples
did not meet the requirements for the parameter water content in non-fat dry
matter and fat content in dry matter. The obtained results for physicochemical
parameters are similar to the results of other authors. The results of the studies
related to cheese among small individual producers, conducted in the area of
central and western Bosnia and Herzegovina, for traditional sheep's cheeses
(Livanjski and Travnik) are comparable to our results. According to the results of
Hrkovi¢ et al. (2011), the average proportion of dry matter for Livanjski cheese
was 62.88%, the water content was 37.11%, and the proportion of milk fat was
31.93%. The result of the average ratio of milk fat for Travnik cheese was
27.08%, and the average ratio of water and dry matter in Travnik cheese was
54.66% and 45.34%, respectively. The results of our tests are consistent with
these results, but differ in part in the obtained test values. Mirecki et al. (2015)
published the results of study of the physicochemical properties of Njeguski
cheese, a traditional sheep's cheese from Montenegro, where they obtained results
of milk fat content in sheep's milk of 4.92%, and dry matter without fat of 9.46%.
The cheeses belong to full-fat semi-solid cheeses, because they have a fat content
of 29.97%, fat in dry matter 51.73%, water in non-fat dry matter 60.07%, and dry
matter content 57.93%. This research is in accordance with our study. The results
of research conducted by Drozdz (2001) in the Tatra region of southern Poland,
on the traditional Oscypek cheese, a smoked baked solid cheese produced from
raw sheep's milk, with an average water content of 27.50%, a fat content of
22.50% and with an average milk fat content of 31.30%, differ from the results of
our study for sheep's milk cheese with a water content of 39.79% and a fat content
of 48.90%, which is significantly higher for these test parameters. By
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investigating the physicochemical properties of full-fat, semi-fat and low-fat
sheep's cheese in Spain (Sanchez-Marcias et al., 2010), it was concluded that
cheeses generally differ due to physical and chemical changes that occur during
ripening, and this is primarily influenced by the chemical composition of milk
used for cheese production. After fourteen days of ripening, it was determined that
full-fat cheese contains 25% milk fat, semi-fat cheese 12.17% milk fat, and lean
cheese 4.43% milk fat. The proportion of water after fourteen days in full-fat
cheese was 44.12%, semi-fat cheese contained 50.98% water, and lean cheese
55.15%. According to the results obtained in this study, it can be concluded that
the values of physical and chemical parameters of cheese are approximately the
same.

CONCLUSION

The results of the microbiological examination indicate the need to improve the
hygiene level of the production process, considering the determined number of
Escherichia coli in the cheese, where special care must be taken when
manipulating the milk. Autochthonous Herzegovinian bellow cheese and fresh
cheese are usually produced from unheated milk, and it is necessary to apply good
hygiene practices, especially preventive procedures, in order to reduce the public
health risk for the general population. The risk of Escherichia coli is primarily
reflected in the sensory characteristics of the cheese, which can endanger the
technological production process itself and affect the physicochemical quality
parameters. From the physicochemical aspect, the obtained analytical data can
represent a contribution to determining the quality requirements and
standardization of the production of autochthonous cheeses in the region of
Herzegovina. This study indicates that it is necessary to standardize the
physicochemical parameters in the production of cheese, as well as the use of
exclusively autochthonous raw materials in the production of individual small
producers and in mini cheese factories engaged in this production, as is the case
with the industrial production of these products in that area. Thus, consumers
would be sure of the product they are buying, and the conditions would be met for
registration of the quality mark of geographical origin (bellow cheese) at the
national level, and eventually at the EU level.
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Sazetak

Kvalitet ejakulata odreduje se ispitivanjem makroskopskih (volumen, gustina,
boja, miris) i mikroskopskih svojstava sperme (koncentracija spermatozoida u 1
ml i ukupan broj spermatozoida u ejakulatu, morfologija, vitalnost, pokretljivost
spermatozoida i integritet akrozomalne membrane). Kompjuterizovana analiza
sperme (CASA - computer assisted semen analysis) je automatizovani sistem
kojim se mere pokretljivost, kinetika i koncentracija spermatozoida. Neki sistemi
imaju modifikacije za procenu morfoloskih karakteristika spermatozoida. Procena
morfoloskih osobina spermatozoida se moze izvrSiti mikroskopskim pregledom
(zastupljenost normalnih i patoloSkih spermatozoida, integritet ¢elijske membrane
spermatozoida i abnormalnosti akrozoma). Metodom po Blomu se odreduje
vitalnost semena, a ono predstavlja bojenje razmaza sperme eozinom i
nigrozinom. U savremenom govedarstvu se sve vise koristi seksirano seme bikova
(seme iz koga ¢e se najverovatnije proizvesti musko ili zensko tele). Analiza
seksiranog semena a posebno poredenje njegovog kvaliteta sa konvencionalnim
semena je sve ¢eS¢i zahtev na trziStu govedarske proizvodnje. Cilj rada bio je da
se ispita kvalitet 15 uzoraka seksiranog semena bikova, poreklom iz uvoza.
Ispitivanja su obuhvatila utvrdivanje koncentracije i kinetike CASA sistemom,
kao 1 procenu vitalnosti 1 morfoloskih osobina bojenjem po Blomu. Prosecna
koncentracija spermatozoida u 15 uzoraka bila je 19,61x10%/ml ejakulata. Ukupna
pokretljivost iznosila je 39,42%, dok je nepokretnih spermatozoida u uzorcima
bilo 60,58%. Broj morfoloski normanih spermatozoida je varirao od 2,91x10° do
6,11x10° a procenat patoloSkih spermatozoida od 8% do 28%. Uzimajuéi u obzir
dobijene rezultata i odsustvo standarda vezanih za seksirano seme u trenutno
vazec¢em Pravilniku o nainu obelezavanja sperme, nacinu vodenja evidencije o
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proizvodnji sperme, kao i uslovima koje mora da ispunjava sperma u pogledu
kvaliteta (Sluzbeni glasnik Republike Srbije, 38/14), neophodno je cesce
sprovodenje analiza seksiranog semena CASA metodom a da bi se dobili
normativi koji bi postali sastavni deo Pravilnika i time olakSali manipulaciju
seksiranim semenom na trzistu.

Kljuc¢ne redi: seksirana sperma bikova, CASA, kvalitet sperme.

uvoD

Jedan od klju¢nih ciljeva govedarske proizvodnje jeste poboljsanje reproduktivnih
parametara stada i postizanje maksimalne eksploatacije reproduktivnih kapaciteta.
Kljuéno u ostvarivanju ovih ciljeva jeste implementacija savremenih
biotehnoloskih procedura, ali i metoda za kontrolu i obezbedenje kvaliteta
semena.

Kompjuterizovana analiza sperme (CASA - computer assisted semen analysis) je
metod analize semena, koji se stalno razvija i poboljSava, omogucava uvid u
svojstva kvaliteta ejakulata, znacajnih za njihovu fertilnu sposobnost, kako
konvencionalog, tako i seksiranog semena. CASA je metoda koja se smatra
objektivnom i pouzdanom, ali relativno skupom, pa se najces¢e koristi u velikim
centrima za veStacko osemenjavanje, odnosno pri proizvodnji inseminacionih
doza od genetski superiornih bikova (Maes i sar., 2011). CASA Kkoristi analizu
slike, na osnovu koje odreduje broj, odnosno koncentraciju spermatozoida.
Tacnost ovog sistema zavisi od optickih svojstava i podeSenosti instrumenata i
softvera, ali iskljucuje greske nastale kao posledica subjektivnosti analiti¢ara
(Amann i Waberski, 2014; Finelli i sar., 2021).

Morfoloski nepromenjenih spermatozoida, u ejakulatima bikova koji se koriste za
vestacko osemenjavanje, treba da bude najmanje 70% (Menon i sar., 2011).
Sperma sa loSom morfologijom spermatozoida daje slabije rezultate veStackog
osemenjavanja, kao posledica smanjene oplodne sposobnosti sperme sa
povecanim brojem abnormalnih spermatozoida. Razli¢ite anomalije morfologije
spermatozoida, ¢elijske membrane 1 akrozoma mogu se ustanoviti histoloSkim
metodama bojenja. NajceSece je u upotrebi metoda bojenja po Blom-u (eozin-
nigrozin bojenje), na osnovu kojeg se mogu odrediti Zivi i mrtvi, odnosnho
morfoloski promenjeni spermatozoidi (WHO, 2010). Integritet akrozomalne
membrane koja pokriva 2/3 glave spermatozoida i sadrZi enzime potrebne za
penetraciju kroz oocit tokom procesa oplodnje, znacajan je pokazatelj oplodne
sposobnosti spermatozoida. Zbog toga, dobri ejakulati moraju imati vise od 51%
spermatozoida sa normalnim akrozomom (Vincent i sar., 2012). Anomalije grade
akrozoma se mogu ispitivati primenom razli¢itih metoda bojenja i pregledom
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takvih preparata fazno-kontrastnom mikroskopijom (Maes i sar., 2011) il
proto¢nom citometrijom (Vincent i sar., 2012). Duboko zamrzavanje moze
znacajno da poveca broj zivih spermatozoida sa oSteCenim akrozomom (Ugur i
sar., 2019).

Prose¢na brzina spermatozoida bika iznosi oko 100 pum u sekundi, odnosno 4-7
mm u 1 minutu. Ovom brzinom kretanja spermatozoid u jajovod krave stize za
dva sata. Kretanje se odvija rotacijom oko produzene ose s leva na desno,
frekvencijom od 3 do 15 rotacija u sekundi i sa 9 udara repom u vidu talasa.
Rotacija glave i repa se odvija u tri dimenzije uz istovremeno Kkretanje
spermatozoida unapred — progresivno kretanje (Miljkovi¢ i Veselinovié, 2005).
Pod seksiranim semenom se podrazumeva ejakulat koji je izdvojen tako da sadrzi
spermatozoide koji ¢e najverovatnoije proizvesti zeljeni pol potomstva (Seidel,
2014; Dragin i sar., 2016). Ogranicavajuci faktori za primenu seksiranog semena
je manji broj spermatozoida u dozi kojih u seksiranom semenu ima prose¢no 2
miliona u odnosu na 20 miliona koliko ih ima u konvencionalnom semenu. Neki
autori beleZze smanjenje stope koncepcije primenom seksiranog semena, kao
posledicu niskog broja spermatozoida u dozi, ali i potencijalnih fizickih ostecenja,
kao i greSaka u radu prilikom sortiranja (Frijters i sar., 2009).

Osim navedenog, nedostaci upotrebe seksiranog semena su i visoki troSkovi
nabavke i odrzavanja opreme, neophodna kvalifikovana radna snaga, spor proces
u kome se dobija mali broj spermatozoida u dozi i manji broj doza u jedinici
vremena (7-10 doza / sat), visok udeo sperme sa neodredenim polom (samo 30%
sperme je pravilno seksirano) i na kraju veca cena seksiranog semena (Frijters i
sar., 2009; Seidel, 2014).

Prednosti primene seksiranog semena su pre svega postizanje Zzeljenog pola
jedinke u visokom procentu. Navodi se da je odnos polova kod mlecnih rasa
goveda 85-90% zenske naspram 10-15% muske teladi. Znacajni su potencijali za
poboljSanje genetskog trenda u stadu, odabirom roditelja najboljih proizvodnih
potencijala 1 dobijanje Zenske teladi od najboljih krava u stadu. Takode,
zabelezeno je 1 smanjenje pojave teSkih teljenja i prate¢ih reproduktivnih
problema (Seidel, 2014).

Steele i sar. (2020) su opisali analizu seksiranog semena CASA metodom (n=15
bikova) koja je pokazala znacajno smanjene procenta progresivne pokretljivosti
brzih i sporih spermatozoida u poredenju sa konvencionalnim semenom (25,6% 1
4,3% u odnosu na 60,8% 1 13,3%, pojedinacno). Isti autor navodi da je procenat
nepokretnih spermatozoida znacajno povecan kod seksiranog semena i iznosi
64,3% u odnosu na 18,4% iste klase spermatozoida kod konvencionalnog.
Utvrdeni broj spermatozoida po dozi seksiranog semena iznosi 2,1x10°. Ova
koli¢ina je znacajno niZa od broja spermatozoida u konvencionalnoj dozi semena
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bikova koja iznosi u proseku oko 20x10°. Junice, kao i krave rase hol$tajn rase
imaju isti procenat zaceca kada su osemenjene seksiranim semenom od 2x10° ili
konvencionalnim semenom od 3,5x10° spermatozoida po dozi, medutim, ne samo
kod junica ve¢ 1 kod krava, postoji povecan procenat zaceca kada se osemene sa
konvencionalnim semenom u dozi od 15x10° spermatozoida (Macedo i sar.,
2013).

Procenat nepokretnih spermatozoida kod seksiranog semena 3 bika holStajn rase i
jednog angusa odmah posle otapanja kretala se 33%, 30%, 47% i 50% ispitano
CASA metodom, da bi posle tri sata procenat nepokretnih spermatozoida bio
53%, 71%, 77% kod holStajn rase bikova i 82% kod angusa (Brogliatti i sar.,
2003). Isti autor navodi da je procenat progresivno pokretljivin spermatozoida
odmah posle otapanja iznosio 23,1+4,9% a posle tri sat procenat je smanjen na
3,7+3,2%.

Minimalne uslove u pogledu kvaliteta semena bikova propisuje ¢lan 5. Pravilnika
o nacinu obelezavanja sperme, nacinu vodenja evidencije 0 proizvodnji sperme,
kao i o uslovima koje mora da ispunjava sperma u pogledu kvaliteta (Propis,
2014). Navedeni propis ne reguliSe pojam seksiranog semena i ne propisuje
uslove dobijanja, kao ni zahteve kvaliteta koje mora da ispuni seksirano seme u
prometu. Zahtevi savremenog trzista, na kome je seksirano seme komercijalno
dostupno namecu potrebu za zakonskom regulativom koja ¢e definisati
proizvodnju, promet, kao i uslove kvaliteta i bezbednosti ovog proizvoda.

Cilj ovog rada jeste da se ispita kvalitet seksiranog semena bikova iz uvoza
kompjuterski asistiranom analizom semena CASA.

MATERIJALI | METODE

Analiza uzoraka seksiranog semena CASA metodom i bojenje uzoraka po
Blomu

Ispitano je 15 uzoraka seksiranog semena, poreklom iz uvoza. Ispitivanja su
izvrSena na Katedri za porodiljstvo, sterilitet i veStatko osemenjavanje, Fakulteta
veterinarske medicine Univerziteta u Beogradu.

Koncentracija spermatozoida, njihova pokretljivost i brzina utvrdeni su CASA
(Computer Assisted Semen Analysis) sistemom. Za potrebe CASA koriscen je
poduzorak od 5 pl koji se nanosi na leje-komorice (Proiser D4C20, Valensija,
Spanija), duboke 20um, postavljene na grejnoj plo¢i mikroskopa. Nakon
prestanka pasivnog kretanja spermatoida, izvrseno je slikanje na svih 7 definisanih
polja komorice. Broj analiziranih spermatozoida po uzorku iznosio je od 1500-
5000, odnosno 150-250 spermatozoida po snimku. Program je podeSen na analizu
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25 slika u sekundi, sa ekspozicijom snimka od 2 sekunde (ukupno 50 slika).
Nakon obrade slike dobijeni su slede¢i parametri:

- koncentracija spermatozoida (x10% u ml i u dozi);

- procentualnu zastupljenost pojedinih  klasa spermatozoida prema
pokretljivosti (progresivno pokretni, neprogresivno prokretni i nepokretni),
kao i prema brzini (brzi, srednje brzi, spori i stati¢ni spermatozoidi).

MorfoloSke analize semena su sprovodene u cilju utvrdivanja odnosa Zzivih i
mrtvih spermatozoida, nalaza intaktnih i oSte¢enih akrozoma, protoplazmatskih
kapljica, kao i primarnih, sekundarnih i ukupno patoloskih formi spermatozoida
specificnim supravitalnim bojenjem po Blomu.

Odredivanje ukupnog broja Zivih aerobnih mikroorganizama u duboko
zamrznutom semenu bikova
Ukupan broj zZivih aerobnih mikroorganizama odredivan je standardnom metodom
ISO/TR 8607 (I1SO, 1991).

Statisticka obrada podataka
Normalna raspodela podataka je testirana koriste¢i D'Agostino & Pearson test
normalnosti. Posto su podaci bili normalno distribuisani (p>0,05) za poredenje
statisticki znacajnih razlika izmedu dve grupe koriS¢en je t-test za nezavisne
uzorke. Statisticka obrada eksperimentalnih podataka je izvrSena pomocu softvera
GraphPad Prism verzija 6 (GraphPad, San Diego, CA, USA).

REZULTATI
Rezultati ispitivanja koncentracije i pokretljivosti ispitanih uzoraka semena
utvrdeni CASA metodom prikazani su Tabeli 1.

Tabela 1 Parametri koncentracije i pokretljivosti semena utvrdeni CASA metodom

Broj

uz;)rk " lco‘g/”ml) (cho%’/‘ dgzi) (% (FO’ /E’) BS (%) | SS(%) | LP (%) | N (%) | C (%)
1 15,43 3,85 3447 | 2814 | 1850 | 951 | 634 | 6553 | 0.3
2 16,72 4,18 36,14 | 3041 | 10,76 | 1965 | 573 | 6386 | 0,00
3 17,81 4,45 40,40 | 3480 | 24,70 | 1010 | 560 | 59,60 | 0,00
4 21,72 5,43 3141 | 2259 | 1314 | 945 | 882 | 6859 | 0,00
5 12,90 3,22 3485 | 31,82 | 2424 | 758 | 308 | 6515 | 0,00
6 19,75 4,93 4554 | 4257 | 2178 | 2079 | 297 | 5446 | 0,00
7 15,40 3,85 4444 | 3810 | 2317 | 1492 | 635 | 5556 | 0,00
8 19,65 4,91 4551 | 4247 | 2158 | 2059 | 291 | 5436 | 0,00
9 17,30 4,32 41,13 | 3627 | 2881 | 7.46 | 48 | 5887 | 0,00
10 20,61 5,15 5652 | 5273 | 39,20 | 1336 | 3,79 | 4348 | 0,08
11 24,28 6,08 4242 | 3503 | 1839 | 1651 | 7,38 | 5758 | 0,13
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12 23,46 5,86 35,00 27,02 13,33 13,57 7,98 65,00 0,12
13 21,06 5,25 33,70 25,53 15,97 9,29 8,17 66,30 0,28
14 28,44 7,11 4423 | 37,66 22,31 15,13 6,57 55,77 0,23
15 19,59 4,89 25,55 19,36 12,28 7,09 6,19 74,45 0,00

Legenda: Con — koncentracija spermatozoida u mL; Con D — koncentracija spermatozida u dozi;
UP — ukupna pokretljivost; PP — progresivna pokretljivost; BS — brzi spermatozoidi; SS — spori
spermatozoidi; LP — lokalno pokretljivi spermatozoidi; N — nepokretni; C — cirkularni ili
spermatozoidi koji se kre¢u u krug;

Nakon statisticke analize gore navedenih uzoraka seksiranog semena dobijeni su
slede¢i rezultati: ispitivanjem Kkoncentracije spermatozoida u 15 uzoraka
seksiranog semena utvrdena je prose¢na koncentracija od 19,61 +3.958 x 10%/ml
cjakulata (Tabela 2). Najniza utvrdena koncentracija bila je 12,9 x 10%ml, a
najvisa 28,44 x10°ml. NajniZa koncentracija spermatozoida u dozi iznosila je
3,22x10%doza, a najveca 6,0810%/doza.

Tabela 2 Deskriptivne statisticke vrednosti analize parametara seksiranog semena -
koncentracija spermatozoida u mL [10%/mi]

Koncentracija n £ SD SE X min X max CV (%)
semena 15 19,61 3,958 1,022 12,9 28,44 20,18

Ispitivanjem pokretljivosti spermatozoida u 15 uzoraka seksiranog semena,
utvrdena je ukupna pokretljivost od 39,424+7,528%, a procenat spermatozoida koji
su bili nepokretni u uzorcima je bio 60,58+7,528% (Tabela 3).

Tabela 3 Deskriptivne statisticke vrednosti analize parametara seksiranog semena [%]

Parametar n x SD SE X min X max CV (%)
Ukupna pokretljivost 15 39,42 | 7,528 1,944 25,55 56,52 19,10
Progresivna pokretljivost 15 33,64 | 8,659 2,236 19,36 52,73 25,74
Brzi spermatozoidi 15 20,56 | 7,389 1,908 16,47 24,66 35,93
Spori spermatozoidi 15 13,01 | 4,844 1,251 7,09 20,79 37,23
Lokalna pokretljivost 15 5,783 1,927 | 0,4975 2,97 8,82 33,32
Nepokretni 15 60,58 7,528 1,944 43,48 74,45 12,43
kruzna pokretljivost 15 0,065 | 0,094 | 0,0242 0,00 0,28 145,05

Progresivna pokretljivost je varirala od 19,36% do 52,73%, a prosecne vrednosti
su iznosile 33,64+8,659%, procenat brzih spermatozoida u uzorku u proseku se
kretao 20,56+7,389% (od 10,75% do 39,29%), a procenat sporih spermatozoida u
proseku je bio 13,01%+4,844% (od 7,09% do 20,79%). ProseCan procenat
spermatozida koji se krecu u krug ispitanih uzoraka iznosio je 0,065+0,094%, a
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lokalno pokretljivih spermatozoida odnosno titranje u mestu bilo je u proseku
5,783+1,927%.

Procenat zivih spermatozoida kretao se kod ispitivanih uzoraka seksiranog semena
od 34% do 60%. Procenat promena na glavi i repu spermatozoida kretao se od 2%
do 12%, a promena na srednjem delu spermatozoida bilo je manje i iznosio je od
2% do 6%. Broj morfoloski normalnih spermatozoida u uzocima seksiranog
semena je varirao od 2,91x10° do 6,11x10°, a procenat patoloskih spermatozoida
od 8% do 28% (Tabela 4).

Tabela 4 Vrednosti citomorfolodkih parametara semena, metodom po Blomu

Promene Ukupan Broj morfolodki
. 5 . . | Promene Promene - -
Broj Zivilmrtvi na glavi na na repu broj normalnih
uzorka % % srednjem % patoloskih spermatozoida u dozi
delu % formi % (x10°)
1 44 | 56 4 / 4 8 3,55
2 40/60 4 4 8 16 3,51
3 48/52 4 2 8 14 3,83
4 60/40 8 / 4 12 4,78
5 52/48 2 2 6 10 2,91
6 58/42 / / 12 12 4,35
7 52/48 2 / 6 8 3,39
8 58/42 / / 12 12 4,32
9 56/44 4 2 8 14 3,73
10 60/40 8 / 12 20 3,50
11 44/56 8 6 8 22 4,61
12 48/52 8 2 6 16 3,55
13 40/60 6 2 2 10 4,73
14 52/48 6 2 6 14 6,11
15 34//66 12 4 12 28 3,53
DISKUSIJA

Utvrdeni broj spermatozoida po dozi seksiranog semena u nasem radu iznosi u
proseku 4,9x10°, Sto je za 57% viSe nego Sto opisuju u svom radu Macedo i sar.
(2013) gde ona iznosi 2,1x10° Brogliatti i sar. (2003) navode da je procenat
progresivno pokretljivih spermatozoida odmah posle otapanja iznosio 23,1+4,9%,
a posle tri sata procenat je smanjen na 3,7+3,2% dok smo mi u naSim
istrazivanjima dobili progresivnu pokretljivost odmah nakon otapanja uzorka
33,64+8,659%. Seidel i sar. (1997) su ustanovili radom na terenu sa seksiranim
semenom da doze za osemenjavanje junica u rasponu od 1x10° do 2,5x10°
spermatozoida daju zadovoljavajucu stopu zaceca koja iznosi od 35% do 48%.

Steele i sar. (2020) su utvrdili da je procenat progresivno pokretljivih brzih i
sporih spermatozoida iznosio 25,6% i 4,3%, dok smo mi u naSem radu utvrdili da
je procenat brzih spermatozoida iznosio 20,56%7,389% i sporih spermatozoida
13,01%=+4,844%. Dakle, u naSem radu je bio mnogo vec¢i procenat sporih
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spermatozoida nego Sto je utvrdio gore navedeni autor. Isti autor navodi da je
procenat nepokretnih spermatozoida kod seksiranog semena iznosio 64,3%, Sto je
slicno naSim rezultatima ovog parametra kvaliteta semena (60,58+7,528). Za
razliku od naSih rezultata dobili su mnogo manji procenat nepokretnih
spermatozoida kod seksiranog semena i on je iznosio 33%, 30% i 47% kod tri
bika rase holStajn i 50% kod bika rase angus.

Na osnovu Pravilnika o nacinu obelezavanja sperme, nac¢inu vodenja evidencije o

proizvodnji sperme, kao i 0 uslovima koje mora da ispunjava sperma u pogledu
kvaliteta (Propis, 2014), koji propisuje oplodnu sposobnost semena bikova nakon
odmrzavanja, progresivna pokretljivost spermatozoida treba da bude najmanje
50%, Sto ne ispunjava Cetrnaest uzoraka seksiranog semena u nasem radu, tako da
se procenat progresivne pokretljivosti kod uzoraka kretao u proseku 33,64+8,659.
Samo je jedan uzorak imao progresivnu pokretljivost veéu od 50% (52,73%). Stav
2. Pravilnika propisuje da procenat morfoloski promenjenih spermatozoida treba
da bude do 30%, Sto svi uzorci u nasem radu ispunjavaju i on iznosi manje od
28%. Stav 4. Pravilnika propisuje da broj progresivno pokretnih i morfoloski
normalnih spermatozoida u dozi posle odmrzavanja treba da bude najmanje 10
miliona, S§to nije moguce ispuniti kod seksiranog semena, jer njihova
koncentracija u dozi iznosi od 3,22 do 7,11 x10° dok je broj morfolodki
normlanih spermatozoida u uzorcima seksiranog semena varirao od 2,91x10° do
6,11x10°. Svi uzorci semena su bili bakterioloski i mikolodki negativni, $to je u
skladu stavom 5. istog Pravilnika koji propisuje da ukupan broj bakterija u uzorku
mora da bude do 500 CFU/ml.

ZAKLJUCAK

Vaze¢i Pravilnik o nacinu obelezavanja sperme, nacinu vodenja evidencije o
proizvodnji sperme, kao i 0 uslovima koje mora da ispunjava sperma u pogledu
kvaliteta (Sluzbeni glasnik Republike Srbije, 38/14) ne propisuje parametre
kvaliteta seksiranog semena. Uzimaju¢i u obzir trend povecane upotrebe
seksiranog semena od strane farmera neophodno je ¢eS¢e sprovodenje analiza
seksiranog semena CASA metodom a u cilju dobijanja normativa koji bi postali
sastavni deo Pravilnika. Time bi se olakSala manipulacija seksiranim semenom na
trzistu i utvrdili standardi za procenu kvaliteta seksiranog semena.
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Summary

The quality of the ejaculate is determined by examination of the macroscopic
(volume, density, color, smell) and microscopic properties of the sperm
(concentration of spermatozoa in 1 ml and the total number of spermatozoa in the
ejaculate, morphology, vitality, mobility of spermatozoa and integrity of the
acrosomal membrane). Computer assisted semen analysis (CASA) is an
automated system that measures sperm motility, kinetics and concentration. Some
systems have modifications for evaluating the morphological characteristics of
spermatozoa. The assessment of morphological characteristics of spermatozoa can
be performed by microscopic examination (presence of normal and pathological
spermatozoa, integrity of sperm cell membrane and acrosome abnormalities). The
Blom method, as the method of the staining of the sperm smear with eosin and
nigrosine, determines the vitality of the semen. In modern cattle breeding, sexed
bull semen (semen from which desired gender of calf will be delivered) is used
more and more. The analysis of sexed semen, and especially the comparison of its
quality with conventional semen, is an increasingly common requirement on the
cattle production market. The aim of the work was to examine the quality of 15
samples of sexed bull semen, originating from imports. The tests included
determination of concentration and Kkinetics using the CASA system, as well as
assessment of vitality and morphological characteristics by Blom staining. The
average sperm concentration in 15 samples was 19.61x10°/ml of ejaculate. The
total motility was 39.42%, while the number of immobile spermatozoa in the
samples was 60.58%. The number of morphologically normal spermatozoa varied
from 2.91x10° to 6.11x10° and the percentage of pathological spermatozoa from
8% to 28%. Taking into account the results obtained and the absence of standards
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related to sexed semen in the currently valid Regulation on the manner of marking
of sperm, the manner of keeping records on sperm production, as well as on the
conditions that must be met by animal sperm in terms of quality (Official Gazette
of the Republic of Serbia, 38/14), it is necessary to carry out more frequent
analyzes of sexed semen using the CASA method in order to obtain values that
would become an integral part of the Regulation and thereby facilitate the
manipulation of sexed semen on the market.

Keywords: sexed bull semen, CASA, sperm quality.

INTRODUCTION

One of the key goals of cattle production is to improve the reproductive
parameters of the herd and achieve the maximum exploitation of reproductive
capacities. The way to achieve these goals is the implementation of modern
biotechnological procedures, as well as methods for controlling and ensuring
semen quality.

Computer assisted semen analysis (CASA) is a method of semen analysis that is
constantly being developed and improved. It enables an insight into the
characteristics of ejaculate quality, important for their fertility, both conventional
and sexed semen. CASA is a method that is considered objective and reliable, but
relatively expensive, so it is most often used in large centers for artificial
insemination, i.e. when producing insemination doses from genetically superior
bulls (Maes et al., 2011). CASA uses image analysis, on the basis of which it
determines the number and concentration of spermatozoa. The accuracy of this
system depends on the optical properties and settings of the instruments and
software, but it excludes errors caused by the analyst's subjectivity (Amann and
Waberski, 2014; Finelli et al., 2021).

Morphologically intact spermatozoa in the ejaculates of bulls used for artificial
insemination should be at least 70% (Menon et al., 2011). Sperm with poor
morphology of spermatozoa provide poorer results of artificial insemination, as a
result of reduced fertilizing ability of sperm with an increased number of
abnormal spermatozoa. Different anomalies of the morphology of spermatozoa,
cell membrane and acrosome can be established by histological staining methods.
The Blom staining method (eosin-nigrosin staining) is most often used, on the
basis of which live and dead, or morphologically changed spermatozoa can be
determined (WHO, 2010). The integrity of the acrosomal membrane, which
covers 2/3 of the head of the spermatozoa and contains the enzymes necessary for
penetration through the oocyte during the fertilization process, is a significant
indicator of the fertilizing ability of the spermatozoa. Therefore, good ejaculates
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must have more than 51% spermatozoa with a normal acrosome (Vincent et al.,
2012). Abnormalities of the acrosome structure can be examined by applying
different staining methods and by examining with phase-contrast microscopy
(Maes et al., 2011) or flow cytometry (Vincent et al., 2012). Deep freezing can
significantly increase the number of live spermatozoa with damaged acrosome
(Ugur et al., 2019).

The average speed of bull sperm is about 100 pum per second, or 4-7 mm in 1
minute. At this speed, the sperm reaches the cow's oviducts in two hours. The
movement takes place by rotation around the extended axis from left to right, with
a frequency of 3 to 15 rotations per second and with 9 tail strikes in the form of
waves. The rotation of the head and tail takes place in three dimensions with the
simultaneous movement of spermatozoa forward - progressive movement
(Miljkovi¢ and Veselinovi¢, 2005).

Sexed semen means ejaculate that has been separated in a way that it contains
spermatozoa that will most likely produce the desired sex of the offspring (Seidel,
2014; Dragin et al., 2016). Limiting factors for the use of sexed semen are the
smaller number of spermatozoa in the dose of which there are on average 2
million in sexed semen compared to 20 million in conventional semen. Some
authors established a reduction in the conception rate using sexed semen, as a
consequence of the low number of spermatozoa in the dose, but also potential
physical damage, as well as mistakes during sorting (Frijters et al., 2009).

In addition to the above, the disadvantages of using sexed semen are the high
costs of acquiring and maintaining equipment and the necessary qualified
workforce. Also, the process that provide a small number of spermatozoa in a
dose and a smaller number of doses per unit of time (7-10 doses / hour) is slow,
there is a high proportion of sperm with undetermined gender (only 30% of sperm
are properly sexed) and, finally, sexed semen has the higher price (Frijters et al.,
2009; Seidel, 2014).

The advantages of using sexed semen are achieving the desired sex of the animal
in a high percentage. It is stated that the gender ratio in dairy breeds of cattle is
85-90% female versus 10-15% male calves. There are significant potentials for
improving the genetic trend in the herd, by selecting parents with the best
production potential and obtaining female calves from the best cows in the herd.
Also, a reduction in the occurrence of difficult calving and associated
reproductive problems was recorded (Seidel, 2014).

Steele et al. (2020) described the analysis of sexed semen using the CASA method
(n=5 bulls) which showed significantly reduced percentages of progressive
motility of fast and slow spermatozoa compared to conventional semen (25.6%
and 4.3% versus 60.8% and 13.3%, respectively). The same author states that the
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percentage of immobile spermatozoa is significantly increased in sexed semen as
it is 64.3% compared to 18.4% of the same class of spermatozoa in conventional
semen.

The determined number of spermatozoa per dose of sexed semen is 2.1x10°. This
number is significantly lower than the number of spermatozoa in a conventional
dose of bull semen, which is on average about 20x10°. Holstein heifers, as well as
cows, have the same percentage of conception when inseminated with sexed
semen of 2x10° or conventional semen of 3.5x10° spermatozoa per dose.
However, there is an increased percentage of conception when heifers, as well as
cows, are inseminated with conventional semen in a dose of 15x10° spermatozoa
(Macedo et al., 2013).

The percentage of immotile spermatozoa in the sexed semen of three Holstein and
one Angus bulls immediately after thawing was 33%, 30%, 47% and 50% tested
by the CASA method. Three hours later, the percentage of immotile spermatozoa
was 53%, 71%, 77% in Holstein bulls and 82% in Angus bull (Brogliatti et al.,
2003). The same author states that the percentage of progressively motile
spermatozoa immediately after thawing was 23.1+4.9%, and after three hours the
percentage decreased to 3.7+3.2%.

Article 5 of the Regulation on the manner of marking of sperm, the manner of
keeping records on sperm production, as well as on the conditions that must be
met by animal sperm in terms of quality (Propis, 2014) defines the minimum
conditions regarding the quality of bull semen. The mentioned Regulation does
not regulate the sexed semen at all, and consequently does not prescribe the
conditions for obtaining sexed semen, as well as the quality requirements that
must be met by sexed semen at market. The requirements of the modern market,
where sexed semen is commercially available, impose the need for regulations
that will define the production, trade, as well as the quality and safety conditions
of this product.

The aim of this work is to examine the quality of sexed semen of imported bulls
using CASA.

MATERIALS AND METHODS

Analysis of sexed semen samples using the CASA and staining of the samples
by Blom method

Fifteen samples of sexed semen, originating from imports, were tested. The tests

were performed at the Department of Obstetrics, Sterility and Aurtificial

Insemination, Faculty of Veterinary Medicine, University of Belgrade.
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Sperm concentration, motility and speed were determined by Computer assisted
semen analysis (CASA). For the purposes of CASA, a sub-sample of 5 pl was
used, which was applied to chamber beds (Proiser D4C20, Valencia, Spain), 20
pum deep, placed on the heating plate of the microscope. After the cessation of
passive movement of spermatozoa, imaging was performed on all 7 defined fields
of the chamber. The number of analyzed spermatozoa per sample was 1500-5000,
or 150-250 spermatozoa per one video. The program is set to analyze 25 images
per second, with a 2-second exposure (50 images in total). After image
processing, the following parameters were obtained:

- concentration of spermatozoa (x10° in ml and in dose);

- the percentage of individual classes of spermatozoa according to mobility
(progressively mobile, non-progressively mobile and immobile), as well as
according to speed (fast, medium speed, slow and static spermatozoa).
Morphological analyzes of semen were carried out in order to determine the
relationship between live and dead spermatozoa, findings of intact and damaged
acrosomes, protoplasmic droplets, as well as primary, secondary and overall
pathological forms of spermatozoa by specific supravital Blom staining method.

