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KOJ[ Hac, y PETHOHY U IIUPOM CBHjE€Ta MOTIIN J1a 00jaBJbYjy CBOja UCTPaKWBamba U PajioBe.
Yacomnwc je nocseheH yHanpehemy 1 mmpemy HaydHIX ca3Hamba 0 BETEPUHAPCKAM HayKaMa
W CPOIHUM aKaJIeMCKHM TUCIHIUINHaMa. BerepuHapcku sxypHan PemyOmmke Cpricke
jeé OTBOpPEHOT TPHUCTYIA, pPEeleH3UpaHu HayyHW yacomuc JY BerepuHapckn WHCTHUTYT
Perryomuke Cpricke ”/Ip Baco byrozan™ bama Jlyka, Pemyonuka Cpricka/buX, mocsehen
o0jaBJbMBalby OPUIMHAJIHMX HAayYHHMX DPagOBa, NPENICAHUX HAYYHHUX PaZoBa, KPATKUX
CaoIITema U MpHUKa3a ciydaja. BerepuHapcku xypHan Pemyomnuke Cpricke o0jaBibyje
Ce Ha jeJIHOM Off je3uka y ciy0OeHoj yrmorpedu y bocHr u XepleroBMHM U €HITIECKOM
je3WKy, y TOIHIIHUM BOlyMEHUMA KOjU ce cacToje of ABa Opoja, Ha moxeny Open Access
Koju omoryhaBa BUCOKY BHIJbUBOCT pajioBa. Berepunapcku xxypHan Pemyomuke Cpricke je
MHJIEKCHPaH Kao HallMOHAJIHU 4acOoMuUC. YIIyTCTBA 3a IIPHjaBJbUBAKE PYKOIHCA, IPUIPEMY
pana, mpoLeaypy peLeH3Hje U CBe OcTale AeTajbe JOCTYIIHA Cy Ha CTPaHULIAMa 4acoIInca.
Berepunapcku xxypran Permrybnuke Cpricke je gacomnuc oTBopeHor npuctyma. CBU pagoBu
MOTy ce OecIuTaTHO Ipey3eTH U KOpUCTUTH Yy ckiany ca Creative Commons Attribution 4.0
International License (CC BY 4.0).
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Caxerak

Bona ce xopucTH Ha pa3nUUMTE HAYMHE Y TMPOW3BOMIIBGM XpaHe, YuME MOCTaje
muo xpane. Boma 3a mpame y npexpamOeHO] MHAYCTPUJM MOXe OUTH H3BOP
OakTepHjcKe KOHTAMUHAIIM]€ U JIOAATHO YTPO3UTH KBAIHUTET U 0€30jeTHOCT XpaHe.
UctpaxuBameM cy oOyxBaheHH y30pIM BOJE KOja C€ KOPUCTH Yy IpexpamMOeHO]
unayctpuju. McnutuBame oOyxsara 192 y3opka, on kojux je 75% u3 Bo1oBoOAA,
a 25% w3 Oynapa. JIabopaTopujcko HCIUTHUBAK-E BOJIE BPIICHO je MeTogama BAS
EN ISO 6222, BAS EN ISO 9308 u BAS EN ISO 7899-2. lluss uctpaxxubama
je yTBphuBame MUKpPOOHMOJOIIKOT CTaTryca BOJE y MPEeXpamMOEHO] WHIYCTPH]H.
UctpaxuBamem je yTtBpheno 79,69% 3amoBospaBajyhux yszopaka u 20,31%
He3a70BoJbaBajyhux y3opaka Boie. Y OJHOCY Ha HCHHUTHBaHE MapamMmeTpe, y
12,50% y3opaxka ytBphen je moBehan 6poj Mukpoopranuzama Ha 22°C, a'y 10,42%
y30paka yTBpheH je moBehan 6poj Mmukpoopranuzama Ha 37°C. Kaga cy y nuramy
WHUKATOpU XUTH]jeHe, 8,85% He3aoBospaBajyhux y3opaka je 6mio 300r mpucycTBa
L[PUjeBHUX EHTEpPOKOoKa, a 5,73% He3aqoBoJbaBajyhnx y3opaka 300T MPHUCYCTBA
Escherichia coli n xomudopma. C 063upom Ha TPUCYCTBO KOMHUPOPMHUX OaKTepH]ja,
Escherichia coli n 1pujeBHIX EHTEPOKOKA y BOJIM KOja C€ KOPUCTH y MpexpaMOeHO]
UHAYCTPHjH, TOCTOJU PU3MK OJf MUKPOOHOJIOIIKE KOHTAMHUHALMj€ XpaHE MyTeM
Bozie. OBO je moceOHO 3HauajHO C 003MPOM Ha yIuo OyHapCKe BOJE Y OHOCY Ha
YKYIHY BOJy KOja C€ KOPUCTH Y UHAYCTPHUJH XpaHE.

KibyuHe pujedn: unnycTpuja xpase, Boga, MUKpoOHOJIOTHja.
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YBOJI

Bona ce xopucTu Ha pa3nUuUMTE HAYMHE Y MPOU3BOMIBGM XpaHe, YMME MOCTaje
muo xpaHe (Terplan, 1980). KontamuHaiuja XxpaHe MHKPOOpPTaHHU3MUMA KOJH CE
IIPEHOCE BOJIOM JIelIaBa ce TUPEKTHO, Mel)yTum, MHOTO yenrthe MHAUPEKTHO HAaKOH
YMHO)KaBamkha OBHX MUKPOOpPraHMW3aMa Ha O4YMIITheHHM MOBpIIMHAMA ONpeMe Koja
C€ KOPHUCTH.

MukpoOHOIOIIKA KBAJUTET BOIE c€ OOWYHO AePHUHUIIE KAao MaKCHUMAaJHO
MPUXBATIHUB OPO]j MITH KOHIIEHTpaIlMja 0aKTepHja Koje He MPEeACTaBIbajy OMacHOCT 1O
3apasibe (EU, 2020). HuBo Hynte BjepoBaTHOhe MUKpOOMOJIOIIKE KOHTAMUHALIN]E
BOJIC 3a TUhe He TIOCTOoju.

Cucremu 3a nuctpuOylLujy U HCIOPYKY BOZ€ 3a Iuhe He MOry OUTH MOTIYHO
CTEpWJIHHU, a aKTUBHM PAacT MHUKPOOpPraHu3ama ce CMarpa IoKa3aTeJbeM KBapoBa y
jenuHuama 3a npepany Boae win quctpulyuuju (Gottschal, 1992).

Bona 3a mpame y mpexpamMOeHO] MHIYCTPHjU MOXe OMTH U3BOp OaKTepHjcKe
KOHTaMUHAIIMj€ ¥ JOJATHO YTPO3UTH KBaIUTET W Oe3b0jemHoct xpane (Kivaria u
cap., 2006; Perkins u cap., 2009). Takole, Boza koja ce KOPUCTH TOKOM PYKOBamba
U Tpepajie XpaHe MOXKe OUTH MOTEHIMjaTHU M3BOP MHKPOOHE KOHTaMHHAIU]E C
MOTryhuM HEraTMBHUM TOCJbeAuIIaMa 1o 0e30jeTHOCT XpaHe.

[TpousBoama u TUCTpUOyITHja OMOJIONIKK CTaOMITHE BOJIE 32 TMhe MOXKe ce ToCTHhH
caMoO aJIeKBaTHUM mpahemeM M KOHTPOJIOM MHKPOOHMOJOMIKOT CTaryca TOKOM
TpeTrMaHa u auctpulymwuje Boae (Prest u cap., 2016).

CuabpjeBame BOJIOM Y MPOCTOPHjaMa 3a TPOU3BOIbY XpaHe Tpeba 1a Oy/ie mpeaMeT
IpOIjeHe PU3HKA U OTTACHOCTH KaKo 01 ce 00e301jensIo oapkaBame oarosapajyher
KBaJIMTETA BOJIE TOKOM Ipolieca npoussoame (Dawson, 1998; Dawson, 2000).

MHore 3apa3zHe 00J1eCTH KUBOTHA U JbYIH IPEHOCE CE€ BOJIOM KOHTAMUHUPAHOM
JbyACKMM M JKUBOTHECKMM M3JIydeBHHAMa, KOja IIOCTajeé W3BOpP IATOreHUX
OaxTepuja, BUpyca U napasuta (IpoTo30a, jaja mapa3uTa) CIOCOOHUX J1a MPEKUBE
y Pa3TUYMTHM TIepruoanMa 1 oBehasajy pusHK 1o 31paBsbe MHOTHX Jbynu (Fridrich
u cap., 2014; Sasakova u cap., 2013).

Temmneparypa Boji€ je CyIITUHCKH (aKTOp KOjU yTUYE HAa KUHETUKY pacTa OakTepHja
u mporece komreruije. Temmneparype Bone 3a nmuhe ce ooudyHo kpehy m3mely 3
u 25°C y eBpOICKUM 3eMJbaMa U CE30HCKU BapHpajy YHyTap OBOT TeMIIepaTypHOT
pacrmoHa 4ak W YHyTap jeqHor cuctema auctpuOyuuje Bozme 3a muhe (Niquette
u cap., 2001). [ToBumiene Temrieparype BOJAE C€ 4YeCTO MOBe3yjy ¢ moBehaHom
3acTyIJbeHOIThy OakTepHja y CHCTEeMHUMa 3a IUCTPUOyIH]y Bome 3a muhe, u ca
BehuM OpojeM MHAMKATOPCKUX opraHu3ama kao mto cy komudopmu (Francisque u
cap., 2009; Liu u cap., 2013).
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Jla Ou ce eNMMHUHKCA0 PU3KK O] IPEHOIIICHa 00JIECTH, BOJIa HAMU]CHEHa MaCOBHO)]
NOTPOIIKBYU ce Tipuje yrnorpebde Tpetupa u aesunpukyje (Edberg u cap., 2000). Ha
OCHOBY pe3yiTaTa MOTy Ce IPEeAay3eTH aIeKBaTHE Mjepe KOje YKIbYUyjy PEBEHIIH]Y
KOHTaMHHAIM]je U CHUCTEMCKY Ae3uH(EeKIHjy. MHOTH MMaTOT¢HH MHUKPOOPTaHU3MH
Cy MPUCYTHH caMo MoJ] ofipeh)eHuM yclioBMMa U, KaJia Cy MPUCYTHH, jaBJbajy ce Y
MasioM Opojy y nopehemy ¢ qpyrumMm MEUKpOOpraHU3MHUMA.

WMHIUKaTOPCKH OPraHU3MH CE€ KOPUCTE 32 MPOLjeHy MUKPOOHOJIOUIKOT KBaJIUTETA
BoJe. YmoTpeba WHAMKATOPCKUX OakTepuja, mocedHo Escherichia coli n
KonupopMHUX OaKTepHuja, Kao CPEICTBA 3a MPOI[jeHy MOTEHIUjaTHOT TPHUCYCTBA
[aToreHa Koju ce MPEeHOCe BOJOM, je KJbYYHa 3a 3aIUTUTY jaBHOT 31paBiba (Hijnen
u cap., 2000). Escherichia coli je xonupopmHa 6akTepHja u cMaTpa ce IpUuMapHUM
WHINKATOpOM (peKaiHe KOHTaMUHAaIlM]e Bojie. EHTepokoke 00yxBaTajy OpojHe BpCcTe
KOj€ ce jaBJbajy y (herecy Jbyau U TOTUIOKpBHUX xkuBoTUka (WHO, 2008). [taBam
pasyior 3a BUXOBO yTBphHBame je MpOIjeHa 3Hadaja MpUCYCTBA KOIM(OPMHUX
Oaktepuja y oncyctBy Escherichia coli win naBame oAaTHUX HWHQOpMAIHja
NPUIMKOM TpolfjeHe creneHa moryhe ¢exanne kontamunaiyje. Kao Taksu, oHu ce
cMarpajy CeKyHAapHUM MHAWKaTopuMa (ekamHor 3aralema.

Bakrepuja uma y Boau 3a nuhie, 4ak U y penaruBHo Beaukom 0pojy (10° go 10° CFU/
ml), 6e3 mocsbeanLa 1o JbyaAcko 3apanibe. [IpucyctBo 6akrepujay Boau 3a nuhe camo
1o cebu Huje mpobieM, CBe JIOK HeMa MPHUCYTHUX MAaTOr€HUX MUKPOOpPraHH3aMa
(Hoefel u cap., 2005; Hammes u cap., 2008; Vital u cap., 2012).

[{nb ucTpaxkuBama je yTBphrBame MUKPOOHUOIIONIKOT CTaTyca BOJIE KOja ce KOPHCTH
y npexpamMOeH0j HHAYCTpUjU Ha TepuTopuju Pemybmuke Cpricke.

MATEPUJAJIN U METOJIE

UcrpaxkuBamem cy oOyxBaheHU y30piH BOIE KOja c€ KOPUCTH y MpexpamOeHO]
MHIyCTPHUjHU. Y30pIH Cy Y3€TH U3 o0jeKara 3a mpepajy Meca, Mildjeka 1 pude u u3
YrocTUTEJbCKHUX 00jekara (XxpaHa rorosa) ca repuropuje Pemyommke Cprcke (bocha
U XepleroBuHa). Y30pKoBame je BPIIEHO Ha HAYMH Ja CY YKJIOHEHU CBU HACTaBIU
ca ClIaBMHE, BOJIA j€ MyIITeHa /1a Teue 2-3 MUHYTa, HAKOH Yera je 3aTBOpPEHa CIIaBUHA
U U3BpLICHA Ie3UH(EKIINja CIaBUHE aJIKOXOJIOM M CTEpUIIM3alKja IJIAMEHOM, 11 je
MOHOBO MyIITEHA BO/a Aa Teue 2-3 MuHyTa. HakoH Tora je Bozia cumana y 3aTaMmbeHe
CTepHJIHE CTakKJIeHe ¢uiale 3anpeMuHe 1 1uTtap, npu yemy je y UCTe CHIlaHa BoJa y
KOJIMYMHHU O ¥4 3alpeMuHe (aie. Y30pIH cy TPaHCIOPTOBAHU HA TEMIIEpaTypu
543°C, a ucnutuBame je 00aBJHEHO y POKY 0J1 6 4acoBa 0]] y30pKOBamba.
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HcTpaxkuBame je 00aBbeHO TokoM 2022. roguae 1 o0yxBaruio je 192 y3opka, ox
Kojux je 75% w3 BogoBoaa, a 25% u3 OyHapa.
Jlaboparopujcko NCTUTHBAKE BOJIC BPIIH c€ cienehuM MeToaama:
- Opojmukpoopranuzama Ha 22°C u 37°C npema BAS EN ISO 6222 (MCBUX,
2003a),
- Opoj npujeBHHX eHTepokoka mpema BAS EN ISO 7899-2 (MCBUX, 20030),
- Opoj xomudopmumx Oakrepuja u Escherichia coli npema BAS EN ISO 9308
(MCBHUX, 2018).
[TpaBUITHUKOM O 37JpaBCTBEHO] HCTIPABHOCTH BOJIE HAMHU]jEH-EHE 32 JbY/ICKY YIOTPEOy
(ITportuc, 2017) yrBpheHm cy mapamMeTpu HCIUTHBakHA W MHUKPOOHOIIONIKUX
kpurepujymu (Tabena 1).

Ta6ena 1 [TapameTpu HCIUTHBAKA U MUKPOOUOJIOIIKKA KPUTEPHjYMHU

[Tapamerap Kpurepujym
Bpoj Mukpoopranuzama na 22°C 100CFU/1 ml
Bpoj mukpoopranuzama na 37°C 20CFU/1 ml
LlpujeBHE EHTEPOKOKE 0CFU/100 ml
Escherichia coli 0CFU/100 ml
Komudopmu 0CFU/100 ml

Y HameM HUCTpaXuBamky M Yy CTAaTUCTUYKO] aHAIM3U JOOHJEHHUX pe3yiTara
KOPHCTHJIM CMO, Ka0 OCHOBHE CTaTUCTHYKE METOJE, NECKPUITHBHE CTAaTUCTHUYKE
napametpe (Excel, Micosoft Office 2019). Pe3ynraru uctpaxuBama npuka3zaHu cy
TabenapHo U rpaduyuky.

PE3YJITATU U JUCKYCHUJA

Onjena ycarnameHOCTH Yy30paka H3BpIIeHA je y oaHocy Ha [IpaBHIHHK O
3IpaBCTBEHO] HCIPABHOCTU BOAE HaMHjemeHE 3a JbyACKy ymnorpedy (IIpommce,
2017).

HcnutuBamemjeyTBpheno 79,69%3anosospaBajyhuxn20,3 1% He3anoBossaBajyhux
y30paka, a pe3yJTaTH UCIIUTHBakA 110 KaTeropujama npukasanu cy Ha Crounu 1.
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% y30paKaBoje

100

20.83 18.7

Bogosox Bynap

N 3370BOJbABA HE 3aJ0BOJbABA

Cauka 1 Pe3ynraru ucnutrBama o kareropujama y %

Kalaba u cap. (2020) cy y nepuoxy 2015-2017 romune, ox 584 y3opka Boje,
yrBpaun 26,20% He3zanoBosbaBajyhux y3opaka. AHaIU30M BOJE ca CaOMpPHUX
MjecTa MiIMjeKa, MopujeksioM u3 OyHapa, yrBpheno je 63,90% HezanoBospaBajyhux
y3opaka (Jaki u cap., 2010). ¥V cryauju Goli¢ u cap. (2021) yrBpheno je 88,16%
3agoBoJbaBajyhux u 11,84% neszanoBosbaBajyhux y3opaka.

[Tocmarpajyhu ykyman Opoj aHaqu3MpaHUX Y30paka, JOOWjEHU pe3ylITaTH Cy
3HAa4YajHO HETIOBOJHHU]U y OHOCY Ha pesyaTare Goli¢ u cap. (2021), kao u 3a Boxy
MOPHjEKJIOM M3 BOJIOBOJIA, JIOK j€ CHTYyalldja OOpHyTa Kaja Cy y NMUTamky y30pIH
Oynapcke Boze. JloOujeHu pesynaratu cy y ckiaay ¢ pesyararuma Kalaba u cap.
(2020). oOujern pe3yaTaTu Cy HEOUYEKHMBAHU OJHOCHO YKa3y]y Ha MOTCHIIH]aTHY
HEJIOTUYHOCT, jep je 3a oueKkuBaTH Ja he Outw BHIle 3a10BOJbaBajyhux pe3ynrara
3a BOJY M3 BOJIOJIOBOJIA Y OJHOCY Ha OyHapCKy BOIY, C 003UPOM J1a j€ BOIOBOJ MO/
PEIOBHUM CBAaKOJHEBHUM HAJ[30pOM, a OyHapu nepuoaudHo. Moryhe objammermne
3a OBaKBE pe3y/Tare je TO Ja KaJa je y MUTamky BOJOBOJ, OJTHOCHO CHCTEM jaBHOT
cHa0/MjeBama BOJOM, JUCTPHUOYTEp j€ ONTOBOPaAH 32 MUKPOOHUOIOIIKY HCTIPABHOCT
BOJIE JI0 MjecTa IUCTPUOYyIHje, a O Hera JI0 MjecTa KOPUIITEHa OJrOBOPaH je
KOPHCHHUK BOJIE, IITO MOXeE J1a YKa3yje Ha MOTYh JIONI KBaJTUTET UM HEHUCIIPABHOCT
WHCTaJlalldja O MjecTa JUCTPHOYyIHje 0 MjecTa KOPHUIITEHA U TMOCIbEIUIHY
KOHTaMHUHAIIHA]y BOJIE.

Tabena 2 mpukasyje He3aq0BoJbaBajyhe pe3yiTrare WCHUTHBAKA YKYITHOT
Opoja y30paka y OIHOCY Ha IMapaMeTpe HCIHUTHBama, a labema 3 mpukasyje
HEe3a/10BOoJbaBajyhe pesynrare HCIUTHBaKkA y30paka 1o KareroprujaMma y oJJHOCY Ha
apaMeTpe UCIUTUBAA.
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Tabesa 2 HezanoBospaBajyhu y3opuu npema napaMmeTpuMa HCIIUTHBAbA
ITapamerap He3zanoBosbaBajyhu y3opuu y %
Bbpoj mukpoopranmuzama Ha 22°C 12,50
Bpoj muxpooprannzama na 37°C 10,42
LpujeBHE EHTEPOKOKE 8,85
Escherichia coli 5,73
Komudopmu 5,73
Ta6ena 3 HesamoBospaBajyhu y30pIu 1o Kareroprjama rnpema rnapaMerpuma
WCIIUTHBAbA
He3zanoBosbaBajyhu y3opuu y %
[TapameTap
Bonoson Bynap
Bbpoj mukpooprannzama Ha 22°C 11,81 6,25
Bbpoj mukpooprannzama Ha 37°C 11,81 6,25
LpujeBHE eHTEPOKOKE 6,94 14,58
Escherichia coli 5,56 6,25
Komudopmu 5,56 6,25

[Ipema WHO (2008), Escherichia coli je jenuHu mpaBU MOKa3aresb (heKaIHe
KOHTaMHHallije, UCKJbYUYHUBO j€ I[PUJEBHOT MOpHUjeKIIa 1 Haja3u ce y deuecy. lbeno
IIPUCYCTBO YKa3yje Ha YIJIaBHOM CBjeXY (peKalHy KOHTAMHHAILIW]y U Ha Ta] HAYMH
yKa3yje Ha 030MJbHE HEJOCTATKe y 3alITUTH KOHKPETHOT M3BOPA BOJE, TPETMAaHY
BOJIC U HEHO] XUTMjE€HCKO] UCIpaBHOCTH. bpoj Mukpooprannszama Ha 22°C u Ha
37°C mpexacraBiba ONINTY MOMYNALN]y XETEPOTPOPHUX OakTepuja NPUCYTHUX Y
3asnnxama Bojie. OHe MOTY Ipe/ICTaB/baTH OakTepuje urje je IPUPOJHO CTAHUILTE
BOJICHA CpelIWHa WM OHE KOje MOTHYY M3 3eMJBHMINTA WM Bereranuje. bpoj
xeTepoTpoda ykibydyje CBe MUKPOOPTaHW3ME KOJU Cy CIIOCOOHU Ja pacTy y WiIu
Ha YBPCTOM arapy OoratomM XpamWBUM Marepujama. JlBe Temmeparype W JBa
BpeMeHa MHKyOaluje ce kopucTe 3a aHanuse, Ha 37°C Tokom 48 yacoBa J1a Ou ce
MOJICTaKao pacT OaKkTepuja cucapckor nopekia u Ha 22°C Tokom 72 daca ja 6u ce
MOJICTaKao pacT OakTepuja Koje MOTUYY YIJIAaBHOM U3 M3BOpA KUBOTHE CPEIUHE.
Pesynratn ucrnimTHBama yka3yjy Aa y3poly MUKPOOHOIIOMIKOT KBapa BOJIE MOTHIY
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THIOJIj€/THAKO U O] )KUBOTH-A U OJ )KUBOTHE cpeaunne. Kana cy y nuramy OyHapw,
KOHTaMHUHAIKja O] )KMBOTHHbA j& BPJIO Moryha 300r HeaJeKBaTHOT OJIBO/HaBakbha
OTHAaTHUX M (PEKAJHUX BOJIA U TIOCJHCIUYHE KOHTAMHHAIMjE MOA3EMHHUX BOJA.
JloOujenu pe3ynratu ¢y y ckiany ca pesynraruma Kalaba u cap. (2020) u ykasyjy
Ha 3HauajHy (eKaTHy KOHTaMUHAIM]y BOJAE, MOCEOHO I[PHjEeBHUM CHTEPOKOKama.
VY onnocy Ha pesynrare Goli¢ u cap. (2021), yrBpheH je 3Hagajao Behu mporeHar
He3a10BoJbaBajyhux y3opaka. [locmarpajyhm moOujeHe pesynrare yodaBa ce aa
je Behe mpHCyCTBO MHIMKATOPCKUX OpraHu3ama y OyHapCcKoj BOAH, JOK je Opoj
Mukpoopranuzama Ha 22°C u Ha 37°C Behu y Boau u3 BogoBoza. Mako nmpucycTBo
komopMHUX OakTepuja HE yKadyje YBHjeK Ha TPHJjETHY IO jaBHO 3/paBJibe,
IbUXOBO OTKPHBAKE j¢ KOPHCHA HMHIWKAINMja Ja Tpeba HCTPaXKUTH OIeparlmje
tpetupama Bozae (Edberg, 2000).

3AK/bYYAK

C 003upom Ha npucycTBO KonudopMHuX Oakrepuja, Escherichia coli v upujeBHUX
EHTEPOKOKA Y BOJIM KOja C€ KOPUCTHU y PeXpaMOeHO] HHIyCTPHUjU, TOCTOJU PUIUK
0J1 MUKpOOHOJIOIIKE KOHTAMHHALIM]e XpaHe ImyTeM Bozie. OBO je moceOHOo 3HaYajHO
¢ 003upoM Ha ynuo OyHapcke BOZAE Yy OAHOCY Ha YKYNHY BOIY KOja c€ KOPHCTH
y MHAYCTpHjU XpaHe. V3 oBor pasziora moTpeOHO je YIOXKHTH CBE Harope Jia ce
HOCTHUTHE MITO OOJBH KBAIUTET BOJIE 3a muhe.

UzjaBa o cykoOy nHTepeca: AyTopu HU3jaBibyjy Jia HE ITOCTOjU CYKOO HHTEpeca.
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Summary

Water is used in different ways in the production of food, thus becoming a part of
food. Washing water in the food industry can be a source of bacterial contamination
and further endanger the quality and safety of food. The research included samples
of water used in the food industry. The study includes 192 samples, of which
75% are from water supply and 25% from wells. Laboratory testing of water was
carried out using BAS EN ISO 6222, BAS EN ISO 9308 and BAS EN ISO 7899-2
methods. The aim of the study is to determine the microbiological status of water in
the food industry. The study determined 79.69% satisfactory samples and 20.31%
unsatisfactory water samples. In relation to the tested parameters, in 12.50% of
the samples, an increased number of microorganisms was found at 22°C, while in
10.42% of the samples, an increased number of microorganisms was found at 37°C.
When it comes to hygiene indicators, 8.85% of unsatisfactory samples were due to
the presence of intestinal enterococci, and 5.73% of unsatisfactory samples were
due to the presence of Escherichia coli and coliforms. Considering the presence
of coliform bacteria, Escherichia coli and intestinal enterococci in water used in
the food industry, there is a risk of microbiological contamination of food through
water. This is particularly significant considering the share of well water in relation
to the total water used in the food industry.

Key words: food industry, water, microbiology.
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INTRODUCTION

Water is used in different ways in food production, thus becoming part of food
(Terplan, 1980). Contamination of food with water-borne microorganisms occurs
directly, however, much more often indirectly after the multiplication of these
microorganisms on the cleaned surfaces of the equipment used.

The microbiological quality of water is usually defined as the maximum acceptable
number or concentration of bacteria that do not pose a health risk (EU, 2020). There
is no level of zero probability of microbiological contamination of drinking water.
Drinking water distribution and delivery systems cannot be completely sterile,
and active growth of microorganisms is considered an indicator of malfunctions in
water treatment or distribution units (Gottschal, 1992).

Washing water in the food industry can be a source of bacterial contamination and
further endanger the quality and safety of food (Kivaria et al., 2006; Perkins et al.,
2009). Also, water used during food handling and processing can be a potential
source of microbial contamination with possible negative consequences for food
safety.

Production and distribution of biologically safe drinking water can only be achieved
by adequate monitoring and control of microbiological status during water treatment
and distribution (Prest et al., 2016).

Water supply in food production premises should be subject to risk and hazard
assessment to ensure maintenance of adequate water quality during the production
process (Dawson, 1998; Dawson, 2000).

Many infectious diseases of animals and humans are transmitted by water
contaminated with human and animal excrement, which becomes a source of
pathogenic bacteria, viruses and parasites (protozoa, parasite eggs) capable of
surviving in different periods and increasing the risk to the health of people (Fridrich
et al., 2014; Sasakova et al., 2013).

Water temperature is an essential factor that affects the kinetics of bacterial growth
and competition processes. Drinking water temperatures typically range between
3 and 25°C in European countries and vary seasonally within this temperature
range even within a single drinking water distribution system (Niquette et al.,
2001). Elevated water temperatures are often associated with increased abundance
of bacteria in drinking water distribution systems, and with higher numbers of
indicator organisms such as coliforms (Francisque et al., 2009; Liu et al., 2013).
To eliminate the risk of disease transmission, water intended for mass consumption
is treated and disinfected before use (Edberg et al., 2000). Based on the results,
adequate measures can be taken that include prevention of contamination and
systemic disinfection. Many pathogenic microorganisms are present only under
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certain conditions and, when present, occur in small numbers compared to other
microorganisms.

Indicator organisms are used to assess the microbiological quality of water. The use
of indicator bacteria, especially Escherichia coli and coliform bacteria, as a factor
of assessing the potential presence of waterborne pathogens is essential for public
health protection (Hijnen et al., 2000). Escherichia coli is a coliform bacterium and
is considered the primary indicator of fecal contamination of water. Enterococci
include numerous species that occur in the feces of humans and warm-blooded
animals (WHO, 2008). The main reason for their determination is to assess the
significance of the presence of coliform bacteria in the absence of Escherichia coli
or to provide additional information when assessing the degree of possible fecal
contamination. As such, they are considered secondary indicators of fecal pollution.
The bacteria is present in drinking water, even in relatively large numbers (10° to
10 CFU/ml), without consequences for human health. The presence of bacteria in
drinking water is not a problem by itself, as long as no pathogenic microorganisms
are present (Hoefel et al., 2005; Hammes et al., 2008; Vital et al., 2012).

The aim of the study is to determine the microbiological status of water used in the
food industry in the territory of the Republic of Srpska.

MATERIALS AND METHODS

The study included samples of water used in the food industry. The samples were
taken from facilities for processing meat, milk and fish and from catering facilities
(ready-to-eat food) from the territory of the Republic of Srpska (Bosnia and
Herzegovina). Sampling was done in such a way that all attachments were removed
from the tap, the water was allowed to flow for 2-3 minutes, after which the tap
was closed and the tap was disinfected with alcohol and flame sterilized, and the
water was allowed to flow again for 2-3 minutes. After that, the water was poured
into darkened sterile glass bottles with a volume of 1 liter, whereby water in the
amount of % of the volume of the bottle was poured into them. The samples were
transported at a temperature of 5+3°C, and the test was performed within 6 hours
of sampling.
The study was carried out in year 2022 and included 192 samples, 75% of which
were from water supply and 25% from wells.
Laboratory testing of water was carried out by the following methods:
- the number of microorganisms at 22°C and 37°C according to BAS EN ISO
6222 (ISBIH, 2003a),
- number of intestinal enterococci according to BAS EN ISO 7899-2 (ISBIH,
2003b),
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- the number of coliform bacteria and Escherichia coli according to BAS EN
ISO 9308 (ISBIH, 2018).

The Rulebook on the Health Safety of Water Intended for Human Consumption

(Rulebook, 2017) establishes test parameters and microbiological criteria (Table 1).

Table 1 Test parameters and microbiological criteria

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

In our study and in the statistical analysis of the obtained results, we used descriptive
statistical parameters (Excel, Microsoft Office 2019) as basic statistical methods.
The results of the study are presented in tables and graphics.

RESULTS AND DISCUSSION

The conformity assessment of the samples was carried out in relation to the Rulebook
on the Health Safety of Water Intended for Human Consumption (Rulebook, 2017).
The test determined 79.69% satisfactory and 20.31% unsatisfactory samples, and
the test results by category are shown in Figure 1.

% of water samples

100
80
60
40

20 20.83 18.7

Water supply Well

m Satisfies m Does not satisfy

Figure 1 Test results by category in %
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During the period from year 2015 until year 2017, Kalaba et al. (2020) found
26.20% unsatisfactory samples, out of 584 water samples. Analysis of water from
milk collection points, originating from wells, revealed 63.90% of unsatisfactory
samples (Jaki et al., 2010). In the study done by Goli¢ et al. (2021) 88.16%
satisfactory and 11.84% unsatisfactory samples were found.

Looking at the total number of analyzed samples, the obtained results are significantly
less favorable than the results of Goli¢ et al. (2021) for water originating from the
water supply, while the situation is reversed when it comes to well water samples.
The obtained results are in accordance with the results of Kalaba et al. (2020).
The obtained results are unexpected, that is, they indicate a potential illogicality,
because it is to be expected that there will be more satisfactory results for water
from the water supply compared to well water, given that the water supply is under
regular daily supervision, and the wells periodically. A possible explanation for
these results is that when it comes to the water supply system, that is, the public
water supply system, the distributor is responsible for the microbiological safety
of the water to the point of distribution, and from it to the point of use, the water
user is responsible, which may indicate possible poor quality or malfunction of
installations from the point of distribution to the point of use and the consequent
contamination of water.

Table 2 shows the unsatisfactory test results of the total number of samples in
relation to the test parameters, and Table 3 shows the unsatisfactory test results of
the samples by category in relation to the test parameters.

Table 2 Unsatisfactory samples in relation to test parameters

Parameter Unsatisfactory samples in %
Number of microorganisms at 22°C 12.50
Number of microorganisms at 37°C 10.42
Intestinal enterococci 8.85
Escherichia coli 5.73
Coliforms 5.73
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Table 3 Unsatisfactory samples by category in relation to test parameters

Unsatisfactory samples in %
Parameter
Water supply Well water
Number of microorganisms at 22°C 11.81 6.25
Number of microorganisms at 37°C 11.81 6.25
Intestinal enterococci 6.94 14.58
Escherichia coli 5.56 6.25
Coliforms 5.56 6.25

According to WHO (2008), Escherichia coli is the only true indicator of fecal
contamination, as itis exclusively ofintestinal origin and is found in feces. Its presence
indicates mostly fresh fecal contamination and thus indicates serious deficiencies
in the protection of the specific water source, water treatment and its hygienic
safety. The number of microorganisms at 22°C and at 37°C represents the general
population of heterotrophic bacteria present in water supplies. They can represent
bacteria whose natural habitat is the aquatic environment or those originating
from soil or vegetation. The number of heterotrophs includes all microorganisms
capable of growing in or on solid nutrient-rich agar. Two temperatures and two
incubation times are used for the analyses, at 37°C for 48 hours to encourage the
growth of bacteria of mammalian origin and at 22°C for 72 hours to encourage
the growth of bacteria originating mainly from environmental sources. The test
results indicate that the causes of microbiological deterioration of water come from
both animals and the environment. When it comes to wells, contamination from
animals is very possible due to inadequate drainage of waste and fecal water and the
consequent contamination of groundwater. The obtained results are in accordance
with the results of Kalaba et al. (2020) and indicate significant fecal contamination
of water, especially intestinal enterococci. In relation to the results of Goli¢ et al.
(2021), a significantly higher percentage of unsatisfactory samples was determined.
Observing the obtained results, it is observed that the presence of indicator organisms
is greater in well water, while the number of microorganisms at 22°C and at 37°C is
higher in water from water supply. Although the presence of coliform bacteria does
not always indicate a threat to public health, their detection is a useful indication
that water treatment operations should be investigated (Edberg, 2000).
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CONCLUSION

Considering the presence of coliform bacteria, Escherichia coli and intestinal
enterococci in water used in the food industry, there is a risk of microbiological
contamination of food through water. This is particularly significant considering the
share of well water in relation to the total water used in the food industry. For this
reason, it is necessary to make effort to achieve the best possible quality of drinking
water.
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Caxerak

Myxobolus cerebralis je y3po4HHK jeHE O]l HaJOTIACHU]UX OOJECTU (BPTUYABOCT)
kon canmMoHuaa. Ilpunamga moadunymy Myxozoa 3a Koju je HajIpujeMUyuBHja
kanudopHujcka mactpmka (Oncorhynchus mykiss). Ilporeunu axytHe ddase,
Kao €CEeHIMjajHe KOMIIOHEHTEe HOpPMaJHE XOMEOCTase, MOTIYHO Cy W3yYeHH M
KOPHUCTE C€ Kao JINJarHOCTUYKU U MPOTHOCTHUYKHU MapKep 3a MpoLeHy UHPEKIHje U
3aMmaJbMHCKHX MpoIieca KOl JbyIH U )KUBOTHIbA. Kaja je y muTamy naronoruja puoa,
3Ha4aj ¥ QyHKIMja IPOTENHA aKyTHE (pa3e joll yBeK HUje y MOTIYHOCTH yTBpheHa.
HonmatHo, ¢ 003upoM na je, 300Tr HemocTarka CHenu(UUHUX JTUjarHOCTHYKUX
TECTOBa, Mapa3UTCKe HHQEKLHUje TeXe IUjarHOCTUKOBATH O]l OAKTEPH]CKUX U
BUPYCHUX, IPOMEHA KOHIIEHTpalllje HEKUX Off MPOTEenHa aKyTHe (haze Ou ce Moria
KOPUCTUTU KA0 aJITEpHATUBHMU OMOMapkep 3a Mukcobdonujazy. Jla 6u ce pazymeo
JMJarHOCTUYKY 3HAyaj MpOoTenHa akyTHe (a3e koJ puba u Ja Ou ce paszauKoBaje
IbUXOBE BPEIHOCTH KOJ PAa3IMUUTUX THUTOBa TopeMehaja HEOmXoIHa Cy Jajba
UCTPaXHBama. Y OBOj CTYAMjH HCIIUTAHA j€ TPOMEHA BPEAHOCTH LEPYJIOIUIa3MHUHA
u [{-peakTHBHOT MpOTEHHA HAKOH MH(IaMallje u3a3BaHe MPUPOTHOM UHPEKIIN]OM
ca Myxobolus cerebralis xon xamudopuujcke nactpmke (Oncorhynchus mykiss).
Mepema cy cripoBoj/ieHa OMOXEMHU]JCKUM U €H3UMCKUM UMYHOCOPOESHTHUM TECTOM.
Marepujan 3a UCIUTHBAKE j€ YKJbYYHMBAO OOJECHE KAIM(POPHHUJCKE MACTPMKE
ca cronoMm Mmopranutera ox 45%. YV OynyhHoctu, mpoTenHu akyTHe (asze umajy
peanHu noTeHuuja aa Oyay MHUPOKO KOPUIINEHH Y A1jarHOCTUKOBAKY Pa3IUUUTUX
Oonectu kon puba, jep MPOMEHa HUXOBE BPEAHOCTH MOXKE JONPUHETH 00JHO]




Berepunapcku :xkypuaua Penyouuke Cpneke (bama Jlyka), Boa. XXIII, bp.1-2, 23-31, 2023.

Zapryanova u cap.:

3Havaj nepy;oniasmuna u Il-peakTuBHOr nporenHa kao Moryhux 6uomapkepa y qujarHocTHIM MUKcO00/IHja3e
4 u3a3Baue ca Myxobolus cerebralis xon kanndopuujcke nacrpmke (Oncorhynchus mykiss)

JIMjarHOCTUIM | JICUCHhY, TIOTOTOBO Kaja ce MPOMEHE jaBJhajy y TOKY OOJECTH.
Konnenrpanuja L[-peakTHBHOT MpOTEWHA KOJA MACTPMKE MOXE Jla TIOCITYXKH Kao
MH/IMKATOp 3[paBCTBEHOr cTama. [loTpeOHa Cy JomarHa MCTpakWBama y IHIbY
0oJper pazyMmeBama JIMjarHOCTHYKOT 3Ha4aja MpOTerHa akyTHe (aze xoxm puba u
TyMadera Pa3IMIuTUX BPEIHOCTH KOHIICHTpAIMja KO/ pa3IuduTuX mopemehaja.

Kibyune pujeun: [{-peaktuBHM npoTeuH, LepynorasmMut, Myxobolus cerebralis,
Kanu(opHUjcKa macTpMKa.

YBOJI

Myxobolus cerebralis je mapa3uT MHKCOCIOpHUIWja TPUCYTAH KOJ CAIMOHHJA,
U TO y3TrajaHuX W JIMBJbUX MOMYyJallMja, a KO KOjUX y3pOKyje BPTHUABOCT (€HT:
Whirling disease; ckp: WD). Bonecrt, koja ce jaBspa ko pudsse miahu, 1oBoau 10
nedopMuUTETa CKelleTa M HeypoJIoKuX nopeMehaja. Pa3Bojuu uukiyc M. cerebralis
KapakTepHulle XUBOTHU LUKIYC Kpo3 jaBa jJomahuHa, OeCKHUYMEHaKa OJIMIOXEeTy
Tubifex tubifex u kuumMemaka pudy U3 rpyrne caaiMoHua. TPUaKTHHOMUKCOH CIIOpe
Myxobolus cerebralis mory na npoapy y Kpajmer nomahuHa Kpo3 KOXKy, LIKpre,
ycHy mymbuHy u mepaja (Markiw, 1989; El-Matbouli u cap., 1995). Hakon
BE3MBamba aKTUHOCIIOPE, CIIOpoIIa3Me yiase y enuTenHe henuje pude u nounmy
Jla ce pa3MHOXkaBajy. /[Ba naHa HakoH Tora, hemuje ceKyHIapHe CHOpOIUIa3Me
MUTPHPAjy y MOTKOXHO TKUBO, 3aTUM Yy henuje nepudepHOr HEpBHOI CUCTEMA U
3a HEKOJIUKO He/leJba CTIXKY A0 TKHBa XpckaBuile (Sipos u cap., 2018). I[TorBpana
JIMjarHo3a ce 3aCHUBA MJIM Ha XMCTOJOTMjHU WIM HAa MOJIEKyJapHUM MeToaama, Ipu
yeMy je ofo0peHa camo jeaHa yrephena PCR texHuka.

Onrosop nporenHa aKyTHe (pa3e je MHOTO BHUIIIE H JIETaJbHH]E TIPOYUYEH KOJ| BUIITHX
y OoHOCY Ha HWXe Kuumemake. [Iporemnu akytHe daze (ITAD) cy cymcranie
KOj€ C€ CHHTETHUIITy TOKOM aKyTHOT OJIrOBOpa Ha MH(EKITH]Y, 3amalbUHCKH TIPOIIeC,
ctpec umu omreheme TkuBa (Ceron u cap., 2005; Petersen u cap., 2004). [TAD,
yHja ce KOHIEHTpalrja y KpBu nosehasa 3a HajMame 25% TokoM HH(IaMaTOpHUX
mpoiieca, Ha3uBajy ce ,,mo3uTuBHUM * [IAD, nok ce ,,HeratuBHUM * [IAD cmatpajy
OHM YHja Ce KOHIIEHTpallrje cMamyje y cimuaaoM oaHocy (Gabay u Kushner, 1999).
Haree, koH1eHTpanuja ,,mo3uTUBHUX " [TAD (kao mTo cy ll-peakTBHU MpOTEHH
U IepyJaoria3MuH) ce moehaBa, 10k ce HUBO ,,HeraTuBHUX“ [IAD (kao mro je
anoymuH) cmamyje. M3pasuro mo3utusHu [TAD cy oHH KO/ KOJUX C€ KOHIIGHTpAIIH]e
nosehasajy 3a 100-1000 myTta y poxy on 1-2 manHa, TOK Cy yMEpPEeHO TMO3UTHBHH
[TA® onum koj KOjuX ce KoHIleHTpanuje mopehasa 5-10 myTa, a HE3HaTHO TTO3UTUBHU
cy onu [TAD kon kojux ce xoHueHTpauuja nosehasa uzmehy 50 u 100% (Roy u




Berepunapcku :kypHau Peny6auke Cpncke (bamwa Jlyka), Boa. XXIII, Bp.1-2, 23-31, 2023.

Zapryanova u cap.:

3Hayaj nepysoniaasmMuHa u Ll-peakTHBHOT npoTenHa Kao Moryhux 6uomMapkepa y AMjarHoCTHIM MUKCO00I1ja3e
u3asBaue ca Myxobolus cerebralis xon kanndopuujcke nacrpmie (Oncorhynchus mykiss)

cap., 2017). Takohe, ka0 oaroBop Ha MHGIAMATOPHE CTUMYJIyCe, KOHIICHTpAIHja
HeratuBHUX [TAD, KOju ce HA3MBajy U aKyTHH OyCTEpH, CE€ CMambyje BEPOBATHO Kao
pes3ynraT nmpuBpeMeHe oBehane TOCTYITHOCTH CI000THUX XOPMOHA KOjH CE BE3Y]jy
3a oBe nporenne (Ingenbleek u Young, 1994).

[TpousBoamwa u pynkuja [IAD ce pasnukyje KoA pa3IuIUTUX BPCTA KUBOTHHHA.
Kon puba, xao u koj cucapa, xenarorutu cy riiaBau u3Bop [TA® (Giileg u Cengizler,
2012). KonueHtpamuje mnerpakcMHa, Kojuma mnpumnaga lL[-peakTuBHU mTpoTEenH
(ITPIT), mocne oaroBopa akytHe ¢ase ko puda Onaro, pacty win onanajy (Ellis,
2001). LIPIT je naj3nauajuuju ITAD kon kmuMemaka, ykJbydyjyhu komusbopube
y koje cmana u kanmudopaujcka nactpmka (Onchorhynchus mykiss), a ydaecTByje
y arIyTUHaNMju OakTepuja, akTUBAIMjU KOMIUIEMEHTA, aKTHUBAlMjU Makpodara,
MHXUOMpa pacT HeKUX OakTepuja u mojadana (parorurozy 6akrepuja (Tirziu, 2009).
Taxohe, Kodama u cap. (1999) yka3yjy na xox kamudopuujcke mactpmie L[PII
1ojayaBa MMyHOCTUMYJIATHBHY aKTUBHOCT henuja OyOpera, noBoaehu 10 mojauane
(aronuTHE U XeMOKUHETHYKE aKTHBHOCTH.

Llepynomiasmun (L) je mpoTenH akyTHe (aze uuja ce KOHIEHTpauuja nosehasa
Kao OJroBOp Ha HH(pEKIH]y, 3amabUHCKM MpOIeC WM Jpyre (axkrope Koju
omrtehyjy TkuBo. [T1laBHM M3BOp Cy XemaToLMTH, and je Moryha M cuHTe3a Ha
mectuma omrehema TkuBa (Szczubiat u cap., 2012). ma cmocoOHOCT 1a cMambu
OKCHJALM]y JUMK/A, YKIIaka Cylepokcuae 1 ociobaha jona 0akpa, a Takohe BpIIu
oxcunaumjy Fe,” y Fe,” (Tapryal u cap., 2009). IIpomene y xonuenrpamuju
KOJI MaCTPMKE MOT'Y OUTH OJ1 3Hauaja 3a paHO OTKPHBaKkE€ MUKCOOOIIN]ja3e H3a3BaHe
Myxobolus cerebralis u 3ajenno ca pesynratuma o koHuentpauuju L[PIT mory ce
KOPHCTUTH Kao MapaMeTpu 3a paHy JIUJarHOCTHKY, KOja C€ MOXKE YCIOCTAaBUTH
npe mpeaysumama oAronapajyhe tepamuje. Ctora je mujb OBOI HCTpPA)XKMBamba
Jla ce carnenajy mpoMmeHe y koHueHTpauujama LIPII m nepynomnasmMuHa Kox
kanudopuujcke nactpmie (Onchorhynchus mykiss) TOkOM MpUpoAHE HH(pEKLHje
u3azpane Myxobolus cerebralis, ka0 m MOryhHOCT HBHUXOBOI KopHIlhema Kao
MapKepa 3a MUKcoOoIrjase.

MATEPUJAJIM U METOJE

O6onena xamudopaujcka nmactpmia (5-10 g) nobujena je u3 pudmaka y ONIU3HUHH
[TnoemuBa, y Byrapckoj, rae je 3abenexxen MopranmureT ox 45%. Y3opiu KpBH cy
y3€TH ca peria Ha 3a/ii0j CTPaHH aHaJHE Tiepaje MOTIIYHO OJleueHe IOMOhy cednBa
ckanmnena. bruoxemujcku mapamerpu cy ozapehuBaHM Ha MOTIYHO ayTOMAaTCKOM
ypehajy 3a Ouoxemujcke aHaimze y BerepuHu Mindray BS-120 (Mindray Bio-
Medical Electronics, Kuna), kopumhemeM CcTaHIapAHUX J1a0OPaTOPH)CKUX




Berepunapcku :xkypuaua Penyouuke Cpneke (bama Jlyka), Boa. XXIII, bp.1-2, 23-31, 2023.

Zapryanova u cap.:

3Hauvaj nepy;oniasmuna u Il-peakTuBHOr nporenHa kao Moryhux 6uomapkepa y JujarHocTHIM MHKco00/IHja3e
6 u3a3Baue ca Myxobolus cerebralis xon kanndopuujcke nacrpmke (Oncorhynchus mykiss)

KoMITIeTa Koje je mcrmopyuno Biolabo SAS (®paniycka). Merona onpehuBama
[epyIIOIUIa3MUHA 3aCHIBA CE HAa MEPEHhY aKTHBHOCTH OKCHIa3€ KOjy EPYIOIUIa3MUH
(Im) mokasyje ca n-penmnenauamuaoM (I1I1/]). O6ojeHr OKCHIAITMOHN TIPOU3BO
Hacrtaje okcumanujom I1I1J] momohy Ll mpumenom PeBnHOBE MeToze omrcane o1
crpane Bestujeva u Kolb. Kommrer 3a ELISA I[PII Bucoke oceTJbUBOCTH 3a puode
(enr: Fish high sensitivity C-Reactive Protein; ckp: hs-CRP) je npeTxoaHo 00moxkeH
cnenupuaanM hs-CRP araturenom. Y 6ynapumhe 3a y3opke nonato je 10 pl yzopaka
pasomaxenor y 40 ul mydepa 3a pa3dnakuBame, 3aTUM Cy y30pI HHKYOUpaHU Ha
37°C Toxom 30 MuHYyTa U 5 myTa UCIpaHH pacTBOpoM 3a ucnupamwe. 50 pl [PIT -
KOEYTOBAHOT pearcHca je JA0Aaro y cBaku OyHapuuh u 1uiode cy mHKyOupane 30
muHyTa Ha 37°C. HeBe3anu komyrar je ucnpan u 50 pl pactBopa xpomorena A
u 50 pl pactBopa xpomorena b je nonato y cBaku OyHapuuh, a 3aTuM WHKYyOHpaH
Ha 37°C ToxoMm 15 munyTa. EH3MMCKa peaknmja je 3aycraBibeHa nofaBameM S0 pl
CTOII pacTBOpa y cBaku OyHapunh. OnTudka rycTuHa je Meperna Ha 450 nm.
CrarucTiuka aHajm3a pes3yiTara je CHpoBeleHa KOPHIINEHEM jeIHOCMEepHE
anamm3e Bapujance (ANOVA). [lobujenu pesynaratu cy obOpaherm momohy
codrBepa Statistica v.6.1 (StatSoft Inc.) u mpencraBbeHN Kao Cpelba BPSIHOCT
W CcTaHjaapaHa rpemka cpenme BpenHoctd (Cpemma BpeaHocT+CranmapaHa
rpemika). CrarucTrdka 3Ha9ajHOCT mapamerapa onpehena je LSD Posthoc Tectom
npu Bpeanoctu P < 0,05.

PE3YJITATU U JUCKYCHUJA

Wudekunje Mukco3zoama pas3iuKyjy ce o HauuHy uHGeKIrje, MyTy KOjuM MapasuT
CTHKE /10 IIMJBHOI TKMBA, CAMOM LIUJBHOM TKUBY M CHUMIITOMHUMa OOJECTH KOJ
nanujenTa. Y oapeheHum ciryuajeBuMa, Kao To je Kox uHdekuuje ca M. cerebralis,
KaJ1a mapa3uT MUTpHpa Kpo3 3alTiuheHe myTese, 0roBop Ceu(pUIHOr aHTUTENA j&
omnoxeH (Holzerucap.,2021), aTakohe ce mpeTnocrasiba 1a toMahvH BEpOBaTHO HE
MOXe€ J1a OATOBOPH Ha MH(EKIIN]y CBE JOK Mapa3uT He U3a30B€ JOBOJHHO olTehema
XPCKAaBUYHOM TKHBY KajJa OuBa M3JI0KeH 00paMOeHUM MeXaHu3MuMa joMahuHa.
Pube ncnospaBajy UMyHCKY peakliijy IPOTUB YHYTPAIIBUX U CIIOJbALIBHX areHaca,
a Koja yKJby4yje aKTHBAallMjy Kako ypoheHor Tako u credeHor umyHurera (Gruys
u cap., 2005). YpoheHn UMyHCKH cUCTEM Koj puba ce akTMBHMpa Kao OJIrOBOp Ha
UH(pIaMaTOpHE CTUMYJIyC€ aKTHUBAIMjOM (haronura, CTUMYJIHNCAHEM aKTUBHOCTH
0enux KpBHMX 3pHalla U NPOMEHOM KOHIIEHTpaluje mporenHa akyTHe dase (Roy
u cap., 2017).