Determination of the total number of living aerobic microorganisms in deep-
frozen bull semen

The total number of living aerobic microorganisms was determined by the

standard method ISO/TR 8607 (I1SO, 1991).

Statistical data processing
The normal distribution of the data was tested using the D'Agostino & Pearson
normality test. Since the data were normally distributed (p>0.05), the t-test for
independent samples was used to compare statistically significant differences
between the two groups. Statistical processing of experimental data was
performed using GraphPad Prism version 6 software (GraphPad, San Diego, CA,
USA).

RESULTS

The results of testing the concentration and mobility of the tested semen samples
determined by the CASA method are shown in Table 1.
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Table 1 Parameters of semen concentration and mobility determined by the CASA
method

Sample | Con ConD | ™™ | PM s | M | M
No (x10%ml) | oobidozi) | @) | @) | S | o) | @) | @) | ™
1 1543 385 | 3447 | 2814 | 1850 | 951 | 634 | 6553 | 043
2 16.72 418 | 3614 | 3041 | 1076 | 1965 | 573 | 6386 | 0.00
3 17,81 445 | 4040 | 3480 | 2470 | 1010 | 560 | 59.60 | 0.00
4 2172 543 | 3L4L | 2250 | 1314 | 945 | 882 | 6859 | 0.00
5 12.90 322 | 3485 | 3182 | 2424 | 758 | 303 | 6515 | 0.00
6 19.75 493 | 4554 | 4257 | 2178 | 2079 | 297 | 5446 | 0.00
7 15.40 385 | 4444 | 3810 | 2317 | 1492 | 635 | 5556 | 0.00
8 19.65 491 | 4551 | 4247 | 2158 | 2059 | 291 | 5436 | 0.00
9 17.30 432 | 4113 | 3627 | 2881 | 746 | 486 | 5887 | 0.00
10 20,61 515 | 5652 | 5273 | 3929 | 1336 | 3.79 | 4348 | 008
1 24.28 6.08 | 4242 | 3503 | 1839 | 1651 | 7.38 | 5758 | 0.3
12 23.46 586 | 3500 | 27.02 | 1333 | 1357 | 7.98 | 6500 | 0.12
13 21.06 525 | 3370 | 2553 | 1597 | 929 | 817 | 6630 | 028
14 28.44 711 | 4423 | 37.66 | 2231 | 1513 | 657 | 5577 | 023
15 19.59 489 | 2555 | 1936 | 1228 | 7.09 | 619 | 7445 | 0.00

Legend: Con — semen concentration in mL; Con D — semen concentration in dose; TM — total
mobility; PM — progressive mobility; FS — fast spermatozoa; SS — slow spermatozoa; LM — locally
motile spermatozoa; IM — immobile; C — circular or spermatozoa that move in a circle;

After the statistical analysis of the sexed semen samples, the following results
were obtained: by examining the concentration of spermatozoa in 15 samples of
sexed semen, an average concentration of 19.61 + 3.958 x 10°/ml of ejaculate was
determined (Table 2). The lowest determined concentration was 12.9 x 10%/ml,
and the highest was 28.44 x10%ml. The lowest concentration of spermatozoa in a
dose was 3.22x10%/dose, and the highest was 6.08 x 10°/dose.

Table 2 Descriptive statistical values of the analysis of parameters of sexed semen -
concentration of spermatozoa in mL [10%/ml]

Semen n x SD SE X min X max CV (%)
concentration

15 19.61 3.958 1.022 12.9 28.44 20.18

By examining sperm motility in 15 samples of sexed semen, a total motility of
39.42+7.528% was determined, and the percentage of spermatozoa that were
immobile in the samples was 60.58+7.528% (Table 3).
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Table 3 Descriptive statistical values of the analysis of sexed semen parameters [%]

Parameter n x SD SE X min X max CV (%)
Total motility 15 39.42 | 7.528 1.944 25.55 56.52 19.10
Progressive motility 15 33.64 | 8.659 2.236 19.36 52.73 25.74
Fast spermatozoa 15 20.56 | 7.389 1.908 16.47 24.66 35.93
Slow spermatozoa 15 13.01 | 4.844 1.251 7.09 20.79 37.23
Local motility 15 5.783 | 1.927 | 0.4975 2.97 8.82 33.32
Immobile 15 60.58 | 7.528 1.944 43.48 74.45 12.43
Circular mobility 15 0.065 | 0.094 | 0.0242 0.00 0.28 145.05

Progressive motility varied from 19.36% to 52.73%, and the average values were
33.64+8.659%, the percentage of fast spermatozoa in the sample was on average
20.56+7.389% (from 10.75% to 39.29%), and the average percentage of slow
spermatozoa was 13.01+4.844% (from 7.09% to 20.79%). The average percentage
of spermatozoa that move in the circle was 0.065+0.094%, and the locally moving
spermatozoa, i.e., oscillating in place, was on average 5.783+1.927%.

The percentage of live spermatozoa ranged from 34% to 60% in the examined
samples of sexed semen. The percentage of changes in the head and tail of the
spermatozoa ranged from 2% to 12%, and the changes in the middle part of the
spermatozoa were less and amounted to 2% to 6%. The number of
morphologically normal spermatozoa in sexed semen samples varied from
2.91x10° to 6.11x10°, and the percentage of pathological spermatozoa varied from
8% to 28% (Table 4).

Table 4 Values of cytomorphological parameters of semen, by Blom's method

Number of
Changes Total morphologicall
Sample - Changes on in the Changes number of P gicaly
Live/dead % . . . normal
No head % middle | ontail % | pathological .
part % forms % spermatozoa in
dose (x10°)

1 44156 4 / 4 8 3.55

2 40/60 4 4 8 16 351

3 48/52 4 2 8 14 3.83

4 60/40 8 / 4 12 4.78

5 52/48 2 2 6 10 291

6 58/42 / / 12 12 4.35

7 52/48 2 / 6 8 3.39

8 58/42 / / 12 12 4.32

9 56/44 4 2 8 14 3.73

10 60/40 8 / 12 20 3.50

11 44/56 8 6 8 22 4.61

12 48/52 8 2 6 16 3.55

13 40/60 6 2 2 10 4.73

14 52/48 6 2 6 14 6.11

15 34//66 12 4 12 28 3.53
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DISCUSSION

The determined average number of spermatozoa per dose of sexed semen in our
study is 4.9x10° which is 57% more than described in study done by Macedo et
al. (2013) where it was 2.1x10°. Brogliatti et al. (2003) observed that the
percentage of progressively motile spermatozoa immediately after thawing was
23.1+£4.9%, and three hours later the percentage was reduced to 3.7+3.2%, while
in our study progressive motility was 33.64+8.659% immediately after sample
dissolution. While working on field with sexed semen, Seidel et al. (1997)
established that doses for insemination of heifers ranging from 1x10° to 2.5x10°
spermatozoa gave a satisfactory conception rate, that was between 35% and 48%.
Steele et al. (2020) determined that the percentage of progressively moving fast
and slow spermatozoa were 25.6% and 4.3%, respectively, while in our study the
percentage of fast spermatozoa was 20.56+£7.389% and slow spermatozoa was
13.01%=4.844%. So, in our study, there was a much higher percentage of slow
spermatozoa than the above-mentioned author determined. The same author states
that the percentage of immobile spermatozoa in sexed semen was 64.3%, which is
similar to our results of this parameter of semen quality (60.58+7.528). Contrary
to our results, they obtained a much lower percentage of immobile spermatozoa in
the sexed semen and it was 33%, 30% and 47% in three Holstein bulls and 50% in
an Angus bull.

Based on the Regulation on the manner of marking of sperm, the manner of

keeping records on sperm production, as well as on the conditions that must be
met by animal sperm in terms of quality (Propis, 2014), which prescribes the
fertilizing ability of bull semen after thawing, the progressive motility of
spermatozoa should be at least 50%, which is not fulfilled by the fourteen sexed
semen samples in our study, so that the percentage of progressive motility in the
samples was 33.64+8.659. Only one sample had progressive mobility greater than
50% (52.73%). Paragraph 2 of the Regulation prescribes that the percentage of
morphologically changed spermatozoa should be up to 30%, which all the
samples in our study fulfilled and it was amounted less than 28%. Paragraph 4 of
the Regulation prescribes that the number of progressively motile and
morphologically normal spermatozoa in a dose after thawing should be at least 10
million, which cannot be fulfilled with sexed semen, because their concentration
in a dose is from 3.22 to 7.11 x10°, while the number of morphologically normal
spermatozoa in sexed semen samples varied from 2.91x10° to 6.11x10°. All
semen samples were bacteriologically and mycologically negative, which is in
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accordance with paragraph 5 of the same Regulation, which prescribes that the
total number of bacteria in the sample must be up to 500 CFU/mL.

CONCLUSION

The valid Regulation on the manner of marking of sperm, the manner of keeping
records on sperm production, as well as on the conditions that must be met by
animal sperm in terms of quality (Official Gazette of the Republic of Serbia,
38/14) does not prescribe quality parameters for sexed semen. Taking into account
the trend of increased use of sexed semen by farmers, it is necessary to carry out
more frequent analyzes of sexed semen using the CASA method in order to obtain
norms that would become an integral part of the Regulation. This would facilitate
the manipulation of sexed semen on the market and establish standards for
assessing the quality of sexed semen.
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Sazetak

Razvoj antihelminticke rezistencije kod gastrointestinalnih nematoda ovaca na
komercijalne antihelmintike je doveo do ogromnih ekonomskih gubitaka u
mnogim delovima sveta. Zbog toga se aktivno traga za novim odrzivim
strategijama za kontrolu ovih parazita, koje ukljucuju i primenu razli¢itih
alternativa poput biljnih etarskih ulja. Cilj ovog istrazivanja je bio da se odredi
hemijski sastav etarskog ulja korijandera (Coriandrum sativum L.) i da se ispita
njegov antihelminticki potencijal protiv gastrointestinalnih nematoda ovaca.
Kvalitativna i semikvantitativna hemijska karakterizacija etarskog ulja izvrsena je
primenom gasne hromatografije kuplovane sa masenospektrometrijskom
detekcijom (GC-MS analize). Antihelminticki potencijal etarskog ulja je ispitan
pomocu in vitro testa izleganja larvi (EHT), koji je sproveden sa osam razli¢itih
koncentracija ispitanog ulja (50; 12,5; 3,125; 0,781; 0,195; 0,049; 0,025 i 0,0125
mg/mL). Pri tome je za pozitivnu kontrolu koris¢en tiabendazol u koncentracijama
0,025 i 0,0125 mg/mL, a za negativhu emulgator 3% Tween 80 v/v i destilovana
voda. GC-MS analizama je otkriven bogat hemijski sastav ispitanog ulja, pri ¢emu
je pronadeno ukupno 17 razli€itih sastojaka iz razlicitih hemijskih grupa, od cega
je 15 identifikovano. Dominantan sastojak je bio linalool (84,5%) uz y-terpinen
(5,04%), kamfor (3,26%) 1 a-pinen (2,88%). Rezultati EHT su pokazali visok
antihelminticki potencijal ulja korijandera sa inhibicijom izleganja larvi odnosno
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ovicidnim efektom od 29,0-88,7% u zavisnosti od koncentracije, uz dobijenu ICs
koncentraciju od 0,04 mg/mL i jasan dozno-zavisni efekat (R°=0,90). Ova studija
je potvrdila mogucéi znac¢aj botanickih antihelmintika u odrzivoj kontroli nematoda
kod zivotinja i borbi protiv antihelminticke rezistencije. Dobijeni rezultati ukazuju
na mogucu ulogu korijandera u budu¢im terapijskim pristupima infekcijama
izazvanih gastrointestinalnim nematoda ovaca, nakon daljih in vivo ispitivanja i
studija toksicnosti.

Kljuéne redi: gastrointestinalne nematode, antihelminti¢ka rezistencija, etarsko
ulje, korijander, gasna hromatografija, test izleganja larvi.

uvoD

Gastrointestinalne nematode na razliite nac¢ine dovode do negativnih efekata kod
ovaca, od subklinickih gubitaka na tezini i opadanja proizvodnje mleka, mesa i
vune, pa sve do pojave anemije, dijareje, anoreksije, gubitaka proteina, smanjenog
fertiliteta, a u tezim slucajevima dolazi i do uginuc¢a (Giovanelli i sar., 2018;
Bosco i sar., 2020; Belecké i sar., 2021). Kontrola infekcija izazvanih ovim
parazitima se i dalje uglavnom gotovo isklju¢ivo oslanja na upotrebu
komercijalnih antihelmintickih lekova poput benzimidazola, makrocikli¢nih
laktona i imidazotiazola (Dyary, 2018). lako su ovi lekovi decenijama uspesSno
koriséeni u terapiji pomenutih infekcija (Kaplan, 2020), njihova neracionalna
upotreba u smislu ucestalih i intenzivnih tretmana, visokih ili niskih doza ili
uzastopnog koriS¢enja antihelmintika iz samo jedne klase dovela je do razvoja
rezistencije kod gastrointestinalnih nematoda (Bosco i sar., 2018; Pinto i sar.,
2019; Belecke i sar., 2021). Razvoj rezistencije je doveo do opadanja efikasnosti
pomenutih lekova i posledi¢nih velikih ekonomskih gubitaka usled smanjene
proizvodnje kod Zivotinja i uginuéa, ali i troskova le¢enja (Szewc 1 sar., 2021).
Zbog svega navedenog, gastrointestinalne nematode predstavljaju jednu od
najvecih prepreka sa kojima se suocava moderno ovcarstvo (Giovanelli i sar.,
2018).

Sve vedi 1 izraZeniji problem rezistencije zahteva osmisljavanje novih strategija za
kontrolu pomenutih parazita, a koje se danas uglavnom baziraju na integrisanom
pristupu terapiji (Keeton, 2016). Ovaj pristup podrazumeva sa jedne strane
racionalnu upotrebu antihelmintika odnosno ciljane tretmane (tretman samo
odredenih stada) i ciljane selektivne tretmane (tretman samo pojedinih Zivotinja
koje zahtevaju leCenje unutar stada), uz kombinaciju vise antihelmintika ili
njihovu rotaciju (Calvete 1 sar., 2020). Sa druge strane i1 uz racionalno koris¢enje
komercijalrnih preparata, integrisan pristup podrazumeva i uvodenje razli¢itih
alternativa poput selekcije genetski rezistentnih Zivotinja, upravljanje pasnjacima,
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nutritivne manipulacije, biolosku kontrolu (upotrebu nematofagnih gljiva ili
bakterija), razvoj vakcina kao 1 upotrebu botanickih antihelmintika (Zeineldin 1
sar., 2018; Pinto i sar., 2019). Pri tome, od navedenih alternativa se fitoterapija se
s obzirom na pokazane rezultate smatra posebno obec¢avaju¢om (Borges i Borges,
2016). Ona podrazumeva upotrebu celih biljaka ili njihovih delova u hrani za
zivotinje, ali i razlic¢itih biljnih produkata poput ekstrahata i etarskih ulja.

Etarska ulja predstavljaju aromati¢ne, koncentrovane i slozene meSavine
isparljivih i nepolarnih jedinjenja izolovanih iz biljnog materijala (Strbac i sar.,
2022a). Prisutna su u specijalizovanim ¢elijama ili zlezdama odredenih biljaka i
imaju ulogu u njihovoj zastiti od predatora i Steto¢ina, kao i u privlacenju
oprasivaca (Butnariu i Sarac, 2018). U veterinarskoj medicini, etarska ulja se sve
¢eSc¢e koriste u tretmanu 1 prevenciji razli¢itih oboljenja, iako prevashodno kod
monogastri¢nih Zivotinja poput svinja i zivine (Mucha i Witkovska, 2021), ali i
kod pasa i macaka (Strbac i sar., 2021). Medutim, sve je vise dokaza i o
antihelmintickom efektu etarskih ulja protiv gastrointestinalnih nematoda ovaca
(Strbac i sar., 2022b). Njihov biologki efekat poti¢e od bogatog hemijskog sastava
1 jedinjenja koja pripadaju razli¢itim grupama poput terpena, terpenoida ili
fenilpropanoidnih jedinjenja (Dhifi i sar., 2016, Fokou i sar., 2020).

Korijander (Coriandrum sativum L.) predstavlja aromati¢nu, zeljastu
jednogodisnju biljku iz porodice Apiaceae (Chahal i sar., 2017). Ima dugu istoriju
koriS¢enja u kulinarstvu kao izvor aromati¢nih jedinjenja sa antibakterijskim,
antigljivicnim 1 antioksidativnim delovanjem, pa je koristan u pripremi hrane kao
aroma i pomo¢no sredstvo (Mandal i Mandal, 2015). Poznat je i po Sirokom
spektru lekovitih svojstava 1 koristi se kod razli¢itih gastrointestinalnih tegoba
poput anoreksije, dispepsije, nadimanja, dijareje i1 povracanja. Plod korijandera je
takode poznat kao rashladno sredstvo, tonik, diuretik i afrodizijak, dok se njegovo
etarsko ulje smatra korisnim kod nadimanja, reumatizma i neuralgije, uz poznata
antimikrobna, antioksidativna i pesticidna svojstva (Chahal i sar., 2017).

Cilj ovog istrazivanja je bio ispitati antihelmintic¢ku aktivnost etarskog ulja
korijandera protiv gastrointestinalnih nematoda ovaca uz odredivanje njegovog
hemijskog sastava 1 identifikaciju jedinjenja znaajnih za antihelminti¢ku
aktivnost.

MATERIJALI | METODE

Analiza hemijskog sastava
Etarsko ulje korijandera je nabavljeno iz Instituta za ratarstvo i povrtarstvo Novi
Sad. Kvalitativna i semikvantitativna hemijska karakterizacija etarskog ulja
izvrSena je na Prirodno-matemati¢kom fakultetu u Novom Sadu primenom gasne
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hromatografije kuplovane sa masenospektrometrijskom detekcijom (GC-MS). U
gasni hromatograf (Agilent Technologies series 6890) injektovan je 1L rastvora
ispitivanog ulja (10 pL/mL u heksanu) u split modu, uz split odnos 1:10, pri
temperaturi od 250°C. Komponente su razdvojene na nepolarnoj poli (tetrametil-
1,4-silfenilensiloksanskoj) koloni HP-5 ms (Agilent Technologies) dimenzija
30mx0,25mm, debljina sloja 0,25um. Kolona je eluirana u temperaturno-
programiranom rezimu, uz startnu temperaturu od 50°C, rampu 8°C/min do
120°C, 15°C/min do 230°C, 20°C/min do 270°C/min, i zadrzavanje na finalnoj
temperaturi od 16,92 min (ukupno vreme analize 35 min). Kao gas nosa¢ koris¢en
je helijum visoke cisto¢e (5.0) u rezimu konstantnog protoka od 1,0 mL/min.
Efluent je preko transfer-linije odrzavane na 280°C prosleden u maseni
spektrometar sa elektronskom jonizacijom (Agilent Technologies series 5975).
Parametri masenog spektrometra bili su: energija elektrona 70eV, temperatura
jonskog izvora 230°C, temperatura kvadrupola 150°C. Primenjen je scan mod
akvizicije, u m/z opsegu 35-400, i uz solvent delay od 2,30 min. U cilju postizanja
boljeg slaganja izmedu eksperimentalnih i1 biblioteCkih spektara, koriS¢en je
standard spectra tune. Podaci su obradeni pomocu Agilent Technologies MSD
ChemStation softvera (revizija E01.01.335) u kombinaciji sa AMDIS (ver. 2.64) i
NIST MS Search softverom (ver. 2.0d). AMDIS je koris¢en za dekonvoluciju
masenih spektara koeluiraju¢ih jedinjenja, a NIST MS Search je obezbedio
algoritam za bibliotecku pretragu komplementaran PBM algoritmu ChemStation-a
Za identifikaciju masenih spektara koriS¢ene su spektralne biblioteke Wiley
Registry of Mass Spectral Data 7 th Edition i NIST/EPA/NIH Mass Spectral
Library 05. Identitet jedinjenja potvrden je poredenjem linearnih retencionih
indeksa sa literaturnim podacima. Relativni udeli jedinjenja odredeni su metodom
normalizacije, na osnovu povrsine pikova u TIC.

Test izleganja larvi

Antihelminticki potencijal etarskog ulja korijandera protiv gastrointestinalnih
nematoda ovaca je ispitan uz pomo¢ testa izleganja larvi (eng. egg hatch test,
EHT), koji meri uticaj primene neke supstance na inhibiciju izleganja larvi iz jaja
parazita, odnosno ovicidni efekat. Istrazivanje je sprovedeno u regionalnom centru
za pracenje parazitoza KREMOPAR (Eboli, Salerno, juzna Italija). Za izolaciju
jaja nematoda su koriS¢eni uzorci fecesa ovaca uzimani direktno iz rektalne
ampule, od ovaca sa dve odvojene farme u ovom regionu, a jaja nematoda su
izolovana uz pomo¢ tako zvane metode oporavka (eng. recovery method) (Bosco i
sar., 2018).

Uzorci fecesa su najpre homogenizovani i filtrirani pod teku¢om vodom kroz sita
sa otvorima razli¢itih veli¢ina (1 mm, 250 pm, 212 um i 38 um), u cilju odvajanja
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jaja iz fecesa. Jaja zadrzana na situ najmanje veli¢ine su potom isprana sa
destilovanom vodom u epruvete i centrifugovana na 1500 RPM, nakon Cega je
talog otklonjen. Nakon toga je izvrSeno centrifugiranje kako bi jaja koja su
isplivala na povrsinu, bila izolovana u nove epruvete u koje je dodata destilovana
voda. Na kraju, dobijeni rastvori su centrifugovani joS nekoliko puta kako bi se
otklonio debris i dobio vodeni rastvor sa jajima.

Test izleganja larvi je sproveden prema uputstvima iz literature (Ferreira i sar.,
2018) uz odredene modifikacije. Testirano je 8 razli¢itih koncentracija (50; 12,5;
3,125; 0,781; 0,195; 0,049; 0,025 1 0,0125 mg/mL) ulja korijandera, pri ¢emu su
se koristile ploCe sa jazicama. U jazicama su pravljeni rastvori navedenih
opadaju¢ih koncentracija ulja emulgovanih u 3% Tween-uu 80, v/v, i potom
dopunjavane sa dobijenim vodenim rastvorom sa jajima (oko 40 ml odnosno 100-
150 jaja po jazici) 1 destilovanom vodom do ukupne koli¢ine od 0,5 mL po jazici.
Potrebna koli¢ina ulja za najve¢u koncentraciju je odredena racunski, a potom su
se metodom razblazivanja dobile ostale koncentracije.

Kao pozitivna kontrola je koriS¢en tiabendazol u koncentraciji 0,025 mg/mL 1
0,0125 mg/mL, a kao negativne 3% Tween 80, v/v i destilovana voda. Sve
koncentracije ulja i kontrole su ispitane u ukupno tri ponavljanja. Nakon
pravljenja pomenutih rastvora, ploc¢a sa jazicama je inkubirana na 27°C tokom
48h, a nakon toga su dodate 1-2 kapi Lugolovog rastvora u svaku jaZicu, kako bi
se zaustavilo izleganje larvi nematoda iz jaja. Napravljeni rastvori su potom
posmatrani pod mikroskopom sa ciljem brojanja jaja i izleglih larvi pri svakoj
koncentraciji ulja i kontrola.

Statisticka obrada
Procenat inhibicije izleganja jaja u larveni oblik je racunat pomocu sledece
formule (Coles i sar., 1992; Pinto i sar., 2019):
IH = broj jaja/ (broj jaja + broj larvi) x 100%

Nakon toga je krajnja vrednost za svaku koncentraciju i kontrole ra¢unata kao
aritmetiCka sredina izmedu tri ponavljanja. Za medusobno poredenje dobijenih
vrednosti izmedu razli¢itih koncentracija ispitanog ulja, kao i za njihovo
poredenje sa kontrolama koriS¢ena je jednofaktorijalna analiza varijanse sa post
hok Takijevim testom (p<0,05). Sa druge strane, za odredivanje koncentracije
koja inhibiSe 50% jaja za razvoj u larveni oblik koriS¢ena je nelinearna regresija i
logaritamska distribucija (Ferreira i sar., 2018; Strbac i sar., 2022a). Statisticke
analize su radene u programu GraphPad Prism 8.4.3. (GraphPad Holdings, LLC,
San Antonio, CA, USA).
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REZULTATI

Analiza hemijskog sastava
Rezultati sprovedene hemijske analize sastava uz pomo¢ gasne hromatografije i
masene spektrometrije su pokazale bogat hemijski sastav etarskog ulja
korijandera. Ukupan broj jedinjenja je bio 17 od kojih je 15 identifikovano
(Tabela 1), iz razli¢itih hemijskih grupa, a dominantna jedinjenja su bila linalool
(84,53%), y-terpinen (5,08%), kamfor (3,26%) i a-pinen (2,88%).

Tabela 1 Hemijski sastav etarskog ulja korijandera odreden uz pomo¢ gasne
hromatografije i masene spektrometrije

Aritmeti¢ki Jedinieni % Ukupne
retencioni indeks edinjenye povrsine vrha
925 a-Tujon 0,02
932 o-Pinen 2,88
946 Kamfen 0,30
971 Sabinen 0,02
976 B-Pinen 0,21
989 Mircen 0,37
1016 a-Terpinen 0,05
1023 p-Cimen 1,08
1027 Limonen 1,12
1029 1,8-Cineol 0,14
1056 y-Terpinen 5,08
1087 Terpinolen 0,30
1100 Linalool 84,53
1143 Kamfor 3,26
1165 Nepoznato 0,12
1176 Terpinen-4-ol 0,27
1191 Nepoznato 0,16

Test izleganja larvi
Etarsko ulje korijandera je pokazalo visok antihelminticki potencijal protiv
gastrointestinalnih nematoda ovaca sa inhibicijom izleganja larvi (ovicidnom
aktivno$c¢u), koja je varirala od 29,0 do 88,7% u zavisnosti od primenjene
koncentracije (Tabela 2). Aktivnost je bila visoka (70%) i pri relativnoj niskoj
koncentraciji od 0,049 mg/mL, Sto je rezultiralo i veoma niskoj dobijenoj 1Cs
vrednosti od 0,04 mg/mL. Pri svim testiranim koncentracijama, efekat je bio
znacajno veci (p<0,05) od obe negativne kontrole, dok je pri najviSoj
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koncentraciji od 50 mg/mL bio slican pozitivnoj kontroli (p>0,05).
Antihelminticka aktivnost je bila u velikoj meri dozno-zavisna, s obzirom na
vrednost R* od 0,90.

Tabela 2 Procentualna efikasnost (aritmeti¢ka sredina + standardna devijacija) etarskog
ulja korijandera protiv izleganja larvi gastrointestinalnih nematoda ovaca pri razlicitim
koncentracijama

Koncentracija [mg/mL] Inhibicija izleganja larvi (%0)
50 88,7 +1,53"°
12,5 85,7 +1,16°
3,125 81,0 + 1°¢
0,781 77,3 +2,08°°
0,195 76,0 + 4,36°°
0,049 70,0 +1°
0,025 36,3+ 4,16"
0,0125 29,0 + 2°
Tiabendazol, 0,025 96,3 +1,53"
Tiabendazol, 0,0125 95,0 + 1°
3% Tween, v/v 14,2 + 3,347
Destilovana H,O 6,6 +1,92"
*Vrednosti sa drugacijim oznacenim velikim slovima oznacavaju statisticki znacajnu razliku
(p<0,05)
DISKUSIJA

Usled razvoja i Sirenja antihelminticke rezistencije i sve vec¢ih posledi¢nih
ekonomskih gubitaka, raste interesovanje za alternativne strategije leCenja
nematodnih infekcija kod zivotinja. U tom kontekstu mnogi istrazivaci se slazu da
bioaktivni sastojci proizvedeni od lekovitog bilja predstavljaju obecavajucu
alternativu konvencionalnim antihelmintickim preparatima, ili vazan dodatak u
paleti preparata i metoda u integrisanom pristupu kontrole ovih parazita (Macedo i
sar., 2010; Borges i Borges, 2016; Zeineldin i sar., 2018). Medutim, pre uvodenja
pojedinih biljnih preparata za Sire koriS¢enje u praksi, potrebno je dokazati
njihovu efikasnost uz pomo¢ pouzdanih testova. Pri tome su in vitro testovi
veoma vazni za inicijalnu procenu antihelmintickog potencijala neke supstance i
osnov za njihovu selekciju za dalja in vivo ispitivanja i studije toksi¢nosti
(Fonseca i sar., 2013). Test izleganja larvi se smatra pouzdanim i preciznim
testom koji je preporucen i nasiroko se koristi kako za detekciju antihelminticke
rezistencije kod komercijalnih preparata, tako i za otkrivanje novih
antihelmintickih supstanci poput etarskih ulja (Coles i sar., 1992; André i sar.,
2018; Strbac i sar., 2022b).
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Rezultati ovog istrazivanja su dokazali antihelminticku aktivnost etarskog ulja
korijandera protiv gastrointestinalnin nematoda ovaca. lako nije dostignuta
maksimalna efikasnost pri ispitanim koncentracijama, ovicidna aktivnost je bila
visoka pri Cak Sest testiranih koncentracija, odnosno od 0,049 do 50 mg/mL (70,0-
88,7%). Zbog toga je 1Csy vrednost(parametar koji se ¢esto koristi u ovakvim
ispitivanjima kao pokazatelj efikasnosti i za poredenje sa drugim rezultatima), bila
veoma niska (0,04 mg/mL) Sto ukazuje na veoma visoku ovicidnu aktivnost ulja
korijandera. Ukoliko se ovaj rezultat uporedi sa drugim do sada testiranim uljima
(André i sar., 2018; Strbac i sar., 2022b), zapaza se da je to jedan od
najefikasnijih, Sto govori u prilog visokom antihelmintickom potencijalu
korijandera i pogodnosti za dalja ispitivanja.

Antihelminticki efekat etarskog wulja korijandera protiv gastrointestinalnih
nematoda ovaca je dokazan i u drugim istrazivanjima. Dokazan je njegov ovicidni
efekat protiv Haemonchus contortus od 14,8 - 99,0% pri koncentracijama od 0,15
- 2,5 mg/mL (I1Cso 0,63 mg/mL) u istrazivanju Macedo i sar. (2013). lako nesto
slabiji, u istom istraZzivanju je dokazan i larvicidni efekat ulja korijandera od 10,1 -
99,5% pri koncentracijama od 1,25-20,0 mg/mL (1Csp 2,89 mg/mL), sugeriSuéi na
njegovu aktivnost protiv razliitih stadijuma parazita. Dokazana je i inhibotrna
aktivnost korijandera na pokretljivost larvi razli¢itih vrsta gastrointestinalnih
nematoda, najjaca protiv Teladorsagia circumcinta, Trichostrongylus vitrinus, T.
axei i H. contortus sa 1Csy vrednostima od 0,11, 0,15, 0,25 i 0,26% (u finalnoj
koncentraciji), redom, dok je kod meSane infekcije 1Cso vrednost bila 0,22%
(Helal i sar., 2020). U nasem istrazivanju je takode bila u pitanju meSana
infekcija, a koprokultura je ispitana u prethodnom istrazivanju gde su koris¢ene
iste farme, sa slede¢om ukupnom procentualnom zastupljenoséu pojedinih rodova:
Haemonchus 53%, Trichostrongylus 29,5%, Teladorsagia 14,5% i Chabertia 3%
(Strbac i sar., 2022a). Iz ovih rezultata se moze zakljugiti da korijander poseduje
antihelminticku efikasnost protiv razlicitih vrsta gastrointestinalnih nematoda.
Visoka antihelminticka aktivnost ulja korijandera potice od njegovog hemijskog
sastava. Ukoliko se posmatraju rezultati gasne hromatografije i masene
spektrometrije, zapaza se prisustvo terpenskih i terpenoidnih jedinjenja iz
razliC¢itth hemijskih grupa. Ubedljivo najzastupljeniji sastojak je linalool
(84,53%), aciklicni monoterpenoidni alkohol, a pored njega i1 ugljovodoni¢ni
terpeni (y-terpinen, a-pinen, limonen i p-cimen), kao i terpenoidni keton kamfor.
S obzirom da bioloSke osobine etarskih ulja u najve¢oj meri poticu od njihovog
glavnog sastojka (Dhifi i sar., 2016), moze se konstatovati da efekat korijandera
potice od linaloola, ali je prisustvo drugih pomenutih jedinjenja bitno za ukupan
sinergisticki efekat. Visoka ovicidna aktivnost izolovanog linaloola protiv H.
contortus je dokazana u istrazivanju Katiki i sar. (2017) sa 1Cso 0d 0,29 mg/mL, a
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linalool je pojedina¢no gledano bio glavni sastojak Arisaema franchetianum
(8,89%) i znacajan sastojak Arisaema lobatum (6,67%), etarskih ulja sa ogromnim
brojem izolovanih jedinjenja (preko 50), a koja su pokazala ovicidnu i larvicidnu
aktivnost protiv H. contortus (Zhu i sar., 2013). Interesantno, sam izolovan
linalool je u ovom istrazivanju pokazao slabiju aktivnost u poredenju sa celim
uljima, Sto ukazuje na znacaj prisustva drugih jedinjenja i sinergistickog efekta.
Ukoliko se uporede rezultati analize hemijskog sastava etarskog ulja korijandera
sa drugim istraZivanjima, zapaZaju se visoke podudarnosti. Tako su u istraZivanju
Helal i sar. (2020) glavni sastojci bili linalool (68,03%), kamfor (11,76%), y-
terpinen (10,48%) i a-pinen (9,71%), dok su u istrazivanju Macedo i sar. (2013)
bili B-linalool (73,21%), kamfor (4,25%), a-pinen (4,20%) i terpinen (3,10%).
Ukoliko se pogledaju 1 druga istrazivanja, hemijski sastav je takode sli¢an uz
dominaciju alkohola linaoola, geraniola i terpinen-4-ol-a; ugljovodonika v-
terpinena, cimena, limonena i a-pinena; ketona kamfora, ali i estara geraniol
acetata i linalil acetata (Mandal i Mandal, 2015). lako je hemijski sastav sustinski
slican u razliitim istrazivanjima, ipak se zapazaju odredene razlike, najéesce u
procentualnoj zastupljenosti pojedinih jedinjenja. Ove razlike se mogu objasniti
razli¢itim faktorima poput mesta uzgoja biljke (padavine, svetlost, zemljiste - pH,
struktura, salinitet), dela biljke iz koga se ekstrahuje, starosti biljke i samog nac¢ina
estrakcije (Fokou i sar., 2020), a treba imati u vidu da mogu dovesti i do
odredenih razlika u samoj bioloskoj aktivnosti ulja.

Upotreba razli¢itih biljaka 1 njihovih proizvoda poput etarskih ulja protiv
gastrointestinalnih nematoda, ali i parazita generalno, ima brojne prednosti.
Njihov bogat hemijski sastav sa jedinjenjima iz razli¢itih hemijskih grupa i
potencijalno razli¢itim mehanizmom delovanja moze doprineti visokoj
antiparazitskoj aktivnosti, ali i manjoj podloznosti razvoju rezistencije. Sa druge
strane, njihovo prirodno poreklo se povezuje sa nizim stepenom toksi¢nosti za
domacine, manjim koli¢inama rezidua u mesu i mleku, kao i boljoj ekoloskoj
prihvatljivosti u poredenju sa hemijskim preparatima. Na Kkraju, veliki broj
raspoloZivih biljnih vrsta pogoduje Sirokoj upotrebi botanic¢kih antihelmintika,
lakoj dostupnosti i pogodnoj ceni u drzavama sa razvijenim biodiverzitetom
(Ferreira i sar., 2018; Strbac i sar., 2022b). Ipak, neophodna su dalja ispitivanja
kako bi biljke i njihovi proizvodi nasli Siroku primenu u veterinarskoj medicini.