L1-peakTHBHM IIPOTEUH j€ 1€0 ypoheHOI UMYHCKOT OATOBOPA M UMa KIJbYUHY YJIOTY
y arIyTHHAIHMjU CTPaHUX MHUKpPOOpraHW3ama, Be3uBamy 3a (pochaTHarIxonnH
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Ha TOBPUIMHU MHKPOOPraHU3Ma, aKTHBAIMjH (AarolMTo3e W KIACUYHE KacKaJHE
peaknuje komruieMenTa (Nagu cap.,2004). Pesynraru Liuu cap. (2004) ykazyjy nace
cunresa LIPII xox kanudopHHjcKe MacTpMKe JETEKTYje YIIIaBHOM Y XeTIaTOUTHMA,
Makpodaruma 6yopera, TUMPOIUTAMA CIE3UHE U TUMPOLIUTHMA ITeprudepHe KPBH.
3a pasnuKy o1 JbYIU U cucapa, kox puda cy konrenrparyje LIPI1 penaruBHO BHCOKE.
Kox puba ce meHTpakcHHU OOMYHO Hasla3e y BUIIMM KOHIIEHTpAIHjamMa y CepyMmy,
a pa3nuuuTH cy Kox paznununTix Bpera puda (Ellis, 2001), ma cy Te BpeaqHOCTH KO/
opane (Pagrus auratus) - 54 ng/ml (Cook u cap., 2003), pude nucra (Pleuronectes
plates) — 55 pg/ml (Pathak u Agrawal, 2019), mopckor tica (Mustelus canis) — 400
pug/ml (Robey u cap., 1983), mucra (Cynoglossus semilaevis) — 7,6 ng/ml (Li n
cap., 2013). ®usunononiku pacmnon konnentpamnuje L[PI1 y cepymy kaimdopamjcke
nactpmke je 30-88 pg/ml (Liu u cap., 2004; Kodama u cap., 2004; Pathak n Agrawal,
2019). Y Hamem WCTpakuBamy, Ka0 OJrOBOp Ha WHBa3MWjy mapasurta, HuBo LIPII
ko7 obostenux puba (481+5,11 pg/ml) je 6wo Bumm Hero kox 3apaBux (36,6+0,11
pg/ml). OBu momary Cy y CKJIaay ca paHHjUM JIUTEPATYypHUM TOAAIMMa, TJe Ce
HuBo LIPII 3nauajno moBehao Helesby laHA HAKOH WHBA3Wje, a 3aTUM CE€ CMambHO
Ha BpeaHoctu ucnon ¢pusnonomkux (Hoole u cap., 2003; Roy u cap., 2017). Saheb
u cap. (2020) cy caommrmm na ce xkoHnentpanuja L[PIT mosehasa 3aBucHO of
THUIIA TTapa3uTCKe HH(PEKINje MPOT030aMa, a Ta BPEAHOCT CE MOXKE KOPHCTUTH Kao
HecnenuduIan HHIUKATOP KO KIMHHYKOT UCITUTHBAbA.

VY Hamem ucnutuBamy yTBpheH je epexar M. cerebralis ne camo Ha LIPII Beh u Ha
Bpennoctu Lln. Kao u xox cucapa, rmaBHa ynora Ln kox puba je Tpancmopt 6akpa
y kpBH (Sieroslawska u cap., 2012). Ymora L{n je cniuyna yno3u uHTepdEepOoHa U
TpaHcheprHa; ”HXUOMpa pa3Boj OakTeprja TAKO IITO UM Oly3UMa HEKE XPaHJbUBE
marepuje, Tj. joue 6akpa. [Ipumeheno je na Bpennoct L{n, kao nmpoTenHa aKyTHE
daze, pacre moj yTulajeM pasnuuuTUx mTeTHUX (akropa. Konnenrtpamuja L
3apaBe KanupopHHUjcke macTpMmke y Hamem paxy (11-36 mg/dL) Guna je 6nmsy
OHHUX yTBpheHux y panujum pagoBuma 13,43-15,48 mg/% (Ispir u Dorucu, 2005;
Yonar u cap., 2010) nok je Bumectpyko noehame (145,39+£23,17 mg/L) yrBpheno
KOJI TIACTPMKE 3apaxkeHe ca M. cerebralis. Heku ayTopu Cy IpUMETHIN 3HAYQjHO
noBehamwe aktuBHOCTH llm HAaKOH WMHTOKCHKAlWje mapaHa W miahu cuOupcke
jecerpe 3apaxene napBoM Diplostomum sp, ka0 ¥ KO CHOMPCKE jeceTpe HaKOH
naBama enuH-pactBopa (Kolman, 2001; Sieroslawska u cap., 2012). Undekmnuja
ca A. hydrophila xon Tunanuja noBena je 0 3HA4YajHOT TopacTta HUBoa Llm y
kpBu (Charlie-Silva u cap., 2019), kao u unpexnuja KMOOPHUjCKE MACTPMKE
narorennma (Perrier u cap., 1974) u eBporicke jeryiwe (Anguilla anguilla) nemaromom
(Terech-Majewska u cap., 2015). CnuuHo, y 0BOj CTyuju je 3a0enexeHo nosehame
koHieHTpanuje L ko mactpmke unuupane ca M. cerebralis. Y ctynuju xojy cy
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cnposenu Kumar u cap. (2017) yrBpheno je na je mpomena HuBoa Ll moBe3ana ca
cTerieHOM HH(EKIUje U HeroBo noBehame je HajBepoBaTHU]E MOCIISANIIA OATOBOPA
Ha MHBA3Wjy TapasuTa Koja yTHUe Ha jeTpy Aa cuHTeruine no3utuBHe [TAD-oBe
Kako O OJJpyKajIv CTa0WITHY YHYTpAIIhy cpenuny. Takohe, MOXKe ce IPeTIOCTaBUTH
na Lm mMa aHTHITApa3UTCKy YIIOTYy KOJ puba, a mMTO MOXKE OUTH MpeIMeT Jajber
UCTPAKHUBAbA.

3AK/bYYAK

[Iporennn akyTtHe (ase mmajy y OyayhHOCTHM peanHM TMOTEHIHjall J1a TOCTaHy
IIUPOKO KOPUITNEH! y TUjarHOCTUIIHA PA3IMIUTUX 00JIECTH KO/ puda, jep mpoieHa
HUXOBHX KOHIICHTpAIlMja MOXKe ToMOhH 00Jb0] TMjarHO3H | JICUeHY, MOCceOHO Kaaa
ce jaBJbajy TOKOM Tpajama Oonectu. Mepeme konuneHntpanuje L{PIT kox mactpmke
MOX€ C€ KOPUCTHUTHKA Ka0 OMOMHINKATOP 3PABCTBEHOT CTamba OBE BPCTE.
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Summary

Myxobolus cerebralis is the etiological agent of one of the most devastating
diseases (Whirling disease) in salmonids. It belongs to subphylum Myxozoa which
possesses the highest susceptibility to the rainbow trout (Oncorhynchus mykiss).
Acute phase proteins as an essential component of normal homeostasis are well
defined and are presently used as a diagnostic and prognostic marker in human and
animal pathology for evaluation of infection and inflammation. In piscine medicine
the importance and the function of acute phase proteins still has not been fully
determined. Furthermore, parasitic infections are more difficult to diagnose than
bacterial and viral infections due to the lack of specific diagnostic tools therefore
the change in the levels of some acute phase proteins could possibly be used as
an alternative marker for myxobolosis. Further research is still needed to develop
an understanding of the diagnostic significance of acute phase proteins in fish
and the differentiation of their values in different types of disorders. The present
study evaluated the modulation of ceruloplasmin and C-reactive protein following
inflammatory stimulus by natural infection of Myxobolus cerebralis in rainbow
trout (Oncorhynchus mykiss). In the research, biochemical tests and enzyme-linked
immunosorbent assay were carried out. The test material was a diseased rainbow
trout with a mortality rate of 45%. In the future, acute phase proteins have a real
potential to become widely used as diagnostic tools in piscine medicine, as the
evaluation of their levels can help better diagnosis and treatment, especially when
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it occurs during illness. Measurement of C-reactive protein concentration in trout
may be used useful as a bioindicator of the health condition of this species. Further
research is still needed to develop an understanding of the diagnostic significance of
acute phase proteins in fish and the differentiation of their values in different types
of disorders.

Key words: C-reactive protein, ceruloplasmin, Myxobolus cerebralis, rainbow
trout.

INTRODUCTION

Myxobolus cerebralis is a myxosporean parasite of salmonids that causes Whirling
disease (WD) in farmed and wild populations. The disease, which occurs in juvenile
fish, leads to skeletal deformities and neurological disturbances. The developmental
cycle of M. cerebralis has two-host life cycle, tubificid oligochaete worm Tubifex
tubifex and salmonid fishes. Triactinomyxon spores of Myxobolus cerebralis (M.
cerebralis) can penetrate the final host through the skin, gills, mouth cavity and fins
(Markiw, 1989; El-Matbouli et al., 1995). After attachment of the actinospore, the
sporoplasms enter the epithelial cells of the fish and begin to multiply. Two days
after that, the secondary sporoplasm cells migrate to the subcutaneous tissue, then
into the cells of the peripheral nervous system, and within weeks reach the cartilage
tissue (Sipos et al., 2018). Confirmatory diagnosis is based on either histology or
molecular-based methods, with only one nested PCR technique has been approved.
The acute phase response in higher vertebrates is more detailed and better
studied than in lower vertebrates. The acute phase proteins (APPs) are substances
synthesized during an acute phase response in the body, which may be the result
of an infection, inflammation, stress or tissue damage (Cerdn et al., 2005; Petersen
et al., 2004). An APP whose blood concentration enhances by at least 25% during
inflammatory processes are called “positive” APP and “negative” APP when they
decrease in similar proportions (Gabay and Kushner, 1999) and furthermore, an
increase in the concentration of “positive” APPs (such as C-reactive protein and
ceruloplasmin) while “negative” APPs (such as albumin) levels decrease. Further,
when the levels rise of 100-1000 folds within 1-2 days they are assigned to the
highly positive APPs; at an increase of 5-10 times are called moderate APP and
when increasing between 50 to 100 % are minor APP (Roy et al, 2017). Also, as
a response to inflammatory stimuli, the concentration of negative APPs which are
also described as acute booster reagents, decreases possibly as a result of provisional
amplification in free hormones availability bound to these proteins (Ingenbleek and
Young, 1994).
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The formation and function of APP may differ depending on the animal species.
In fish such as in mammals, hepatocytes are the prime source of APPs (Giileg
and Cengizler, 2012). In fish, concentrations of petraxins, to which CRP belongs,
following an acute phase response rise slightly or decrease (Ellis, 2001). CRP is
the most important APP characteristic of vertebrates, including teleostean fishes,
and is regarded as the basic APP for them, described in many species, including
rainbow trout (Onchorhynchus mykiss), which takes part in bacterial agglutination,
complement activation, activation of macrophages, inhibits the growth of some
bacteria, emphasizes bacterial phagocytosis (Tirziu, 2009). Also, Kodama et al.
(1999) reveal that in rainbow trout CRP has immunostimulating activity for head
kidney cells which leads to increased phagocytic and chemokinetic activity.
Ceruloplasmin (Cp) is an acute-phase protein whose concentration increases in
response to infection, inflammation, or other tissue-damaging factors. The main
source is hepatocytes, but it is also possible to synthesize at the sites of tissue
damage (Szczubiat et al., 2012). It has the ability to suppress lipid oxidation, the
ability to scavenge superoxide and release free copper ions, and also oxidize Fe,"
to Fe," (Tapryal et al., 2009). The changes in Cp concentration of trout could be of
significance for early detection of myxobolosis caused by Myxobolus cerebralis
and together with CRP results could be used as parameters for diagnosis before
therapeutic procedures are undertaken. Therefore, the purpose of the present study
was to observe changes in the CRP and ceruloplasmine concentrations in rainbow
trout (Oncorhynchus mykiss) within a natural infection caused by Myxobolus
cerebralis as well as possibility to use them as a marker for myxobolosis.

MATERIALS AND METHODS

The diseased rainbow trout (5-10 g) were obtained from a fish farm near Plovdiv,
Bulgaria, that registered 45% mortality. The blood samples were taken from the tail
at the back of the anal fin by completely severed using a scalpel blade. Biochemical
parameters were measured on the veterinary biochemistry automated system
Mindray BS-120 (Mindray Bio-Medical Electronics, China), using standard lab
kits supplied by Biolabo SAS (France). The method of ceruloplasmin determination
is based on oxidase activity that ceruloplasmin shows with p-phenylenediamine.
A colored oxidation product is formed from the oxidation of PPD by Cp using
Revin’s method described by Bestujeva and Kolb. Fish high sensitivity C-Reactive
Protein (hs-CRP) ELISA Kit were pre-coated with an antibody specific to hs-CRP.
In sample wells, 10ul samples diluted in 40 pl sample dilution buffer are added,
incubated at 37°C for 30 min, and washed 5 times with wash solution. 50 ul CRP —
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conjugated reagent was added to each well and plates were incubated for 30 min at
37°C. Unbound conjugated was washed off and 50 pul Chromogen Solution A and
50 ul Chromogen Solution B was added to each well and incubated at 37°C for 15
minutes. The enzymatic reaction was stopped by adding 50 ul stop solution to each
well. The optical density was measured at 450 nm.

The statistical analysis of the results was carried out using one way analysis of
variance (ANOVA). The results obtained from the investigation were processed
with software Statistica v.6.1 (StatSoft Inc.) and are presented as mean and standard
error of the mean (MeantError). The statistical significance of parameters was
determined by the Posthoc procedure LSD test at P < 0.05.

RESULTS AND DISCUSSION

Myxozoan infections differ in mode of infection, the route by which the parasite
reaches its target, target tissue, and the appearance in a patient of disease. In
certain cases, such as M. cerebralis infection, as the parasite migrates to protected
pathways, the specific antibody response is delayed (Holzer et al., 2021) and also it
is assumed that possibly the host cannot respond to the infection until the parasite
has caused enough damage to the cartilage tissue to allow it to be exposed to the
host‘s defenses. In fish, against internal and external changes, an immunological
reaction occurs, which includes activation of both innate and acquired immune
response (Gruys et al., 2005). The innate immune system of fish is involved in the
response to inflammatory stimuli by activation of phagocytes, stimulating white
blood cells activity and changing the concentrations of the acute phase proteins
(Roy et al., 2017).

C-reactive protein is part of the innate immune defense system and has a key role
in agglutination of foreign microbes, binding to phosphatidylcholine on microbes,
activation of phagocytosis and the classical complement cascade (Nag et al., 2004).
The results of Liu et al. (2004) indicates that the production of CRP in rainbow trout
is detected mainly in hepatocytes, head kidney macrophages, spleen lymphocytes
and peripheral blood lymphocytes. Unlike humans and mammals, the CRP levels
in fish species are relatively high. In fish, pentraxins are commonly found to be in
higher concentrations in serum are different for different fish species (Ellis, 2001),
like as snapper (Pagrus auratus) - 54 ng/ml (Cook et al., 2003), plaice (Pleuronectes
plates) — 55 pg/ml (Pathak and Agrawal, 2019), smooth dogfish (Mustelus canis) —
400 pg/ml (Robey et al., 1983), tongue sole (Cynoglossus semilaevis) - 7.6 pg/ml
(Li et al., 2013). The normal serum ranges of CRP concentration in rainbow trout
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between 30-88 pg/ml (Liu et al., 2004; Kodama et al., 2004; Pathak and Agrawal,
2019). In the current study, CRP level in diseased fish (48145.11 ug/ml) was higher
than healthy one (36.6+0.11 pg/ml) response to parasite’s invasion. These data are
consistent with earlier reports, where CRP level increased significantly at one weeks
after invasion then decreased to below normal (Hoole et al., 2003; Roy et al., 2017).
Saheb et al. (2020) reported that concentration of CRP elevates depending on the
protozoa parasitic infection and the value can be used as a non-specific indicator of
examination of the clinical presentation.

The effect of M. cerebralis of not only on CRP but in Cp levels was observed in
present survey. In fish, the main function of Cp, like in mammals is copper transport
in the blood (Sieroslawska et al., 2012). The role of ceruloplasmin is similar to that
of interferon and transferrin; it inhibits bacterial development by depriving it of
some nutrients, i.e. copper ions. It was noted that as an acute phase protein, Cp rises
as aresult of harmful factors. According to the our data, ceruloplasmin concentration
of healthy rainbow trout (11-36 mg/dL) was closed to the previous reports 13,43-
15,48 mg/% (Ispir and Dorucu, 2005; Yonar et al., 2010) while a multiple increase
(145.394+23.17 mg/L) was found in trout infected with M. cerebralis. Some authors
observe marked increase in ceruloplasmin activity after intoxication in common
carp and Siberian sturgeon fry infested with Diplostomum sp. larvae, as well as in
Siberian sturgeon after epin-solution (Kolman, 2001; Sieroslawska et al., 2012). 4.
hydrophila infection in tilapias resulted in a significant rise in the blood levels of
ceruloplasmin (Charlie-Silva et al., 2019) as well as were elevated after infection
with pathogens in the rainbow trout (Perrier et al., 1974), in European eel (4dnguilla
anguilla) infested with nematode (Terech-Majewska et al., 2015). Similarly, in the
present study an increase in the concentration of Cp was noted in trout infected
with M. cerebralis. In the study conducted by Kumar et al. (2017) it is revealed
that the change in Cp levels is related to the degree of infection and its increase is
most likely due to the response to parasite invasion targeting the liver to synthesize
positive APPs to maintain a stable internal environment. Also, it can be assumed
that Cp probably has an antiparasitic role in fish that needs to be studied in detail.

CONCLUSION

In the future, acute phase proteins have a real potential to become widely used as
diagnostic tools in piscine medicine, as the evaluation of their levels can help better
diagnosis and treatment, especially when it occurs during illness. Measurement
of CRP concentration in trout may be used useful as a bioindicator of the health
condition of this species.
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Caxerak

VY naHamnime BpeMe yiiora XHBOTHERA Y JIPYIITBY je NMPOMEHeHa. JKUBOTHHE ce
BHIIIC HE MOCMAaTpajy Kao BIACHUINTBO, Beh kao kuBa Omha. Kama je y nuramy
BETCpUHApPCKA MEAMIIMHA, Takohe TMOCToje TMPOMEHE y MHTepecoBamuMa m3Mehy
MyIIKapamna W JKeHa, Kao W mnpodecruoHamHuM mpedepennjama. Cryauje cy
nmokaszaJie Ja mojd W Opura 3a J00poOWT >KMBOTHMH-Aa Takohe yTWdy Ha HHBO
3a0pUHYTOCTH 3a 3/IpaBJbe JKMBOTHHA. LIMJb OBOr MCTpaxuBama OMO je Ja ce
NPOIICHN pa3jiKa y MUILbEHY H3Mely cTyaeHata mpBe W 3aBpIHE TOAWHE
BETCPUHAPCKE MEIUIIMHE Y OJIHOCY Ha €TUYKE JUJIIEME U JOOPOOUT )KUBOTHHA. Y
UCTPaXXHUBaE je YKIbyueHO yKymHO 200 cTyneHara BETepUHAPCKE MEAUIIMHE TTPBE
W 3aBpIIHe roauHe. Survey Monkey je xopuniheH 3a NpuKyIUbamke HHOpPMaIHja, a
aHKeTa ce cacrojajia OJ] JIeCeT MUTama. Pe3ynraTu cy mojaesbeHn Ha eMorpadcke
MOJIATKE, CTUYKE JUJIEME Y 00JacTH MpaBa KUBOTUHA U MUIILJBEHHE O CyTaHA3H]H.
Huje ycTaHOBJbEHA CTATUCTUYKY 3HAYajHA pa3inKa u3Mmel)y oHOca 1MojioBa U MecTa
oJlpacTama HMCIUTHBaHUX cTyneHara. CKOpO IOJIOBHHA CTyJeHAaTa MpPBE TOAWHE
(49%) uckazana je xesby Ja paau ca COLHWjaTHUM >KHBOTHHaMa, a camo 11% ca
dapmckuM xkuBoTHERaMa. Kama je ped o cTyleHTHMa 3aBpliHe roiwHe, BehuHa
BUX Takohe jKelaH Ja paau ca COIMjallHUM KUBOTHHaMma (36%), anu MoCToju U
MHTEpecoBame 3a paj ca papmckuM xuBoTHmbama (20%). Ha paznuke y MULIIBEHY
0 TIpaBUMa )KMBOTHIbA U €yTaHA3M]jU BHIIIC j€ YTHUIIA0 TIOJ CTyACHaTa y mopehemy ca
TOIMHOM CTy/Hja. McTpakuBame je moKa3ano Jia y TMOoMmyJIaldju CTyIeHaTa IoCToj!
CMameHa 3aMHTEPECOBAHOCT 32 0ABJHEHE MPAKCOM (apMCKUX KHBOTHEGA, U J1a
je To 006macT k0joj Tpeba MOCBETUTH BHUIIE MaXKmke. Takohe, HEOMXOIHO j€ BHIIIE
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ycMepaBaTh CTyIACHTE 3a OOJAacTH FHUXOBOI MHTEPECOBama TOKOM CTYIHMpama,
na OM KaJa CTeKHY IUILUIOMY MOTJIM OAMax 3HATH Yy KOjoj 00JacTH BeTEpHHApPCKE
JIeTTaTHOCTH JKeJIe J1a pajie.

KibyuHe peun: ankera, J00pOOUT KUBOTHIHA, IIPAaBa KUBOTUHA, CTYACHTH.

YBOJ

Toxom mcTOpHje yrora >KUBOTHIA Y )KUBOTY JbyIU ce Memana. /lanac ce cBe Behu
3Ha4yaj NpUaaje eTHYKUM NMHUTamkUMa U podiaeMuMa (HapMCKHX, PEpOIYKTHBHUAX
U 1a00paTopujCcKUX KUBOTHHA. OUlyKa O CTyIUpamy BETEpUHAPCKE MEIULIMHE
4eCcTO Cce JOHOCH Y MJIaJoCTH 300T HAKJIOHOCTH Npema kuBoTumama (Serpell,
2005). danac, y BeTepuHapcKoj mpodecuju BUIlle He JOMUHUPA]y MyliKapuu. Ha
npumep, y Aycrpanuju 80% nurmiomupanux ctyneHara cy kene (Porritt, 2013).
[Ipomena oxHOCa y MOJIOBUMA Y BETEPUHAPCKO] MEJUIIMHH YCIOBHJIA j€ IPOMEHE
npedepennuja y kapujepu (Lofstedt, 2003).

[Nomamm n3 nuTeparype ykasyjy Aa y IpBHUM rofivHaMa CTy/Auja CTYICHTH TTO0Ka3yjy
Behy 3a0puHYTOCT 3a 100poOUT U 3apaBibe kuBoTHIA (Paul u Podberscek, 2000).
Taxolhe, amepuuka cTyauja o 601y KO/l )KUBOTHHA j€ TToKa3asa Aa Ou CTyJeHTH IpBe
TOMHE paJyje JICYWIN KUBOTUEE 07 Oona y mopehemy ca CTyIeHTHMa BHIINX
roJlMHa CTyJuja. 3aHUMJbUB HaJla3 je U Jia Iorvie] Ha JoOOpOOUT KUBOTHEA MOXKE J1a
ce mpoMeHH noxalhameM KypceBa o JOOpOOHUTH KHUBOTHHbA, INTO Cy Jokazanu Hazel
u cap. (2011).

Crynuje cy nokasaje J1a noi 1 oOpura 3a 100poOUT )KMBOTHIHA TaKoh)e yTH4y Ha HUBO
eMmaruje npema 3paBiby kuBoTHmba (Cornish u cap., 2016). Bucok HuBo emmnaruje
npemMa XHBOTHUHaMa je OMO MPHUCYTHHjH KO JKeHa y mopehemy ca Mymkapuuma
(Izmirli u cap., 2014). [IpomeHe y ogHOCY NOJIOBA HUCY JEAUHU €IIEMEHT KOjU
yKa3yje Ha pa3jn4MTe MOIIe[e Ha eTHYKE JAWIeMe KOJ CTyleHaTa, Beh cy BakaH
JIe0 MHOTHX CTyauja Ouna M mpodecuoHanHa uHTepecoBamwa. CTyIeHTH Koju
XKeJe Ja pajae ca (papMCKUM JKMBOTHE-aMa MOKa3yjy Mame emrardje y nopehemy
ca CTyICHTHUMa KOjH JKelle Jla paJe ca COLMjalTHuM >kuBoThmama (Levine u cap.,
2005). [Mocnenmux roqrHa CBECT JbYAH je CBe Beha y momieny 3Ha4aja 1 BaKHOCTH
3ApaBiba, 3AIUTHTE U JOOPOOUTH KMBOTHHA, a yJIOTa CTyAEHAaTa BETEpHHApPCKE
MeIMIIMHE je 3HaYajHa, jep he ce Hahu y cBaKOIHEBHUM €THUKHUM JHJIeMaMa Y Be3H
ca XMBOTHI-aMa M FBbMXOBUM JP)KaollMMa OJHOCHO BIACHUIIAMA.

Llnb oBe cTyauje je 0o 1a ce HCTpaXKH pas3iinKka u3Mel)y cTyneHara npBe v 3aBpIiHe
TOAMHE BETEPHHAPCKE MEIWIMHE Y MHIUBEHY O €THYKHM AMjIeMama Kao IITO
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je eyTaHa3mja W Ja ce UCIHTA Ja JH MOCTOje pa3iuKe y nemMorpaduju, Kapujepu
W CTETCHY CTyIWja Koje OM yTHIaJie HAa HBUXOB CTaB O JIOOPOOWTH W TIpaBUMa
KHBOTHHA.

MATEPUJAJIM U METOJE

Amnkera je cnpoBenena Ha 200 crynenara (100 crygenara mpse u 100 ctynenara
3appiiHe roauHe) DakynTeTra BeTepUHApCKE MEAMIMHE YHHBEpP3UTETa Y
beorpany. YnuTHuK je au3ajHUpaH Aa UCTpaXku MpodecruoHaTHe HHTEpece,
MUIIBEHE CTY/ICHATa O €yTaHa3Wju U MpaBUMa KUBOTHIbA. AHKETA je HalpaBJbeHa
xkopuitheweMm Survey monkey m O6una je nocrynHa online y mnepuony oxa 1.
HoBeMOpa 1o 1. nerem6Opa 202 1. ronuHe. 3a OBy CTyAH]jy NPUOABIHEHO je 0JJ00peHE
ETtnuke komucuje @akynrera BeTepuHapCcKe MeAUIIMHE YHUBep3uTeTa y beorpamy
(Munubeme op. 1/21).

CBHU cTyleHTHU 3aBplIHe rofuHe ctyauja cy Beh moxahanu mpenmere Ilonamame,
TOOpOOUT M 3aIlITHUTa KUBOTHHAa U ETHKA M KOMYHHKOIOTH]ja y BETEPHUHAPCKO]
MEIMIIMHU, a CTYACHTHU MIpBe roauHe camo mnpeamer [lonamame, 1oOpoOUT u
3aIlITUTA )KUBOTHHA. 32 CBE YUECHHUKE j€ 3arapaHTOBaHa aHOHHUMHOCT.

YOuTHHUK ce cacTojao of JAeceT nmuTama. [IpBa ABa muTama O6una cy gemorpadceka
nuTama (MoJ U MECTO CTaHOBama), a Tpehe nmurame ce 6aBuIO MPodheCHOHATHUM
untepecuma. Crnenehux cemam mnuTama OuWie Cy €TUYKE TUIEME O MpaBUMa
JKUBOTHIbA U eyTaHa3uju. CBU MOJAIU Cy MPOBEPEHU Ha TPEIIKe M CTAaTUCTUYKA
aHanM3a je u3BpiieHa kopumhemem GenStat copTBepa.

PE3VITATU
CTYAEHTHU INIPBE 'OAUHE
Hemorpadcku noganu

On yxynso 100 ctynenTa npBe roquHe ctyauja 6mio je 33% mymkapia u 67% sxeHa.
CBH CTyICHTH Cy OWJIH y IPBOM ceMecTpy cTyauja. M3 rpaackor moapydja je oumo
70% crynenara, a u3 ceockor 30% crymeHara. 3a npodeCHOHAITHO HHTEPECOBAE,
BehrHa MCNUTAHUX CTyAeHara ojabpana je pan ca kyhnum spyoummmma (49%).
dapMcke KHBOTHEE Cy Omie mpBu u30op 3a 11% crymenara, 4% cryneHara
n3a0palio je MHCTICKIU]CKU pajl, 4% Cy jKeJesn 1a ce 0aBe HayYHOUCTPAKUBAYKHM
pazoMm, jemaH je Keleo Ja paad y oO0JacTH XWTHMjeHe HAMHPHHUIA aHWMAaJTHOT
nopeka, a 31% crynenara je OnIo HeonpeaeJbeHO.
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ETnuke quiiemMe y Be3u ca NIpaBUMA 'KUBOTHH-A U €yTAHAZHjOM

On ykynHo 100 cryaeHara npBe roguHe Ha MUTAKE /12 JTM MUCTIE Ja BEeTEpUHAPU U
CTYJICHTH BETEPHUHAPCKE MEIUIIMHE NMa]jy JOBOJHHO EMIIaTHje MpeMa KHUBOTHHAMA
MUILBCHE je ofe/beHo. Behuna (73%) cmarpa 1a y BeTepHHAPCKO] CTPYIH IOCTOjH
eMIaTHja mpeMa JKUBOTHbaMa, a 27% cMaTpa 1a y BeTepuHapcKoj mpodecuju Hema
JIOBOJHHO €MIIaTHje IpeMa KUBOTHUHHaMa.

3a MHIUUBEHE O €yTaHa3WjH, CTYIEHTHMa Cy IMOCTaBJbEHA J[BA MuUTama. [IpBo je
Oouso ernyka auiaema: Aa u he eyraHasupaTtH 37paBy KUBOTHEY CaMO Ha 3aXTEB
BiacHuKa. Ha oBo mutame, 67% cryaeHara je oroBopuiio Ja He O eyTaHa3upaso
3MIpaBy KUBOTUILY, a 33% Ou cripoBesio eyranasujy. [Ipyro nurame je 6uo aa i he
eyTaHa3upaTy KUBOTUIbY KOja je MCIIOJbHIIA arpeCUBHO MOHAmame. YKynHO 43%
UCTIMTAaHUKa OM eyTaHa3upajo arpecuBHY KHUBOTHIY, a 57% ce He Ou ouTyymIio 3a
eyTaHas3Hjy, MaKo je )KUBOTHIbA arpeCcHBHA.

Tpehu cer murama OIHOCHO ce Ha IpaBa >KMBOTHUIA. Ha murame na mu tpeda
BULIE J1a OpUHY O KUBOTHIbaMa WM BIACHUKY IPUIIMKOM JIOHOLIEHa OIyKa, 72%
CTyJIeHaTa je peKiIo JAa OM MpuMapHO OPUHYIH 32 )KUBOTHIGY, a 28% OU MpUMapHO
MOLITOBAJIM JKeJbe BIAacHWKA. Ha npyro murame y Tpehem cety, cTylneHTHMa je
MOCTAaBJLEHO MUTAKE Ja JIM HACTABHU IUIAH U MporpaMm Ha Qakynrery moceehyje
JIOBOJHHO BpEMEHA €THIIX U JOOPOOUTH KUBOTHA. YKYIHO 40 (41%) ncnuranuka
je cMarpajo aa je OBUM mpenMeTuma nocseheHo 10BoJbHO BpemeHa, a 59 (59%)
cMmarpa J1a Ou 100poOUT KUBOTHIbA U €THUKA Tpebaio Jla MMajy BHILE MPOCTOpa y
HACTAaBHOM IUIaHy ¥ mporpamy. Ilocnenmwe nutame y Tpehem aeny Ouno je na nu
CTYJIEHTH CMaTpajy Ja 00I1acT 0 JOOPOOUTH KUBOTHIHA Tpeba na Oyie 3acTyybeHH]ja
U 12 11 Ou *KUBOTHIbE Tpebao aa Oyny Buie 3amTrheHe u 1a umajy Beha mpasa.
On tpu nonyhena oarosopa, mux 51 (70%) je cmarpano na Tpeba, 4 na Beh umajy
JIOBOJBHO TIpaBa, a 45 MCHHUTAHUKA je OJrOBOPHIIO Ja HHUje YIO3HATO ca MpaBUMa
KUBOTHHA.

[Tocnenme nuTame je OWIIo 1a I Ha JKUBOTHIGY IVIE/1a]y Kao Ha cyOjeKar wiin 00jekar.
Camo 4% cTymeHTa je cMarpaio Ja Cy KHBOTHE-E 00jeKTH, a 96% HUCIUTaHUX Aa
Cy cy0jeKTu.

CTYJAEHTHU WWECTE 'OAUHE
Hdemorpagcku noganu

On ykynHo 100 ucruTaHuX cTyleHara 3aBplLIHE ToauHe cTyauja omio je 42%
mymkapia u 58% »xena. CBu cryneHtu cy noxahamu 11. cemecrap. U3 rpaackor
noapy4dja 6mino je 61% wucnuranuka, a u3 ceockor 39%. 3a mpodecuoHaIHO
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WHTEpecoBame, BehnMHa olemeHuX cTylaeHata ogabdpana je pan ca KyhHEM
JbyoumnuMa u 1o 36% aHkeTHpaHux cryaeHara. @apMcke )KUBOTUEE Cy OUJIE TPBU
u3oop 3a 20% crynenara, 8% cryneHara je w3abpano WHCIEKIHjCKU pajl, HUKO
HUj€ JKeIlleo J]a pajii y HayYHOHCTPaKUBAYKOj o0nacTh, a 9% cTyaeHara je xKeeno
Ja paau y o0IacTy XWTHjeHe HAMUPHHUIIA aHUMAITHOT TIopekia. OCTallu CTyACHTH
(27%) jom yBek HUCY 3HaNU yuMe he ce OaBUTH HAKOH AWIUIOMUpama. Ha ocHOBY
CTAaTHCTUYKE aHAJM3€ YOYCHO je J1a MOCTOjU CTAaTHCTHUYKAa 3HA4ajHOCT m3Melhy
n30opa 00JacTH BETCPHHAPCKE JEIATHOCTH KOJ CTyJICHaTa INMpBE M CTyJCHAaTa
3aBpinHe roguHe cryarja (p<0,0053**).

ETnuke nujieme Y B€31 Ca nIpaBuUMa KUBOTUIHLA U eyTaHa3nje

On yxynno 100 cTyneHara Ha nMUTame Aa JM MUCJE Jla BETEpUHAPU U CTYACHTH
BETEpUHE MMajy JJOBOJBHO €MIIaTH]je MpeMa )KUBOTHIbaMa MULIIBEHE j€ T0/1€JbEHO.
Ckopo noj0BHMHA UCHHUTAaHUX cTyAeHata (47%) je MULUbEHA /1a Y BETEPHUHAPCKO]
npodecuju HeMa eMmaruje MmpeMa XUBOTHHaMa, a 53% cTyzneHTa je MHUCIWIO
npyrauyje. CTaTUCTUYKOM aHAJIM30M YOUEHO j€ /1a IOCTOjU CTaTUCTHYKA 3HAYajHOCT
(p<0,0052**) y Munsbemy CTy[ieHaTa IPBE U 3aBPILHE FOMHE Kaja je y MUTamby
eMIIaThja CTy/leHara npemMa XUBOTHEHbAMA.

Ha nutame o eyTaHasuju, CTyA€HTHMMa Cy IOCTaB/beHa JABa nuTama. [IpBa je
Ouia eTMuka auiieMa: Ja Ju he eyraHasupaTu 37paBy KUBOTHHY CaMO Ha 3aXTeEB
Bi1acHuKa. Ha oBo nutame, aa He OM eyTaHa3upao 31paBy )KUBOTHUY OATOBOPHUO je&
61% ctyneHt, a 39% cryaeHata Ou cripoBeIo eyTaHa3hjy caMo Ha 3aXTEB BIACHUKA.
Jpyro nmuTtame Koje ce TUUe eyTaHazuje Ouio je aa iu he eyraHa3uparu KUBOTUEY
KOja MOKa3yje 3HaKe arpeCHUBHOT MOHAIlama. YKYNHO 64% HCHOUTAHUX CTyJaeHara
O0M eyTaHa3upajo arpecUBHY XHUBOTHHY, a 36% He OM. 3a Ipyro MocTaBJ/bEHO
NUTalkE y BE3U €yTaHasuje 3/[paBe, a arpeCUBHE KUBOTHIE YOUEHO j€ /1a MOCTOJU
cTarucTuyka 3HadajHoCT (p<0,0045**) y MUlIIbeY CTyI€HATA PA3TMUUTUX TOJMHA
CTynuja.

Tpehu cer nmurama OIHOCHO ce Ha IpaBa >kKMBOTHIA. Ha murame na au Tpeda
BuUIlle /1a OpUHY O *XKMBOTHE-AaMa WM BIACHUKY TOKOM JIOHOLICH-a OyKa, 79%
yUEHHKa je peKio Ja Ou mpBo OmiM 3a0pUHYTH 3a )KMBOTHUIE, a 21% cTyneHara
6u npeaHOCT Aanu BiaacHUKy. Ha npyro murame y Tpehem ceTy cryaeHTHUMa je
MOCTaBJbEHO MUTAkhE O HACTABHOM IUIaHY M Iporpamy Ha (GakyiaTeTy W Ja Jid je
JIOBOJBHO BpeMeHa mocBeheHO eTuru M J00poOMUTH KMBOTHHA. YKymHO 41%
UCIMTAaHUX CTy/leHaTa cMarpa Ja je nmocseheHo 10BOJbHO BpeMeHa, a 59% cmarpa
na Ou 100poOUT )KMBOTUIA U €THKA Tpebasio na Oyay 3acTYIJbeHU Yy HACTaBU ca
Behum Opojem yacosa. [locnenmwe nutame y TpeheM nemy Owio je na jau CTyaeHTH
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cMmarpajy 1a qo0poOUT KMBOTHEbA Tpeba Ja Oyae BUIE 3acTyIJbeHA W JIa JIU OH
KHUBOTHIbE Tpebaso na Oymay Buie 3amrtuheHe, kao W na mMajy Beha mpasa. Y
OBOM ITUTAaky CTYJACHTH Cy MOIJIH JIa 3a0KpY’Ke jeaH O] TPH OATOBOpPaA, TAKO Ja je
70% crtynenata cmarpaiio aa 6u Tpebano na umajy Beha npasa, 15% na Beh umajy
JIOBOJBHO TIpaBa, a mpeoctanux 15% je oaroBopuiio aa He Mo3Haje TOBOJFHO IpaBa
JKHUBOTHA.

[Tocnenme muTame je OUo aa U MECIIE J1a Ha )KUBOTHIY TUIe/ajy Kao Ha Cy0jekar
wm o0jekatr. Camo 17% cTymeHara je cMarpaso J1a ¢y )KUBOTHEE 00jekTH, a 83%
UCIIUTAHUX CMATPAJIO j€ JIa Cy KHUBOTUELE CYOjCKTH.

JTACKYCHJA

AHanu3oM [00MjeHHX ToJjaTaka YO4YeHO je Ja HHUje MOoCTojaja CTaTUCTUYKA
3HauajHOCT u3Mel)y omHoca MmoioBa M MecTa The Cy CTYACHTH OApaciu. TpeHn
KOjH je TIPUCYTaH Y aMEPUYKHM, ayCTPAIHjCKUM U BehMHU EBPOTICKHUX 3eMajba IIie
BUIIIC CTY/ICHATa XKCHCKOT TI0JIa YIHCYje BETEPUHAPCKH (PaKyJITET MPUCYTaH je U Y
HamieM uctpaxuBamy (Lofstedt, 2003; Tomlin u cap., 2010; Porritt, 2013). IToctoje
Pa3IMYMTH PA3JIo3U 3a OBaj TPEHII, KAO IITO CYy IMMHUHAIM]a TUCKPUMHUHAIIHM]E Ha
OCHOBY I0J1a, cBe uernrhe kopuniheme cenaiuje 3a qUjarHoOCTUYKE MPOLEaype KO
BEJIMKHX JKMBOTHIA, KAO0 U CIIMKA BETEPHHApA KOja ce MpHKa3yje Ha TEICBU3UJU
(Slater and Slater, 2000; Smith, 2002). Takohe, ctyaeHTr U3 ypoaHux cperHa BHUILIEe
JKeJle Jla pajie Kao BETepUHapH, y mopehemy ca CTyIeHTHMA U3 PypaTHUX CPEIUHA.
Pasyor je HajBepoBaTHH]jE YMHCHHUIIA J1a CBE MAbE JbYIIU XKEJIH JIa OCTaHEe Ha Cely
U 1a ce 6aBH MOJHONIPUBPEIOM U CTOYapcTBOM. OBU pe3yNTaTH Cy y KOpelaluju ca
TPEHYTHOM JIeMOTPa(CKOM CUTYAIHjOM y HAIIIO] 3eMJbH, aJId K Y MHOTUM 3eMJbaMa
HIMPOM CBETa, jep Cy ce MojaBuiie oAroBapajyhe 3aMeHe 3a )KHBOTHECKE ITPOU3BOJIE
KOje MOTY Jia 33JJ0BOJbE MOTpeOe YOBEKa 3a XpPaHJbUBUM MarepHjaMa U 37paBUM
KHUBOTOM.

OBe nmpoMeHe OUMITIEHO YTHUY Ha OAYKe CTy[leHaTa 0 ToMe mTa he paJIuTi HaKOH
nurioMupama. M3mel)y nTepecoBama cTyjieHara npBe U 3aBpIllHE TOIUHE TIOCTOjU
crarucTuyka 3HadajHocT (p<0,0053**). Cxopo monoBUHA CTyAE€HATa MPBE TOANHE
(49%) xenmu na paau ca COLIMjalTHUM >KMBOTHHama, a camo 11% ca dapmckum
KUBOTHbaMa. Kajia je ped o cTyneHTHMa 3aBpIllHE TOIMHE CTyauja, BehuHa Takohe
JKEeNW Jla pajd ca COLHWjaTHUM XuBoTUHama (36%), anu cy CTYIEHTH U Jajbe
3alHTEPEeCcOBaHU 3a paj ca GpapMckuM xxkuBoTumama (20%). Ctynuja Heath (2005)
CIPOBE/ICHA Ha CTYJACHTUMA IPBE TOAMHE je Y KOpEeJalujy ca HAIIMM MOJaIuMa,
rae je Takohe 49% cryneHara xeneno na paau ca kyhnum jpyoumiuma. Mehytuwm,
Hallla CTy/AMja HUje y TOTIYHOCTH Y KOpelaluju ca IpyruM CTyArjaMa, Kao IITo je
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cryauja Tomlin u cap. (2010) rae je camo 5% ucMTaHUX CTyACHATA JKEIIENO /1a Paiud
ca (apMCKHM KHBOTHE-aMa, Kao U ca ucrpaxusameM Serpell (2005) rae je camo
28% cryneHata >KeJeno Ja paju ca COIMjaTHUM KUBOTUaMa. BaxkHo je uctahu
YUCHUITY J1a TOKOM CTyIHWpama CTYICHTH BHUIIE y4€ O XHTHjeHH HAMHUPHHIA U
MHCIICKIIMjCKOM pajy, Ha 3aBpIIHUM roauHama ctyauja. CTyoeHTH mpBe roanHe
CTyZIja O TOME HE 3Ha]y JOBOJFHO YMME MOTY Jia C€ 00jacHE U PE3yJITaTH Y KOME je
caMo MeT CTy/IeHATa XKEeJIeJIo 1a Pyl y OBUM 001acTUMa BETEpPUHAPCKE AETaTHOCTH.
AyTOpH cMaTpajy HEOYEKHBAHUM PE3YJTaTOM Jla CKOPO MCTH OpOj CTyIeHaTa npBe
u 3aBpiHe roaunae crynuja (31% u 27%) He 3Ha ynMe kenu Ja ce 0aBM HaKOH
quruiomupama. OBaj pe3yaTar je O4eKUBaH 3a CTyAEHTE NPBE FOAMHE, ajld HE U 3a
CTyIeHTe 3aBpIHe roauHe. [Ipupona oBor mpobiiema Moxe 1a Oyze pa3arnauTa, ajiu
Jlaje MpoCTopa 3a Pa3MUIIIbAkE O MPEUCITUTHBAKY HACTABHOT TUIaHA M IIPOTpaMa.
Kaga je y mnmramy noHOImIEHmE OMIyKa M CHpoBOheme eyTaHasuje, BehumHa
UCTIMTAaHUKA MPBE TOJMHE CTyAMja CMaTpa Jla BETepUHAp Tpeda Ja CTaBH Ha MPBO
MECTO MHTEpece XMBOTHHA. Takole, cIMuHE OAroBOpe Cy Jajd M Ha THTAmkE
Ja Jin OW eyTaHa3upalid KUBOTHUEGY CaMO ako OW BIIACHHK TO Of] FHHX 3aTPaKHO.
Behuna je onrosopuina ga ve 6u (67% y npBoj roguan U 61% y 3aBpIITHOj TOAWHN).
WuTtepecanTtHa je unmennna aa ou 33% u3 npse ronuHe U 39% w3 3aBpIIHE roAnHE
CTyIMja eyTaHa3upaso JKUBOTHIE Ha 3axTeB BiacHuKa. Ctynuja Paul n Podberscek
(2000) je mokasana ;a CTYIEHTH y NMPBHM TOIWHAMa CTyAHMja UMajy Behu HHBO
eMIarHje MpeMa >KMBOTHIAMa, TaKO Ja CMO y HAIlOj CTYAHMjH OYCKHBaIHM Aa he
MarbH IPOIICHAT CTYJeHATa MTPBE TOAUHE PA3MHUIIIBATH O €yTaHA3HMjH CaMO YKOJIHKO
3arpaxu BIacHUK. OBaj MPOIICHAT j€ BeOMa BUCOK, TOCEOHO KOJ] CTy/IeHATAa 3aBPIIIHE
roMHe, ¢ 003UPOM Ha YMELEHHILY Ja Cy OJCIYIIAIN MPEeIMeTe KOji Ce OHOCE Ha
npaBa KUBOTHHHA U €TUKY Y BETEPHHAPCKO] MeauIMHK. Takohe je 3aHuMIBHBO J1a
6u 33% cryneHara mpBe TOAMHE €yTaHA3WPaJio KMBOTHUILE HA 3aXTEB BIIACHUKA,
nako Behuna wux (73%) cmarpa na BeTepuUHApW U CTYACHTH BETEPHUHAPCKE
MEIUIIMHE UMajy TOBOJFHO EMIIaTHje TIpeMa )KUBOTHEbaMa. Y OBOM IHTAaY IMMOCTOjU
craructryka 3Ha4ajHOCT (p<0,0053) m3mely cTynenara mpBe u 3aBpIHE TOAMHE,
jep Mamu Opoj CTylIeHaTa 3aBpIIHE TOIUHE CTyIHja cMarpa Ja MoCTOju JOBOJHHO
eMIaTHje 3a JKUBOTUIE Y BETEPUHAPCKO] MPAKCH.

YoueHa je U cTaTHCTUYKA 3HAYajHOCT KaJla Cy y MUTamby MpaBa )KUBOTHba. BehnHa
CTyJleHaTa 3aBpIIHE TOJMHE CTyauja cMaTpa Ja *KUBOTHUH-E Tpeba na nMajy Beha
npasa, a 15% HHje JOBOJHPHO YNO3HATO ca MpaBHMa XUBOTHHA. Mako je BehnHa
cryneHara nipee roaune (51%) Takolhe oaroBopmia ga KUBOTHEE Tpeda ga UMajy
Beha rpaBa, 45% je oroBopuIIo J1a HUCY TOBOJFHO YIIO3HATH Ca FbUXOBHM ITPABHMA.
OBu pe3ynTatu Cy OYEKMBAHH, jep CTYACHTH BUILE yde O MPaBHMa XUBOTHHA Y
KaCHUJUM TOMHAMA CTYy/Hja.
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[Ton wcruTaHux crylaeHara je Takohe OMO BakaH Kaja je y TMHUTamy Opura 3a
npaBa KUBOTHHHA, IIITO je y Kopenanuju ca npyrum crynujama (de Boo n Knight,
2005; Izmirli u cap., 2014). TlocToju CTaTUCTHYKKM 3HA4YajHA pasiuka m3mehy
npodeCHOHAIHUX WHTEPECOBamka KaJla Cy y MHUTalky MYIIKapuu U keHe. Behnna
JKEHa JKe Ja paau ca KyhHuM JpyOumIiimma, a BehrHa mMyikapana ca (papMCKuM
KUBOTHEHAMA, IITO j€ y KOPENAIHjH Ca aKTyESITHIM TPEHIOM Y BETEPHHAPCKO] TPAKCH
(Smith, 2002; Goetz u cap., 2020). [TocToju U CTATHCTUYKK 3HAYAjHA pa3jIHKa Y
Noryie/ly eyTaHas3uje >KUBOTHIbA KOje TI0Ka3y]y 3HaKe arpeCUBHOT MTOHaIIamka. JKene
6u pehe eyranasupane 31paBy, arpeCUBHY KUBOTHIY y Topehery ca MyIIKapIumMa.
Wmajyhm y Buay ma cy KeHe BUIE 3a0pUHYTE 0 NMUTAky HAYMHA TPETUPAa
JKUBOTHH-A, OBa] pE3YJNITaT je y Kopenanuju ca nperxoqauMm noganuma (Cornish
u cap., 2016). Behu HMBO cTaTHCTHUKE 3HAYajHOCTH YOUEH je KOJ MUTama MpaBa
KUBOTHIA. CaMO jefHa CTYICHTKHIbAa Ha TPBOj W MET CTyAEHAaTa Ha 3aBpIIHO]
TOJMHU OJITOBOPHJIO j€ J1a )KUBOTHI-E HE O Tpebasio 1a umMajy Beha mpana.

3AK/bYYAK

MHuoru ¢axTopu MOTy Ja yTHUy Ha OAJYKEe UM MUIbEHa CTyleHaTa O MpaBUMa
KUBOTHEbaMa. Pe3ynTartd Cy yka3ajium Ha FHUXOBY CMAambCHY 3aWHTEPECOBAHOCT
3a OaBJbeHC NpPAKCOM (PapMCKHX >KHBOTHEGA, TAKO J1a HAa OBOM IOJbY Tpeba
paJuTH M TOJCTHIIATH UX Kako Ou ce moBehana 3anHTEpecOBaHOCT 3a OBy 00JacT
BeTepuHapcke MemuimHe. Of 3Havaja je ¥ Ja Ce NMPEUCHUTa HACTABHH IUIAH U
mporpam, jep MHOTH CTYJICHTH Ha 3aBPIITHOj TOAWHM CTYy/AHja JOII YBEK HE 3HA]Y Y
K0jOj 00JIacTH BeTepHUHAPCKE JCIaTHOCTH elie aa pane. OBa cTyauja je of 3Hadaja
U y IIWJbY TIO0O0JBIIIaka CTaHAap/1a Here ¥ JOOpOOUTH JKUBOTHbA, Mel)y CTyieHTHMa
BETCPUHAPCKE MEIHIINHE.

3axBaJHHIA
Crynujy je moapxano MHHHCTapCTBO MPOCBETE, HAyKe W TEXHOJOIIKOT pa3Boja
Pernryonmuke Cp6wuje (Yrosop 6p. 451-03-47/2023-01/200143).

U3jaBa o cykoOy nHTepeca: AyTopH H3jaBibyjy Jla HE TOCTOjU CYKOO HHTEpeca.
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Summary

Nowadays, the role of animals in society has changed. Animals are no longer
considered as property, but as living beings. When it comes to veterinary medicine,
there are also changes in interests between men and women, as well as professional
preferences. Studies have shown that gender and concern for animal welfare also
influence the level of concern for animal health. The aim of this study was to assess
the difference in opinion between first and final year veterinary students in relation
to ethical dilemmas and animal welfare. A total of 200 first and final year veterinary
students were included in the study. Survey Monkey was used to collect information,
and the survey consisted of ten questions. The results are divided into demographic
data, ethical dilemmas in the field of animal rights and opinion on euthanasia. No
statistically significant difference was found between the genders and the place of
growing up of the examined students. Almost half of the first year students (49%)
expressed a desire to work with social animals, and only 11% with farm animals.
When it comes to final year students, most of them also want to work with social
animals (36%), but there is also an interest in working with farm animals (20%).
Differences in opinion about animal rights and euthanasia were more influenced by
the gender of the students compared to the year of study. The study showed that,
in the student population, there is a reduced interest in farm animals, and that fact
should be given more attention. Also, it is necessary to guide students more towards
their areas of interest during their studies, so that, when get their diploma, they can
immediately know in which area of veterinary medicine they want to work.

Key words: survey, animal welfare, animal rights, students.
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INTRODUCTION

Throughout history, the role of animals in people’s lives has changed. Today, more
importance is related to the ethical issues and problems of farm, reproductive and
laboratory animals. The decision to study veterinary medicine is often made at
a young age because of a love for animals (Serpell, 2005). Today, the veterinary
profession is no longer dominated by men. For example, in Australia, 80% of
graduate students are women (Porritt, 2013). Changing gender relations in veterinary
medicine caused changes in career preferences (Lofstedt, 2003).

Data from the literature indicate that in the first years of study, students show greater
concern for the welfare and health of animals (Paul and Podberscek, 2000). Also,
an American study on pain in animals showed that first-year students would rather
treat animals for pain compared to students in higher years of study. An interesting
finding is that the view on animal welfare can be changed by attending courses on
animal welfare, as proved by Hazel et al. (2011).

Studies have shown that gender and concern for animal welfare also influence
the level of empathy towards animal health (Cornish et al., 2016). A high level of
empathy towards animals was more present in women compared to men (Izmirli
et al., 2014). Changes in gender relations are not the only element that indicates
different views on ethical dilemmas among students, but professional interests
were also an important part of many studies. Students who want to work with farm
animals show less empathy compared to students who want to work with social
animals (Levine et al., 2005). In recent years, people’s awareness of the importance
of the health, protection and well-being of animals has increased, and the role of
veterinary medicine students is significant, because they will find themselves in
everyday ethical dilemmas regarding animals and their keepers or owners.

The aim of this study was to investigate the difference between first-year and final
year veterinary students in their views on ethical dilemmas such as euthanasia and
to examine whether there are differences in demographics, career and degree of
study that would influence their attitudes about welfare and animal rights.

MATERIALS AND METHODS

The survey was conducted on 200 students (100 first year students and 100 final
year students) of the Faculty of Veterinary Medicine University of Belgrade. The
questionnaire was designed to explore professional interests, students’ opinions
on euthanasia and animal rights. The survey was made using Survey monkey and
was available online in the period from November 1 to December 1, 2021. This
study was approved by the Ethics Committee of the Faculty of Veterinary Medicine
University of Belgrade (No. 1/21).
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All students in the final year of studies have already attended the courses Behavior,
welfare and protection of animals and Ethics and communication in veterinary
medicine, while students in the first year have only attended the course Behavior,
welfare and protection of animals. Anonymity was guaranteed for all participants.
The questionnaire consisted of ten questions. The first two questions were
demographic questions (gender and place of residence), and the third question was
related to professional interests. The next seven questions were ethical dilemmas
about animal rights and euthanasia. All data were checked for errors and statistical
analysis was performed using GenStat software.