ZAKLJUCAK
Razvoj 1 Sirenje antihelmintiCke rezistencije 1 sve veci posledi¢ni ekonomski
gubici zahtevaju potragu za alternativnim sredstvima, gde spadaju i razliciti
botanicki antihelmintici. U ovom istrazivanju, etarsko ulje korijandera je pokazalo
visok antihelminticki potencijal s obzirom na ovicidni efekat utvrden kod
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gastrointestinalnih nematoda ovaca, zbog cega se moZe smatrati pogodnim za
dalja ispitivanja. Visoka ovicidna aktivnost korijandera potice od bogatog
hemijskog sastava, pre svega linaloola uz jo$ neka jedinjenja poput y-terpinena,
kamfora i a-pinena. Rezultati ove studije su joS jedan pokazatelj moguce uloge
fitoterapije u buduc¢im odrzivim pristupima kontroli gastrointestinalnih nematoda
ovaca, smanjenju upotrebe komercijalnih preparata i borbi protiv antihelminticke
rezistencije.
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Summary

The development of anthelmintic resistance in sheep gastrointestinal nematodes to
commercial anthelmintics has led to enormous economic losses in many parts of
the world. For this reason, new sustainable strategies for the control of these
parasites are being actively searched, which include the use of different
alternatives such as plant essential oils. The aim of this study was to determine the
chemical composition of the essential oil of coriander (Coriandrum sativum L.)
and to test its anthelmintic potential against gastrointestinal nematodes of sheep.
Qualitative and semi-quantitative chemical characterization of the essential oil
was performed using gas chromatography coupled with mass spectrometric
detection (GC-MS analysis). The anthelmintic potential of the essential oil was
tested using the in vitro egg hatching test (EHT), which was carried out with eight
different concentrations of the tested oil (50; 12.5; 3.125; 0.781; 0.195; 0.049;
0.025 and 0.0125 mg/mL). Thiabendazole in concentrations of 0.025 and 0.0125
mg/mL was used as the positive control, and the emulsifier 3% Tween 80 v/v and
distilled water was used as the negative control. GC-MS analyzes revealed a rich
chemical composition of the tested oil, where a total of 17 different ingredients
from different chemical groups were found, of which 15 were identified. The
dominant ingredient was linalool (84.5%) along with y-terpinene (5.04%),
camphor (3.26%) and o-pinene (2.88%). The EHT results showed a high
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anthelmintic potential of coriander oil with inhibition of larval hatching, i.e. an
ovicidal effect of 29.0-88.7% depending on the concentration, with an 1Csg
concentration of 0.04 mg/mL and a clear dose-dependent effect (R?= 0.90). This
study confirmed the possible importance of botanical anthelmintics in the
sustainable control of nematodes in animals and the fight against anthelmintic
resistance. The obtained results indicate a possible role of coriander in future
therapeutic approaches to infections caused by gastrointestinal nematodes of
sheep, after further in vivo tests and toxicity studies.

Keywords: gastrointestinal nematodes, anthelmintic resistance, essential oil,
coriander, gas chromatography, larval hatching test.

INTRODUCTION

Gastrointestinal nematodes lead to negative effects in sheep in various ways, from
subclinical weight loss and decreased production of milk, meat and wool, to the
appearance of anemia, diarrhea, anorexia, protein losses, reduced fertility, and in
severe cases, even death (Giovanelli et al., 2018; Bosco et al., 2020; Belecké et
al., 2021). Control of infections caused by these parasites still mostly relies almost
exclusively on the use of commercial anthelmintic drugs such as benzimidazoles,
macrocyclic lactones and imidazothiazoles (Dyary, 2018). Although these drugs
have been successfully used for decades in the therapy of the mentioned infections
(Kaplan, 2020), their irrational use in terms of frequent and intensive treatments,
high or low doses or consecutive use of anthelmintics from only one class led to
the development of resistance in gastrointestinal nematodes (Bosco and et al.,
2018; Pinto et al., 2019; Beleckeé et al., 2021). The development of resistance has
led to a decline in the effectiveness of the mentioned drugs and consequent large
economic losses due to reduced production in animals and deaths, as well as
treatment costs (Szewc et al., 2021). Due to all of the above, gastrointestinal
nematodes represent one of the biggest obstacles facing modern sheep farming
(Giovanelli et al., 2018).

The growing and more pronounced problem of resistance requires the design of
new strategies for the control of the mentioned parasites, which today are mainly
based on an integrated approach to therapy (Keeton, 2016). This approach
implies, on the one hand, the rational use of anthelmintics, i.e. targeted treatments
(treatment of only certain herds) and targeted selective treatments (treatment of
only certain animals that require treatment within the herd), with a combination of
several anthelmintics or their rotation (Calvete et al., 2020). On the other hand,
along with the rational use of commercial preparations, an integrated approach
implies the introduction of various alternatives such as the selection of genetically
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resistant animals, pasture management, nutritional manipulation, biological
control (use of nematophagous fungi or bacteria), development of vaccines as well
as the use of botanical anthelmintics (Zeineldin et al., 2018; Pinto et al., 2019). At
the same time, among the listed alternatives, phytotherapy is considered
particularly promising in view of the obtained results (Borges and Borges, 2016).
It implies the use of whole plants or their parts in animal feed, but also different
plant products such as extracts and essential oils.

Essential oils represent aromatic, concentrated and complex mixtures of volatile
and non-polar compounds isolated from plant material (Strbac et al., 2022a). They
are present in specialized cells or glands of certain plants and play a role in
protecting them from predators and vermin, as well as in attracting pollinators
(Butnariu and Sarac, 2018). In veterinary medicine, essential oils are increasingly
used in the treatment and prevention of various diseases, although primarily in
monogastric animals such as pigs and poultry (Mucha and Witkovska, 2021), but
also in dogs and cats (Strbac et al., 2021). However, there is more and more
evidence about the anthelmintic effect of essential oils against gastrointestinal
nematodes of sheep (Strbac et al., 2022b). Their biological effect originates from
their rich chemical composition and compounds belonging to different groups
such as terpenes, terpenoids or phenylpropanoid compounds (Dhifi et al., 2016,
Fokou et al., 2020).

Coriander (Coriandrum sativum L.) is an aromatic, herbaceous annual plant from
the Apiaceae family (Chahal et al., 2017). It has a long history of use in cooking
as a source of aromatic compounds with antibacterial, antifungal and antioxidant
activity, so it is useful in food preparation as an aroma and auxiliary agent
(Mandal and Mandal, 2015). It is also known for its wide range of medicinal
properties and is used for various gastrointestinal disorders such as anorexia,
dyspepsia, flatulence, diarrhea and vomiting. Coriander fruit is also known as a
cooling agent, tonic, diuretic and aphrodisiac, while its essential oil is considered
useful in flatulence, rheumatism and neuralgia, with known antimicrobial,
antioxidant and pesticidal properties (Chahal et al., 2017).

The aim of this study was to examine the anthelmintic activity of coriander
essential oil against gastrointestinal nematodes of sheep, with the determination of
its chemical composition and the identification of compounds significant for
anthelmintic activity.
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MATERIALS AND METHODS

Analysis of chemical composition

Coriander essential oil was purchased from the Institute of Field and Vegetable
Crops in Novi Sad. Qualitative and semi-quantitative chemical characterization of
the essential oil was performed at the Faculty of Science in Novi Sad using gas
chromatography coupled with mass spectrometric detection (GC-MS). In the gas
chromatograph (Agilent Technologies series 6890), 1 uL of the solution of the
tested oil (10 pL/mL in hexane) was injected in split mode, with a split ratio of
1:10, at a temperature of 250°C. The components were separated on a non-polar
poly (tetramethyl-1,4-silphenylenesiloxane) column HP-5 ms (Agilent
Technologies) with dimensions 30mx0.25mm, layer thickness 0.25um. The
column was eluted in a temperature-programmed regime, with a starting
temperature of 50°C, ramp 8°C/min to 120°C, 15°C/min to 230°C, 20°C/min to
270°C/min, and retention at the final temperature of 16.92 min (total analysis time
35 min). High-purity helium (5.0) was used as carrier gas in a constant flow
regime of 1.0 mL/min. The effluent was sent via a transfer line maintained at
280°C to a mass spectrometer with electron ionization (Agilent Technologies
series 5975). The mass spectrometer parameters were: electron energy 70eV, ion
source temperature 230°C, quadrupole temperature 150°C. Scan acquisition mode
was applied, in the m/z range 35-400, and with a solvent delay of 2.30 min. In
order to achieve a better agreement between the experimental and library spectra,
the standard spectra tune was used. Data were processed using Agilent
Technologies MSD ChemStation software (revision E01.01.335) in combination
with AMDIS (ver. 2.64) and NIST MS Search software (ver. 2.0d). AMDIS was
used for deconvolution of mass spectra of coeluting compounds, and NIST MS
Search provided a library search algorithm complementary to ChemStation's PBM
algorithm. Wiley Registry of Mass Spectral Data 7" Edition and NIST/EPA/NIH
Mass spectral Spectral Library 05 libraries were used to identify mass spectra. The
identity of the compound was confirmed by comparing the linear retention indices
with literature data. The relative proportions of the compounds were determined
by the normalization method, based on the area of the peaks in TIC.

Larval hatching test
The anthelmintic potential of coriander essential oil against gastrointestinal
nematodes of sheep was tested using the egg hatch test (EHT), which measures
the effect of the application of a substance on the inhibition of hatching of larvae
from parasite eggs, i.e. the ovicidal effect. The study was conducted in the
regional center for monitoring parasitosis KREMOPAR (Eboli, Salerno, southern
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Italy). For the isolation of nematode eggs, samples of sheep feces taken directly
from the rectal ampoule, from sheep from two separate farms in this region, were
used, and the nematode eggs were isolated using the so-called recovery method
(Bosco et al., 2018).

Initially, feces samples were homogenized and filtered under flowing water
through sieves with openings of different sizes (1 mm, 250 pm, 212 pum and 38
um), in order to separate eggs from feces. The eggs retained on the sieve of the
smallest size were then washed with distilled water into test tubes and centrifuged
at 1500 RPM, after which the precipitate was removed. After that, centrifugation
was performed so that the eggs that floated to the surface were isolated in new test
tubes to which distilled water was added. Finally, the obtained solutions were
centrifuged several more times to remove debris and obtain an aqueous solution
with eggs.

The larval hatching test was conducted according to the instructions from the
literature (Ferreira et al., 2018) with certain modifications. Eight different
concentrations (50; 12.5; 3.125; 0.781; 0.195; 0.049; 0.025 and 0.0125 mg/mL) of
coriander oil were tested using well plates. In the wells, solutions of the
mentioned decreasing concentrations of oils emulsified in 3% Tween-uu 80, v/v,
were made, and then supplemented with the obtained aqueous solution with eggs
(about 40 ml, i.e. 100-150 eggs per well) and distilled water to a total amount of
0.5 mL per well.

The required amount of oil for the highest concentration was determined by
calculation, and then the other concentrations were obtained using the dilution
method.

Thiabendazole in concentrations of 0.025 mg/mL and 0.0125 mg/mL was used as
a positive control, and 3% Tween 80, v/v and distilled water were used as
negative controls. All oil concentrations and controls were tested in a total of three
replicates. After making the mentioned solutions, the plate with wells was
incubated at 27°C for 48 hours, and after that 1-2 drops of Lugol's solution were
added to each well, in order to stop the hatching of nematode larvae from the
eggs. The prepared solutions were then observed under a microscope with the aim
of counting eggs and hatched larvae at each concentration of oil and controls.

Statistical processing
The percentage of inhibition of egg hatching into the larval form was calculated
using the following formula (Coles et al., 1992; Pinto et al., 2019):
IH = number of eggs / (number of eggs + number of larvae) x 100%
After that, the final value for each concentration and control was calculated as the
arithmetic mean between three repetitions. One-factor analysis of variance with
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post hoc Tukey test (p<0.05) was used to compare the obtained values between
different concentrations of the tested oil, as well as to compare them with the
controls. On the other hand, nonlinear regression and logarithmic distribution
were used to determine the concentration that inhibits 50% of eggs from
developing into larval form (Ferreira et al., 2018; Strbac et al., 2022a). Statistical
analyzes were performed in the GraphPad Prism 8.4.3 program (GraphPad
Holdings, LLC, San Antonio, CA, USA).

RESULTS

Analysis of chemical composition
The results of the chemical analysis of the composition obtained by gas
chromatography and mass spectrometry showed a rich chemical composition of
coriander essential oil. The total number of compounds was 17, of which 15 were
identified (Table 1), from different chemical groups, and the dominant compounds
were linalool (84.53%), y-terpinene (5.08%), camphor (3.26%) ) and a-pinene
(2.88%).

Table 1. Chemical composition of coriander essential oil determined by gas
chromatography and mass spectrometry

Arithmetic C d % Total peak
retention index ompoun area
925 a-Thujone 0.02
932 a-Pinene 2.88
946 Camphene 0.30
971 Sabinene 0.02
976 B-Pinene 0.21
989 Myrecene 0.37
1016 a-Terpinene 0.05
1023 p-Cymene 1.08
1027 Limonene 1.12
1029 1,8-Cineol 0.14
1056 y-Terpinene 5.08
1087 Terpinolene 0.30
1100 Linalool 84.53
1143 Camphor 3.26
1165 Unknown 0.12
1176 Terpinen-4-ol 0.27
1191 Unknown 0.16
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Larval hatching test

Coriander essential oil showed high anthelmintic potential against gastrointestinal
nematodes of sheep with inhibition of larval hatching (ovicidal activity), which
varied from 29.0 to 88.7% depending on the applied concentration (Table 2). The
activity was high (70%) even at a relatively low concentration of 0.049 mg/mL,
which resulted in a very low obtained 1Cso value of 0.04 mg/mL. At all tested
concentrations, the effect was significantly greater (p<0.05) than both negative
controls, while at the highest concentration of 50 mg/mL it was similar to the
positive control (p>0.05). Anthelmintic activity was largely dose-dependent, with
an R? value of 0.90.

Table 2. Percentage efficiency (arithmetic mean + standard deviation) of coriander
essential oil against the hatching of sheep gastrointestinal nematode larvae at different
concentrations

Concentration [mg/mL] Inhibition of larval hatching
(%)
50 88.7 + 1.53"%
12.5 85.7 + 1.16°
3.125 81.0 + 1%¢
0.781 77.3 +£2.08%°
0.195 76.0 + 4.36°°
0.049 70.0 +1°
0.025 36.3 +4.16F
0.0125 29.0 + 2F
Thiabendazole, 0.025 96.3 + 1.53"
Thiabendazole, 0.0125 95.0 + 1*
3% Tween, v/v 14.2 +3.347
Distilled H,0 6.6 +1.927

* Values with different capital letters indicate a statistically significant difference (p<0.05)

DISCUSSION
Due to the development and spread of anthelmintic resistance and the increasing
consequent economic losses, there is a growing interest in alternative strategies
for the treatment of nematode infections in animals. In this context, many
researchers agree that bioactive ingredients produced from medicinal plants
represent a promising alternative to conventional anthelmintic preparations, or an
important addition to the range of preparations and methods in an integrated
approach to the control of these parasites (Macedo et al., 2010; Borges and
Borges, 2016; Zeineldin et al., 2018). However, before the introduction of
individual herbal preparations for wider use in practice, it is necessary to prove
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their effectiveness with the assistance of reliable tests. At the same time, in vitro
tests are very important for the initial assessment of the anthelmintic potential of a
substance and the basis for their selection for further in vivo tests and toxicity
studies (Fonseca et al., 2013). The larval hatching test is considered a reliable and
precise test that is recommended and widely used both for the detection of
anthelmintic resistance in commercial preparations and for the discovery of new
anthelmintic substances such as essential oils (Coles et al., 1992; André et al.,
2018; Strbac et al., 2022b).

The results of this study proved the anthelmintic activity of coriander essential oil
against gastrointestinal nematodes of sheep. Although maximum efficiency was
not reached at the tested concentrations, ovicidal activity was high at even six
tested concentrations, i.e. from 0.049 to 50 mg/mL (70.0-88.7%). Due to that, the
ICs0 value (a parameter that is often used in such tests as an indicator of efficiency
and for comparison with other results) was very low (0.04 mg/mL), which
indicates a very high ovicidal activity of coriander oil. If this result is compared
with other oils tested so far (André et al., 2018; Strbac et al., 2022b), it can be
observed that it is one of the most effective, which indicate the high anthelmintic
potential of coriander and its convenience for further tests.

The anthelmintic effect of coriander essential oil against gastrointestinal
nematodes of sheep has been proven in other studies. Its ovicidal effect against
Haemonchus contortus of 14.8 - 99.0% at concentrations of 0.15 - 2.5 mg/mL
(ICs0 0.63 mg/mL) was proven in a study by Macedo et al. (2013). Although not
so strong, in the same study, the larvicidal effect of coriander oil was also proven
to be 10.1 - 99.5% at concentrations of 1.25-20.0 mg/mL (ICsp 2.89 mg/mL),
suggesting its activity against different stages of parasites. The inhibitory activity
of coriander on the motility of larvae of different types of gastrointestinal
nematodes was also proven, the strongest against Teladorsagia circumcinta,
Trichostrongylus vitrinus, T. axei and H. contortus with ICs, values of 0.11, 0.15,
0.25 and 0.26% (in the final concentration), respectively, while in mixed infection
the 1Cso value was 0.22% (Helal et al., 2020). In our study, we also used mixed
infection, and coproculture was examined in a previous study where the same
farms were used, with the following percentage of individual genera: Haemonchus
53%, Trichostrongylus 29.5%, Teladorsagia 14.5% and Chabertia 3 % (Strbac et
al., 2022a). From these results, it can be concluded that coriander has anthelmintic
efficacy against various types of gastrointestinal nematodes.

If the results of gas chromatography and mass spectrometry are observed, the
presence of terpene and terpenoid compounds from different chemical groups is
observed. By far the most abundant ingredient is linalool (84.53%), an acyclic
monoterpenoid alcohol, and next to it, hydrocarbon terpenes (y-terpinene, o-
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pinene, limonene and p-cymene), as well as the terpenoid ketone camphor. Given
that the biological properties of essential oils derive to the greatest extent from
their main ingredient (Dhifi et al., 2016), it can be concluded that the effect of
coriander originates from linalool, but the presence of other mentioned
compounds is essential for the overall synergistic effect. High ovicidal activity of
isolated linalool against H. contortus was demonstrated in the study done by
Katiki et al. (2017) with an 1Csp of 0.29 mg/mL, and linalool individually was the
main constituent of Arisaema franchetianum (8.89%) and a significant constituent
of Arisaema lobatum (6.67%), essential oils with a huge number of isolated
compounds (over 50), which showed ovicidal and larvicidal activity against H.
contortus (Zhu et al., 2013). Interestingly, isolated linalool alone showed a weaker
activity in this study compared to whole oils, which indicates the importance of
the presence of other compounds and the synergistic effect.

If the results of the analysis of the chemical composition of coriander essential oil
are compared with other researches, a high level of agreement is observed. Thus,
in the research done by Helal et al. (2020) the main ingredients were linalool
(68.03%), camphor (11.76%), y-terpinene (10.48%) and a-pinene (9.71%), while
in the research done by Macedo et al. (2013) the main ingredients were p-linalool
(73.21%), camphor (4.25%), a-pinene (4.20%) and terpinene (3.10%). In other
studies, the chemical composition is also similar with the dominance of alcohol
linaol, geraniol and terpinen-4-ol; hydrocarbons y-terpinene, cymene, limonene
and a-pinene; camphor ketone, but also esters of geraniol acetate and linalyl
acetate (Mandal and Mandal, 2015). Although the chemical composition is similar
in different studies, certain differences are still observed, most often in the
percentage of individual compounds. These differences can be explained by
various factors such as the place where the plant is grown (rainfall, light, soil -
pH, structure, salinity), the part of the plant from which it is extracted, the age of
the plant and the method of extraction itself (Fokou et al., 2020). Those factors
can lead to certain differences in the biological activity of the oil itself.

The use of different plants and their products, such as essential oils, against
gastrointestinal nematodes, but also parasites in general, has numerous
advantages. Their rich chemical composition with compounds from different
chemical groups and potentially different mechanisms of action can contribute to
a high antiparasitic activity, but also to a lower susceptibility to the development
of resistance. On the other hand, their natural origin is associated with a lower
degree of toxicity for hosts, smaller amounts of residues in meat and milk, as well
as better environmental acceptability compared to chemical preparations. Finally,
the large number of available plant species favors the wide use of botanical
anthelmintics, easy availability and favorable price in countries with developed
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biodiversity (Ferreira et al., 2018; Strbac et al., 2022b). However, further tests are
necessary in order for plants and their products to be widely used in veterinary
medicine.

CONCLUSION

The development and spread of anthelmintic resistance and the increasing
consequent economic losses require the search for alternative tools, which include
various botanical anthelmintics. In this study, coriander essential oil showed a
high anthelmintic potential with regard to the ovicidal effect found in sheep
gastrointestinal nematodes, which is why it can be considered suitable for further
tests. Coriander's high ovicidal activity originates from its rich chemical
composition, primarily linalool along with other compounds such as y-terpinene,
camphor and a-pinene. The results of this study indicate the possible role of
phytotherapy in future sustainable approaches to the control of gastrointestinal
nematodes in sheep, reducing the use of commercial preparations and anthelmintic
resistance.
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Sazetak

Kriptorhizam predstavlja oboljenje koje se manifestuje zaostajanjem testisa sa
pripadaju¢im anatomskim strukturama unutar abdomena ili ingvinalnog kanala.
Kod pasa, pojava kriptorhizma je nerazjaSnjene etiologije, ali se smatra da za
nastanak ima genetsku osnovu. ,,Zlatni standard“ u dijagnostici ovog oboljenja
predstavlja ultrazvuéna dijagnostika sa osetljivos¢u 95-100%.

Istrazivanje je sprovedeno na 10 pasa. Klinicki pregled pasa suspektnih na
kriptorhizam je inicijalno izveden metodama adspekcije i1 palpacije, nakon cega je
pristupano ultrazvuc¢nom pregledu radi identifikacije 1 lokalizacije zaostalih
testisa. Kod svih pasa izvrseno je hirurSko odstranjivanje kako zaostalih, tako i
fizioloSki spustenih testisa. Na odstranjenim zaostalim testisima je izvrSena
patohistoloska analiza.

Kod 2 od 10 pasa (20%) je ustanovljen bilateralni kriptorhizam, dok je kod 8 od
10 pasa (80%) ustanovljen unilateralni kriptorhizam. Desni unilateralni
kriptorhizam je utvrden kod 5 od 8 pasa (62,5%), dok je levi unilateralni
kriptorhizam utvrden kod 3 od 8 pasa (37,5%). Prediktivna vrednost poredenja
ultrazvucne identifikacije 1 lokalizacije zaostalih testisa sa njihovom hirurSkom
identifikacijom i lokalizacijom u ovom istrazivanju iznosi 100%. Rezultati
patohistoloske analize su pokazali prisustvo tumoroznih promena u tipu
seminoma na jednom testisu kod jednog psa (unilateralni ingvinalni
kriptorhizam), dok je kod preostalih 9 pasa na morfoloSki promenjenim testisima
postavljena dijagnoza atrofije testisa.

Kljuéne redi: pas, kriptorhizam, ultrazvucna dijagnostika, tumori testisa.
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uvoD
Testisi su parne muske polne zlezde smeStene u skrotumu. Uloga testisa kod
zivotinja je dvojaka: gametogena, jer proizvode muske gamete (polne celije -
spermatozoide) i endokrina, jer sintetiSu i u krv izlu¢uju muske polne hormone
(androgene) (Stanci¢, 2014). Za razliku od ostalih sisara, testisi kod pasa se ne
spustaju kroz ingvinalni kanal jo$ 3-4 dana nakog njihovog rodenja i nalaze se u
konacnoj poziciji u skrotumu tek nakon 35. dana postnatalno (Pretzer, 2008), dok
bi svoj konacni skrotalni polozaj trebali zauzeti do Sestog meseca starosti zivotinje
(Spangenberg, 2021). Spustanje testisa reguliSu androgeni i neandrogeni faktori, a
posredovano je delovanjem gubernakuluma (Pretzer, 2008). Kod novorodenih
pasa testisi su mali, meki i mogu se kretati izmedu skrotuma i ingvinalnog kanala,
posebno kada je Stene pod stresom ili uplaseno.
Kriptorhizam pasa, kao i kod drugih vrsta Zivotinja, predstavlja zaostajanje testisa
sa pripadaju¢im anatomskim strukturama unutar abdomena ili ingvinalnog kanala,
odnosno izostanak spustanja navedenih struktura u skrotum (Spangenberg, 2021;
Moon i sar., 2014). Na osnovu toga da li zaostaju jedan ili oba testisa,
kriptorhizam se deli na unilateralni i bilateralni, dok na osnovu lokalizacije
zaostalog testisa kritorhizam moze biti abdominalni, ingvinalni i subkutani
kriptorhizam (Felumlee i sar., 2012; Mattos i sar., 2000; Mialot, 1988).
Unilateralni kriptorhidi mogu produkovati fertilne spermatozoide, dok bilateralni
kriptorhidi obi¢no ne mogu i sterilni su. Psi kriptorhidi imaju veéi rizik od
nastanka neoplazija testisa i torzija spermati¢ne vrpce (Moon i sar., 2014).
Sumnja na kriptorhizam se postavlja putem metoda opste klinicke dijagnostike,
pre svega adspekcijom i palpacijom, dok se ,,zlatnim* standardnom u dijagnostici
kriptohizma smatra ultrazvucni pregled sa osetljivos¢u od 96,6% (Khan 1 sar.,
2018).
Jedini vid leCenja ovog oboljenja predstavlja hirurSko uklanjanje zaostalog/ih
testisa, a kako se radi o naslednom oboljenju, preporucuje se i kastracija
unilateralnih Kkriptorhida (odstranjivanje i spustenog testisa), jer takvi psi ne bi
trebali da se koriste za dalji uzgoj (Gradil i McCarthy, 2012). Nakon operativnog
uklanjanja testisa, zaostali testis je neophodno poslati na patohistolosku analizu
kako bi se utvrdilo da li je neoplasti¢no izmenjen.
Ciljevi ovog istrazivanja su: utvrdivanje adekvatnih dijagnostickih protokola pri
evaluaciji zaostalih testisa, odabir adekvatne hirurske tehnike prilikom
odstranjivanja zaostalih testisa i patohistoloSka analiza testisa nakon njihovog
hirurSkog uklanjanja.
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MATERIJALI | METODE
Ovo istrazivanje je sprovedeno na 10 vlasnic¢kih pasa u okviru klinickog rada u
Univerzitetskoj veterinarskoj klinici Poljoprivrednog fakulteta u Novom Sadu.
Nakon detaljno prikupljenih anamnestickih podataka od vlasnika Zzivotinja,
pristupljeno je procesu klini¢ke dijagnostike kriptorhizma. Inicijalno, metodama
adspekecije 1 palpacije, a zatim i kori§¢enjem ultrazvucne dijagnostike, utvrdeno je
zaostajanje testisa kod svih prethodno suspektnih jedinki. Ultrazvuc¢ni pregled je
izveden pomocu ultrazvu¢nog aparata BPU60 Vet (BMV, Kina), koris¢enjem
konveksne sonde, frekvencije 6 MHz, u B modu u realnom vremenu. Metodama
klinicke dijagnostike je utvrdena lokalizacija zaostalih testisa (Tabela 1).
Nakon izvrSenog detaljnog klinickog pregleda svih jedinki, izvrSena je
preoperativna priprema pacijenta koja se sastojala iz nekoliko postupaka. Svim
pacijentima je vadena krv kako bi se izvrSile sledec¢e laboratorijske analize:
kompletna krvna slika sa diferencijalnom leukocitarnom formulom, biohemijski
parametri (kreatinin, AST, ALT, ukupni bilirubin, albumin, fosfor, kalcijum,
glukoza, globulini, ukupni proteini, urea, alfa-amilaza, magnezijum, trigliceridi,
lipaza, ALP, GGT). Kompletna krvna slika sa diferencijalnom leukocitarnom
formulom analizirana je na aparatu MEK-6550 (Nihon KOHDEN
CORPORATION, Japan). Biohemijska analiza parametara krvnog seruma
izvrSena je na aparatu Chemray (Rayto Life and Analytical Sciences Co., Kina).
Kod svih pasa, a u okviru preoperativne pripreme pacijenta, uraden je test na
vektorski prenosive bolesti - CaniV-4 Rapid Diagnostic Test (Bionote, Korea).
Kada je na osnovu svih prethodno navedenih analiza utvrdeno da su psi podobni
za izvrSenje hirurskog zahvata, pristupljeno je pripremi pasa za operaciju. Hirurski
zahvati kod pasa su izvedeni u opstoj inhalacionoj anesteziji, po svim nacelima
dobre veterinarske i hirurSke prakse. Prvo je izvrSena premedikacija opSte
anestezije, koja je podrazumevala aplikovanje sedativa zivotinji. Kod svih 10
jedinki, sedacija je izvedena pomoéu ksilazina (XYLASED, Bioveta, Ceska),
intravenskom aplikacijom u dozi od 1 mg/kg telesne mase Zivotinje. Nakon
izvodenja postupka premedikacije, pristupljeno je pripremi operacionog polja.
Dla¢ni prekrivac je uklonjen sa predela citavog abdomena, prepucijuma i
skrotuma (Slika 1). Koza je prvo prana neutralnim sapunima, a zatim je antisepsa
izvedena pomocu 70% rastvora etil alkohola 1 10% rastvora povidon joda.
Indukcija opste anestezije kod svih jedinki izvedena je intravenskom aplikacijom
ketamina (Ketamidor 10%, RICHTER PHARMA AG, Austrija) u dozi od 3
mg/kg telesne mase zivotinje. Odrzavanje opSte anestezije izvedeno je pomocu
sevoflurana (Sevorane 100%, AESICA QUEENBOROUGH LIMITED, Velika
Britanija) sa minimalnom alveolarnom koncentracijom od 2,3%.
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Slika 1 Priprema Operaionog polja (Fotografija: Ivan Gali¢, 2021)

Kod pasa sa dijagnostikovanim ingvinalnim kriptorhizmom, rez je plasiran
direktno preko ingvinalnog kanala - preko koze, a zatim i potkoZnog tkiva (Slika
2). Nakon evaluacije suspektnog testisa izvrSeno je dvostruko podvezivanje
spermaticnog sveznja. Spermati¢ni svezanj je podvezan sa resorptivnim
multifilamentnim koncem PGA, USP 0 ili 2/0 (Yavo, Poljska). Nakon
podvezizavanja 1 odstranjivanja suspektnog testisa, pristupalo se Sivenju
potkoZnog tkiva resorptivnim monofilamentim koncem MONOSORB, USP 0 ili
2/0 (Yavo, Poljska) teku¢im Savom. Koza je Sivena neresorptivnim
monofilamentim koncem NYLON, USP 0 ili 2/0 (Yavo, Poljska), pojedina¢nim
¢vorastim Savom (Slika 3).

Slika 2 Pristup ingvinalno zaostalom testisu (FotogFéfija: Ivan Gali¢, 2021)
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Slika 3 Izgled operacione rane nakon Sivenja koze koingvinalnog kriptorhida
(Fotografija: Ivan Gali¢, 2021)

Kod pasa sa dijagnostikovanim abdominalnim kriptorhizmom postojala su dva
pristupa u zavisnosti da li se radilo o unilateralnom ili bilateralnom kriptorhizmu.
U slucaju unilateralnog abdominalnog kriptorhizma rez je plasiran paramedijalno
(Slika 4). Nakon inicijalnog reza kroz koZu izrSeno je preparisanje potkoZja i
plasiranje incizije kroz misSi¢ kako bi se pristupilo trbusnoj duplji i vizuelizaciji
suspektnog testisa. Po vizuelizaciji suspektnog testisa izvrSeno je dvostruko
podvezivanje spermati¢nog sveznja i odstranjivanje zaostalog testisa. Spermati¢ni
svezanj je podvezivan resorptivnim multifilamentnim koncem PGA, USP 0 ili 2/0
(Yavo, Poljska). Zatim je pristupano zatvaranju trbusnog zida. Sivenje trbudnog
zida izvrseno je resorptivnim monofilamentim koncem MONOSORB, USP 0 ili
2/0 (Yavo, Poljska) tekuéim $avom. Sivenje potkoznog vezivnog tkiva izvrieno je
resorptivnim monofilamentim koncem MONOSORB, USP 0 ili 2/0 (Yavo,
Poljska) teku¢im Savom. Koza je Sivena neresorptivnim monofilamentim koncem
NYLON, USP 0 ili 2/0 (Yavo, Poljska), pojedina¢nim ¢vorastim Savom.
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= 4
Slika 4 Paramedijalni pristup abdominalno zaostalom testisu (Fotografija: Ivan Galic,
2021)

U slucaju bilateralnog kriptorhizma rez je plasiran medijalno. U tom sluc¢aju, prvo
je izvrSeno preparisanje prepucijuma od trbusnog zida i pomeranje prepucijuma
lateralno, nakon cCega je izvrSena incizija po beloj liniji trbusnog zida. Po
vizuelizaciji suspektnog testisa izvrSeno je dvostruko podvezivanje spermaticnog
sveznja i odstranjivanje zaostalog testisa. Spermati¢ni svezanj je podvezivan
resorptivnim multifilamentnim koncem PGA, USP 0 ili 2/0 (Yavo, Poljska).
Zatim je pristupano zatvaranju trbuinog zida. Sivenje trbusnog zida izvrseno je
resorptivnim monofilamentim koncem MONOSORB, USP 0 ili 2/0 (Yavo,
Poljska) tekuéim Savom. Sivenje potkoznog vezivnog tkiva izvrieno je
resorptivnim monofilamentim koncem MONOSORB, USP 0 ili 2/0 (Yavo,
Poljska) tekuc¢im Savom. Koza je Sivena neresorptivnim monofilamentim koncem
NYLON, USP 0 ili 2/0 (Yavo, Poljska), pojedina¢nim ¢vorastim Savom.

Nakon odstranjivanja suspektnog testisa, testisi su stavljeni u formalin i poslati na
patohistolosku analizu. Patohistoloska analiza je izvrSena u laboratoriji za
patologiju Poljoprivrednog fakulteta Univerziteta u Novom Sadu.

U okviru postoperativnog terapijskog protkola, svim psima su aplikovani
nesteroidni-antiinflamatorni lekovi i antibiotici. U terapiji bola koriS¢en je
metamizol-natrijum (Noramin, Evrolek Pharmacija d.o.0, R. Srbija), aplikovan
intravenski, u dozi od 25 mg metamizola/kg telesne mase Zivotinje. Terapija bola
kod svih pasa sprovodena je 3 dana u kontinuitetu. U okviru antibiotske zastite,
svi psi su jednokratno dobili kombinaciju penicilina i streptomicina u dozi od
0,5ml suspenzije na 5kg telesne mase psa - Penstrep (Dopharma, Holandija), a
potom i dvokratno, na svakih 72", antibiotik sa produzenim delovanjem,
kombinaciju penicilina i streptomicina — Shotapen, u dozi od 1ml suspenzije na
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20kg telesne mase psa, (Virbac S.A.,Francuska). Konci su kod svih pasa skidani
14. dana nakon operacije.

REZULTATI

U ovom istrazivanju, metodama opsteg klinickog pregleda i ultrazvu¢nom
dijagnostikom, unilateralni kriptorhizam je dijagnostikovan kod kod 8/10 pasa
(80%), dok je kod 2/10 pasa (20%) dijagnostikovan bilateralni kriptorhizam.
Desni unilateralni kriptorhizam je utvrden kod 5/8 pasa (62,5%). Zaostali levi
testis je utvrden kod 3/8 unilateralnih kriptorhida (37,5%). Kod 7/8 unilateralnih
kriptorhida je utvrdena lokalizacija testisa u ingvinalnoj regiji (87,5%) dok je kod
jednog utvrdena lokalizacija testisa u abdominalnoj duplji (12,5%). Bilateralni
kriptorhizam je potvrden kod 2/10 pasa. Kod jednog bilateralnog kriptorhida jedan
testis je lokalizovan u ingvinalnom kanalu dok se drugi nalazio u abdominalnoj
duplji. Kod drugog bilateralnog kriptorhida oba testisa su lokalizovana u
abdomenu (Tabela 1).