RESULTS
FIRST YEAR STUDENTS
Demographic data

Out of a total of 100 first year students, 33% were men and 67% were women. All
students were in the first semester of their studies. 70% of the students were from
the urban area, and 30% from the rural area. For professional interest, the majority
of surveyed students chose working with pets (49%). Farm animals were the first
choice for 11% of students, 4% of students chose inspection work, 4% wanted to
engage in scientific work, one wanted to work in the field of animal food hygiene,
and 31% of students were undecided.

Ethical dilemmas regarding animal rights and euthanasia

When 100 first year students were asked if they think that veterinarians and
veterinary students have enough empathy for animals, the opinion was divided.
The majority (73%) believe that there is empathy towards animals in the veterinary
profession, and 27% believe that there is not enough empathy towards animals in
the veterinary profession.

Students were asked two questions related to their opinion on euthanasia. First,
there was an ethical dilemma: whether to euthanize a healthy animal only at the
owner’s request. To this question, 67% of students answered that they would not
euthanize a healthy animal, and 33% would perform euthanasia. Another question
was whether they would euthanize an animal that exhibited aggressive behavior. A
total of 43% of respondents would euthanize an aggressive animal, and 57% would
not decide on euthanasia, even though the animal is aggressive.

The third set of questions was about animal rights. When asked whether they should
care more about the animals or the owner when making decisions, 72% of students
said that they would primarily care for the animal, and 28% would primarily respect
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the owner’s wishes. On the second question in the third set, students were asked
whether the curriculum devotes enough time to animal ethics and welfare. A total
of 40 (41%) respondents believed that enough time was devoted to these subjects,
and 59 (59%) believed that animal welfare and ethics should have more space in
the curriculum. The last question in the third part was whether the students think
that the field of animal welfare should be more represented and whether animals
should be more protected and have greater rights. Of the three answers offered, 51
of them (70%) believed that they should, 4 that they already had enough rights, and
45 respondents answered that they were not familiar with animal rights.

The last question was whether they observe the animal as a subject or an object.
Only 4% of the students respond that animals are objects, and 96% respond that
animas are subjects.

SIXTH YEAR STUDENTS
Demographic data

Out of a total of 100 surveyed final year students, 42% were men and 58% were
women. All students attended the 11™ semester. 61% of respondents were from
urban areas, and 39% from rural areas. For professional interest, the majority of
evaluated students chose to work with pets, namely 36% of surveyed students. Farm
animals were the first choice for 20% of students, 8% of students chose inspection
work, no one wanted to work in the scientific field, and 9% of students wanted to
work in the area of food hygiene of animal origin. Other students (27%) still did
not know what they would do after graduation. Based on the statistical analysis, it
was observed that there is a statistical significance between the choice of the field
of veterinary activity among first and final year students (p<0.0053*%*).

Ethical dilemmas regarding animal rights and euthanasia

When 100 students were asked if they think that veterinarians and veterinary
students have enough empathy for animals, the opinion was divided. Almost half of
the surveyed students (47%) have the opinion that there is no empathy for animals
in the veterinary profession, and 53% of students thought otherwise. Statistical
analysis showed that there is statistical significance (p<0.0052*%*) in the opinion of
first and final year students when it comes to students’ empathy towards animals.

When asked about euthanasia, students were asked two questions. The first was an
ethical dilemma: whether to euthanize a healthy animal on the owner’s request. To
this question, 61% of students answered that they would not euthanize a healthy
animal, and 39% of students would perform euthanasia only at the owner’s request.
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Another question regarding euthanasia was whether to euthanize an animal that
shows signs of aggressive behavior. A total of 64% of the surveyed students would
euthanize an aggressive animal, and 36% would not. For the second question
regarding the euthanasia of a healthy but aggressive animal, it was observed that
there is statistical significance (p<0.0045**) in the opinion of students of different
years of study.

The third set of questions was about animal rights. When asked whether they should
worry more about the animals or the owner when making decisions, 79% of the
students said that they would be concerned about the animals first, and 21% of
the students would give priority to the owner. On the second question in the third
set, students were asked about the curriculum at the Faculty and whether enough
time is devoted to ethics and animal welfare. A total of 41% of surveyed students
believe that enough time is devoted, and 59% believe that animal welfare and ethics
should be represented in classes with a larger number of classes. The last question
in the third part was whether the students think that the welfare of animals should
be more represented and whether animals should be more protected, as well as
have greater rights. In this question, students could give one of three answers, and
70% of students thought they should have more rights, 15% that they already have
enough rights, and the remaining 15% answered that they do not know enough
about animal rights.

The last question was whether they observe the animal as a subject or an object.
Only 17% of students answered that animals are objects, and 83% of respondents
answered that animals are subjects.

DISCUSSION

Analyzing the obtained data, it was observed that there was no statistical significance
between the gender relationship and the place where the students grew up. The trend
that is present in the American, Australian and most European countries, where
more female students are enrolled in the veterinary faculties, is also present in our
study (Lofstedt, 2003; Tomlin et al., 2010; Porritt, 2013). There are various reasons
for this trend, such as the elimination of gender discrimination, the increasing use
of sedation for diagnostic procedures in large animals, and the presentation of
veterinarians in the media (Slater and Slater, 2000; Smith, 2002). Also, students
from urban areas prefer to work as veterinarians, compared to students from rural
areas. The reason is most likely the fact that less people want to stay in the rural
areas and engage in agriculture and animal husbandry. These results are correlated
with the current demographic situation in our country, but also in many countries
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around the world, because suitable substitutes for animal products have appeared
that can satisfy human needs for nutrients and a healthy life.

These changes obviously affect students’ decisions about what they will do after
graduation. There is statistical significance between the interest of first and final
year students (p<0.0053*%*). Almost half of first year students (49%) want to work
with social animals, and only 11% with farm animals. When it comes to final year
students, the majority also want to work with social animals (36%), but students are
still interested in working with farm animals (20%). The study published in Heath
(2005) conducted on first year students correlates with our data, where also 49%
of students wanted to work with pets. However, our study does not fully correlate
with other studies, such as the study by Tomlin et al. (2010) where only 5% of the
surveyed students wanted to work with farm animals, as well as with the study
done by Serpell (2005) where only 28% of students wanted to work with social
animals. It is important to highlight the fact that during their studies, students learn
more about food hygiene and inspection work, in the final years of their studies.
First year students do not know enough about this fields, and that can explain the
results in which only five students wanted to work in these areas of veterinary
medicine. The authors consider an unexpected result that almost the same number
of first and final year students (31% and 27%) do not know what they want to do
after graduation. This result is expected for first year students, but not for final
year students. The nature of this problem may be different, but it gives space for
reviewing the curriculum.

When it comes to making decisions and carrying out euthanasia, the majority of
respondents in the first year of study believe that the veterinarian should put the
interests of the animals first. They also gave similar answers to the question of
whether they would euthanize an animal only if the owner asked them to do so.
The majority answered that they would not (67% in the first year and 61% in the
final year). It is an interesting that 33% from the first year and 39% from the final
year of studies would euthanize animals at the owner’s request. The study by Paul
and Podberscek (2000) showed that students in the first years of their studies have
a higher level of empathy towards animals, so in our study we expected that a
smaller percentage of first year students would obtain euthanasia only if the owner
requested it. This percentage is very high, especially among students in their final
year, given the fact that they have taken courses related to animal rights and ethics
in veterinary medicine. It is also interesting that 33% of first year students would
euthanize animals at the owner’s request, although most of them (73%) believe
that veterinarians and students of veterinary medicine have enough empathy for
animals. In this question, there is statistical significance (p<0.0053) between first
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and final year students, because a smaller number of final year students believe that
there is enough empathy for animals in veterinary practice.

Statistical significance was also observed when it comes to animal rights. The
majority of final year students believe that animals should have greater rights, and
15% are not sufficiently familiar with animal rights. Although the majority of first
year students (51%) also answered that animals should have more rights, 45%
answered that they are not sufficiently familiar with their rights. These results are
expected, as students learn more about animal rights in their later years of study:.
The gender of the surveyed students was also important when it comes to concern
for animal rights, which correlates with other studies (de Boo and Knight, 2005;
Izmirli et al., 2014). There is a statistically significant difference between the
professional interests of men and women. Most women want to work with pets, and
most men want to work with farm animals, which correlates with the current trend
in veterinary practice (Smith, 2002; Goetz et al., 2020). There is also a statistically
significant difference in the euthanasia of animals showing signs of aggressive
behavior. Women are less likely to euthanize a healthy, aggressive animal compared
to men. Considering that women are more concerned about the way animals are
treated, this result correlates with previous data (Cornish et al., 2016). A higher
level of statistical significance was observed in the issue of animal rights. Only one
student in the first year and five students in the final year answered that animals
should not have more rights.

CONCLUSION

Many factors can influence students’ decisions and opinions about animal rights.
The results indicated their reduced interest in dealing with the farm animals, so it is
necessary to encourage them in order to increase interest in this field of veterinary
medicine. It is also important to review the curriculum, because many students in
their final year of study still do not know in which field of veterinary medicine they
want to work. This study is also important in order to improve the standards of
animal care and welfare among students of veterinary medicine.
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SaZetak

Mastitis je upalna reakcija vimena koju uzrokuju mikroorganizmi odnosno hemijske
ili mehanicke povrede. Bakterijske mastitise uzrokuje nekoliko vrsta bakterija, koji
se dijele u dvije glavne grupe: kontagiozni mastitisi uzrokovani sa Staphylococcus
aureus, Streptococcus agalactiae, Streptococcus dysgalactiae, Mycoplasma bovis
1 mastitisi uzrokovani ubikvitarnim bakterijama Escherichia coli, Pseudomonas
aeruginosa 1ili Proteus spp. Trenutno se umjesto upotrebe antibiotika traze
nove strategije za smanjenje ovog klinickog zdravstvenog problema. Cilj ovog
istrazivanja je utvrdivanje osjetljivosti bakterijskih sojeva uzro¢nika mastitisa na
antibiotike 1 eteri¢na ulja origana (Origanum compactum, Origanum majorana) i
timijana (Thymus serpyllum). Tokom ispitivanja koriSteni su uzorci sekreta vimena
muznih krava sa podruc¢ja Kalesije 1 Gradacca, dobiveni maSinskim i ru¢nim
nac¢inom. Ispitano je ukupno 200 uzoraka mlije¢nih krava u razli¢itim periodima
laktacije 1 starosti. Kontrola mastitisa obuhvatala je odredivanje broja somatskih
stanica u mlijeku Kalifornija mastitis testom, odnosno brojanje somatskih stanica
na Fossomatik aparatu, nakon ¢ega su svi uzorci sa povecanim brojem somatskih
stanica mikrobioloski ispitani. Na osnovu dobijenih rezultata ispitivanja moze se
zakljuciti da postoje opravdani razlozi zbog kojih treba razmotriti upotrebu eteri¢nih

.....

Kljué¢ne rijeci: mastitis, patogeni, antibiotici, eteri¢na ulja.

UVOD

Mastitis je upalna reakcija tkiva vimena naj¢es¢e mikrobne etiologije. Do infekcije
dolazi kada infektivni agens kroz sisni otvor prodre u mlijecnu zlijezdu, po¢ne se
EEEEEEEEEEEE—————
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umnozavati i svojim Stetnim metabolickim proizvodima ostecivati tkivo vimena.
Najces¢i bakterijski uzrocnici mastitisa su: Staphylococcus aureus (S. aureus),
Streptococcus agalactiae (Str. agalactiae), Streptococcus uberis, Echerichia coli
(E. coli), Pseudomonas aeruginosa (P. aeruginosa), Proteus vrste (Bannerman,
2004). Kao posljedica infekcije dolazi do izlu¢ivanja uzro¢nika i njihovih toksina
putem mlijeka, koje dalje predstavlja opasnost po zdravlje potrosa¢a. U borbi
protiv uzro¢nika mastitisa primjenjuju se razli¢ite strategije ukljucujuéi redovne
kontrole zdravlja vimena, profilakti¢ku terapiju u periodu zasuSenja, vakcinaciju
kao 1 iskljucivanje iz proizvodnje oboljelih grla. Kod pojave mastitisa tokom
laktacije Cesto se primjenjuje antibiotska terapija. Dugotrajnim kori§¢enjem jednog
antimikrobnog sredstva uniStavaju se osjetljivi sojevi patogenih bakterija i vrsi se
selekcioni pritisak koji favorizuje otporne sojeve mikroorganizma i vremenom
se pojavljuje fenomen rezistencije. Bakterije ispoljavaju sve veéu antimikrobnu
rezistenciju Sto predstavlja jedan od najvecih javnozdravstvenih problema koji
privlaéi savremenu nauc¢nu javnost (Baci¢, 2009). U antimikrobnoj terapiji mastitisa
mogu se koristiti razne alternativne supstance koje se karakteriSu antibakterijskim
dejstvom, dovodeci do sprijeCavanja rasta i razmnozavanja ili uniStavanja uzrocnika.
Kod infekcija vimena mogu se u preventivne i terapijske svrhe primjenjivati eteri¢na
ulja i/ili njihove aktivne komponente. Eteri¢na ulja koja se mogu koristiti u terapiji
mastitisa mogu poticati od biljaka kao Sto su: korijander (Coriandrum sativum L.),
origano (Origanum vulgare L.), timijan (Thymus vulgaris L.), razmarin (Rosmarinus
officinalis L.), cimet (Cinnamomum zeylanicum Breyn.), zalfija (Salvia officinalis
L.), majcina dusica (Thymus serpyllum) i karanfili¢ (Eugenia caryophyllata Thunb).
Kao aktivne komponente ovih eteri¢nih ulja izolovani su, izmedu ostalih karvakrol,
eugenol, cinamaldehid i timol. Kombinirana terapija konvencionalnih antibiotika i
eteri¢nih ulja trenutno uzima sve veci zamah i predstavlja potencijalni prostor za
buduéa istrazivanja.
Cilj istrazivanja je utvrdivanje osjetljivosti bakterijskih sojeva uzrocnika mastitisa
na neke vrste antibiotika i eteri¢na ulja origana (Origanum compactum, Origanum
majorana) 1 timijana (Thymus serpyllum). Radi ostvarivanja cilja istrazivanja
postavljeni su sljedeéi zadaci:

- izolacija i identifikacija uzro¢nika supklinickih mastitisa krava primjenom

konvencionalnih bakterioloskih tehnika,
- odredivanje broja somatskih stanica,
- utvrdivanje osjetljivosti izolovanih sojeva uzro¢nika mastitisa prema
antibioticima,
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- ispitivanje antibakterijskog efekta eteri¢nih ulja Origanum compactum,
Origanum majorana 1 Thymus serpyllum na izolovane sojeve uzro¢nike
mastitisa,

- utvrdivanje minimalnih inhibitornih iminimalnih baktericidnih koncentracija
za eteri¢na ulja i njihovo sinergisticko djelovanje.

MATERIJALI I METODE

U istrazivanju su koriSteni uzorci sekreta vimena muznih krava sa podrucja Kalesije
1 Gradacca, dobijeni maSinskim na¢inom muze. Analizirani su uzorci mlijeka uzetih
od 200 mlije¢nih grla (po 100 uzoraka sa svakog podrucja).

Izolacija i identifikacija bakterijskih sojeva uzro¢nika mastitisa izvrSena je u
bakterioloSkom laboratoriju Javna ustanova ,,Veterinarski zavod Tuzlanskog
kantona®, a ispitivanje osjetljivosti bakterijskih izolata na antibiotike i etericna ulja
u mikrobioloskom laboratoriju Prirodno-matematickog fakulteta Univerziteta u
Tuzli.

Uzorci mlijeka za mikrobioloSka ispitivanja uzeti su asepticno, prije redovne muZe.
Najprije je vime oprano mlakom vodom i sapunicom, narocito papile, i obrisano
¢istom krpom. Dezinfekcija vrhova papila je vrSena vatom natopljenom 70%
etanolom, principom ,,k sebi“. Prvo su dezinfikovane dalje Cetvrti, pa onda blize
da bi se izbegla kontaminacija ve¢ dezinfikovanih papila. 1z svake Cetvrti vimena
istisnuta su tri mlaza mlijeka, prije nego $to se pristupilo uzorkovanju. Nakon
dezinfekcije, izvrSeno je izmuzanje svake cetvrti posebno u sterilne plasti¢ne bocice
zapremine 50 ml (Slika 1). Nakon uzorkovanja, uzorci mlijeka su stavljeni u ru¢ni
frizider (temperatura 4°C) 1 transportovani u laboratoriju na bakterioloski pregled.

Slika 1 Uzorci sekreta vimena iz oboljelih Cetvrti za bakteriolosku analizu
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Kontrola mastitisa obuhvatala je odredivanje broja somatskih stanica u mlijeku
Kalifornija mastitis testom (KMT) (White i sur., 2005), a zatim brojanje somatskih
stanica na Fossomatik aparatu, nakon ¢ega su svi uzrocnici sa pove¢anim brojem
somatskih stanica mikrobioloski ispitani.

Broj somatskih stanica (BSS) pokazatelj je higijenske kvalitete mlijeka 1 op¢i je
indikator zdravstvenog stanja vimena. BSS direktno pokazuje stanje zdravlja
mlije¢ne Zlijezde. Somatske stanice u mlijeku su porijeklom iz vimena i krvi, a
najcesce su to leukociti. Za kravlje mlijeko utvrdena je gornja granica od 400.000
somatskih stanica (SS)/ml, iznad koje dolazi do pojave supklini¢kog mastitisa. U
mlijeku zdravih Cetvrti, broj somatskih stanica je manji od 200.000 u ml, a ¢ine ih
epitelne stanice i leukociti (polimorfonuklearni neutrofili, limfociti, makrofagi).
Uredbom o nacinu uzimanja uzoraka, razvrstavanju i obracunu cijene mlijeka
(Propis, 1994) definisano je da preradivac¢i mlijeka mogu otkupljivati samo mlijeko
koje zadovoljava kriterije propisane Pravilnikom o sirovom mlijeku (Propis, 2011)
1 proraunom geometrijske sredine. Uzorci sa geometrijskom sredinom 400.000
BSS/ml se stavljaju van klase. Za izolaciju S. aureus iz uzoraka sekreta vimena
krava sluzi krvni agar, jer omogucava porast najucestalijih bakterijskih uzro¢nika u
aerobnim uvjetima inkubiranja. Za rutinsko zasijavanje sekreta vimena na krvni
agar koriste se jednokratne plasticne eze volumena 0.01 ml. Za ve¢e volumene
mogu se koristiti Stapici za obriske ili pipete. Zasijane podloge inkubiraju se 24 do
48 sati pri 37°C u obrnutom polozaju. Nakon inkubacije od 24 sata na krvnom agaru
porastu kolonije koje su okrugle, glatke, sjajne povrSine, ravnih ivica, blago
konveksne, pigmentisane, bijele ili krem boje, ponekad zute pa i narandzaste,
promjera 1-2 mm i mogu pokazivati hemolizu. Ako nema poraslih kolonija,
inkubacija zasijanog uzoraka produzava se jos 24 sata. Na mikroskopskom preparatu
bojenom po Gramu, sa kulture porasle na krvnom agaru, vidljive su Gram pozitivne
koke karakteristicnog rasporeda u vidu grozdova. Karakteristicne beta hemoliticne
kolonije sa krvnog agara precjepljuju se na selektivnu podlogu Baird-Parker agar
(BPA) na kojima stafilokoke stvaraju kolonije koje su crne, konveksne i sjajne,
promjera 1-1,5 mm. Bakterije iz roda Staphylococcus produciraju enzim katalazu,
odnosno katalaza su pozitivni. Dokazivanje produkcije ovog enzima vrsi se s 3-5%
H,0,. Vrste roda Staphylococcus se diferenciraju prema sposobnosti da koaguliSu
plazmu pomocu enzima koagulaze. S. aureus je koagulaza pozitivan, dok su druge
vrste roda Staphylococcus koagulaza negativne. Vezana koagulaza se odreduje
testom na plocici, a slobodna koagulaza testom u epruveti. Kao pozitivna i negativna
kontrolakoristeni su certificirani referentni sojevi (pozitivnakontrola Staphylococcus
aureus WDCM 00034, negativna kontrola Staphylococcus epidermidis WDCM
00036). Pozitivan rezultat je vidljivo stvaranje grudvica unutar 10 sekundi, a kod
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negativnog rezultata nema vidljivog stvaranja grudvica. Izolacija i identifikacija
Streptococcus i Streptococcus agalactiae radena je na nacin da se uzorak sekreta
vimena inkubira na krvnoj podlozi 24 sata na 37°C, a nakon inkubacije na plocama
je vidljiv porast karakteristi¢nih kolonija. Kolonije su sitne, sivkaste ili prozracne,
konveksne i kompaktne (potpune, cjelovite, zaokruzene). Neki sojevi zahtijevaju za
rast prisustvo ugljen dioksida. Na krvnom agaru streptokoki pokazuju hemolizu.
Kolonije Enterococcus spp. mogu imati zonu o hemolize ili biti bez hemolize,
sivkaste su, sjajne i nisu kompaktne. Kolonije koje morfoloski odgovaraju
streptokokima se precjepljuju na selektivnu podlogu eskulin azid agar i inkubiraju
24 sata na 37°C. Na mikroskopskom preparatu bojenom po Gramu sa kulture
porasle na krvnom agaru pronadeni su Gram pozitivni koki, okrugli ili ovoidni,
dijametra0,6-1pm, rasporedeni u parovimailancimarazli¢ite duzine. Za dokazivanje
Str. agalactiae se koristi CAMP test. Ovim testom se otkriva prisustvo CAMP
faktora (Christie, Atkins and Munch Peterson) — ekstracelularni proteina koji
pojacava beta hemolizu S. aureus. Pozitivan je kod Str: agalactiae. Test se izvodi
povlacenjem stafilokokne kulture uzduz krvnog agara sa 10% ovcije krvi, a zatim
okomito na nju zasijava se ispitivani soj streptokoka u vidu crte pocevsi od kraja
ploce do blizu stafilokokne crte. Za izvodenje ovog testa potreban je soj S. aureus
sa dvostrukom zonom hemolize. Nakon inkubacije na 35-37°C tokom 24 sata
posmatra se da li je u blizini stafilokokne crte doSlo do kopljastog pojacanja
hemolize streptokoka (Maksimovi¢ i Rifatbegovi¢, 2015). Dalja identifikacija
zasnivala se na analizi potvrdnog testa za prisustvo intestinalnih enterokoka
razgradnjom eskulina. Jedna tipi¢na kolonija se subkultivirala na zu¢ eskulin agar i
inkubirala na 44°C tokom 48 sata. Identifikacija izolata do nivoa vrste zasnivala se
na bojenjem preparata po Gramu, negativnom testu katalaze i biohemijskom testu
razgradnje Secera (sorbitola i arabinoze). Sterilnom ezom jedna kolonija prenesena
je u epruvete u kojima su se nalazili navedeni Seceri, a potom su epruvete stavljane
na inkubaciju preko noc¢i na temperaturi od 37°C. Pozitivna reakcija se ocitavala u
vidu promjene boje Secera iz ruzicaste u crvenu, uz uocljivo zamuéenje, $to je
glavni identifikacioni faktor kojim je moguce razlikovati dvije vrste, Enterococcus
faecalis 1 Enterococcus faecium. Enterococcus faecalis ima moguénost razgradnje
sorbitola, ali ne razgraduje arabinozu, dok FEnterococcus faecium razgraduje
arabinozu, ali ne razgraduje sorbitol. Izolacija i identifikacija E. coli iz uzoraka
sekreta vimena takoder je izvodena na nacin da se uzorak zasijava i inkubira na
krvnoj podlozi 24 sata na 37°C, a nakon inkubacije na plo¢ama je porast velikih,
glatkih, sjajnih i okruglih kolonija. Karakteristicne kolonije se presijavaju na
MacConkey agar. Na MacConkey agaru kolonije mijenjaju boju u ruzicastu uslijed
fermentacije laktoze. Identifikacijom mikroskopskim preparatom bojenim po
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Gramu vidljive su Gram negativne bakterije oblika pravih Stapiéa, rasporedene
pojedinacno ili u parovima. Za dalju identifikaciju koriSten je API 20 E test
(BioM¢érieux, 2002) koji je standardizirani sistem identifikacije Enterobacteriaceae
1 drugih Gram negativnih bakterija. API 20 E traka sastoji se od 20 mikro epruveta
koje sadrze dehidrirane supstrate. Ovi testovi su inokulirani bakterijskom
suspenzijom koja rekonstituira medij. Tokom inkubacije dolazi do promjene u boji
koje se otkrivaju spontano ili dodatkom reagensa. Reakcije se is¢itavaju u skladu s
prilozenom tabelom, a identifikacija se vrs$i pozivanjem na Analiti¢ki indeks profila
ili pomoc¢u softvera za identifikaciju. Test oksidaze se mora izvesti u skladu s
uputama proizvodaca. Rezultat treba zabiljeziti na rezultatskom listu jer je to
sastavni dio zavrSnog profila (Schuster, 1997). Ispitivanje osjetljivosti na antibiotike
i eteri¢na ulja vrSeno je na tri bakterijska izolata, a koristila se Disk difuziona
metoda prema CLSI M02-A11 standardu (Clinical and Laboratory Standards
Institute) (CLSI, 2012) uz upotrebu antibiogram diskova (Conda pronadisa, Micro
& Molecular Biology, Spain): Amoxicillin/clavulanic acid 30pg, Amoxicillin 30pg,
Cephalexin 30ug, Doxycycline 30ug, Enrofloxacin 10pg, Gentamicin 30pg,
Lincomycin 30pg, Oxytetracycline 30ug, Penicillin 10pg, Trimethoprim/
sulphamethoxazol 25ug. Interpretacija kategorija vrsila se prema istom standardu
(CLSI, 2014). Disk difuziona metoda zbog svoje se jednostavnosti ve¢ dugi niz
godina rutinski koristi za odredivanje osjetljivosti bakterija na antibiotike. Inokulum
se priprema razblazivanjem 18-24-satne Ciste bakterijske kulture. Ezom se pikira
4-5 kolonija i prenese u 5 ml fizioloskog rastvora. Suspenzija se vorteksira, a potom
se gustina suspenzije (turbiditet) podesava poredenjem sa 0,5 McFarland
standardom. Inokulum se zasijava brisom, ezom ili staklenim Stapi¢em ravnomjerno
na povrsinu podloge (Bauer, 1966). Poslije zasijavanja inokuluma pozeljno je da
podloga stoji 10-15 minuta na sobnoj temperaturi da bi se povrSina osuSila.
Postavljanje diskova izvodi se dispenzerom ili sterilnom pincetom. Razmak izmedu
diskova je najmanje 3 cm, a rastojanje od ivice posude najmanje lcm. Na plocu
prec¢nika 10 cm nanosi se maksimalno 6 diskova. Zasijane podloge sa postavljenim
diskovima antibiotika se inkubiraju na odgovarajucoj temperaturi u aerobnim,
mikroaerofilnim ili anaerobnim uslovima, zavisno od vrste bakterija koje se ispituju,
aploce su okrenute poklopcem na gore. Buduéi da debljina i sastav hranjive podloge
mogu uticati na rezultate, postupak se izvodi u skladu s nacelima koja ujednacuju
metodologiju izvodenja. Nakon inkubacije na 37°C tokom 24 sata, mjeracem sa
milimetarskom podjelom se mjeri pre¢nik zone inhibicije rasta ispitivanog
bakterijskog soja za pojedine antibiotike. Prema CLSI M02-A11 standardu, na
osnovu izmjerenih vrijednosti pre¢nika zone inhibicije rasta, vrSi se procjena
stepena osjetljivosti i svrstavanje u jednu od tri kategorije: S (sensitive) — osjetljiva
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- infekcija izazvana osjetljivim sojem lijeci se uobic¢ajenim (optimalnim) terapijskim
dozama.; I- (intermediate) — umjereno osjetljiva - infekcija izazvana umjereno
osjetljivim sojem lijeci se viSim terapijskim dozama antibiotika; R-(resistant) —
otporna - infekcija izazvana rezistentnim sojem ne moze se lijeciti ispitivanim
antibioticima. Za ispitivanje antimikrobne osjetljivosti bakterija na tri eteri¢na ulja
Thymus serpyllum, Origanum majorana 1 Origanum compactum (Fadli, 2012)
koriSteno je po 10 izolata koagulaza negativnih stafilokoka (KNS), Enterococcus
faecalis i E. coli. Bakterije su kultivirane na Baird-Parker agar, Slanetz Bartley agar
i MacConkey agaru preko noci, za dobijanje pojedinac¢nih kolonija. Zatim su
kolonije suspendovane u 0,9% sterilnoj fizioloskoj otopini da bi se postigla
zamucenost jednaka 0,5 McFarlandovom standardu (10® CFU/ml). Nakon toga
Mueller Hinton agar je inokuliran bakterijskom suspenzijom. Na svaku plocu
naneseno je 50ul za svako etericno ulje u bunaréi¢e promjera 6mm. Ploce su
inkubirane 24 sata na 35°C. Interpretacija rezultata provedena je mjerenjem
promjera zona inhibicije u milimetrima. Kriteriji za procjenu antimikrobne
osjetljivosti etericnih ulja predvidaju da zona inhibicije manja od 10 mm ukazuje na
neosjetljivost i otpornost bakterija na eteri¢no ulje, 10 do 15 mm ukazuje na slabo
antimikrobno djelovanje ulja, 16 do 20 mm na umjereno antimikrobno djelovanje i
zona od 20 mm na naglaseno antimikrobno djelovanje. Mikrodilucioni test u bujonu
(MIC) i odredivanje minimalne baktericidne koncentracije antimikrobnih supstanci
(MBC) vrsilo se prema standardu (Lambert, 2001). MBC se izvodio nakon
odredivanja MIC vrijednosti, presijavanjem bakterija iz bazenci¢a mikrotitracione
plo¢e na Mueller Hinton agar i to kako iz bazenci¢a MIC vrijednosti tako i iz
bazencica Cetiri naredne viSe koncentracije. Difuzioni test se koristio i za odredivanje
antimikrobnog efekta etericnih ulja origana i timusa na bakterijske izolate (Choi i
sur.,, 2012). Mikrodilucionom metodom se odredivala minimalna inhibitorna
koncentracija (MIC) koja predstavlja najnizu testiranu koncentraciju etericnog ulja
na kojoj nema vidljivog rasta. Ova metoda se izvodi na mikrotitar plo¢ama koje
sadrze 96 bunarci¢a koriStenjem MH bujona, bakterijske suspenzije i razliitih
koncentracija etericnog ulja. Ocitavanje minimalne inhibitorne koncentracije
omogucila je upotreba indikatorske supstance 2,3.5-triphenyltetrazolium chloride
(TTC solucija) koja uslijed jasne promjene boje, izazvane promjenom pH vrijednosti
tokom rasta kulture, olakSava ocitavanje dobijenih rezultata. Sinergisticki efekat
izmedu eteri¢nih ulja na bakterijske izolate uzro¢nike mastitisa krava odredivao se
checkerboard metodom. Ovom metodom odreduje se interakcija i jacina dvije
ispitivane supstance kada se koriste istovremeno, odnosno potencijalna mo¢ dva
eteri¢na ulja kao i eteri¢nih ulja i antibiotika u usporedbi sa njihovim pojedina¢nim
uc¢inkom. Dakle, ovom metodom odreduje se interakcija i jacCina dvije testne
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supstance (A i B) kada se koriste istovremeno, §to se izrazava kao FIC vrijednost
(frakcionarna inhibitorna koncentracija). Antibiotik je u ovom slucaju oznacen kao
supstanca A, dok je eteri¢no ulje predstavljalo supstancu B. Na osnovu prethodno
odredenih MIK vrijednosti, napravljene su serije standardnih razblazenja supstanci
A1 B u cilju ispitivanja njihove kombinovane interakcije (pocetne koncentracije za
pripremu razblazenja su MIK vrijednosti testiranih supstanci i opadale su
horizontalno u mikrotitar ploci za antibiotik, a vertikalno za eteri¢no ulje). Nakon
pripreme serijskih razblazenja antimikrobnih agenasa u mikrotitar plo¢ama,
pripremljene su i dodate bakterijske suspenzije testiranih sojeva na isti nac¢in kao i
u testovima za ispitivanje antimikrobne aktivnosti pojedina¢nih agenasa. U
mikrotitar plo¢u sa 96 bunarci¢a, dodavano je odredenim redoslijedom po 90 uL
inokuliranog MH bujona i 10 pL serijskog razblazenja kombinacije supstanci A i B.
Konaéni volumen u svakom bunarc¢icu bio je 100 pL, krajnja gustoca bakterijskih
stanica je 10° CFU/ml. Mikrotitar ploce su inkubirane preko no¢ina 35 °C, a rezultati
su ocitavani na ve¢ opisan nacin uz dodatak TTC. Najmanja koncentracija agenasa
u kombinaciji potrebna da sprije¢i pojavu crvene boje smatrana je vrijednoséu MIK.
Dobijene MIK vrijednosti testiranih kombinacija su koristene za odredivanje FIC
indeksa i interpretaciju tipa interakcije izmedu antimikrobnih agenasa. U uzorcima
mlijeka analizirali smo i ukupan broj somatskih stanica instrumentalnom metodom
brojanja sa aparatom Fossomatic (Fossomatic brojanje).

REZULTATI

Prema KMT na podrucju Kalesije identifikovano je neispravnih 41 od ukupno 100
obradenih uzoraka (25 ih je bilo u tragovima, slabo pozitivnih je bilo 23, a umjereno
pozitivnih 17, jako pozitivnih 1). Na podruc¢ju Kalesije nije bilo slu¢ajeva klinickog
mastitisa. S obzirom da je KMT orijentacijski postupak kojim se neizravno mozZe
dobiti uvid u broj somatskih stanica, zanimala nas je usporedba rezultata dobivenih
postupkom KMT i pomocu Fossomatic brojanja.

U Tabeli 1 dat je uporedni prikaz rezultata KMT testa 1 Fossomatic brojanja za
podrucje Kalesije.
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Tabela 1 Uporedni prikaz rezultata BSS KMT testa i instrumentalne metode — podrucje

Kalesija
Pr.OCJ ena rezultata Broj S.r.ednj a Procjena reakcije Broj S.r.ednj 4
instrumantalna soraka | VU ednost KMT uzoraka vrijednost
metoda Y BSS BSS
negativan (-) 47 119.124 negativno (-) 34 241.778
slabo pozitivan (+) 17 386.273 | utragovima (+/-) 25 337.561
pozitivan (++) 19 1.259.682 |slabo pozitivno (+) 23 906.385
jako pozitivan umjereno
() 17 2.832.250 pozitivno (++) 17 1.851.941
jako pozitivno
(++) 1 5.971.000
klini¢ki mastitis 0 0

Geometrijska sredina kod negativnih uzoraka prema instrumentalnoj metodi na
podrucju Kalesije iznosila je 119.124 za 47 uzoraka, dok je prema KMT ista iznosila
241.778 za 34 uzoraka.

U Tabeli 2 dat je uporedni prikaz rezultata KMT testa 1 Fossomatic brojanja za
podruc¢je Gradacca.

Tabela 2 Uporedni prikat rezultata BSS KMT testa i instrumentalne metode — podrucje

Gradacca
Pr.OCJ ena rezultata Broj Srednja Procjena Broj S'l.rednj a
instrumantalna . .. vrijednost
uzoraka | vrijednost | reakcije KMT | uzoraka
metoda BSS
negativan (-) 49 205.846 negativno (-) 35 125.090
slabo pozitivan (+) | 7 373333 | ¢ tr?f‘/’_v)‘ma 19 267.231
pozitivan (+-+) 21 938.500 | S1abo ?i)zmvno 16 841.263
Jako pozitivan umjereno
() 23 8.422.000 pozitivno () 27 1.447.867
jako pozitivno
(++) 2 6.474.000
klini¢ki mastitis 1 6.290.000
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Geometrijska sredina (srednja vrijednost) broja somatskih stanica na podrucju
Gradacca, kod negativnih uzoraka, prema KMT iznosila je 125.090 za 35 uzoraka,
dok je kod instrumentalne metode iznosila 205.846 za 49 uzoraka. U skladu s
Pravilnikom o sirovom mlijeku (Propis, 2011) uzorci su obradeni instrumentalnom
metodom, a sa geometrijskom sredinom 400.000 BSS/ml i vise stavljeni su van
klase i takvo mlijeko je povuceno iz otkupa.

KNS kao uzro¢nik mastitisa identifikovan je u 8,5% uzoraka (17/200) (Tabela 3).

Tabela 3 Tabelarni prikaz KNS izolovanih iz sekreta vimena krava

- %izolata sa podrucja %izolata sa podrucja
Uzrotnik Kalesije Gradacca
KNS 8 9

Enterococcus faecalis kao uzro¢nik mastitisa identifikovan je u 5% uzoraka (10/200)
(Tabela 4).

Tabela 4 Tabelarni prikaz Enterococcus faecalis izolovanih iz sekreta vimena krava

Uzroénik %izolata sa podrucja %izolata sa podrucja
Kalesije Gradacca
Enterococcus faecalis 6 4

E. coli kao uzro¢nik mastitisa identifikovan je u 26% uzoraka (52/200) (Tabela 5).

Tabela 5 Tabelarni prikaz E. coli izolovanih iz sekreta vimena krava

Usroénik %izolata sa %izolata sa
podrucja Kalesije podru¢ja Gradacéca
E. coli 22 30

Iz rezultata brojanja somatskih stanica instrumentalnom metodom Fossomatic
aparatom 1 izolacije uzrocnika (Tabela 6) jasno se vidi da su uzorci sa poveéanim
BSS takoder i prema bakterioloSkom nalazu bili neispravni, te da su bakterije razlog
povecanja istih.




Berepunapcku :xkypuaa Penyosiuke Cpncke (bama Jlyka), Boa. XXIII, bp.1-2, 59-81, 2023.
Huremovi¢: 69
Osjetljivost bakterijskih sojeva izolovanih u slu¢ajevima mastitisa krava na antibiotike i eteri¢na ulja

Tabela 6 Uporedni prikaz rezultata somatskih stanica instrumentalnom metodom i
izolovanih uzro¢nika mastitisa

Podrucje Gradacca Podrucje Kalesije
% neispravnih . .
p . Ukupan % neispravnih uzoraka Ukupan
uzoraka utvrdenih . o .
. broj utvrdenih instrumentalnom broj
instrumentalnom . . . . . .
. izolovanih | metodom brojanja somatskih izolovanih
metodom brojanja . . .
: : uzro¢nika stanica uzrocnika
somatskih stanica
44 43 36 36

Za ispitivanje profila osjetljivosti izolata Koagulaza negativnih stafilokoka,
Enterococcus faecalis 1 E. coli na antibiotike analizirano je po 10 izolata od svake
vrste. Rezultati su predstavljeni u Tabeli 7, 8 1 9. Interpretacija rezultata provedena
je mjerenjem promjera zona inhibicije u milimetrima.

Tabela 7 Osjetljivost izolata KNS na antibiotike

KNS |AMC | AX |CEF| DO |[ENR|{GM | L | T | P |TMP
1 S R R R S R R | R | S S
2 S R R R S R R |R | S R
3 S R R R S R R | R | R R
4 S R R R S R R | R | R R
5 S R R R S R R | R | R S
6 S R R R S R R | R | S R
7 S R R R S R R | R| R R
8 S R R R S R R | R | S R
9 S R R R S R R | R| R R
10 S R R R S R R | R | R S

R —rezistencija na antibiotik; S — osjetljivost; AMC - amoxicillin/clavulanic acid; AX — amoxicillin;
CEF - cephalexin; DO — doxycycline; ENR — enrofloxacin; GM — gentamicin; L — lincomycin; T —
oxytetracycline; P— penicillin; TMP - trimethoprim/sulphamethoxazol

Svih deset izolata KNS pokazalo je osjetljivost na AMC i ENR, Cetiri izolata KNS
bila su osjetljiva na penicillin 10pg, dok je ostalih Sest izolata bilo rezistentno.
Tri izolata bilo je osjetljivo na TMP, dok je sedam ostalih izolata bilo rezistentno
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na ovaj antibiotik. 100% rezistentnost KNS je pokazao na AX, CEF, DO, GM, L
i T. Rezistencija na penicillin ustanovljena kod 6 izolata (60%), a na TMP kod 7
izolata (70%). Najveca rezistencija (100%) Enterococcus faecalis ustanovljena je
na antibiotike AMC, AX, CEF, ENR, TMP, zatim na linkomicin (80%) i penicilin
(60%). Najveca osjetljivost (100%) Enterococcus faecalis ustanovljena je na
antibiotike doxycycline i gentamicin, $to je prikazano u Tabeli 8.

Tabela 8 Osjetljivost izolata Enterococcus faecalis na antibiotike

En leVOCO?CuS AMC| AX |CEF | DO |ENRIGM!| L | T | P | T™MP
faecalis
L R |R|R|S|R|S|S|S|[R| R
3 R |R|R|S|R|S|R|R[S]| R
3 R |R|R|S|R|S|R|R|R|R
4 R |[R|R|S|R|S|R|R|R|R
3 R |R|R|S|R|S|S|S|S|R
6 R |R|R|S|R|S|R|R|S|R
7. R |/R|R|S|R|S|R|R|R|R
8. R | R| R[S R | S|R|S|S| R
9. R | R| R[S R | S|R|S|R| R
10. R |R|R|S|]RJ|JS|RJR|JRJ R

R —rezistencija na antibiotik; S — osjetljivost; AMC - amoxicillin/clavulanic acid; AX — amoxicillin;
CEF - cephalexin; DO — doxycycline; ENR — enrofloxacin; GM — gentamicin; L — lincomycin; T —
oxytetracycline; P — penicillin; TMP - trimethoprim/sulphamethoxazol

Ispitivanjem osjetljivosti izolata E. coli na antibiotike ustanovljena je 100%
osjetljivost na AMC, AX i penicillin, zatim na ENR (60%). Najveca rezistencija E.
coli na antibiotike je ustanovljena na CEF, DO, GM, L, T, TMP, sto je prikazano u
Tabeli 9.
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Tabela 9 Osjetljivost izolata E. coli na antibiotike

E. coli
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10. S S
R —rezistencija na antibiotik; S — osjetljivost; AMC - amoxicillin/clavulanic acid; AX — amoxicillin;
CEF - cephalexin; DO — doxycycline; ENR — enrofloxacin; GM — gentamicin; L — lincomycin; T —
oxytetracycline; P — penicillin; TMP - trimethoprim/sulphamethoxazol

Profili osjetljivosti izolata KNS na etericna ulja odredeni su disk-difuzionom
metodom i prikazani u Tabeli 10. Najveci antimikrobni potencijal na izolate KNS
imaju eteri¢na ulja Origanum compactum i Thymus serpyllum. Svih deset izolata
je pokazalo osjetljivost na ova eteriéna ulja. Cetiri izolata su bila osjetljiva i Sest
izolata umjereno osjetljiva na eteri¢no ulje Origanum majorana.

Tabela 10 Osjetljivost izolata KNS na eteri¢na ulja

KNS O. compactum | O. majorana T. serpyllum
I. S S S
2. S I S
3. S I S
4, S I S
5. S I S
6. S S S
7. S I S
8. S I S
9. S S S
10. S S S

R —rezistencija; S — osjetljivost; I (intermediate) — umjereno osjetljiva
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Profil osjetljivosti Enterococcus faecalis na eteri¢na ulja disk difuzionom metodom
prikazan je u Tabeli 11.

Tabela 11 Osjetljivost izolata Enterococcus faecalis na eteri¢na ulja

Enterococcus faecalis | O. compactum O. majorana T serpyllum
1. S R S
2 R R I
3 S R S
4 S R S
5 S R I
6 S R S
7 S R S
8 S R S
9. S R S
10. S R S

R —rezistencija; S — osjetljivost; I (intermediate) — umjereno osjetljiva

Kod izolata Enterococcus faecalis drugi uzorak je pokazao rezistentnost na
eteri¢na ulja Origanum compactum 1 Origanum majorana, dok su svi ostali izolati
pokazali rezistentnost samo na djelovanje eteri€nog ulja Origanum majorana.
Osam izolata Enterococcus faecalis bili su osjetljivi na djelovanje eteri¢nog ulja
Thymus serpyllum, dok su dva izolata pokazala umjerenu osjetljivost. Origanum
compactum je imao bolje antimikrobno djelovanje na izolate Enterococcus faecalis
od etericnog ulja Thymus serpyllum.

Profil osjetljivosti E. coli na eteri¢na ulja disk-difuzionom metodom prikazan je u
Tabeli 12. Najveci antimikrobni potencijal na izolate E. coli imala su eteri¢na ulja
Origanum compactum 1 Thymus serpyllum, dok je etericno ulje Origanum majorana
imalo umjereno osjetljivo dejstvo na 6, a rezistentno na 4 izolata (Tabela 12).
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Tabela 12 Osjetljivost izolata E. coli na eteri¢na ulja

E. coli O. compactum | O. majorana T. serpyllum
1. S R S
2. S I S
3. S R S
4. S R S
5. S I S
6. S R S
7. S I S
8. S I S
9. S I S
10. S I S

R —rezistencija; S — osjetljivost; I (intermediate) — umjereno osjetljiva

U ovom radu odredene su minimalne inhibitorne koncentracije (MIK) i minimalne
baktericidne koncentracije (MBK) za tri vrste eteri¢nih ulja O. compactum, O.
majorana i T. serpyllum testirane na tri izolata i to E. coli izolat br. 10, KNS izolat
5 1 Enterococcus faecalis izolat 10. Svih 10 izolata E. coli i KNS pokazali su
osjetljivost na sve tri vrste etericnih ulja O. compactum, O. majorana i T. serpyllum.
Medutim svih 10 izolata Enterococcus faecalis bilo je rezistentno na etericno ulje
O. majorana, te zbog toga minimalnu inhibitornu i baktericidnu koncentraciju nije
bilo moguc¢e odrediti. U Tabeli 13. su prikazane MIK i MBK testiranih eteri¢nih
ulja.

Tabela 13 MIK i MBK eteri¢nih ulja testiranih na 3 izolata E. coli, KNS i Enterococcus

faecalis

Eteri¢no ulje O. compactum O. majorana T serpyllum

Izolat MIK MBK MIK MBK MIK MBK
(mg/ml) | (mg/ml) | (mg/ml) | (mg/ml) | (mg/ml) | (mg/ml)

E.coliizolat 10 12 21 28,6 43 26 39
KNS izolat 5 14 21 17,2 43 19,5 39
Enterococcus
faecalis izolat 10 10,5 168 R R 17,2 43
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Iz priloZenih rezultata moze se uociti da etericno ulje O. compactum ima najnize
minimalne inhibitorne i minimalne baktericidne koncentracije, te je identifikovano
kao ulje sa najjacom antimikrobnom aktivnos¢u na sva tri testirana izolata. MIK
vrijednosti za O. compactum se kre¢u od 10,5 mg/ml do 14 mg/ml, za razliku od O.
majorana kod kojeg je najniza MIK vrijednost 17,2 mg/ml i 7. serpyllum koji ima
najnizu MIK vrijednost takoder od 17,2 mg/ml.

Minimalne inhibitorne 1 minimalne baktericidne koncentracije za antibiotik
amoxicillin/clavulanic acid su pokazale najvecu antimikrobnu aktivnost na
testirane izolate. Svih 10 izolata E. coli 1 svih 10 izolata KNS bilo je osjetljivo
na antibiotik amoxicillin/clavulanic acid, te je zbog toga ovaj antibiotik izabran
za dalje testiranje. Medutim svih 10 izolata Enterococcus faecalis pokazalo je
rezistenciju na ovaj antibiotik, te na ovom izolatu nije vrSeno odredivanje MIK
1 MBK vrijednosti navedenog antibiotika. MIK 1 MBK vrijednosti amoxicillin/
clavulanic acid testirane su na dva izolata, a to su £. coli izolat 10 1 KNS izolat 5. 1z
priloZenih rezultata moze se uociti da antibiotik amoxicillin/clavulanic acid pokazuje
znatno nize MIK 1 MBK vrijednosti u odnosu na eteri¢na ulja. Takav rezultat se 1
ocekivao s obzirom da je ovaj antibiotik poznat kao izrazito jako antibakterijsko
sredstvo. Medutim ne treba zanemariti antibakterijsku aktivnost etericnih ulja, te
ih treba uzeti u razmatranje kao moguca alternativna antibakterijska sredstva, jer
je dokazano da izrazito dobro djeluju na izolate testirane u ovom radu. Ukupno 3
izolata (E. coliizolat 10, KNS izolat 5 1 Enterococcus faecalis 1zolat 10) analizirano
je radi utvrdivanja sinergistiC¢kog efekta eteri¢nih ulja 1 antibiotika (FIC). Interakcije
izmedu antimikrobnih agenasa u kombinaciji odredene su nakon odredivanja MIK
vrijednosti izra¢unavanjem indeksa frakcione inhibitorne koncentracije (FICI)
za svaku kombinaciju antimikrobnih agenasa (O. compactum + O. majorana, O.
compactum + T. serpyllum, O. majorana + T. serpyllum) prema sljede¢oj formuli:

FIC antimikrobnog agensa A = MIC agensa A u kombinaciji / MIC samog agensa A
FIC antimikrobnog agensa B = MIC agensa B u kombinaciji / MIC samog agensa B
FICI (FIC indeks) = FIC agensa A + FIC agensa B

Dobijene vrijednosti FIC indeksa su interpretirane na slijedec¢i nacin:

- sinergisticki efekat agenasa FICI < 0,5

- aditivan efekat agenasa 0,5 < FICI < 1,0

- indiferentan efekat agenasa 1,0 < FICI <4,0

- antagonisticki efekat agenasa FICI > 4,0 (62).
Svi eksperimenti su izvedeni u dva nezavisna ponavljanja. Dobiveni rezultati
predstavljeni su u Tabeli 14 1 na Slici 2.
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Tabela 14 Sinergisticki efekat izmedu eteri¢nih ulja
O. compactum O. compactum O. majorana
Izolati + + +
O. majorana T. serpyllum T serpyllum
E. coliizolat | FIC Efekat FIC Efekat FIC Efekat
10 0,31 | SINERGIZAM |0,13 |SINERGIZAM | 0,18 | SINERGIZAM
FIC Efekat FIC Efekat FIC Efekat
KNS izolat 5
0,18 | SINERGIZAM | 0,21 |SINERGIZAM | 0,20 | SINERGIZAM
faecalis
izolat 10 1 |INDIFERENTAN| 0,16 |SINERGIZAM| 1 |INDIFERENTAN

FIC — Frakciona inhibitorna zona
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Slika 2 Sinergisti¢ka interakcija izmedu eteri¢nih ulja O. compactum i T. serpyllum
identificirana na izolatu Enterococcus faecalis br. 10. FIC indeks 0,16.

Sva tri etericna ulja (O. compactum, O. majorana i T. serpyllum) testirana na E. coli
izolat 10, KNS izolat 5, Enterococcus faecalis izolat 10 pokazala su medusobnu
interakciju oznacenu kao sinergizam. Kombinacije sva tri etericna ulja nisu
prelazile FIC vrijednosti ve¢e od 0,5, pri ¢emu su interakcije ovih eteri¢nih ulja
oznacene kao sinergisticke, $to znaci da pojedine komponente jednog eteri¢nog ulja
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znatno pojacavaju efekat drugog eteri¢nog ulja, te daju zajednicki pozitivni efekat.
Izuzetak je izolat Enterococcus faecalis 10, kod kojeg je kombinacija etericnog
ulja O. compactum sa O. majorana, 1 kombinacija O. majorana sa T. serpyllum
identificirana kao indiferentna. Kako je ranije navedeno, ovaj soj je bio rezistentan
na eteri¢no ulje O. majorana, te mjeSavina ovog ulja sa druga dva (O. compactum
ili " serpyllum) nije dala pozitivnu interakciju izmedu ulja. Efekat ove kombinacije
je indiferentan, $to znaci da O. majorana, bez obzira §to je u kombinaciji sa nekim
drugim uljem, ne pokazuje antimikrobno djelovanje na ovaj izolat.

DISKUSIJA

Mastitis je najcesca bolest mlije¢nih krava i ima dobro prepoznate Stetne efekte
na dobrobit Zivotinja 1 profitabilnost farmi mlije¢nih proizvoda. Potpunije
razumijevanje mastitisa nije bilo moguce sve dok se nije razvio mikroskop, koji je
omogucio otkrivanje mikroorganizama koji su primarni etioloSki agensi. Po¢etna
briga oko mastitisa temeljila se na javnom zdravlju i bila je usmjerena na smanjenje
broja bakterija u sirovom mlijeku (Choi 1 sur., 2012). Razvoj pouzdanih testova za
otkrivanje mastitisa je prioritet za istrazivace, kojim Zele osigurati javnu sigurnost,
proizvoditi visokokvalitetne mlije¢ne proizvode i1 imati prakticna sredstva za
upravljanje kravama oboljelim od mastitisa. Metode detekcije ukljucuju direktno
mikroskopsko ispitivanje, brojanje somatskih stanica u mlijeku i izolaciju uzro¢nika
(Adkins, 2017) ,¢ime smo se vodili i mi u nasem istrazivanju.

Broj somatskih stanica je dobar pokazatelj vierovatnosti infekcije. Sto je BSS visi,
veca je vjerovatnost da su vime ili pojedine Cetvrti inficirane. Uredbom o nac¢inu
uzimanja uzoraka, razvrstavanju i obracunu cijene mlijeka (Propis, 1994) definisano
je da preradivaci mlijeka u Bosni i Hercegovini mogu otkupljivati samo mlijeko
koje zadovoljava kriterije propisane Pravilnikom o sirovom mlijeku (Propis, 2011).
Klasiranje sirovog mlijeka na prostorima Bosne i Hercegovine vr$i se na osnovu
izraCunate geometrijske sredine za somatske stanice za posljednja tri mjeseca, a
za mikroorganizme za posljednja dva mjeseca. Uzorci sa geometrijskom sredinom
400.000 BSS/ml se stavljaju van klase. Takvo mlijeko se povlaci iz otkupa, a goveda
se nakon analize sekreta vimena terapiraju antibioticima. Nakon provedene terapije
1 karence ponovo se analizira mlijeko na BSS 1 prisustvo antibiotika. Ukoliko je
vrijednost nakon ponovljene analize manja od 400.000 BSS/ml mlijeka, ono se
ponovo vraéa u klasu i otkup. Ukupno 44 od 100 obradenih uzoraka podrucja
Gradacca u naSem istraZivanju instrumentalnom metodom brojanja somatskih
stanica, a sa vrijednosti geometrijske sredine 400.000 BSS/ml i viSe stavljeni su
van klase i takvo mlijeko je povuceno iz otkupa. Sa podrucja Kalesije je 36 uzoraka
od ukupno 100 obradenih uzoraka instrumentalnom metodom brojanja somatskih
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stanica, a sa vrijednos¢u geometrijske sredine 400.000 BSS/ml i vise, stavljeno van
klase i takvo mlijeko je povuceno iz otkupa.