Tabela 1 Oblici kriptorhizma kod klini¢ki pregledanih pasa

Pas Rasa Starost TeZina Oblik kriptorhizma Strana tela
1 Si-cu 10 godina 6 kg Ingvinalni - unilateralni Leva strana
2 Bradati koli 2 godine 25kg Ingvinalni - unilateralni Desna strana
3 Sibirski haski 2 godine 22 kg Ingvinalni - unilateralni Desna strana
4 Border Kkoli 3 godine 25 kg Ingvinalni - unilateralni Desna strana
5 Kavalijer Princa Carlsa 1 godinu 8 kg Ingvinalni - unilateralni Leva strana
6 Francuski buldog 3 godine 9 kg Ingvinalni - unilateralni Desna strana
7 Patuljasti pin¢ 6 godina 5 kg Ingvinalni - unilateralni Leva strana
8 Patuljasta pudla 2 godine 4 kg Abdominalni unilateralni | Desna strana
9 JorkSirski terijer 2 godine 5 kg Abdomk:palmlmgvmalm Bilateralni

ilateralni

10 Jazavicar 4 godine 8 kg Abdominalni - bilateralni Bilateralni

Kako je jedina metoda lecenja kriptorhizma kod pasa hirursko odstranjivanje
zaostalog testisa, izvrSeni su hirurski zahvati i uklanjanje zaostalih testisa, a zatim
se pristupilo i kastraciji, odnosno hirurSkom odstranjivanju preostalog testisa s
obzirom da se radi o naslednom oboljenju.

Nakon odstranjivanja zaostalih testisa, svaki odstranjeni testis je poslat na
patohistolosko ispitivanje. Od ukupno deset pasa, kod jednog psa je ustanovljen
tumor zaostalog testisa u tipu seminoma (unilateralni ingvinalni kriptorhid) (Slika
5, 6), dok je kod ostalih ustanovljena atrofija testisa (Slika 7).
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Slika 5 Morfoloski iznjn tstié-gr; Morfoloski nepromenjn testis-dole
(Fotografija: Jovan Spasojevic, 2021)

SRS STy, UNIVERZITET U NOVOM SADU
ﬁ % POLJOPRIVREDNI FAKULTET
H ¢—-_-'—°§ DEPARTMAN ZA VETERINARSKU MEDICINU
'1&;[&% Trg Dositeja Obradovica 8
A 21000 Novi Sad
Ustanova koja je poslala uzorak: Veterinarska klinika
Broj zdravstvenog kartona-protokola 7280 ‘ 1121PK

Tme i prezime vlasnika Zivotinje: ~Nela Markov

Vrsta Zivotinje: Pas
Rasa Zivotinje: Sicu
Starost Zivotinje: 10 godina
Pol zivotinje: m
Uzorak koji je poslat: Testis
Datum uzimanja uzorka: 29.06.2021.

PATOLOSKO-HISTOLOSKI NALAZ:

Datum prijema: 30.06.2021.

Tip uzorka: Uzorak (1 kom.) testisa veli¢ine 4,0 x 2,7 cm.

Na hi prey testisa psa se uotavaju okrugle éelije sa velikim ovalnim jedrom i sa
bojenja ci i

Dg. Seminoma benignum canis

Novi Sad, 12.07.2021.
Potpis.
Slika 6 Patohistolo3ki nalaz i potvrda tumoroznih promena
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Oepppre 21000 Novi Sad

Ustanova koja je poslala uzorak: Veterinarska klinika
Broj zd g kartona-protokola | 7154 [ 1021PK
Ime i prezime vlasnika Zivotinje: ~ Sreten Kovadevi¢
Vrsta Zivotinje: Pas
Rasa Zivotinje: Bradati koli
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Potpis

Slika 7 Patohistolo3ki nalaz atrofije testisa

DISKUSIJA

Kriptorhizam je oboljenje nerazjasSnjene etiologije za koje se smatra da ima
genetsku osnovu. Mnogobrojne studije su pokazale da se stopa incidencije ovog
oboljenja kod pasa kre¢e od 0,8% do 9,7% (Ruble i Hird, 1993; Priester i sar.,
1970; Reif, 1969). Rase pasa kod kojih se najces¢e javlja kriptorhizam su:
malteski psi, Civave, nemacki bokseri, engleski buldozi, toi pudle, jorksirski
terijeri, jazavicari, pomeranski Spic, pekinezeri, sibirski haski (Johnston, 2001). U
ovom radu nije istrazivana stopa incidencije kriptorhizma kod pasa, ali iz Tabele
1. se moze zakljuciti da se rezultati ovog istrazivanja u velikoj meri poklapaju u
pogledu rasa koje se smatraju predisponiranim na ovo oboljenje.

Klinicka dijagnostika kriptorhizma kod pasa zasniva se na kori§¢enju opstih 1
specijalnih metoda klinicke dijagnostike, a ,,zlatnim standardom‘ u dijagnostici
kriptorhizma mozZe se smatrati ultrazvucna dijagnostika. Ultrazvuc¢na dijagnostika,
sa osetljivos¢éu od 96,6%, koristi se za otkrivanje abdominalnih kriptorhida, a sa
osetljivoséu od cak 100% za otkrivanje ingvinalnih kriptorhida (Khan 1 sar.,
2018). Istrazivanje koje su sproveli Felumlee i sar. (2012) na psima, ukazuje da je
postojala 100% pozitivna prediktivna vrednost za ukupno 42 od 43 psa, od kojih
je 28 abdominalnih 1 14 ingvinalnih kriptorhida. Kod navedenih pasa, ultrazvucni
nalaz i pozicija testisa su istovetni sa njihovom hirurSkom lokalizacijom. Kod
jednog od 43 psa kriptorhida, abdominalno zaostao testis nije mogao biti
identifikovan upotrebom ultrazvuka i kasnije je pronaden u abdomenu tokom
operacije. HirurS8ki 1 ultrazvucni nalazi su bili isti za 42/43 (97,7%) zaostalih
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testisa. Osetljivost ultrazvuka je iznosila 96,6% za abdominalno i 100% za
ingvinalno pozicionirane testise. U naSem naucnoistrazivatkom radu, kao
dijagnosticke metode za otkrivanje kriptorhidnih pasa koriS¢ene su metode opste
klinicke dijagnostike (adspekcija 1 palpacija) u kombinaciji sa ultrazvu¢nom
dijagnostikom. Kod svih pasa je pomocu ultrazvucne dijagnostike otkrivena
lokalizacija zaostalog testisa koja je kasnije potvrdena prilikom operacije. Na
osnovu toga se moze izvesti zakljuak da se u naSem istraZivanju ultrazvucna
dijagnostika koristila sa stepenom osetljivosti od 100%, Sto se poklapa sa
rezultatima istrazivanja Felumlee i sar. (2012).

U naSem istraZzivanju, a na osnovu rezultata klinickog pregleda, kod 80% pasa
(8/10) je dijagnostikovan unilateralni kriptorhizam, dok je kod 20% pasa (2/10)
dijagnostikovan bilateralni kriptorhizam. Desni unilateralni kriptorhizam je
utvrden kod 5 od 8 pasa (62,5%). Levi unilateralni kriptorhizam je utvrden kod 3
od 8 pasa (37,5%). Kod 7 od 8 pasa unilateralnih kriptorhida je utvrdena
lokalizacija testisa u ingvinalnoj regiji (87,5%) dok je kod jednog utvrdena
lokalizacija testisa u abdominalnoj duplji (12,5%). U istrazivanju koje su sproveli
Tannouz i sar. (2019) ustanovljeno je prisustvo unilateralnog kriptorhizma u 70%
slucajeva, a bilateralnog kriptorhizma u 30% slucajeva. Isti autori navode da je
najveca prevalencija kod kriptorhida zabelezena u desnoj ingvinalnoj regiji
(36,2%), zatim u levoj ingvinalnoj regiji (25,4%), unutar desne strane
abdominalne duplje (23,3%), dok je prevalencija kriptorhizma unutar leve strane
abdomena 15,1%. Rezultati dobijeni u naSem naucnoistrazivatkom radu se
delimi¢no poklapaju sa rezultatima dobijenim od strane Tannouz i sar. (2019), a
razlog delimi¢nog poklapanja lezi u razli¢itom broju ispitanih pacijenata.
Ultrazvuéna dijagnostika se smatra i primarnom dijagnostickom metodom u
dijagnostici kriptorhizma i kod drugih Zivotinjskih vrsta, kao i kod Coveka.
Ultrazvuk je osetljiva 1 visoko specificna metoda za detekciju i lokalizaciju
zaostalog testisa kod konja (Felumlee i sar. 2012; Ras i sar., 2010; Schambourg i
sar., 2006). Istrazivanje koje su sproveli Schambourg i sar. (2006) na 38 konja, od
kojih su unilateralni bili u 32 slucaja, a bilateralni u 6 slucajeva, ukazuje da je u
97,5% slucajeva zaostali testis uspeS$no lociran i da je putem ultrasonografije
moguce dati tacnu dijagnozu abdominalnog kriptorhizma na terenu bez dopune
hormonskih analiza ili rektalnog pregleda. U istom istrazivanju se takode navodi
da se nijedna druga abdominalna struktura ne moze zameniti sa abdominalno
zaostalim testisom, pod uslovom da je hiperehogena tunica albuginea vidljiva i da
su centralna vena 1ili epididimis lako wuoc€ljivi, Sto transabdominalnu
ultrasonografiju ¢ini pouzdanom dijagnostickom metodom.

Kod ljudi je ultrazvucna dijagnostika takode koriS¢ena za otkrivanje zaostalih
testisa ali sa ne tako zadovoljavaju¢im rezultatima u pojedinim studijama
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(Felumlee i sar. 2012; Pekkafali i sar., 2003; Elder, 2002; Malone i Guiney,
1985). Kod dece, ultrazvuk ima znacaja jer predstavlja neinvazivnu tehniku koja
ne koristi jonizujuée zracenje i olak$ava planiranu hirurSku intervenciju (Felumlee
i sar. 2012; Nijs i sar., 2007; Cain i sar., 1996; Weiss i sar., 1986; Kullendorff i
sar., 1985; Wolverson i sar., 1983). Prilikom uporedivanja nalaza ultrazvuka sa
hirurskim lokacijama nepalpabilnih testisa kod dece, ultrazvuk je bio uspeSan u
lociranju 103/152 (68,0%) nepalpabilnih testisa: 16 u abdomenu i 87 u
ingvinalnim kanalima (Nijs i sar., 2007).

Gharagozlou i sar. (2014) su ispitivali koriS¢enje antimilerovog hormona kao
potencijalnog dijagnosti¢kog markera kod pasa. IstraZzivanje je sprovedeno na 10
bilateralnih kriptorhida, 7 intaktnih pasa i 7 kastriranih pasa preko 6 meseci
starosti toi rasa. Ustanovljeno je da su serumske koncentracije antimilerovog
hormona znacajno veée kod intaktnih i kastriranih pasa nego kod bilateralnih
kriptorhida, Sto moZe posluziti u diferencijalnoj dijagnostici kastriranih od
kriptorhidnih pasa (Gharagozlou i sar., 2014).

Psi sa dijagnozom kriptorhizma imaju ve¢i rizik od nastanka neoplazije testisa.
Najcesce je re¢ o tumorima intersticijuma, odnosno Leydigovih ¢elija, tumorima
germinativnog epitela testisa-seminomima i tumorima Sertolijevih ¢elija (North i
sar., 2009). Tumori testisa predstavljaju vise od 90% svih tumora genitalnih
organa kod pasa i psi imaju najvecu incidencu od svih zivotinjskih vrsta (North i
sar., 2009). Veca incidencija tumora u tipu seminoma se moze pripisati ¢injenici
da ovi tipovi tumora rezultiraju jasnijim klinickim znacima, odnosno povecanjem
testisa (Grieco i sar., 2008; Marinkovi¢, 2006). Ovakav nalaz bio je i U naSem
slu¢aju, Sto se jasno uocava nakon orhidektomije oba testisa (Slika 5.) kod psa
kod kog je na osnovu patohistoloSkog nalaza utvrden tumor u tipu seminoma.
LaloSevi¢ 1 sar. (2008) od trinaest pronadenih tumora testisa kod pasa, prijavljuju
dva seminoma, od toga jedan pas, kao i u naSem radu, bio je unilateralni
kriptorhid. Takode, istrazivanje koje su sproveli Liao i sar. (2009) ukazuje da je
tumorom zahvaéen CeS¢e desni testis, zbog toga Sto on i CeSce zaostaje u
abdomenu, odnosno ingvinalnom kanalu, kako je bilo i u naSem
naucnoistrazivackom rad.

U analizi koju prikazuju Marinkovi¢ i sar. (2006), tumor u tipu seminoma se
najranije javio u devetoj godini, a najkasnije u petnaestoj godini, sa prosecnim
uzrastom pasa od 10,8 godina, Sto se poklapa sa staros¢u naseg psa koji je bio
starosti deset godina. U istom istrazivanju, kada je re¢ o incidenciji pojave tumora
testisa kod pasa koji nisu pokazivali nikakvu simptomatologiju karakteristi¢nu za
prisustvo tumora, dobijeni su slede¢i rezultati na ispitanih ukupno 232 psa:
istrazivanje je obuhvatilo muzijake razlic¢itih rasa, razliCite starosti, a uzeta su oba
testisa za patoloSko-histolosku analizu. Utvrdeno je da je 27% pasa imalo tumor
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testisa, od kojih je 50% imalo tumor Leydigovih ¢elija, 42% seminom, a svega 8%
tumor Serolijevih celija. Takode, 31% od ukupnog broja obolelih imao je
kombinacije ovih tumora. Zajedno su se najéesce pojavljivali tumori Laydigovih
¢elija i seminom, potom tumor Leydigovih i tumor Sertolijevih ¢elija, dok je
kombinacija seminoma i tumora Sertolijevih ¢elija zabelezena u malom broju
slucajeva.

Orhidektomija je preporucena metoda odstranjivanja testisa koji je zahvacen
tumorom, ali kako postoji mogucnost i metastaziranja tumora, hemioterapija
predstavlja dodatan terapijski protokol orhidektomiji (Botelho Soares de Brito i
sar., 2014). Iako su metastaze retka pojava, mogu se pojaviti, a prognoza ¢e
zavisiti o veli¢ini 1 lokalizaciji metastaza. Seminomi pasa retko metastaziraju za
razliku od seminoma kod ljudi. Metastaziraju samo u 6 do 11% slucajeva u
ingvinalne, ilijjacne i sublumbalne limfne ¢vorove, pluca i viscelarne organe
(McEntee, 2002; Moulton, 1990).

ZAKLJUCAK

Konacna dijagnoza postojanja kriptorhizma kod pasa moze se postaviti sa
napunjenih 6 meseci starosti Zivotinje. Ultrazvuéna dijagnostika se smatra
primarnom dijagnostickom metodom i ,zlatnim standardom® u dijagnostici
kriptorhizma kod pasa, sa osetljivoséu od 90% do 100% u zavisnosti od oblika
kriptorhizma. HirurSka terapija, odnosno odstranjivanje zaostalih testisa,
predstavlja jedino opciono reSenje u terapiji kriptorhizma. Takode, neophodno je
istovremeno izvrsiti i kastraciju zivotinje, tj. odstranjivanje i normoponiranog
testisa. S obzirom na patomorfolosku izmenjenost svih zaostalih testisa,
patohistoloska analiza bi trebalo biti uvedena kao standard u okviru dijagnostickih
1 terapijskih protokola u le¢enju kriptorhizma.

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

Cryptorchidism is a disease that is manifested by the retardation of the testicles
with the associated anatomical structures inside the abdomen or inguinal canal. In
dogs, the appearance of cryptorchidism is of unclear etiology, but it is believed to
have a genetic basis. The "gold standard" in the diagnosis of this disease is
ultrasound diagnostics with a sensitivity of 95-100%.

The study was conducted on 10 dogs. The clinical examination of dogs suspected
to suffer from cryptorchidism was initially carried out using adspection and
palpation methods, after which an ultrasound examination was performed to
identify and localize residual testicles. All dogs underwent surgical removal of
both residual and physiologically descended testicles. A pathohistological analysis
was performed on the removed residual testicles.

Bilateral cryptorchidism was found in 2 out of 10 dogs (20%), while unilateral
cryptorchidism was found in 8 out of 10 dogs (80%). Right unilateral
cryptorchidism was found in 5 out of 8 dogs (62.5%), while left unilateral
cryptorchidism was found in 3 out of 8 dogs (37.5%). The predictive value of the
comparison of ultrasound identification and localization of residual testicles with
their surgical identification and localization in this study was 100%. The results of
the pathohistological analysis showed the presence of tumorous changes in the
type of seminoma on one testicle in one dog (unilateral inguinal cryptorchidism),
while the diagnosis of testicular atrophy was made in the remaining 9 dogs with
morphologically changed testicles.

Keywords: dog, cryptorchidism, ultrasound diagnosis, testicular tumors.
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INTRODUCTION
Testes are paired male sex glands located in the scrotum. The role of the testes in

animals is twofold: gametogenic, since they produce male gametes (sex cells -
spermatozoa), and endocrine, since they synthesize and secrete male sex
hormones (androgens) into the blood (Stanci¢, 2014). Unlike other mammals, the
testicles in dogs do not descend through the inguinal canal for another 3-4 days
after their birth and are in their final position in the scrotum on day 35 postnatally
(Pretzer, 2008). They occupy their final scrotal position up to the sixth month of
the animal's age (Spangenberg, 2021). Testicular descent is regulated by
androgenic and non-androgenic factors, and is mediated by the action of the
gubernaculum (Pretzer, 2008). In newborn dogs, the testicles are small, soft and
can move between the scrotum and the inguinal canal, especially when the puppy
is stressed or frightened.

Cryptorchidism in dogs, as in other species of animals, represents the retardation
of the testes with the associated anatomical structures inside the abdomen or
inguinal canal, i.e. the absence of descent of the mentioned structures into the
scrotum (Spangenberg, 2021; Moon et al., 2014). Based on whether one or both
testicles remain, cryptorchidism is divided into unilateral and bilateral, while
based on the localization of the remaining testicle, cryptorchidism can be
abdominal, inguinal and subcutaneous cryptorchidism (Felumlee et al., 2012;
Mattos et al., 2000; Mialot, 1988). Unilateral cryptorchids can produce fertile
sperm, while bilateral cryptorchids usually cannot and are sterile. Cryptorchid
dogs have a higher risk of testicular neoplasia and spermatic cord torsion (Moon
etal., 2014).

Suspicion of cryptorchidism is established by the general clinical diagnostics,
primarily using adspection and palpation methods, while the "gold standard” in
the diagnosis of cryptorchidism is the ultrasound examination with a sensitivity of
96.6% (Khan et al., 2018).

The only form of treatment for this disease is the surgical removal of the
remaining testicle(s), and as it is a hereditary disease, castration of unilateral
cryptorchids (removal of the descended testicle) is also recommended, because
such dogs should not be used for further breeding (Gradil and McCarthy, 2012).
After the surgical removal of the testicle, the remaining testicle must be sent for
pathohistological analysis to determine whether it has undergone neoplastic
changes.
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The goals of this study are: determination of adequate diagnostic protocols for
evaluation of residual testicles, selection of adequate surgical technique for
removal of residual testicles and pathohistological analysis of testicles after their
surgical removal.

MATERIALS AND METHODS

This study was conducted on 10 owner's dogs as part of clinical work at the
University Veterinary Clinic of the Faculty of Agriculture in Novi Sad. After
collecting detailed anamnestic data from the animal owners, the process of clinical
diagnosis of cryptorchidism was initiated. Initially, with the methods of
adspection and palpation, and then with the use of ultrasound diagnostics,
testicular retardation was determined in all previously suspected individuals. The
ultrasound examination was performed using an ultrasound machine BPU60 Vet
(BMV, China), using a convex probe, frequency 6 MHz, in B mode in real time.
Clinical diagnostic methods were used to determine the localization of residual
testicles (Table 1).

After a detailed clinical examination of all individuals, preoperative preparation of
the patient was performed, which consisted of several procedures. Blood was
taken from all patients to perform the following laboratory analyses: complete
blood count with differential leukocyte formula, biochemical parameters
(creatinine, AST, ALT, total bilirubin, albumin, phosphorus, calcium, glucose,
globulins, total proteins, urea, alpha-amylase, magnesium, triglycerides, lipase,
ALP, GGT). Complete blood count with differential leukocyte formula was
analyzed on the MEK-6550 machine (Nihon KOHDEN CORPORATION, Japan).
Biochemical analysis of blood serum parameters was performed on a Chemray
apparatus (Rayto Life and Analytical Sciences Co., China). All dogs were tested
for vector-borne diseases - CaniV-4 Rapid Diagnostic Test (Bionote, Korea) as
part of the preoperative preparation of the patient.

The preparation of the dogs for the operation started when, on the basis of all the
above-mentioned analyses, it was determined that the dogs are suitable for the
surgical procedure. Surgical procedures in dogs were performed under general
inhalation anesthesia, according to all principles of good veterinary and surgical
practice. First, premedication for general anesthesia was performed, which
involved the application of a sedative to the animal. In all 10 individuals, sedation
was performed using xylazine (XYLASED, Bioveta, Czech Republic),
intravenously administered at a dose of 1 mg/kg of the animal's body weight.
After obtaining the premedication procedure, the preparation of the surgical field
started. The hair was removed from the area of the entire abdomen, prepuce and
scrotum (Figure 1). At first, the skin was washed with neutral soaps, and then
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antisepsis was performed using a 70% ethyl alcohol solution and a 10% povidone
iodine solution. Induction of general anesthesia in all animals was performed by
intravenous administration of ketamine (Ketamidor 10%, RICHTER PHARMA
AG, Austria) in a dose of 3 mg/kg of the animal's body weight. Maintenance of
general anesthesia was performed using sevoflurane (Sevorane 100%, AESICA
QUEENBOROUGH LIMITED, Great Britain) with a minimum alveolar
concentration of 2.3%.

Figure 1 Surgical fielreparation (Photography: Ivan Gali¢, 2021)

In dogs diagnosed with inguinal cryptorchidism, the incision was made directly
through the inguinal canal - through the skin and then the subcutaneous tissue
(Figure 2). After evaluating the suspect testicle, a double ligation of the spermatic
cord was performed. The spermatic cord was ligated with absorbable
multifilament suture PGA, USP 0 or 2/0 (Yavo, Poland). After ligation and
removal of the suspected testicle, suturing of the subcutaneous tissue was
performed with absorbable monofilament thread MONOSORB, USP 0 or 2/0
(Yavo, Poland) with continues suture. The skin was sutured with nonabsorbable
monofilament NYLON, USP 0 or 2/0 (Yavo, Poland), by single knotted suture
(Figure 3).
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P,
Figure 2 Access to the inguinal residual testis (Photography: Ivan Gali¢, 2021)

Figure 3 The appearance of the surgical wound after suturing the skin in inguinal
cryptorchidism (Photography: Ivan Gali¢, 2021)

In the case of bilateral cryptorchidism, the incision was placed medially. In this
case, the foreskin was first removed from the abdominal wall and moved laterally,
after which an incision was made along the white line of the abdominal wall.
After visualization of the suspicious testicle, a double ligation of the spermatic
cord and removal of the remaining testicle was performed. The spermatic cord
was ligated with absorbable multifilament suture PGA, USP 0 or 2/0 (Yavo,
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Poland). Then the abdominal wall was closed. Abdominal wall suturing was
performed with absorbable monofilament thread MONOSORB, USP 0 or 2/0
(Yavo, Poland) with continues suture. Suturing of the subcutaneous connective
tissue was performed with absorbable monofilament thread MONOSORB, USP 0
or 2/0 (Yavo, Poland) with continues suture. The skin was sutured with
nonabsorbable monofilament NYLON, USP 0 or 2/0 (Yavo, Poland), by single
knotted suture.

After removing the suspect testicle, the testicles were placed in formalin and sent
for pathohistological analysis. Pathohistological analysis was performed in the
pathology laboratory of the Faculty of Agriculture, University of Novi Sad.

As part of the postoperative therapeutic protocol, non-steroidal anti-inflammatory
drugs and antibiotics were administered to all dogs. In pain therapy, metamizole
sodium (Noramin, Evrolek Pharmacija d.o.0., R. Serbia) was used, administered
intravenously, in a dose of 25 mg metamizole/kg animal body weight. Pain
therapy in all dogs was carried out continuously for 3 days. As part of the
antibiotic protection, all dogs were once given a combination of penicillin and
streptomycin in a dose of 0.5 ml of suspension per 5 kg of the dog's body weight -
Penstrep (Dopharma, the Netherlands), and then twice, every 72 hours, a long-
acting antibiotic, a combination of penicillin and streptomycin - Shotapen, in a
dose of 1 ml of suspension per 20 kg of the dog's body weight, (Virbac S.A.,
France). Sutures were removed in all dogs on the 14" day after surgery.

RESULTS

In this study, using methods of general clinical examination and ultrasound
diagnostics, unilateral cryptorchidism was diagnosed in 8/10 dogs (80%), while
bilateral cryptorchidism was diagnosed in 2/10 dogs (20%). Right unilateral
cryptorchidism was found in 5/8 dogs (62.5%). A left testicle was found in 3/8
unilateral cryptorchids (37.5%). In 7/8 unilateral cryptorchids, the localization of
the testes was determined in the inguinal region (87.5%), while in one case, the
localization of the testes was determined in the abdominal cavity (12.5%).
Bilateral cryptorchidism was confirmed in 2/10 dogs. In one bilateral cryptorchid,
one testicle was localized in the inguinal canal, while the other was located in the
abdominal cavity. In the second bilateral cryptorchid, both testicles were localized
in the abdomen (Table 1).
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Table 1 Types of cryptorchidism in clinically examined dogs

Dog Race Age Weight Cryptorchism type Body side
1 Shih Tzu 10 years 6 kg Inguinal — unilateral Left side
2 Bearded Collie 2 years 25 kg Inguinal - unilateral Right side
3 Siberian Husky 2 years 22 kg Inguinal - unilateral Right side
4 Border Collie 3 years 25 kg Inguinal - unilateral Right side
5 Cavalier of Prince Charles 1 year 8 kg Inguinal - unilateral Left side
6 French Bulldog 3 years 9 kg Inguinal - unilateral Right side
7 Miniature Pinscher 6 years 5kg Inguinal - unilateral Left side
8 Miniature Poodle 2 years 4 kg Abdominal unilateral Right side
9 Yorkshire Terrier 2 years 5 kg Abdon;'.nal / inguinal Bilateral

ilateral
10 Dachshund 4 years 8 kg Abdominal - bilateral Bilateral

Since the only method of treating cryptorchidism in dogs is surgical removal of
the residual testicle, surgical procedures and removal of the residual testicle were
performed. Thereafter, castration, or surgical removal of the remaining testicle,
was performed, considering cryptorchidism is a hereditary disease.

After removal of residual testicles, each removed testicle was sent for
pathohistological examination. Out of a total of ten dogs, one dog was diagnosed
with a residual testicular tumor in the seminoma type (unilateral inguinal
cryptorchid) (Figure 5, 6), while the others were diagnosed with testicular atrophy
(Figure 7).

......

... -
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Figure 5 Morphologically altered testicle-above; Morbh»olc')gically unéhanged testicle-
down (Photography: Jovan Spasojevi¢, 2021)
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Figure 6 Pathohistological finding and confirmation of tumorous changes
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Figure 7 Pathohistological findings of testicular atrophy
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DISCUSSION

Cryptorchidism is a disease of unexplained etiology that is believed to have a
genetic basis. Numerous studies have shown that the incidence rate of this disease
in dogs ranges from 0.8% to 9.7% (Ruble and Hird, 1993; Priester et al., 1970;
Reif, 1969). Breeds of dogs in which cryptorchidism occurs most often are:
Maltese dogs, Chihuahuas, German boxers, English bulldogs, Toy poodles,
Yorkshire terriers, Dachshunds, Pomeranian spitz, Pekingese, Siberian huskies
(Johnston, 2001). In this study, the rate of incidence of cryptorchidism in dogs
was not investigated, but from Table 1 it can be concluded that the results of this
study are in accordance with others, when it comes to breeds that are considered
predisposed to this disease.

Clinical diagnosis of cryptorchidism in dogs is based on the use of general and
special clinical diagnostic methods, and ultrasound diagnostics can be considered
the "gold standard” in cryptorchidism diagnosis. Ultrasound diagnostics, with a
sensitivity of 96.6%, is used to detect abdominal cryptorchids, and with a
sensitivity of even 100% to detect inguinal cryptorchids (Khan et al., 2018).
Research conducted by Felumlee et al. (2012) on dogs, indicates that there was a
100% positive predictive value for a total of 42 out of 43 dogs, of which 28 were
abdominal and 14 were inguinal cryptorchids. In the mentioned dogs, the
ultrasound findings and position of the testicles are identical to their surgical
localization. In one of the 43 cryptorchid dogs, an abdominally retained testis
could not be identified using ultrasound diagnostic and was later found in the
abdomen during surgery. Surgical and ultrasound findings were the same for
42/43 (97.7%) residual testes. The sensitivity of ultrasound diagnostic was 96.6%
for abdominal and 100% for inguinal positioned testicles. In our study, the
methods of general clinical diagnostics (aspection and palpation) in combination
with ultrasound diagnostics were used as diagnostic methods for detecting
cryptorchid dogs. In all dogs, the location of the residual testicle was detected
using ultrasound diagnostics, which was later confirmed during surgery. Based on
this, it can be concluded that in our study, ultrasound diagnostics was used with a
degree of sensitivity of 100%, which coincides with the results of the research
done by Felumlee et al. (2012).

In our study, based on the results of the clinical examination, unilateral
cryptorchidism was diagnosed in 80% of dogs (8/10), while bilateral
cryptorchidism was diagnosed in 20% of dogs (2/10). Right unilateral
cryptorchidism was found in 5 out of 8 dogs (62.5%). Left unilateral
cryptorchidism was found in 3 out of 8 dogs (37.5%). In 7 out of 8 dogs with
unilateral cryptorchidism, the localization of the testicles was determined in the
inguinal region (87.5%), while in one case, the localization of the testicles was
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determined in the abdominal cavity (12.5%). In the research conducted by
Tannouz et al. (2019), the presence of unilateral cryptorchidism was found in 70%
of cases, and bilateral cryptorchidism in 30% of cases. The same authors stated
that the highest prevalence of cryptorchidism was detected in the right inguinal
region (36.2%), followed by the left inguinal region (25.4%), than within the right
side of the abdominal cavity (23.3%). The prevalence of cryptorchidism within
left side of abdomen was 15.1%.

The results obtained in our study partially coincide with the results obtained by
Tannouz et al. (2019), and the reason for the partial coincidence lies in the
different number of examined patients.

Ultrasound diagnostics is also considered the primary diagnostic method in the
diagnosis of cryptorchidism in other animal species, as well as in humans.
Ultrasound diagnostic is a sensitive and highly specific method for the detection
and localization of a residual testicle in horses (Felumlee et al., 2012; Ras et al.,
2010; Schambourg et al., 2006). Research conducted by Schambourg et al. (2006)
on 38 horses, of which unilateral cryptorchidism was detected in 32 cases, and
bilateral in 6 cases, indicates that in 97.5% of cases the residual testicle was
successfully located and that it is possible, using ultrasonography, to give an
accurate diagnosis of abdominal cryptorchidism on the field without additional
hormonal analyzes or rectal examination. In the same study, it is also stated that
no other abdominal structure can be mistaken for an abdominally retained testicle,
provided that the hyperechoic tunica albuginea is visible and that the central vein
or the epididymis are easily visible, which makes transabdominal ultrasonography
a reliable diagnostic method.

In humans, ultrasound diagnostics have also been used to detect residual testicles,
but with less satisfactory results in some studies (Felumlee et al. 2012; Pekkafali
et al., 2003; Elder, 2002; Malone and Guiney, 1985). In children, ultrasound
diagnostic is important because it is a non-invasive technique that does not use
ionizing radiation and facilitates planned surgical intervention (Felumlee et al.,
2012; Nijs et al., 2007; Cain et al., 1996; Weiss et al., 1986; Kullendorff and et al.,
1985; Wolverson et al., 1983). When comparing ultrasound findings with surgical
locations of non-palpable testicles in children, ultrasound diagnostic was
successful in locating of 103 out of 152 (68.0%) non-palpable testicles: 16 in the
abdomen and 87 in the inguinal canals (Nijs et al., 2007).

Gharagozlou et al. (2014) investigated the use of anti-Mullerian hormone as a
potential diagnostic marker in dogs. The research was conducted on 10 bilateral
cryptorchids, 7 intact dogs and 7 neutered dogs over 6 months of age of Toy
breeds. It was found that serum concentrations of anti-Mullerian hormone are
significantly higher in intact and neutered dogs than in bilateral cryptorchids,
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which can be used in the differential diagnosis of neutered and cryptorchid dogs
(Gharagozlou et al., 2014).

Dogs diagnosed with cryptorchidism have a higher risk of developing testicular
neoplasia. The most common are tumors of the interstitium, i.e. Leydig cells,
tumors of the testicular germinal epithelium-seminomas, and Sertoli cell tumors
(North et al., 2009). Testicular tumors represent more than 90% of all tumors of
the genital organs in dogs and dogs have the highest incidence of all animal
species (North et al., 2009). The higher incidence of tumors in the seminoma type
can be attributed to the fact that these types of tumors result in clear clinical signs,
1.e. testicular enlargement (Grieco et al., 2008; Marinkovi¢, 2006). This finding
was also in our case, which was clearly observed after the orchidectomy of both
testicles (Figure 5) in a dog in which, based on the pathohistological findings, a
tumor of the seminoma type was determined. LaloSevi¢ et al. (2008) reported two
seminomas out of thirteen testicular tumors found in dogs, one of which, as in our
study, was a unilateral cryptorchid. Also, the research conducted by Liao et al.
(2009) indicates that the right testicle is more often affected by the tumor, due to
the fact that it often lags behind in the abdomen, that is, the inguinal canal, as was
also the case in our study.

In the analysis presented by Marinkovi¢ et al. (2006), the seminoma type tumor
appeared at the earliest at the age of nine, and at the latest at the age of fifteen,
with an average age of dogs of 10.8 years, which coincides with the age of our
dog, which was ten years old. In the same study, when it comes to the incidence of
testicular tumors in dogs that did not show any symptomatology characteristic for
the presence of tumors, the following results were obtained on a total of 232 dogs
examined: the study included males of different breeds, of different ages, and both
testicles were taken for pathological-histological analysis. It was found that 27%
of the dogs had a testicular tumor, of which 50% had a Leydig cell tumor, 42%
had a seminoma, and only 8% had a Seroli cell tumor. Also, 31% of the total
number of patients had combinations of these tumors. Leydig cell tumors and
seminoma appeared together most often, followed by Leydig cell tumor and
Sertoli cell tumor, while the combination of seminoma and Sertoli cell tumor was
recorded in a small number of cases.

Orchidectomy is the recommended method of removing a testicle affected by a
tumor, but as there is a possibility of tumor metastasis, chemotherapy represents
an additional therapeutic protocol to orchidectomy (Botelho Soares de Brito et al.,
2014). Although metastases are rare, they can occur, and the prognosis will
depend on the size and localization of the metastases. Seminomas in dogs rarely
metastasize, unlike seminomas in humans. They metastasize only in 6 to 11% of
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cases to inguinal, iliac and sublumbar lymph nodes, lungs and visceral organs
(McEntee, 2002; Moulton, 1990).

CONCLUSION

The final diagnosis of the presence of cryptorchidism in dogs can be made from
the age of 6 months. Ultrasound diagnostics is considered the primary diagnostic
method and the "gold standard™ in the diagnosis of cryptorchidism in dogs, with a
sensitivity of 90% to 100% depending on the type of cryptorchidism. Surgical
therapy, i.e. removal of residual testicles, is the only optional solution in the
treatment of cryptorchidism. Also, it is necessary to neuter the animal at the same
time, i.e. remove the physiologically descended testicle. Considering the
pathomorphological changes of all residual testicles, pathohistological analysis
should be introduced as a standard within diagnostic and therapeutic protocols in
the treatment of cryptorchidism.
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capajlby M Be3y JieKapa W BeTepuHapa ajld M CTPY4maka >KUBOTHE CPEAMHE U
JIPYTUX CIENHjaTHOCTH, KOje MMajy 3Hadaja 3a 37paBibe. [lojenuHu cTpydmanu
cMmaTpajy na OM Ha Hampenak OBE capajme yTUIala eayKaluja MaiyjeHara u
BJIACHUKA YXUBOTHIbA O 300HOTCKMM OoOJIeCTHMa HUXOBUX JbyOMMalia, Kojy ou
Tpebasio J1a BpIie JIeKapyu U BeTepuHapu. JeHo 3/IpaBibe MMa 33/1aTakK Jja IOMOTHE
JieKapy Ja Tpero3Ha Aa onapeheHa O0JecT HUje MCKJbYYHBO Be3aHa 3a XyMaHy
MenuIuHy, Beh na ykaxe aa ce ca ToMm Oonectu cycpehy u BerepuHapu. bosba u
Onmmka capajma Jiekapa M BEeTepuHapa W KUXOBA MOBE3aHOCT OW JONPHHENA J1a
o0e cTpyke 00Jbe Tperno3Hajy u Jede oapeheHe OonecTu Jbyau U )KUBOTHUHA U Ja
CrIpeve W CMame HeraTUBaH YTHIA] JKMBOTHE CpEIWHE Ha 31paBjbe JbyId U
KHUBOTUIbA. YTIO3HABAKEM KOHIENTa JEeAHO 3/paBibe, MOCTOjeé MOoryhHocTH 3a
00JhOM capagmkbOM M 3ajeJHUYKUM pPaZOM, ajld Yy OBOM TPEHYTKY JOII YBEK
IIOCTOjJU U YAaJbEHOCT OBe JBe mpodecuje. Y cBeTy ce BENUKU Opoj CTpydymaka
0aBu OBMM IPOOJIEMOM M cMaTpa ce Ja Ou Tpebaso HalpaBUTH CTPATErHjy, Koja
OM OTKJIOHMJIA OBaj MPoOIIEM, IITO OM JOIPHHETIO M MPOMOLMJU KOHLENTa JeaHo
3IpaBJbe. 3HAuUaj capalme JieKapa M BETEpPHHApa je BEIUKU a JONPHHOC HOBHX
Hay4YHHUX Ca3Hamba Ha MPUMEPY Pa3IMYUTHUX BpCTa JlaHAC MPEACTaB/ba BEIHKHU
M3a30B 32 HAYKYy.




Betepunapcku :xypHai Peny6iuxe Cpncke (bama Jlyka), Boa. XXII, Bp.1-2, 156-166, 2022.
Beauh u cap.:
3Hauaj capajame JeKapa 1 BeTepHHAPA Y KOHIIENTY jeHO 31paBjbe 157

Kibyune peum: JenHo 37apaBibe, capajma, JIEKapH, BETEPUHAPH, >KUBOTHA
cpeauHa

YBOJ

Konnenr Jenno 3apaBme (enrs. One Health) oOyxBara 3apaBibe Jbyau u
JKUBOTHIbA Y3 KUBOTHY CPEANHY, KOja UX OKpyxyje. [Topekino jeqHe Meauuune u
KOHIlenTa JeqHOo 37paBibe, capalma JieKapa W BEeTepHHapa, Ce CIOoBe3yje ca
HEMauyKuM JieKkapoMm W matosiorom Pymompom Bupxodom (Rudolph Wirchow),
jom y 19. Beky, koju je oTkpuo xuBotHU nukityc tpuxunene (Trichinella spiralis)
KOja M3 CBHUICKOT Meca KOH3yMallMjoM yIlla3u y OpTraHW3aM YOBEKa. YBEO je
TEPMUH 300HO3a U YKa3a0 Ha CIIMYHOCTH XyMaHE U BETEPHUHAPCKE METUIIMHE, TE
HaBeo Ja He Ou Tpebaso Ja MoCToju MojAeNia Ha XyMaHe U BETEpUHAPCKE JIEKape.
Jomr Tama ce TOBOpWIIO O capalid JIeKapa W BETepUHApa y JeUeHY JbYIU H
)kuBoTuma (Saunders, 2000; Kahn u cap., 2007; Gyles, 2016; Jedtuh u cap.,
2021; Beli¢ u cap., 2021).

Mmucao kojy je wuspekao Hippocrates (460-367. mpe HOBe epe), aa mpu
nocMarpamy HayMHA JKUBJbCHA JbyIHM HE Tpeba MX MOCMATpaTH BaH HUXOBE
JKUBOTHE CpEeANHE, jJaCHO yKa3yje Jia je U TaJa MOCTojao 3HavyajaH yTHUIlA] )KUBOTHE
CpeAMHEe Ha JKUBOT JbyAH. Y cTapoM Beky, cy Hippocrates u Galen, moctaBunu
TEOpHjy Ja Cy CBa Tejla CauhibeHa OJf YeTHPU BPCTE TEUHOCTH, a Ja je Oosect
UHAUBUJYE TOCIEANIIa HEYpPaBHOTESKEHOCTH Koja ce jaBjba u3Mel)y OBHX
TEYHOCTH. Y OBOM MEPHOAY CYy Yy HUCHHUTHBakUMa YYECTBOBAIM M JbYAH W
KUBOTHE, IPU YEMY CY MMAaJld UCTU TPETMaH U naxmy. OBa TeopHja je Bakuia
no oTkpuha MHKpoOa W CaBpEMEHHX CXBaTamka XYMOPATHOT U IIeNyJapHOT
uMyHoJoukor oxropopa.y 18. Beky je mama Clement XI mao nekapy, Giovanni
Maria Lancisi (1654-1720), unctpykuuje 3a 60p0y U Mepe ycMepeHe MPOTHB Kyre
MpeKUBapa, jep ce 3Hajlo Ja je OHa JIeTaJIHA BUPYCHA OOJIECT JKUBOTHHbA, U Ja
3HAYajHO yTHYE Ha TNPHHOCE W CMamyje 3anmuxe xpane. [Ipennmoxkuo je ma ce
OosecHe KMBOTHEC YHHUINTE W Ha Ta] HAUYMH Crpedd mmpeme Oonectu. IIpBa
BeTepuHapcka mkoia y JIMOHY je ocHOBaHa 300T cIpevyaBama IIUPEHA OBE
ormacHe 3apazHe Oomectu 1761. rommne. CrynmeHTe u3 o00JacTu 37paBiba
xuBotuma je yunmo Claude Bourgelat (1712-1779), a kopuctuo je wucte
,,[TATOOMOJIONIKE TMPUHIUIIE KOJU Cy NMPUMEHHUBAHU y XYMaHO] MEAHUIMHU H
0aBHO ce HUXOBUM YTHIAjeM Ha 31paBJbe¢ KMBOTHHA. HakoOH OCHHBama MpBE
BeTepUHApCKe IKoye y JIMOHy, 3Ha4aj U yJiora BETepUHApa je 3Ha4ajHO rmopacia
y npywtBy. ITocie ocHuBama oBe 1mikosie y EBponu u 11e10M CBETy c€ OCHHBA]jY
OBAaKBE IIKOJIE.

Konnenrt JeaHo 3apaBibe je HACTaBUIIO 1a C€ IOMUILE Y HApEIHUM roJJMHaMa CBE
no nanac. William Osler, kaHajcku Jiekap W TATOJIOT, KOJU j€ TOJy4aBao
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cryaente MmenunuHe Ha Mc Gill koneyy u cryneHre BerepuHe Ha Montreal
BETEPUHAPCKOM KoJjieny TokoM 1870-Tux roawHa, y KOHIENTY JeIHO 3/paBibe je
[IOCTaBHO KOHIIENIT KOMIIApaTHBHE IaTOJOTHje€ >KUBOTHUIA M JbYAM OIHOCHO
jemuucTBeH KoHuent meaunuue (Kahn u cap., 2007; Kahn, 2008; Schultz, 2008).
Grant u Olsen cy kpajem 19. Beka, y CBOjUM HCTpaKUBambHMa MIPOYYABAIN YIIOTY
JeKkapa W BeTepUHapa y TPEBEHIMJU  300HOTCKUX  000JbeHa, KO
MMYHOKOMIIPOMHTOBAaHMX NalMjeHaTa W JOUUIM O Ca3Hama Ja JeKapu HHUCY
JIOBOJAHO Ppa3roBapajd ca CBOJUM IMalMjeHTUMa O THM OoJieCTUMa, ald U Ja
NalMjeHTH HUCY TPENO3HAJIM BETEpUHApE Ka0 CTPYUHaKe 3a JIeUeHE HUXOBE
6onectu. KoHcraroBanm cy na je pHU3MK XPOHHYHO HMYHOKOMIIPOMHTOBAHHX
OolecHMKa  KOjU  TOCeAyjy  JKMBOTHIE€  3HaTHO  Behw, Hero  Kof
UMYHOKOMIIETEHTHUX MHIMBHAya. 3HaUajaH Hampeaak OM MOrao Ja ce MOCTHUTHE,
Kaza O JIeKapu U BETEPHHAPH €IyKOBAJIM CBOj€ MAIMjeHTE OAHOCHO KJIMjEHTE O
300HOTCKMM OoOJiecTUMa HUXOBUX JbyOmmama. OHHM Ccy cMaTpalid Ja IIKOJe
MeIUIMHEe U BeTepuHe Tpeda na obe30ere 3Hamba CBOJUM CTYIEHTHMA O HAYHHY
Ha KOjU JKUBOTHIE W JbYAM yTUYY jeqHH Ha apyre. Cmarpa ce Aa cy MpUCTYI
JeqHoj MeOWIMHM yHAmpeAWJIM BETEpUHApU jaBHOT 3]paBjba, a Jda je
HajuctakHyTuju 6mo James Harlan Steele (1913-2013), koju ce maHac cmaTpa
OIIEM BETEPHHAPCKOT jaBHOT 3iapaBiba. OH je 1947. roamHe, OCHOBAO OCIHCHE
BETEPUHAPCKOT jaBHOT 37paBiba y LlenTpy 3a 3apasne 6onectn y CAJl (History of
one health). OBa opranuzanuja je Ouia KOHIIEHTpHUCAaHA HAa 300HOTCKE OojecTu:
TyOepKyI03y ToBena, Opyueno3y, OSCHHIO W CaJIMOHEN03y, T€ je IpUMEHHusIa
NPUHIUIIE jaBHOT 37paBjba Y HUXOBO] MPEBEHIMjH U HCKOpEHmaBamy. Jeman of
TBOpAIla jeJiHe MeIWIIMHE OJHOCHO KoHIenTa JemHo 3apasike je Calvin Schwabe,
KOjU ce 3ajarao 3a capaamy MpodecroHalana y XyMaHO] M BETEpUHApPCKO]
MEIWIMHA Y W3ydYaBamky 300HOTCKUX OOJIECTH, a 3ajarao ce 3a MPEBEHIH]Y U
crpevaBame M30Mjamba OBUX Oonectd. Y TOKy 19. Beka capaama Jiekapa U
BeTepuHapa je Ousia Beoma OrpaHWYeHa W OJ[BHjajla CE€ CaMO y TOjeIMHAYHHM
cllyyajeBUMa.

Tepmun Jemna MemuuuHa je €BOJyHpao y JeaHO 31paBibe, YMME j€ CTaBJbECH
Harjacak Ha TPOMOIM]Yy 37paBjba, a HE Ha Jedyewme OoJecTu. Y HapeaHOM
NepuoJly pa3Boja OBOT KOHIIETITA, jaBJba C€ yTHUIIA] )KUBOTHE CPEIMHE HA 3PaBJbE,
OJTHOCHO YTHIIAj (haKTOpa CIIOJbAIIhE CPEIUHE Ha JbyJe M KUBOTHUHE. [lokper
JenHo 3npaBibe ogHocHo Muunmjatusa Jennor 3apasiba (One health initiative) ce
dopmupa y Toky 2006. romuue. JlaHac je KoHUENT JeTHO 3/paBJbe M HHETOB
UHTEpEC YyCMEpeH Ha O0ojecTd, Koje Cy IMOCleAnlla HHTEpakiuje JbyAu U
JKUBOTHHA. [[MJb OBOr KOHIIENTa j€ MpoOMOIMja TpUMEHe Mel)yCeKTOpCKOT,
MYJITUIUCIMIIMHAPHOT TMPUCTYNA 3a yOlakaBame U CMameme mocrojehux mimm
MOTEHIMjaTHUX PHU3HMKA IO 37paBJbe, KOJU MPOUCTUYY W3 HHTEPAKIUja JbYIH.
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Obpa3yjy ce wmehyHapogHe MyATHIMCHMIUIMHAPHE HAy4YHE  3aj€HMIIE,
MOJIMTUYKUX U BIAJUHUX JIUJEpa, IIHPE JaBHOCTH U MEJHja y Be3U ca KOHLENTOM
JenHo 3apaBibe, KOje MOMaxy y MPOMOIUjU Op3e MMIUIEMEHTallMje KOHIENTa
mMpoM cBeTa. bunteH JemHo 3npaBibe, Koju u3naje YHuBep3uteT y Diopuaw,
HACTOjH J1a TOACTaKHEe KOMYHHKAIIM]Y U capamby Mel)y BeTepuHapuMa, JIeKapuma,
CTpy4YmalliMa 3a JaBHO 3/IpaBJjb€ M HAyYHUIIMMA M3 OOJIACTH 3aILTUTE KUBOTHE
CpeAMHe U Ja YTBPAM MYJITHAMCIUIUIMHAPHA PEIICHha 32 OBE 3ajeJHUUKE N3a30Be.
[ToBehano mHTEpEcOBame 3a JeqHO 37paBibe ce jaBjba HaKOH KoHpepeHimja 2011.
roauHe, koje cy oapxkasane y CAJl, a Ha mHMa Cy Y4ecTBOBAIM JIEKapH U
BETEpUHAPH, KOjU ce 0aBe CIMYHUM OOJIeCTUMA Ha JbyJMMa U >KHBOTHHAMA.
Konnenr JemHo 31paBibe MMa 3ajaTak Ja MOMOTHE JeKapy Jia Iperno3Ha Ja
onpehena OoyiecT HUje MCKJBYYMBO BE3aHA 3a XyMaHy MEIWIIMHY, Beh na ce ca
wBoM cycpehy u Berepunapu. KondepeHuuje u CKynoBH o jeJHOM 3[paBJby UMajy
3a IUJb Ja C€ JeIHO 3/paBJbe IMOMEpPH ca mepudeprje XymMaHe MEIUIIUHE Y
[EHTpaJIHy NO3HIIM]y T/I€ U IpUnaja.

N36ujama 300HOTCKUX O0secTH, Kao mto cy CAPC, undeknuje BupycoM edose u
NaHJIEMHUJjCKH TPHIl TOCIYXHJIa Cy 3a HCTHIAlke 3Havyaja KoHIenTa JemaHo
3npaBsbe. JenHo 37paBibe Tpeda Ja ce BUIIe NMPOMOBHUIIE HA JIOKAIHOM HHBOY,
300r moGoJblIamba KOMYHUKAILMje M capajmbe JieKapa W BeTepuHapa y pa3MeHU
uH(popmMmaIyja, 3Hama U 00pa3oBama O 300HO3aMa M JIPYTUM MHUTamUMa jaBHOT
3npaBiba. Bopehe wMecro y mpoMoBHCamy pasyMmMeBamba E€KOCUCTEMa Y
BETEPUHAPCKO] MenuuuHu umane cy KaHajacke BeTepumHapcke WIKOJIE, KOje CYy
HacTojajie Jla ce BETepHUHAPH IPUIIPEME 3a paj Kao J1€0 TPAHCIUCIMILTMHAPHHUX
THUMOBa Koju ce OaBe Konmentom JemHo 31paBibe OAHOCHO JIeUEH-EM OOJIECTH
(Nielsen u cap., 2012; Kuposcku u IInasmuh, 2019). Ipeanor Nielsena u cap.
(2014) je 6wo ma ce Ha HAI[MOHAIIHOM HHBOY OCHa)KE KANaIlMTETH BETEPHHAPCKE
CTpyKe U J1a c€ UM J0NYyCTH Bojeha yiora y jaBHOj OJTUTHILIN.

HcTopujcku mocMaTpaHo U MOpeJl HallpeIHUX CXBaTakba MHOTUX HayYHHKA BeoMa
je Ayr myT 10 pa3Boja KOHIENTa JeqHO 3/IpaBibe U MOBE3MBAKba U Capaiibe JeKapa
U BeTepUHapa.

JenHo 3mpaBibe ce cMaTpa jeJHHM O] HajBaKHUJUX IOKpEeTa W KOHIlerara
3npaBiba AaHammmuie. Capaama XymMaHe M BETEpPUHApPCKe MEAMLMHE HMa
NOTEHLIM]jal, Aa JOBeJe N0 HOBHX HAYYHHMX CXBaTama, Kpeupa HOBE Tepaluje U
POMEHM HAa4YMH Ha KOjH JIEKap, BETEpUHAPU U FHUXOBH MAIMjeHTU U KJIIM]CHTH
pasymejy 3apaBibe U 6onect. KoHuent JemHo 3mpaBibe HHUje TOOWIO TOBOJbaH
3Haya] M pa3BUjEHY CBECT WJIM MPHUBIAYHOCT y XyMaHUM MEIUIIMHCKUM
3ajenauiiama. Op HacTaHKa OBaj KOHIIENT, KOjU j€ Ha TMOYETKYy Ha3BaH JemHa
MeIWIMHa, TPUMapHO je BOhEH CBETCKMM BeTEpHHApCKUM cTpykama. Ha
MEAMIIMHCKUM M BETepUHApPCKUM (hakylITeTHMa y CBETY ce€ 3a mera 3Ha Beh oko
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15 roguna, a yrnopeaHa MEIMIIMHA je JCIeHUjaMa JTyKe Ouiia TUXO eBUACHTHA y
YHHUBEP3UTETCKMM KaMIIyCMMa Ca BETEPHHAPCKHUM W METUIIMHCKAM IIKOJIaMa
(Wilkinson, 1992). Mako je HEKOJMKO JieKapa UMasio Bojehy yiory y KOHIIENTY
Jemno 3mpaBibe, y CjennmeHNM aMepUYKUM Jp)KaBaMa, YIPKOC BHUIIE OJ
METHAEeCT FOJIMHA CHAXKHOT PacTa MOKPETa, MHOTH jOIIl YBEK HUCY UYIH 32 Bbera. Y
CBETY j€ BEIUKH OpOj JIeKapa YKJbYYCH Yy 0Baj TIOKPET, all MYy JOII YBEK HHU]jE AaT
JIOBOJbAH 3HAYAj ¥ HUjE MOCTUTHYTA JIOBOJbHA IMOBE3AHOCT JIeKapa U BETEpHUHApa
OJTHOCHO MEJHIIMHE W BETEPHHAPCKE METUIIMHE. Y KOHIENTY JeIHO 3apaBibe ce
HAjBUIIE Hala3e Jby[H, KOJU paZie Ha 300HO3aMa y MOJbY CHUTYPHOCTH XpaHE H
nH(pEeKTUBHUX 000Jberha. [103HATO je a cy 300HO03€e 00JIECTH KapaKTEPUCTUIHE 3a
YOBEKa W XUBOTHIE, KOje ce MmpeHoce u3Mel)y KUBOTHIHA, WIH Ca )KUBOTHUEA HA
yoBeka. [IpeHomeme Moke OUTH TUPEKTHO HITH HHIUPEKTHO, TPEKO BEKTOpa WIIH
yTeM KOHTaMHHHpPaHe )KUBOTHE cpeaune (Saunders, 1987).

3a pa3ymeBame Be3€ JKHBOTHHA, JbYIU W HUXOBOT 3lIPaBJba, HEOMXOIHO je Y
KOHIENT JeTHO 37paBibe YKIBYYUTH U JIeKape, KOjU HUCY camMO HH(EKTOJIO3H.
JemHo on TaBHMX HM3a30Ba KOHIIENTA JEIHO 3/IpaBibe je YKIbYUHBAmWbE JieKapa Jia
OM CXBaTWIIM J1a je TO HEOMXOJHO 32 KHUXOB CBAaKOJHEBHU paj. MeauimMHCKA
3ajeIHHIIA KOjO] TPHITa/Iajy JIEKapu U 3JIPaBCTBEHO OCOOJbE j€ M J1aJbe Y BEIUKO]
MepH MCKJbyU€HAa W3 KOHIleNTa JeaHO 3/paBibe, aid 0e3 3HAYajHOT aHTaKOBamba
JeKapa MEIWIIMHCKUAX CecTapa W JIPYTUX 3JIPaBCTBEHUX paJHHKAa HE MOXKE ce Y
MOTITYHOCTH OCTBAPH H-ETOB TIOTEHIIM]aJ.

[ToTpeOHO je aa Jiekapu mperno3Hajy 1a 00JIECTH KOje Jieue KOJl CBOJUX MalldjeHaTa
YecTO HUCY jeIMHCTBEHE CaMoO 3a JbyAE OJHOCHO Jia CTPY4YHallk 3a 3[paBJbe
JKUBOTHIbA UMa]y WH(pOpMaIMje U 3Hama 0 00JIeCTUMA KOj€ MPEHOCE KHBOTHHE,
Koje Tpeba MmoJeNuTH ca JIekapuMa U TUME YHAIIPEIUTH KOHLENT JemnHo 3/IpaBJbe.
[TocToju u Benmuku Opoj MOTYhHOCTH 3a capajmby alH U BEJIMKU pacKkopak u3Mehy
ose aBe npodecuje (Natterson-Horowitz, 2015).

Konnenr JenHo 3apaBibe HUje HOB jep j€ TTO3HATO /1a 3APaBJbE JbYIH, )KUBOTUHA U
€KOCHUCTEM TPE/ICTaBJbajy jeAHY LIEMUHY jOII O]l HACTaHKa JbYJCKE BpcTe. JeqHo
3/IpaBJbe HEMA jeIHY KOHKPETHY M O]l CBUX NpuxBaheny nedununujy. Hajpurme ce
KopucTH aeuHUIIMja AMEPUIKOT BETEPUHAPCKO-MEAUIIMHCKOT IPYIITBA: JeIHO
3/IpaBJb€ j€ MHTETPATUBHU TMPUCTYI BHINE PA3TUUUTUX JUCIHUILIMHA, KOje Ce
OCTBapyjy Ha JIOKAJTHOM HAI[MOHATHOM U TJI00aJTHOM HHBOY Y LUJbY OJp)KaBama
ONTHMATTHOT 3JIpaBJba JbYIU, JKUBOTHEA M OJ[piKaBamka >KHUBOTHE CpPEIUHE.
CgeTcka 37paBCTBEHA Opranu3aija jaeduHucana je JemHo 3apaBibe Kao MPUCTYII
3a OCMHIIUbABalkeé U CIpPOBOhemEe Mporpama, MOJUTHKA, 3aKOHOJABCTBA U
UCTpaXMBamka, y KOjUMa BHINE CEKTOpa KOMYHHIMPAa W paad 3ajeHO paIu
NoCTU3ama 00JbUX pe3yiTara jaBHOT 3/IpaBJba.
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JenmHo 3apaBibe ToOIpa3yMeBa HH3 TOCTYyNaKa y CBAaKOJAHEBHO] IPAKCH, KOJH
JTOTIPUHOCE 37IpaBJby JbYIW M KUBOTUHA. Oxcek Jemno 3apasibe y llIBenckoj u
JenHo 3apaBibe MHuMnMjaTHBa AyTOHOMHH Pro DONO THM cy mpeacTaBuin jeaHO
3paBJbe IIIEMATCKUM IPUKA30M ,,KUAIIOOpaHa’’, KOJU TOKpPHUBAa CBE O00JACTH
KOjUMa OBaj KOHIeNT Tpeba na ce 0aBu M jacHO (okycupa Ha MOCIEIUIIE,
peakije M TOCTYNKE Ha J>KABOTHEM — YOBEKY — EKOCHCTEMY H HHHXOBO]
MOBE3aHOCTH, a MOCEOHO Ha 300HO3€, KOje HACTAajy M €HIEMCKE M €H300HOTCKE
300HO03€, IPHU YeMy Cy MPETXOIHE OJAroBOpHE 3a MHOro Behm Teper Oomectu y
3eMJbaMa Yy pa3Bojy, Ca BEIUKUM JPYIITBEHHM YTHUIAjEM Yy OKPYKEHY U
cupomamauM pecypcuma (Welburn u cap., 2015; Cleaveland u cap., 2017).

JenHo 31paBibe mopes MEAUIMHE M BETEPUHAPCKE MEIULMHE 110 CBOM KOHLENTY
oOyxBaTta U Apyre NUCHHMIUIMHE, YKIbY4Uyjyhu €KOJOoTHjy U 3[IpaBJbe €KOCHCTEMA,
IpYUITBEHE Hayke, Kopulnheme 3eMibHINTa U OuoamBep3uTeT. BerepmHapcka
3ajelHHIA C€ BeoMa Op30 YKJbyuWsa y KOHIENT JeTHO 37IpaBJjbe INTO HHUje OMO
ClIy4aj ca MEAWIIMHCKOM 3ajeHUIIOM. JelIHO 37ApaBibe j€ TOIPKAHO H OJ
AMepHUYKOT METUIIMHCKOT YApYXema, EHriieckor jaBHOT 3apaBiba U CBeTcke
3paBCTBeHE opranm3anuje. [lopen oBe moAapiike 3a MOTIYHH]E YKJbYUHBAHHE
MEIUIIMHCKE 3ajenHuie y OyayhHoctn Omhe moTpeOHO YKJbydHMBamkE€ KOHIICTITA
JemHo 3apaBibe y HacTaBHE NIporpaMe MEAWIIMHCKUX MIKOJIa Wy MporpaMe
CTyIMja MEIWIIMHE, Aa OW OHM JaBHO 3JpaBibe carjiefadd Kao 3HavajHy
KOMIIOHEHTY jaBHOT 37paBjba W 3apazHux Oonectu (Rabinowitz u cap., 2017;
Kuposcku u [Tnapmmh, 2019).

He nocroju 6ospe kBanudukoBana nmpodecuja Hero MTo je BeTepUHapceKa, Koja je
KpO3 MCTOPHjy U TPEHUHTE MPOMOBHCAIA WHTEPAUCIUIUIMHAPHU TIPUCTYT JeaHO
3/IpaBJbe U OWIa U y UMIUIEMEHTAIUjH IPBUX KOpakKa.

Behnna BerepuHapa nmaHac, 3aBpIiiaBa CHIENHjaIM3alldje 3a JEIHY BPCTY
KUBOTUA WIH JeaH CEKTOp MmpodecHje, ajli OCTajy BEpHU CBOjO] 3aKJICTBH U
00aBJbajy CBOjJy MpaKCy IO MPUHIMIKMAa KOHIeNTa JeaHo 3apaBibe. JemHo
3/IpaBJbe MPEJICTaBIba CUCTEMATCKU MPHUCTYI PA3IUYUTUM TpaKcaMma, KOjU U aJbe
pacte W ToOpel 300HO3a y3uMa y o03up u yrumaje exocuctema (Battelli u
Mantovani, 2011).

Ham3op xuBOTHEI,A W HUXOBOT 3PaBCTBEHOT CTamka NpPEICTaB/ba TJIaBHY
KOMITOHEHTY JE€THOT 3/]paBJhba HAPOUUTO y JACTEKIIM]H HOBUX MPETHH KOj€ C& MOTY
JaBUTHU y BE3U JKUBOTUHA M YOBEKA.

Hoxropu Rolf Zinkernagel u Peter C. Doherty nekap u BeTepuHap Cy OTKpUIH
KaKo UMYHCKH CYCTEM pa3lIMKyje HOPMaJHY OJf BUPYCHO 3apaxeHe hemuje. OHu
cy 1996. roqune noownmmu HobGenmoBy Harpamy u3 MEIUIIMHCKE (U3HOJIOTH]E WIIH
meaunmae (Nobelpriset 1 fysiologi eller medicin). OBaj mpumep mokasyje na je
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KOHIIETIT JEeZHO 3/paBJbe BeoMa 3HauyajaH 3a HAyYHOUCTPAXKHMBAYKU U MPAKTHYAH
paasiekapa 1 BeTepuHapa.

JenHo 3apaBibe je KOHLENT PazIHMuUTHX AMCUUIUIMHA CAKYIUBCHHUX Y JeAHY
NEPCIEeKTUBY, Ca 3ajJeJHUYKUM pelIelhuMa 3a O4uyBamke 3/paBiba JbYyIU WU
KHUBOTUIA Y3 OYYyBambe IKUBOTHE CpEAMHE, ONTUMAIHOT 3]paBjba JbY/H,
JKUBOTHbA U €KOCHCTEMA, OTHOCHO XKUBOTHE cpeauHe (Savic u cap., 2014).

Kpo3 ucropujy MenuumuHCKH pajHUIM Cy JEUWIN JbyJe U XHUBOTHHC. IlocToje
MojaIy 1a ¢y Opury o 3/IpaBJby )XKHBOTHHA Ha NOpy4jy BojBoaune, y 18. Beky
npeysenu Jnekapu. OHH Cy WHMadd BaXHY YJIOTY Yy OpraHu3aluju
BEeTEpUHApCKe ciyxk0e, jep cy ce 10 aApyre nojioBuHe 19. Beka, mopen XxymaHe
MeauLuHe, OaBUIM U Cy30MjambeM CTOYHUX 3apa3a M BETEPUHAPCKOM
nonumnujom. Jlekapu cy Taj mocao Moriau na obOamibajy mo 1819. ronmne,
IOIITO je Taja Mo APYrd MyT AOHET MPOIHUC J1a MOCA0 BeTepHHApa MOry aa
00aBJbajy caMO OHHU JIEKapH, KOJU WMajy UCTIHUT U3 BETEPUHAPCTBA, OJHOCHO
KOjU Cy OCTHOCOOJbeHHM 3a AMIUIOMHPAHOT BeTepHHapa Ha BerepumHapckom
HHCTUTYTY y bedy. OBakaB mpomnwuc je mpBu myT aoHer 1781. roxuue, anu
TaJa HUje OCTOjao 3a/10BoJbaBajyhu Opoj Jiekapa ¢ BEeTepHHAPCKUM HCIUTOM.
Ha Berepunapckom wuHcTUTYyTY Yy bedy T1e roaumHe mouene cy
NOCJIEIUIIOMCKE CTylIHje W3 BETEpUHE Yy Tpajalby OJ JABE TOJUHE, a
YIOUCHUBAIIM Cy UX JieKapu U Xxupyp3u. HakoH 3aBpuierka cryauja, KaHIuIaTH
cy nobwujanu 3Bame BeTepuHapa, a of 1833-1857. roguHe U 3Bame Marucrap
BeTepuHapcTBa. OOpa3oBameM KaJpoBa U3 BETEpUHAPCKE MEIULIMHE, Y
Bojsoaunu cy Tek 1910. rogune 3apaBCTBEHY 3aIUTUTY AoMahuX >KUBOTHIbA
MOTIIYHO Mpey3eilu akaJeMCKu 00pa3oBaHU BETEpUHApPH, KOJU CY 3aBPLINIIU
CTy/AMj€ Ha BeTEPUHAPCKUM (aKyJITETUMa WM OJCeHUMa MEIUIIMHCKHUX
dakynrera y EBponiu (Joanosuh, 2004; benuh, 2014).

Jlo pa3nBajarba MeIWIIMHE HAa BETEPUHAPCKY M XYMaHy je JOIUIO TOKOM
Pa3IUYUTHX BPEMEHA y Pa3IUYUTUM MOApPYyYjuMa. Y Mame pa3BHjeHUM 3eMJbaMa,
OBa Mo/iela HUje TOJIMKO CTPUKTHA, Ka0 y pa3BHUjeHUM ApymTBHMa. JlaHac cy y
BehMHM 3emajba, XyMaHa U BeTepHHApCKa MEIWIIMHA 3aKOHCKH pa3BOjeHE
obmactu. Y Hemaukoj, BeTepuHapu He CMejy JAa Jieue Jby/e, OCUM KaJa ce pajau o
U3y3€THUM CTamuMa. Y Mame pa3BHjeHHM 3eMJbaMa Ce OBa IOJIeNa je camo
NEeNUMUAYHA, Jep BUXOBH TPAJAULMOHAIMCTUYKN MPUCTYI MEIULIUHCKUM HayKama
(KOju TOJIjeTHAaKO LIEHU CBAaKy BPCTY) MOCTOJU U MOpe] nMpuxBaheHUX MocTyiaaTa
MoJiepHe MeAHIMHE. Y TpaJuLUOHAIHUM CHCTEMHMa M yAaJbeHUM MOJpYydjuma
JIOKAJIHU ,,ACIEJbUBAYN’’ CY jJeIMHU, KOjU ce 0aBe 3/IpaBJbeM JbYAU M KUBOTHHHA.
Y pa3BujeHUM TMOApYyYjuMa, ca CBOM TOTPEOHOM ONPEMOM, MEIUIIMHA je
NoJeJ/beHa HAa XyMaHy M BETEpUMHApCKy. BakHa MMIUIMKalWja KOHIENTa JeaHo
3/IpaBJb€ W MPHUCTYIA KOJH OBAj KOHIENT MMa Cy 00JIaCTH MEAMIIMHE Koje ce OaBe
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nujahoM BOJOM, XWMIHjeHCKMM HaBUKaMa JbyIH, XUTHJEHOM >KUBOTHE CpPEIHHE,
J0IIa ¥ HEKOHTPOJIMCAHA UCXpaHa, Kao M yCKa Be3a JbYAU U JKUBOTUHA (Jevtic u
cap., 2020).

Toxom 2018. roguHe, 3a0eNeKEHO je MPEeKo 2 MUJIMOHA CMPTHHUX ClIy4ajeBa Kao
nocjeauIa 300HOTCKUX OO0JIECTH, JOK je KOJX NpeKo 2 MUIdjapiae 300HOTCKU
MaTOTeH OMO Y3pOYHHUK 000JbeHA.

VY 0oBOM cilydajy BeTEpUHApU NPEACTaBIbajy ,,lIPBY JHMHHU]Y 3a NpPENo3HaBambE,
JINJarHOCTUKOBAkE¢ U OJITOBOP Ha OBakBa 00oJbema. HoBek je momahuH 3a cBera
3% 300HOTCKMX maroreHa. Mmak, nqa 6u ce moTBpAMIO U30Hjambe 00IecTu Mopajy
Cce TMpero3HaTH Ciy4yajeBu 000JbeBama JbyOUW Kao W 000Jele WHIUBUIYE.
Eduxacan Hamzop, mpaheme M KOHTpoia OojecTd, 3axTeBa capaimy usMmehy
BeTepHuHapa M Jiekapa. [lopact norpebde 3a mpexpaMOCHUM CHPOBHHAMA M FBbUXOBA
KOHTpOJIa W MCIPaBHOCT 3aBHce Of BerepuHapa. OHM Cy TMOBe3aHUW H ca
MIPOU3BOJKHOM CHTYPHE, MUKPOOHMOJIONIKKA Oe30eqHe XpaHe, Koja Ou Moria aa
Oyzne omacHocT U mpeHece nHpexTuBHE areHce Ha yoBeka (FAQO, 2011; Kelly u
cap., 2013; Nabarro, 2012). KoopauHarujoMm u capaamoM JjeKapa, BeTepruHapa,
cToMaroJsiora u OuoJsora rnoctuxe ce 00sba mpeBeHuja oapeheHnx 06o0bemba, MITo
je 3HauajHHWje O] JeloBama Ha WUX, kaga ce Beh passujy. IlpeBeHiuja yBek
npezcTaBba 00JbM KOpak, Hero neudeme. Edukacna Oopba mpoTuB 300HO03a
3aXTeBa MPHUCTYI U KOHLENT JEAHO 3/paBibe, MHTEPAUCIUILUINHAPHY Capaamy 3a
NPEBEHIN]Y U KOHTPOJIY HH(PEKTUBHUX O00O0JbEHA M CMUICMHjd, XPOHUYHHX
OoJsiecTH, KoOje Hamaaajy JbyAe U KUBOTHUIC. Jlekapw, BEeTepHUHApH, EKOJIO3H,
3alITUTApU KUBOTHE CPEIMHE, EKCIIEPTH 3a Ja00paTOpHjCKe KUBOTUEE U Jpyre
Hay4He 00JacTH Mopajy Ja panae 3ajeqHo u capalyjy y Iuiby mpeBa3mIakemha
npodecuonanuux 6apujepa (Mersha u Tewodors, 2012).