U svom istrazivanju Murphy (1947) je primijetio da viSe od 20 vrsta bakterija moze
uzrokovati mastitis kod krava, a najmanje 99% tih infekcija uzrokuju Str: agalactiae,
drugi streptokoki, stafilokoki i bacili (ukljucujuci koliformne bakterije, Pseudomonas
spp. itd.). Svoje istrazivanje Eberhart (, 1977) je usmjerio ka istrazivanju koliformnih
bakterija kao uzro¢nika mastitisa. Objava njegovog istrazivanja nagovijestila je
svijest o rastu¢oj vaznosti mastitisa uzrokovanog oportunistickim organizmima
iz okoliSa. U istrazivanju koje je radeno 2017. godine u Zenickoj regiji (Bosna i
Hercegovina), najces¢i uzro€nici mastitisa su bili koagulaza negativni stafilokoki
u 13,04% uzoraka, Klebisella pneumoniae u 13,04% uzoraka, Enterococcus spp.
u 8,70% uzoraka, E. coli u 8,70 uzoraka, Enterobacter, Serratia spp. i Yersinia
enterocolitoca u 4,35% uzoraka (Burovi¢, 2020).

Rezultati naseg istrazivanja su pokazali visok procenat bakterijskih uzro¢nika
mastitisa. Uzro€nici mastitisa utvrdeni su kod 43% uzoraka sa podrucja Gradacca i
36% uzoraka sa podrucja Kalesije. Rezultati identifikacije izolata pokazali su da se
8,5% izolata odlikovalo osobinama karakteristicnim za KNS, Enterococcus faecalis
5%, a osobinama karakteristicnim za E. coli se odlikovalo 26%. Ovi rezultati
upucuju da su uzro¢nici mastitisa oportunisticke bakterije iz okolisa. Iz rezultata
brojanja somatskih stanica instrumentalnom metodom Fossomatic aparatom i
izolacije uzrocnika jasno se vidi da su uzorci sa povecanim BSS takoder i prema
mikrobioloskim pokazateljima bili neispravni, te da su bakterije razlog povecanja
istih.

Bakterijski izolati klini¢kog mastitisa su uglavnom osjetljivi na antibiotike koji
se koriste u terapiji, ali zbog sve veéeg selektivnog pritiska zbog nekontrolisane
upotrebe antibiotika u veterinarskoj medicini, procenat rezistentnih sojeva
uzrocnika mastitisa je u stalnom porastu. Dodatna paznja treba biti usmjerena
na upravljanje stadom, s posebnim naglaskom na higijenu. Upotreba bakterijske
izolacije 1 ispitivanja antimikrobne osetljivosti su ipak od izuzetnog znacenja za
izbor tretmana i nadzor antimikrobne rezistencije. Koagulaza negativni stafilokoki
kod nas su izolirani u 8,5% slucajeva. Oni su najcesc¢i izolat mastitisa goveda u
mnogim zemljama i opisani su kao novi patogeni mastitisa. Na osnovu sadasnjeg
znanja, tesko je utvrditi ponasaju li se koagulaza negativni stafilokoki kao zarazni
ili okolisni patogeni (Petrovi¢, 2006). Pitkdld i sur. (2004) su pokazali da je
Enterococcus spp. osjetljiv na penicilin 1 ampicilin, a studija Lambert i sur. (2001)
pokazala je osjetljivost na ampicilin i otpornost na tetraciklin, dok su svi nasi izolati
Enterococcus faecalis pokazali osjetljivost za doxycycline 1 gentamicin, a potpunu
rezistenciju na amoxicillin /clavulanic acid.

U novije vrijeme brojni autori su se bavili i prouavanjem efikasnih alternativa
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antibioticimaulije¢enju mastitisa kod krava. U tom smislu etericnauljasu se pokazala
sigurnom alternativom, jer su nakon duzeg izlaganja pokazala dobre antimikrobne
karakteristike (Lambert 1 sur.,, 2001). Prethodna istrazivanja su pokazala kako
etericno ulje origana ima dobra antimikrobna svojstva kod svih Staphylococcus
vrsta koje su bile rezistentne na antibiotike, te kod E. coli koja je bila rezistentna na
vise lijekova u lijeCenju mastitisa kod krava. Antibakterijski mehanizam eteri¢nog
ulja origana poti¢e povecanje propusnosti bakterijske membrane, Sto dalje utice
na homeostazu pH i ravnotezu anorganskih iona. Fenolni spojevi etericnog ulja
origana inhibiraju rast bakterija mijenjanjem povrSine bakterijskih stanica, Sto
moze inhibirati prijanjanje bakterija na epitelne stanice vimena. Postoji mnogo
studija u svijetu za procjenu antimikrobnog djelovanja eteri¢nih ulja na uzroc¢nike
mastitisa, a za mnoga etericna ulja i njthove komponente utvrdivane su i minimalne
inhibitorne 1 minimalne baktericidne koncentracije.

Prema istrazivanju Choi 1 sur. (2012), origano eteri¢no ulje koje se ubrizgavalo u
upaljene Cetvrtine vimena dva puta dnevno tokom 3 dana u pojedinacnoj i dvostrukoj
dozi dovelo je do poboljSanja stanja vimena. BSS se zna¢ajno smanjio u usporedbi s
onima prije lijeCenja, a takoder S. aureus 1 E. coli nisu otkriveni u mlijeku cetvrtog
dana nakon tretmana. U literaturi postoji mali broj podataka o uticaju eteri¢nih ulja
kod terapije mastitisa goveda u Bosni i Hercegovini. Rezultati naseg istrazivanja su
pokazali da najve¢i antimikrobni potencijal na izolate KNS, uzro¢nika mastitisa,
imaju etericna ulja Origanum compactum 1 Thymus serpyllum, dok su ovi izolati
pokazali umjerenu osjetljivost na eteri¢no ulje Origanum majorana. Takoder
etericno ulje Origanum compactum je ispoljilo visok antimikrobni uc¢inak na
izolate Enterococcus faecalis 1 E. coli, a eteri¢no ulje Origanum majorana imalo
je umjereno osjetljivo dejstvo. U istrazivanjima u kojima se poredi antibakterijsko
djelovanje etericnih ulja sa antibioticima, vrijednosti MIC aktivnih komponenti
eteri¢nih ulja visestruko prevazilaze MIC antibiotika. Takoder iz rezultata naseg
istrazivanja moze se uociti da antibiotik amoxicillin/clavulanic acid pokazuje
znatno nize MIK 1 MBK vrijednosti u odnosu na etericna ulja. Takav rezultat se
1 o¢ekivao s obzirom da je ovaj antibiotik poznat kao izrazito jako antibakterijsko
sredstvo. Medutim ne treba zanemariti antibakterijsku aktivnost etericnih ulja, te
ih treba uzeti u razmatranje kao moguca alternativna antibakterijska sredstva, jer
je dokazano da imaju izrazito visok antimikrobni potencijal na izolate testirane u
ovom radu.

Mnoga eteri¢na ulja imaju znacajne antibakterijske, protugljivi¢ne 1 protuupalne
ucinke. Neke od njihovih glavnih komponenata, poput terpinen-4-ol, djeluju
inhibirajuéi proupalnu ekspresiju citokina, stimuliraju¢i proizvodnju protuupalnih
citokina. Takva se opazanja mogu iskoristiti za poticanje bioterapije protiv
mastitisa. Upotreba sintetickih antibiotika sve se viSe obeshrabruje, jer njihova
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prisutnost u mlijeku moze imati potencijalne posljedice na zdravlje stanovnistva i
poljoprivredno-prehrambeni lanac (Souza i sur., 2013).

ZAKLJUCAK

Na osnovu rezultata ispitivanja izvedeni su slijede¢i zakljucci:

1.

Iz rezultata brojanja somatskih stanica instrumentalnom metodom
Fossomatic aparatom (40% neispravnih uzoraka) i izolacije uzro¢nika
(79 identifikovanih uzro¢nika) jasno se vidi da su uzorci sa povecanim
BSS takoder i prema mikrobioloskim pokazateljima bili neispravni, te da
su bakterije razlog povecanja istih. Na osnovu nasih rezultata, a shodno
Pravilniku o sirovom mlijeku, ukupno 40% uzoraka mlijeka bilo je van
klase i povuceno je iz otkupa, a zatim su oboljela mlijecna grla adekvatno
tretirana antibioticima.

Ispitivanjem osjetljivosti izolata na antibiotike, najveca rezistencija kod
KNS zabiljezena je na antibiotik amoxicillin 30ug, cephalexin 30pg,
doxycycline 30ug, gentamicin 30ug, lincomycin 30pg 1 oxytetracycline
30pg, dok je najveca osjetljivost zabiljezena na amoxicillin/clavulanic
acid 30ug 1 enrofloxacin 10pg. Najveca rezistencija na antibiotike izolata
Enterococcus fecalis zabiljezena je na amoxicillin/clavulanic acid 30ug,
amoxicillin 30pg, cephalexin 30ug, enrofloxacin 10ug, trimethoprim/
sulphamethoxazol 25ug. Osjetljivost kod svih izolata zabiljezena je na
antibiotike doxycycline 30pug 1 gentamicin 30ug.Ispitivanjem osjetljivosti
izolata E. coli na antibiotike ustanovljena je osjetljivost na: amoxicillin/
clavulanic acid 30pg, amoxicillin 30pg, penicillin 10pg. Rezistentnost
kod svih izolata zabiljezena je na cephalexin 30ug, doxycycline 30ug,
gentamicin 30ug, lincomycin 30pg, oxytetracycline 30ug i trimethoprim/
sulphamethoxazol 25ug.

. Najve¢i antimikrobni potencijal su ispoljila etericna ulja Origanum

compactum 1 Thimus serpyllum na izolate KNS (100% osjetljivost), dok je
40% izolata bilo osjetljivi na eteri¢no ulje Origanum majorana, a ostaliizolati
(60%) su bili umjereno osjetljivi na ovo eterino ulje. 1zolati Enterococcus
faecalis (90%) su bili osjetljivi na eteri¢no ulje Origanum compactum, 80%
izolata na Thymus serpyllum, a 100% rezistentnost su pokazali na eteri¢no
ulje Origanum majorana. Najve¢i antimikrobni potencijal su ispoljila
eteri¢na ulja Origanum compactum 1 Thymus serpyllum na izolate E. coli.
Eteri¢no ulje Origanum majorana imalo je umjereno osjetljivo dejstvo na
60% izolata, a 40% izolata je bilo rezistentno na ovo eteri¢no ulje.

4. Ispitivanjem MIK i MBK eteri¢nih ulja na po tri izolata E. coli, KNS i
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Enterococcus faecalis, uoceno je da eteri¢no ulje O. compactum ima najjacu
antimikrobnu aktivnost na sva tri testirana izolata.

5. Svatri eteri¢na ulja (O. compactum, O. majorana i T. serpyllum) testirana na
E. coli izolat 10, KNS izolat 5, Enterococcus faecalis izolat 10 pokazala su
medusobnu interakciju. $to znaci da pojedine komponente jednog etericnog
ulja znatno pojacavaju efekat drugog etericnog ulja, te daju zajednicki
pozitivni efekat. [zuzetak je jedan izolat Enterococcus faecalis. Kombinacija
eteri¢nog ulja O. compactum sa O. majorana 1 kombinacija O. majorana sa
T. serpyllum na izolat Enterococcus faecalis imala je indiferentan efekat,
Sto znaci da O. majorana, bez obzira §to je u kombinaciji sa nekim drugim
uljem, ne pokazuje antimikrobno djelovanje na ovaj izolat.

6. Antibakterijsku aktivnost eteri¢nih ulja treba uzeti u razmatranje, jer moze
predstavljati zanimljiv izbor i alternativu za smanjenje upotrebe antibiotika
u lijecenju Zivotinja oboljelih od mastitisa.

Izjava o sukobu interesa: Autor izjavljuje da ne postoji sukob interesa.
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Summary

Mastitis is an inflammatory reaction of the udder caused by microorganisms, chemical
or mechanical injuries. Bacterial mastitis, caused by several types of bacteria,
is divided into two main groups: contagious mastitis caused by Staphylococcus
aureus, Streptococcus agalactiae, Streptococcus dysgalactiae, Mycoplasma bovis
and mastitis caused by the ubiquitous bacteria Escherichia coli, Pseudomonas
aeruginosa or Proteus spp. Currently, instead of using antibiotics, new strategies
are being sought to reduce this clinical health problem. The aim of this study is
to determine the sensitivity of bacterial strains causing mastitis to antibiotics and
essential oils of oregano (Origanum compactum, Origanum majorana) and thyme
(Thymus serpyllum). Mammary gland secretion samples, obtained by mechanical
and manual methods, from dairy cows from the Kalesija and Gradacac areas were
used. A total of 200 samples from dairy cows in different periods of lactation and
age were examined. Mastitis control included determining somatic cells count in
milk with the California mastitis test, or counting somatic cells on the Fossomatik
apparatus, after which all samples with an increased number of somatic cells were
microbiologically tested. Based on the obtained results, it can be concluded that
there are justified reasons why the use of essential oils should be considered as an
alternative to the use of antibiotics in the therapy of animals suffering from mastitis.

Key words: mastitis, pathogens, antibiotics, essential oils.

INTRODUCTION

Mastitis is an inflammatory reaction of the udder tissue, mostly of microbial
etiology. Infection occurs when an infectious factor penetrates the mammary gland
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through the teat canal, begins to multiply and damage the udder tissue with its
harmful metabolic products. The most common bacterial causes of mastitis are:
Staphylococcus aureus (S. aureus), Streptococcus agalactiae (Str. agalactiae),
Streptococcus uberis, Echerichia coli (E. coli), Pseudomonas aeruginosa (P.
aeruginosa), Proteus species (Bannerman, 2004). As a result of the infection, the
pathogens and their toxins are excreted into the milk, which is than a harmful to the
health of the consumer. In the fight against the causative factor of mastitis, various
strategies are applied, including regular udder health controls, prophylactic therapy
during the dry period, vaccination, as well as the exclusion of diseased animals
from production. When mastitis occurs during lactation, antibiotic therapy is often
used. Long-term use of one antimicrobial substance destroys sensitive strains of
pathogenic bacteria and selection that favors resistant strains of microorganisms
occurs, which over time lead to the resistance. Bacteria have increasing antimicrobial
resistance, and that represent one of the biggest public health problems that attracts
the modern scientific public (Baci¢, 2009). In the antimicrobial therapy of mastitis,
various alternative substances with an antibacterial effect can be used, leading to
the prevention of growth and reproduction or the destruction of the causative factor.
For udder infections, essential oils and/or their active components can be used for
preventive and therapeutic purposes. Essential oils that can be used in mastitis
therapy come from plants such as: coriander (Coriandrum sativum L.), oregano
(Origanum vulgare L.), thyme (Thymus vulgaris L.), rosemary (Rosmarinus
officinalis L.), cinnamon (Cinnamomum zeylanicum Breyn.), sage (Salvia officinalis
L.), thyme (Thymus serpyllum) and cloves (Eugenia caryophyllata Thunb).
Among others, carvacrol, eugenol, cinnamaldehyde and thymol were isolated as
active components of these essential oils. The combined therapy of conventional
antibiotics and essential oils is currently very interesting and represents a potential
area for future research.
The aim of the study is to determine the sensitivity of the bacterial strains causing
mastitis to some antibiotics and essential oils of oregano (Origanum compactum,
Origanum majorana) and thyme (Thymus serpyllum). In order to achieve the goal
of the study, the following tasks were set:

- isolation and identification of the causative factor of subclinical mastitis of

cows using conventional bacteriological techniques,
- determining somatic cells count,
- determining the sensitivity of isolated strains of the causative factor of
mastitis to antibiotics,
- examination of the antibacterial effect of Origanum compactum, Origanum
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majorana and Thymus serpyllum essential oils on isolated strains causing
mastitis,

- determination of minimum inhibitory and minimum bactericidal
concentrations for essential oils and their synergistic effect.

MATERIALS AND METHODS

Mammary gland secretion samples of dairy cows from the Kalesija and Gradacac
areas, obtained by machine milking, were used in this study. Milk samples taken
from 200 dairy cows (100 samples from each area) were analyzed.

Isolation and identification of bacterial strains causing mastitis were carried out
in the bacteriological laboratory of the PI Veterinary Institute of Tuzla Canton,
while testing of the bacterial isolates sensitivity to antibiotics and essential oils
was obtained in the microbiological laboratory of the Faculty of Science and
Mathematics, University of Tuzla.

Milk samples for microbiological tests were taken aseptically, before milking. First,
the udder was washed with warm water and soap, especially the papillae, and wiped
with a clean cloth. Disinfection of the papillae tips was carried out with a cotton
swab soaked in 70% ethanol, using the “to yourself” principle. First the further, and
then closer quarters were disinfected, in order to avoid contamination of the already
disinfected papillae. Three jets of milk were squeezed out of each quarter of the
udder before sampling. After disinfection, each quarter was milked separately into
sterile plastic bottles with a volume of 50 ml (Figure 1). After sampling, the milk
samples were placed in a hand-held refrigerator (temperature 4°C) and transported
to the laboratory for bacteriological examination.

'S

Figure 1 Samples of udder secretions from diseased quarters for bacteriological analysis
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Mastitis control included determining the somatic cells count in milk by the
California mastitis test (CMT) (White et al., 2005), then counting somatic cells
on the Fossomatik apparatus, after which all samples with an increased number of
somatic cells were microbiologically tested.

The somatic cells count (SSC) is an indicator of the hygienic quality of milk and is a
general indicator of the health of the udder. SSC directly indicates the mammary gland
health. Somatic cells in milk originate from the udder and blood, and are most often
leukocytes. An upper limit of 400 000 somatic cells (SS)/ml has been established
for cow’s milk, above which subclinical mastitis occurs. In the milk of healthy
quarters, the number of somatic cells is less than 200 000 per ml, and they consist
of epithelial cells and leukocytes (polymorphonuclear neutrophils, lymphocytes,
macrophages). The Regulation on the method of sampling, classification and
calculation of the price of milk (Regulation, 1994) defines that those who process
milk can only buy milk that meets the criteria prescribed by the Regulation on raw
milk (Regulation, 2011) and the calculation of the geometric mean.

Samples with a geometric mean of 400 000 SCC/ml are excluded from the
classification. Blood agar is used to isolate S. aureus from cow mammary gland
secretion samples, as it enables the growth of the most common bacterial pathogens
under aerobic incubation conditions. For routine inoculation of udder secretions on
blood agar, disposable plastic swabs with a volume of 0.01 ml are used. For larger
volumes, swab sticks or pipettes can be used. The seeded substrates are incubated
for 24 to 48 hours at 37°C in an inverted position. After incubation for 24 hours on
blood agar, round, smooth, shiny colonies, with straight edges, slightly convex,
pigmented, white or cream-colored, sometimes yellow and even orange, 1-2 mm in
diameter grow. Also, thay may show hemolysis. If there are no grown colonies, the
incubation of the seeded samples is extended for another 24 hours. Gram-positive
cocci with a characteristic arrangement in the form of clusters are visible on the
Gram-stained microscopic preparation from the culture grown on blood agar.
Characteristic beta hemolytic colonies from blood agar are inoculated on a selective
Baird-Parker agar (BPA) medium on which staphylococci form colonies that are
black, convex and shiny, 1-1.5 mm in diameter. Bacteria from the genus
Staphylococcus produce the enzyme catalase, i.e. they are catalase positive.
Confirmation of the production of this enzyme is done with 3-5% H,0O,. Species of
the genus Staphylococcus are differentiated according to their ability to coagulate
plasma using the coagulase enzyme. S. aureus is coagulase positive, while other
species of the genus Staphylococcus are coagulase negative. Bound coagulase is
determined by a plate test, and free coagulase by a test tube. Certified reference
strains were used as positive and negative controls (positive control Staphylococcus
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aureus WDCM 00034, negative control Staphylococcus epidermidis WDCM
00036). A positive result is visible formation of clumps within 10 seconds, and a
negative result means no visible formation of clumps. Isolation and identification of
Streptococcus and Streptococcus agalactiae was done by incubating a sample of
udder secretions on a blood medium for 24 hours at 37°C, and after incubation, the
growth of characteristic colonies was visible on the plates. Colonies are small,
grayish or airy, convex and compact (complete, rounded). Some strains require the
presence of carbon dioxide to grow. Streptococci show hemolysis on blood agar.
Colonies of Enterococcus spp. can have a zone of a hemolysis or be without
hemolysis, they are grayish, shiny and not compact. Colonies that morphologically
correspond to streptococci are inoculated onto the selective esculin azide agar
medium and incubated for 24 hours at 37°C. Gram-positive cocci, round or ovoid,
with a diameter of 0.6-1um, arranged in pairs and chains of different lengths, were
found on a Gram-stained microscopic preparation from a culture grown on blood
agar. To confirm Str. agalactiae, the CAMP test is used. This test detects the presence
of CAMP factor (Christie, Atkins and Munch Peterson) — an extracellular protein
that enhances beta hemolysis of S. aureus. It 1s positive at Str. agalactiae. The test
is performed by dragging the staphylococcal culture along the blood agar with 10%
sheep’s blood, and then the tested strain of streptococcus is sown perpendicular to
it in the form of a line starting from the end of the plate to near the staphylococcal
line. A strain of S. aureus with a double zone of hemolysis is required to perform
this test. After incubation at 35-37°C for 24 hours, it is observed whether there is a
spear-shaped increase in hemolysis of streptococci near the staphylococcal line
(Maksimovi¢ and Rifatbegovi¢, 2015). Further identification was based on the
analysis of a confirmatory test for the presence of intestinal enterococci by the
breakdown of esculin. One typical colony was subcultured on bile esculin agar and
incubated at 44°C for 48 hours. The identification of isolates to the species level
was based on Gram staining of preparations, a negative catalase test and a
biochemical test for the breakdown of sugars (sorbitol and arabinose). One colony
was transferred with a sterile swab to the test tubes containing the mentioned sugars,
and then the test tubes were incubated overnight at a temperature of 37°C. A positive
reaction was read in the form of a change in the color of the sugar from pink to red,
with noticeable turbidity, which is the main identification factor by which it is
possible to distinguish between the two species, Enterococcus faecalis and
Enterococcus faecium. Enterococcus faecalis has the ability to degrade sorbitol, but
does not degrade arabinose, while Enterococcus faecium degrades arabinose, but
does not degrade sorbitol. Isolation and identification of E. coli from udder secretion
samples was also carried out by inoculating the sample and incubating it on a blood
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medium for 24 hours at 37°C, and after incubation, large, smooth, shiny and round
colonies appeared on the plates. Characteristic colonies are spread on MacConkey
agar. On MacConkey agar, colonies change color to pink due to lactose fermentation.
Identification with a Gram-stained microscopic preparation reveals Gram-negative
bacteria in the shape of sticks, arranged individually or in pairs. For further
identification, the AP120 E test (BioMérieux, 2002) was used, which is a standardized
identification system for Enterobacteriaceae and other Gram-negative bacteria.
API 20 E strip consists of 20 micro tubes containing dehydrated substrates. These
tests are inoculated with a bacterial suspension that reconstitutes the medium.
During incubation, there is a change in color that is detected spontaneously or by
the addition of reagents. Reactions are read in accordance with the attached table,
and identification is done by referring to the Analytical Profile Index or using
identification software. The oxidase test must be performed according to the
manufacturer’s instructions. The result should be kept on the result sheet because it
is an integral part of the final profile (Schuster, 1997). The sensitivity test to
antibiotics and essential oils was performed on three bacterial isolates, and the Disc
diffusion method was used according to the CLSI M02-A11 standard (Clinical and
Laboratory Standards Institute) (CLSI, 2012) with the use of antibiogram discs
(Conda pronadis, Micro & Molecular Biology , Spain): Amoxicillin/clavulanic acid
30pg, Amoxicillin 30pg, Cephalexin 30ug, Doxycycline 30pug, Enrofloxacin 10pug,
Gentamicin 30pg, Lincomycin 30ug, Oxytetracycline 30pg, Penicillin 10pg,
Trimethoprim/sulphamethoxazole 25ug. Interpretation of categories was done
according to the same standard (CLSI, 2014). Due to its simplicity, the disc diffusion
method has been routinely used for many years to determine the sensitivity of
bacteria to antibiotics. The inoculum is prepared by diluting an 18-24 hours old
pure bacterial culture. Four to five colonies are picked and transferred to 5 ml of
physiological solution. The suspension is vortexed, and then the density of the
suspension (turbidity) is adjusted by comparison with the 0.5 McFarland standard.
The inoculum is sown evenly on the surface of the substrate with a swab, gauze or
glass rod (Bauer, 1966). After sowing the inoculum, it is preferable to leave the
substrate for 10-15 minutes at room temperature to dry the surface. Disc placement
is performed with a dispenser or sterile tweezers. The distance between the discs is
at least 3 cm, and the distance from the edge of the container is at least 1 cm. A
maximum of 6 discs are applied to a plate with a diameter of 10 cm. The seeded
substrates with antibiotic discs are incubated at the appropriate temperature in
aerobic, microaerophilic or anaerobic conditions, depending on the type of bacteria
being tested, and the plates are turned with the lid up. Since the thickness and
composition of the nutrient medium can affect the results, the procedure is carried
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out in accordance with the principles that standardize the methodology. After
incubation at 37°C for 24 hours, the diameter of the growth inhibition zone of the
tested bacterial strain for individual antibiotics is measured with a meter with a
millimeter division. According to the CLSI MO02-All standard, based on the
measured values of the diameter of the growth inhibition zone, the degree of
sensitivity is assessed and classified into one of three categories: S — sensitive -
infection caused by a sensitive strain is treated with usual (optimal) therapeutic
doses.; I- intermediate or moderately sensitive - infection caused by a moderately
sensitive strain is treated with higher therapeutic doses of antibiotics; R- resistant -
an infection caused by a resistant strain cannot be treated with the tested antibiotics.
To test the antimicrobial sensitivity of bacteria to three essential oils Thymus
serpyllum, Origanum majorana and Origanum compactum (Fadli, 2012), 10
isolates of coagulase-negative staphylococci (CNS), Enterococcus faecalis and E.
coli were used. Bacteria were cultured on Baird-Parker agar, Slanetz Bartley agar,
and MacConkey agar overnight to obtain single colonies. Colonies were then
suspended in 0.9% sterile saline to achieve a turbidity equal to 0.5 McFarland
standard (108 CFU/ml). After that Mueller Hinton agar was inoculated with bacterial
suspension. 50 pl of each essential oil was applied to each plate in wells with a
diameter of 6 mm. The plates were incubated for 24 hours at 35°C. Interpretation of
the results was carried out by measuring the diameter of inhibition zones in
millimeters. The criteria for evaluating the antimicrobial sensitivity of essential oils
predict that an inhibition zone of less than 10 mm indicates the insensitivity and
resistance of bacteria to the essential oil, 10 to 15 mm indicates a weak antimicrobial
effect of the oil, 16 to 20 mm to a moderate antimicrobial effect and a zone of 20
mm to pronounced antimicrobial activity. The broth microdilution test (MIC) and
the determination of the minimum bactericidal concentration of antimicrobial
substances (MBC) were performed according to the standard (Lambert, 2001).
MBC was performed after determining the MIC value, by spreading bacteria from
the wells of the microtiter plate onto Mueller Hinton agar, both from the wells of the
MIC value and from the wells of the four next higher concentrations. The diffusion
test was also used to determine the antimicrobial effect of oregano and thymus
essential oils on bacterial isolates (Choi et al., 2012). The minimum inhibitory
concentration (MIC) was determined using the microdilution method, which
represents the lowest tested concentration of essential oil at which there is no visible
growth. This method is performed on microtiter plates containing 96 wells using
MH broth, bacterial suspension and different concentrations of essential oil. The
determination of the minimum inhibitory concentration was done by the use of the
indicator substance 2,3.5-triphenyltetrazolium chloride (TTC solution), which, due
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to a change in color caused by a change in the pH value during culture growth,
facilitates the determination of the obtained results.

The synergistic effect between essential oils on bacterial isolates causing cow mastitis
was determined by the checkerboard method. This method determines the interaction
and strength of two tested substances when they are used simultaneously, that is, the
potential power of two essential oils as well as essential oils and antibiotics compared
to their individual effect. Thus, this method determines the interaction and strength
of two test substances (A and B) when used simultaneously, which is expressed as
an FIC value (fractional inhibitory concentration). In this case, the antibiotic was
designated as substance A, while the essential oil represented substance B. Based
on previously determined MIC values, series of standard dilutions of substances A
and B were made in order to test their combined interaction (initial concentrations
for the preparation of dilutions are the MIC values of the tested substances and they
decreased horizontally in the microtiter plate for the antibiotic, and vertically for the
essential oil). After the preparation of serial dilutions of antimicrobial substances in
microtiter plates, bacterial suspensions of the tested strains were prepared and added
in the same way as in the tests for testing the antimicrobial activity of individual
substances. In a microtiter plate with 96 wells, 90 uL of inoculated MH broth and
10 pL of a serial dilution of the combination of substances A and B were added
in a certain order. The final volume in each well was 100 pL, the final density of
bacterial cells was 106 CFU/ml. The microtiter plates were incubated overnight
at 35°C, and the results were read as described above with the addition of TTC.
The lowest concentration of substance in the combination required to prevent the
appearance of a red color was considered the MIC value. The obtained MIC values
of the tested combinations were used to determine the FIC index and interpret the
type of interaction between the antimicrobial components. We also analyzed the
total number of somatic cells in the milk samples using the instrumental method of
counting with the Fossomatic device (Fossomatic counting).

RESULTS

According to the CMT in the Kalesija area, 41 out of 100 processed samples were
identified as unusable (25 were in trace, 23 were weak positive, 17 were distinct
positive, and 1 was strongly positive). There were no cases of clinical mastitis in the
Kalesija area. Given that CMT is an orientation procedure that indirectly provides
insight into the number of somatic cells, we were interested in comparing the results
obtained by the CMT procedure and Fossomatic counting.

Table 1 shows a comparison of the results of the CMT test and Fossomatic counting
for the Kalesija area.
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Table 1 Comparison of SSC obtained by CMT and the instrumental method - Kalesija area

Evaluation of Number
the results of uo £ Mean Assesment of | Number of Mean SCC
the instrumental SSC reaction CMT samples
samples
method
negative (-) 47 119 124 negative (-) 34 241 778
weak positive (+) 17 386 273 trace (+/-) 25 337 561
pozitive (++) 19 1 259 682 | weak positive (+) 23 906 385
strong positive distinct positive
(++4) 17 2 832 250 ) 17 1 851 941
strong positive
() 1 5971 000
clinical mastitis 0 0

The geometric mean of negative samples was 119 124 for 47 samples according to
the instrumental method in the Kalesija area, while it was 241 778 for 34 samples

according to CMT.

Table 2 shows a comparison of the results of the CMT test and Fossomatic counting
for the Gradacac area.

Table 2 Comparison of SSC obtained by CMT test and instrumental method - Gradacac area

Evaluation of Number
the results of of Mean Assesment of | Number of Mean SCC
the instrumental SCC reaction CMT samples
samples
method
negative (-) 49 205 846 negative (-) 35 125 090
weak positive (+) 7 373 333 trace (+/-) 19 267 231
positive (++) 21 938 500 | weak positive (+) 16 841 263
strong positive distinct positive
() 23 8422 000 ) 27 1447 867
strong positive
(++4) 2 6474 000
clinical mastitis 1 6 290 000
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The geometric mean (mean value) of the somatic cells count in the Gradacac
area, for negative samples, was 125 090 for 35 samples according to CMT, while
it was 205 846 for 49 samples for the instrumental method. In accordance with
the Regulation on raw milk (Regulation, 2011), samples were processed by the
instrumental method, and if a geometric mean was 400 000 SCC/ml and more,
samples were put out of classification and such milk was withdrawn from purchase.
CNS as the cause of mastitis was identified in 8.5% of samples (17/200) (Table 3).

Table 3 CNS isolated from mammary gland secretions of cows

The causative % of isolates from % of 1solates from
factor the Kalesija area the Gradacac area
CNS 8 9

Enterococcus faecalis as the causative factor of mastitis was identified in 5% of
samples (10/200) (Table 4).

Table 4 Enterococcus faecalis isolated from mammary gland secretions of cows

. % of isolates from % of isolates from
The causative factor . y
the Kalesija area the Gradacac area
Enterococcus faecalis 6 4

E. coli as the cause of mastitis was identified in 26% of samples (52/200) (Table 5).

Table 5 E. coli isolated from mammary gland secretions of cows

The causative | % of isolates from % of isolates from
factor the Kalesija area the Gradacac area
E. coli 22 30

Results of somatic cells count using the instrumental method by Fossomatic
apparatus and isolation of the causative factor (Table 6) indicate that the samples
with increased SCC were also unusable according to the bacteriological findings,
and that bacteria are the reason for their increase.




Veterinary Journal of Republic of Srpska (Banja Luka), Vol. XXIII, No 1-2, page 82-105, 2023
Huremovi¢:
Sensitivity of bacterial strains isolated in cases of cow mastitis to antibiotics and essential oils

92

Table 6 Comparasion of somatic cells count using the instrumental method and isolated
causative factors of mastitis

Gradacac area Kalesija area
Total Total

% of unusable samples number % of unusable samples

. . . number of

determined by the of determined by the instrumental isolated
instrumental method of isolated method of counting somatic causative
counting somatic cells causative cells
factors
factors
44 43 36 36

In order to test the sensitivity profile of isolates of coagulase-negative staphylococci,
Enterococcus faecalis and E. coli to antibiotics, 10 isolates of each species were
analyzed. The results are presented in Tables 7, 8 and 9. Interpretation of the results
was carried out by measuring the diameter of inhibition zones in millimeters.

Table 7 Susceptibility of CNS isolates to antibiotics

KNS |AMC | AX |CEF | DO [ENR|GM | L | T P | TMP
1. S R R R S R R | R | S S
2. S R R R S R R | R | S R
3. S R R R S R R | R| R R
4. S R R R S R R | R | R R
5. S R R R S R R | R| R S
6. S R R R S R R | R | S R
7. S R R R S R R | R | R R
8. S R R R S R R | R | S R
9. S R R R S R R | R | R R
10. S R R R S R R | R | R S

R — antibiotic resistance; S — sensitivity; AMC - amoxicillin/clavulanic acid; AX — amoxicillin;
CEF - cephalexin; DO — doxycycline; ENR — enrofloxacin; GM — gentamicin; L — lincomycin; T —
oxytetracycline; P— penicillin; TMP - trimethoprim/sulphamethoxazol

All ten CNS isolates showed sensitivity to AMC and ENR, four CNS isolates
were sensitive to penicillin 10pug, while the other six isolates were resistant. Three
isolates were sensitive to TMP, while seven other isolates were resistant to this
antibiotic. CNS showed 100% resistance to AX, CEF, DO, GM, L and T. Resistance

to penicillin was established in 6 isolates (60%), and to TMP in 7 isolates (70%).
e
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The highest resistance (100%) of Enterococcus faecalis was found to antibiotics
AMC, AX, CEF, ENR, TMP, then to lincomycin (80%) and penicillin (60%). The
highest sensitivity (100%) of Enterococcus faecalis was found to the antibiotics
doxycycline and gentamicin, which is shown in Table 8.

Table 8 Susceptibility of Enterococcus faecalis isolates to antibiotics

Enteroco;cus AMC | AX |CEF | DO |ENR|GM | L | T | P | TMP
faecalis
1. R R | R |S R S| S|S|R| R
2. R [R|R|S|[RI[S|R|R[S]R
3. R R|R|S|R|S|[R|R|R| R
1 R | R|R|S|R|S|R|IRI[R|R
5 R R R S R S| S|S|S R
3 R [RIR[S|R|S|[R|[R|[S]|R
- R | R|R|S|R|S|R|IRIR|R
g R [RIR[S|R|Ss[R[sS|S]|R
5. R [RIR[S|R|S|[R|[S|R]|R
10. R R R S R S R | R | R R

R — antibiotic resistance; S — sensitivity; AMC - amoxicillin/clavulanic acid; AX — amoxicillin;
CEF - cephalexin; DO — doxycycline; ENR — enrofloxacin; GM — gentamicin; L — lincomycin; T —
oxytetracycline; P — penicillin; TMP - trimethoprim/sulphamethoxazol

Testing the sensitivity of E. coli isolates to antibiotics, 100% sensitivity to AMC,
AX and penicillin, and 60% to ENR was established. The highest resistance of E.
coli to antibiotics was found to CEF, DO, GM, L, T, TMP, which is shown in Table
9.
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Table 9 Susceptibility of E. coli isolates to antibiotics

E. coli | AMC| AX |CEF | DO |ENR|GM | L | T P | TMP
1. S S R R S R R | R S R
2. S S R R R R R | R S R
3. S S R R R R R | R S R
4. S S R R R R R | R S R
5. S S R R S R R | R S R
6. S S R R S R R | R S R
7. S S R R R R R | R S R
8. S S R R S R R | R S R
9. S S R R S R R | R S R

10. S S R R S R R | R S R

R — antibiotic resistance; S — sensitivity; AMC - amoxicillin/clavulanic acid; AX — amoxicillin;
CEF - cephalexin; DO — doxycycline; ENR — enrofloxacin; GM — gentamicin; L — lincomycin; T —
oxytetracycline; P — penicillin; TMP - trimethoprim/sulphamethoxazol

Sensitivity profiles of CNS isolates to essential oils were determined by the disk-
diffusion method as shown in Table 10. The essential oils of Origanum compactum
and Thymus serpyllum have the greatest antimicrobial potential against CNS
isolates. All ten isolates showed sensitivity to these essential oils. Four isolates were
sensitive and six isolates intermediate sensitive to Origanum majorana essential oil.

Table 10 Sensitivity of CNS isolates to essential oils

KNS O. compactum | O. majorana T. serpyllum
I. S S S
2. S I S
3. S I S
4, S I S
5. S I S
6. S S S
7. S I S
8. S I S
9. S S S
10. S S S

R —resistance; S — sensitive; I — intermediate
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The sensitivity profile of Enterococcus faecalis to essential oils using the disc
diffusion method is shown in Table 11.

Table 11 Susceptibility of Enterococcus faecalis isolates to essential oils

Enterococcus faecalis | O. compactum O. majorana T serpyllum
1. S R S
2 R R I
3 S R S
4 S R S
5 S R I
6 S R S
7 S R S
8 S R S
9. S R S
10. S R S

R —resistance; S — sensitive; I — intermediate

In the case of Enterococcus faecalis isolates, the second sample showed resistance
to Origanum compactum and Origanum majorana essential oils, while all other
isolates showed resistance only to the Origanum majorana essential oil. Eight
isolates of Enterococcus faecalis were sensitive to the Thymus serpyllum essential
oil, while two isolates showed intermediate sensitivity. Origanum compactum had
better antimicrobial activity against Enterococcus faecalis isolates than Thymus
serpyllum essential oil.

The sensitivity profile of E. coli to essential oils using the disc-diffusion method
is shown in Table 12. The essential oils of Origanum compactum and Thymus
serpyllum had the greatest antimicrobial potential against E. coli isolates, while the
essential oil of Origanum majorana had intermediate effect on 6, and resistant to 4
isolates (Table 12).
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Table 12 Sensitivity of E. coli isolates to essential oils

E. coli O. compactum | O. majorana T. serpyllum
1. S R S
2. S I S
3. S R S
4. S R S
5. S I S
6. S R S
7. S I S
8. S I S
9. S I S
10. S I S

R —resistance; S — sensitive; | — intermediate

In this study, minimum inhibitory concentrations (MIC) and minimum bactericidal
concentrations (MBC) were determined for three types of essential oils O.
compactum, O. majorana and T. serpyllum tested on three isolates, namely E. coli
isolate no. 10, CNS isolate 5 and Enterococcus faecalis isolate 10. All 10 E. coli and
CNS isolates showed sensitivity to all three types of essential oils O. compactum, O.
majorana and T. serpyllum. However, all 10 isolates of Enterococcus faecalis were
resistant to the essential oil of O. majorana, and therefore the minimum inhibitory
and bactericidal concentration could not be determined. Table 13 shows the MIC
and MBC of the tested essential oils.

Table 13 MIC and MBC of essential oils tested on 3 isolates of E. coli, CNS and

Enterococcus faecalis

Essential oil

O. compactum

O. majorana

T serpyllum

faecalis izolate 10

MIC MBC MIC MBC MIC MBC

Izolates (mg/
(mg/ml) | (mg/ml) | (mg/ml) | (mg/ml) | (mg/ml) ml)
E.coli izolate 10 12 21 28.6 43 26 39
CNS izolate 5 14 21 17.2 43 19.5 39
Enterococcus 10.5 16.8 R R 17.2 43

Based on obtained results, it can be observed that the essential oil of O. compactum
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has the lowest minimum inhibitory and minimum bactericidal concentrations,
and was identified as the oil with the strongest antimicrobial activity on all three
isolates tested. MIC values for O. compactum range from 10.5 mg/ml to 14 mg/ml,
in contrast to O. majorana which has the lowest MIC value of 17.2 mg/ml and T.
serpyllum which has the lowest MIC value also of 17.2 mg/ml.

Minimum inhibitory and minimum bactericidal concentrations for the antibiotic
amoxicillin/clavulanic acid showed the highest antimicrobial activity against the
tested isolates. All 10 E. coli isolates and all 10 CNS isolates were sensitive to
the antibiotic amoxicillin/clavulanic acid, and therefore this antibiotic was chosen
for further testing. However, all 10 isolates of Enterococcus faecalis showed
resistance to this antibiotic, and the MIC and MBC values of this antibiotic were
not determined on this isolate. MIC and MBC values of amoxicillin/clavulanic acid
were tested on two isolates, namely E. coli isolate 10 and CNS isolate 5. From the
obtained results, it can be observed that the antibiotic amoxicillin/clavulanic acid
shows significantly lower MIC and MBC values compared to ethereal oils. Such a
result was expected considering that this antibiotic is known as an extremely strong
antibacterial substance. However, the antibacterial activity of essential oils should
not be ignored, and they should be taken into consideration as possible alternative
antibacterial substances, because it has been proven that they have strong effect on
the isolates tested in this study. A total of 3 isolates (E. coli isolate 10, CNS isolate
5 and Enterococcus faecalis isolate 10) were analyzed to determine the synergistic
effect of essential oils and antibiotics (FIC). Interactions between combined
antimicrobial components were determined after determining the MIC value by
calculating the fractional inhibitory concentration index (FICI) for each combination
of antimicrobial components (O. compactum + O. majorana, O. compactum + T.
serpyllum, O. majorana + T. serpyllum) according to the following formula:

FIC of antimicrobial component A = MIC of component A in combination/MIC of
component A alone
FIC of antimicrobial component B = MIC of component B in combination / MIC of
component B alone
FICI (FIC indeks) = FIC of component A + FIC of component B

The obtained FIC index values were interpreted as follows:
- synergistic effect of components FICI < 0.5
- additive effect of components 0.5 < FICI < 1.0
- indifferent effect of components 1.0 < FICI <4.0
- antagonistic effect of components FICI > 4.0 (62).
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All experiments were performed in two independent replicates. The obtained results
are presented in Table 14 and Figure 2.

Table 14 Synergistic effect between essential oils

O. compactum O. compactum O. majorana
Izolates + + +
O. majorana T. serpyllum T. serpyllum
E. coli izolate | FIC Effect FIC Effect FIC Effect
10 0.31| SYNERGISM |0.13 | SYNERGISM | 0.18 | SYNERGISM
FIC Effect FIC Effect FIC Effect
KNS izolate 5
0.18 | SYNERGISM | 0.21 | SYNERGISM | 0.20 | SYNERGISM
Enterococcus | FIC Effect FIC Effect FIC Effect
faecalis
izolate 10 1 | INDIFFERENT | 0.16 | SYNERGISM 1 | INDIFFERENT

FIC — Fractional inhibitory zone

Figure 2 Synergistic interaction between essential oils of O. compactum and T. serpyllum
identified on Enterococcus faecalis isolate no. 10. FIC index 0.16

All three essential oils (O. compactum, O. majorana and T. serpyllum) tested on
E. coli isolate 10, KNS isolate 5, Enterococcus faecalis isolate 10 showed mutual
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interaction marked as synergism. The combinations of all three essential oils did
not exceed FIC values higher than 0.5, whereby the interactions of these essential
oils are marked as synergistic, which means that individual components of one
essential oil significantly enhance the effect of another essential oil, and give a
combined positive effect. An exception is the isolate Enterococcus faecalis 10, in
which the combination of the essential oil of O. compactum with O. majorana, and
the combination of O. majorana with T. serpyllum were identified as indifferent.
As previously stated, this strain was resistant to the essential oil of O. majorana,
and the mixture of this oil with the other two (O. compactum or T. serpyllum) did
not give a positive interaction between the oils. The effect of this combination is
indifferent, which means that O. majorana, regardless of the fact that it is combined
with some other oil, does not show an antimicrobial effect on this isolate.

DISCUSSION

Mastitis is the most common disease of dairy cows and has recognized negative
effects on animal welfare and the profitability of dairy farms. A more complete
understanding of mastitis was not possible until the microscope was developed,
since it provided detection of the microorganisms that are the primary etiological
factors. Initial concern about mastitis was based on public health and focused on
reducing the number of bacteria in raw milk (Choi et al., 2012). The development of
reliable tests for the detection of mastitis is a priority for researchers to ensure public
safety, produce high-quality milk products and have practical tools of managing
cows with mastitis. Detection methods include direct microscopic examination,
milk somatic cells counting and isolation of the causative factor (Adkins, 2017).
Those were the methods we used in our study.

The somatic cells count is a good indicator of the infection. If the SCC is higher,
the probability that the mammary gland or individual quarters are infected is also
higher. The Regulation on the method of sampling, classification and calculation
of the price of milk (Regulation, 1994) defines that milk processors in Bosnia and
Herzegovina can only buy milk that meets the criteria prescribed by the Regulation
on raw milk (Regulation, 2011). The classification of raw milk in Bosnia and
Herzegovina is based on the calculated geometric mean for somatic cells for the
last three months, and for microorganisms for the last two months. Samples with a
geometric mean of 400 000 SCC/ml are excluded from the classification. Such milk
is withdrawn from purchase, and cattle are treated with antibiotics after analysis of
mammary gland secretions. After the therapy and withholding period, the milk is
analyzed again for SCC and the presence of antibiotics. If the value after repeated
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analysis is less than 400 000 SCC/ml of milk, it is classified and purchased. A total
of 44 out of 100 processed samples from the Gradacac area in our study using the
instrumental method of somatic cell counting, and with a geometric mean value
of 400 000 SCC/ml and more, were put out of classification and such milk was
withdrawn from purchase. From the Kalesija area, 36 out of 100 samples processed
by the instrumental method of counting somatic cells, with a geometric mean value
of 400 000 SCC/ml and more, were put out of classification and such milk was
withdrawn from purchase.

In the study obtained by Murphy (1947) it was noted that more than 20 species
of bacteria can cause mastitis in cows, and at least 99% of these infections are
caused by St agalactiae, other streptococci, staphylococci and bacilli (including
coliform bacteria, Pseudomonas spp., etc.). Eberhart (1977) focused his study on
coliform bacteria as a cause of mastitis. The publication provoked awareness of the
growing importance of mastitis caused by environmental opportunistic organisms.
In the study conducted in 2017 in the Zenica region (Bosnia and Herzegovina),
the most common causes of mastitis were coagulase-negative staphylococci in
13.04% samples, Klebisella pneumoniae in 13.04% samples, Enterococcus spp. in
8.70% samples, E. coli in 8.70% samples, Enterobacter, Serratia spp. and Yersinia
enterocolitoca in 4.35% samples (Burovi¢, 2020).

The results of our study showed a high percentage of bacterial causes of mastitis.
The causative factors of mastitis were found in 43% samples from the Gradacac
area and 36% samples from the Kalesija area. The results of isolate identification
showed that 8.5% of the isolates had characteristic of CNS, 5% had characteristics
of Enterococcus faecalis, and 26% had characteristics of E. coli. These results
indicate that the causative factors of mastitis are opportunistic bacteria from the
environment. From the results of counting somatic cells using Fossomatic apparatus
and isolation of the causative factors, it is clear that the samples with increased SCC
were also unusable according to microbiological indicators, and that bacteria are
the reason for their increase.

Bacterial isolates of clinical mastitis are mostly sensitive to antibiotics used in
therapy, but due to increasing selective pressure due to the uncontrolled use of
antibiotics in veterinary medicine, the percentage of resistant strains of the
causative factor of mastitis is constantly increasing. Additional attention should be
focused on herd management, with special emphasis on hygiene. Bacterial isolation
and antimicrobial susceptibility testing are of great importance for the choice of
treatment and the monitoring of antimicrobial resistance. Coagulase-negative
staphylococci were isolated in 8.5% cases. They are the most common isolate
of bovine mastitis in many countries and have been described as new mastitis
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pathogens. Based on current knowledge, it is difficult to determine if coagulase-
negative staphylococci are infectious or environmental pathogens (Petrovi¢, 2006).
Pitkédla et al. (2004) showed that Enterococcus spp. is sensitive to penicillin and
ampicillin, and the study by Lambert et al. (2001) showed sensitivity to ampicillin
and resistance to tetracycline, while all our Enterococcus faecalis isolates showed
sensitivity to doxycycline and gentamicin, and complete resistance to amoxicillin/
clavulanic acid.

More recently, numerous authors have studied effective alternatives to antibiotics in
the treatment of mastitis in cows. In this sense, essential oils are a safe alternative,
because they show good antimicrobial characteristics after prolonged exposure
(Lambert et al., 2001). Previous study has shown that oregano essential oil has
good antimicrobial properties to all Staphylococcus species that were resistant to
antibiotics, as well as to E. coli that was resistant to several drugs in the treatment
of mastitis in cows. The antibacterial mechanism of oregano essential oil indicates
an increase in the permeability of the bacterial membrane, which further affects pH,
homeostasis and the balance of inorganic ions. Phenolic compounds in oregano
essential oil inhibit bacterial growth by altering the surface of bacterial cells, which
can inhibit bacterial adhesion to mammary gland epithelial cells. There are many
studies in the world to evaluate the antimicrobial effect of essential oils on the
causative factors of mastitis, and for many essential oils and their components,
minimum inhibitory and minimum bactericidal concentrations have been
determined.

According to study done by Choi et al. (2012), oregano essential oil injected into
the inflamed quarters of the mammary gland twice a day for 3 days in a single
and double dose led to an improvement of the udder condition. SCC decreased
significantly compared to those before treatment, and S. aureus and E. coli were not
detected in milk on the day four after treatment. In the literature, there is a small
amount of data on the effect of essential oils in the treatment of bovine mastitis in
Bosnia and Herzegovina. The results of our study showed that the essential oils
of Origanum compactum and Thymus serpyllum have the greatest antimicrobial
potential against CNS isolates, the causative factor of mastitis, while these
isolates showed moderate sensitivity to the essential oil of Origanum majorana.
Origanum compactum essential oil also showed a high antimicrobial effect on
Enterococcus faecalis and E. coli isolates, and Origanum majorana essential oil
had a intermediate sensitive effect. In studies comparing the antibacterial activity of
essential oils with antibiotics, the MIC values of the active components of essential
oils significantly exceed the MIC of antibiotics. Also results in our study indicated
that the antibiotic amoxicillin/clavulanic acid shows significantly lower MIC and
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MBC values compared to essential oils. Such a result was expected considering
that this antibiotic is known as an extremely strong antibacterial factor. However,
the antibacterial activity of essential oils should not be ignored, and they should be
taken into consideration as possible alternative antibacterial factors, because it has
been confirmed that they have an extremely high antimicrobial potential against the
isolates tested in this study:.

Many essential oils have significant antibacterial, antifungal and antiinflammatory
effects. Some of their main components, such as terpinen-4-ol, act by inhibiting
proinflammatory cytokine expression, stimulating the production ofantiinflammatory
cytokines. Such observations can be used to stimulate biotherapy against mastitis.
The use of synthetic antibiotics is discouraged, as their presence in milk can have
potential consequences for population health and the agri-food supply chain (Souza
etal., 2013).

CONCLUSION

Based on the obtained results, the following conclusions were made:

1. From the results of somatic cells counting using the instrumental method
Fossomatic apparatus (40% of unusable samples) and isolation of the
causative factor (79 identified causative factors), it is clear that the samples
with increased SCC were also unusable according to microbiological
indicators, and that bacteria are the reason for their increase. Based on our
results, and in accordance with the Regulation on raw milk, a total of 40%
of the milk samples were out of classification and were withdrawn from
purchase, and then the affected milk cows were adequately treated with
antibiotics.

2. By examining the sensitivity of isolates to antibiotics, the highest resistance
in CNS was observed to the antibiotic amoxicillin 30ug, cephalexin 30pg,
doxycycline 30pug, gentamicin 30pg, lincomycin 30pg and oxytetracycline
30pg, while the highest sensitivity was observed to amoxicillin/clavulanic
acid 30pg and enrofloxacin 10pg. The highest antibiotic resistance of
Enterococcus faecalis isolates was observed to amoxicillin/clavulanic acid
30pg, amoxicillin 30pg, cephalexin 30pg, enrofloxacin 10ug, trimethoprim/
sulphamethoxazole 25ug. The sensitivity of all isolates was observed to the
antibiotics doxycycline 30pug and gentamicin 30pug. Testing the sensitivity
of E. coli isolates, sensitivity to following antibiotics was observed:
amoxicillin/clavulanic acid 30pg, amoxicillin 30pg, penicillin 10pg.
Resistance in all isolates was observed to cephalexin 30ug, doxycycline
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30pg, gentamicin 30pg, lincomycin 30pg, oxytetracycline 30ug and
trimethoprim/sulphamethoxazole 25ug.

3. The greatest antimicrobial potential was shown by the essential oils of
Origanum compactum and Thimus serpyllum on CNS isolates (100%
sensitivity), while 40% of the isolates were sensitive to the essential oil of
Origanum majorana, and the other isolates (60%) were intermediate sensitive
to this essential oil. Isolates of Enterococcus faecalis (90%) were sensitive to
essential oil of Origanum compactum, 80% of isolates to Thymus serpyllum,
and 100% showed resistance to essential oil of Origanum majorana. The
essential oils of Origanum compactum and Thymus serpyllum exhibited the
greatest antimicrobial potential against E. coli isolates. Origanum majorana
essential oil had a intermediate sensitive effect on 60% of the isolates, and
40% of the isolates were resistant to this essential oil.

4. By testing the MIC and MBC of essential oils on three isolates, E. coli,
CNS and Enterococcus faecalis, it was observed that the essential oil of
O. compactum has the strongest antimicrobial activity on all three tested
isolates.

5. All three essential oils (O. compactum, O. majorana and T. serpyllum)
tested on E. coli isolate 10, CNS isolate 5, Enterococcus faecalis isolate
10 showed mutual interaction, which means that individual components of
one essential oil significantly enhance the effect of another essential oil, and
give a common positive effect. An exception is one isolate of Enterococcus
faecalis. The combination of the essential oil of O. compactum with O.
majorana and the combination of O. majorana with T. serpyllum on the
Enterococcus faecalis isolate had an indifferent effect, which means that O.
majorana, regardless of whether it is combined with another oil, does not
show antimicrobial activity to this isolate.

6. The antibacterial activity of essential oils should be taken into consideration,
as it can represent an interesting choice and alternative for reducing the use
of antibiotics in the treatment of animals suffering from mastitis.

Conflict of interest statement: The authors declare that there is no conflict of interest.
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Caxerak

[{nsb pana je mprka3zaTy eKCIepUMEHTATHE Pe3yiTare 1001jeHe py BepuuKauju
HPLC metrone yrBphuBama canpkaja XucTaMiuHa y puOu U Mpou3BoAuMa of puode
3a TpW BpcTe puba M MPOM3BOAA Ol pule W MPOILHjCHEHY MjEpHY HECHTYPHOCT
Metozne. Metona 3a yTBphUBame KOJMYMHE XHCTaMUHA Yy pUOM M MPOU3BOAMMA
on pube BepudukoBana je mpema BAS EN ISO 19343:2017. Oumjemenu cy
cIibenehu mapaMeTpu BepuQpuKalmje MeTo/Ie: yTHIIA] MAaTPUKCA/IMHEAPHOCT, JIMMHUT
KBaHTH(UKALM]e, TAYHOCT, MPEUU3HOCT U MPOIHjeHhEeHa je MjepHa HECUTYPHOCT
METOJIe 3a TpU BpCTe pube (TyHY, CKyIly U capauHy). JlokazaHa je JuMHEapHOCT
y pacrnony konmentpamuja og 0 mg kg' mo 500 mg kg! ca xoedunujeHTrMa
kopenarije ox 0,9925 mo 0,9999. Jlumut kBaHTHU(DHKAIK]E 32 CBE TPHU BPCTE prbOE
uszHocu 10 mg kg'. TayHOCT je olMjerheHa aHAIN30M KOHTPOJIHUX MaTepHjaja
IIPEKO MCKOPUIITEHa U MpocjedHa BpujeAHOCT u3zHocu 96,61%. IlpenusHocT je
OlIMjeH-EHA Y YCIOBUMA MTOHOBJBMBOCTH M OOHOBJFMBOCTH HA TPU KOHIIEHTPAITMOHA
HUBOA 3a TpU BpcTe pule M M3pa)keHa je Kao JUMHUT MOHOBJBUBOCTH I' U JIUMHUT
o6noBBMBOCTH R. JImmuTn o6HOBIbMBOCTH R 32 TyHY M3HOCe 15,96 1o 24,89%, 3a
ckymry 12,80 mo 23,04%, a 3a capauny ox 10,25 mo 32,17%. MjepHa HECUTYPHOCT
NPOLMjehEeHa je Ha TPH KOHICHTpalmoHa HuBoa 25 mg kg', 100 mg kg' u 220
mg kg' u u3HOCH pecrnekTuBHO 3a TyHy 17,78 mg kg, 11,40 mg kg' u 13,88
mg kg, 3a ckymy 16,46 mg kg, 12,56 mg kg' u 9,14 mg kg, a 3a capauny
22,98 mg kg'!, 12,70 mg kg' u 7,32 mg kg'. JloOujern pe3yaratu napamerapa
Bepru(dUKaIje ycananeHu cy ¢ IpOMHCaHUM | MPETIOPYIeHUM KPUTEPUjyMHUMa
MIPUXBATJLUBOCTH, T€ MOTBPlYJy J1a je MeToJla UCIIUTUBAka JIOBOJHHO MOY3/laHa U
nabopaTopuja je MOXKe KOPUCTUTH Y PYTHHCKOM pay.
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KibyuHe pujeun: Bepudukaiuja, xuctaMut, xpomarorpaduja, puda, HPLC.

YBOJI

dopmMupame XUCTaMUHA y TPOM3BOAMMA O pHOe je y AMPEKTHO] KOpENaluju C
KOHIEHTPAIMjOM XUCTHIUHA y TKHUBY M HMBOOM MHUKPOOpraHu3ama MPUCYTHHX
y mnpousBony (Etiene, 2016). KonmnunHa XucramMuHa Koja HAcTaje 3aBHCH O]
BpcTe OakTepuja, Temreparype U BpemeHa uznoxkeHoctu pubde (Jaksi¢ u cap.,
2017). HenpaBuiIHO CKJIaIUINTEH:€, JIOLIE TPETHpamke U MaHUMYNalUja puooM U
NpOM3BOAMMA O pube JOBOIU 10 KBapewa HAMUPHUILIA, KOj€ KO JbYIU Y3pPOKYje
CHUMIITOME CIIMYHE AJIePTUjCKOj PEaKIMjH, TTO3HATO Kao ,,CKOMOPOUIAHO TPOBame*
(XMCTaMUH WJIM CKOMOPOTOKCHH). 3aTO je caap:Kaj XUCTAMUHA O] BEJINKE BAXKHOCTH
3a MpOILjeHy TOKCMYHOCTU XpaHEe U MPEJIOKEH je Kao MHIMKATOp XHUIHjeHCKe
ucnpaBHoctu (Ghazi u cap., 2015). Pusuk o TpoBama XMCTaMUHOM APKH C€ MO
KOHTPOJIOM MPHUMjEHOM JI00pe XUI'HjeHCKe U Mpou3Bolauke Mpakce, MOBE3aHe ca
CHCTEMOM aHaJlM3€ PU3MKAa U KPUTUYHHUX KOHTPOJIHMX Tadaka (Shimoji u Bakke,
2019).

[IpaBUAHMK O MMKpPOOMOJIOUIKUM KpUTEpUjyMUMa 3a XpaHy IKHUBOTHHECKOT
nopujekna (I[Ipormmmc, 2019) mpomucyje MakCUMalHO 103BOJbEHE KOIWYHHE
XHCTaMUHa Y MPOU3BOJMMA pUbapcTBa 01 pUOJBHX BPCTA MOBE3aHUX C BEIMKOM
KOJIMYMHOM XHCTHIUHA, y orcery ox 100 mo 200 mg kg, xoje ce mpoujemyjy
aHAJIM30M pEIpEe3eHTaTUBHUX 9 jeqUMHMIIA M3 CBake cepHje y3opaka. Y30pak
je aJekBaTaH, OJHOCHO 3aJ0BoJbaBa ofpende IIpaBuiaHMKA YKOTUKO: Cpenmba
BpUjenHOCT pesyarata u3 9 jenmuuna He npenasu 100 mg kg'; nBuje jenunume
npenase Bpujeanoct oxn 100 mg kg!, anu we npenaze 200 mg kg' u ako Hu jeqHa
jenmunna He npenasu 200 mg kg'. M3y3erak cy nmpousBoau pudapctsa oOpaheHu
EH3UMATCKUM Ca3pHjeBakbeM Yy cajlaMypu IPOM3BEACHH O]l pHOJbUX BpCTa
MOBE3aHUX C BEJIMKOM KOJIMYMHOM XUCTHJIMHA, KOJl KOJUX j€ JI03BOJHEHHU OIICET O]
200 10400 mg kg Ha 9 jeauHuIIa TPOM3BO/IA M pUOJBY COC OOU]jEH (hepMeHTaIH]OM
poM3BoJa 01 pubda, KOju HEe CMHje UMaTH KOHIIEHTpalujy xucramuHa Behy oz 400
mg kg'y jennoj jemuanim npoussona (IIporuc, 2019).

PaznBajame M KBaHTHU(HKanMja OWOTeHMX aMuHa Hajuemhe ce TOCTHXE
JOHOM3MjEHUBAYKOM  XpoMarorpadujomM, TaHKOCJIOJHOM  XpomarorpadujoM,
racHoM XpomartorpagujoM, TEYHOM XpomarorpadujoM © EH3UMATCKUM U
paauouMyHosomkuM metonama (Malle u cap., 1996). HPLC je Hajuemihe
KOpPHIITEHa 300T CBOJUX OINEPAaTUBHUX MNPEAHOCTH (LMjeHE U IMOHOBJBUBOCTH)
(Chen u cap., 2016).

[TpaBUAHMKOM O MHUKPOOHOJIOIIKMM KPUTEPHjyMHUMa 3a XpaHy KHUBOTHHECKOT
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nopujekna (IIpormmme, 2019), mpommcana pedepeHTHa MeTona 3a yTBpHHBAHkE
KOJIMYMHE XUCTaMUHa y puou u npoussoauma ox prde je HPLC merona. C 063upom
Jla je MeTo/a cTaHaapHa, Beh je Owira nmpenMer Baauaanyje U BbeHa MPUKIATHOCT
3a penBuleHy Hamjeny je yrBphena. majyhu pecypce koju cy ycioB 3a u3Boheme
MeTozie, JlabopaToprja je MMIUIEMEHTHUpalia CTaHJapIHy METOAY, T€ Kako Owu
NOTBPIWIIA CIIOCOOOCT TMOCTH3amha TAYHUX M TMOY3/IaHUX pe3ysTara HCIUTHBAbA,
Kpeupala je v U3Belia CTyIujy BepuuKamuje.

[lnb pana je mpuka3aTu eKCIIepUMEHTAITHE pe3yiTare J00ujeHe npy Bepudukanuju
HPLC metone yrBphuBama caapixkaja XuctaMuHa y puOu ¥ IPOU3BOAMMA Off pruode
3a Tpu BpcTe puba W MPOU3BOJAA ONl pHOE W MPOIUjeHEHY MjepHY HECHTYPHOCT
METO/IE.

MATEPUJAJIM U METOJE

VY cBpxy BepuduKaiyje METoNe, aHaJu3e Cy M3BEIACHE Ha Y30pIMMa TPH BPCTE
pube: TyHe (jeqaH y30pak CUpOBe puOe U MeT MPOM3BOJIA: jelHA KOH3EpBa TyHE y
cajaMmypH M YeTHpPU KOH3EpBE TyHE Y OUJBHOM YJbY), CKYyIIIE (jelaH y30paKk CUPOBE
pube U 1Ba MpOU3BO/ia: KOH3EpPBE CKyIlle y OMJBHOM YJbY) U capauHe (jeaH y30pak
cUpoBe pube U jelaH MPOU3BOA: KOH3EpBa CapJUHE y OMJBHOM YJbY). 3a OLjeHy
napaMmerapa Bepudukaiuje nopea odoraheHux y3opaka KOPULITEHH CY U €KCTEPHO
HabaBsbeHN KOHTposHU y3opiu: Fapas RM, TYGO18RM, Canned fish, Tuna fish
in brine, ref. value 220+5 mg kg u Fapas QC, T27303QC, Canned fish, ref. value
31,3 mg kg' (25,4-37,3 mg kg™).

Kopumiten je cranmapa XHCTaMHUH JTUXHIPOXJIOpuaa, mpou3Bohau Sigma
Aldrich, ugucrohe >99%, batch no: WXBDI1225V, u untepHu cranmapa 1,7
TUaMHUHOXENTaH, mpou3Bohau Sigma Aldrich, uuctohe 98%, batch no: STBG2472V.
3a ananmu3y, oA pedepeHTHHX CTaHAapAa MPUIPEMIBEHH CYy OCHOBHHU pPacTBOP
XHCcTaMuHa, KoHIeHTpanuje 12,5 mg mL"' pactBapawmem 1,034 g xucrammHa
muxuapoxiopuaa y 50 mL nejoHusoBane Boae (pacTBOp je cTaOWlaH jenHy
roAMHy ako ce uyBa y 3amp3uBady (-20£5°C)) ¥ OCHOBHHM pacTBOpP HHTEPHOT
cranaapaa 1,7-amaMuHOXeNTaHa, KoHIeHTpanuje 6,4 mg mL!, pactBapamem 0,320
g 1,7-nuamunoxentana y 50 mL nejonusoBaHe Bone (pacTBOp je cTaOuiaH TpH
ceaMHIIe ako ce yyBa y ppmxuaepy (5+3°C)).

3a mpunpeMy U o0paay y3opaka KOPHILITEHE Cy MEpXJIOpHA KUCENIHWHA, HATPUjyM
KapOoHar, nmaH3un xuopun u L-mpomuH mnpowusBohaua Sigma Aldrich, 3a
npeuninhaBame eKCTpakTa TodyeH npousBohaua Honeywell, a 3a xpomarorpadcko
pa3zBajame KOPUIITEHU CY YITPAuMCTa BoAA U alleTOHUTpuI, aetonutpusn HPLC
grade, npousBohaua Fisher u Honeywell.
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3a ¢unrpupame npunpemibeHor y3opka kopumrteHu cy PTFE/PP  ¢unrtepu
BenuuuHe nopa 0,2 um, a 3a ynapaBame rac a3or 4.6.

AHanu3a je BpuieHa Ha TeyHoM xpomarorpady ca UV/VIS nerekropom, Agilent
Technologies, InfinityLab LC Series 1260 Infinity II Quaternery System ca
npunanajyhum copreepom OpenLAB Chem Station Edition Rev. C.01.07 SR3
[465]. KopumiteHna je xpomarorpadceka xonona Nucleosil C18, 5 pm 100A (25 cm
x 4,6 mm), Macherey-Nagel, LOT: 21301076.

HcnutuBame je paheno y ckimaaxy ¢ BAS EN ISO 19343 (MCBUX, 2018).
Kanubpannone kpuBe cy paljeHe Ha MaTpUKCy HCTEe BpCcTe prOe Kao U y30pak 3a
aHaJIM3Yy.

PE3YJITATU U JUCKYCHUJA

ExcnepuMenTu cy u3BefeHH y 15 paaHUX cepuja O CTpaHe OBa aHAIUTUYApa.
Onyjemenu cy cibenehu napaMeTpu Bepudukalyje: yTuiiaj MaTpruKca/TIMHeapHoCT,
JUMHUT KBaHTHU(UKAIMje, TAYHOCT, MPEHHU3HOCT TMPEKO TOHOBJBUBOCTU U
O0OHOBJPMBOCTH METOZIE T€ j& MPOLHjeheHa MjepHa HECUTYPHOCT METOJE 3a TPH
BpCTe pube Ha TpU HUBOA KOHLIeHTpanuje. O0yxBaheHU cy y30piu TpH BpCTe puode
(TyHa, CKyIlIa U capJuHa) U y30pIU MPOU3BOJIa OJf OBUX BpPCTA.

YenocraBibame JIMMUATA IPUXBATIFUBOCTH 32 MapameTpe Bepudukaije paheHo je
Ha ocHOBY nponucanux (IIpomuc, 2010) u npenopyuenux kpurepujyma (MCBUX,
2018), Te COTMCTBEHOT UCKYCTBA U Jab0paTOPHjCKe MpaKce.

XpoMaTtorpaMm C pa3ABOjEHUM IIMKOM XHCTaMUHA WU UHTEPHOT CTaHAapaa C
O3HAYEHUM PETEHIIMOHUM BpEMEHHMAa Y MUHYTUMa, NpuKa3aH je Ha Cnunu 1.
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VWD1 A, Wavelength=254 nm (HISTAMINI01032023 2023-03-01 12-56-09\STD 100 ppm.D}
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Cauxa 1 [IpumMjep ciennpuaHOT XpoMaTorpama 3a XMCTaMUH U HHTEPHH CTaHAAP/

[TpaBriTHKK 0 cipoBOlelY aHAIMTHYKHUX METO/Ia M TyMadewy pesynrara (IIpommuc,
2010) nmpomnucyje OMIITH KPUTEPUJYM HCKOPHUILTEHA 32 KBAHTUTATUBHE METO/E
80-110%, mox BAS EN ISO 19343 (MCBUX, 2018) naBomu mHTepBan on 60-
140%. Jenan on pasyiora 3a OBaKko IIUPOK MHTEPBAJ NMPUXBATILUBOCTH j€ Taj LITO
je meroma BAS EN ISO 19343 (MCBUX, 2018) BanumoBana Ha OCHOBY pe3yiTara
WCIIUTHBAKA Y OKBUPY UHTEPIIA00PATOPH]CKE CTY/IN]€ Y KOjO] j€ YIECTBOBAJIO JICBET
naboparopuja U3 ceiaM IpkaBa, Te OBaKaB KPUTEPH]yM KOJ1 BepUPHKaI[1je TAUHOCTH
y jenHoj maboparopuju Huje npuxsaribuB. VMajyhu to y Buay, mabopatopuja je
Kao KpUTEpHjyM NPUXBATJLUBOCTU 3a OLJE€HY MCKOPUIITEHa (TaYHOCTH METOJIE)
neduancana waTepBan 80-120% wu Kpo3 EKCIEPUMEHTE J0Kaszajia CIIOCOOHOCT
MeTOZie y Torieay oBor mapameTrpa Bepudukanuje. OljeHa TaYHOCTH METOAE
u3BeneHa je aHanu3oMm pedepertHor marepujana Fapas TYGO18RM Canned
fish, Tuna fish in brine m xonTpomHOr Marepujama Fapas T27303QC Canned
fish, y 6 monaB/pama u aHanmm3oMm oOoraheHWX y3opaka 3a TpuU BpCTe puOE Ha
KoHIIeHTparmoHoM HuBoy 400 mg kg'. V Tabenu 1 mpukasanu cy pesyaratu
3a MCKOpULITEHE MPEeKo pedepeHTHOr M KOHTpOoJHOr Mmarepujana. Y Tabemun 2
MpUKa3aHU Cy pe3yJITaTH 3a UCKOPULITEHE MpeKo o0oraheHux y3opaka.
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Ta6ena 1 Mckopumiremwe npeko RM u QC marepujana

Fapas RM, TYGO18RM, Canned | Fapas QC, T27303QC, Canned
[Tapamerap fish, Tuna fish in brine, ref. value | fish, ref. value 31,3 mg/kg (25,4-
220+5 mg kg! 37,3 mg kg™!)
¢, (mgkg") 208,1889 30,9996
sdv (mg kg™) 1,5701 2,5217
Rec (%) 94,63 99,04

(c,): cpenma BpujenHOCT; (sdv): crannapaHa aesujamuja; (Rec%): nckopumremne

Tabesa 2 Vickopumreme mpeko odborahenor y3opka Ha HuBoy 400 mg kg-1

[Tapamerap Tyna Ckyma Capnuna

c (mgkg') 385,6474 378,9199 | 391,5657
sdv (mg kg™) 1,9049 3,4465 9,5088
Rec (%) 96,41 94,73 97,89

Taynoct Metone nmaboparopuja je morBpauia yuemthem y PT memu on crpane
nposajaepa FAPAS y nepuoay asryct/centem6bap 2022., ca z-score BpujeaHoIhy
on 0,3 u cpenwom BpujenHomhy uckopuiirewma 97,6%, koje je mMpUXBaT/HLUBO
y omHOocy Ha 3amatu kputepujyM. Ilpema Jaks$i¢ m cap. (2017), mpocjeuno
HCKOPHUILITEHE T00ujeHo ucToM Meronom aHanuszom detupu PT (FAPAS) y3opka
Ha pa3MYUTUM KOHIIEHTpalujama xuctamuHa wuzHocuso je 101,5%, mro je
OJIMCKO TIPOCjEYHOM HCKOPHUINTEHY KOjeé CMO J00WIH aHaim3amMa pedepeHTHOT U
KOHTPOJITHOT MaTepujalia Ha JBa KOHIIEHTparroHa HuBoa (96,8%).

JlokasaHa je THHEeapHOCT METO/IE Y paciony KoHieHTpamnuja ox 0 mg kg'mo 500 mg
kg'3a cBe Tpu BpcTe pude ¢ koedunujeHTuMa kopenanuje o 0,9925 1o 0,9999, u
koepunmjerTuma mpasna oa 0,0070 go 0,0108. Ilpu cBakoj aHATN3H je TPUTIPEMaHa
KaTuOpalMoHa KpHUBa Ha Y30pKYy HCTE BPCTE€ Kao W y30pak 3a McnuTHBame. Ha
OBaj HAUMH C€ eIMMHHUIIE YTHIAj MAaTPHUKCA U J0JIa3H JI0 MOy3/IaHujer pe3ylrara.
[Tpumjep excniepuMeHTaTHO J0OUjeHE KATMOpaImoHe KPUBE Y MaTPUKCY TIPUKA3aH
je na Ciunm 2.
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Cuanka 2 [Ipumjep excriepuMeHTaIHO T00HjeHe KaInOpauroHe KpUBe Y MaTpUKCy

Kpo3 momatke u3 nuteparype, Kako 3a xpoMarorpa)cke Tako W 3a €H3UMCKE METOIE,
NPUXBATJBEUBUM ce cMarpa koeuuujeHT kopenanuje sehu ox 0,9. Jinadasa u cap. (2016)
Cy JHMHEAapHOCT METO/AC aHAIN3e XHCTAaMHHA TEYHOM XpOMarorpaujoM OLMjeHUIN
koedunujenTom Kopenanuje sehum on 0,99, mro je ycariameHo ¢ pe3yaTaTuMa Hallux
UCTPaKUBambA.

MjepHu oricer MeTozie M3paKEH je MPEeKo JIMMHUTA KBaHTH(uKanuje. Y3umajyhu y o03up
MaKCHMaJIHO JI03BOJbCHE KOJIMUMHE XHUCcTaMuHa mponucaHe IIpaBumaukom (IIpommc,
2019), ogabpan je TMMUT KBaHTU(HUKALK]E Kao AeCeT IyTa HUXKa BPHjEIHOCT Ol HajHUKE
nponucade. EkcriepuMeHT je mocTaBibeH Tako Jia je 3a CBaKy 0 TP BpcTe prule aHaTu3UpaHo
Ho 1mect y3opaka oboraheHux Ha HHBOY KoHueHTpauuje on 10 mg kg'. M3padynare cy
no0ujeHe KOHIEHTpAIMj€e, BbUX0Ba CPEiba BPUjEIHOCT (C_), CTanaapaHa aesujamuja (sdv)
u uckopuiteme (Rec%). Jlooujenn pesyararu npukasanu cy y Tabenu 3. Mckopuiureme
oOorahennx y3opaka Ha HUBOY JMMHTA KBaHTHU(UKAIM]jE je y NMPUXBATIBUBOM OICETY U
Cpelma BPUjeIHOCT 3a TpHU BpcTe pude uznocu 105%.

Tabesa 3 JloOujeHe ekcriepuMEHTaIHE BPUjEIHOCTH 3a JUMUT KBaHTH(HKALKje

[Tapamerap Tyna Ckyma Capnuna

¢, (mgkg") 10,2386 9,4321 11,8314
sdv (mg kg™) 0,8908 0,3893 0,9817
Rec (%) 102,39 94,32 118,31
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Kana je pujeu o mpenu3HOCTH METOJIe HE IMMOCTOjH CTPOTO Je(hUHUCAH KPUTEPH]YM
3a TPHUXBATJFUBOCT OBOT Tmapamerpa Bepudukamuje. [Ipenmsnoct Metone
OIMjCHCHA je Y YCIIOBMMA TTOHOBJEUBOCTH U 00HOBJbHBOCTH TipeMa BAS EN ISO
19343 (MCBUX, 2018), Te cy uspauyHaru r u R numutu. [loHOBIBUBOCT MeTOzE
OIMjCHhCHA j€ aHaIM30M oOoraheHux y3opaka y MIeCT MOHOBJHCHUX HUCITUTHBAA
Ha TPU KOHIICHTPALIMOHA HUBOA. 32 CBAaKW PAJIHU JIaH U CBaKy CEpHUjy M3padyHare
Cy cpelma BpHjeIHOCT KoHIeHTparuje (mg kg'), cranmapana aesujanmja (mg
kg!), koedurmjeHT Bapujaimje MOHOBBUBOCTH (%), uckopuiutebe (%) U TUMUT
noHoBJbUBOCTH T (mg kg, %). 3a oljeHy MOHOB/BMBOCTH 3a BPCTYy puOe TyHa
Ha KOHIIEHTpanuoHoM HHUBOY 220 mg kg-1 xopuinTeH je pedepeHTHU MaTrepHja
(TYGO18RM). Resynrar mOHOBJEMBOCTH jeJIHE PaJlHE CEpHUje 3a CBA TPU MaTPUKCa
nar je 'y Tabenwu 4.

Tabesa 4 O1jeHa MOHOBJBHBOCTH 33 MaTPUKCE: TyHA, CKyIa U capinHa

Huso

1 1 .
oGorahema 25 (mgkg™) 100 (mg kg™) 220 (mg kg-")

Bpcra pube | Tyna | Ckyma | Capauna | Tyna | Ckyma | Capanaa| Tyna |Cxyma | CapanHa

Bpoj permukara| 6 6 6 6 6 6 6 6 6
Cpenma

Bprjenmoct (mg|24,95| 26,15 | 28,95 |108,42|101,43 | 107,63 |187,78|221,14| 229,35
kg™

HCKOIZ;“)”eH’e 99.80( 104,61 | 115,81 |108.42|101,43 | 107,63 | 85,34 |100,52| 104,25

Crannapana
nesujamuja,s, | 1,22 | 2,09 0,72 2,37 1,86 3,85 491 | 9,97 8,65
(mg kg')
Koedwunmjent
Bapujauuje, CV | 4,88 | 7,99 2,50 2,19 1,83 3,58 2,23 | 2,22 3,77
(%)
Jlumut
MTOHOBJBHBOCTH
(r=2,8xs)
(mg kg
Jlumut
TIOHOBJEUBOCTH
(r=28xCV)
(%)

341 | 5,85 2,03 6,64 | 5,21 10,78 | 13,76 | 27,92 | 24,24

13,66 | 22,37 7,00 6,13 5,12 10,02 6,24 | 6,22 10,56
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Pesynratn BanmpanuoHe CTynuje €H3MMATCKE METOJE aHajlh3€ XHWCTaMHHA Ha
MaTPHUKCY KOH3€pBa TYHE y YJbY 3a UCKOpHUINTEHE Cy y orcery 93,5-124,7%, a
KOC(UITMjCHT BapHjalfje MOHOBJFUBOCTH HAa CBUM HUBOMMa obOorahema < 20%
(Shimoji u Bakke, 2019). V namem ucTpaxuBamy je JOOHjEHO UCKOPHUIITEHE 3a
UCTy BpPCTy Marpukca y uHTepBany 85,34-101,43%, a koeduuujeHT Bapujanuje
MOHOBJBUBOCTHU < 5% Ha cBa Tpu HUBoa oborahema (Tabena 4). OBako pa3InYUTH
pe3yaTaru He u3HeHal)yjy ¢ 003UpOM Ja je pujed O JABHje METOMAE C Pa3IHIUTHM
NPUHIUMIIOM ofpeljuBama 1 pa3IMIUTUM TEXHUKaMa Mjeperba.

OOHOBJBMBOCT METO/IC OIMjeHEHA je aHaIM30M obOoraheHWx y3opaka Ha TpHU
KOHIICHTpAIlMOHAa HUBOA 3a TPU BpPCTE puOE O] CTpaHE JBa aHAIUTHYapa y
pa3nuuuTEM JaHuMa. Pesynrtatm moOWjeHHM y eKCliepUMEHTHMa 3a ojpehuBame
MIOHOBJBMBOCTH METOJIE 3a jJEJHOT aHAIWTHYapa OO0jeAMIbEHU Cy C pe3yliTaThuMa
JOOMjEHUM 3a JIPyror aHaJMTUYapa 32 CBAaKM HMUBO KOHIICHTpAIMje U CBAKy BPCTY
pube W W3payyHare cpelma BpUjeIHOCT KOoHLeHTpauuje (mg kg'), cranmapnHa
nesujanuja (mg kg'), koedurujeHt Bapujanuje 00HOBBUBOCTH (%), HCKOPHUIITCHE
(%) u mumuT obHOBIBMBOCTH (Mg kg™!, %). Y Tabenu 5 npukazanu cy pe3yaTary 3a
TYHY, CKyIIy ¥ CapHHY.

Taodesa 5 OujeHa 0OHOBIEUBOCTH 32 MATPUKCE: TyHA, CKYIIA U cap/IuHa

Hwugo oborahema 25 (mg kg™t) 100 (mg kg™ 220 (mg kg-1)

Bpcra pube Tyna |Cxyma|Capauna| Tyna |Ckyma|Capauna| Tyna |Ckymna|CapauHa

Bpoj pernukara 12 18 18 18 16 18 14 18 12

Cpenmba BpHjeIHOCT
(mg kg")
HUckopumremne (%) [108,32]103,95| 114,01 |108,35(102,17| 102,96 | 91,70 | 99,24 | 102,17

27,08 | 25,99 | 28,50 |108,35|102,17| 102,96 [201,76|218,33| 224,78

Crannmapaaa
JICBHjalHja,S 2,40 | 2,14 327 | 6,17 | 6,42 6,53 | 14,00 | 9,97 8,23
(mg kg
Koeduuujenr
Bapujauuje, CV, (%)

8,89 | 8,23 | 11,49 | 5,70 | 6,28 6,35 6,94 | 4,57 3,66

JInmut
obHosspuBOCTH (R =| 6,74 | 5,99 9,17 | 17,29 | 17,98 | 18,31 |39,22 | 27,92 | 23,06
2,8 xs,) (mgkg")

JInmut
obnossuBoCcTH | 24,89 (23,044 32,17 | 15,96 (17,584 | 17,78 | 19,43 | 12,80 | 10,25
(R=28xCV,) (%)
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JloOujeHn pe3ynratd 3a Cpeame BPHUJSIHOCTH KOHIICHTpAIHje, MCKOPHIITEHE,
CTaHJap/JHE JCBUjalfje W KOCPUIUjSHT BapHjalldje Cy CIMIHH 3a MATPUKC TyHA,
JIOK C€ 32 MaTPUKCE CKyIIa ¥ CapInHa Pe3yJITaTh Pa3jIuKyjy y OJHOCY Ha MPOCjeuHe
BPHjEIHOCTH Jare y cTanmapay. KoedunmjeHTa Bapujanyje 3a CKylly u CapIuHy
Cy HWXKHU OJ] HaBEACHUX y CTaHAApIy, & MCKOPHUINTCHA J0CTa BHINA, MOCEOHO
3a capAWHY, Koja je Kpo3 OBaj paja y3era 3a mopeheme kao cpomHa Bpcra pude y
OHOCY Ha xapuHry. Mako ce pa3imkyjy, T0OMjeHe BPHUjETHOCTH Ce HE CMarpajy
HeycarIalieHuM Yy OJHOCY Ha OHe Jare y craHmapay. Hamportus, yTBpheHa je
00Jpa MPEIM3HOCT, MTO je OWIO M OYEKHWBAHO C OO3MPOM Ha YCIIOBE TPOIjeHE
oBor mapametpa. Cranmaps je aeduHHCA0 MPEIM3HOCT HAa OCHOBY pe3yirara
MHTEPIIab0paTOPHjCKE CTYAH]E, TOK je TMPEIM3HOCT Y HALINM yCJIOBUMA OIH]CHhEeHa
uHTpanaboparopujcku. Takohe ce He cMHUje 3aHEMapUTH UYUHCHHIA J1a Cy
SKCIIEPUMEHTH 00yXBaTHJIM TPU BPCTE pHOE U TPH HUBOA KOHIICHTpAIH]e, 1A CTOra
NOOMjeH! JIMMUTH HE MOPajy OWUTH MPUMjEHUBU HA Jpyre HUBOE KOHLIEHTPAI]e U
Jpyre BpcTe pude M BUXOBUX Mpou3Boaa. Munir u cap. (2021) cy omabpanu cKymry
3a OIjeHy MPELU3HOCTH U TaYHOCTH Ha J[Ba KOHIICHTPAI[MOHA HUBOA, CPSIEHEM U
BHUIIIEM, Y IIIECT TIOHABJbAMA, y TOKY CE/IaM JIaHa, IIPU YeMy je T00HjeH KOSHUITHjSHT
Bapujanuje oOHOBBUBOCTH 7,38%, a uckopumteme 103%, mTo oxaroBapa HalIuM
SKCIIEPUMEHTAIHUM PE3yJTaTHMa 32 CKYIITY.

MjepHa HECUT'YPHOCT METOJZIC je MPOIMjeHhCHA Ha OCHOBY pe3ysiTaTa CTaHIapIHe
JIeBHjallrje UCTIUTUBAkhA XIUCTaMUHA Y YCIOBUMa OOHOBJHHBOCTH 32 CBE TPH BPCTE
pube Ha cBa TP KOHIIEHTpAIlMOHA HUBOA Y3 yHOTpeOy aKkTopa ocurypama 2, Kako
0m ce mocerao HHMBO TOBjepema o1 MPUOMIKHO 95%. Pesynraru cy npukazanu y
TaGenu 6 3a TyHY, CKyIIly U CapHHY.

Tabesia 6 MjepHa HECUTYPHOCT 32 MaTpUKCe: TyHA, CKyIlla U capinHa

Hugo oborahema 25 (mg kg™t 100 (mg kg™1) 220 (mg kg)

Bpcra pube Tyna | Cxyma | Capauna | Tyna | Ckyma | Capauna | Tyna | Ckyma | Capauna

Koeduuujenr
sapujauuje, CV, | 8,89 | 8,23 11,49 | 5,70 | 6,28 6,35 6,94 | 4,57 3,66
(%)

IIpommpena
MjepHa
HECHT'YPHOCT
U=2xRSD (%)

17,78 | 16,46 | 22,98 |11,40| 12,56 | 12,70 | 13,88 | 9,14 7,32
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Ghazi u cap. (2015) y cBOjuM €KCTIEpUMEHTUMA YTBPAWIN Cy TPOIIUPEHY MjepHY
HECUTYPHOCT (KOMOWHOBaHAa MjEepHA HECUTYPHOCT X 2) 32 TYHY U OCTaje BPCTE
pubde koja je nznocuia 26,4%. OBa BpujeJHOCT ce MOXKE MOPEIUTH ca BpUjeaHOoIIhy
3a MPOIIUPEHY MjepHY HECUTYPHOCT 3a Cap/IMHy Ha HajHM)KEM KOHIICHTPAIMOHOM
HUBOY Koja m3HOcH 22,98 % w HajBHINA je BPHUjEAHOCT OJ EKCIEPUMEHTAITHO
noobujeHux. [Ipocjeuna BprjeTHOCT 3a MPOIIMPEHY MjEPHY HECUTYPHOCT 3a CBE TPH
BpCTe pube je JocTa HUKA OJ1 MjepHE HECUTYPHOCTH METO/Ie IIOMEHYTHX ayTopa.

3AK/bYYAK

Ha ocnHoBy noOujeHux pesynaTara HCHUTHBama Napamerapa Bepudukamuje 3a
puby u npousBoze of pude, a y3uMajyhu y 003up Kputepujyme NpuxBaTibUBOCTH
3a JIMHEAPHOCT, MOHOBJHUBOCT, OOHOBJBUBOCT, TAYHOCT, UCKOPUIITEHE, TPAHUILY
kBantudukamnuje (LOQ), MmeToza je ycmjemnHo BepudukoBaHa, Te C€ MOXKE UCITPABHO
CTHIPOBOJIUTH Y PYTUHCKOM Pajy.

Pasnuke y pesynraruma 3a ucte napamerpe Bepudukanuje mehy madoparopujama
He u3HeHalyjy ¢ 003upoM jaa je pujed o MeTonama C PasiIuuuTUM HPUHIUIHMA
onpehuBama M pazNIMUUTUM TEXHMKaMa Mjepema. Pasnuke Takohe motuuy on
pa3IMuMTUX TMPHUCTyNa OIjeHH Mapamerapa Bepudukanuje y morieay omadupa
MaTpHKca U U3Bolema EKCIIEPUMEHTA.

YV xojem 06umy he maboparopujay CBOjUM paJHUM YCIOBUMA U3BECTH BEpUDUKAITH]Y
3aBHCH 011 MHOTO (pakTopa. M3a30B je aa ce Hale komnpomuc uzmel)y moryhHoctu
(BpujeMe, ¢uHAHCH]e) U ONTUMATHOr Opoja eKlmepuMeHaTa Ha OCHOBY KOjUX je
Moryhe yTBpIUTH KapaKTEpUCTUKE METO/IE U OIIHjEHUTH UX y OAHOCY Ha MPOMHCAaHEe
W/WIH TIPENopydYeHe KPUTEPHjyMe IPUXBATILUBOCTH.

U3jaBa o cykoOy nHTEepeca: AyTopu U3jaBibyjy Jla HE MOCTOjU CYKOO MHTEpeca.
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Summary

The aim of the study is to present the experimental results obtained during the
verification of the HPLC method for determining the histamine content in fish
and fishery products for three types of fish and fishery products and to estimate
measurement uncertainty of the method. The method for determining the amount
of histamine in fish and fishery products is verified according to BAS EN ISO
19343:2017. The following parameters of the verification method were evaluated:
influence of the matrix/linearity, limit of quantification, accuracy and precision.
Measurement uncertainty of the method was estimated for three types of fish (tuna,
mackerel and sardines). Linearity was confirmed in the concentrations range from 0
mg kg to 500 mg kg! with correlation coefficients from 0.9925 to 0.9999. The limit
of quantification for all three types of fish is 10 mg kg™'. The accuracy was evaluated
by analyzing the control materials through recovery and the average value is 96.61%.
The precision was evaluated in terms of repeatability and reproducibility at three
concentration levels for three types of fish and was expressed as the repeatability
limit r and the reproducibility limit R. The reproducibility limits R for tuna are 15.96
to 24.89%, for mackerel 12.80 to 23.04%, and for sardines from 10.25 to 32.17%.
The measurement uncertainty was estimated at three concentration levels 25 mg
kg!, 100 mg kg' and 220 mg kg' and was 17.78 mg kg™, 11.40 mg kg and 13.88
mg kg for tuna, 16.46 mg kg, 12.56 mg kg and 9.14 mg kg' for mackerel and
22.98 mg kg, 12.70 mg kg and 7.32 mg kg™ for sardines. The obtained results of
the verification parameters are in accordance with the prescribed and recommended
acceptance criteria, and confirm that the test method is sufficiently reliable and the
laboratory can use it in routine work.
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INTRODUCTION

The formation of histamine in fishery products is directly correlated with the
histidine concentration in the tissue and the microorganisms level in the product
(Etiene, 2016). The amount of histamine produced depends on the type of bacteria,
temperature and time of exposure of the fish (Jaksi¢ et al., 2017). Improper
storage, poor handling and manipulation of fish and fishery products leads to
food spoilage, which, in humans, causes symptoms similar to an allergic reaction,
known as “scombroid poisoning” (histamine or scombrotoxin). That is why the
histamine content is of great importance for the assessment of food toxicity and
has been proposed as an indicator of hygienic correctness (Ghazi et al., 2015). The
risk of histamine poisoning is kept under control by applying good hygiene and
manufacturing practices, linked to a system of risk analysis and critical control
points (Shimoji and Bakke, 2019).

The Regulation on Microbiological Criteria for Food of Animal Origin (Regulation,
2019) prescribes the maximum permitted amounts of histamine in fishery products
from fish species associated with a large amount of histidine, in the range of 100
to 200 mg kg, which are estimated by analyzing representative 9 units from each
series of samples. The sample is adequate, that is, it meets the provisions of the
Regulation if: the mean value of the results from 9 units does not exceed 100 mg kg
'; two units exceed the value of 100 mg kg but do not exceed 200 mg kg and if no
unit exceeds 200 mg kg'. Exceptions are fishery products processed by enzymatic
maturation in brine produced from fish species associated with a large amount of
histidine, where the allowed range is from 200 to 400 mg kg™ per 9 product units
and fish sauce obtained by fermentation of fishery products, which must not have a
histamine concentration greater than 400 mg kg™ in one product unit (Regulation,
2019).

Separation and quantification of biogenic amines is most often achieved by ion-
exchange chromatography, thin-layer chromatography, gas chromatography, liquid
chromatography, and enzymatic and radioimmunological methods (Malle et al.,
1996). HPLC is most commonly used due to its operational advantages (cost and
reproducibility) (Chen et al., 2016).

According to the Regulation on Microbiological Criteria for Food of Animal Origin
(Regulation, 2019), the prescribed reference method for determining the amount
of histamine in fish and fishery products is the HPLC method. Since the method is
standard, it has already been subject to validation and its suitability for the intended
purpose has been established. Having the resources that are a required for performing
the method, the laboratory implemented a standard method, and in order to confirm
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the ability to achieve accurate and reliable test results, a verification study was
created and performed.

The aim of the study is to present the experimental results obtained during the
verification of the HPLC method for determining the content of histamine in fish
and fishery products for three types of fish and fishery products and to estimate
measurement uncertainty of the method.

MATERIALS AND METHODS

In order to verify the method, analyzes were performed on samples of three types
of fish: tuna (one sample of raw fish and five products: one canned tuna in brine
and four canned tuna in vegetable oil), mackerel (one sample of raw fish and two
products: cannded mackerel in vegetable oil) and sardines (one sample of raw fish
and one product: a canned sardines in vegetable oil). For the assessment of the
verification parameters, in addition to enriched samples, externally ordered control
samples were also used: Fapas RM, TYG018RM, Canned fish, Tuna fish in brine,
ref. value 220+5 mg kg and Fapas QC, T27303QC, Canned fish, ref. value 31.3
mg kg-1(25.4-37.3 mg kg™).

The standard histamine dihydrochloride, manufactured by Sigma Aldrich, purity
>99%, batch no: WXBDI1225V, and the internal standard 1,7 diaminoheptane,
manufactured by Sigma Aldrich, purity 98%, batch no: STBG2472V, were used.
For the analysis, a basic 12.5 mg mL™" histamine solution was prepared from the
reference standards by dissolving 1.034 g of histamine dihydrochloride in 50 mL of
deionized water (the solution is stable for one year if stored in a freezer (-20+5°C))
and the stock solution of the internal standard 1,7-diaminoheptane, concentration
6.4 mg mL" was prepared by dissolving 0.320 g of 1,7-diaminoheptane in 50 mL
of deionized water (the solution is stable for three weeks if stored in a refrigerator
(5+3°C)).

Perchloric acid, sodium carbonate, dansyl chloride and L-proline produced
by Sigma Aldrich were used for sample preparation and processing. Toluene
produced by Honeywell was used for purifying the extract, and ultrapure water and
acetonitrile, HPLC grade acetonitrile produced by Fisher and Honeywell were used
for chromatographic separation.

PTFE/PP filters with a pore size of 0.2 um were used for filtering the prepared
sample, and nitrogen gas 4.6 was used for evaporation.

Analysis was performed on a liquid chromatograph with a UV/VIS detector, Agilent
Technologies, InfinityLab LC Series 1260 Infinity II Quaternary System with
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associated software OpenLAB Chem Station Edition Rev. C.01.07 SR3 [465]. A
Nucleosil C18 chromatographic column, 5 um 100A (25 cm x 4.6 mm), Macherey-
Nagel, LOT: 21301076, was used.

The test was performed in accordance with BAS EN ISO 19343 (ISBIH, 2018).
Calibration curves were made on the matrix of the same type of fish as the sample
for analysis.

RESULTS AND DISCUSSION

Experiments were performed in 15 batches by two analysts. The following
verification parameters were evaluated: influence of the matrix/linearity, limit of
quantification, accuracy, precision through repeatability and reproducibility of the
method, and the measurement uncertainty of the method was estimated for three
species of fish at three concentration levels. Samples of three types of fish (tuna,
mackerel and sardines) and samples of their products were included.

The determination of acceptance limits for verification parameters was done on the
basis of prescribed (Regulation, 2010) and recommended criteria (ISBIH, 2018),
and own experience and laboratory practice.

The chromatogram with the separated peak of histamine and the internal standard
with marked retention times in minutes is shown in Figure 1.
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Figure 1 Example of a specific chromatogram for histamine and an internal standard
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The Regulation on the Implementation of Analytical Methods and Interpretation of
Results (Regulation, 2010) prescribes a general recovery criteria for quantitative
methods of 80-110%, while BAS EN ISO 19343 (ISBIH, 2018) specifies an
interval of 60-140%. One of the reasons for such a wide acceptance interval is
that the BAS EN ISO 19343 method (ISBIH, 2018) was validated based on the
results of an interlaboratory study in which nine laboratories from seven countries
participated, and this criteria for accuracy verification in one laboratory is not
acceptable. Bearing this in mind, the laboratory defined the 80-120% interval as
an acceptance criteria for the evaluation of recovery (accuracy of the method) and
through experiments confirmed the ability of the method related to this verification
parameter. The accuracy of the method was evaluated by analyzing the reference
material Fapas TYGO18RM Canned fish, Tuna fish in brine and the control material
Fapas T27303QC Canned fish, in 6 repetitions and by analyzing enriched samples
for three types of fish at a concentration level of 400 mg kg'. Table 1 shows the
results for recovery over the reference and control material. Table 2 shows the
results for recovery over enriched samples.

Table 1 Recovery through RM and QC materials

Fapas RM, TYGO18RM, Canned | Fapas QC, T27303QC, Canned
[Mapamerap | fish, Tuna fish in brine, ref. value | fish, ref. value 31.3 mg/kg (25.4-
220+5 mg kg'! 37.3 mg kg™)
c, (mgkg') 208.1889 30.9996
sdv (mg kg™) 1.5701 2.5217
Rec (%) 94.63 99.04

(c,): mean value; (sdv): standard deviation; (Rec%): recovery

Table 2 Recovery through the enriched sample at the level of 400 mg kg-1

Parameter Tuna Mackerel Sardines

c (mgkg') 385.6474 378.9199 391.5657
sdv (mg kg™) 1.9049 3.4465 9.5088
Rec (%) 96.41 94.73 97.89
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The accuracy of the method was confirmed by participation of laboratory in the
PT scheme by the FAPAS provider in the period August/September 2022, with a
z-score value of 0.3 and a mean recovery value of 97.6%, which is acceptable in
relation to the set criteria. According to Jaksi¢ et al. (2017), the average recovery
obtained by the same method by analyzing four PT (FAPAS) samples at different
concentrations of histamine was 101.5%, which is close to the average recovery
obtained by analyzing the reference and control material at two concentration levels
(96.8%) .

The linearity of the method was confirmed in the range of concentrations from 0
mg kg! to 500 mg kg! for all three types of fish with correlation coefficients from
0.9925 to 0.9999, and coefficients of direction from 0.0070 to 0.0108. For each
analysis, a calibration curve was prepared on a sample of the same type as the test
sample. In this way, the influence of the matrix is eliminated and a more reliable
result is obtained. An example of the experimentally obtained calibration curve in
the matrix is shown in Figure 2.
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Figure 2 An example of an experimentally obtained calibration curve in a matrix

Based on literature data, for both chromatographic and enzymatic methods, a
correlation coefficient higher than 0.9 is considered acceptable. Jinadasa et al. (2016)
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evaluated the linearity of the histamine analysis method by liquid chromatography
with a correlation coefficient higher than 0.99, which is consistent with the results
of our study.

The measurement range of the method is expressed over the limit of quantification.
Taking into account the maximum allowed amounts of histamine prescribed by the
Regulation (Regulation, 2019), the limit of quantification was selected as ten times
lower than the lowest prescribed value. The experiment was set up in a way that,
for each of the three types of fish, six samples enriched at a concentration level
of 10 mg kg were analyzed. The obtained concentrations, their mean value (c_),
standard deviation (sdv) and recovery (Rec%) were calculated. The obtained results
are shown in Table 3. The recovery of enriched samples at the level of the limit of
quantification is in the acceptable range and the mean value for three types of fish
is 105%.

Table 3 Obtained experimental values for the limit of quantification

Parameter Tuna Mackerel Sardines

cm(mg kg™) 10.2386 9.4321 11.8314
sdv (mg kg™) 0.8908 0.3893 0.9817
Rec (%) 102.39 94.32 118.31

When it comes to the precision of the method, there is no strictly defined criterion
for the acceptability of this verification parameter. The precision of the method was
evaluated in terms of repeatability and reproducibility according to BAS EN ISO
19343 (ISBIH, 2018), and r and R limits were calculated. The reproducibility of the
method was assessed by analyzing enriched samples in six repeated tests at three
concentration levels. For each working day and each batch, the mean concentration
value (mg kg™), standard deviation (mg kg'), repeatability variation coefficient (%),
recovery (%) and repeatability limit r (mg kg!, %) were calculated. The reference
material (TYGO18RM) was used to evaluate the reproducibility for the tuna at a
concentration level of 220 mg kg'. The result of the repeatability of one working
batch for all three matrices is given in Table 4.
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Table 4 Reproducibility assessment for matrices: tuna, mackerel and sardines

Level of

-1 R 4
enrichment 25 (mg ke 100 (mg kg™) 220 (mg kg-")

A type of fish | Tuna | Mackerel |Sardines| Tuna | Mackerel | Sardines | Tuna | Mackerel | Sardines

Number of | ¢ 6 6 6 6 6 6 6 6
replicates
Melf;]()mg 2495| 26.15 | 28.95 [108.42| 101.43 | 107.63 [187.78| 221.14 | 229.35

Recovery (%)[99.80 | 104.61 | 115.81 |108.42| 101.43 | 107.63 | 85.34 | 100.52 | 104.25

Standard
deviation,s | 1.22 2.09 0.72 2.37 1.86 3.85 491 9.97 8.65
(mgkg")

Coeficient of
variation, CV | 4.88 7.99 2.50 2.19 1.83 3.58 2.23 2.22 3.77
(%)

Repeatability
limit (r=2,8 | 3.41 5.85 2.03 6.64 5.21 10.78 | 13.76 | 27.92 24.24
xs,) (mgkg")

Repeatability
limit (r=2,8 [ 13.66| 22.37 7.00 | 6.13 5.12 10.02 | 6.24 6.22 10.56
x CV)) (%)

The results of the validation study of the enzymatic method of histamine analysis
on the matrix of canned tuna in oil for recovery are in the range of 93.5-124.7%,
and the coefficient of variation of reproducibility at all levels of enrichment is <
20% (Shimoji and Bakke, 2019). In our study, the recovery for the same type of
matrix was obtained in the interval 85.34-101.43%, and the coefficient of variation
of reproducibility < 5% at all three levels of enrichment (Table 4). Such different
results are not surprising considering that these are two methods with different
determination principles and different measurement techniques.

The reproducibility of the method was evaluated by analyzing spiked samples at
three concentration levels for three fish species by two analysts on different days.
The results for the reproducibility of the method obtained by one analyst were
combined with the results obtained by another analyst for each concentration level
and each type of fish and the mean value of the concentration (mg kg'), standard
deviation (mg kg'), coefficient of variation, reproducibility (%), recovery (%) and
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reproducibility limit (mg kg, %) were calculated. Table 5 shows the results for
tuna, mackerel and sardines.

Table 5 Repeatability limit for matrices: tuna, mackerel and sardines

Level of

-1 1 ¥
enrichment 25 (mg kg™ 100 (mg kg™) 220 (mg kg-")

Atype of fish | Tuna |Mackerel |Sardines| Tuna |Mackerel |Sardines| Tuna |Mackerel|Sardines

Number of 12 18 18 18 16 18 14 18 12
replicates

Mean (mg kg') | 27.08 | 25.99 | 28.50 |{108.35| 102.17 | 102.96 |201.76| 218.33 | 224.78

Recovery (%) [108.32| 103.95 | 114.01 [108.35| 102.17 | 102.96 | 91.70 | 99.24 | 102.17

Standard
deviation,s (mg| 2.40 2.14 3.27 6.17 6.42 6.53 | 14.00| 997 8.23

kg")

Coeficient of
variation, CV_ | 8.89 8.23 11.49 | 5.70 6.28 6.35 6.94 4.57 3.66
(%)

Repeatability
limit (r=2,8x | 6.74 5.99 9.17 [17.29] 17.98 18.31 [39.22| 27.92 | 23.06

s,) (mg kg™)

Repeatability
limit (r=2,8x | 24.89 | 23.044 | 32.17 | 1596 | 17.584 | 17.78 |19.43| 12.80 10.25
CV) (%)

The obtained results for mean values of concentration, recovery, standard deviations
and coefficient of variation are similar for the tuna matrix, while for the mackerel
and sardines matrices the results differ in relation to the average values given in
the standard. The coefficients of variation for mackerel and sardines are lower than
those stated in the standard, and the recovery is much higher, especially for sardines,
which is taken in this study as a fish species similar to herring. Although they differ,
the obtained values are not considered inconsistent with those given in the standard.
On the contrary, a better precision was determined, which was expected considering
the conditions of assessment of this parameter. The standard defined precision based
on the results of an interlaboratory study, while precision in our study was evaluated
intralaboratory. It should also not be overlooked that the study included three types
of fish and three levels of concentration, and therefore the obtained limits may
not be applicable to other levels of concentration and other types of fish and their
products. Munir et al. (2021) selected mackerel for the assessment of precision and
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accuracy at two concentration levels, medium and higher, in six repetitions, during
seven days, where the coefficient of variation of reproducibility was 7.38%, and the
recovery was 103%, which corresponds to our experimental results for mackerel.
The measurement uncertainty of the method was estimated based on the results of
the standard deviation of the histamine test under reproducibility conditions for all
three fish species at all three concentration levels using an assurance factor of 2, to
reach a confidence level of approximately 95%. The results are shown in Table 6 for
tuna, mackerel and sardines.