Nako BeTepmHapcka MEIMIMHA TIpeACTaBjba Bol)y KOHIeENTa JemHO 3IpaBbe,
[IOCTOj€ ONpaBJaHM CTPaxoBH Jjaa he ce ynasbUTH O mera. BerepuHapcka
MEIUIIMHA TToceayje 1o0pe OCHOBE 3a MPOMOITH]Y, YCBajamke W Boheme KOHIIETITa
JenHo 3apaBsbe, anu je moTpeOHO J1a ce y KYpPUKYIyMe YBeay U MpopeCcHOHAIHU
TPEHUH3H U eayKaldje, Aa Ou ce MmTo 00Jbe CIPOBOJIUO KOHIIEMT JeTHO 3ApaBibe
(Gibbs u Gibbs, 2012).

Berepunapu y o0aBsbamy CBOje J€IaTHOCTH BHJIEC JKUBOTHUEE U HHUXOBE
BIIaCHMKE, JbyJe, INTO MM omoryhaBa ma mpBH MOTy Ja yode 00OJbeHa ca
300HOTCKHM IOTEHLUJAJIOM U JIa YKaXy Ha TO Ja oapeheHa npermwa noctoju. Ouu
Cy OJUIMYHU MO3HABAOIM KOMIApaTHBHE MEIHWIIMHE, 300HO3a U jaBHOT 3/paBJba.
Jlexapu He mocBehyjy OBOJbHY MaXxiby W HE Mposiaze 030MIbHMjE eayKaluje u3
o0ylacTi 300HO3a M KOMITapaTHBHE MEIHMIMHE. YCIIeA TOra, BETEPHHApU Cy Yy
00Jp0] TO3MLIMJU J1a MPENO3Hajy MPEeTHY IO jaBHO 37paBjbe. Y HEPa3BHjCHUM
3eMJbaMa M CHUPOMAIIHUJUM TOAPYYjUMa, YBOhEHE KOHIIENTAa JeTHO 3/paBibe
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NOTEHIMjaTHO MOKE TMOO0OJBIIATH €PUKACHY KOHTPOJY OOJEeCTH 3a Jbylae H
xkuBoTume (Mersha u Tewodors, 2012).

Haxo ce cBe BHIlle MHULKPA KOHILENT JEIHO 3/IpaBJbe, MHOTE 3eMJb€ EBpoOnCke
VYHUje U najbe HE TMOoKa3yjy 030WJbHHje TEHACHIIMjE Ka HErOBOM YCBajamy H
KOOIIEPALlMjU pa3IMUUTHX M0Jba. MHOTE 3eMJbe Cy yBeJe KOHIIENT JeHO 31paBibe
y 60pOu MPOTUB 300HO3a U AHTUMUKPOOHE PE3UCTEHIIH]E. Y MPaAKCH Ce MOKa3ajo
Jla BeTepuHapu 00Jbe NMPHUXBATAjy M MPOMOBHUIINY OBaj KOHIIENT, KA0 U Ba)KHOCT
MelycoOHe capaname, Hero XyMaHu Jjiekapu. [Ipomoriija oBor KoHIenTa tpeda aa
IIOMOTHE TPOMOBHUCaBY MyITUAMCUUIUIMHApHOT mpuctyna (De Guisti u cap.,
2019).

MHor#u Jbynu cy 3a00paBHIIN KaTacTo(aaHe mociaeuie 300HOTCKUX 00JIecTH Koje
cy ce goroawyie y mponuiocTd. IlocTojao je mocneamux HEKOJUKO JeleHU]ja
MopacT IMojaBe MoceOHO 300HOTCKHX Oonectu. Huje mobpo ma ce 3anemepyje
MoryhHocT nu3bujama 00JIeCTH, T€ J1a CE CUCTEMAaTCKH HE OOpUMO TMPOTHB HHHUX.
Nmajyhu y Buly 1a 300HO3€ UMajy OTpOMaH yTHUIIAj HA JaBHO 3/IPaBJbE, )KUBOTHIE
1 KUBOTHY cpeuHy Tpeba uctahu 3Ha4yaj KOHIENTa JeHO 3/1paBibe ¥ MPUMEHHUTH
IErOB CHCTEMAaTCKU MPUCTYI, KOjU je BeoMa BaxaH. VHTepauCHUIUIMHApHA
capaJma KOHIIeNTa JeHo 3/IpaBJbe UMa 3HA4a] y CMambehy MPETHH M0 I1006aTHO
37IpaBJbE€ OJ1 3apa3HUX OOJECTH.

3AK/bYYAK

boba m Ommka capaama JeKapa W BeTepUHApa W HUXOBA IOBE3aHOCT O
JIOTIpUHENa 1a o0e cTpyke 0oJbe Mpero3Hajy u Jjedye oapeheHe OoyecT Jbyau u
KUBOTHHA W Ja CHpedYe W CMamke HEraTWBaH YTHIA] XHBOTHE CpPEIUHE Ha
3/IpaBJbe JbYIAM U JKUBOTHHbA. YTIO3HABamk-EM KOHIENTa JeTHO 3/IpaBibe, MOCTOje
MoryhHOCTH 3a 00JBOM CapalbOM U 3ajeTHUYKUM PAJOM, alld Y OBOM TPEHYTKY
JOII yBEK TMOCTOjU U yOaJbEHOCT OBe NBe mMpodecuje. Y CBETYy ce BEIUKU Opoj
CTpy4Ymaka 0aBM OBHM MPOOJIEMOM M cMarpa ce Ja Ou Tpedalio HaNpaBUTH
CTpaTeryjy, Koja O OTKIOHWIJIA OBaj MpoOiIeM, ITO OU TOMPUHENO U MTPOMOLIUJU
KOHIIeTITa JeHO 3ApaBibe. 3HAuaj capajame JieKapa M BETEpHHApa je BEIUKH a
JOTIPUHOC HOBHMX HAyYHHX CasHamka HA TPUMEPY pa3IWYUTHX BpPCTa JaHac
MpEe/ICTaBba BEIMKHU M3a30B 32 HAYKY.

M3jaBa o cykoOy uHTEpeca: AyTopH U3jaBJbyjy Z1a HE TIOCTOjU CyK0oO HHTEpeca.
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Summary

Human medicine and veterinary medicine are two areas within medical sciences
and there are great opportunities and needs to connect them more closely,
especially in the treatment of humans and animals. One health promotes
cooperation and connection between physicians and veterinarians, but also
environmental experts and other professionals who are important for health. Some
experts believe that the progress of this cooperation would be achieve by the
education of patients and animal owners about zoonotic diseases of their pets,
which should be carried out by physicians and veterinarians. One health has the
task of helping the physicians to recognize that a certain disease is not exclusively
related to human medicine, but to point out that veterinarians also encounter this
disease. Better and closer cooperation between physicians and veterinarians would
contribute to both professions to better recognize and treat certain human and
animal diseases and prevent and reduce the negative impact of the environment on
human and animal health. By introducing the concept of One Health, there are
opportunities for better cooperation and mutual work, but at the moment there is
still a distance between these two professions. A large number of experts deal
with this problem all over the world, and it is considered that a strategy should be
made which would eliminate this problem and also contribute to the promotion of
the One Health concept. The importance of cooperation between physicians and
veterinarians is great, and, nowadays, the contribution of new scientific
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knowledge on the examples of different species represents a great challenge for
science.

Keywords: One health, collaboration, physicians, veterinarians, environment

INTRODUCTION

The One Health concept includes the health of people and animals as well as the
environment that surrounds them. The origin of one medicine and the concept of
One Health, the collaboration of physicians and veterinarians, is associated with
the German doctor and pathologist Rudolph Wirchow, back in the 19" century,
who discovered the life cycle of trichinella (Trichinella spiralis), which enters the
human organism after pork meat consumption. He introduced the term zoonosis
and pointed out the similarities between humane and veterinary medicine, and
stated that there should not be a division between physicians and veterinarians.
Back then, there were some conversations related to collaboration between
physicians and veterinarians in the treatment of humans and animals (Saunders,
2000; Kahn et al., 2007; Gyles, 2016; Jefti¢ et al., 2021; Beli¢ et al., 2021).

The thought expressed by Hippocrates (460-367 BC), that when observing
people's way of life they should not be observed outside their environment, clearly
indicates that even then there was a significant influence of the environment on
people's lives. In the old century, Hippocrates and Galen put forward the theory
that all organisms are made of four types of fluids, and that an individual's illness
is a consequence of the imbalance that occurs between these fluids. In this period,
both humans and animals participated in the tests, and they had the same
treatment and attention. This theory was valid until the discovery of microbes and
modern understandings of the humoral and cellular immune response. In the 18"
century, Pope Clement XI gave the physician, Giovanni Maria Lancisi (1654-
1720), instructions for the fight and measures directed against plague of
ruminants, because it was known that is lethal viral disease of animals which
significantly affects yields and reduces food supplies. He suggested culling of
animals as a method for preventing the spread of the disease. The first veterinary
school in Lyon was founded in 1761 to prevent the spread of this dangerous
infectious disease. Students in the field of animal health were taught by Claude
Bourgelat (1712-1779), and he used the same "pathobiological principles” that
were applied in human medicine and dealt with their impact on animal health.
After the establishment of the first veterinary school in Lyon, the importance and
role of veterinarians increased significantly in society. After the establishment of
this school, similar schools were founded in Europe and throughout the world.
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The concept of One Health continued to be mentioned in the following years until
today. William Osler, a Canadian physician and pathologist, who taught medical
students at McGill College and veterinary students at the Montreal Veterinary
College during the 1870s, established the concept of comparative pathology of
animals and humans in the One Health concept, and introduced a unique concept
of medicine (Kahn et al., 2007; Kahn, 2008; Schultz, 2008). At the end of the 19"
century, in their research, Grant and Olsen studied the role of physicians and
veterinarians in the prevention of zoonotic diseases in immunocompromised
patients and found out that physicians did not talk enough with their patients
about these diseases, but also that patients did not recognize veterinarians as
experts to treat their illness. They found that the risk of chronically
immunocompromised patients who own animals is significantly higher than in
immunocompetent individuals. Significant progress could be achieved if
physicians and veterinarians would educate their patients or clients about zoonotic
diseases of their pets. They believed that medical and veterinary schools should
provide their students with knowledge about the way animals and humans
influence each other. It is believed that the One Medicine approach was advanced
by public health veterinarians, the most prominent of whom was James Harlan
Steele (1913-2013), who is today considered to be the father of veterinary public
health. In 1947, he founded the Department of Veterinary Public Health at the
Center for Infectious Diseases in the USA (History of one health). This
organization was concentrated on zoonotic diseases: bovine tuberculosis,
brucellosis, rabies and salmonellosis, and applied public health principles to their
prevention and eradication. One of the creators of one medicine or the concept of
One Health is Calvin Schwabe, who insisted on the cooperation of professionals
in human and veterinary medicine in the study of zoonotic diseases, and promoted
the prevention in general and prevention of outbreaks of these diseases. During
the 19™ century, cooperation between physicians and veterinarians was very
limited and took place only in individual cases.

The term One Medicine has evolved into One Health, which emphasizes the
promotion of health rather than the treatment of disease. In the following period of
development of this concept, the influence of the environment on health i.e. the
influence of factors of the environment on people and animals came up. The One
Health Initiative was established in 2006. Nowadays, the concept of One Health
and its interest is focused on diseases, which are the result of the interaction
between humans and animals. The aim of this concept is to promote the
application of an interdisciplinary, multidisciplinary approach to mitigating and
reducing existing or potential health risks arising from human interactions.
International multidisciplinary scientific communities, political and government
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leaders, the general public and the media are being educated about the concept of
One Health, which help promote the rapid implementation of the concept around
the world. The One Health Newsletter, published by the University of Florida,
seeks to encourage communication and collaboration among veterinarians,
physicians, public health professionals, and environmental scientists and to
identify multidisciplinary solutions for these common challenges. Increased
interest in One Health appears after conferences in 2011, which were held in the
USA, and physicians and veterinarians, who deal with similar diseases in humans
and animals, participated in them. The One Health concept has the task to help the
physician to recognize that a certain disease is not exclusively related to human
medicine, but that also veterinarians deal with it. Conferences and gatherings
about One Health aim to move one health from the periphery of human medicine
to the central position where it belongs.

Outbreaks of zoonotic diseases, such as SARS, Ebola virus infections and
pandemic influenza served to highlight the importance of the One Health concept.
One Health needs to be promoted more at the local level, due to the improvement
of communication and cooperation between physicians and veterinarians in the
exchange of information, knowledge and education about zoonoses and other
public health issues. The leading place in promoting the understanding of the
ecosystem in veterinary medicine was held by Canadian veterinary schools, which
tried to prepare veterinarians to work as part of transdisciplinary teams dealing
with the concept of One Health, i.e. the treatment of diseases (Nielsen et al., 2012;
Kirovski and Plavsi¢, 2019). The proposal of Nielsen et al. (2014) was to
strengthen the capacities of the veterinary profession at the national level and to
allow them a leading role in public policy. Historically speaking, despite the
advanced understandings of many scientists, there is a very long way to develop
the concept of One Health and the connection and cooperation of physicians and
veterinarians.

One Health is considered one of the most important health movements and
concepts today. Collaboration between humane and veterinary medicine has the
potential to lead to new scientific understandings, create new therapies and change
the way physicians, veterinarians and their patients and clients understand health
and disease. The concept of One Health has not gained sufficient importance and
developed awareness or attraction in humane medical communities. Since its
inception, this concept, which was initially called One Medicine, has primarily
been guided by the world's veterinary professions. It has been known at medical
and veterinary faculties around the world for about 15 years, and comparative
medicine has been present on university campuses with veterinary and medical
schools for decades longer (Wilkinson, 1992). Although several physicians played
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a leading role in the concept of One Health, in the United States, despite more
than fifteen years of strong growth of the movement, many still have not heard of
it. In the world, a large number of physicians are involved in this movement, but it
has not yet been given sufficient importance and a sufficient connection between
physicians and veterinarians i.e. human and veterinary medicine has not been
achieved. In the One Health concept, there are mostly people who work on
zoonoses in the field of food safety and infectious diseases. It is known that
zoonoses are diseases characteristic for humans and animals, which are
transmitted between animals, or from animals to humans. Transmission can be
direct or indirect, through a vector or through a contaminated environment
(Saunders, 1987).

In order to understand the connection between animals, people and their health,
physicians, who are not only infectious disease specialists, should be included in
the One Health concept. One of the main challenges of the One Health concept is
involving physicians to understand that it is necessary for their daily work. The
medical community, to which physicians and health personnel belong, is still
largely excluded from the concept of One Health, but without the significant
involvement of physicians, nurses and other health workers, its potential cannot
be fully realized.

It is necessary for physicians to recognize that the diseases they treat in their
patients are often not unique only to humans, that is, that animal health experts
have information and knowledge about diseases transmitted by animals, which
should be shared with physicians and thereby improve the concept of One Health.
There are a large number of possibilities for cooperation, but also a large gap
between these two professions (Natterson-Horowitz, 2015).

The concept of One Health is not new, because it is known that the health of
people, animals and the ecosystem represent a whole since the emergence of the
human species. One Health does not have one concrete and universally accepted
definition. The definition of the American Veterinary Medical Association is used
the most: One Health is an integrative approach of several different disciplines,
which are realized at the local, national and global level in order to maintain
optimal health of people, animals and environment. The World Health
Organization has defined One Health as an approach for designing and
implementing programs, policies, legislation and research, in which multiple
sectors communicate and work together to achieve better public health outcomes.
One Health implies a series of procedures in everyday practice, which contribute
to the health of people and animals. The One Health Department in Sweden and
the One Health Initiative Autonomous Pro Bono Team presented One Health with
a schematic representation of an "umbrella”, which covers all the areas that this
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concept should deal with and clearly focuses on the consequences, reactions and
actions on animals - humans - ecosystem and their connection. It focuses
especially on zoonoses, both endemic and enzoonotic zoonoses, where the former
are responsible for a much greater burden of disease in developing countries, with
a large social impact in the environment and poor resources (Welburn et al., 2015;
Cleaveland et al., 2017).

In addition to human and veterinary medicine, One Health encompasses other
disciplines in its concept, including ecology and ecosystem health, social sciences,
land use and biodiversity. The veterinary community got involved in the One
Health concept very quickly, which was not the case with the medical community.
One Health is also supported by the American Medical Association, Public Health
England and the World Health Organization. In addition to this support, for a
more complete inclusion of the medical community in the future, it will be
necessary to include the concept of One Health in the curricula of medical schools
and medical study programs, so that they accept Public Health as an important
component of public health and infectious diseases (Rabinowitz et al., 2017,
Kirovski and Plavsi¢, 2019).

There is no better qualified profession than the veterinary profession, which
through history and training has promoted the interdisciplinary approach of One
Health and was a leader in the implementation of the first steps.

Most veterinarians today complete specializations for one type of animal or one
sector of the profession, but remain faithful to their oath and perform their
practice according to the principles of the One Health concept. One Health
represents a systematic approach to different practices, which continues to grow
and takes into account ecosystem impacts in addition to zoonoses (Battelli and
Mantovani, 2011).

The monitoring of animals and their health condition is the main component of
One Health, especially in the detection of new threats that may occur in relation of
animals and humans.

Rolf Zinkernagel and Peter C. Doherty, a physician and a veterinarian, discovered
that the immune system distinguishes between normal and virally infected cells.
In 1996, they received the Nobel Prize in Medical Physiology or Medicine
(Nobelpriset i fiziologii eller medicin). This example shows that the concept of
One Health is very important for scientific research and practical work of
physicians and veterinarians.

One Health is the concept of different disciplines gathered into one perspective,
with common solutions for preserving the health of people and animals while
preserving the environment, optimal health of people, animals and ecosystems, i.e.
the environment (Savic et al., 2014).
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Throughout history, medical workers have treated people and animals. There is
information that in the 18" century, physicians took over the care of animal health
in the area of VVojvodina. They played an important role in the organization of the
veterinary service, because until the second half of the 19" century, in addition to
humane medicine, they also dealt with the suppression of livestock diseases and
veterinary police. Physicians were able to perform this work until 1819, when a
regulation was brought for the second time that only those physicians who have a
veterinary exam, or who have been trained as a graduate veterinarian at the
Veterinary Institute in Vienna, can perform the work of veterinarians. This type of
regulation was first brought in 1781, but at that time there was not a sufficient
number of physicians with a veterinary exam. At the Veterinary Institute in
Vienna, two-year postgraduate studies in veterinary medicine began that year, and
physicians and surgeons enrolled in them. After completing their studies,
candidates received the title of veterinarian, and from 1833-1857 they received
also a master's degree in veterinary medicine. It was not until 1910 in Vojvodina
that the health care of domestic animals was completely taken over by
academically educated veterinarians, who completed their studies at veterinary
faculties or departments of medical faculties in Europe (Jovanovi¢, 2004; Belic,
2014).

The separation of medicine into veterinary and human medicine occurred at
different periods in different areas. In less developed countries, this division is not
as strict as in developed societies. Today, in most countries, human and veterinary
medicine are legally separate fields. In Germany, veterinarians are not allowed to
treat people, except in exceptional cases. In less developed countries, this division
is only partial, because their traditionalist approach to medical sciences (which
values each species equally) exists despite the accepted postulates of modern
medicine. In traditional systems and remote areas, local "healers” are the only
ones who deal with human and animal health. In developed areas, with all the
necessary equipment, medicine is divided into human and veterinary medicine.
An important implication of the One Health concept and the approach that this
concept has are areas of medicine that deal with drinking water, people's hygiene
habits, environmental hygiene, poor and uncontrolled nutrition, as well as the
close relationship between people and animals (Jevtic et al., 2020).

In 2018, over 2 million deaths were recorded as a result of zoonotic diseases,
while over 2 billion were caused by a zoonotic pathogen.

In this case, veterinarians represent the "first line" for recognizing, diagnosing and
responding to these diseases. Man is the host for only 3% of zoonotic pathogens.
However, in order to confirm the outbreak of the disease, it is necessary to
recognize cases of human illness as well as sick individuals. Effective supervision,
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monitoring and disease control requires cooperation between veterinarians and
physicians. The increase in the need for food raw materials and their control and
quality depend on veterinarians. They are also related to the production of safe,
esspecially microbiologically safe food, which could be a threat and transmit
infectious agents to humans (FAO, 2011; Kelly et al., 2013; Nabarro, 2012).
Coordination and cooperation of physicians, veterinarians, dentists and biologists
leads to better prevention of certain diseases, which is more important than acting
on them once they have already developed. Prevention is always a better step than
treatment. The effective fight against zoonoses requires the One Health approach
and concept, interdisciplinary cooperation for the prevention and control of
infectious diseases and epidemics, chronic diseases that attack humans and
animals. Physicians, veterinarians, ecologists, environmentalists, laboratory
animal experts and other scientific fields must work together and cooperate in
order to overcome professional barriers (Mersha and Tewodors, 2012).

Although veterinary medicine represents the leader of the One Health concept,
there are justified fears that it will move away from it. Veterinary medicine has
good foundations for the promotion, adoption and management of the One Health
concept, but it is necessary to introduce professional training and education into
the curricula, in order to better implement the One Health concept (Gibbs and
Gibbs, 2012).

During their work, veterinarians observe animals and their owners, people, which
enables them to be the first to spot diseases with zoonotic potential and to point
out that a certain threat exists. They are excellent experts in comparative
medicine, zoonoses and public health. Physicians do not pay enough attention and
do not undergo serious education in the field of zoonoses and comparative
medicine. As a result, veterinarians are in a better position to recognize a threat to
public health. In underdeveloped countries and poorer areas, the introduction of
the One Health concept can potentially improve effective disease control for
humans and animals (Mersha and Tewodors, 2012).

Although the One Health concept is increasingly initiated, many countries of the
European Union still do not show serious tendencies towards its adoption and
cooperation in various fields. Many countries have introduced the One Health
concept in the fight against zoonoses and antimicrobial resistance. In practice, it
has been shown that veterinarians better accept and promote this concept, as well
as the importance of mutual cooperation, than physicians. The promotion of this
concept should help promote a multidisciplinary approach (De Guisti et al., 2019).
People have forgotten the catastrophic consequences of zoonotic diseases that
occurred in the past. There has been an increase in the occurrence of especially
zoonotic diseases in the last few decades. It is not good to ignore the possibility of
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outbreaks of diseases, and to not systematically fight against them. Bearing in
mind that zoonoses have a huge impact on public health, animals and the
environment, the importance of the One Health concept should be highlighted and
its systematic approach should be applied, which is very important. The
interdisciplinary cooperation in the One Health concept is important in reducing
threats to global health from infectious diseases.

CONCLUSION

Better and closer cooperation between physicians and veterinarians and their
connection would contribute to both professions to better recognize and treat
certain human and animal diseases and to prevent and reduce the negative impact
of the environment on human and animal health. By introducing the concept of
One Health, there are opportunities for better cooperation and mutual work, but at
the moment there is still a distance between these two professions. In the world, a
large number of experts deal with this problem and it is considered that a strategy
should be made which would eliminate this problem and would also contribute to
the promotion of the One Health concept. The importance of cooperation between
physicians and veterinarians is great, and the contribution of new scientific
knowledge on the example of different species represents a great challenge for
science.
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AKTUBHOCT CEJIEHOEH3UMA GPx-1 1 GPx-3 Y KPBU PAJTHUX
KOIBbA HA TEPUTOPUIJN HEHTPAJIHE CPBUJE
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Caxerak

I'nyratnon mepokcupaza (GPX) je eH3uM Koju MoOCTOju y 8 HM30EH3UMCKHX
obmuka, ox kojux GPX-1 je obmuraTopHu WHTpANETyIapHU €H3uM, 10K je GPX-3
aKTUBHA y eKCTpalenyJapHUM TEYHOCTHMA, TOCEOHO y KPBHOj mia3Mu. OCHOBHA
ynora GPX ce ornena y 3amtutu henvja o1 OKCHAATHBHOT cTpeca KOjer HHIYKY]Y
c1000/IHN KHUCEOHWYHM panukanu. AktuBHocT GPX ce y3uma kao moysngaH
UH/IMKATOp CTaTyca CelieHa Y OPraHu3My JbyIU U )KUBOTHHA. OCHOBHU IyT yHOCA
celieHa y OpraHu3am je MpeKo JIaHIla UCXpaHe. YHETH celieH ce yrpahyje y oonuky
CEJICHOMETHOHNHA U CEJICHOLIMCTENHA Y TKUBHE MPOTEUHE, OJHOCHO €H3UMe. Y
CpOuju cy u3BpIIeHa TeMeJbHa MCIUTHBAaMka Cajp)kKaja celieHa Y XpaHUBHMa U
nomMahuM KUBOTHHbaMa, TOCEOHO KOJ €KOHOMCKHM 3Ha4yajHUX BpPCTa Kao IITO CY
KUBHHA, CBUIbE, OBIC M rosena. MehyTum, 10 caja HUCY JETaJbHO HMCIUTaHU
paZHu XJIQAHOKPBHHU KOHH, MOCEOHO OHU KOJU CE€ XPaHE HCKIbYYUBO JIOKAJIHO
y3TrajaHuM XpaHUBHMMA, WU Cy Ha UCHALIH. Y clel| cieun(pUIHOr HauhHa ApKamba
OHU Cy WJICAJIHM HMHJIUKATOpPHU CTaTyca cejieHa MOHOIacTpUYHMX Ouspojesa Ha
JIaTOM JIOKAQJTUTETY.

[lwp Hamer ucTpakupama je OMO J1a OAPENAMMO CTAaTyC CeJIeHa Ha OCHOBY
aktuBHOCTH GPX-1 m GPX -3 y y3opuuMa KpBH HECYIJIEMEHTUPAHUX PATHHUX
KOWa Ha TepuTopHuju nenrpaitde Cpowuje.

VY HameMm UCTpaXMBamwy YKYITHO je UCIUTaHO 12 y30paka KpBH KOHa MPEy3eTHX
ca jokaimrera onmTuHa KpasweBo, 3ajeuap, BasseBo u lumutpoBrpan, u to: 12
y30paka KpBHE Ia3Me u 12 y3opaka HCIpaHUX EpUTpoOLHTa. Mepeme
aktuBHOCTH GPX-3 m GPXx-1 je BpmeHo meromoM mo ['yHIpIepy Ha TanacHoO]
nykuHu o 366nm. IIpwinkoM y3opkoBama 3a CBAaKO I'pJIO Cy €BUICHTHPAHU
nojaly o IOy, CTApOCTH, BaKUMHALMJU M JEXEIMUHTH3alMjHU, CacTaBy U
HOPEKIy JaTHX XPaHUBA.
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IIpoceuna aktuBHOCT GPX-1 je 502,02 + 91,77 pKat/l , a GPx-3 3,46 + 1,02
pKat/l mro ykasyje Ha MocTojambe MapruHAIHOT AehHUIMTA CeIeHa Y TOMyJIalHjH
HECYIUIEMEHTUPAHUX PAJHUX KOHba Ha TepUTOpUju neHTpaiane Cpouje.

Kibyune peun: GPX, kowu, cenex, Cpouja.

YBOJ
Merabonr3am ceyeHa je BpPJIO KOMIUIEKCAaH jep j€ OBaj MHKPOCIEMEHT 3a
OpraHu3aM eceHIIMjaliaH, ajld ¥ MOTEHIIMjaJTHO BPJIo TOoKcu4aH. JJomahe u nuBsbe
KUBOTHIE YHOCE cellieH Tpeko xpane. Cajapixkaj celeHa y XpaHWBHMa OHIJBHOT
nopekyia 3aBUCH oOff OpojHuX (¢akTopa Mehy Kojuma ce HCTUYy. cacTaB U
KapaKTePUCTUKE 3eMJBUIITA, XEMHU)jCKOT O0OJIMKa CelIeHa y 3€MJBHINTY, KOJTUYNHE
celieHa y 3eMJBHMILTY, BpcTe OMJbKke Kao U (pase pacta came Ousbke. Y cBeTy je
ne(UHICAHO HEKOJIHMKO CENCHACPUIIMTHUX MOApPYyYja, @ JEIHO OJ HUX je U Je0
Bankanckor nomyocrpsa (Bamuuh u cap., 2013).
OcHOBHa yjora cejeHa ce orjieJa y 3allTUTH OJl OKCHJIATHBHOT cTpeca |
HEYTpaIM3alMju HACTAJIMX CIOOOJHUX KHCEOHMYHHMX PaJHKala MPEeKo JeIOBamka
GPx. GPX ce cactoju o1 4eTUpH HACHTHYHE CYOjeUHUIIC YHje CE TOjeIUHAYHE
monekyicke mace kpehy oxg 18000 mo 23000 y3 mocTojame CTEXHOMETPHU]jCKOT
OJIHOCA O] YETHPH TpaM-aToMa cejleHa mo Moxy eHzuma. GPX je Bpno
cneuruyHa TpemMa  JOHOPY BOJOHMKA (pEAYKOBaHM TJIYTaTHOH), a
HecrenupuIHa Ipema CyIcTpary Koju penykyje. OcuMm y pasznaramy BOJIOHUK
NEPOKCHJIA, E€H3UM YYeCTBYje Yy PpEAYKUUJU XHUAPONEPOKCUAA Pa3THUYUTHX
OpPTraHCKUX jeNuerha (MacHMX KHCEIMHA, HYKIEHHCKHX KHCEIHHA, THUMHHA,
npocTariaHarnHa, UTA.) Y oAroBapajyhe aakoxore.
Ousnonomku epekTopu (PyHKIMje CelIeHa Cy CEeICHOMPOTEHHHU, OTHOCHO
CEeJICHOCH3UMU- TyTaTHoH nepokcuaasze (GPx-, EC 1.11.19), a nopen riryraTHOH
MEePOKCHUIa3a CEJIeH j€ MPUCYTaH y JOATHPOHWH JICJOAMHA3HM KOja WMa YJIOTY Yy
KoHBep3uju TupokcuHa (T4) y 6uonomku aktuBan 3,3', S-rpujoaruponus (T3).
Mmuoperenepanuja mo3Hara kao 6osect 6enux mumuha (White muscle disease -
WMD) je najuemthe obosbeme nomahux >KUBOTHEbA, YKIBYUYjYhH H KOHE, KOje
HacTaje Kao IMOocleaula u3apasuTor aeduuura ceneHa. MapruHalHu JEQHUIUAT
KOJ KOHa JIOBOJM [0 HEIUIOJHOCTH KOOWJIa W YCIOPEHOT pacTta >Kapedanu
(Savage u Lewis, 2002).
Y cBery m EBpomm cy omnmcana mozapydja H3pasuTor AcPHUIIMTA OBOT
MHuKpoesnemeHTa. [lo3Hato je na je nedunurt ceneHa HajuzpaxeHuju y Kunwm,
ceBeposzarnany u jyrouctoky CAJl, a y Cpbuju nHa mnompyuujy CjeHHYKO-
[Nemrepcke BucopaBHU. VcTpaxkuBama CIIpoBEICHA Y IPETXOAHE JIBE JICIICHU]jE Y
Cp6uju (Bamuuh u cap., 2013) cy nokasana fna je mpocedyaH cajpkaj celeHa y
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OWbHUM XpaHuUBUMa Ha mnoApydyjy Penybnmuke CpOuje y wuHTEpBaly O
MapruHaJIHO AeUIUTAPHOT [0 JACPUIIMTAPHOT, TPH UYEMYy J€ CHUTYyallrja
HajoBoJbHU]ja Y BojBOIMHH.

Craryc cenena kona gomahux >KMBOTHE-@ MOXE Ja C€ MPOLEHH Ha OCHOBY
JTUpEeKTHOT onpehuBama celeHa y y30pluMa KpBH, MM MHIMPEKTHO Ha OCHOBY
aKTUBHOCTH eH3uma GPX.

GPx-1 je oOnuratHM uHTpauenyaapHu eH3uM 10k je GPX-3 mpucyrna y
BaHheIMjCKOM MpOCTOpYy, MOCEOHO Yy KPBHO] IUIa3MHU. bpojHH ayTtopu cCy
YCTAHOBMJIM Jla Cy KOHIIEHTpallWja CeJIeHa y KpBU M AaKTHBHOCT TJIyTaTHOH
MEepPOKCHUa3€e y MyHO] KPBH Yy BUCOKO] KOpENalHju Koja ce Kpehe y uHTepBainy oJ
r=0,70 do r=0,93 u To ko1 cBUX BpcTa qoMahKX )KUBOTHIbA XPAbCHUX XpaHUBUMA
KOja cajpike CeJeH y KOHIIEHTpaIlijamMa Koje cy ycmoa Tokcuuaux go3a (Wolff u
cap., 2017; Pavlata u cap., 2000; Maylin u cap., 1980; Blackmore u cap., 1982;
Caple u cap.,1978).

[Iponena craryca ceigeHa Koma Ha OCHOBY akTuBHOCTH GPX y KpBH cMaTpa ce
Moy3JaHOM U oceTbuBoM MeTojoM. CerneH ce yrpalyje y epuTpoLuTe TOKOM
eputponoeze u aktuBHOCT GPX-1 ce cmarpa mokasaresreM AyroTpajHOr yHoOca
celeHa, JOK aKTHUBHOCT Iuia3Marcke GPX-3 je TNpBEHCTBEHO WHIAMKATOP
KpaTKOPOYHOT cTapyca ceneHa (Harris, 1998). Jlocanamma uctpaxkuBama Maas u
cap. (1996) u Blackmore u Brobst (1981) HaBome na ce Mory cmaTparu
(U3UOTIOMIKUM BpeTHOCTH aKTUBHOCTH GPX myHe KpBU Koma y uHTepBaity ox 300
10 600 pKat/l.

Ha nmoapydjy CpOuje cy BplieHa caMo CliopaJnyHa UCIIMTHBAma CTaTyca celieHa
u aktuBHOCTH GPX KOJ MYHOKPBHUX CIIOPTCKUX KOHA KOJU CY Y MHTECH3MBHOM
y3rojy (Muxamnosuh wu cap., 1996). Mehyrum, 10 naHa naHalImBEr HHUCY
CIPOBEJICHA UCIIMTUBAbA CTaTyca celieHa paJHUX HECYIJIEMEHTHUPAHUX KOHba.
OBaj pax mpencraBiba NPBO NMPEIMMUHAPHO UCIHUTHUBamke akTuBHOCTH GPX-1 m
GPx-3 y mupy oapehuBama craTyca celieHa paJHUX, HECYIUIEMEHTHPaHUX,
XJIAAHOKPBHUX KOHa Ha TepuTopHju LeHtpaine Cpouje.

MATEPUJAJIU U METO/JIE
VY ucTtpaxuBamy YKYIIHO j€ UCHHUTAHO 12 y30paka KpBU KOHa W3 ILIEHTPAITHE
Cp6uje (KpasseBo, 3ajeuap, BasbeBo u Jlumutposrpanm), u To: 12 y3opaka KpBHE
wiazmMe u 12 y3opaka MCIpaHUX EPUTPOLMTA. Y30pKOBamkbY KPBH j€ MPEIXOIHO
KJIMHUYKH TIPETJIe, Kako Ou y CTyaujy Onia yKJbydeHa caMo Tpjia Koja cy 3/paBa
U KOja y NpeaXOoJHHM MecenuMa HHUCYy Oumna moj TepanujoM. McroBpemeHo,
omabpaHa Cy WCKJbYYMBO Tpja KOja HHUCY y MpOTEKIuX 12 Meceum mobujana
BUTAaMUHCKO-MHHEPAITHE CYIUIEMEHTE MEPOPATHUM WIH TAPEHTEPATHUM ITyTEM, a
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XpameHa Cy HMCKJbYYMBO JIOKAJHO y3rajaHUM XpaHMBMMAa WJIM HalacaHa Ha
JIOKQJIHUM NallbaluMa.