Table 6 Measurement uncertainty for matrices: tuna, mackerel and sardines

Level of

1 1 .
enrichment 25 (mg kg 100 (mg kg™) 220 (mg kg

A type of fish | Tuna | Mackerel | Sardines | Tuna | Mackerel | Sardines| Tuna | Mackerel | Sardines

Coeficient of
variation, CV_ | 8.89 8.23 11.49 |5.70 6.28 6.35 | 6.94 4.57 3.66
(%)

Expanded
measurement
uncertainty U

=2x RSD (%)

17.78| 16.46 2298 |[11.40| 12.56 12.70 |13.88| 9.14 7.32

Ghazi et al. (2015) determined the expanded measurement uncertainty (combined
measurement uncertainty x 2) for tuna and other types of fish, which was 26.4%. This
value can be compared with the value for the expanded measurement uncertainty
for sardines at the lowest concentration level, which is 22.98% and is the highest
value obtained experimentally. The average value for the extended measurement
uncertainty for all three types of fish is much lower than the measurement uncertainty
of the method of the mentioned authors.

CONCLUSION

Based on the obtained results of the verification parameters test for fish and fishery
products, and taking into account the acceptance criteria for linearity, repeatability,
reproducibility, accuracy, recovery, limit of quantification (LOQ), the method was
successfully verified and can be implemented in routine work.

Differences in results for the same verification parameters between laboratories
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are not surprising considering that these are methods with different determination
principles and different measurement techniques. The differences also originate
from different approaches to the estimation of the verification parameters in terms
of matrix selection and experiment design.

The extent to which the laboratory will carry out verification in its working
conditions depends on many factors. The challenge is to find a compromise between
the possibilities (time, finances) and the optimal number of experiments on the basis
of which it is possible to determine the characteristics of the method and evaluate
them in relation to the prescribed and/or recommended acceptance criteria.
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CpeICTBUMA KOjU J10J1a3€ Y KOHTAKT C XPaHOM, IJIj€ TOCTOjU OMACHOCT O] TI0jaBe U
HIMpea 3apazHe 001ecT, KopulheHu cy 3a UCIHUTHBamke. VICMUTHUBaHHU y30pLH
noTU4y U3 o0jexara 3a MPOU3BOAKY, Mpepaay U TUCTpUOYIUjy XpaHe, pecTopaHa
U IPYTHX YyTOCTUTEJbCKUX 00jeKaTa y KOjuMa ce CITy)KH XpaHa, o0jekara y o0iactu
BaclUTama, 00pa3oBama W CoIMjaiHe 3amThTe (00JeKTH 3a CMjelITaj JIMIa) U
MIPEBO3HUX CPEACTaBa Koja Jojla3e y KOHTAKT ¢ XpaHoM. McnutuBame je 00aB/beHO
tokoM 2020. roquHe u 00yxBaruio je 2.958 y3opaka. JJabopaTopujcko HCITUTUBAE
y3opaka Opucesa BpiieHo je metogama BAS EN ISO 4833-1:2014, BAS EN ISO
21528-2:2018, BAS EN ISO 11290-1:2018 u BAS EN ISO 6579-1:2018. Lumb
UCTPA)KMBaA j€ J1a C€ MPOIIH]eHH CTamhe MUKPOOHOIIOIIKE YUCTONE Yy JIaHIy XpaHe.
Opn yxynHor 0poja ucnutaHux y3opaka opucena, 94,22% je 6uino 3anoBosbaBajyhe,
a 5,78% je Ouno HesamoBosbaBajyhe. Ilocmarpano y omgHocy Ha ykymaH Opoj
UCIUTaHUX y30paka, 77,19% y3opaka je 6uno He3zagoBoskaBajyhe 300r noBehanor
Opoja aepobHux Mukpoopranuzama Ha 30°C, a 22,81% 300r mosehanor 6poja
Enterobacteriaceae. 1latorenn Salmonella spp. u Listeria monocytogenes HUCY
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M30JI0BaHU HH Y jeTHOM y30pKy Opmca. JloOujeHu pe3yaraTd ykasyjy Ja je OniTH
HUBO XUTHjEHE Y TPOU3BOIBH U TUCTPUOYIIMJU XpaHe HAa BHCOKOM HUBOY, ITOCEOHO
300r oncyctBa naroreHa Salmonella spp. u Listeria monocytogenes, anu na u
JlaJbe TIOCTOjU PU3HK O] KOHTaMHHaIje Enterobacteriaceae, xoje ¢y MHIUKATOPU
XHUTHjeHa TPOoIIeca MPOU3BOIHE.

KibyuHe pujeun: MUKpOOHOIIONIKa YUCTONA, JTaHAIl XpaHe, Op0j MUKPOOpTraHHu3ama,
Enterobacteriaceae, Salmonella, Listeria monocytogenes.

YBOJI

[Topen MHKpPOOHMONOMIKMX KpUTEpHUjymMa 3a XpaHy (Kputepujymu 0e30jenHo-
CTH XpaHE U KPUTECPHjYMHU XUTHjCHE y TIPOIECY MPOHU3BOAE), MUKPOOUOIOIIKI
KpUTEpHjyMH 4rcTohe Cy BeoMa BaykKHA KapvKa y MUKPOOHMOJIOTH)H JIaHIIa XpaHe.
[TpocTopuje y Kojuma ce pyKyje XpaHOM, IPEBO3HA CPEICTBA, MPEAMETH, TPUOOP
U OllpeMa KOjH JI0J1a3¢ Y KOHTAKT C XPaHOM MOpPajy c€ PEIOBHO OJpKaBaTH (Mexa-
HUYKO YHIIThewme U pame) U 1e3NHPUKOBATH Kako O ce n30jerao CBaku PU3UK OJf
KOHTaMHUHaIlMje, a XpaHa u 0colsbe Mopajy outu noa penosauM Haazopom (IIpo-
nic, 2004). PykoBaoiu XpaHOM MOpajy OIpKaBaTh BUCOK HUBO JIMUHE XUTHjCHE
U HOCUTH ofroBapajyhy 3amtutHy oajehy, u 6utu oOydeHH O 3aXTjeBUMa XUTH]e-
He xpane (Gill u Jones, 1999). HenpaBunHo yuniheme u ne3uHdeKyja IMPEKTHO
Cy MOBE3aHU C M0jaBOM pa3HuX 00JeCTH Koje ce mpeHoce xpaHoM (Johns, 1991).
OO6yka oco0Jspa Koje pyKyje XpaHOM, Y Be3H ¢ OCHOBHUM KOHIIENTOM U 3aXTjeBUMa
JUYHE XUTH]EHEe, CAaCTaBHU je AUO Mjepa 3a nolujame 0e30jeHOr Mpou3BOIa 3a
notporntada (Adams u Moss, 1997).

Y MUKpoOHOIOIIKOM Tperiiey OpuceBa, MpoljeHa XUTHjeHe MOBPIIMHA YTIIABHOM
ce 3acHMBa Ha ofpehuBamy Opoja aepoOHHUX MuKpoopranuzama Ha 30°C u
Enterobacteriacea nmo c¢cm? (Aarnisalo u cap., 2006). ITopen oBuX, IMOHEKam ce
BPILIU HCITUTHBAKE U HA TIPUCYCTBO JAPYTHX MHKPOOPraHU3ama, jep je T0Ka3aHo Ja
Salmonella spp., Shigella spp., Escherichia coli, Staphylococcus aureus, Bacillus
cereus U (peKaHEe CTPENTOKOKE MOTUYY O] 3aPAKCHHUX 0C00a KOje PYKYjy XpaHOM
(Lawrie, 1998).

Ha noBprirHama koje /1ojla3e y KOHTaKT ¢ TOTOBOM XPaHOM MOTPEOHO je BPIIUTH
UCTIMTUBAaka TPHUCYCTBA Listeria monocytogenes Kao y3pOYHHKA JHCTEPHO3E,
TElIKe 3apa3He 0oJecTH Jbyau W KuBOTHHa (Aguado u cap., 2001; Lundén u
cap., 2002; Lundén u cap., 2003; Suihko u cap., 2002; Fonnesbech-Vogel u cap.,
2001). UctpaxuBama Samelis 1 Metaxopoulos (1999) yka3zyjy na je, y mporecy
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NIPOM3BOIHE XpaHe, )KUBOTHA CpeArHa yenthu u3Bop Listeria monocytogenes HETo
KHMBE )KUBOTHUIHE U JICTIIEBH, TAKO Ja Tpeba 0OpaTUTH MoceOHy MaXKiby Ha MPOoLec
yunthewa u fe3uHpeKImje.

300r pu3MKa M0 JaBHO 37paBJbE, Y MIPOU3BOALH, MPEPAIU U IPOMETY CIIPOBOJIE CE
o0aBe3Ha UCTIMTHBama Ha Listeria monocytogenes y OCIOBalkbY TOTOBOM XpaHOM
u Ha Salmonella spp. y mocioBamy MECOM, TTOJYITPOU3BOIMMA U TIPOU3BOIUMA O]
meca (IIponuc, 2012; [Ipomnuc, 2019).

Baxehowm perynatuBom fepuHUCAHU Cy KPUTEPHJYMU MUKpOOUOJIolIKe yrucTohe u
y4eCTaJoCT KOHTpOJIe oripeme, ypehaja, mpubopa, paJHuX MOBPIIUHA, pagHe ojehe
U PYKY paJiHUKa y IPOU3BOIHH U TIPOMETY y 00jeKTUMA U TIPEBO3HUM CPEACTBUMA
KOja Jiojla3e y KOHTaKT C XpaHOM, Y KOjUMa MOCTOJH PU3UK O IM0jaBe W IIUPEHa
3apaszune 6omnectu (ABX, 2013; IIpomnuc, 2018; IIpomnuc, 2019).

[{use ucTpakuBama je J1a ce MpOLUjeHH CTambe MUKPOOHOIOLIKe yucTohe y JIaHIy
XpaHe.

MATEPUJAJIN U METOJE

VY3opuu OpuceBa omnpeme, ypehaja, npuOopa, pagHUX MOBPLIMHA, pajgHe ojjehe
U PYKY paJHMKa y MPOU3BOMY, NMPEPaau U NPOMETY y 00jeKTUMa U MPEBO3HUM
CpEeACTBHMMA KOjH J10a3€ Y KOHTAKT C XPaHOM, I/je MOCTOjH OMACHOCT O] TOjaBe
U 1IMpema 3apa3He 0ojecTH, KOpuIIheHH Cy 3a HCIUTHBAaKkE. Y30pLUU MOTUUY
u3 objekara 3a NPOM3BOAMKY, Hpepagy M AUCTpUOYLH]y XpaHe, pecTopaHa M
JPYTUX YTOCTUTEJbCKUX O0jeKaTa y KojuMa ce CIy)XM XpaHa, o0jekara y obiactu
BaClMTama, 00pazoBamba U COIMjalHe 3aIuTUTE (00JeKTH 3a CMjeIlTaj JHla) U
NPEBO3HUX CPE/ICTaBa Koja Joj1a3e y KOHTAKT ¢ XpaHoM. McniutuBame je 00aB/beHO
TokoM 2020. ronuHe 1 o0yxBaTuio je 2.958 y3opaxa.

VY3umame 1 TpaHcropT y3opaka BpiueHo je mpema BAS ISO 18593 (MCBUX, 2008).
OnjemuBame ycarIalleHOCTH y30paka y OAHOCY Ha Opoj aepoOHMX
mukpoopranuzama Ha 30°C u Enterobacteriaceae (Ilpommc, 2012; ABX, 2013;
[Mponuc 2018), Salmonella spp. (Ilpomuc, 2019) u Listeria monocytogenes
(ITporuc, 2012; IIponuc 2019), u3BpIIEHO je HA OCHOBY KaTeropuja MCHUTAHUX
y30paKa U MUKPOOHOJIOIIKUX KpUTepHjyMa npruka3aHux y Tabenu 1.
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Ta6ena 1 Kareropuje y3opaka u KpUTepHjyMu MHKPOOUOJIOIIKE YucTohe
Kareropuja bpoj aepobrnx . Listeria Salmonella
MUKpoopranuszama | Enterobacteriaceae
y30paka a 30°C monocytogenes spp.
TTopiynancke,
CTaKJICHE, O1CYCTEO OncycTBo
TJIaTKe METalHe <10 0-1 A y2 y y 100cm?/
100cm?/6pucy
nioBprmHEe cfu/ Opucy
cm?
Ocrane
MOBPIINHE OncyctBO
OncycTBo y
< - 2
(npBene, <30 0-1 100cm?/6picy y 100cm?/
IJIACTUYHE, Opucy
kamene) cfu/cm?
Tawupu,
3njenuiie,
pudop 3a
jeTo u Mame OzcycTso
Eoncyljg’ mocyhe <100 0-1 ORCyCIBO Y |y 5o ey
pudop 100cm?/6pucy Spiic
KOjH J0Ja3e pucy
y KOHTaKT ca
xpanom cfu/ml
(cm’)
Pyke ocoba
y})]:[ozmpy ca OncyctBo y Oncyerso
<200 0-1 5 y 100cm?/
xpanom cfu/ml 100cm?/6pucy Spric
(cm?) pucy
Bore unn
ambanaxa 3a 0-1 0-1 OncyctBoy | OncycTBO
TEYHE TPOU3BOJIC Opucy y Opucy

cfu/ml

cfu: colony forming units (jenuuuia koja hopmMupa KOJOHHU]Y)

JlaGopaTopujcko HCIUTHBAKE y30paKka OprceBa BPIIEHO je cienehum MeToaama:
- perekuuja Salmonella spp. npema BAS EN ISO 6579-1 (MCBUX, 2018a),
- perekuuja Listeria monocytogenes npema BAS EN ISO 11290-1 (MCBUX,

20186),
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- Opoj aepobHmx Mukpoopranmzama Ha 30°C mpema BAS EN ISO 4833-1
(MCBUX, 2006),
- Opoj Enterobacteriaceae npema BAS EN ISO 21528-2 (MCBUX, 2018B).
VY HameMm UCTpaXWBakby W Y CTaTHCTUYKO] aHAIM3M JOOMjeHUX pe3yaTara
KOPHCTWJIA CMO, Ka0 OCHOBHE CTaTUCTHYKE METOJE, NECKPUITHBHE CTaTUCTHYKE
napamertpe. Pe3ynraru uctpaxuBama NpUKa3aHu Cy Ta0eTapHO U TpapUuKH.

PE3YJITATU U JUCKYCHUJA

Jenan on mIaBHMX pHU3MKa KOHTaMHUHALMj€ XpaHE MOTHYE M3 PaJHOr Ipoleca
0co0Jba KOje PyKyje XpaHOM M MHKPOOpraHu3ama, y3pOoyHHUKa OOJECTH, KOjU Cy
NOPUCYTHHU Y WIN Ha 0co0JbY, KOJU C€ 3aTUM IPEHOCE ¢ 0CO0Jba HAa XpaHy TOKOM
nporieca pykosamwa (Gordon-Davis, 1998).

Yob6uuajeHo je 1a ce XUrujeHcKe MpoBepe y 00jeKTUMa yecMepaBajy Ha MOBPLIMHE
Koje cy Hajuemrhe y koHTakTy ca xpanoM (Watnick u Kolter, 2000).

CrpyKTypa HCIIMTAHUX y30paka Opucesa 1o Kareropujama npukasasa je Ha Cnunu
1.

= HOpL{}’J’IﬂHCKe. CTAKIIEHE, I'TaTKe
METATHE IIOBPINHHES

% y3opaka OpHceBa

~
13.66 = OcTale NOBPIIHHE (JIpBEHE,
IUIaCTHUHE, KaMeHe)
37.96 _ _
® TamHpH, 37jelHlE, IpHOOp 3a Jello H

Mame mocyle; mocyle u mpaGOp KOjH
Jonase y KOHTaKT ca XpaHOM

35.06 Pyke ocobay goaupy ca XpaHOM

= bore uin amOanaka 3a TeuHe
IIPOH3BO/IE

Cauxa 1 Y3opuu Opucesa 1o kareropujama
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CTpyKTypa HCIUTAaHUX y30paka y OAHOCY Ha KaTreropujy Owia je cCiIu4yHa Kao y
crynuju Goli¢ et al. (2019). 3anemapspuBO Mau OPOj y30paka OprceBa OJHOCH CE
Ha KaTreropujy ,,001e wim ambanaka 3a Te4He MMPOM3BOJIE U3 pas3yiora mTo BeoMa
Maiu Opoj cybjekara y ToClIoBamY XpaHOM 0O0yxBaheHHWX OBHM HCTPaXKHBAEHCM,
KopHcTH Oorle WM aMOanaxky 3a TEUHE MPOU3BOJE y MPOU3BOIKBHM XpaHe. 300r
TOTa, Pe3y/ITaTH HCIIMTHBAbA OBUX y30paka Cy MPUKa3aHH, aJld HUCY Y3E€TH Y 003Up
3a AUCKYCH]y, jep cMarpamo ja Opoj y3opaka HUje penpe3eHTaTuBaH y OJHOCY Ha
yKymaH 0poj y3opaka o0yxBaheHHX HCTPaKUBAEHEM.

CTpyKTypa MCIHMTaHHX y30paka OpuceBa y OJHOCY Ha TapaMeTap HCIUTHBabAa
npukasana je Ha Cnunm 2.

% y3opaka OpHceBa

= Gpoj aepoOHHX
MHKpoopranusaMa Ha 30°C
+ eHTepoOaKTepHje

u Salmonella spp.

m Listeria monocytogenes

Cauka 2 Y3opuu OpuceBa 1o apameTpy UCIUTHBAbA

CTpyKTypa MCHHTaHHX y30paka y OJHOCY Ha MapaMeTap HCIUTHBamba Ouia je
ciryHa kao y crynuju Goli¢ et al. (2019) 3a 6poj aepoOHUX MHKpOOpTraHH3amMa Ha
30°C, entepobaxrepuje u Salmonella spp. bpoj y3opaka HCIIUTaHUX HA TIPUCYCTBO
Listeria monocytogenes je Behu ckopo 3a JIyIuio, jep je OBHM HCTPaXUBAHEM OO
oOyxBaheH 3Ha49ajaH Opoj cyOjekara y mOCIOBambY TOTOBOM XPAaHOM.

Ha Cnunm 3 npuka3zaHa je JUHaMUKa y30pKOBamba OJHOCHO MCIIUTHBAKA y30paka
OpuceBa 1o Mjecenuma.
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0% y30paKa GpHCeBa y OJTHOCY Ha YKyIaH Opoj y3opaka

Cuanka 3 JluHamMKKa HCIMTUBAaKka y30paka Oprcesa Mo Mjecenuma

VY30p1u cy y3uMaHH TOKOM CBUX JBaHaecT Mjecer 2020. roguse, a JUHAMUKA je
3aBHCHJIA OJ] IOCTYTHOCTH Cy0jeKara y MOCIOBamky XPaHOM.

VYnopehuBameM J00MjeHUX pe3ynTara MCIOUTHBaWka ca  KPUTEPUjyMHMa
MHUKpOOMOIIOIIKE 4YucTohe, Oljemyje Cce NPUXBATIBMBOCT MHUKPOOHMOIONIKE
yucTohe y30pKa. Y30pak je NIpuXBaTbUBe MUKPOOUOJIOUIKe YUCTONE aKo UCITYHhaBa
MHUKPOOHOJIOLIKE KpUTEPUjyMe. YKOJIUKO caapxu 10 50% BuIllle MUKPOOpPraHHU3aMa,
y30paK MO)ke OUTH NMpHUXBaTJbUBE MUKpOOMoOJoOIKe yrcTtohe, Moj yClIOBOM Jia He
caapxu narorere 6akrepuje (Ilponuc, 2018; ITponuc, 2019).

Opn ykynHor Opoja HCTIMTaHUX y30paka OpuceBsa, 94,22% je 6uito 3a10BosbaBajyhe, a
5,78% je buno HezanoBosbaBajyhe. O He3anoBobaBajyhux y3opaka, 77,19% je 36or
nosehanor 6poja aepo6HNX MUKpoopranuzama Ha 30°C, a 22,81% 300r nosehanor
Opoja Enterobacteriaceae. IlocmarpaHo y onHOCY Ha yKymaH Opoj MCIUTaHHMX
y3opaka, 4,46% y3opaka He3anoBoJbaBajyhe je 30or nmosehanor 6poja aepoOHUX
mukpoopranuzama Ha 30°C, a 1,32% 300r noBehanor 6poja eHTepobakTepHja.
[TojaBa OonecTn mnpeHOocHBUX XpaHoM Yy 81% ciydajeBa mocibeauna je
KOHTaMHHAaL{je XpaHe y TOKY YHje IPOU3BOAE HUCY MOIITOBAHH NPUHIIUIIN 00pe
npousBohauke npakce (RaSeta et al.,, 2012). OncyctBo Listeria monocytogenes
yka3yje Ha edukacaH mporpam uminhema, npama U Je3uHdexnuje (Samelis u
Metaxopoulos, 1999). ¥V namem ucrpaxupamwy natorenu Salmonella spp. u Listeria
monocytogenes HACY U30JI0BaHU HU Y JeIHOM Y30pKy Opuca. OBH pe3yaTaru cy y
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CKJIaay c pesyararumMa koje cy noomnm Kalaba et al. (2017) u Goli¢ et al. (2019).
VYyemhe He3a0BoJbaBajyhux y3opaka OpriceBa 1o Kareroprjama MpUKa3aHo je Ha
Cnunu 4.

®» [TopiynaHcKe, cTakiIeHe, TTaTKe
% He3aJ0BObaBajyliHX y30paka OpHCceBa MeTalHe TIOBPIIHHE

= OcTane NMoBpIIHHE (ApBEHE,
IUIaCTHUHE, KaMeHe)

= TamHpH, 37jeTHIe, TPHOOP 3a jelIo
H Mame 1ocylje; mocyle u npudop
KOJH [T0a3e Y KOHTAKT ca XPaHOM

Pyke ocolay moaupy ca XpaHOM

= bone nim amOanaxa 3a TeuHe
IIPOH3BO/IE

Cauka 4 Yuyenihe He3anoBosbaBajyhux y3opaka OpruceBa 10 KaTeropujama

HajBume He3amoBoJbaBajyhmx y3opaka OWIO je W3 Kareropwja ,,IIOpIyJaHCKE,
CTaKJICHE, IIATKe METAJIHE MMOBPIINHE U ,,pyKe 0co0a y JOAUPY ca XPAHOM®, IIITO
je y cxiany ¢ uctpaxuBameM Goli¢ et al. (2019). OBo ykasyje na BEIHKH PH3UK
MpeCTaB/ba XUTHjeHa 0c00a KOje JI0JIa3e y KOHTAKT C XpaHOM, IIITO je Y CKJIaIy ca
3akspyuniuma Gordon-Davis (1998).

Ha Cmumu 5 npukasanm cy pes3yiTaTH HCIHUTHBamka y30paka OpuceBa IO
KaTeropujama.
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% y3opaka OpHceBa
100 94.66 95.56 96.04
87.6 86.67
20
80
70
60
50
40
30
20 12.4 13.33
10 5.34 4.44 3.96
0
IlopuynaHcke, OcTate noBpmHHe TamHPH, 34jemHIle. Pyke ocobay Jomupy bBolle HTH aMGataka
CTAKIEHE. INIaTKe  (JpBeHe, ILTacTH4He. NpHOOp3ajeno H ca XpaHoM 38 TeYHe IPOH3BOIE
MeTalIHe TOBPIIHHE KaMeHe) Mame mocyle:

nocyle H mprGOP
KOjH JoTase y
KOHTAKT Ca XPaHOM

N 3anopossaBa M He 3a0BOBABA

Cuanka 5 Pesynrarn nucnutuBama y3opaka OpHceBa 1o KaTeropujama

Pesynraru ncnutruBama 3a KaTeropujy ,,pyke ocoda y JoAupy ca XpaHOM™ y CKIIaay
Cy ¢ pesyiraruMma J1o kojux cy pountu Ivanovié et al. (2013) u 3a oBy kateropujy
3HAYAjHO Cy MOBOJBHHjH Y ofHOCY Ha pesynare Goli¢ et al. (2019) u Kalaba et al.
(2017). 3a xareropwuje ,,TalbUpPH, 3]jeIIHIIC, IIPUOOP 32 jeI0 U Mame nocyhe; mocyhe
U pUOOp KOjU J10J1a3e Y KOHTAKT ca XpPaHOM" U ,,IIOPITYJIAHCKE, CTAKIICHE, IIaTKe
METaJTHE MOBPIIMHE  pe3y/ITaT ¢y y ckiiany ¢ pesyararuma Goli¢ et al. (2019), nok
je 3Ha4ajHo Behu MpOICHAT HEe3a[0BOJbaBajyhux y30paka U3 KaTeropwuje ,,0CTaie
NOBpIIMHE (JIpBEHE, TUIACTHYHE, KAMEHE )™, PETIOCTaBIbaMo 300T crierupuIHOCTH
OBUX TOBPIITHA, KOj€ CE TEXKE YUCTE U OJ[PIKABA]y.

Ha Cimnm 6 mpuka3anu cy pes3yaTarH He3aaoBoJhaBajyhux y3opaka OpuceBa Imo
KaTeropvjama y OJJHOCY Ha HCIIUTUBAHU TapaMeTap.
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% y3opaka OpHceBa
100
100
20 76.67 76.6 76.09 §1.23
80
70
60
50
40
30 23.33 234 23.91 1875
20
10 i)
0
TTopiyTancke. Octane NoBpmMHHe TamHPH. 34jeTHLe. Pyke ocoday momHpy Bolle HiIH aMfaTaka
cTakIeHe, TMaTke (OpBeHe, TACTHYHe. MpHGOp3ajeno H ca XpaHoM 3a Te4He MPOH3BOIE
MeTalHe NIOBPIITHHE KaMeHe) Mambe mocyle;
nocyle 1 npHSOp
KOjH Jodase y

KOHTAKT <a XpaHOoM

B §poj aepoGHHX MHKpOOpraHH3aMa Ha 30°C B egTepodakTepHje

Cuanka 6 Pesynraru He3anoBosbaBajyhux y3opaka Opucesa 1o KaTreropujama y OJHOCY Ha
HCIUTUBAHU TIapaMeTap

Kana ce mocmarpajy pesynratu He3aaoBosbaBajyhux y3opaka OpuceBa IO
KaTeropujamay OJHOCY Ha MCIIMTHBAHH ITapaMeTap, youasa ce Jia je BehuHa yzopaka
6una He3anoBoJbaBajyha 30or moehanor Opoja aepoOHUX MHUKpOOpraHHW3aMa Ha
30°C, nox je 3Ha4ajHO Mame He3aJl0BOJbaBajyhux yszopaka Ouio 30or nmosehaHor
Opoja eHrepobakTepuja, WTO je y ckiamy c¢ pesynraruma Goli¢ et al. (2019).
MehyTum, MOTIYHO CYNPOTHO O] HABEACHOT MCTPaKMBamkba, YTBPAUIM CMO Jia je
KaTeropuja ,,pyke ocoda y Joaupy ca XpaHoM'* UMaJia HajBUIIIEe He3a/10BoJbaBajyhux
y3opaka 300r nmoBehanor 6poja aepobuux mukpoopranuzama Ha 30°C (81,25%), anu
U HajMame He3aZl0BoJbaBajyhux y3opaka 30or nmoBehanor 6poja entepobakTepuja
(18,75%), 1TO je TOBOJbHA OKOJTHOCT jep C€ IPUCYCTBO EHTEPOOAKTEPH]ja Y y30pIIMMa
OpuceBa cMamuUIIO, a MaTOTeHe OakTepHje, Ol KOjUX Cy HEKe U eHTepoOakrepwje,
yOHIITe HUCY YTBpheHe.

3AK/bYYAK

JlobujeHn pesyaTaTd ykasyjy Aa j€ ONIITH HUBO XUTH]EHE y TPOU3BOIBH H
JTUCTPUOYIIMjU XpaHe Ha BHCOKOM HHBOY, MOCEOHO 300T OJICYCTBa ITaTOreHA
Salmonella spp. u Listeria monocytogenes, anu 1a W Najbe TOCTOJU PU3UK O]
KOHTamuHanuje FEnterobacteriaceae, Koje Cy HWHAMKATOPH XHUTHjEHE Tpoleca
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npousBoame. CBakako, Hajsehw pusuk je ox canmpoduTckux OakrepHja, Koje
MOTY 3Ha4ajHO YTHUIATH HAa MHUKPOOHMOJIOIIKE, (DU3UIKO-XEeMHjCKE W CEH30pHE
KapaKTepUCTUKe (HHAIHOT MPOW3BOJA Y JIaHIy XpaHe. 30or oBora Tpeba
KOHCTAHTHO OJIp’)KaBaTH BUCOK HHUBO CBHjECTH 0OCO0Jba y IMOTIENAY XHUTHjECHE, TEC
CIIPOBOJIMTH PEIOBHE Mjepe, o0yKe W MpOBjepe 3Hama U3 00JIACTH XUTH]CHCKOT
MUHHMYyMa. Takolje, mporiec KOHTHHyHpaHE CaMOKOHTPOJE 3HAYajHO yTHYE Ha
BHCOK HUBO MUKPOOHOJIOIIKE YUCTONE Y JIAHITYy XpaHe.

W3jaBa o cykoOy nHTepeca: AyTopu U3jaBibyjy Jla HE MOCTOjU CYKOO MHTEpeca.
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Summary

In addition to microbiological criteria for food (food safety criteria and hygiene
criteria in the production process), microbiological purity criteria are a very
important link in the microbiology of the food chain. Swab samples of equipment,
devices, accessories, work surfaces, work clothes and hands of workers engaged in
production, processing and traffic in facilities and vehicles that come into contact
with food, and where there is a risk of the appearance and spread of an infectious
disease, were used for testing. The examined samples originated from facilities
for the production, processing and distribution of food, restaurants and other
catering facilities where food is served, educational and social protection facilities
(accommodation facilities) and vehicles that come into contact with food. The
study was carried out during year 2020 and included 2,958 samples. Laboratory
analysis of swab samples was performed using BAS EN ISO 4833-1:2014, BAS
ENISO 21528-2:2018, BAS EN ISO 11290-1:2018 and BAS EN ISO 6579-1:2018
methods. The aim of the study is to assess the microbiological purity in the food
chain. Of the total number of analyzed swab samples, 94.22% were satisfactory,
and 5.78% were unsatisfactory. Observed in relation to the total number of analyzed
samples, 77.19% of the samples were unsatisfactory due to the increased number
of aerobic microorganisms at 30°C, and 22.81% due to the increased number of
Enterobacteriaceae. Pathogens Salmonella spp. and Listeria monocytogenes were
not isolated in any swab sample. The obtained results indicate that the general level
of hygiene in the production and distribution of food is at a high level, especially due
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to the absence of pathogens Salmonella spp. and Listeria monocytogenes, but that
there is still a risk of contamination by Enterobacteriaceae, which are indicators of
the hygiene of the production process.

Key words: microbiological purity, food chain, number of microorganisms,
Enterobacteriacae, Salmonella, Listeria monocytogenes

INTRODUCTION

In addition to microbiological criteria for food (food safety criteria and hygiene
criteria in the production process), microbiological purity criteria are a very
important link in the microbiology of the food chain. Food handling areas, vehicles,
items, utensils and equipment that come into contact with food must be regularly
maintained (mechanical cleaning and washing) and disinfected to avoid any risk of
contamination, while food and personnel must be constantly monitored (Rulebook,
2004). Food handlers must maintain a high level of personal hygiene and wear
appropriate protective clothing, and be trained in food hygiene requirements (Gill
and Jones, 1999).

Improper cleaning and disinfection are directly related to the occurrence of various
foodborne diseases (Johns, 1991). Training of food handling personnel about basic
concept and requirements of personal hygiene is an integral part of measures to
obtain a safe product for the consumer (Adams and Moss, 1997).

In the microbiological examination of swabs, the assessment of surface hygiene
is mainly based on the determination of the number of aerobic microorganisms at
30°C and Enterobacteriaceae per cm? (Aarnisalo et al., 2006). In addition to these,
analysis is sometimes performed for the presence of other microorganisms, as it has
been proven that Salmonella spp., Shigella spp., Escherichia coli, Staphylococcus
aureus, Bacillus cereus and faecal streptococci originate from infected persons who
handle food (Lawrie, 1998).

Surfaces that come into contact with ready-to-eat food should be analyzed for the
presence of Listeria monocytogenes as the cause of listeriosis, a serious infectious
disease of humans and animals (Aguado et al., 2001; Lundén et al., 2002; Lundén
et al., 2003; Suihko et al., 2002; Fonnesbech-Vogel et al., 2001). Study done by
Samelis and Metaxopoulos (1999) indicates that, in the food production process, the
environment is a more common source of Listeria monocytogenes than live animals
and carcasses, so special attention should be paid to the cleaning and disinfection
process.
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Due to the risk to public health, mandatory tests for Listeria monocytogenes in
ready-to-eat foods and for Salmonella spp. in meat, semi-finished products and
meat products are conducted in production, processing and trade (Rulebook, 2012;
Rulebook, 2019)

The current regulation defines the criteria of microbiological purity and the
frequency of control of equipment, devices, accessories, work surfaces, work
clothes and hands of workers in production and traffic in facilities and vehicles that
come into contact with food, in which there is a risk of the appearance and spread
of an infectious disease (FSA, 2013; Rulebook, 2018; Rulebook, 2019).

The aim of the study is to assess the state of microbiological cleanliness in the food
chain.

MATERIALS AND METHODS

Swabs samples of equipment, devices, accessories, work surfaces, work clothes
and hands of workers in production, processing and traffic in facilities and vehicles
that come into contact with food, where there is a risk of the appearance and
spread of an infectious disease, were used for analysis. The samples originated
from facilities for the production, processing and distribution of food, restaurants
and other catering facilities where food is served, educational and social protection
facilities (accommodation facilities) and vehicles that come into contact with food.
The study was carried out during year 2020 and included 2,958 samples.

Sample collection and transport was performed according to BAS ISO 18593
(ISBIH, 2008).

The assessment of the samples in relation to the number of aerobic microorganisms
at 30°C and Enterobacteriaceae (Rulebook, 2012; FSA, 2013; Rulebook, 2018),
Salmonella spp. (Rulebook, 2019) and Listeria monocytogenes (Rulebook, 2012;
Rulebook, 2019) was performed based on the categories of analyzed samples and
microbiological criteria as shown in Table 1.
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Table 1 Categories of samples and microbiological purity criteria
Number
Category of of aerobic . Listeria Salmonella
) ) Enterobacteriaceae
samples microorganisms monocytogenes spp.
at 30°C
Porcelain, glass, . )
smooth metal <10 0-1 Absence in Absence in
5 - 100cm?*/swab | 100cm?*/swab
surfaces cfu/cm
85};221::%10;;0 <30 0-1 Absence in Absence in
P ’ - 100cm?/swab | 100cm?/swab
stone) cfu/cm?2
Plates, bowls,
cutlery and
smaller dishes;
dishes and . )
) Absence in Absence in
< R
utensgs that =100 0-1 100cm?*/swab | 100cm?/swab
come 1nto
contact with
food cfu/ml
(cm?)
Hands of persons
in contact with <900 0-1 Absence in Absence in
food cfu/ml - 100cm?*/swab | 100cm?/swab
(cm?)
Bottles or
packaging for 0-1 0-1 Absence in the | Absence in
liquid products swab the swab
cfu/ml

cfu: colony forming units

Laboratory analysis of swab samples was performed using the following methods:
- detection of Salmonella spp. according to BAS EN ISO 6579-1 (ISBIH,

2018a),

- detection of Listeria monocytogenes according to BAS EN ISO 11290-1
(ISBIH, 2018b),
- the number of aerobic microorganisms at 30°C according to BAS EN ISO
4833-1 (ISBIH, 2006),
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- number of Enterobacteriaceae according to BAS EN ISO 21528-2 (ISBIH,
2018c).
In the statistical analysis of the results obtained in our study descriptive statistical
parameters were used. The results of the study are presented in tables and graphs.

RESULTS AND DISCUSION

One of the main risks of food contamination originate from the work process of
food handlers and microorganisms, pathogens, that are present in or on the staff,
which are then transferred from the staff to the food during the handling process
(Gordon-Davis, 1998).

It is common that the facilities hygiene control is obtained on surfaces that are most
often in contact with food (Watnick and Kolter, 2000).

The structure of the analyzed swab samples by category is shown in Figure 1.

% of swab samples m Porcelain, glass, smooth metal
surfaces

= Other surfaces (wooden, plastic, stone)

= Plates, bowls, cutlery and small dishes

Hands of persons in contact with food

= Bottles or packaging for liquid
products

Figure 1 Swab samples by category

The structure of the analyzed samples in relation to the category was similar to the
study done by Goli¢ et al. (2019). A negligibly small number of swab samples refers
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to the category “bottles or packaging for liquid products” due to the fact that very
few subjects in the food business included in this study use bottles or packaging for
liquid products in food production. Therefore, the test results of these samples are
presented, but not taken into account for the discussion, because we believe that the
number of samples is not representative in relation to the total number of samples
included in the study.

The structure of the analyzed swab samples in relation to the test parameter is
shown in Figure 2.

% of swab samples

= Number of aerobic
microorganisms at 30°C +
enterobacteriaceae

u Salmonela spp.

" Listeria monocytogenes

Figure 2 Swab samples according to the test parameter

The structure of the analyzed samples according to the test parameter was similar
to the study by Goli¢ et al. (2019) for the number of aerobic microorganisms at
30°C, enterobacteria and Sal/monella spp. The number of samples analyzed for the
presence of Listeria monocytogenes is almost double, because this study included a
significant number of subjects in the ready-to-eat food business.

Figure 3 shows the dynamics of sampling, i.e. examination of swab samples by
month.
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Figure 3 Dynamics of examination of swab samples by month

The samples were taken during all twelve months of year 2020, and the dynamics
depended on the availability of subjects in the food business.

By comparing the obtained results with the microbiological purity criteria, the
acceptability of the microbiological purity of the sample is evaluated. A sample
is of acceptable microbiological purity if it meets the microbiological criteria.
If it contains up to 50% more microorganisms, the sample can be of acceptable
microbiological purity if it does not contain pathogenic bacteria (Rulebook, 2018;
Rulebook, 2019)

Of the total number of tested swab samples, 94.22% were satisfactory, and 5.78%
were unsatisfactory. Of the unsatisfactory samples, 77.19% are due to an increased
number of aerobic microorganisms at 30°C, and 22.81% are due to an increased
number of Enterobacteriaceae. Observed in relation to the total number of analyzed
samples, 4.46% of the samples were unsatisfactory due to an increased number
of aerobic microorganisms at 30°C, and 1.32% due to an increased number of
enterobacteria.

In 81% of cases, the occurrence of food-borne diseases is the result of food
contamination during the production of which the principles of good production
practice were not respected (RaSeta et al., 2012). The absence of Listeria
monocytogenes indicates an efficient cleaning, washing and disinfection program
(Samelis and Metaxopoulos, 1999). In our study, the pathogens Salmonella spp.
and Listeria monocytogenes were not isolated in any swab sample. These results are
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consistent with the results obtained by Kalaba et al. (2017) and Goli¢ et al. (2019).
The share of unsatisfactory swab samples by category is shown in Figure 4.

% of unsatisfactory swab samples = Porcelain, glass. smooth metal
surfaces

= Other surfaces (wooden, plastic,
stone)

= Plates, bowls, cutlery and small
dishes

Hands of persons in contact with
food

= Bottles or packaging for liquid
products

Figure 4 The share of unsatisfactory swab samples by category

The most unsatisfactory samples were from the categories “porcelain, glass, smooth
metal surfaces” and “hands of persons in contact with food”, which is in accordance
with the study done by Goli¢ et al. (2019). This indicates that the hygiene of persons
who come into contact with food is a major risk, which is in line with the conclusions
of Gordon-Davis (1998).

Figure 5 shows the test results of swab samples by category.
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% of swab samples
100 94.66 95.56 96.04

00 87.6 86.67
80
70
60
50
40
30
20 12.4 13.33
10 5.34 4.44 3.96

0

Porcelain, glass. Other surfaces  Plates, bowls. cutlery Hands of persons in Bottles or packaging
smooth metal (wooden. plastic, and small dishes contact with food  for liquid products

surfaces stone)

B satisfies M does not satisfy

Figure 5 Results of swab samples by category

The obtained results for the category “hands of persons in contact with food” are in
accordance with the results obtained by Ivanovi¢ et al. (2013) and for this category
are significantly more favorable than the results of Goli¢ et al. (2019) and Kalaba
et al. (2017). For the categories “plates, bowls, cutlery and small dishes; dishes
and utensils that come into contact with food” and “porcelain, glass, smooth metal
surfaces” the results are in accordance with the results of Goli¢ et al. (2019), while
the percentage of unsatisfactory samples from the “other surfaces (wooden, plastic,
stone)” category is significantly higher, probaly due to the specificity of these

surfaces, which are more difficult to clean and maintain.

Figure 6 shows the results of unsatisfactory swab samples by category according to

the tested parameter.
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% of swab samples
100

100

90 81.25
76.67 76.6 76.09
80
70
60
50
40
30 23.33 234 23.91
18.75
20
10 0
0
Porcelain, glass. Other surfaces  Plates, bowls. cutlery Hands of persons in Boftles or packaging
smooth metal (wooden, plastic, and small dishes contact with food  for liquid products
surfaces stone)
B Number of aerobic microorganisms at 30°C B Enterobacteriaceae

Figure 6 Results of unsatisfactory swab samples by category according to the tested
parameter

When analyzing the results of unsatisfactory swab samples by category in accordance
to the tested parameter, it is observed that most samples were unsatisfactory due to
an increased number of aerobic microorganisms at 30°C, while significantly fewer
unsatisfactory samples were due to an increased number of enterobacteria, which is
in accordance with the results of Goli¢ et al. (2019). However, completely contrary
to the mentioned study, we found that the category “hands of people in contact with
food” had the most unsatisfactory samples due to the increased number of aerobic
microorganisms at 30°C (81.25%), but also the least unsatisfactory samples due to
the increased number of enterobacteria (18.75%), which is a favorable circumstance
because the presence of enterobacteria in swab samples decreased, and pathogenic
bacteria, some of which are enterobacteria, were not detected at all.

CONCLUSION

The obtained results indicate that the general level of hygiene in the production
and distribution of food is at a high level, especially due to the absence of
pathogens Salmonella spp. and Listeria monocytogenes, but that there is still a risk
of contamination by Enterobacteriaceae, which are indicators of the hygiene of
the production process. Certainly, the greatest risk is from saprophytic bacteria,
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which can significantly affect the microbiological, physical-chemical and sensory
characteristics of the final product in the food chain. Because of this, it is necessary
to constantly maintain a high level of awareness of the staff in terms of hygiene, and
to implement regular measures, to carry out staff training and testing in the field of
minimum hygiene. Also, the process of continuous self-control significantly affects
the high level of microbiological purity in the food chain.

Conflict of interest statement: The authors declare that there is no conflict of interest.
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[TpBu ®akynrer BeTepuHaApCKe MEAUITMHE OCHOBaAH je y @paniryckoj (JInon) 1762.
TOIMHE, Y HAMEpH Jla Ce CIpeye IMKIUYHU TaJlacu T0jaBJbUBamka Kyre roBena
novyetkoM 18. Beka y EBponu. Tpu Beka kacHUje cBeloOIM CMO Ja MH(EKTUBHE
OoslecTH M y OKBUpPY HHX 300HO3€, HE CaMO Jia HE MOTY Jla C€ HCKOpEHE Yy
pErHoOHUMa TJIe Ce TI0jaBJbyjy €H300TCKH Beh U J1a BbUXOBO IIMPEHE NPEICTaBIba
peasiHy TIpeTHhY | 3a yIaJbeHe pernoHe cBeTa. [loceban cerMeHT HayKe O 3apa3HUM
OoyiecTiMa YMHU TPyIa 300HO3a KOje ce MpeHoce Bekropuma. Pamu ce o OpojHuM
UHPEKTHBHUM OOJIECTHMAa J>KUBOTHIbA WM JbYIW, YHJH C€ Y3POYHHUIM IPEHOCE
MHCEKTHMA U apTPOIoAaMa ITPH YeMy Ce y HEKHM CITy4ajeBUMa, BEKTOPH T10jaBIbY]y
Kao mpaBu aAomMahwHHM W pe3epBoapH M3azuMBauya 300HO3a. J[o mpe ABe JereHuje
nojasa rpo3uutie 3anagHor Huma (West Nile fever) y pernonnMa cBeTa IJie ce oBa
300HO03a I0jaJbUBaja €H300TCKU M €HAEMCKH (Ha mpuMep AQpPUYKH KOHTUHEHT),
HUje 3a0KyIJbaja NaXKky CeMU300THOJIOTa W enuaeMuonora. Mehytum, oBa
3apa3Ha 0OJIeCT je y MPOTEKIMX JBaJIeCEeTaK TOJUHA y HAIlleM PETHOHY M3a3Balia
000JbeBam-€ 3HAUAJHOT Opoja JbY/IH, a Y HEKUM ClTy4ajeBUMa UCXOJ je 0o daTanaH.
AHaJorHO puMepy rpo3uuiie 3amagHor Huma, Moxke a ce mpeTnocTaBu Jia Behu
0poj 300HO3a KOje ce MPEHOCEe BEKTOPUMa, MPAKTUYHO ,,KyIla Ha BpaTa“ peruoHa
jyrouctoune EBpore. Taj pernon Moke ja ce cmarpa mydep 30HOM TJIe ca CTpaHe
jyra M HCTOKa IOCTOje Mamke WU BUIIC YIa/beHH PETHOHM TN CE E€H300TCKHU
10jaBJbyjy IO cana ,,er30THYHE  300HO3€¢ M M3 KOT IpaBIla MOXKE Ja CE OYeKyje
NPOJIOpP BEKTOpa, a ca BhHMa M W3a3uBavya MHPEKTUBHUX 000JhCHA KOje MpeHOoCe.
[ToTeHnMjan TpaHCMHCHjE BEKTOPCKHUX 300HO3a CE€ MPE CBEra OIHOCH Ha 000JbeHa
KOja MIPEHOCE MHCEKTHU U apTporoe. Y ciydajy HHCeKara Morao Ou Jia ce O4eKyje
HaIJIM IPOAOp Ha ipumMep, rpo3Hutie Pudrcke nomune (Rift valley fever), uadexnuje
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Chikungunya Bupycom (Chikungunya), jamanckor enHnedanutuca (Japanese
encephalitis) nim xyte rpo3Hute (Yellow fever). bopba ca oBakBUM 300HO3aMa
npe cBera Tpeda Ja ce 3aCHMBA Ha KOHTPOJIM BEKTOpa. 3a HEKe O]l OBUX 300HO3a
Beh mocroje pa3BUjeHE BakKIMHE 3a ynorpedy y XyMaHoj (Ha mpumep JamaHcku
eHnedaInTHC) U BETepUHAPCKO] (Ha pumep rpo3nuiia 3anaanor Huna) menqunusu.
VY cnydajy na ce paau o 300Ho3ama koje ce mperoce aprponoaama (Konro-Kpumcka
XeMOparuyHa Tpo3HHUIIa, KPIEeJbCKU eHIle(haTuTUC), OYeKyje ce Jla ce 3apa3a IMupHu
MOJIaKO aJli CTaOWIIHO, MpHU yeMy BehH 3Ha4aj MMajy AUjarHOCTUYKA MCIUTHBAHA
U PUMEHA METOoJla MPUCMOTPE M HaJ30pa MPHUCYCTBa y BPCTaMa KUBOTHIA KOje
Mory aa Oymy WHAMKATOPH MPUCYCTBA 000JbeHha. Y paay Cy MpUKa3aHH OCHOBHU
MEXaHU3MHU y TPAHCMHUCHJU BEKTOPCKHX 300HO3a Ka0 U I0je/INHE 3apa3He 00iecTH
KOj€ ce MPEeHOCE MHCEKTUMA M apTporoama, a Koje uMajy 3HadajaH IMOTEHIH]jall 1a
yrpo3e pervoH jyra u ucroka Espome.

Kibyune pujeuun: Ennzootrnonoruja, BEKTOpcke 3apase, apOoBHPYCH.

YBOJ,

Y enu300THONOMIKOM (ETUASMHUOJIONIKOM) CMHCIY TIOJ BEKTOPHMa Y IIUPEM
CMUCITy TIOjMa, IOAPa3yMeBajy c€ KUBU IMPEHOCHOILM 3apa3HuX OolecTH y
nomnynamyjaMma IpujeMIMBUX BpCcTa KWuMemaka. Melytum, on Beher 3Hauaja je
negUHUIN]ja BEKTOPA Y Y)KEM CMUCIY KOja Ce OJJHOCH Ha MHCEKTE U apTPOIO/IE Kao
MPEHOCHOIIe BUpYca, OakTepuja u nmporo3oa. Hajuemrhe ce panu o nHCEKTUMA peaa
Diptera xoju obyxBara xomapie (Culicidae), nemrdane mymmune (Psychodidae) n
xemarogarne mymune (Ceratopogonidae). Y HEKUM cllyyajeBUMa U LIPHE MYLIHIIE
(Simuliidae) mory na cmyxe kao NmpeHocHoI oOoJbema. [lopen mHcekara, kao
BEKTOPH Y €IU300THOJIOIIKOM H STTHIEMHOJIOIIKOM CMHUCITY, BEJIUKY 3HAYa] IMajy U
akapuHe, notkiace Acari, knace Arachnida Tj. xpnesbu. Benuka BehnHa 3apa3Hux
Oosectu Koje ce MpeHoce BEeKTOpUMa (BEKTOPCKE 3apase), h3a3BaHa je BUPyCHMa
KOjH CY, M3 pa3jiora mito ce mpeHoce apTporogama, CBpCTaHu y T3B. ApOOBUPYCHY
rpyny (ApGosupycu: Arthropod-borne viruses (errn)) (Tsai u Chandler, 2007).
OBu BupycH MOTY Jia c€ PEHOCE BEPTUKAIHO, Y MOIyJamujaMa Bektopa. Mehytuwm,
unak y Hajpehem Opojy ciydajeBa HUXOBO OAPIKABAWKE y MPHUPOAHM 3aBUCHU O]
XOpU30HTAJIHE TPAaHCMHUCHje U3Mel)y KnuMemaka, myteM BekTopa. OTyma Moxe Jia
ce Kaxe J1a ce apOoBUPYCH 3HAUAJHO PA3IIUKY]Y Ol OCTAIMX BUPYCA YH]j€ O/IP)KABAHEC
y TPUPOJIU 3aBUCH CaMO Of IUPEKTHE TPAHCMUCH]EC Yy TOMYJIANH]U TPUjeMUHBE
BpCTE.

CBakako He 1 KOHa4YaH crucak apooBupyca unHe mpeko 500 Bupyca o1 KOjuX MpeKo
100 moxe na mHUIEpa YoBeKa, a mpeko 40 BpcTa BUpyca M3a3uBajy HHPEKIN]Y
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x)uBoTuma (Karabastos, 1985). Haj3nauajuuju apboBUpyCH KOjU HHPHUITUPA]Y JbYIE
u )xuBoTume cianajy y PHK Bupyce u to y bamwmmje: Togaviridae, Flaviviridae,
Bunyaviridar, Reoviridae w Rhabdoviridae. Camo jeman JIHK Bupyc cmama y
apOoBupyce, a To je u3asmBad adpuuke Kyre cBuma (Asfarviridae). Benmka
sactymsbeHocT PHK Bupyca y rpynu ap6oBupyca o0jaimaBa ce KapaKTepUCTHKaMa
renerckor marepujaia. Haume, PHK renom 3nauajno Bapupa u cnocoOaH je na
Ce aJanTHpa Ha Pa3IUYUTE PEIUIMKATHBHE YCIIOBE M MEXaHHM3ME KOjU BIaIajy y
nomahnHMMa KOju Cy (DUITO M OHKOTEHETCKH BEOMa YIaJbeHH Ka0 IITO Cy KHUMEHAIIN
u Bektopu (Beaty u cap., 1988).

ApOoBHpycH JbynH Cy KIacCH(PUKOBAHH TIpeMa KapaKTepUCTHKaMa 000Jbema:
cucrteMcka ¢edbpuiiHa 000JbeHha, CHIEHATUTUCH U XEMOpPAaruyHe TpO3HHIEe. Y
BETEPUHAPCKO] METUIIMHU, apOOBUPYCH U3a3HBajy 000JbEHha ca BUIIE CUMIITOMA U
00JIMKa aii ce U 'y OBOM CJIy4ajy Hajuenihe Hana3e eHIeQaInTUCH U XeMOParnIHH
cunapomu (Bres, 1988).