KpBHa nia3zma je u3aBojeHa neHTpudyropameM XemapuHUCAHUX y30paKa KpBH Ha
1000 x g y Tpajamy ox 20 MuHyTa. Y30pIIM UCIPAHUX EPUTPOIUTA CY TOOH]jECHU
U3 y30paKa MyHe KpBU HAKOH TPOCTPYKOT MCIUPAa EPUTPOLUTA (PU3HOIOMIKAM
pPacTBOPOM U TPOCTPYKUM LEHTpUPUTHpameM. Y30pLUU Cy TPAHCIOPTOBAHU Y
XJIaJHOM JIaHILy, @ OJ]Max 10 IpUjeMy Cy CKJIAJUIITeHH y 3aMp3uBauy Ha -18°C.
Komunma je y CBpXy y3uMarma y30paka KpBU BpIICHA BEeHEMYHKIH]ja V. jugularis y3
NPUCTaHAK BIACHUKA U Y3 MOIITOBAKE CBUX Mepa 00pe BETEPHUHAPCKE MpaKce.
AKTHUBHOCT IIUTOCOJHE TiyTrathuoH nepokcumaze (GPx1) wm  rmyratnon
nepokcugasze kppae mwiazme (GPx3) oapehusana je meromom mo Gilinzler u cap.
(1984) wma cmektpodoromerpy Cecil 2000, ca BOIECHHM KyMaTHIOM W
TEPMOCTAaTOM KOjU je OoAp»KaBao KOHCTaHTHY Temreparypy oxa 37°C. IlpunHummn
OBOT MEpEHa j€ 3aCHOBAH Ha CIIEKTPO(POTOMETPHJCKOM PETUCTPOBAY IMOTPOIIIHE
NADPH y kynioBaHOM €H3UMCKOM CHCTEMY.

CacraB ka0 1 KOHAYHE KOHIIEHTpAIlMje peareHaca cy npukasane y Tabenu 1.

Ta6esa 1 CacraB peareHaca Koju Cy KOPUIINCHH 33 CIICKTPOGOTOMETPHjCKO oapehuBame
aktuBHOCTH GPX

Pearencu 3anpemuna (ul) Konarna .
KOHIEHTpaluja

Kanujym docdarnu mydep (400 500 100 mmol/L
mmol/L, pH 7)
GSH (604 mmol/L) 200 6 mmol/L
I'nmytatnon penykrasa (GR) 50 0,375 1J/mL
Y30pak KpBHE I1a3Me 20
WIN
VY30pak xemonu3ara

% 10
EpUTPOIIUTA
10 MuHyTa nperHKy6anuja Ha 37 O
NADPH 3 mmol/L y 0,1%
NaHCO3 200 0,3 mmol/L
TBH 550 1,575 mmol/L

480 (3a y3opak iazme);
Penectunoana Boaa 490 (3a y3opaxk -
SPUTPOITHTA)

*Xemonusar ce npunpema nogatkom 10pl ucnpanux eputpormra y 200l JIpabkunoBor peareuca

3a cratucTUuKy oOpany mojaraka xopuinhenu cy mporpamu MS Excel 2007 u
GraphPadPrismb.
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Pesynratu cy mpukazanu kopumihemeMm mapamerapa JEeCKPUITHBHE CTATHCTHUKE
(Xcep, SD u CV%).

PE3VYJITATU U JUCKYCHUJA
AKTUBHOCT IMTOCOJNIHE IiyTaTuoH mepokcunaze (GPx1) y wucmpanum
EPUTPOIIUTHMA UCITUTUBAHUX KOHa Ce KpeTaja y uarepBainy on 288,48 mo 632,12
pKat/l. CraTucTiuky mocMaTpaHo HCIUTHBAHA Ipyma je Ouiia XoMoreHa 003upoM
na je xoepuumjent Bapujanuje usHocuo 21,7%. Ilpoceuna aktuBHoct GPX1 je
ouna X,=502,02 puKat/l, a crangapana nesujaruja SD=108,96 (Tabena 2).
AKTUBHOCT ri1yTaTioH nepokcuaase (GPx3) ykpBHO] mia3Mu MCTUTUBAHUX KOHha
Oouna je y wmutepBany ox 2,42 no 5,35 pKat/l. Craructinuku mocmarpano
WCIIMTHBAaHA Tpyma je Omia XOMOTeHa O03MpOM Ja je Koe(HIMjeHT BapHjaiuje
mHocuo <30%. IIpoceuna axtuBHocT GPX3 je Omma X,=3,46 pKat/l, a
crangapaHa aesujanuja SD=1,02 (Tabena 2).
AxtuBHoct GPx3 je mnokaszaress craryca KpaTKOPOYHOI YHOCa CellieHa Yy
opranuzam. [lopes ceneHoeH3UMa y MJIa3MH je TPUCYTHO BuIie o1 20 pa3TuuuTHX
cenenonporenHa (Kryukov u cap., 2003) koju 1o cB0joj QyHKIHjH MOTY OUTH
AQHTHUOKCHJIAHCH, PpEryjaTopu peAoKC peakliyja, Yy4YecHUIM MeTaboiu3Ma
TUPEOUIHUX XOPMOHA, TPAHCIOPTHU HpoTenHu uTA. Kox momahux sxuBoTHma
Bunie o1 98% aktuBHoCcTH GPX je CMEMITeHO Y epuTpOLUTUMA, HITO je Y CKIIaay
ca HallUM pe3yNTaTHUMA.

Tabema 2 AxtuHoct GPX-1 u GPX -3 y y3opuuma KpBH pagHHX KOHa Ha HOAPYY]jY
uentpanane Cpouje

Xsr SD | CV% Iv
GPx-1 (uKat/l) (n=12) | 502,02 | 108,96 | 21,70 | 288,48-632,12
GPx- 3 (uKatl) (n=12) | 3,46 | 1,02 | 29,50 2,42-5,35

Jlo nmaHac HHCY YCIOCTaBJbEHE INpelu3He pedepeHTHE BPEIHOCTH AKTHBHOCTHU
GPX y xpBu xuBOoTHHA. Hamme, y nmTeparypu ce HaBOJe HIMPOKH HHTEPBAIH
aktuBHOcTH GPX y kpBH KOBa, Tako Aa Maas u cap. (1996) naBone BpenHocTu y
uatepBany ox 80 mo 500 pKat/l qox Blood u Radostits (1989) cmarpajy na cy
pedepentHe (hu3moNONIKEe BPEAHOCTH 3HATHO BHIe W u3HOoce on 500 mo 2500
uKat/l. Tomatau mpobeM MPUIUKOM AchHHHUCARbA MPEIOPYYEHUX pedepeHTHUX
BpeaHOCTH akTHUBHOCTH GPX mpejcraBiba HEJIOCTATaK ycarjalleHOCTH jeAMHUIA
MPEKO KOjuX ce ojpehyje aKTUBHOCT OBOT CEJICHOEH3MMa, TaKo Ja Ce YeCTO
aktuBHOCT GPX m3paxaBa u mnpexko [U (MHTepHAIMOHATHUX jeAWHUIA),
pmol/mi/min, Ug/Hb, Ug/prot, uta., mro qoaatHo orekaBa MeljyabopaTtopujcko
nopeheme 100MjeHnX BPeIHOCTH.
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[Mpunukom Tymadema IOOHMjEHHX BpPEAHOCTH Yy HAIIeM HCTpPaXuBamwy Tpeda
uMatd y BUAY Aa cMo akTuBHOCT GPX-1 ompehuBanm y y3opruma ucrpaHux
EpUTPOLINTA, @ HE Y y30plUMa IyHE KpPBU Kao LITO C€ YeCcTO MNpUKazyje y
JUTEpaTypH, T€ j€ HEONMXOJHO EKCTpPANoJUpaTH pe3ysTaTe Ha BPEIHOCTH ITyHE
KpPBU Ha OCHOBY XEMAaTOKpHUTa KpBU Koma. OBakBaB NIpuia3 je y MOTIYHOCTH
OTIpaB/IaH YKOJUKO UMaMO y BUAY Jia je ydenrhe KpBHE 1a3Me y akTuBHOCTH GPX
U3y3eTHO HUCKO (<1%) u 1a Hema 3HauajaH YTHLAj HA YKYIHY akTUBHOCT GPX y
kpBu. CBa rpia Koja cy Ouiia yKJbydeHa y Hallle HCTPAKUBAKHE Cy Onjia KIIMHUYKH
3npaBa, 0Oe3 3HAKOBa aHeMHje, AEXUApaTanuje, €HAOMapasuTo3a M APYrHx
3IPACTBEHUX MpoOJieMa KOju OW MOTJIM Ja yKa3yjy Ha €BEHTYaJHO TOCTOjame
nopemehaja xemaTokpuTa (XeMmoparuje, IeXuapartanuja ¥ ci.). Y3umajyhu y
003up Aa je mpocedaH (PUHMOJIOMIKM XEMATOKPHUT KpBU oapaciux koma 0,35
(Calamari u cap., 2009) MoxeMO Ja Ha OCHOBY IOCTaB/bCHE MaTEMAaTHUYKE
MIPOTIOPITHje M3BEIEMO 3akjbydak ga ce BpeaHoctu GPX y myHO] KpBH KOHa Ha
noapy4jy uentpanne Cpouje kpehy y untepBany ox 101-221 pKat/l, mro jacHo
yKa3yje Ja ce paJHu KoM Ha moapydjy meHtpasne CpOuje Hamaze y 30HH
MapruHAIHOT Je(QHINTA OBOT MUKPOEIEMEHTA.

Crnuunu pe3yaTaTu cy 3abenexeHu W Ha noApydjy PemyOmmke Yemike rae je y
y3opuuMa myHe KpBu 159 ompacnux koma m3mepeHa aktuBHocT GPX m3HOcHIa
286,43 pKat/l (Ludvikova u cap., 2005). Y HaBecHOM HCTpaKHUBarby ayTOPH CY
OJIpeIMIIM TIOCTOjahe BUCOKOT KoeduuujeHta kopenauuje (= 0,84) umzmeby
U3MepeHnX akTUBHOCTH GPX M KOHIIEHTpaIlfje celieHa y KpPBH, YUME CE€ JI0JaTHO
notBphyje BammmHocT Mepema aktuBHocTH GPX y mumy onpehuBama craTyca
celieHa Koma. VcToBpeMeHO, rope MOMEHyTa Ipyla ayTropa je HCHUTHBaia
JMHEAPHOCT OAHOCa M Kopenauujy usmel)y aktuBHoctu GPX M KOHIEHTpamuje
celieHa y IuJby oapehnBama rpaHUYHUX BPEIHOCTH aKTUBHOCTH KOj€ yKa3yjy Ha
cTaryc neduuura ceineHa. YTBPIWIN Cy Ja ce BpeaHocTH aktuBHOCTH GPX koje
npeBasuiaze 200 pKat/l mory cMatpati ajekBaTHHM, Kao W Ja C€ OHE MOCTHKY
IpU cajipXkajy celieHa y MyHOj KpBH >75 ur/a BpenHoctd y uatepsany on 100 mo
200 pKat/l maprunamauMm, a Bpeanoctu aktuBHocTH GPX <100 pKat/l ayropu cy
nepUHHUCANIN Ka0 HeaIeKBaTHUM Tj. 1e(DUIIUTAPHHM.

WHTepecanTHO je OBOM NPWJIMKOM HAallOMEHYTH Jla Cy CBU KOHU KOjU Cy Omin
YKJbYUEHHU Y Hallle UCIUTHBAmhEe OWIIM HECYIUNIEMEHTUPAHU PagHU KOHBHU KOJU Cy
OMITM PeOBHO H3JIOKEHHU ojpel)eHOM creneHy (HU3MYKOr Harmopa, Ouio y pamy
MOJI caMapoM, WJIM Kao PEKPEaTHBHH WJIM 3aMpeKHU KomHU. bpojun ayropu (Ott u
cap., 2022; Mami u cap., 2019; Gondim u cap., 2009) ucruuy na je Qu3HUKH
Harmop jedaH OJ OKHada OKCHAATHBHOT CTpeca MOCeOHO KOJ KOWa KOJH CYy
U3JI0KEHH HMHTEH3MBHOM HANopy MPHJIUKOM TaKMHU4YCHa Y HU3JIPKIBUBOCTH
(enmjypaHc Tpke). JeqaHa 0] OCHOBHHX MPEIHOCTH HAIIIET UCTPAKUBamba Ce Oriea
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y YUMEBCHHUIIN Ja cMo ucnutanu cratyc GPX y kareropuju koma Koja 0 cafa HUje
NpOydYaBaHM y HAIIEM IOAHEOJbY, a TO Cy HECYIUIEMEHTHPAHH PAJHU KOHBH KOjH
Cy XpameHHU MCKJbYYHBO JIOKAJIHO y3rajaHMM XpaHUBUMa, IITO HaM oMoryhaBa
YBUI y pealHO cTamke Ha TepeHy. CBakako 1a OW HCIHTHBama Tpedasio
IPOIIMPUTH HAa OCTajla MojpydYja y muiby obOezbehuBamba MepoJaBHUX IOjaTaKa
Ha OCHOBY KOjuX hemo Mohu J1a JaMo MpernopyKe O €BEHTYAIHO] CYIIJIEMEHTaIlU]H
CeJICHOM paJHUX Koma Ha Teputopuju Penybiuke Cpouje.

3axBaJIHHIIA
Pan je mompkan cpeacTBUMa MHHHCTapCTBa MPOCBETE, HAYKEe M TEXHOJOIIKOT
pa3Boja Penyonuke Cpouje (Yrosop 6poj 451-03-68/2022-14/200143).

M3jaBa o cykoOy uHTepeca: AyTopH U3jaBJbyjy Z1a HE TIOCTOjU CyK0O HHTEpeca.
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Summary

Glutathione peroxidase (GPx) is an enzyme that has 8 isoenzyme forms, of which
GPx-1 is an obligatory intracellular enzyme, while GPx-3 is active in extracellular
fluids, especially in blood plasma. The main role of GPx is the protection of cells
from oxidative stress induced by free oxygen radicals. GPx activity is taken as a
reliable indicator of selenium status in the human and animal organism. Selenium
is introduced in organism mainly through the food chain. Ingested selenium is
incorporated in the form of selenomethionine and selenocysteine into tissue
proteins, i.e. enzymes. Detailed investigation related to the content of selenium in
feed and domestic animals were carried out in Serbia, especially in economically
significant species such as poultry, pigs, sheep and cattle. However, working cold-
blooded horses, especially those that are fed exclusively with locally grown feed,
or are on pasture, have not been examined in detail so far. Due to their specific
way of breeding, they are ideal indicators of the selenium status of monogastric
herbivores in a given locality.

The goal of our study was to determine the status of selenium based on the
activity of GPx-1 and GPx-3 in blood samples of non-supplemented working
horses in the territory of central Serbia.

In our study, a total of 12 samples of horse blood taken from the localities of the
municipalities of Kraljevo, Zajecar, Valjevo and Dimitrovgrad were tested as
follows: 12 samples of blood plasma and 12 samples of washed erythrocytes.
Measurement of GPx-3 and GPx-1 activity was carried out using the Guncler
method at a wavelength of 366 nm. For each animal, during sampling, data on
gender, age, vaccination and deworming, composition and origin of the given
nutrients were recorded.
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The average activity of GPx-1 was 502.02 + 91.77 pKat/l, and GPx-3 3.46 + 1.02
pKat/l, which indicates the existence of a marginal selenium deficit in the
population of unsupplemented working horses in the territory of central Serbia.

Keywords: GPx, horses, selenium, Serbia.

INTRODUCTION
The metabolism of selenium is very complex because this trace element is
essential for the organism, but also potentially very toxic. Domestic and wild
animals ingest selenium through food. The content of selenium in nutrients of
plant origin depends on numerous factors, among which stand out: the
composition and characteristics of the soil, the chemical form of selenium in the
soil, the amount of selenium in the soil, the type of plant and the growth phase of
the plant itself. Several selenium deficient areas have been defined in the world,
and one of them is part of the Balkan Peninsula (Val¢i¢ et al., 2013).
The main role of selenium is the protection against oxidative stress and the
neutralization of the generated free oxygen radicals through the action of GPx.
GPx consists of four identical subunits whose individual molecular masses range
from 18,000 to 23,000 with a stoichiometric ratio of four gram-atoms of selenium
per mole of enzyme. GPx is very specific towards the hydrogen donor (reduced
glutathione) and non-specific towards the reducing substrate. In addition to the
decomposition of hydrogen peroxide, the enzyme participates in the reduction of
hydroperoxides of various organic compounds (fatty acids, nucleic acids, thymine,
prostaglandins, etc.) into the corresponding alcohols.
Physiological effectors of selenium function are selenoproteins, or selenoenzymes
- glutathione peroxidase (GPx-, EC 1.11.19), and in addition to glutathione
peroxidase, selenium is present in iodothyronine deiodinase, which plays a role in
the conversion of thyroxine (T,) into biologically active 3,3',5 - triiodothyronine
(T3). Myodegeneration known as White muscle disease (WMD) is the most
common disease of domestic animals, including horses, which occurs as a result
of a pronounced selenium deficiency. Marginal deficiency in horses leads to
infertility in mares and slower growth in foals (Savage and Lewis, 2002).
Areas of pronounced deficit of this microelement have been described in the
world and in Europe. It is known that the selenium deficit is most pronounced in
China, the North-West and South-East of the USA, and in Serbia in the area of the
Sjenica-Pester Plateau. Research conducted in the previous two decades in Serbia
(Valci¢ et al., 2013) showed that the average content of selenium in plant foods in
the territory of the Republic of Serbia is in the interval from marginally deficient
to deficient, where the situation is most favorable in VVojvodina.
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Selenium status in domestic animals can be assessed based on the direct
determination of selenium in blood samples, or indirectly based on the activity of
the enzyme GPx.

GPx-1 is an obligatory intracellular enzyme, while GPx-3 is present in the
extracellular space, especially in the blood plasma. Numerous authors have
established that the concentration of selenium in the blood and the activity of
glutathione peroxidase in whole blood are highly correlated, ranging from r=0.70
to r=0.93, in all types of domestic animals fed with feed containing selenium in
concentrations below toxic doses (Wolff et al., 2017; Pavlata et al., 2000; Maylin
et al., 1980; Blackmore et al., 1982; Caple et al., 1978).

Assessment of selenium status of horses based on GPx activity in blood is
considered a reliable and sensitive method. Selenium is incorporated into
erythrocytes during erythropoiesis and GPx-1 activity is considered an indicator
of long-term selenium intake, while plasmatic GPx-3 activity is primarily an
indicator of short-term selenium status (Harris, 1998). Previous research by Maas
et al. (1996) and Blackmore and Brobst (1981) state that physiological values of
GPx activity in horse whole blood can be considered in the range of 300 to 600
pKat/l.

In the territory of Serbia, only sporadic tests of selenium status and GPx activity
were performed in thoroughbred sports horses that are intensively bred
(Mihailovi¢ et al., 1996). However, to date, no tests have been conducted on the
selenium status of non-supplemented working horses.

This work represents the first preliminary examination of GPx-1 and GPx-3
activity in order to determine the selenium status of working, non-supplemented,
cold-blooded horses in the territory of central Serbia.

MATERIALS AND METHODS

In the study, a total of 12 horse blood samples from central Serbia (Kraljevo,
Zajecar, Valjevo and Dimitrovgrad) were tested, as follows: 12 blood plasma
samples and 12 washed erythrocyte samples. A clinical examination was obtained
before the blood sampling, so that only animals that were healthy and that had not
been under therapy in the previous months were included in the study. At the
same time, only those animals that did not receive vitamin-mineral supplements
orally or parenterally in the past 12 months were selected, and were fed
exclusively with locally grown feed or grazed on local pastures.

Blood plasma was separated by centrifugation of heparinized blood samples at
1000 x g for 20 minutes. Samples of washed erythrocytes were obtained from
whole blood samples after triple washing of erythrocytes with physiological




Veterinary Journal of Republic of Srpska (Banja Luka), Vol. XXI1, No.1-2, 186-193, 2022.
Val¢ié¢ et al.:
Activity of selenenzymes GPx-1 and GPx-3 in the blood of working horses in the territory of central Serbia 189

solution and triple centrifugation. The samples were transported to the laboratory
in a cold chain, and immediately stored in a freezer at -18°C.

In order to take blood samples, horses were subjected to venipuncture of the
jugular vein with the owner's consent and in compliance with all measures of
good veterinary practice.

The activity of cytosolic glutathione peroxidase (GPx1) and blood plasma
glutathione peroxidase (GPx3) was determined by the method of Ginzler et al.
(1984) on a Cecil 2000 spectrophotometer, with a water bath and a thermostat that
maintained a constant temperature of 37°C. The principle of this measurement is
based on the spectrophotometric recording of NADPH consumption in the
coupled enzyme system.

The composition and final concentrations of the reagents are shown in Table 1.

Table 1 Composition of reagents used for spectrophotometric determination of GPx

activity
Reagents Volume (pl) Final concentration

Potassium phosphate buffer
(400 mmol/L, pH 7) 500 100 mmol/L
GSH (604 mmol/L) 200 6 mmol/L
Glutathione reductase (GR) 50 0.375 1J/mL
Blood plasma sample 20
or
Erythrocyte hemolysate

10
sample*
10 minutes preincubation on 37 0C
NADPH 3 mmol/L in 0,1%
NaHCO3 200 0.3 mmol/L
TBH 550 1.575 mmol/L

480 (for a plasma sample);
Redistilled water 490 (for a erythrocyte -
sample)

* Hemolysate is prepared by adding 10 pl of washed erythrocytes to 200 ul of Drabkin's reagent.

MS Excel 2007 and GraphPadPrism5 programs were used for statistical data
processing.

Results are presented using descriptive statistics parameters (Mean, SD and
CV%).
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RESULTS AND DISCUSSION

The activity of cytosolic glutathione peroxidase (GPx1) in the washed
erythrocytes of the tested horses ranged from 288.48 to 632.12 pKat/l.
Statistically, the examined group was homogeneous, given that the coefficient of
variation was 21.7%. The average activity of GPx1 was Mean=502.02 pKat/l, and
the standard deviation SD=108.96 (Table 2).

The activity of glutathione peroxidase (GPx3) in the blood plasma of the
examined horses was in the interval from 2.42 to 5.35 pKat/l. Statistically, the
examined group was homogeneous considering that the coefficient of variation
was <30%. The average activity of GPx3 was Mean=3.46 puKat/l, and the standard
deviation SD=1.02 (Table 2).

GPx3 activity is an indicator of the status of short-term selenium intake in the
organism. In addition to selenoenzymes, more than 20 different selenoproteins are
present in the plasma (Kryukov et al., 2003), which, according to their function
can be antioxidants, regulators of redox reactions, participants in the metabolism
of thyroid hormones, transport proteins, etc. In domestic animals, more than 98%
of GPx activity is located in erythrocytes, which is consistent with our results.

Table 2 Activity of GPx-1 and GPx-3 in blood samples of working horses in central
Serbia

Mean SD CV% v

GPx-1 (uKat/l) (n=12) | 502.02 | 108.96 | 21.70 | 288.48-632.12

GPx- 3 (uKat/l) (n=12) | 3.46 1.02 29.50 2.42-5.35

To date, precise reference values for GPx activity in animal blood have not been
established. Namely, the literature indicates wide intervals of GPx activity in
horse blood, as Maas et al. (1996) gave values in the interval from 80 to 500
puKat/l, while Blood and Radostits (1989) believe that the reference physiological
values are significantly higher and amount to 500 to 2500 upKat/l. An additional
problem when defining the recommended reference values of GPx activity is the
lack of conformity of the units through which the activity of this selenoenzyme is
determined, so that GPx activity is often expressed through IU (international
units), pumol/ml/min, Ug/Hb, Ug/prot, etc., which further complicates the inter-
laboratory comparison of the obtained values.

When interpreting the values obtained in our study, it should be considered that
GPx-1 activity was determined in washed erythrocyte samples, not in whole blood
samples as is often shown in the literature, and it is necessary to extrapolate the
results to whole blood values based on blood hematocrit in a horse. This approach
is fully justified if we understand that the participation of blood plasma in GPx
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activity is extremely low (<1%) and that it has no significant effect on the overall
activity of GPx in the blood. All the animals that were included in our study were
clinically healthy, without signs of anemia, dehydration, endoparasitosis and other
health problems that could indicate the possible existence of hematocrit disorders
(hemorrhages, dehydration, etc.). Taking into account that the average
physiological hematocrit of the blood of adult horses is 0.35 (Calamari et al.,
2009), we can conclude, based on the set mathematical proportion, that GPx
values in the whole blood of horses in central Serbia range from 101 to 221
puKat/l, which clearly indicates that working horses in the area of central Serbia
are in the zone of marginal deficit of this microelement.

Similar results were recorded in the territory of the Czech Republic, where the
GPx activity measured in whole blood samples of 159 adult horses was 286.43
pKat/l (Ludvikova et al., 2005). In the aforementioned study, the authors
determined the high correlation coefficient (r= 0.84) between measured GPx
activity and blood selenium concentration, which further confirms the validity of
measuring GPx activity in order to determine the selenium status of horses. At the
same time, the aforementioned group of authors examined the linearity of the
relationship and the correlation between GPx activity and selenium concentration
in order to determine the limit values of activity that indicate the status of
selenium deficiency. They determined that GPx activity values exceeding 200
pKat/l can be considered adequate, as well as that they are achieved with selenium
content in whole blood >75 pg/l. According to those authors, values in the interval
from 100 to 200 pKat/l are marginal, and GPx activity values <100 uKat/l are
inadequate, i.e. deficient.

It is interesting to note that all the horses that were included in our study were
non-supplemented working horses that were regularly exposed to a certain degree
of physical effort, either in work under saddle, or as recreational or harness
horses. Numerous authors (Ott et al., 2022; Mami et al., 2019; Gondim et al.,
2009) point out that physical effort is one of the triggers of oxidative stress,
especially in horses that are exposed to intense effort during endurance
competitions i.e. endurance races. One of the main advantages of our study is the
fact that we examined the status of GPx in a category of horses that has not been
studied so far in our climate, namely non-supplemented working horses that are
fed exclusively with locally grown feed, which allows us to understand the real
situation in the field. Certainly, the tests should be extended to other areas in order
to provide more reliable data on the basis of which we will be able to make
recommendations on possible selenium supplementation of working horses on the
territory of the Republic of Serbia.
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YIIYTCTBO AYTOPUMA U PEHEH3EHTUMA
IIpujaB/puBame

[omHomemeM pyKomuca ayTOpu TapaHTyjy Jda jeé HHXOB JOCTaBJbCHH paj  YacOIHCY
Bemepunapcku scypuan Penybauke Cpncke BUXOBO OPUTHHAIHO JjeJI0, 1a paHHje HUje 00jaBIbeH,
Jla ce He pa3marpa 3a 00jaBJbHBAKC HA JPYTUM MjECTHMA, K0 M Ja Cy HEroBo 00jaBJbUBAMC
0JI00pHIIN CBU KOAyTOPH, aKO MX je OWIo, Kao M OJrOBOPHU OpraHu, NpehyTHO WM eKCIUTMIIUTHO,
y YCTaHOBH Yy KOjOj je Jjesio M3BEJeHO. AyTOpH Cy MCKJbYYMBO OJI'OBOPHH 3a Caapikaj CBOjJHX
MOJIHECAKa, UCIIPABHOCT EKCIEPHMEHTAIHIX pe3yJsiTata i Mopajy Ja ce yBjepe Ja UMajy J03BOJIY
CBHX YKJbYYEHHX CTpaHa Jia MoJaTke jaBHO o0jaBe. AyTOpH KOjH Kejie Ja yKJbyue MoJaTKe WU
TEKCTYaJIHE OJUIOMKE KOju ¢y Beh 00jaBJbeHH HA IPYTUM MjecTUMa, MOPajy Ja J00H]jy H03BOJTY O
HOCHJIAIla ayTOPCKUX MpaBa U Ja YKIJbY4e JOKa3e Ja je TaKBa JO3BOJIa IaTa IPHIMKOM MOJHOLICHA
BHUXOBHUX pagoBa. [Ipernocramipalie ce na OWIIO KOjU MaTepujal NMPUMIbEH 0e3 TaKBUX NOKa3a
HOTHYE O]l ayTOopa.

[pujaBpuBambeM pykomuca Bemepunapckom scypuany Penybnuxe Cpncke ayTOpH ce CIaxy C
onpenbama u ycnoBuMma 4acomuca. CBa mpemnwucka je, ykibydyjyhu u oOaBjemTerme O OIylu
YpeIHHKA U 3aXTjeBHMa 3a PEIeH3H]jy, myTeM enektporcke momte (e-mail). Tekct pykommca ce
MHIIE Ha JEZIHOM O]] je3HKa y ciiyxkOeHoj ynoTpebu y bocHu u XepueroBuHu u 100poM €HIIIECKOM
jesuky (amepuuka wii OpuTaHcka ynorpeba je npuxsaheHa, anu He ¥ MjellIaBUHA OBHX). Y PEJHUK
3aap)kaBa MPaBO Ja M3MHjCHU MOJHHjETE PYKOIHKCE Mo oaroBapajyhem cranmapay (opmaiHor
je3uKa Koju je y ciayx0eHoj ynotpeou y bocHu u XeplieroBUHU U €HIJIECKOT je3nka. Pykomucu ce
YHampHje[ Npoljewyjy y YPEAHHUIITBY Kako OW ce TPOBjepwiIo Ja JHM HUCIyHaBajy OCHOBHE
3axTjeBe 3a 00jaBJbHBaE M CTaHIapae kpamutera. OHU ce Takole mpoBjepaBajy 300r margjara.
Aytopu he OutTH 00aBHjeIITeHN IMyTeM €-IIOMITe O IpHjeMy moaHecka. CaMo OHH PYKOIIHCH KOjU
Cy y CKJIaLy C YIYTCTBOM ayTopHMma, MOry OWTH mpuxBalieHH 3a peueHsujy. Y CyIpOTHOM,
pyxonucu hie 6utu BpaheHu ayToprMa ca 3anaxambiMa i KOMEHTapuMa.

IIpouenypa peuensuje

Bemepunapcru sicypuan Penybauxe Cpncke wyau 6p3y online u mtamnany myOiukaiujy 3a cBe
YJIaHKE KOjH HHCY 00jaBJbEHH HA APYTrHM MjECTHMa, a PEICH3Uja Ce BOIU CICKTPOHCKUM ITyTEM.
On aytopa ce MOXe TPaKMTH Ja Jajy KOHTAaKT IMOJATKe TPU IOTEHIWjaliHa PELEH3CHTa, alu
KOHayHa OJUTyKa O u300py peleH3eHTa II0YMBa Ha YypeAHUINTBY, Oe3 HKakBe oOaBe3e ma
KOHTaKTHpa OWUJI0 KOT OJ PelEH3eHaTa KOje Ipenopy4dyje ayTop. YpeaIHHK UMEHYje HajMarbe IBa
peLieH3eHTa Ha MPENopyKy wWiaHoBa ypenHHmTBa. IIpocibeljeHn pykomucu ce Liaby
pElleH3eHTMa 3ajeTHO ca YMyTCTBUMA 3a pelleH3Hjy W mpatehmM obpacuiyMa 3a OIljemHUBame
pykomuca. [lpuxBarame pyKoIlMca ce 3aCHMBAa Ha peEICH3HWjaMa M Ha KOHAYHHM OJUTyKama
PellcH3eHaTa ¥ BE3H ca MpHUXBATJbHBOINNY pykomuca. OmIyka pereH3eHTa je jenHa ox cieachux:
"[IpuxBaTibuBo 3a oOjaBspuBame", "[IpuxBaT/bMBO HakOH HMcnpaBku' WM "HenmpuxBaTibHBO 3a
o0jaBsbuBame”. AKO IOCTOjU HeycarJaleHOCT Y ojIykama u3Mmely perieH3eHara, ypeaIHuk Moxe
MOCJIATH PYKOIUC JAPYIOM PELEH3CHTY 3a IoJIaTHE KOMEHTape W AaJby OMIYKYy WiH hie pan Outu
ondujeH. MiMeHa perieH3eHaTa ce He peHoce ayTopy u oOpHyTOo (000CTpaHO civjerna pereH3uja).
Ouekyje ce ma he mporec peneHsuje, reHepaTHoO TIelaHo, TIOYETH Y POKY O JIBHje Heljesbe O
MOJTHOTIIEHa PYKOITHCA, a 1a he ucpaBIbeHN PYKOMUCH OuTH BpaheHH y pOKY O] YeTUPH Helljelbe.
Unanak ce o0jaBibyje Ha BeO cTpaHu Bemepurnapckoe scypuana Penybnuxe Cpncke, Ha BeO cTpaHu
Arennmje DOI Cpricka 1 ka0 mTaMnasu MpuMjepak u3aama.
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KATEI'OPUJE U YCJIOBHU 3A PYKOIIUCE

[Maxx;pMBO TIPOUMTAjTE YHMYTCTBO. PyKOIHMC KOjU HHje NPUNPEMIBEH Yy CKIagy C YHIYTCTBOM
ayropuma, Hehe OuTm mpuxBaheH 3a pa3marpame. Pykommc mopa OmTH OTKymaH KopHIIhemeM
¢orra Times New Roman 12 Tagaka ca oOocTpaHnM NOpaBHaBameM, JHHHjaMa Ca jeTHUM
pa3MakoM Ha cTpaHuld A4 BennvuHe, ca MapruHama crpanuie 3,0 M (kao MS Word files, .doc).
HacnoBu tekcra Tpeba na Oyay OTKYL@aHH BEJIMKHM CJIOBUMAa M KPaTKHUM IIOJHACIOBHMA, TIje je
HEOIXO/HO, CaMO C€a MOYETHUM BEJIMKHUM CJIOBOM.

Bemepunapcku ocypnan Penybnuxe Cpncke 00jaBibyje paloBe H3 00JaCTH BETCPUHAPCKE
MEUIMHE U CPOJHUX 00JIACTH, KOjU CY OJ1 IIHPOKOT MHTEPECA 3a [HJbHY MyOJIHKY.

Kateropuje pykomnuca koje 00jaBibyje Bemepunapcku sicypran Penyoruxe Cpncke Cy:

- OpuruHaiIHU HAYy4YHU paj

- [pernenHu HayYHU paj

- KpaTko M mpeTxogHO CaoNIITeHhe
- [Ipuka3 caydaja.

Opuzunannu HayuHu pao

OpuUrrHaIHA HAyYHH Paj je paj y KOM CE MPBHU MyT MyOIHKYje TEKCT O pe3yaTaThMa COICTBCHOT
UCTPaXHBamba OCTBAPCHOT MPHMjEHOM HAayYHHX METOJa, KOj¢ CY TEKCTYalHO OMHCAaHEe M KOje
omoryhaBajy nma ce HCTpakMBame IO MOTpeOHM TMOHOBU, a YTBpljEeHE UYHMILCHHIIC MPOBjepe.
OpuruHaIHU Hay4yHH Paj] caapku cienehe nujenoBe: HACIOBHA CTpaHa, CAXKETaK, KIbYUHE PUjeuH,
yBOJI, MAaTepPHjald U METOJIE, Pe3yNITaTH, AUCKYCH]ja, 3aKJby4ak, jauteparypa. CTui nucama Tpeda
Ja Oyme caxeT, ald JIOBOJBHO jacaH Jia YMTaolMa OMOryhu pernpojayKiujy eKCrepuMEHTaHEe
METOJI0JIOTHje KaKo je OmucaHo. YnaHak Mopa MPECTABUTH jaCHY XUIIOTE3Y M MOJATKE U3PAKEHE
npema ojroBapajyheM ekcriepuMeHTaIHOM jau3ajHy. Jluckycuja y3uma y 003up Mo3HATe MOAaTKe
WK YUEGEHHIIE CAMO Y BE3H ca JI00UjeHNM pPe3yJITaTiMa U IPY»Ka OCHOB 3a JIOHOIICHE 3aKJbydaKa
Ha OCHOBY pe3yJjraTa. J[uckycuja He ykibydyje OIITa 3Hamba 0 UCTPaXUBaHOj TeMu. OpUrHHATHI
Hay4YHHU paj ooudHo canapxu HajBuiire 4000 pujeun u 30 pedepenim.