VY oxHOCY Ha BpPCTY BEKTOpa, MOXKeE J1a ce Kaxe Jia BehnHa apOoBHpyca Koje peHoce
KprieJbM, u3a3uBajy eHuedamutuce. Haj3HadajHUjU BHpPYyCH OBE KaTEropHje
KOJU M3a3MBajy €NUICMHUje M E€MU300THje, Clajajy y ToraBupyce, aidasupyce,
¢dnaBuBupyce u OyHjaBupyce. [IpBu Bupyc 3a Kora je 6uia 1oka3zaHa TpaHCMHUCH]ja
myTeM BekTopa y 17. Beky, Omo je m3azuBau XyTe rpo3Huiie. Pamu ce o obosbemy
Koje ce W maHac mojaBibyje (Jyokna Amepuka u Adpuka) y popmu cropagudne
U CE30HCKE eNUJeMHje YIPKOC YHIbEHUIIM TOCTOjamka e(hUKacCHIUX Mepa KOHTpOJe
BeKkTOpa (Komapara) u epukacae areHyucane BakuuHe (Ludwig n lacono-Connors,
1993). [lenra, BeKTOpCKa 300HO3a KOja Ce 10 NMpBU MyT cioMumbe 1907. roqune, u
JlaHac M3a3uBa 000JbEHE CTOTHHA XUJbaJla JbYIH Y TPOICKUM Mnpenenuma (Monah,
1994). BenemyenaHcku eHIE(haIUTUC KOMa H3a3MBa MAacOBHE EHIE(haIuTuce
KOJI KOHa M JbYIW WU TO OJ JIBAJCCETHX TOJMHA MPOILIOT BEKa Ia CBE JI0 JIaHAC
(Rico-Hesse u cap., 1995), ynpkoc nocrojamy epukacHe BaKIIMHE 3a Kombe. Bupyc
pexe Poc m3asmBa emmmemuje aprpuTHca 3apaxkaBajyhu m mo 68% momynamnuje
Jbynu Ha HekuM ocTpBuMa [lanmduuxor pernona (Walton u Grayson, 1988). ¥
nopehemy ca andaBupycuma u ¢rnaBuBupycuma, Behnna OyHjaBupyca n3a3uBajy
Onare 3apas3He Oonectu Jbyau. MelyTum, BUpyC U3a3uBad rpo3HuIle noiauHe Pudra
JIOBOJTU JIO TEIIKUX 000JbEHa JKUBOTUHA U JBYIH Y3 BHCOK CTENEH MOPTAIUTETA.
Hcropujckn momanu ykasyjy Jla ce oBaj BHpyc mojaBuo y Adpurnu mocue 12
TOJIMHA ,,MUpOBama“ n3a3uBajyhu ennzoorujy u emuaemujy (Arthur u cap., 1993).
Hagenenu nomamu ykasyjy na he ce apboBupycu u y OyamyhHOCTH HAacTaBUTH na
M0jaBJbYjy Kao M3a3MBaYM BEKTOPCKHUX 300HO3a IITO CBAKAKO HarvamaBa moTpedy
JIaJbET UCTPAKMBAha KAPAKTEPUCTHKA 000JbeHa ,,per se' alu 1 MeXaHh3aMa OBUX
3apa3HUX 00JIECTH YOIIIITE.
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Hukaycn undexuuja uzazpaHux apoéoBUPycMMa

Panu ce o mukimycuma 3axBasbyjyhu kojuma ce apOOBUPYCH OIpKaBajy y MPUPOIH,
uHpunmpajyhn kuumemake (qomahmHe) M Bekrope (xemarodarHe WHCEKTE U
aprpomnozne). Behnnom cy Bekropu u3 rpyrie komapara. Pehe cy nmpeHocuoru kpriesbu
(Argas) n neurdane mymune (Phlebotomus spp) npu 4YeMy MOCTOjH TECHa Be3a
u3mel)y m3aszuBaua (Bupyca) u Bektopa. LlltaBuiie, y HEeKuM ciydajeBUMa cMaTpa
Cce Jla cy BEeKTOpH y CTBapH NpaBu JjoMahrHU BUpycuMa. VICTOBpeMeHO, pa3inuuTi
BEKTOpPH (KOMaply) MOTY Jia CIIy)K€ Kao BEKTOPU HCTOT BUpPYCa Pa3IMUYUTHX
KHYMEHhaKa y 3aBUCHOCTH OJ] TIOjeMHAYHIX IreorpadCKUX 1 eKOJIOMIKUX CUTyaIlHja.
Hajuenrhe ce kmumemaiy, HAPOUHUTO JbY/IU 110jaBIbY]y Kao ,,cliena yauma‘“, y yao3u
unrepmenujapaux aomahuna (Tsai u Chandler, 2007). Ha enuzootunonorujy (u
enuAeMHONIOTH]y) apOOBUPYCHUX HH(EKIMja yTUUy OpojHU U yecTo MelycoOHO
HE3aBHCHU (PaKTOPH Kao IITO Cy TO OpOj U UMYHH CTaTyC BPCTE Tj. KHUMEHaKa
(momahuHa) Koja CIy»H Kao pe3epBoap jJaror apOboBupyca y IPUPOIH, KIMMATCKE
INPUJIUKE Off KOJUX 3aBUCH PENpoOAyKIHja BEKTOpa. Y KOMIUIEKCAaH IUKIIYC
oJp’kaBama apOOBHpyca y MPHUPOAU YUECTBY]y pasiHuUTE BpCTE KoMmapala ca
NPOMEHJbUBUM aUHUTETOM IIPeMa Pa3INYUTUM BpcTaMa KHIMEeaka Ha KojuMa ce
XpaHe y3 yecTo Memame JoMahuHa. Ce30HCKo moBehame HHITUEHITH]e HHEKITH]a,
3aBHCH O] yCIIOBAa PEMPOIYKIMj€ BEKTOPA U UXOBOT MPEKUBIbaBamka. Y CIydyajy
Jla ce y 10 Taja He3apaKeHU PErHOH CBETa ca KOHTHHEHTATHOM KIMMOM YHece
HOBH apOOBHUpYC, MMOCTaBJha CE MUTAKE MPEKUBHABAKHA BEKTOPA TOKOM 3MME allid
1 MoryhHOCT mpe3umibaBamba HOBUX JIOKaJTHUX BPCTa BEKTOpa Ha KOje JaTu BUPYC
MOXe Jla C€ alanThpa.

On xJpyYHOT 3Hauaja 3a pasyMeBame apOOBUPYCHUX MH(]EKIIM]ja jecTe TT03HABAKE
Ja JU C€ BEKTOp Yy LIMKIYCY OfAp)KaBama BUpPYyCa, MOjaBJbyje M Kao pe3epBoap
Tj. Jla JIM Ce BHPYC NPEHOCHU TPAHC-CTAAMJYMCKH M TPAHCOBAPHjaTHO YHYyTap
nomynianyje Bekropa. Ha mpumep, Bunyavirus, TUPEKTHO 3aBHUCH O] €KCIIpEcHje
BUPYCHUX I'eHa U METaOOINYKUX aKTUBHOCTH nomahuua. OOpoiuu BeKTOpa y BUILY
Kal KpBU aKTHBHPAjy henujcke rene y oBapujyMy BeKTopa (KEHKe KoMaplia) IITo
HCTOBPEMEHO CTHUMYJIUIIE PEIUTMKANKjy BHpyca. MIcTOBpeMEeHO, TOKOM IepHoa
nujanay3e (xmbOepHaiyja jaja) BeKTOpa, MOTyhe je nma ce JOKaxe eKCIpecHja
BUPYCHHX T€HA IPU YeMy C€ CKOPO LEJOKYITHH MeXaHH3aM PEeIUINKaIfje KOPHUCTH
3a uPHK Bupyca. I[lo okoHuamy aujanayse, MeXaHU3MHU peruidkanuje henuja ce y
notinyHoctu kopucte 3a ”PHK Bupyca (Dobie u cap., 1997). OBaj jequHcTBEHH
HAYMH eKCIIpecHje BUpyca U peKOMOMHAIIM]€ Ha MHTEP U HHTPaMOJIEKYJIaHOM HUBOY
j€ HapOYMTO 3Ha4ajaH YKOJHWKO Cy jaja BeKTopa MHQHUIIMpaHA ca J[Ba Pa3IUUUTA
OyHja BUpyca. Y TOM cilydajy, MEXaHM3MHMa PEKOMOHMHAILIM]€ U peacopTupama,
HACTajy HOBE BapHjaHTE BUpYyCaA.
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VY cnyyajy ia ce y3pOuHHUK 3apa3He O0JeCTH MPEHOCH KpIesbhuMa, IOTPeOHO je aa
ce TOJICETUMO J1a TIEPHOJ BpEMEHa 3a pa3Boj y oapacior obnuka (01 jaja mpeko
JapBe U HUMQE) U3HOCH MPEKO ABE ToAnHE (Y YCIOBUMAa KOHTHHEHTAIIHE KITUME).
VY cBaKoM o1 OBHX CTaJjyMa, BEKTOPY je MoTpedan 0OpoK y BUAY Kald KPBU IpU
YeMy ce MpeHoc apOOBHUpYyca OJUTPaBa IMPH CBAKOM Xpamemwy. | yCTHHA moryanuje
KpIIeJba 3aBHCH HE CaMO OJ1 KIIMMATCKUX (paKTopa TOKOM JjaTe ce30He Beh u Tokom
NPeTXOAHMX ToAarHa. Hekana, MOTMyHO pa3iMYuTH BUPYCH KOPHUCTE MCTE UKITYCE
3a ONpKaBame y MPHUPOIN KOJU Cy 3ajeIHUYKH 3a KHUMEHAKe Tj. pe3epBoape
BHUpyCa M BEKTOpa. Y TOM Ciy4ajy, Kao pe3yJTaT MOXe Ja C€ TO0jaBH OIU3aK
€MM300THOJIONIKM OAHOC TIa TaKOo Ha MpUMEp, U3a3uBay 3amaJHor eHuedaauTruca
Koma (andasupyc) u u3azupad St. Louis ennedanuruca (GraBuBUpPYyC), MUPE ce
UCTHM €MTU300THOJIOIIKAM ITUKITYCOM y KOME Cy YYE€CHUIIH INBJbE NITHIIE U KOMapIH
(Culex tarsalis). Y npupomm, oba ce oOosbema jaBibajy cumynTano. CiaudHa
noBe3aHocT nocroju y Adpumm u Asuju u m3mehy Cunabuc Bupyca (andasupyc)
U BUpyca u3zasuBada 3anaanor Hua (guaBuBupyc), mpu uemy o0a BUpyca KOPHUCTE
€MU300TUOJIOLIKH IIUKITYC Y KOME Cy pe3epBoapu NTHIIE, a BeKTopu UHCEKTH (Culex
univittatus). YpObanu UUKIyC XyTe rpo3Huile, neura u Chikungunya Tpo3HUIIE
3aBUCE O] BeKTOpa Komapiia Aedes (Stegomya) aegypti. cto Taxo, kpnesb Ixodes
ricinus, IPEHOCH BHUPYC HM3a3UBad KPIIEJHCKOT EHIe(aNIuTUCA alld M Y3POYHUKA
Jlajmcke 6onectu (Borrelia burgdorferi). Kpness Dermacentor marginatus mpeHOCH
Q rposuunty (Coxiella burnetii) anu u BUpyce M3a3UBaYe MCTOUYHOT U 3aMaJHOT
ennedanuruca (Porterfield, 1995). McTtoBpemeHo nprucycTBO OakTepHja U BUpyca y
HCTOM BEKTOPY MOXKe J1a Oy/ie IITETHO 3a BUPYC M HCTOBPEMEHO U J]a TIPEICTaBIba
JeIHy O MeTojJla KOHTPOJIE BEKTOpa. YCTAaHOBJBEHO je Ja KoMapar Aedes aegypti,
VKOJIMKO je MH(HIHpaH ca WHTparely’IapHoM OakrepujoM (coj wMel n3oioBaH
u3 Drosophila melanogaster), Tyou crOCOOHOCT Ja NMPEHECH y3POYHHMKA JICHTA
TPO3HHUIIE.

Y cBeTy ce cripoBojie OpOjHE CTY/IH] e YHjH j& IIAJb Pa3jallbaBabe U300 THOIONTKAX
[IUKITyca OfIp>KaBama Io0jeIMHUX BeKTOpCcKuX 300H03a (Tsai u Chandler, 2007). Taxo
je Ha MpUMep HelaBHO YCTAaHOBJHEHO J1a MOCTOje CHIIBATUYHH IUKITYCH Y CIy4ajy
uHpeknja apOoBupycuMa (J€Hra TpPO3HHIE, JEHTa XEMOparuvyHe TPO3HHUIIE
U TPO3HUIIC MEIIYaHWX MYIIUIA) KOjU IOIpa3yMeBajy YMHOKaBambe BHpycCa Y
JTUBJEUM TJIOZapuMa TIpalryMe, IPEeHOIICHEe IMMyTeM BEKTopa (Komapara) ca jeaHe
CTpaHe u ,,ypOoaHor mukiyca (4oBek-komapai-4osek). [To ceemy cynehu ,,ypoanu
UKJTYC HHjE MTOBE3aH ca ,,CHIBaTHYHUM  3aTO HITO CE KOJ JbY/IM Halla3u BUPEMHja
JIOBOJPHOT MHTEH3HTETA U JIy’)KWHE Tpajamba 3a OJp’KaBambe BUPyca y MOIYJIalHju
BeKTOpa W Jbyau. MehyTum, cBakako mocToju U MOTYhHOCT 1a je ,,CHIIBaTUIHH
IIUKJTYC HEOIIXO/IaH Kao pe3epBoap BUpyca y IPUPOJIH.
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VY cnyuajy rpo3nune noiuae Pudra, He moctoju ,,cHIBaTHYHA" IIUKITyC. Hexomuko
BpcTa Komapaua (Aedes) npeHoce BUPYC U TO KAaKO BEPTHKAJIHO TAKO M TpaHC-
craaujymcku. Komapuu nonaxy wHQUIEpaHa jaja y IUIaBHA TOAPYYja, IMa TaKO
BUPYC TIPEXHBH JYKU TEPHOJ BpeMeHa (TOKOM CyIie roguHama). [Ipu moHOBHOM
IUTaBJbEIbY, JOJIA3M JI0 M3JIeTarha HOBUX T'€HEpaldja BEKTOpa W HOBOT LUKIyca
eMHM300THje MPH Y€MY C€ BUPYC YMHOXKaBa y MPHjEMUNBUM KHUMemanuma (OBIE,
Ko03e, roBejla 1 4oBeK) (Anyamba u cap., 2009).

['mo6anHo mupeme apOboBUpyCHUX HH(DEKIIH]ja MPU YeMy BehrnHa criaiajy y 300HO3¢e,
y MPOTEKJIMX HEKOJHMKO JeIeHWja M3HEeHaljyje emM300THOIOTe W eMUIEMHUOIIOTe.
[Tpumepu 3a TO cy mmpeme rpo3nuie 3amagHor Huma mo EBporm m CeBepHOj
Awmepunu (Nash u cap., 2001) kao u rpo3nuiie qoauHe Pudra y peruony Oauckor
Hctoka (Caynmjcka Apabuja). Ilep3ucTeHnMja yBEKEHE CMH300TH]C TPO3HHUIIC
Zamagnor Hwra y CAJl Huje ycioBibeHA MPHUCYCTBOM St Louis eHuedamuTica
(eHIeMCKH TPUCYTHA 300HO03a y ceBepHO] AMmepuinm). Hacympor Tome, mupeme
Jamanckor ennedanuruca y AycTpanuju, BEpOBATHO j€ CIPEYEHO WIH Oapem
YCIIOPEHO 3aTO IITO JWBJbE CBHIGE TOT KOHTMHEHTA IOCENYjy HEyTpalln3allioHa
aHTHUTENa CHeNU(pUIHA 32 W3a3WBavya TPO3HHIE NoiuHE Murray, BUPYC KOjH je
AQHTUTEHO CIIMYaH BUPYCy KOjU M3a3uBa JamaHcku eHuedanutuc kao u Kunjin
Bupycy (Mackenzie, 1999).

Konro Kpumcka xemoparuusna rposHuna

Obospeme Koje je mpBu ImyT onucano 1944. ronune Ha Kpumy, BUpycHe je eTuosnoruje.
N3a3uBau je Bupyc u3 pammiuje bynjaBupyca, pox Hauposupyc, a kora npenoce
kpnesbu. [lojaBibyje ce u y Cpbuju, okonHum 3emibama, Pycuju, Typckoj, Kunn ny
BehuHM 3eMasba Onuckor u nanekor uctoka (Leblebicioglu, 2010). Peructposasno je
uy AycTpanuju 1 jyxHoj AQpuny. Y eHAeMCKUM U €H300TCKUM PErHoHIMa, 00011e
Jbynu U pomahe XHBOTHH-E (TOBena, OBIlE, Ko3e U Kamuie). PezepBoapu Bupyca
Cy KOBbH, je)KEBU M TIIOAAPH, a BUPYC je M30J0BaH U3 Buuie ox 30 BpcTa Kpriesba
(Hyalomma, Ixodes) y xojuma je 1oka3zaHa TpaHCOBapyjaaHa U TPaHC-CTaIH]yMCKa
tpancmucuja (Flick u Whitehouse, 2005). Mehytum, 3a ompkaBame BUpyca y
NPUPOJM HEONXOJaH je LUKIYC KpIesb-KnuMemak. [IpocTopHa aucTpuOyimja
Oonectn ce BehuMm nenoM Mokjama ca AucTpudyuujom Hyalomma xpnesba.
bonect Mmoxe na ce mmpu MHGUIPAHUM KUBOTHIbaMa (ToBeza, kamuie). M3Bopu
uHbek1uje cy odomene )KUBOTHIE Koje HHPUIIUPA]y KpIiesbe, a HH(DEKIHja JbyIu
MO>Ke /1a Oyrie ¥ Iy TeM KOH3yMHpamba KOHTaMUHHUCAHOT Meca (HojeBH). [IpeHomeme
Konro-Kpumcke xeMmoparmuHe Tpo3HHIE je MyTEeM BEKTopa (KpIesba) HIIH
KOHTAaKTOM ca MH(QUIMPAHUM KHBOTHH-aMa. PU3UK MpecTaBiba M MaHMITyNIAIH]a
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Ca XKUBOTHBHaMa U lbUXOBHUM MECOM, a HI/Ije HCKJbYYCHA HU MOFYFIHOCT acporcHor
HayMHA HHQUIHpama paJHiKa y Jadoparopujama.

[Tocne oko Henmespy JaHa WHKyOamWje, MPBU CHMIITOM KOJ JbYIU j€ TOBHUILICHE
TEJIECHE TeMIlepaType, ciiadoCT, ApXTaBulla, OOJOBU y TJIaBH, EKCTPEMHUTETUMA U
nehuma. Yect cumnTom je moBpahame. Koxka Ha TUIly 1 Bpary je pBeHA U OTEUYCHA.
[Tocne 4 - 5 nana, youaBajy ce XxeMoparvje y BUIy MeTexXuja 1o KOXKH IIeJIOoT Tea,
ciry3okokama, KpB y ¢erecy u mokpahu. Jleramurer je o 30 mo 50% u Behwm je y
ciydajy jaa ce paau o uspaxennM kpBapewmnma (Tsai u Chandler, 2003). Jlujaraosa
Ce MOCTaBJha HA OCHOBY CIUIEMHUOJIONIKE aHAMHE3€ Y KOM CIIydajy Hakma Tpeda
na ce o0paTé Ha MPHUCYCTBO KpIiejba Kao M Ha paj ca KUBOTHHaMa. AHTHUTEH
BHpYyCa MOXE JIa Ce JIOKake METOIOM peaknuje jdandane nonmumepase (PCR) wmm
MOCPENIHO, TOKa3uBamkeM cepokoHBepauje (/gM). ndepeniujanrHo 1ujarHoCTUIKN
y 003Hp J1071a3€ CeNTHYKA CTamka, JCNTOCINPO3a, 00pesno3a, Maiapuja, JIeHTa Win
pukenrosa (tudyc).

Oo6orene ocobe ce TpeTUpajy y jeANHHUIIAMAa WHTCH3WBHE HETe U y3 CTPOTe Mepe
u30JIallje, a Topea HecrnenupuyHe Tepanuje YMjH j¢ b IOJHM3AE OIIITE
OTIOPHOCTH OpraHu3Ma, IpUMEmYje ce U aHTHBHpYCHa Tepamnuja (Soares-Weiser
u cap., 2010). YV Pycuju ce mpumMemyje WHAKTHBHCAaHAa BakKIMHA, a O Mepa
HecrenmupuIHe mpoduirakce moTpedHO je Ja ce o0pard maxkma Ha MoryhHoCT
npeHoca WH(MEKIHMje TOKOM KOHTaKTa ca 00oJIeTMM ocobama WU JKHBOTHE-amMa
(roBena, oBlle, ko3¢ U kamuie). [loceOHa maxkwa Mopa J1a ce oOpaTu TOKOM 00pajie
y30paka TKHBa, y JabopaTtopuju.

HeHTpaJIHO U UCTOYHOCBPOIICKU KPpII€/bCKHU eHIqu)a.TII/ITHC

®daBUBHPYCH KOjU C€ TIPEHOCE KPIIeJbUMa, KOjU U3a31Bajy eHIle(aIuThuCe MO3HATH
CY OJIaBHO, a HbMXO0BA PACIPOCTPABLEHOCT YECTO YTHUE U HA JIaBakhe MMEHA CaMHX
y3pounuka. Haume, y pernony EBpore, oJjaBHO ce 3Ha J1a TOCTOj€ BUPYCH N3a3UBaYN
T3B. LIEHTPAJIHOEBPOIICKOI M HCTOYHOEBPOIICKOT KPIIEJbCKOT CHIledaauTuca
(Heyman u cap., 2010).

Haj3nauajuuju pesepBoapu BUpyca HM3a3uBadya IICHTPAJIHO U HMCTOYHOCBPOIICKOT
KPIEJbCKOT eHIle(aluTiCca Cy JWBJbU Iofapu (POBYHMIE, KPTHUIIEC), a BUPEMHja
JIOBOJHHOT MHTEH3UTETa MOXKE J]a C€ Pa3BHUje U y AUBJHUM (jelieH, jex) u qJomMahum
BpCTaMa JKUBOTH A (OBIIE, KO3€, TOBE/Ia U 11ch ). Bupemuja y Bpcrama-pesepBoapuma
BUpYCa y IPUPOJIH j€ HEOTIXO/IaH YCJIOB 3a TUCcTpuOynjy EBporickux ennedanuruca
y jennom peruony (Kaiser, 2008). HenaBHo je moka3aHO Ja ce BUPYCH MOTY Ja
YMHOKaBajy ¥ y CJICIHM MHUIIIEBUMA M BOJCHUM MTHIIAMA.

Oba Bupyca ce mpeHoce kprebuma U TO Ixodes Ricinus, Ixodes persulcatus,
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Dermacentor marginatus, D. silvarum xao u HekuM Bpctama Haemaphysalis.
Hajuemhe ce xpmemu y cragujymy HuMmde uHQuUIMpajy xpanehu ce Ha
BUPEMUYHUM JoMahnHMMa, KHIMemanuMa. JeTHOM 3apa)KeHH, KPIeJbH MPEHOCe
WH(DEKT Ha Hape[He reHepalyje MpH YeMy je CBaKdh Pa3BOJHU OOJUK Tapasura,
nH(pexTUBaH Tj. crocobaH na xpanehu ce Ha nqomahuHy (KHUMEHmaKy), MpeHece
Y3pOUHHUKE [IEHTPAITHOEBPOTICKOT U HICTOYHOEBPOIICKOT KPIIEJHCKOT eHIIe(aTuTHCA.
Tpancmucuja uzmelyy 3apaxene jenquHke (M ocobe) U npujemuuBe, HUje mMoryha.
Kpnessn He camo 11a cy BeKTOpW Bupyca Beh ciyke W Kao HEeTrOBH pe3epBOApH.
Bupycu ce y kpresbMma MpeHOCE TPaHCOBApWjaTHO M TPAHC-CTATUjYMCKH. Y
EBponn, ciyuajeBu KprnesbCKuX eHIe(danuThca ce I0jaBJbyjy TOKOM TepHoaa
Maja U jyHa (LIEHTPaJIHOEBPOIICKH KPIEJbCKU eHlleQalUuTUC) U y npojiehe u jeceH
(MCTOYHOEBPOIICKU KpHeJbCKU eHleganutuc). LleHTpasHOoeBpONCKH KpHesbCKU
eHreQarTuTHC MOXKE Jla Cce TpeHece JbyArMa U IyTeM MJIeKa ¥ HeTacTePU30BaHUX
MpoU3BO/Ia OJ1 MJIeKa, a 3abenexeHe cy U uHGEKIMje paJHuKa y 1aboparoprujama
(Lasala u Holbrook, 2010).

KnvHUYKOM CITMKOM KOA JbYOHM JIOMHHHUPA]y CHUMTIIOMH omTehema IeHTpaiHor
HEPBHOT CHCTEMa, a Ka0 U KOJ OCTaIuX (hIaBUBUPYCHUX MH(EKIIH]jA, TIOBUILICHE
TeJecHe Temrneparype je neodazno. Hapounto cy mon puznkom ocode koje Oopase y
npupo U (crouapu, rymapu). 1o 30% nadunmpanux ocodanmauzpaxeHe CUMIITOME
y Buy IBO(ha3HOT MOBHIIIECHA TeecHe TeMiiepatype. Ko nete cy cumnromu pehu.
[Tocne mpBOT MOBHUIIEHA TEIECHE TEMIeparype, yciaeau mnepuoa 0e3 CUMITOMA.
MenuHroexuepanuTuc npartu Apyry ¢asy NoBHUILIEHA TEIECHE TEMIIEPATYPE TOKOM
KOj€ ce HaJla3e HeCcelM(PUUHN CUMIITOMH KOJU HAJIMKY]y OHMMa KOJl rpuria (00JI0BH
y 3111000BHMa, IM1aB000Jba, FACTPOMHTECTUHAIIHE CMETHE). Y TEXKHUM CIy4yajeBuMa,
HaJla3e ce MEHUHTUTHUC, EHIe(aINTHC, HarTIalleHe TI1aBo00Ibe, ITape3e U mapaimse.
CremneH neTaquTeTa j€ MamHu KOJ LEeHTpaiHoeBporckoreHnedanuruca (1-5%) y
OJTHOCY Ha ucTouyHOEeBporicku Tl (110 20%), a yonmreHo je mamwu kof aene (Logar
u cap., 2000).

JlijarHocThKa KpIieJbCKUX eHIedanuTruca je KOMIUIEKCHA U Tpe CBera ce OJHOCH
Ha npaheme mojaBe y NMpHjeMUYMBUM BpCTaMma KUBOTHH-A KA0 M Ha TO3HABAHE
€MHM300THOJIONIKE CHUTYyalldje y CMHCIY CE30HE aKTHBHOCTH BEKTOpa WU
KOH3yMaIlje HeKyBaHor mieka. OJ 3Hauaja Moxe Ja Oy/ie HaJlaKeme YTHHYINX
TIMBJBUX KUBOTHHHA, KOj€ OM MOIJIE J1a CIIy’)Ke€ Kao pe3epBoapu Bupyca. [upextHo
JIOKa3WBamkEe BUPYCa j€ TEIIKO, ¢ 003UPOM Jia C€ BHPYC Y LUPKYJIALUJH HAJla3u
paylaTHBHO KpaTak Meproj BpeMeHa U KaJia n3ocrtajy cumnromu. Ca pyre cTpaHe,
BUPYC MOXKE J1a C€ JIOKaKe Y TKHUBY MO3Ta IITO CBAaKaKO OTEKaBa JIMjarHOCTHUYKE
nocrynke. JlokazuBame BHpyca eBPONCKUX KPIEJLCKUX eHIle(annuTrica ce 00aBiba
MeToJ/laMa M3oJalyje Ha KyaTypu henuja (HeyTpaau3aloHu TECT) U IOKa3UBabEM
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reHoMa BHUpycCa JlaHYaHOM peakiujom mnonumepase. CepoxonBepsuja (IlgM) ce
J0Ka3yje MMyHOEH3MMCKUM meronama (Martin u cap., 2001). Jdudepenuujanto
JUJarHOCTUYKYU y 003Up J10J1a31 IPHUIL, 3ayIlIKe, EHTEPOBUPYCHU Kao U eHLIePaTUTUCH
JIpyTe €THOJIOTH]e.

TeparujaeBpOICKUX KPITEJbCKUX EHIIE (PATUTHCA CE CBOINA HAa OJIP’KABAHHE XOMEOCTa3e
nanyjeHara. Cneunduuna umyHornpoduaakca NocToju, aliuKyjy ce MHaKTUBHCAaHEe
BakImHe. MehyTum, BakliMHE HE CMEjy Ja ce J1ajy TOCJe EKCIO3UIMje BUpyca.
HcTo ce omHOCH M HAa IPUMEHY XHIIEPUMYHHX cepyMa, KoJ Jbynu.BakiuHanuja ce
npUMemYyje Ko ocoba Koje cy 1noja BehuM pu3ukoM (IIyMCKH paJHMIIN, CTOYAPH)
KOJH )KMBE y PETHOHMMA Y KOjUMa Cy KpreJsbcku eHredanutucu enaeMcku (Rendi-
Wagner, 2008). AHTUTeH y BaKIIMHH j€ NHAKTUBHCAH, a TIOCIIE MIPBE UMYyHH3AI]e
KOja mojipa3zymMeBa arukanujy Tpu gose (0., 7.u21. nana), paau ce u Oycrepusaiuja
1 mo 3 ronune kacuuje (Rendi-Wagner, 2006). KonTpannankoBana je BakIiuHaImja
nocie exkcriozunuje (Broker u Kollaritsch, 2008). Hecienmduuna npodunakca ce
OJTHOCH Ha CIpevyaBame KOH3yMallije HEeKYBaHOT (M HEMacTepU30BaHOT) MIIEKa,
HApOYMTO OBalla M K03a Kao M CIIPeYaBare€ KOHTAKTa ca KpIeJbuMa HOIICHEM
anekBarHe onehe u oOyhe.

VY Peny6nuniu CpOuju, 11jarHoCTUKA KPIIEJHCKOT eHIledaauTrca, O1ia je y mo4eTKy
3aCHOBAHA Ha Pe3yJITaTIMa CEPOJIOIIKUX HCIUTHBAKA CEpyMa JbYIH, CaKyTJbEHUX
y nepuoay ox 1962. ma no 1969. roqune. Ox ykynuo 1726 cepyma, MO3UTHBHUX j€
owno ox 1.1% (Cpem) ma 10 52.6% (Canyak) (Petrovi¢ u cap., 2018). Ynorpebom
PCR 2014. u 2015. ronune, BUpyc je Joka3aH Koj kpriesba (Ixodes ricinus) Koju
cy cakyrmsbeHu Ha Teputopuju ®pymke [ope m beorpama (Potkonjak u cap.,
2017). UcnutuBama palheHa Kol KUBOTHIHA, YKa3y]jy Ha MPUCYCTBO ceU(PUIHUX
aHTHUTEela y cepyMHMa laca, Koma, IMBJbUX CBUbA, TOBEJIa U jesieHa, a 2017. roqune,
JI0KA3aHO je MPHCYCTBO BHpYyca KOJI KOma, y okonuHH IToxkapesua (Zivojinovié u
cap., 2017).

I'po3unna noaune Pugra

Jonuna Pudra ce mporexe BeIMKUM jeiaoM HcTouHe Adpuke oOyxBarajyhu
OpoCTpaHCTBO Oe3mano BennuuHe EBpone. EH300TCKM M €HIEMCKH, y OBOM
pPErHoHy ce TOjaBJjbyjeé BHPYCHA, BEKTOPCKAa 300HO3a KOja MpaTu €MU300THjE Y
nomysanyjama opana, Ko3a 1 ropesia. Y3pouHuk, cnaja y ¢amunnjy byHjaBupyca,
pon ®neCoBHpYyC YNPKOC YMIEHHUIM Jla ra HE MpeHoce MemruaHe myiuie Beh
komapi. OOosbemwe je peructpoBaHo y Bumie o 30 3emasba, a MHUUACHLHU)A je
NOBE3aHa ca KUIIHUM NepuojiMa y peruonuma jyxHo ox Caxape. Bupyc je cranHo
npucytad y Kenuju, Yrannu, HamuOuju, Anronn m Hurepuju, a HenaBHO cy
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3abenexene enu3ootuje y Erunty (1993. ronune) u Ha Manarackapy (Jost u cap.,
2010). [Mocnenma enmmu300THja BaH €HIEMCKOT perroHa je 3adenexena y Cayaujckoj
Apabuju u Jemeny, 2000. romune (Gerdes, 2004).

PesepBoapu Bupyca U BpCTE 32 HETOBO YMHO)KABamkE y MPHUPOIH Cy OBIE, KO3€,
roeenia, OMBOIM U Kamuie. Bupyc mMory ma mpenecy npeko 40 Bpcta koMmapara ma
C€ Ha OCHOBY T€ YHMILEHHIIE CMaTpa Jia C€ paJH O BEIIMKOM PU3HKY O IIo0aiiHe
muctpulynuje rpo3auie gonuHe Pudra. [langemuje cy moryhe u 300r unmeHmIIe
Jla BUPYC, M3a3MBadu TPO3HUIE noinHe Pudra HHUje cnenmduyan camo 3a jeaHy
BpCTy BeKkTOpa (Komapua). ¥ mo Tana ,,cio00qHe pernoHe, BUpyC ce Hajuemnthe
YHOCH 3apaK€HUM KHBOTHI-aMa, Hajuemhe oBmama (Anyamba u cap., 2009). ¥V
nomyJanydjama IpujeMIuBUAX BPCTa, BUPYC TMPEHOCE BEKTOpHU (BpcTe Stegomia m
Culex). Ha uctu HauuH MOTy Ja ce 3apas3e U Jbyau mehytum, venthe cy y pusuky
0co0e Koje Cy Yy KOHTaKTy ca KOHTAaMHHHCAaHUM MecOM (paJHHUIM y KJIAaHUIAMa)
U BeTepuHapH. Bupyc ce y BeKTopuMma NMpEeHOCH TpPaHCOBApHjalHO, a Stegomia
KOMapIlM CIy’Ke U Kao pe3epBOApH Y3pOuHHMKA y mpupoau. MHpunmpane xeHke
KOMapIia JIery 3apa)keHa jaja Koja OCyIIeHa MOTY Jia ITPEKUBE JTy’KH IIEPHOJ BpeMEHa
(romnuama). Enmzootnja mounme mocne cienche xumbe ce3oHe, kKaaa ce U3 jaja
U3JIeTy HOBE reHepanyje komapana. [Topen oBor, OMOIOMIKOT HAYMHA PEHOIICHA
BUpYCa, J0Ka3aHa je ¥ MOryhHOCT MeXaHWYKe TPAHCMHCH]E TIyTeM MyBa, KoMaparia
U IPYTUX XeMaTo(parHux HHCEeKaTa.

HapouuTo cy Ha nHbekujy oceTspuBe TpaBuaHe oBle U ko3e. [lopex abopryca,
HaJla3¥ Ce XCMaTUTHC U eHIle(aInuTrC, a CMPTHOCT je Beha ko Miaahux )KHUBOTHbA.
Knunuuky, Oonect Ko JbyId TIOYHEGE TOBHIICHEM TEJIECHE TeMIleparype,
cmabomhy, ykodeHomrhy, OonoBuMa y MumuhuMa u jiehuMa, OCHIIOM IO KOXKH
(MakysjomamyJapHd OCHIT), a OBE CHMIITOME IIpaTe ¥ TacCTPOMHTECTHHAIHE
cMmeTme. Hajuenrhe ce ocoba omopaBu y poky ox 2 mo 7 mana. Mehyrtum, xox
1-3% mamujenara, Hajla3e ce XeMoparuje u OTKa3uBame OyOpera y KoM Ciydajy je
netanuteT u 10 50%. Oko Mecell JaHa Mocie NPBUX aKyTHUX CUMIITOMA, KOJ] OBUX
naryjeHara Hajase ce eHIe(alnTUC, TIaBo00Jba, CIIa3MU, CUMIITOMHU olTehema
[IEHTpAITHOT HepBHOT cuctema u koma (Kahlon u cap., 2010). Hajuenrha HexespeHa
nocienuia je cienmwio kao mocienuna omrehema permne (Al-Hazmi u cap.,
2005). On ykymHo 140 cimydajeBa oboneBama y Caynujckoj Apabuju u Jemeny
(2000. rogmue), JteTaauTeT je u3HOCHOo 19% mpu yemy ce cmarpa J1a 3Ha4ajaH 0poj
Onakmx ciydajeBa HHUje Ono mpujaBbeH. Y HajBeheM Opojy cirydajeBa Jbyau Cy ce
3apakaBajii MyTeM KOHTAKTa Ca KMBOTHE-AMa MOPE/l YHELCHUIIC J1a CY CBH OMJIH
y KOHTaKTy ca komapumma (Stegomia n Culex). KoMmrumukaruje cy Oumiie y BHIY
PETHHHUTHCA, XeNaTUTHCA, OTKAa3WBamba OyOpera, XxeMoparuja u eHuedaimruca.
JujarHo3za rtpo3uuie gonmHe Pudra ce 3acHUBA Ha EMHU300THOJIONIKO] U
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SMUIEMHOJIONIKOj aHaMHe3W. Ha rposmmiy nonmHe Pudra je morpebHo na ce
HOCYMEba YKOJTUKO C€ TI0jaBe y4ecTalu a0OPTYCH KOJ] OBalla ¥ TOBEJa, YTHHHABAE
jaramaria u TeJa I Kao yribaBambe IPaBUIHIX OBaIa v roBesa. TOKoM akyTHe (ase
0osecTH, BUPYC MOXKE Jla C€ M30JIyje U3 HUPKYIalHje, y JJA00paTOPHjH METOIOM
KyniTtypa henuja WM OKa3MBambeM BUPYCHOI TCHOMA, JAHYaHOM pEaKIHjoM
nonmumepasze (Sall u cap., 2001). Tokom (haze KOHBaJIECIICHITH]E, CEPOJIOIIKHM
peakijamMa MOXKe Jia ce JOKaKe CepOKOHBep3uja. Y ciydajy eHmedanuruca, IgM
aHTHUTEJIa MOTY JIa C€ JOKaXy U y IIepeOpocnuHanHoj TeuHocty. JudepeHnunjanno
JIMjarHOCTUYKH y O003Mp [0J1a3e XeMOparuvHe OOJNECTH, CHICPATUTUCH U KO
JKUBOTUHA A0OPTYCH.

Kon obGonenux ocoba y cMuCIy Tepardje MOXe Jia Ce arviuKyje MHTepOepoH H
cnenuduyan antu-supycHu cepyM (Bouloy u Flick, 2009). Yenex je youeH u kof
PUMEHE aHTUBUPYCHUX JIEKOBA (pUOABUPUH).

Crienmnduuna npoduiiakca 3a oBIe MOCTOjU. [Ipumemyje ce Kako WHAKTHBHCAaHA
(roBesa) Tako W BaKIMHA y KOjOj je IMYHOT€H JKUB, ocliabsbeH (oBie) Bupyc. O6e
BaKI[MHE MOT'Y J1a C€ KOPUCTE M KOJI JbY/IU aJIH j€ FbXOBa IPHMEHA 32 CaJ1a OrpaHUuCHA
(LaBeud u cap., 2010). Haj6osen HaumH KOHTpOJIE Tpo3HULE AonmuHe Pudra jecte
UMYyHH3allFja PHjEeMYUBUX BPCTA KHUBOTHEbA (OBIIC U FOBEa), KOHTPOJIA BEKTOPA
U TIOIITOBaKkE 300XUTHjEHCKUM Mepa y KJIaHWIlamMa M TOKOM MaHUIyJaluje ca
NOTCHIM]alTHO 3apaKCHUM JKHUBOTHIbAMa (KJIAHHIE, OOCIeKaBalke JKHUBOTHIHA,
nomoh nipu mopohajy u ci).

Chikungunya

Panu ce o BEeKTOpPCKOj 300HO3M Koja ce mojaBibyje y Adpunu u Asuju (jy)xHa u
jyrouctouna). OCHOBHM CHUMIITOMH Cy OOJIOBHM Yy 3II000BMMa U MakomHamyJapHU
ocun mno koxku. Kox mnruma (pesepBoapa) CHUMITOMU H30CTajy. M3aszuBau je
ToraBupyc (anda), a 000beHmHe je eHIEMCKOT (M €H300TCKOT) KapakTepa y CBUM
peruonuma jyxxHo ox Caxape kao W Ha jyry U jyrouctoky Asuje. HenmaBHo je
00oJbeme perucTpoBano u 'y Jy:xxuoj Amepuiu, a 2007. ronuHe, 060beHE€ M10jaBUIIO
u'y Uranujy (Liumbruno u cap., 2008). Pusuk ox npenoca undexuuja Chikungunya
y EBpny mocroju, HapounTo kao mocienuna IOOAIHUX MPOMEHAa KIMMAaTCKUX
ycJoBa ca jelHe CTpaHe M MHTEH3MBHOT M Op30T TPaHCIOpPTa MOTEHIHjaTHHUX
KIuIoHoIa, ca apyre crpane (Gould u Higgs, 2009; Pistone u cap., 2009).

PesepBoapu y mpupoau cy AMBIEM NPUMAaTH, CIENH MHIIEBH M NTHUIE, a TOPEX
ypOaHoT HUKITyca (4OBEK-BEKTOP-YOBEK) MOCTOjU M PyPATHU OHOCHO, CHIIBATUYHHU.
Tpancmucuja Chikungunya Bupyca ce o0aBJba ITyTeM BEKTOpa, komapaua (A4edes,
OJTHOCHO I10 HOBOj HOMEHKJIATYpH Stegomyia), Ipy 4eMy KOJ KoMapala He OCTOj!
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BEpPTUKATHU TIpeHoC BHUpyca. OCHOBHU pe3epBoap BUpYcCa Cy JbYAH KOjU 3apase
koMaprie. J[upekTan nmpeHoc ca YoBeKa Ha YoBeKka HHje 3abenexeH. Y Uramuju je
Haj3HA4YajHUjU BEKTOp BHUpYca Stegomyia albopicta; panuju Ha3uB Aedes albopictus
(Talbalaghi u cap., 2010).

Knuanyky, Hama3u ce HarIM MOpacT TeJeCHEe TeMIepaType W OMax IOcje Tora
jaku OonoBM y 3m1000BHMMA, Ta TMAIMjeHT HEe MOke Ja ce kpehe. Hamaze ce u
MUjajTuje, MydHHHA, TIaB000Jba, HOCHH HUCIIEAAK U KOBYHKTUBUTHC, (hoTododmja
(Borgherini u cap., 2007). MakomnamnyiapHu OCUT TTO0 KOXKH YCIIEAH J1Ba 10 5 IaHa
KacHHje, a MOTY JIa ce youe U xemoparuje 1mo koxu. [Ipoceunu neramuret je 0.4%, a
kox aerie 2.8% (Economopoulou u cap., 2009). bon 1 oTok 3r1000Ba MoXe 1a Tpaje
HeJlleJbamMa ajd je TI0CiIe TOra OTIOPaBaK MOTITYH.

VY eHIeMCKHM perHOoHMMa CBETa, JHjarHo3a ce MOCTaBJ/ha HA OCHOBY aHAMHE3€ U
nokasuBama BupycHor antureHa (PCR), a ceponomika qujarHocTiuka Hije moy3aaHa
yclien TOCTOjaba YHAKpCHOT MMYHHUTeTa ca ApyruMm andasupycuma. Hmak,
JIOKa3MBamke¢ CEPOKOHBEP3HMje MMa 3Ha4aja ¢ 003MPOM Jla c€ YHAKPCHO PEaKTHBHU
BUPYCH TI0jaBJbYjy Y Pa3IUYUTHM PETHOHUMA cBeTa y omHocy Ha Chikungunya
Bupyc (Grivard u cap., 2007).

Tepamuja je cuMnTOMarcka, a y CliydajeBUMa M3pakeHUX 00JI0Ba y 3171000BHMA,
NOTPeOHO je MPUMEHTH CHa)XHE aHAJITETUKE. YNoTpeOy CTepOMAHMX Iperapara
Tpeba m3beraBaru. Crienuduyana npoduiakca y KOMepIrjaaHoj ynoTpeon 3a caaa
He mocrtoju. Hecnennpuuna mpoduiakca ce OAHOCH Ha CIpeyaBame KOHTAKTa
ca KoMapiMa (Mpexe U perenieHTH), a y peruonnma riue ce Chikungunya Bupyc
HE T0jaBJbyje, TOTPEOHO je Ha CBAKM HAYHH JIa C€ UCKJBYYH MOTYNHOCT KOHTaKTa
KOMapala ca BHPEMHYHHM oOco0aMa, a CBe y IMJbY H30eraBamba OTIOYHbAMA
ypOaHor nukiyca npexo Stegomyia albopicta xomapara. Hapounrta naxxma Tpeda ga
ce [TIOCBETH PU3UKY OJ] YHOCA BUpYyca IIyTeM BUPEMUYHHX 0c00a Koje cy OopaBuie y
engeMckuM peruonuma ceeta (Chen u Wilson, 2010). Y €H300TCKUM U €HIEMCKHM
pEernoHnMa, O] BEJIMKOT 3Ha4aja je KOHTPOJIa BEKTOPA Y OKOJIMHU TPaJIoBa.

7Kyra rpo3uunna

XKyTta rposHunia je BEeKTOpcka 300HO3a, BUpycHe etuonoruje (Flaviviridae, pon
Flavivirus), koja ce KapaKTepHUIlle HKTEPYCOM H TIOBUIICHEM TEIECHE TeMIIEpaType
KOJ] TpuMara (4 Jbyau). Y eH300TCKUM U €HAEMCKUM PErMOHUMa CBETa, MapaieaHo
noctoje ypOanu u cunBaruuHu (uyHre Adpuxe u JyxHe Amepuke) HUKIYCH
koju ce MehycoOHo mpeknamnajy (Barnett, 2007). Haume, pesepBoapu Bupyca cy
MajMyHH, a y OKBUpPY ypOaHOT IMKIIyca, BUPYC ce mpeHocHu Melhy sbynmuma mytem
koMaparia (Vasilakis u Weaver, 2008).
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O06ospeme je eHIEMCKH MPUCYTHO Yy BeNUKoM ey Adpuke y KoMme, pe cBera y
BEJIMKUM T'PaJIOBUMA XHMBH Mpeko 450 MuiroHa jpynu. Y THM pernoHHMMa, Hajla3e
Ce W BHIIIE BpPCTa pe3epBoapa (MajMyHa). Y Jy)kHO] AMEpHIIH, STU300THOJIONIKE 1
eMHIEMHUOJIONIKE KapaKTePUCTUKE Cy MCTE Ma OTyla MOCTOjH Belmka MoryhHoCT
IpeluBamka OBE 300HO3€ U y apyre peruone ceera (Gardner u Ryman, 2010).
XKyTa rpo3HuIa je eHIEMCKO 000JbEHE y PypaTHIM PETHOHNMA, a CMaTpa ce Jia ce
KOHTPOJIOM BEKTOpa MOXE JIa IOCTUTHE epajukannja y ypoanum cpeaunama (CDC,
1999). Jletanurer Moxke na Oyie BEIHMKH, YaK M MPEeKo 55%, a HAPOUHUTO Cy IMOJ
PHU3HUKOM TIOIyJIAIMje JbYIN KOjH Ce Hajla3e 1Mo 000aMMa BEJIMKHX IPajioBa, a KOju
JKUBE Y HEXHTHjEHCKUM HacesbuMa. 3Bannunau noxany (WHO, 2009) ykasyjy na je
Opoj cirydajeBa HEKOJIHMKO XHMJbaJa Ha TOAMIIKBEM HUBOY. Mehytum, cmarpa ce na
je Opoj ciydajeBa KyTe TPO3HHIIE y CBETY cTo ImyTa Behu. 3HauajaH Opoj cirydajeBa
Ha npuMep y bpasuny u bonuBuju, HECY MorH 1a Oyy IOBE3aHH ca ITyTOBambUMa
TUX 0c00a y €H300TCKE M €HJIEMCKE PETHOHE 11a MOXKE Ja CE 3aKJby4H Jia TIOCTOj!
MOTEHIIH]aJI TI0jaBJhbUBakha KAPHUIITA U BaH PETHOHA TJE j€ OBO 000JbCHE MPUCYTHO.
CnnyaHO ce oHOCH M Ha perroHe y AQpuim mrTo ykasyje Ha MoryhHOCT HacTaHKa
enunemMuja y ypoanum cpeauaama (Mutebi u Barrett, 2002).

JKyra ro3numa ce He MojaBibyje y A3HjU IITO MOXE Ja C€ 00jaCHH yHAKPCHOM
peakTuBHOIINY y3pOYHHUKA Ca BUPYCOM KOjH M3a3Ba JIEHTa TPO3HHMILY Kao U ci1adujoM
KoMIieTeHTHOIThy Bektopa (Stegomyia aegypti). Y Adpunu u JyxHO] AMEpHIIH,
JKyTa TPO3HUIIA W JIEHTa TPO3HUIIA KOCT3UCTHPAjy y UcTHM pernonmma (Gubler,
2004). ¥V onHocy Ha craHOBHUKe CeBepHE MOIYJIONTE, HAPOUUTO Cy I0JI PU3UKOM
NYTHUIIM KOju ce Bpahajy W3 pernoHa y KojuMa je KyTa TpO3HHUIA CHIIEMCKH
npucytHa (CDC, 2000; Muioz u cap., 2008).

Bexkropu xyTte rpo3nutie cy komapiu (Stegomia albopicta n S. aegypti).
Knuandku, 000/beme KO JbYIU MOXKE J1a IPOTHYE MHAMAPEHTHO Ma A0 TEIIKHX
obmuka ca daramaum ucxonom (CDC, 1999). V cnyuyajy Gnaror Toka, CHMIITOMHA
HaIMKYjy Ha rpun. lloBuineme TenecHe Temreparype je Hariio, Haja3e ce
Opanukapauja, TaBoOoJba, MyYHHHA, KpBapeHE M3 HOCA, 00JO0BH y MUIMhuma
U HaIValleHd KPBHU CYIOBU KOBYHKTHBA. CHMITOMH Tpajy PEIaTUBHO KPAaTKo,
JI0 HEKOJIMKO JaHa. Y TEeHIKMM CIy4ajeBHMa, yodaBajy c€ PEeMHUCHje Y3 II0jaBy
uKTepyca, moBpahame KpBaBOT cajpikaja, MeEJEHEe, YpOTEHHTATHOT KpBapema
U OTKa3uBama OyOpera (onurypuja u anypuja). ParaqHUM HCXOIUMa IMPETXOJE
nemupujym u koma. Jleramurer je ox 10 ma g0 50%. Jujaraosa xyTe Tpo3HUIIE Ce
MI0CTaBJba HA OCHOBY €MHUIEMHUOJIOIIKE aHAMHe3€, CUMIITOMa ¥ JIaO0paTOpHjCKOT
Hasasa (anOyMHHYpHja U IPOLY’KEHO MPOTPOMOMHCKO Bpeme). Bupyc moxe na ce
W30JTyje U3 KPBU WM IEepeOPOCTMHAIIHE TEYHOCTH Y TOKY IpBe (edprine dase.
[Tpumemyje ce MeToAa W30Jalldje Ha KyITypH henmujaum JOKa3uBamke BUPYCHOT
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reaoma (PCR). Kopuctu ce n nokasuBame cepokonBepsuje momohy ELISA Tecra,
a crieruyHa aHTHBHpYCHA /gM aHTUTENa MOTY Jia C€ JOKaXy H J0 JIBE TOAWHE
nociie ipebosbema. JudepeHnujarHo MujarHoCTUIKH, Y 003Up J0J1a3e Mallapuja,
XeMoparnyHa ¢opma JeHra Trpo3HMIEe, XemoparuyHe rposHuue (MapOypr,
E6ona, Konro-Kpumcka rpo3Huiia), MEHUHTUTUCH, JENTOCIHPO3a, XCMAaTUTUC U
xaHTaBupycHa nH(pekuuja. Tepamnuja xKyTe TPO3HHIIC j€ CHMIITOMATCKa, 8 HAPOUUTO
ce IpUMeYje XeMOIMjalIn3a y ClIydajy OTKa3uBama OyOpera u jerpe.
Crnennduyna mnpoduiiakca KyTe TpPO3HHIIE TOCTOjU. Hapoumto cy BakIiuHe
HaMemkeHe 0cobama Koje Tpeba 1a My Tyjy Y eHIeMCKH 3axBaheHe pernoHe CBETa Kao
U 32 OHE KOjU M3 THX PETHOHA IMYTY]jy Y ,,clI0001He" 3eMibe. Y CYIITHHH, ITOCTOjE
JIBa THTIA 3aKOHCKUX perynaTtuBa. [IpBu THUI ce OJHOCH Ha 3eMJbE y €HIEMCKH U
€H300TCKH 3axBaheHHM pETHOHMMA TJE Ce TPaXXH MOTBPAA O BaKIIMHAIM]H 0c00a.
Jpyru Tum peryiaaTuBe MmoapasyMeBa 3eMJbe Koje Cy ,,cJI0001He 011 )KyTe TPO3HUIIE
Q¥ TIe TOCTOje TMOTCHIWjaTHH BEKTOPH BHUpyca. Y TOM CIydajy, MOTBpIa O
BaKIIMHAIIJH CE TPAXKH 32 OHE 0CO0E KOje Cy JIprKaBJhaHH 3eMalba KOje ce Haslaze
y eHJIEeMCKH 3axBaheHMM peruoHmMa (JIp)kaBama) WM 3a 0Co0e Koje Ccy paHuje
OopaBuiie y TakBUM 3eMJbama. Kopucre ce 1Ba THMA )KMBHUX BaKIMHA y KOjuMa je
BUpYC aTeHyHnpaH. BakuuHucane ocobe cy 3amTuheHe y ayxeM Imeproay BpeMeHa.
Youenu cy HexesbeHU eekt (Oyelami u cap., 1994), nocne BakiuHanuje ocoda
ca omrrehernM nmMyHCKHM cucteMoM (Receveur u cap., 2000) kao u crapujux ocoda
(mpexo 60 ronuHa).