Ilpezneonu nayunu pao

Iperneann Hay4HH paja MpeAcTaBba MperiieJl HAjHOBUjUX pajioBa O ojapeljeHOM mpemaMeTHOM
MOJPyYjy ¢ IHJbeM J1a ce Beh myOnukoBaHe WHpOpPMALUje CaxMy, aHATM3UPA]y, CBATYHPAJy WA
CHHTETH3Y]y, T€ JIOHOCH HOBE CHHTE3€¢ KOje Takolje 00aBe3HO yKIbYyuyjy pe3yJlTaTe CONCTBEHOT
UCTpaXMBamba ayTopa. Ilperigequn HaydHHM pajoBH cy OOMYHO IO TO3UBY. AYTOpH KOju
npeno3Hajy notpely M xeje /1a npHujase paj cy J0OpPOAOIUIM U CaBjeTyje UM Ce Ja KOHTAKTUPAjy
YPEIHHIITBO MPHje MMOYeTKa MHcama Kako Ou ce yBjepuii Jja ciindHa Tema Beh Huje npujaBibeHa n
Jlata HEeKOM ayTopy. AyTopu Tpeba 1a Oyay eKcIlepTH 3a IpeIMeT IPETJIEAHOT HAyYHOT pajia, IITo
JI0Ka3yjy LMTHPAambEeM CBOjHX 00jaBJbeHMX HAayYHUX PajJoBa y MPHjaBJbeHOM pany (HajMmarme IeT
HAayYHHMX PajioBa, KOjU ce OaBe MCTOM TEMOM Kao W IPHjaB/beHH WiaHak). [IpernenHu HaydHU paj
caapxu crnenehe aujenoBe: HACIOBHA CTpaHa, CaXeTak, KJbydHE pHje€dH, YBOJ, 3aKJbydak,
mutepatypa. [Ipernennu Haydau pax ooudaHo caapxu Hajsuire 4000 pujeun u 30 pedepennun.

Kpamko unu npemxoono caonuimerse

KpaTko iy MpeTxoJHO CaoMIITEHhe je paj Mamer oduma WM MPeIMMHHAPHOT KapakTepa, y
KOjeM Ce palyl O Ca)KeTOM HM3HOIICHY pe3yJITaTa 3aBPIICHOI U3BOPHOT MCTPAXXUBAYKOT Pajia WIIH
YJlaHKa KOju je y HacTtajamy (eHri. Working Paper). Kparko mimm npeTxoiHO caoluTeme caipku




Bertepunapcku xypHai Penyouuke Cpncke (bama Jlyka), Boa. XXI1, bp.1-2, 194-201, 2022.
196 YHyTcTBO ayTOpPUMAa U pelleH3eHTHMA

crnenche amjenoBe: HACIOBHA CTpaHa, CaKeTaK, KJbYYHE pPHjedH, YBOJA, MaTEpHjald M METOJE,
pe3ynTaTh, OUCKyCHja, 3akjbydak, JuTeparypa. KpaTko caommreme OOWYHO CaapKH HajBHIIE
3000 peun u 15 pedepentm.

Ilpukas cayuaja

[puka3 ciaydaja je MpUIIOT Y KOME ayTop MpoLjeyje IPaBUIHOCT/HEMPABUIHOCT HEKOT HAYYHOT
WK CTPYYHOT pajia, KpUTEPUjyMa, MOCTABKEe WM MOJA3UINTa, y3 mocebaH Hariacak Ha KBATUTET
oljemUBaHOr panma. lIpuka3 ciydaja caipxu crienehe ujenoBe: HACIOBHA CTpaHa, CaXeTak,
KJbYYHE pHjeuH, yBOJ, ITUCKycHja, jauTteparypa. [Ipuka3 ciyuaja obuuno caapxu Hajeuire 2500
pujeun u 15 pedepeni.

M3IVIEJ PYKOIIMCA, CTUJIA U OBJIUKA
Pykommcu cy monujessenn y cnenehe ypehene mujemnone:

- HacnoBHa cTpana

- Caxerak

- Kipy4ne pujeun

- YBO/|

- MATEPUJAJIN U METOJE

- PE3VJITATU*

- JUCKYCUIA*

- 3AKJBYUAK

- 3axBamHUIA*™*

- Cyko0 uHTEepeca

- JIMTEPATYPA

- Hacnosu tabena u / niu Jlerenne cnuka
- Tabene u / wim ciuke

* Pe3ynTatu M JUCKyCHja MOTY Jia Oyy y jeZIHOM IOTJIaBJbY
** Huje o0aBe3HO

HacnoBHa cTpana

Hacnosna cmpanuya yxipydyje HAciloB PYyKONHWCAa, Kao M IIyHa HMEHA W WHCTUTYLIHOHAITHE
MPUITAHOCTH CBUX ayTopa. KopecnoeHTHN ayTop Mopa OMTH HaBeJIeH.

Hacnos: HacroB He cagpxu umie ox 110 3HakoBa (ykipyuyjyhu pasmake) u crienuduyas je 3a
crynujy. Tpebao 6u OuTH pa3yMIbUB MIMPOKOM CIIEKTPY YMTAJIALIA.

Aymopu u npunaonocmu. To ykibydyje UMeHa, Cpeiibe HHUIIM]jaje (aKo ce KOPUCTE), Ipe3uMeHa 1
MIPUITATHOCTH TIpeMa cieneheM peociaujeny: YHUBEP3UTET WM OpraHu3alija / HHCTUTYIIH]a, Tpaj
U apkaBa 3a cBe ayrope. Haapehenu OpojeBu (1,2,3) xopucte ce y ciaydajeBuMa Kaaa Cy ayTopu
W3 PA3ITUYUTHX HHCTUTYIIH]A.

Kopecnodenmnu aymop. Jenan on ayropa Mopa OMTH O3HaYeH Kao KOPECIOJEHTHH ayTop (Iopen
MMeHa ayTopa JojaTH cuM00i *). Mopa ce HaBecTH uMe, IpesuMe W e-mail kopecmoaeHTHOT

ayropa.
Caxkerak

Caxerak caapxu g0 250 pujeun. JlujesnoBM KpaTKor cajpikaja HE CMHjy OWTH OJBOjeHH
HacJIOBMMa HEro caMo HOBHM I1aCyCOM.
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CTpyKkTypHcaH cCakeTak 00aBe3aH je 32 OPUSUHATIHU HAYYHU pad W KPAmMKO Uiu NPemxoOHO
caonwmerbe W TOIMjEJbEH je y cienehe IujenoBe: yBOI, MaTepHjalll M METONE, PE3YJITaTH H
3akspydak. KopumiheHe TexHHKe Mopajy ce TMOMEHyTH 0Oe3 ynacka y METONIOJIONIKE IeTajke, a
HajBaXHHUJU HAJIa3W MOPa]jy ce Pe3MMHUpPATH.

Caxerak 3a npeciedHu Hayuhu pao je CTPYKTypUCaH W ToAMjeJbeH Ha cienehe ujenoBe:
M03ajinHa, O0MM U TIPUCTYII, KIbYYHU Hala3! U 3aKJbYYIIH.

[Ipuka3 cioydaja He 3axXTHjeBa CTPYKTYPHCAH CaKeTakK, ajld OH YKIJbYUyje pe3uMe cirydaja.

HuraTn, Tabene, cnenujaine ckpahenune u HuBou 3HadajHocTy (HIp. I1 <0,05) HUCY yKIBYyUYeHH Y
CaxeTax.

Kuwyune pujeuu

Vcnon kpaTkor caipkaja Mopa ce HaBeCTH TPH IO MEeT KJbYYHUX PHjedH 10 abeleIHOM peny,
n30jeraBajyhu ommre, TOjMOBE y MHOXHWHH W BHIIEe mojmoBa (Hmp. ,,J“, ,,on“). OBe kipy4He
pujeun hie ce KOPUCTHTH 32 UHICKCHPAbE.

YBOJ

VY oBoMm awujeny Tpeba ykazaTH Ha CYIITHHY mpoGieMa W CBpXy cTyadje. KibydHe acmekre
o0jaBJpeHE JTUTEpaType W HCTpaXKMBama Tpebamo O MperiefaTH ¢ [H/beM 1a Ce YKaxe Ha TO
3aIlTO Ce OBaj PYKOIHC CMAaTpa OPUTHHAIHKM JOTNPHHOCOM TPEHYTHHM Hay4HHM Ca3HAambUMA.
Tpeba n3beraBaté NeTabHO HCIHMTHBAKE JIUTEPAType WM pe3uMme pesyarata. llocneamu auo
yBOJIa MOpa J1a CapKH crieluduyHe 1ubeBe CTyauje. YBoa He npenasu 400 pujedn.

MATEPUJAJIN U METOJIE

OBaj ano yKJbydyje, IpeMa MoTpedH, ONHC JH3ajHa CTY/AHUje, EKCIIEPUMEHTAJIHUX >KUBOTHHHA,
AQHAIMTHYKUX METOJa M CTaTUCTUYKMX aHajIM3a. YTBPAWTE METOJE M IOCTYNKE ca JOBOJHHO
Jerasba Ja omoryhe npyruma na penpoaykyjy CTyAHjy. AKO Cy METO/E IIMPOKO IO03HATe, HUCY
olMcaHe, alll ce Mopajy HaBecTH onrosapajyhe pedepenne. 3a HoBe MeTone Tpeba YKIbYUHTH
MPOTOKOJIE 32 METony. AyTOpH MOpajy TNpYXUTH pedepeHle 3a YCIOCTaBJbEHE METOE,
yKIBydyjyhu cratuctmuke meronme. HaBemwre OMiIO KOjU OIMITH padyHApCKH HPOTpaM KOjU ce
KopHucTH. MnenTudukyjre cBe IMjeKOBE M XEMUKAINje KOJH CE€ KOPUCTE ca I'CHEPUYKUM HIIN
XeMHjCKUM HMEHHMa, J03aMa M HauWHOM mpuMmjeHe. HaBemute mpowusBohaua, Opoj mpou3Boja,
rpax u apxaBy, rae je to moryhe. [lajre eTWuky u3jaBy O HOOpPOOMTH >KMBOTHE:A aKO je
MIPYM]j€EHHBO.

PE3YJITATH

Pesynratu cy NpencTaBjbeHH y JIOTMYHOM DPEJOCIHjely M MapaliellHo ca MeTojama (3a CBaky
MeToy Tpeba Jia mocToju pe3ynrar), kopucrehu tadene u / win ciuke 60e3 AyruMpama pe3yiaraTa
u3Mmel)y oBa nBa ¢opmara. [la 6u ce moOoJsbInana jacHoha, OBO MOTIABIEE MOXKE CE TOIH]CIIUTH Ha
MOJIIOTIaBJba, CBAKO C KOHIIM3HHM IIOJHACIOBOM, KOje Tpyka AeTajbe O Hajlla3uMa KOjU Cy
NOTPEOHH y MPHIIOT 3aKJbYYIIMMA M3 PYKOITUCA.

JTUCKYCHJA

O pesynratuma Tpeba pasroBapaTH W IIOBE3aTH WX ca JPYTUM pEIIEBAaHTHUM CTyadjaMa u
TPEHYTHUM Ca3HalkbHUMa TaMO T/e je To moTpeOHo. MelyTum, AHMCKycHja ce He KOPHCTH 3a
CyMHupame TpeHYTHOT 3Hama. Jluckycwja Tpeba jacHO Aa WACHTU(UKYje TJIaBHE 3aKJbydke
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cryamje. Ayrtopm Tpeba 1ga Tpyke jaCHO OO0jalllberhe BaXXHOCTH W PEJIEBAHTHOCTH OBHUX
3akspydyaka. CBe HoBe wWH(popMammje Tpebda pa3iIMKOBaTH O INPETXOIHHWX Haja3a M MOTY ce
CTBOPHTH pPelIeBaHTHE XUITOTE3E.

3AK/bYUYAK

3akJbyuak ce cacToju OJ KpaTKe HHTerpalyje pe3yiTaTa Koju ce JUPEKTHO OJHOCE Ha HaBeleHE
IUJbEBE CTYAWjE U M3jaBe O MPAKTUYHUM MMILIMKaIMjaMa pe3ysTara. 3akJbydlld Cy IOBE3aHH ca
IUJbEM CTyAuje, u3beraBajyhn HekBann(pUKoOBaHE M3jaBe M 3aKJbY4Ke KOjU HUCY MOTKPH)EIJbEHH
BamuM mnoxanuma. OBo moriaBibe He OM Tpebayo na mpenasd jelaH KpaTtak ojajgomak. He
pe3UMUpajTe AUCKYCH]Y HIIM TPEHYTHO 3HAHE Y OBOM IIOTJIABIBY.

3axeannuua

W3Bop ¢uHaHCHpama CTyANje MOXe ONTH HaBEIEH Y OBOM IIOTJIaBJbY. Y OBOM IOTJIaBJbY MOTY CE
MIOMEHYTH CBH OHH KOjH Cy JalM 3HadajaH AONPHHOC CTYIOHMjH y HOTJENy AW3ajHa, M3BOhema,
aHaIM3€e WK U3paje / peBU3Hje PYKOINCa, alli HE OJIr0Bapajy KPUTEPHjyMIMa 3a ayTOPCTBO.

Cyxko6 unmepeca

Cyko0 mHTepeca IOCTOjU KaJa Ha TyMadele IoJaraka WM MPe3eHTalujy MHpOpMalnuja MOXe
YTHLATH JHYHU WK QUHAHCH]CKH OJHOC C JbYAMMa WK opraHu3aiujama. O ayTopa ce Tpaxku aa
NOMyHEe u3jaBy 0 cykoOy mHTepeca. CBH IpHjaBJbeHH CyKOoOM MHTepeca Oulie HaBeleHH Ha Kpajy
o0jaBibeHMX uiaHaka. Tamo ruje ayrop He HaBOIM CyKoO MHTepeca, Hamemihe ce ,,Aytop (u)
u3jaBJbyjy Jla HEe MOCTOjU CYKOO HHTEpeca.

JIUTEPATYPA

IToTpedHO je 00e30ujenuTH na cBaka pedepeHIla HaBeCHA Y TEKCTy Oyie MPUCYTHA U HA CIIUCKY
nuteparype (1 oOpHYTO).

[Ipenopyuyje ce na pedepenne He Oyny crapuje ox 20 roauna u na npexko 80% pedepenim Oyae
U3 HAyYHHX YacoIkca, a OCTalo U3 IPYrHX HAyYHUX H3BOPA.

HuTaty y TEKCTy, Kao MTO Cy JINYHE KOMYHHKAIHje, He00jaBJbEHH MOally WIH Y INTaMIH (aKo
Hema JIOU Opoja), HUCY IpUXBaT/FUBH. PamoBH ca HAYYHHX CKYIIOBAa MOTY C€ IIUTHPATH CaMO aKo
cy 00jaBJbeHHM y IjenocTd. Y TeKCT Tpeba YBPCTHTH caMO OCHOBHE pedepeHie, a OHe Cy
OrpaHMYeHEe Ha HEONXOAHM MHHUMYM. HaBeaurte pedepeHie y TeKCTy Hpema Npe3uMeHy M
roguan 'y 3arpaau (Hmp. Komawesuh, 2014). YV ciywajy aBa ayropa, Kopuctute ,u* (HOp.
CreBanoBuh u Henuh, 2015). Ckpahennna ,,u cap.” Mopa ce KOpUCTUTH Y CBHM CITy4ajeBUMa TjlIe
ce HaBOJIM BUIIIE 01 JBa ayTopa (Hmp. Marasas u cap., 2016). Bumme pedepenmu ynyrap 3arpana y
TEKCTY HABOIHM c€ OOpHYTHM XpoHOJOmKHM pernoM (Hmp. CreBanoBmh u cap., 2016; I'omuh u
Henuh, 2015; Teomoposuh, 2014). ¥ ciydajy na UCTH ayTOp MMa BHIIE MyOJHMKaIHja y HCTO]
TOJIMHY, TIOpe] TOIMHE Ce A0Jajy noJaaTHe cioBHe o3Hake (Poxosuh u cap., 2008a; Iletporuh u
cap., 20080).

VY cnyuajy moMumama opraHu3aluja WM cranaapaa kopucre ce ckpahenune (Hnp. EFSA, 2016;
ISO, 2017) a ko 3aKoHa U paBUJIHUKA TepMHH nponuc (Hop. [Ipomnuc, 2012).

Jlucra pedepenuu nopenana je o adenenu (momohy anara 3a coprupame A-3 Ha Tparu MS Word
Home, ako je moTpebHO) mpema npe3nMeHuMa MPBUX ayTopa.

Ilpumjepu:
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HNCBUX. (2018): Mukpobuonoruja jiaHiia XpaHe — XOpPH30HTATHA METOAa 3a NETEKIHjy |
onpehuBame Opoja Enterobacteriaceae — Jmo 2: Metoma Opojama konmoHHWja. MHCTHTYT 3a
craanapamzanyjy bocue u Xepuerosune, BAS EN 1SO 21528-2.

3axmjesu

Bemepunapcxu ocypnan Penybnuxe Cpncke tpenopyuyje ynorpeOy TadyHMX W YTBpheHHX
jemunua, ckpahennna, popMyna 1 HOMEHKIATYpE KaJl ToJ je To Moryhe.

Jenunuue. Cee crnenudukanmje Mopajy Outn HaBeneHe y ckiaay ca MehyHapoaHum cuctemMom
jemununa (CH). Ako cy HoMeHyTe Ipyre jeAnHuIle, HaBeauTe BbuxoB ekBuBaneHT y CU. Cumbomu

3a jeqUHUIIC U3BECHE JIeJbCHEM JIaTH Cy Kao HeraTWBHH ekcrioHeHTH (Hmp. 10 g L-1; 250 V cm-
2).

Ckpahenune. CBe ckpaheHuIie XeMHjCKUX, OMOJIOMIKAX, MEIUIIMHCKUX WM APYTHUX H3pa3a Tpeba
KOPHCTHTH CaMO ako je CUTypHO na cy MehyHaponno mo3nate. CkpaheHure ce He KOpucre y
KpaTKOM CafipXkajy ¥ Mopajy ce AeMHHCATH y 3arpajaMa KaJa ce IPBHU ITyT KOPHUCTE y TIaBHOM
TekcTy. He 3amounmbuTe pedeHuIry ckpaheHUIIOM.

Matematuuke popmyie. [Ipenajre MaTeMaTHIKe jeIHAYNHE KA0 TEKCT KOJU Ce MOXKe ypehuBatw, a
He kao cinuke. I[IpeacraBute jemqHocTaBHe (GOpMylie Y CKIaay ca HOPMATHHM TEKCTOM, TAE j€ TO
Mmoryhe, n xopuctute conmunyc (/) yMjecTo XOpU30HTAJIHE JIMHUjE 32 MaJie pa3jioMJbeHE MOjMOBE
(amp. A / B). Y3acTonHO HyMepHIINTE CBE jeHAUYNHE KOje MOpajy OMTH NMpuKa3zaHe OABOjEHO O]
TeKcTa (aKO CY y TEeKCTY U3PUYUTO HABE/ICHE).

Homenknarypa u TakcoHoMuja. CBU MEIUIIMHCKH, XEMHUJCKH, OHOJIOIIKY HJIH IPYTH U3pasu Tpeda
Jla ce KOPHCTE y CKJIajly ca HajHOBHMjUM Ipernopykama oarosapajyhe meljynapoHe HoMeHKIaType.
VmeHa pomoBa M BpcTa MUKPOOPraHM3aMa M 300JIOLIKa UMEHa Ccy y Kyp3uBy (Hmp. Aeromonas
hydrophila). Tamo rme ce pox mojaBibyje y HacioBy, TO Tpeba y HOTIIYHOCTH HCHIHCATH. Y
TJIABHOM TEKCTy, pol OM Tpebano Ha NMpBU HAYWH MOMEHYTH, a moTtoM M ckpaheno (Hmp. A.
hydrophila). Ayropu mMopajy ocuryparu na He Oyze 3a0yHe ca OCTaaMM POJOBHMA MOMEHYTHM Y
TekcTy. IlpaBomuc W TakcoHOMHMja HMeHa Tpeba na mpate MehyHaponHo mnpuxsaheny
HOMEHKJIaTypy. MiMeHa Oaktepuja Mopajy OWTH y CKJIaxy ca HajHOBHjUM HU3nameM bepiiej-eBor
[IpupyuHuka 3a cucTeMaTHKy OakTepuja W / WM MUIUbeHEeM Yy MeljyHaponHoMm daconmcy 3a
CHCTEMaTCKy U €BOJYIMOHY MHUKPOOHOIIOTH]Y, a BUpYyCHUMa Tpeba JaTh KiacuuKauujy 1 Ha3uBe
Koje mpernopyuyje MeljyHapoJHU KOMHUTET 32 TAKCOHOMH]jY BHUpyca. EH3UMCKe moTeHnyje cy aare
y W.J. (Mehynapoane jeauHuie) u mpeMa CH3MMCKOj HOMeHKiIaTypu. [eHu, MyTanuje,
TEHOTUTIOBH W aJleid Cy YKOIIEHH W ayTopu OW Tpebasio 1a KOHCYATyjy oarosapajyhe 6aze
nojiaTaka TreHeTcke HoMeHkiarype. [IporemHn oOu4yHO HuCY y Kyp3uBy. Tpeba HaBecTH
npenopy4yenn MelyHapoanu 3amruhenn HaszuB aujexosa (rINN). KomepuujanHa nmena qpyrux
npousBojia Tpeda KOPUCTUTH caMO TamoO TA€ 3a IPOW3BOJ HE MOCTOjH IpYyrH ojrosapajyhu
TEepMHUH. Y TaKBUM CilydajeBUMa, MMe, I'pajl U Ap)kaBy npousBohaya Tpeba HaBecTH y 3arpazama
IPH ITPBOM NOMHALY IPOU3BO/IA.

Tabene u cnuke

Crnuke He CMUjy OUTH MHTETPUCAHE Y TJIaBHU TEKCT, HETO C€ JIOCTaBJbhajy Kao JOJAaTHU JOKYMEHT
(cBaka cnmka 3acebHO).

Tabene ce mocTaBikajy Ha Kpajy pyKoIuca, Kao TEKCT KOjH ce Moxe ypehuBatu (cBaka Tabemna Ha
0CeOHOj CTPaHHIIH).
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Taberne u cavKe HyMEpHITY ce y3acTOIHO moMohy apanckux Opojesa (Cnuka 1, Ciuka 2, Crimka 3,
Tabemna 1, Tabena 2, Tabena 3 utn.). 3a uneHTudUKanUjy nujeroBa BUIeAjeaHe Gurype Tpeda
KOpHUCTUTH Benmka cioBa A, b, I ura. Ciuke mMopajy 6utn y pesonyrmju 300 dpi. Jlo3BosseHu
tdopmatu - JPG, TIFF. 3a mukpodotorpaduje ce mopajy ob6e30eanuTn ckaie ca oaroapajyhum
jenununama. CumOomm, cTpenuue WM cioBa kopumhenn Ha ¢otorpadujama tpebajy Outu y
KOHTPACTy ca M03aHHOM.

Pesynrtati koju ce y TEKCTY MOTY ONMHCATH Kao KPAaTKH HABOJAM HE MPHKa3yjy Ce Kao CIHMKE MIH
tabesne. [Togany ce He CMUjy KONMpaTH y Tabene U CIIUKe.

HacnoBu u nerenne nmomaxy na tabene u civke Oyay pasyMJbUBH, a Jja YHTajal HE MOpa ja ce
M03WBa Ha ri1aBHH TekcT. MelyTum, onn Takol)e Mopajy OMTH CakeTH 1 He KOPUCTE ce 3a IOHOBHU
ormic Mmeroponoruje. Onrosapajyhn OpojeBum m HaciaoBu Tabena, kKao W OpOjeBH, HACIOBH H
JIereHJIe CITMKa HaBOJE CE Y HOBOM pely M CTaBJbajy MOPE PEICBAHTHOT TEKCTA Y WIAHKY.

Cpaka Tabena je IpHIpeMJbeHAa Ha IMOCEOHO] CTPAHMLM W MPUKIATHO HYMEpHCaHa KPaTKHM
OIMCHUM HAaCJIOBOM TalbeJie KOjH je ImocTaBjbeH rope. Tabeme Mory ma campike (pycHOTE Koje ce
Hanase ucnoj Tabene u objammmaBajy cBe ckpahenune. Kopucture HatrincHe apancke 6pojese (1,
2, 3 utTad., y IpaBUIHOM PEIOCIHjely YHTama Tabelie, 0103r0 JICBO J0JI¢ JECHO) Ja OMCTE CBAaKy
(dbycHOTY moBe3asu ca oroBapajyhoM cTaBKOM y TabeH Koja 3aXTHjeBa 00jalllbeibe.

Jlerenne cnuMka ce HE MOjaBJbyjy Ha cCiIuKama. [IpUIIMKOM J0OCTaBJbaka CIIMKa MOTPEOHO je
OCHUTYpAaTH Jla Cy JaTOTeKe Ha OroBapajyhu HauuH WIACHTU(HUKOBAaHE Kao ciuka 1, ciamka 2 UTH.
Jlerenne cnuka ykJbyudyjy Opoj M HacjoB civke M oQjallmbera CBUX KOPHIITEHHX CHMOOIA,
JIMHU]a WK 03HAKa, a IOCTaBJbha]y ce Ha OAroBapajyhie MjecTo y OKBUPY IJIABHOT TEKCTA.

AyTOpCKO npaBo

AyTopu 3a/pkaBajy ayTopcka IpaBa Ha o0jaBJbCHE PaJOBe W Najy M3AaBady IpaBo Ja 00jaBH
YjaHaK, Ja ce y Cly4ajy NOHOBHe ymoTpeOe HaBeAe Kao HEeroB M3BOPHM H3JaBad M Jia ra
TUCTpUOyHIIe y CBHM OOJMIMMa W MeAmjuMa. AKO Yacomuc HE MPHUXBAaTH 3a 00jaBJbUBAmC
npenaTH pyKoInC, CBa MpaBa Ha pyKomuc 3aapxahe aytop (u).

Unannu o0jaBibeHu y Bemepurnapckom scypuany Penyonruxe Cpncke Ouhe 4iaHIM ca OTBOPEHUM
npuctynoM muctpudyucanu mon Creative Commons Attribution (CC BY) 4.0 International
License.

H3jaBa 0 npuBaTHOCTH

WmeHa u azapece e-moiite KOpucTuhie ce MCKJbYYMBO y HaBeJEHE CBpXE OBOI yacomuca u Hehe
OuTH MOCTYyIHE Y OO KOje Apyre CBpXe I OMIIO KOjOj PYToj CTpaHHU.

AxypupaHO ymyTcTBO 3a aytope: 07. dhedpyapa 2022.

AJPECA YACOIIUCA:

JaBHa YcranoBa Berepunapcku nncrutyt Penyonuke Cprcke ,,Jp Baco Byrozan bama Jlyka
Bpanka Paguuesuha 18, 78000 bama Jlyka

Tenedon/axc: +387 51 229-210

I'naBuu ypennuk: [Ipod.ap dparo H. Heauh: drago.nedic@virs-vb.com; drago.nedic@gmail.com

http://virs-vb.com/veterinarski-zurnal-rs/arhiva/
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INSTRUCTIONS FOR AUTHORS AND REVIEWERS
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 (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.
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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 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.
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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

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 affiliations. 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.
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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

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. ldentify 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 a
result 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.
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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.

Acknowledgements

The source of funding for the study can be listed in this section. This section may list all those
persons who have made significant contributions to the study in terms of design, conducting,
analysis or providing/revision of manuscripts, but do not meet the authorship criteria.

Conflict of interest

Conflicts of interest exist when the interpretation of data or the presentation of information may be
affected by personal or financial relationships with people or organizations. Authors are required
to complete a conflict of interest statement. All reported conflicts of interest will be listed at the
end of the published articles. Where the author does not state a conflict of interest, it will state
“The author (s) declare that there is no conflict of interest”.

REFERENCES

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 (if there is
no DOI number), are not accepted. Articles from scientific conferences can be cited only if they
are published in full. Only esencial references should be included in the text, and they are limited
to the minimum necessary. Include references in the text as author’s surname and year in brackets
(eg Kovacevi¢, 2014). In the case of two authors, use "and" (eg Stevanovi¢ and Nedi¢, 2015). The
abbreviation “et al.” must be used in all cases where more than two authors are cited (e.g. Marasas
et al., 2016). Several references within parentheses in the text are listed in reverse chronological
order (e.g. Stevanovi¢ et al., 2016; Goli¢ and Nedi¢, 2015; Teodorovié, 2014). In case the same
author has several publications in the same year, additional letter marks are added in addition to
the year (Pokovic et al., 2008a; Petrovic¢ et al., 2008b).

In the case of references to organizations or standards, abbreviations are used (eg EFSA, 2016;
ISO, 2017) and in the case of laws and regulations, the term regulation (eg Regulation, 2012).
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The list of references is arranged alphabetically (using the A-Z sorting tool on the MS Word Home
bar, if necessary) according to the surnames of the first authors.

Examples:
Journals:

Stevanovi¢ O., Nedi¢ D. (2019): Clinical presentation of bluetongue and the malignant form of
contagious ecthyma in sheep: description of cases. Veterinarski Glasnik, 73(1):57-63.

Books, Monographs and Manuals:

Stockham L.S., Scott A. M. (2008): Fundamentals of Veterinary Clinical Pathology. Blackwell
Publishing, 415.

Temmh M., Hemuh . (2011): MenayumeHT BerepuHapcke npakce. Pakynrer BeTepHHapCKe
MenunuHe YHUBep3uTeTa y beorpanmy, 286.

FDA (2006): Managing Food Safety: A Manual for the Voluntary Use of HACCP Principles for
Operators of Food Service and Retail Establishments. Food and Drug Administration, U.S.
Department of Health and Human Services Food and Drug Administration Center for Food Safety
and Applied Nutrition.

Books with author’s chapters:

Marasas W. F. O. (1996): Fumonisins: History, worldwide occurrence and impact. In Fumonisins
in food, advances in experimental medicine and biology. Eds. L. S. Jackson, J. W. DeVries, L. B.
Bullerman, Plenum Press, 118.

Lows and regulations:

Regulation, (2013): Commission Regulation (EU) No 1019/2013 amending Annex | to Regulation
(EC) No 2073/2005 as regards histamine in fishery products. Official Journal of the European
Union, L 282:46-47.

Regulation, (2012): IlpaBuiHHK O MHKPOOHOJOIIKHM KpuTepHjymMuMma 3a xpaHy. CiyxOeHu
rnacHuK Pemryb6mmke Cprcke, 109/12.

Scientific conferencess:

Vasilev D., Aleksic B., Tarbuk A., Dimitrijevic M., Karabasil N., Cobanovic N., Vasiljevic N.
(2015): Identification of lactic acid bacteria isolated from Serbian traditional fermented sausages
sremski and lemeski kulen. In the 58th International Meat Industry Conference (MeatCon2015),
Procedia Food Science, 5:300-303.

Citations with organisations as authors:

EFSA. (2016): Peer review of the pesticide risk assessment of the active substance benzoic acid.
European Food Safety Authority, EFSA Journal, 14(12):4657-n/a

Web Links:

OIE. (2020): Animal Diseases. Available at: https://www.oie.int/en/animal-health-in-the-world/.
Accessed 31.12.2020.

Standards:
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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.
International Organisation for Standardization, 1ISO 11290-1.

ISBIH. (2018): Microbiology of the food chain — Horizontal method for the detection and
enumeration of Enterobacteriaceae — Part 2: Colony-count technique. Institute for standardization
of Bosnia and Herzegovina, BAS EN 1SO 21528-2.

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 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 I.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

Figures must not be integrated into the main text, but are submitted as an additional document
(each figure separately).

Tables are submitted at the end of the Manuscript, as editable text (each table on a separate page).
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Tables and figures are numbered consecutively using Arabic numerals (Figure 1, Figure 2, Figure
3, Table 1, Table 2, Table 3, etc.). Capital letters A, B, C, 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 images 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.

Titles and legends help to make tables and figures understandable without the reader having to
refer to the main text. However, they also need to be summarized and not used to re-describe the
methodology. The corresponding numbers and titles of the tables, as well as the numbers, titles
and legends of the figures are listed in a new line and placed next to the relevant text in the Article.

Each table is prepared on a separate page and appropriately numbered with the short descriptive
title of the table set out above. Tables can contain footnotes below the table and explain all
abbreviations. Use Arabic numerals (1, 2, 3, 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 that requires
explanation.

Figure legends do not appear in figures. When submitting figures, it is necessary to ensure that the
files are properly identified as Figure 1, Figure 2, etc. Figure legends include the number and title
of the figure and explanations of any symbols, lines or markings used, and are placed in the
appropriate place within the main text.

Copyright

Authors retain the copyright to published articles and give the publisher the right to publish the
article, to be listed as its original publisher in case of re-use and to distribute it in all forms and
media. If the journal does not accept the submitted manuscript for publication, all rights to the
manuscript will be retained by the author (s).

Articles published in the Veterinary Journal of Republic of Srpska will be open access articles
distributed under the Creative Commons Attribution (CC BY) 4.0 International License.

Privacy Statement

The names and e-mail addresses will be used exclusively for the stated purposes of this journal and
will not be available for any other purpose or to any other party.

Updated instructions for authors: February 7, 2022.

JOURNAL ADDRESS:

Public Institution Veterinary Institute of Republic of Srpska "Dr Vaso Butozan" Banja Luka
Branka Radicevica 18, 78000 Banja Luka

Phone/fax: +387 51 229-210

Editor-in-Chief: Prof. Dr. Drago N. Nedi¢: drago.nedic@virs-vb.com; drago.nedic@gmail.com

http://virs-vb.com/veterinarski-zurnal-rs/arhiva/

http://doisrpska.nub.rs/index.php/VJRS/issue/archive



http://virs-vb.com/veterinarski-zurnal-rs/arhiva/
http://doisrpska.nub.rs/index.php/VJRS/issue/archive

	1
	2
	3
	4
	5-17
	18-30
	31-43
	44-56
	57-67
	68-79
	80-89
	90-100
	101-113
	114-126
	127-141
	142-155
	156-166
	167-177
	178-185
	186-193
	194-201
	202-209
	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
	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 affiliations. 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 autho...
	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...
	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 scientif...
	MATERIALS AND METHODS
	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 ...
	THE RESULTS
	The results are presented in a logical order and in accordance with the methods (there should be a result for each method), using tables and/or figures without duplicating the results between the two formats. To improve clarity, this section can be di...
	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 auth...
	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 unqualifi...
	Acknowledgements
	The source of funding for the study can be listed in this section. This section may list all those persons who have made significant contributions to the study in terms of design, conducting, analysis or providing/revision of manuscripts, but do not m...
	Conflict of interest
	Conflicts of interest exist when the interpretation of data or the presentation of information may be affected by personal or financial relationships with people or organizations. Authors are required to complete a conflict of interest statement. All ...
	REFERENCES
	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 (if there is no DOI number), are not accepted. Articles from scientific conferences can be cited only if they are published in full. Only esencial references shou...
	In the case of references to organizations or standards, abbreviations are used (eg EFSA, 2016; ISO, 2017) and in the case of laws and regulations, the term regulation (eg Regulation, 2012).
	The list of references is arranged alphabetically (using the A-Z sorting tool on the MS Word Home bar, if necessary) according to the surnames of the first authors.
	Examples:
	Journals:
	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 ...
	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 ...
	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...
	Tables and figures
	Figures must not be integrated into the main text, but are submitted as an additional document (each figure separately).
	Tables are submitted at the end of the Manuscript, as editable text (each table on a separate page).
	Tables and figures are numbered consecutively using Arabic numerals (Figure 1, Figure 2, Figure 3, Table 1, Table 2, Table 3, etc.). Capital letters A, B, C, etc. should be used to identify parts of a multi-part figure. Images must be at a resolution ...
	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.
	Titles and legends help to make tables and figures understandable without the reader having to refer to the main text. However, they also need to be summarized and not used to re-describe the methodology. The corresponding numbers and titles of the ta...
	Each table is prepared on a separate page and appropriately numbered with the short descriptive title of the table set out above. Tables can contain footnotes below the table and explain all abbreviations. Use Arabic numerals (1, 2, 3, etc., in the co...
	Figure legends do not appear in figures. When submitting figures, it is necessary to ensure that the files are properly identified as Figure 1, Figure 2, etc. Figure legends include the number and title of the figure and explanations of any symbols, l...
	Copyright
	Authors retain the copyright to published articles and give the publisher the right to publish the article, to be listed as its original publisher in case of re-use and to distribute it in all forms and media. If the journal does not accept the submit...
	Articles published in the Veterinary Journal of Republic of Srpska will be open access articles distributed under the Creative Commons Attribution (CC BY) 4.0 International License.
	Privacy Statement
	The names and e-mail addresses will be used exclusively for the stated purposes of this journal and will not be available for any other purpose or to any other party.
	Updated instructions for authors: February 7, 2022.
	JOURNAL ADDRESS:
	http://virs-vb.com/veterinarski-zurnal-rs/arhiva/
	http://doisrpska.nub.rs/index.php/VJRS/issue/archive