I[enra XeMoparviHa rposnuaumna

Panu ce o Hajo30uspHUj0] U Hajuyenhoj 300HO3U KOjy PEeHOCe BEKTOpH, MehyTum
uHpeknuja je OeHUrHor kapakrepa. CmaTpa ce Ja je y LEeJOM CBETy NpeKo 2
Munujapae jbyau y mnpeko 100 gpxkasa mon pusukoM na obonmu (WHO, 2009), a
na je ronunime 10 50 munnona ocoba uHduimpano (Kyle u Harris, 2008). Oko
1% wunpunupanux ocoba 0001M ca TEMIKMM KIMHUYKUM CUMOTOMHMMA y BHUIY
JICHT'a XeMOparnuHe Tpo3HHIIE U JICHTa MIOK CHHApoMa. Tpeba aa ce HarmoMeHe 1a
je pHU3HK o7 Texer oOnmuka Oonectr BehH 1mociie HapeIHOT KOHTAaKTa ca BUPYCOM.
Haume, TokoM mpBOr KOHTaKTa, TeXW obmuuu ce jaBibajy y 0.2% ciydajesa.
Ogaj nporenar je 20% npu HapenHoj undexnuju. Hapounto cy ocetsbrBa aena.
JleHra xemoparn4Ha rpo3HHMIA je Hajuemha BEKTOPCKa 300HO3a KOja ce HajasH
KOJI TYpPHCTa KOjU Cy OOpaBWIIM Y EHAEMCKUM PETHOHMMA CBETA U KOJU HH(EKIU]Y
YHOCE Yy JIpXKaBy, OMHOCHO PETHOH y KOME C€ BHpPYC /IO TaJa HHje I10jaBJbUBAO.
Bupyc, n3a3uBau ieHra rpo3Hulle cnajaay (uaBUBHpYyCe.

Jlenra rposHuila ce He MojaBJbyje (3a caaa) caMo Ha TepuTopuju EBpome u
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AmnTapktuka. Cmarpa ce ga 1o 50 MUIMOHA JbYIHM TOAWIIEKE 000JH, a HAPOUUTO
je mpeBaneHyja Benuka y bpasmiry (oxo MunuoH cirydajeBa Tokom 2010. ronune).
Ox HaPOYHUTOT EMU300THOJIOMIKOT ¥ €MUIEMHUOJIOMIKOT 3Ha4aja je a ce y JI0 Tanua
,,CIIOOOTHMM * peTMOHMMA W JIpKaBama Hayase BeKrtopu (Stegomyia aegypti u S.
albopicta) xoju cy KOMIETCHTHH BEKTOpH y3pouHuka [lenra rposuuie (Jansen u
Beebe, 2010). To 2014. ronune, y Janany cy ce cirydajeBu 000JbeHba 110jaBJbUBATN
camo Kox ocoba Koje Cy MPETXOAHO MyTOBajie y €HAEMCKU 3axBalieHe pernoHe.
MehyTtum, Te roquHe je 3abenexeHo nHpumpame 20 ocoda, a MyTeM BEKTOpa y
napKy y meHTpaiHom ey Tokuja.

VY ennemcku 3axBahenum peruonuma (Llentpanna u Jyxxna Amepuka, eKBaTOpHjaaHa
Adpuka u ceBepHa AycTpannja), 000beHhe KO Jbyau mpoia3u uHamapeHTHo (CDC,
1999). Ilocroje mMehytum pernonn y kojuma ce y BeheM IpOIEeHTY jaBibajy Teke
dopme Oonectu y BUIY XeMOparnyHe Tpo3HHIe U centudkor cuaapom (Munuja,
WNunonesuja, Gununuan). Kon xxuBoTuma (IIuMIansa, riboHa 1 Makaky MajMyHa)
BHUpEMHja je JOBOJLHOT MHTEH3UTETA U JIy’)KWHE Tpajarka Ja JOBeAC 0 WH(DEKIH]je
BekTopa. HapounTo je Benmmka mpeBajeHIrja 3apakeHoCTH MajMyHa y Adpurm u
Wunonesnju. Jlpyre BpcTe MajMyHa HUCY Tako J0OpHU pe3epBoapu (KpaTkoTpajHa u
BUPEMHja HUCKOT CTEICHA)

Bupyc, y3pouHuK 1eHTa TpO3HUIIE ce MPEHOCH BEeKTOpruMa, Komapimma (Stegomyia
aegypti, S. albopict u S. africana) (Jansen u Beebe, 2010). Pagu ce o Guonmomkum
BEKTOPHMa U pe3epBOApPHMAa y IPUPOJIH MOIITO C€ BUPYC MPEHOCH TPAHCOBAPH]ATTHO
Ha Hape/nHe TreHepanuje BekTopa. [loBe3aHOCT ypOaHOT M CHIBATUYHOT LUKIyCa
JICHTa TPO3HHUIIC CE O/Ip KaBa 3aXxBasbyjyhu Stegomyia nivea, KoMapiry KOju ce XpaHU
KaKo Ha MpUMaTUMa (MajMyHHMa) TaKO U Ha YOBEKY. MOXe /1a ce Kake Jja ce paiu o
300HO3HM KOja je OTpaHrueHa Ha MOMYJIANN]y JbYIH Y OKBUPY YPOAHOT UKITyca aju
KOja MOJKE J]a TOCTaHe eMuIeMHrja y perHoHuMa O0u3y npamryma. Bupyc, y3pouHuk
JICHTa TPO3HUIIE MOXKE J]a C€ IPEeHECe U TPAHC(DY3HjOM.

Knmanuaky, mociie HHKyOaIuje ol OKO He/leJby JlaHa, Hajla3e ce HaIIo MOBHUIICHE
TEJIECHE TeMIeparype, I1aBoOoJba W MHjajTHje, PETPOOPOUTAIHH U OOJOBU Y
enuractpujymy. Ilopen tora, Hamasu ce MydHWHa, ToBpahame, WHAINETEHIIW]a,
uHCcoMHH]ja U cinaboct. [To Hekana, mpucyTHA Cy U KpBapemwa (MeJleHa, XeMaTypuja,
enucTakcuc). Panu ce o mpBoj (a3u OonecTH koja Tpaje HEKOJIMKO AaHa. Jpyra
daza ce kapakTepuIine ONaXUM CHUMITOMHMA. Y TEXKHM CiydajeBUMa, Hajla3u
C€ XEMOparuyH CHHAPOM U CENTHYKH IIOK KaJa Cy MPUCYTHH BUCOKA TEJIECHA
Temreparypa, KpBapema, yBehame jerpe m mok. Cmarpa ce na je Texa Qopma
Oomectu TMoOCIEANIIa WMYHONATOTEHETCKUX MEXaHHW3aMa, OIHOCHO MPHCYCTBA
UMYHCKUX KOMIUIEKCA CACTaBJbEHHUX OFf HE-HEYTPATM3AIMOHUX aHTUTENIa |
BupycHux anturena (Halstead u cap., 2010). HapouuTo je To cimydaj kaga ce ocoda
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3apa3u ca JBa THma jaeHra Bupyca (Martina u cap., 2009). AHTUTEeNna pHUCyTHA
Kao MOCJeINUIIA TPBEe MHPEKIMje, HE HEYTPAJIMIINY JAPYTH TUI BUPYCa alli Ca HBHUM
bopmupajy IMyHCKE KOMITJIEKCE U 3alI0YHIbY TPOIYKTHBHY HH(EKIHN]y Makpodara
nytem @11 perenropa (Rodenhuis-Zybert u cap., 2010). [lanac ce 3Ha aa nmocroje
niecT ¢akTopa KOjU YCIIOBJbaBajy TekKe OOJIHMKE JIGHra TPO3HUIE (XeMoparndHa
IPO3HHUIIA U CETITHYKH IIOK):
1. uH(pekuuja y mpucyCcTBy He-HEYTpAIU3aMOHUX aHTHTEIA,
2. aKo je Ipyru BUPYC MOPEKIIOM H3 JyroucTouHe Asuje,
3. kene uventhe obore y Tex0j popmu,
4. uemhe y Tex0j Gopmu 000se cTaHOBHUIM A3Wje u KaBKacku THIT JbYIH;
upHIM pehe odoe,
5. Hajuemthe y Texem o0muKy obOoine mena mumaha ox 15 rommua (Jain m
Chaturvedi, 2010) u
6. HoBopolheHua] ca MaTepHAJIHUM aHTUTEIMMA Ha Pa3IMuUTU TUIl BUpYCa

JlujarHo3a JieHra rpo3HUIlE Ce MOCTaB/ba Ha OCHOBY €IMUAEMHUOJIOUIKE aHAMHE3e
(mmyTOBame y €HIEMCKH PETMOH) U KIIMHUYKUX cCUMITTOMa. Bupyc Moxe fa ce nzoinyje
U3 IUpKyJalyje, a off 3Hauyaja je M Hajla3 XUIIOBOJIYMHHEMH)e KpBU (TmoBehaHu
XEeMaTOKpUT) U nopemehaja koarynamuje KpBu. Bupyc Moke aa ce u3onyje Ha
kyntypu henuja (Teles u cap., 2005). 13 TkuBa jerpe, ruiyha, OyOpera, cie3une
U TMM(QHUX YBOPOBA, Y3€THUX OMOIICHjOM, MOTY Jla C€ pajJie METO/e JJOKa3MBamba
BupycHor anturexa (T®A) nnu BUpYCHUX IeHa, JaHYaHOM PEaKIijoM MoJIuMepas3e
(Conceigao u cap., 2010).

CepokoHBp3Hja noapasymeBa Hana3 [gM aHTH-BUpYCHHX aHTUTena (Schwartz u
cap., 2000). IudepenujanHo q1jarHOCTUYKH Y 003Up J0j1a3€ I'PUIl, XEeMaTUTHUC,
JIETITOCTIMPO3a, Majlapuja, xeMoparuune rpozuuiie (Edona, MapOypr, xautaBupycu),
PHUKEINo3e Kao U ocTajne BeKTopcke 300H03e (Chikungunya, Pudt). Crnenuduana
Tepanuja JleHra rpo3HuUIe He TIOCTOjH.

Criermuduuna npoguiakca ce cacToju U3 aluIMKallije YeTBOPOBAJICHTHE BaKLIMHE Y
K0jOj ce HaJlaze aTeHyupaHa cBa 4eTUpPHU Tuma Bupyca mehytum, 6e36enHocT oBor
npenapara jou yBek Huje norsphena (Swaminathan u cap., 2010). Mcto ce ognocu
U Ha peKOMOMHAHTHY BaKIIMHY y K0jOj ce Kao uMyHoreH Hanasu Theiler 17D coj
Bupyca npotus xkyte rpozuuie (Miller, 2010; Van Der Most u cap., 2000).
OcHoBHU HaunH Oopbe mpoTHuB JleHra rpo3HuIle je KOHTpoia BekTopa (S. aegypti)
IpU YeMy ce ycIieX OJHOCH M Ha ClIpeyaBame 10jaB/bHBamkba He caMo JieHra Beh u
Chikungunya rposzuaune (Chen u Wilson, 2010). Ocobama koje nyTyjy y €HIeMCKH
3axBaheHe permone cBeta (Benelyena, jyrouctok Aswuje), caBeTyje ce NMpHMEHa
onromapajyhe onehe, mpeske Ha npo3opuma u penenenara (CDC, 2012). Hapouuto
Cy y pu3HKy ocobe koje cy Beh 6mite unduiupane genra supycom (WHO, 2009).
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I'po3nnna pexke Ross

Y Aycrpanuju u Oxeanuju, 000b€HE j€ TO3HATO U KA0 SMTUACMH]jCKH MTOJIMAPTPUTHC.
V3pounuk je ToraBupyc (Anda). MHumaeHmnuja rpo3auie pexke Poc, Moxke na ce
OpeABUIM Ha OCHOBY METEOPOJIOIIKMX IojaTaka (IajaBuHE M TeMmIeparype), a
y €HJIEMCKOM PETHOHY, 000JbeHe ce Hajuenthe mojaBibyje y MepHoLy Of jaHyapa
1o maja (Woodruff, 2006). YcranoBsbeHa je cepomnpeBaieHIHja KO JbYIUd Y OHUM
peruoHMMa y KojuMa HUCY Oujie MpHjaBJbeHE KIMHHYKU HCIIOJbeHE MH(pEeKIuje.
VYkonuko Ou ce mojaBwiio y EBpomny, enu3o0THje U enuieMuje Ou ce OueKuBase
TOKOM TIepHOJla aKTUBHOCTU BeKTOpa, komapana (4edes u Culex). [lopen doBexa,
NpUjeMYrBE Cy ¥ MHOTe BpcTe noMahux jKMBOTHEbA (TOBela, OBIIC, KO3XE, KO,
CBUIbE, 1ICH) Y AUBJbUX (TII0Aapu, NMTULE) KUBOTUHA (Jacups u cap., 2008). Jo
YBEK HHje MMO3HAT MEXaHH3aM NPEKHBJbaBakha BHPYCa Yy MEPHOLY HEAKTUBHOCTH
xomapama (Kelly-Hope u cap., 2004).

VY BekToprMa (KOMapiyMa) BUPYC CE€ NMPEHOCH BEPTHUKAIHO ca jeJJHE TeHepaluje
MHCEKaTa Ha Hape/Hy, a cMarpa ce Ja je Moryh u ypOaHu enu1eMHOIOMIKH IIUKITYC
(4OBEK-BEKTOP-YOBEK).

On undunupanux pyau, 20-30% mokake cMMOTOME Y BHIYy Onaror moBUIICHA
TEJIECHE TEeMIIepaType Mocje Yera ce Hajase 00JI0BH y 3111000BHMa (pyKe U cTonasa
HApOYMTO) KOjU MOTY M J1a OTEKHY. MHOTM MaIljeHTH MMajy MakyjonamyJapHu
OCHII TIO TEJTy M EKCTPEMHUTETUMa, a KOJ HEeKUX, Hajla3ze ce u nerexuje. bomiecr je
OEHUTHOT KapakTepa, a 00JI0BH y 3171000BUMa HECTAjy y pOKY oA 3 Mecena, Mmel)ytum
Mory jaa Tpajy roguHama. ['posnuna pexe Poc je obosbeme y unjoj maroreHe3u
3Ha4ajHy ynory urpa oxHoc Makpocdara u Bupyca (Rulli, 2007). Haume, Bupyc
crpedaBa eKCIIPEeCcHjy TeHa y Makpodaruma, a Koju cy 3aJyKeHU 3a aHTUBUPYCHY
onopany (Linn u cap., 1996). [lujarHo3a ce mocraB/ba Ha OCHOBY JIOKa3HBamba
anTurena supyca (PCR) y y3opumma (KpB ¥ CHHOBHjaTHA TEYHOCT) Ka0 U HA OCHOBY
cepoxonBep3uje (ELISA). ¥V permonuma rme je rpo3nunia pexke Poc enmemcko
o0oJbeme, jarHosa ce Hajuenrhe mocraBba HA OCHOBY €MUACMUJCKUX MOJATaKa
(ce30Ha BEKTOpa) M KIIMHUYKKX MaHU(pecTanrja. AudepeHnnjanno aujarHoCTUIKH
y 003up pomaze pyoeona, Jlajmcka 6onect, Chikungunya BupycHa uHpEKIHja U
peymarcka rposauna. Tepanuja y Hajsehem Opojy cirydajeBa HHje MOTpeOHa, a aKo
Ce J1ajy aHTHPEYMAaTCKU JICKOBH, MOTPEOHO j€ MCKIbYUHTH YIOTpeOy CTepOUTHHUX
npenapata. Crieruduune npogpuinakce (BakIMHE) HEMa.

Yeyty BupycHa nHgexknmja

Nako je mpBa umzomanuja opor dnaBuBupyca Omna mojmoBuHoM 20. Beka (1959.
TOJIMHE), 3HaUaj OBOT BHPYyCa j€ YOUCH TeK Kaja jeé M30JI0BaH W3 YTHHYJIOT IPHOT




Berepunapcku :xkypHau Peny6iauke Cpncke (bamwa Jlyka), Boa. XXIII, Bp.1-2, 156-182, 2023.
Bagauuh u cap.: 173
BekTopcke 300H03e Koje MOI'Y 1a yrpo3e peruoH jyroucroune Eppomne

koca (Weissenbdck u cap., 2002), y Aycrpuju (2001. roqune). O60JbeHe IpeHoce
KOMapIiy, a JMBJbE NTHULE Cy pe3pBoapu Bupyca y npupoau. Kox mpuima, Yeyrty
BUPYC M3a3MBa TEIIKe WH(EKIHMje ca BEJIMKUM CTEIIEHOM JietanuTera. Y EBpornw,
Bektopu ¢y Culex xomapiu. Kom Jbymu, BUpyC HE HM3a3WBa HUKAKBE CHMIITOME
MelyyTHM, TTOJI pU3HKOM Cy 0CO0€ ca APYruM 3apaBcTBeHHM mpodiemuma (Cavrini
u cap., 2009) unu oHe Koje mMpuMajy UMyHoOCynpumupajyhy tepamnujy. Kog xoma
U JbYIU, BUPEMHja HHU]jE JOBOJPHOT MHTEH3HWTETa Ja OM OBE BPCTE MOIVE Ja ce
cMarpajy pesepBoapuma.

Cneunduyna antu YeyTy BUpyCHa aHTUTENA JJoKa3aHa ¢y U ko nrtuia u'y Cpouju
(Petrovi¢ u cap., 2013).

I'po3nuna Wesselsbron

@®naBUBHpPYC KOjH je OTPaHUYEH Ha PETUOH jy)KHE W IIeHTpaliHe AQpuke, n3a3nuBa
OBY I'PO3HHUILY KOjy JbyIMa IPEHOCE KOMAPIIH, @ PE3EPBOAPH CY jOII yBEK HEMTO3HATE
TUBJbE BpCTE KUBOTHIbA. [Topen Adpuke, Bupyc je npucyTat u 'y Asuju (Tajmann).
Bekropu wu3zazuBaua BecencOpoHcke rpo3Huile cy komapuu (Aedes OTHOCHO
Stegomyia Bpcte), a o aoMahux BpCTa >KUBOTHIbA TPHJEMUYHUBE Cy OBIE H
roeefia. Bupyc Moxe a ce yMHOXKaBa U 'y KaHUIuUMa (KOjOT) W MTHIaMa (TaTke).
Komapiu, Bektopu ce nHpuuupajy xpanehu ce Ha gomahum BpcTama >KMBOTHHA
(oBma u roBeaa). Jbynu (BeTepuHapu, cTOUapu) MOTY Ja CE€ 3apa3e M KOHTAKTOM ca
KOHTAMHUHHUPAHUM MECOM M OpraHMMa 3apaKeHHUX JKMBOTHA KA0 U TOKOM pajia ca
y3opuuMa y naboparopuju (Diallo u cap., 2005).

Panu ce o 6eHurnoMm o0o0sbemY, aKyTHOT TOKa. CHMIITOMH aKoO C€ 0jaBe, Cy y BUY
MOBHIIICHA TEIIECHE TEMIIEpaType, I1aBo0oJbe, 00710Ba y MUIIMhUMa ¥ 3T1000BUMa
U ocumna. YecT CUMITOM je OTOK jeTpe M clie3uHe. Y TEeKHUM CllyuajeBuMa, Hajla3e
ce ennedanutuc (mopemehaj ceectu), mopemehaj Buma u porodooduja. Kox onaia,
CHUMIITOMH HAJIMKY]y Ha TpO3HUILy aoyimHe Pudra. [paBunHe xuBoTHIRE MOOAIIE,
a KoIl HOBOpoheHuX jaramaria, BecencOpoHcka rpo3HuIia je ¢araiHo o00Jbembe.
JlujarHos3a ce mocTaBJha HA OCHOBY €MHIEMHOJIONIKE aHAMHE3€ y KOM CIIy4ajy je
0] 3Ha4aja KOHTAKT ca 000JIeINM JKUBOTHE-AMa U FbXOBUM OpraHuma (rmodayaeHu
wion kon osama). TokoM (a3e MOBHINCHE TEJICCHE TEMIIEPaType, BHPYC MOXKE
Jla ce u30iyje U3 KpBU u Opuca rpia. JlokasuBame BUPYCHOT TeHOMa ce 00aBJba
PCR meTomoM, a ceposIoNIKUM aHallM3aMa MOXE Ja Ce JOKaKe CEpOKOHBEp3Hja
(Johnson u cap., 2000). [dudepeHuujaqHo OUjarHOCTUYKHU, Tpebda HUCKIbYUYUTU
IPUI, @ Y PETHOHY y KOME C€ TO0jaBJbyje M aKo je OMJIO KOHTaKTa ca OBIama, U
rpo3uuiy nonuHe Pudra. Tepanuja BecerncOpoHCKe TPO3HUIIE jeé CUMIITOMATCKA,
a mpoduiiakca ce CBOJM Ha KOHTPONYy Bekropa. Hema crenuduune npoduiiakce
(BakIIMHE).
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Ennedanuruc noanne Murray

WNudexnuje ca ¢raBuBupycoM, wu3asupaueM eHuedanuruca noiaune Murray,
orpannueHe cy (3a caga) Ha Aycrpanujy u Hoy I'Bunejy (Huppatz u cap., 2009).
AHTHIeHO, OBaj je BHUPYC CIIMYaH ca M3a3uBaueM Tpo3Huue 3amaaHor Huma, a
aHTHUTEJa NPOTUB JamaHcKor eHledaauTuca HeyTPAIIUILY U OBaj BUPYC.

VY mepuony ox 1917. no 1974. roguHe, perucTpoBaHoO je y AycTpaiwju ocam
enuaemuja eHuedanuruca nonuHe Murray. Enunemuje cy Ouie TOKOM CE30HE
AKTUBHOCTH BekTopa (komaparna, Culex annulirostris), BpcTe Koja TMoJaxe jaja y
O6apama u manuM jezepuma (Broom u cap., 2003). IlITo ce THue Ipyrux peruoHa
CBeTa, MOCTOju MOryhHOCT yHOCa BHpyca, M3a3uBada CHIE(pAIUTHCA JOJIWHE
Murray (Stich u cap., 2003).

Knuanuku, paam ce o TeIKoM 000Jbemby YIPKOC YUEHCHUL aa ce camo ko 0.2%
UHQHUIHMPaHUX 0c00a M0jaBJbyjy CUMIITOMH. bosecT nounme Harllo ca rmaBoo0JboM,
dborodobujom, aHOPEKCHjOM, HATIAIICHOM ciiadomihy, moBpahameM, TOBHIIEHOM
TEJICCHOM TEMIIEPATypOM M MEHUHTUTHUCOM. Y TEIIKUM CIIy4ajeBHMa, IOCIe
OKO 2 HeJeJbe M3PAKCHUX CHUMIITOMA, CJequ KoMa U cMpT. [lapanuza MOTOpHHX
HepaBa MOXE J1a JIOBEJIE /10 OTSIKAHOT I'yTarba U Jucama. TOKOM MPBUX eMuJIeMuja,
netanuteT je 6uo Bucok (60%), a kacHuje je cMameH Ha 20%. Kox mpebonenux
0co0a, 4ecTo 0CTajy TpajHe MOCIEIUIE Yy BUAY ICHUXOJOUIKUX M HEYPOJOIIKHX
CMETHH. YIPKOC CMambCHOM CTENEHY CMPTHOCTH Yy HOBHjE BpEeME CE yodyaBa
noBehame mporeHTa ocoba koje cy mpebonene, a Koa KOjuX Cy ocralie TpajHe
HEypOJIOIIKe CMeTHe. JlMjarHo3a ce mocTaB/ba Ha OCHOBY EIMHICMHUOJOIIKHAX
nojiaraka, KIMHUYKUX CUMITOMA M JabOpaTopujcKuUX Hanasza. Bupyc moxe na ce
U30JIyje caMO U3 MOXKIAHOT TKHBA, JAKJIe IIOCT MOPTEM, JJAHYAHOM DPEaKIHjoM
nonumepase (Studdert u cap., 2003). CepoxonBepsuja (IgM, Moxke a ce TOKaxe
eH3UMCKUM HMyHCKUM peakuujama (ELISA). JludepennujanHo IujarHOCTUYKA
y 003up nonase eHnedaruTUcH Apyre €TUOJOTHje, HApOUUTO KO 0c0o0a Koje cy
MyTOBAJIC Y PETHOHE CBETAa y KOjHMa C€ CHIEMCKU M €H300TCKH TI0jaBJbY]y IPYTH
¢maBuBupycu. Tepamuja je CUMIITOMATCKa, a OJ BEJIMKOT 3Ha4yaja je MHTECH3UBHA
Hera namyjeHara. CnenuduyHa Tepamnuja HE MOCTOJU. Y pPErMOHMMAa y KOjUMa
je ennedanutic nonuHe Murray €HIEMCKH, CIIPOBOJM CE KOHTpPOJIa KOMapara
(JTapBUIIU/IM ¥ TPETMAH MPOTUB OAPACIUX O0IMKA BEKTOPA).

3AK/bYYAK

Ceemonin cMO Owin ,,IpeNiMBama‘ KOPOHABUpPyCa M3 3a cajJa HEJOBOJHHO
neuaMcaHux momysamnuja pesepBoapa SARS-CoV-2 ka jpynmuma y TpOTEKINX
Tpu roauHe. CIMYHN €MU300THOJIONTKHA M €TTHIEMHOJIONIKY CIIEHAPHjH, KaJla ce U3
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JETHOT pernoHa Kao moXkap MpoIIupH HeKa 3apa3Ha 00JIeCT, MOTy Ja Ce OYEKYjy Uy
ciy4dajy rpeko 100 apOoBupyca KOju y pa3IiIUTHM PETHOHUMA CBETA [IUPKYIUIILY Y
Marb€ WM BHIIE TO3HATUM MPUPOIHUM HUKITycuMa. HapounTo ce y ToM KOHTEKCTY
n3/1Bajajy (DIIaBUBHPYCH KOJH CY Y €TTM300THOIOIIKOM H ETHIEMHOJIOIIKOM CMUCITY
BEeOMa JMHAMUYHHU. Tako Ha mMpuMep, JACHra XeMOparndHa Tpo3HHIa je 0e3malio
Owna epangukoBana y LleHTpaiHO] AMEPHIIHN TIE3ECETUX U CEAaMIECETUX TOINHA
20. Beka. Mehytum, on 1000 npujaBpennx ciydajeBa 1958. ronune y Adpurm u
jyrouctounoj Asuju, mouuto ce 1o 500.000 cayuajeBa 1998. rogune, npu yemy ce
0BO 000JbEHH-E TTI0YEII0 TIOHOBO J1a TI0jaBJbyje y CBUM peruonnma Jyxue u Llenrpanne
AmMepuke.

CBu apOoBupycH (ca M3y3€TKOM H3a3uBaya a)puUuKe Kyre CBHH»A) Ka0 I'€HETCKH
marepujan nocenyjy PHK monekyn. Paau ce o Beoma amantaOMIIHOM MOJIEKYITY
KOjU HE CaMo J]a UMa CIIOCOOHOCT MYTHpama y OAHOCY Ha BHpYJIeHIH]y Beh u y
OJTHOCY Ha MOTYhHOCT perInKaIyje y Bpcrama Koje ¢y J0 Taja Ouie HerlpujeMIunBe.
Panu ce o BpcTama kako BeKTopa (Komapana 1 apTpoIrojia) Tako ¥ BpcTaMa TUBJbUX
u noMahux XKUBOTHHA. TO jeIHOCTABHO 3HAYM Ja HEKW OJf apOoOBUpyCa, YHOCOM
y 10 Tajaa ,,ci10001He” perioHe U KOHTHHEHTE, MOXKE Jla CTeKHE apUHHUTET KakKo
3a JIOKaJIHY TOIMyJalujy BEKTOpa Tako W Ja npoHal)e HOBYy BpCTy pe3epBoapa
(cxkuBOTHBY) Y ipupoau. Ha taj 6u ce HaumH popMUpPao HOBU €MM300THOIIONIKH H
ETMHIEMHUOJIOIIKH [TUKITYC Ha HOBO]j JIOKAIIMjU M Ca HOBUM ,,ATpadnMa‘’.

Cwmarpa ce J1a je mmpeme BeTUKor Opoja apOOBHPYCHHUX MH(MEKIHja MOCIeaua
POMEHE KIIMMAaTCKUX OKOJTHOCTH, OJTHOCHO TII00ATHOT OTOIIJhEHa U KA0 MOCIIE/INTIE
TOTa, OCBajarba HOBUX TEPUTOPHja Ol CTpaHe BekTopa. McTo Tako, y BENIMKHM
pernoHrMa cBeTa, 1O Npe TpU JereHuje y ymorpedu je o6mo mecturmmn AT
(dichlordiphenyltrichlorethane) xojum cy epUKacCHO KOHTPOJHUCAHE IOIMYJIAIN]e
BEKTOpa, Tpe cBera komapauna (Stegomyia, Anopheles u np). Kao mocnenuiia
3a0paHe OBOT' MECTHIHWIA, TIOOAIHO JONa3| 10 3HadajHOTr moBehama OpojHOCTH
BEKTOPA IIITO 3aj€JHO Ca OTOTUhABAKEM OJHOCHO, BEhMM CTENIEHOM PEKHBIHABAHA
BEKTOpa, yTuiye OMTHO Ha noBehame pr3KKa o/ HHPEHha BEKTOPCKUX 300HO3A.
Berepunapcka cmyx06a P. CpOuje m perumona, namna je IONPUHOC KOHTPOIU
KOPOHABUPYCHUX MH(EKIIH]ja y TPOTEKIIC TPH TOIMHE, IIPE CBETA y INjarHOCTHYKOM
cmucity. ctoBpeMeHo, CIISIUjaTuCTH U3 eITH300THOJIOTH] €, 3HAYaJHO CY YTUIIAIH Ja
Cce IITO BHIIE M0jacHe MPUHIUIH IIHPEHa, KOHTPOJIE, Cy301jama U HCKOPCHHUBaba
SARS-CoV-2 mnangemuje. CBOjUM YCKO CTPYYHHM II03HABambEM 3apasHUX
00JIeCTH JKUBOTHbA U JIATEPATHUM TIPHUCTYTIOM KOju 00e30elyje enmm3o0THONOTHja,
BETEPHHAPH CBAKAKO J1ajy 3HA4ajaH JOMPHHOC CHCTEMY ,,jeTHOT 3/IpaBJha‘‘ Ima MOXKe
Jla ce 3aKJbYYH J1a MOCTOjH BeJrKa BepoBarHoha fa he BerepuHapu OUTH MTPBH KOjU
he younTH 1mojaBy HOBUX BEKTOPCKHX 300HO32 HA CBOM TEPEHY.
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M3jaBa o cykoOy mHTEpeca: AyTopHu U3jaBibyjy Ja HE MOCTOjH CYyKOO MHTEepeca.
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Summary

The first Faculty of Veterinary Medicine was founded in France (Lyon) in 1762, in
order to prevent the cyclical waves of rinderpest at the beginning of the 18" century
in Europe. Three centuries later, infectious diseases, including zoonoses, cannot
be eradicated in the regions where they appear enzootically, and also thair spread
is a real threat to distant regions of the world. A special segment of the infectious
diseases studies is focused to the group of zoonoses that are transmitted by vectors.
There are numerous infectious diseases of animals and humans, whith the causative
agents that are transmitted by insects and arthropods, and in some cases, vectors
appear as real hosts and reservoirs of zoonotic agents. Until two decades ago, the
appearance of West Nile fever in regions of the world where this zoonosis was
enzootic and endemic (for example, the African continent), did not attract the
attention of epizootiologists and epidemiologists. However, this infectious disease
has caused a disease in a numerous people in our region over the past twenty
years, and in some cases the outcome was fatal. Analogous to the example of West
Nile fever, it can be assumed that a greater number of vector-borne zoonoses are
practically “knocking on the door” of the Southeastern Europe region. That region
can be considered a buffer zone, where there are more or less distant regions to the
south and east, where until nowadays “exotic” zoonoses appear enzootically, and
from which direction we can expect the penetration of vectors, and the infectious
diseases they transmit. The potential for the transmission of vector-borne zoonoses
primarily refers to diseases transmitted by insects and arthropods. In the case of
insects, a sudden outbreak could be expected, for example, of Rift Valley fever,
Chikungunya virus infection, Japanese encephalitis or Yellow fever. The fight
against such zoonoses should primarily be based on vector control. For some
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of these zoonoses, vaccines have already been developed for use in human (e.g.
Japanese encephalitis) and veterinary (e.g. West Nile fever) medicine. In the case
of zoonoses transmitted by arthropods (Crimean-Congo hemorrhagic fever, tick-
borne encephalitis), it is expected that the infection will spread slowly but steadily,
whereby diagnostic tests and the application of methods of monitoring the presence
in animal species that can be indicators of the disease are of more importance. The
paper presents the basic mechanisms in the transmission of vector-borne zoonoses
as well as certain infectious diseases transmitted by insects and arthropods, which
have a significant potential to threaten the region of Southern and Eastern Europe.

Key words: Epizootiology, vector infections, arboviruses.

INTRODUCTION

Vectors, in the broader sense of the term, mean living carriers of infectious diseases
in populations of susceptible vertebrate species. That is the epizootiological
(epidemiological) interpretation of the term. However, of greater importance is
the definition of vector in the narrower sense that refers to insects and arthropods
as carriers of viruses, bacteria and protozoa. They are most often insects of the
Diptera order, which includes mosquitoes (Culicidae), sand flies (Psychodidae) and
hematophagous flies (Ceratopogonidae). In some cases, black flies (Simuliidae) can
also serve as carriers of diseases. In addition to insects, as vectors in the epizootic
and epidemiological sense, acarinae, subclass Acari, class Arachnida, i.e. ticks are
of great importance. The vast majority of infectious diseases that are transmitted
by vectors (vector infections) are caused by viruses that, due to the fact that they
are transmitted by arthropods, are classified in the so-called Arbovirus group
(Arboviruses: Arthropod-borne viruses) (Tsai and Chandler, 2007). These viruses
can be transmitted vertically, in vector populations. However, in most cases their
maintenance in nature depends on horizontal transmission between vertebrates, via
vectors. Hence, it can be said that arboviruses are significantly different from other
viruses whose maintenance in nature depends only on direct transmission in the
population of a susceptible species.

Arboviruses consists of over 500 viruses, of which over 100 can infect humans,
and over 40 types of viruses cause infection in animals, but the list is not final
(Karabastos, 1985). The most important arboviruses that infect humans and animals
belong to the RNA viruses in the families: Togaviridae, Flaviviridae, Bunyaviridar,
Reoviridae and Rhabdoviridae. Only one DNA virus belongs to arboviruses, and it
is the causative agent of African swine fever (4sfarviridae). The high prevalence of
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RNA viruses in the group of arboviruses is explained by the characteristics of the
genetic material. Namely, the RNA genome varies significantly and is able to adapt
to different replicative conditions and mechanisms that prevail in hosts that are
phylogenetically and oncogenetically very distant, such as vertebrates and vectors
(Beaty et al., 1988).

Human arboviruses are classified according to disease characteristics: systemic
febrile diseases, encephalitis, and hemorrhagic fevers. In veterinary medicine,
arboviruses cause diseases with multiple symptoms and forms, but even in this case
encephalitis and hemorrhagic syndromes are the most common (Bres, 1988).

In relation to the type of vector, it can be said that most arboviruses transmitted
by ticks cause encephalitis. The most important viruses of this category that cause
epidemics and epizootics are togaviruses, alphaviruses, flaviviruses and bunjaviruses.
The first virus for which vector transmission was proven in the 17" century was the
cause of Yellow fever. It is a disease that still appears today (South America and
Africa) in the form of sporadic and seasonal epidemics despite the existence of
effective vector control measures (mosquitoes) and an effective attenuated vaccine
(Ludwig and Iacono-Connors, 1993). Dengue, a vector-borne zoonosis that was
first mentioned in 1907, still causes illness in hundreds of thousands of people in
tropical regions (Monk, 1994). Venezuelan equine encephalitis has caused mass
encephalitis in horses and humans from the 1920s to the present day (Rico-Hesse
et al., 1995), despite the existence of an effective vaccine for horses. Ross River
virus causes epidemics of arthritis infecting up to 68% of the human population
on some islands of the Pacific region (Walton and Grayson, 1988). Compared to
alphaviruses and flaviviruses, most bunyaviruses cause mild infectious diseases in
humans. However, the virus that causes Rift Valley fever causes severe disease in
animals and humans with a high mortality rate. Historical data indicate that this virus
appeared in Africa after 12 years of “rest” causing epizootics and epidemics (Arthur
et al., 1993). The above data indicate that arboviruses will continue to appear in the
future as the cause of vector-borne zoonoses, which certainly emphasizes the need
for further research into the characteristics of the disease “per se” as well as the
mechanisms of these infectious diseases in general.

Cycles of infections caused by arboviruses

These are the cycles thanks to which arboviruses are maintained in nature, infecting
vertebrates (hosts) and vectors (hematophagous insects and arthropods). Mostly,
vectors are from the group of mosquitoes. Less common vectors are ticks (Argas)
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and sandflies (Phlebotomus spp), where there is a close connection between the
causative agent (virus) and the vector. Moreover, in some cases it is thought
that vectors are actually the hosts of viruses. At the same time, different vectors
(mosquitoes) can serve as vectors of the same virus to different vertebrates depending
on individual geographical and ecological situations. Most often, vertebrates,
especially humans, appear as a “dead end”, in the role of intermediate hosts (Tsai and
Chandler, 2007). The epizootiology (and epidemiology) of arbovirus infections is
influenced by numerous and often mutually independent factors such as the number
and immune status of the species, i.e. vertebrate (host) that serves as a reservoir
of a given arbovirus in nature, climatic conditions on which vector reproduction
depends. In the complex cycle of maintenance of arboviruses in nature, different
species of mosquitoes participate with variable affinity towards different species of
vertebrates on which they feed, with frequent host changes. The seasonal increase
in the incidence of infections depends on the conditions of vector reproduction and
their survival. In the case when a new arbovirus is introduced into a uninfected
region of the world with a continental climate, the question arises of the vector’s
survival during the winter, but also the possibility of overwintering new local vector
species to which the given virus can adapt.

Of key importance for understanding arboviral infections is knowing whether
the vector, in which the virus maintenance cycle, also appears as a reservoir, i.e.
whether the virus is transmitted trans-stage and transovarially within the vector
population. Bunyavirus, for example, directly depends on viral gene expression and
host metabolic activities. The vector’s meals in the form of a drop of blood activate
cellular genes in the ovary of the vector (female mosquito), which simultaneously
stimulates virus replication. At the same time, during the period of diapause (egg
hibernation) of the vector, it is possible to demonstrate the expression of viral genes
whereby almost the entire mechanism of replication is used for the viral mRNA.
At the end of diapause, the replication mechanisms of the cells are fully utilized
for viral mRNA (Dobie et al., 1997). This unique way of virus expression and
recombination at the inter and intramolecular level is particularly significant if the
eggs of the vector are infected with two different buna viruses. In that case, the
mechanisms of recombination and reassortment create new variants of the virus.
In the event that the causative agent of an infectious disease is transmitted by ticks,
we have to remember that the period of time for development into an adult form
(from egg to larva and nymph) is over two years (in continental climate conditions).
At each of these stages, the vector needs a meal in the form of a drop of blood, with
arbovirus transmission occurring at each feeding. Tick population density depends
not only on climatic factors during a given season but also during previous years.
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Sometimes, completely different viruses use the same maintenance cycles in nature
that are common to vertebrates i.e. reservoirs of viruses and vectors. In that case,
as a result, a close epizootiological relationship can appear, so for example, the
causative agent of western equine encephalitis (alphavirus) and the causative agent
of St. Louis encephalitis (flavivirus), spread by the same epizootic cycle in which
wild birds and mosquitoes (Culex tarsalis) are participants. In nature, both diseases
occur simultaneously. A similar association exists in Africa and Asia between
Sindbis virus (alphavirus) and West Nile virus (flavivirus), both viruses using an
epizootic cycle in which birds are reservoirs and insects (Culex univittatus) are
vectors. The urban cycle of Yellow fever, dengue and Chikungunya fever depends
on the mosquito vector Aedes (Stegomya) aegypti. Likewise, the Ixodes ricinus
tick transmits the virus that causes tick-borne encephalitis, but also the causative
agent of Lyme disease (Borrelia burgdorferi). The tick Dermacentor marginatus
transmits Q fever (Coxiella burnetii) as well as viruses causing eastern and western
encephalitis (Porterfield, 1995). The simultaneous presence of bacteria and viruses
in the same vector can be harmful to the virus, but at the same time it can be one of
the methods of vector control. It was established that the mosquito Aedes aegypti,
if infected with an intracellular bacterium (strain wMel isolated from Drosophila
melanogaster), loses its ability to transmit the causative agent of dengue fever.
Numerous studies are being conducted worldwide, with the aim to clarify the
epizootiological cycles of the maintenance of certain vector-borne zoonoses (Tsai
and Chandler, 2007). For example, it has recently been established that there are
sylvatic cycles in the case of arbovirus infections (dengue fever, dengue hemorrhagic
fever and sandfly fever) which involve the multiplication of the virus in wild
rainforest rodents, transmission by vectors (mosquitoes) on the one hand, and the
“urban” cycle (man-mosquito-man). Apparently the “urban” cycle is not related to
the “sylvatic” one because in humans there is a viremia of sufficient intensity and
duration to maintain the virus in the vector and human population. However, there
is certainly also the possibility that the “sylvatic” cycle is necessary as a reservoir
of viruses in nature.

In the case of Rift Valley fever, there is no “sylvatic” cycle. Several species of
mosquitoes (4edes) transmit the virus both vertically and trans-stage. Mosquitoes
lay infected eggs in flooded areas, so the virus survives for a long period of time
(during drought for years). Upon reflooding, new generations of vectors hatch
and a new cycle of epizootics occurs, whereby the virus multiplies in susceptible
vertebrates (sheep, goats, cattle and humans) (Anyamba et al., 2009).

The global spread of arbovirus infections, most of which are zoonoses, has surprised
epizootiologists and epidemiologists in the past few decades. Examples of this are
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the spread of West Nile fever in Europe and North America (Nash et al., 2001) as
well as Rift Valley fever in the Middle East region (Saudi Arabia). The persistence of
an imported West Nile fever epizootic in the US is not conditioned by the presence
of St. Louis encephalitis (an endemic zoonosis in North America). In contrast, the
spread of Japanese encephalitis in Australia was probably prevented or at least
slowed because wild pigs on that continent possess neutralizing antibodies specific
for the causative agent of Murray Valley fever, a virus that is antigenically similar
to the virus that causes Japanese encephalitis as well as Kunjin virus (Mackenzie,
1999).

Crimean-Congo Hemorrhagic Fever

The disease, which was first described in 1944 in Crimea, is of viral etiology. The
causative agent is a virus from the Bunjavirus family, genus Nairovirus, which is
transmitted by ticks. It also appears in Serbia, the surrounding countries, Russia,
Turkey, China and in most countries of the Near and Far East (Leblebicioglu,
2010). It is also registered in Australia and South Africa. In endemic and enzootic
regions, humans and domestic animals (cattle, sheep, goats and camels) are infected.
Reservoirs of the virus are horses, hedgehogs and rodents, and the virus has been
isolated from more than 30 species of ticks (Hyalomma, Ixodes) in which transovarial
and trans-stage transmission has been demonstrated (Flick and Whitehouse, 2005).
However, the tick-vertebrate cycle is necessary to maintain the virus in nature.
The spatial distribution of the disease largely coincides with the distribution of the
Hyalomma tick. The disease can be spread by infected animals (cattle, camels).
The sources of infection are diseased animals that infect ticks, and human can be
infected by the consumption of contaminated meat (ostriches). Transmission of
Crimean-Congo fever is through vectors (ticks) or contact with infected animals.
Manipulation with animals and their meat is also a risk, and the possibility of an
aerogenous way of infecting workers in laboratories is not excluded.

After about a week of incubation, the first symptom in humans is an increase
in body temperature, weakness, shivering, pain in the head, limbs and back. A
common symptom is vomiting. The skin on the face and neck is red and swollen.
After 4 - 5 days, hemorrhages are observed in the form of petechiae on the skin
of the whole body, mucous membranes and blood in feces and urine appears. The
lethality is from 30 to 50% and is higher in the case of severe bleeding (Tsai and
Chandler, 2003). The diagnosis is based on the epidemiological anamnesis, in
which case attention should be paid to the presence of ticks as well as on the work
with animals. The antigen of the virus can be proven by the method of polymerase
chain reaction (PCR) or indirectly, by proving seroconversion (IgM). Differential
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diagnosis includes septic conditions, leptospirosis, borreliosis, malaria, dengue or
rickettsiosis (typhoid).

Sick persons are treated in intensive care units and with strict isolation measures, and
in addition to non-specific therapy which aim is to increase the general resistance
of the organism, antiviral therapy is also applied (Soares-Weiser et al., 2010). In
Russia, an inactivated vaccine is used, and from non-specific prophylaxis measures,
it is necessary to pay attention to the possibility of transmission of infection during
contact with sick people or animals (cattle, sheep, goats and camels). Special care
must be taken during the processing of tissue samples in the laboratory.

Central and Eastern European Tick-borne Encephalitis

Flaviviruses which cause encephalitis are transmitted by ticks and have been known
for a long time. Their prevalence often affects the naming of the causative agents
themselves. Namely, in the region of Europe, it has long been known that there are
viruses causing the so-called Central and Eastern European tick-borne encephalitis
(Heyman et al., 2010).

The most important reservoirs of the virus causing Central and Eastern European
tick-borne encephalitis are wild rodents (shrews, moles), and viremia of sufficient
intensity can develop in wild (deer, hedgehog) and domestic animals (sheep, goats,
cattle and dogs). Viremia in natural reservoir species is a necessary condition for
the distribution of European encephalitis in a region (Kaiser, 2008). Recently, it has
been proven that viruses can also multiply in bats and waterfowl.

Both viruses are transmitted by ticks, namely Ixodes Ricinus, Ixodes persulcatus,
Dermacentor marginatus, D. silvarum as well as some species of Haemaphysalis.
Most often, ticks in the nymph stage are infected by feeding on viremic hosts,
vertebrates. Once infected, ticks transmit the infection to the next generation,
whereby each developmental form of the parasite is infectious, i.e. when feed on
the host (vertebrate) it may transmit the causative agents of Central and Eastern
European tick-borne encephalitis. Transmission between an infected individual
(and person) and a susceptible one is not possible. Ticks are not only vectors of the
virus but also serve as its reservoirs. Viruses are transmitted in ticks transovarially
and trans-stage. In Europe, cases of tick-borne encephalitis appear during the period
of May and June (Central European tick-borne encephalitis) and in spring and
autumn (Eastern European tick-borne encephalitis). Central European tick-borne
encephalitis can also be transmitted to humans through milk and unpasteurized
milk products, and infections of laboratory workers have also been reported (Lasala
and Holbrook, 2010).
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The clinical signs in humans are dominated by symptoms of the central nervous
system demage, and as with other flavivirus infections, the rise in body temperature
is biphasic. People who spend time outside (livestock farmers, forest workers) are
especially at risk. Up to 30% of infected people have severe symptoms in the form
of a biphasic increase in body temperature. Symptoms are less common in children.
After the first increase in body temperature, there is a period without symptoms.
Meningoencephalitis is followed by a second phase of body temperature increase
during which there are non-specific symptoms that resemble those of the flu (joint
pain, headache, gastrointestinal disturbances). In more severe cases, there are
meningitis, encephalitis, severe headaches, paresis and paralysis. The degree of
lethality is lower in Central European encephalitis (1-5%) compared to the Eastern
European type (up to 20%), and in general it is lower in children (Logar et al.,
2000).

The diagnosis of tick-borne encephalitis is complex and primarily refers to monitoring
the occurrence in susceptible animal species as well as knowledge of the epizootic
situation in terms of the season of vector activity or the consumption of uncooked
milk. Finding dead wild animals, which could serve as virus reservoirs, can be of
importance. Direct confirmation of the virus is difficult, given that the virus is in
circulation for a relatively short period of time and when there are no symptoms. On
the other hand, the virus can be confirmed in brain tissue, which certainly complicates
diagnostic procedures. Confirmation of the European tick-borne encephalitis virus is
performed by cell culture isolation methods (neutralization test) and confirmation of
the virus genome by polymerase chain reaction. Seroconversion (IgM) is confirmed
by immunoenzymatic methods (Martin et al., 2001). Differential diagnosis includes
influenza, mumps, enteroviruses, as well as encephalitis of other etiologies.
Treatment of European tick-borne encephalitis is reduced to maintaining the
homeostasis of patients. Specific immunoprophylaxis exists, inactivated vaccines
are applied. However, vaccines must not be given after exposure to the virus. The
same applies to the use of hyperimmune serums in humans. Vaccination is used in
persons who are at higher risk (forest workers, livestock farmers) who live in regions
where tick-borne encephalitis is endemic (Rendi-Wagner, 2008). The antigen in
the vaccine is inactivated, and after the first immunization, which involves the
application of three doses (0, 7 and 21 days), a booster is performed 1 to 3 years later
(Rendi-Wagner, 2006). Vaccination after exposure is contraindicated (Broker and
Kollaritsch, 2008). Non-specific prophylaxis refers to preventing the consumption
of uncooked (and unpasteurized) milk, especially from sheep and goats, as well as
preventing contact with ticks by wearing adequate clothing and footwear.

In the Republic of Serbia, the diagnosis of tick-borne encephalitis was initially
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based on the results of serological tests of human serum, collected in the period
from 1962 to 1969. Out of a total of 1726 sera, positive were from 1.1% (Srem) to
52.6% (Sandzak) (Petrovi¢ et al., 2018). Using PCR in 2014 and 2015, the virus
was detected in ticks (Ixodes ricinus) that were collected on the territory of Fruska
Gora and Belgrade (Potkonjak et al., 2017). Tests performed on animals indicate
the presence of specific antibodies in the sera of dogs, horses, wild boars, cattle and
deer, and in 2017, the presence of the virus in horses in the vicinity of Pozarevac
was confirmed (Zivojinovi¢ et al., 2017).

Rift Valley Fever

The Rift Valley stretches across great part of East Africa, encompassing an area
almost the size of Europe. Enzootic and endemic, a viral, vector-borne zoonosis
appears in this region, accompanying epizootics in sheep, goat and cattle populations.
The causative agent belongs to the Bunjavirus family, genus Phlebovirus despite
the fact that it is not transmitted by sandflies but by mosquitoes. The disease has
been registered in more than 30 countries, and the incidence is associated with rainy
periods in regions south of the Sahara. The virus is constantly present in Kenya,
Uganda, Namibia, Angola and Nigeria, and recently epizootics were recorded in
Egypt (1993) and Madagascar (Jost et al., 2010). The last epizootic outside the
endemic region was recorded in Saudi Arabia and Yemen in 2000 (Gerdes, 2004).
Reservoirs of the virus and species for its reproduction in nature are sheep, goats,
cattle, buffaloes and camels. The virus can be transmitted by over 40 species of
mosquitoes, and based on this fact, it is considered that there is a high risk of global
distribution of Rift Valley fever. Pandemics are also possible due to the fact that
the virus that causes Rift Valley fever is not specific to only one type of vector
(mosquito). In previously “free” regions, the virus is most often introduced by
infected animals, mostly sheep (Anyamba et al., 2009). In populations of susceptible
species, the virus is transmitted by vectors (Stegomia and Culex species). People can
be infected in the same way, however, people who are in contact with contaminated
meat (slaughterhouse workers) and veterinarians are more often at risk. The virus
is transmitted transovarially in vectors, and Sftegomia mosquitoes also serve as
reservoirs of the causative agent in nature. Infected female mosquitoes lay infected
eggs which, when dried, can survive for a long period of time (years). The epizootic
begins after the next rainy season, when new generations of mosquitoes hatch from
the eggs. In addition to this biological way of transmitting the virus, the possibility
of mechanical transmission through flies, mosquitoes and other hematophagous
insects has also been proven.
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Pregnant sheep and goats are particularly susceptible to infection. In addition
to abortions, hepatitis and encephalitis are observed, and mortality is higher in
younger animals. Clinically, the disease in humans begins with an increase in body
temperature, weakness, stiffness, muscle and back pain, skin rash (maculopapular
rash), and these symptoms are accompanied with gastrointestinal disturbances.
Most often, a person recovers within 2 to 7 days. However, in 1-3% of patients,
there are hemorrhages and kidney failure, in which case the mortality is up to 50%.
About a month after the first acute symptoms, encephalitis, headache, spasms,
symptoms of damage to the central nervous system and coma are found in these
patients (Kahlon et al., 2010). The most common side effect is blindness as a result
of retinal damage (Al-Hazmi et al., 2005). Out of a total of 140 cases of the disease
in Saudi Arabia and Yemen (in 2000), the fatality rate was 19%, and it is believed
that a significant number of milder cases were not reported. In most cases, people
were infected through contact with animals, in addition to the fact that they were all
in contact with mosquitoes (Stegomia and Culex). Complications were in the form
of retinitis, hepatitis, kidney failure, hemorrhages and encephalitis.

The diagnosis of Rift Valley fever is based on epizootiological and epidemiological
history. Rift Valley fever should be suspected if there are frequent abortions in sheep
and cattle, the death of lambs and calves, and the death of pregnant sheep and cattle.
During the acute phase of the disease, the virus can be isolated from the circulation,
in the laboratory using the cell culture method or by confirming the viral genome,
using the polymerase chain reaction (Sall et al., 2001). During the convalescence
phase, serological reactions can prove seroconversion. In the case of encephalitis,
IgM antibodies can also be demonstrated in the cerebrospinal fluid. Hemorrhagic
diseases, encephalitis and, in animals, abortions come into consideration in the
differential diagnosis.

In terms of therapy, interferon and specific anti-viral serum can be applied to sick
people (Bouloy and Flick, 2009). Success has also been observed with the use of
antiviral drugs (ribavirin).

There is a specific prophylaxis for sheep. Both an inactivated (cattle) and a vaccine
in which the immunogen is a live, attenuated (sheep) virus are used. Both vaccines
can be used in humans, but their application is currently limited (LaBeud et al.,
2010). The best way to control Rift Valley fever is immunization of susceptible
species of animals (sheep and cattle), vector control and application of animal
hygiene measures in slaughterhouses and during the manipulation of potentially
infected animals (slaughterhouses, animal marking, assistance with birth, etc.).
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Chikungunya

It is a vector-borne zoonosis that occurs in Africa and Asia (south and southeast).
The main symptoms are pain in the joints and a macopapular rash on the skin. In
birds (reservoirs), symptoms are absent. The causative agent is Togavirus (alpha),
and the disease is endemic (and enzootic) in all regions south of the Sahara, as well
as in South and Southeast Asia. Recently, the disease was also registered in South
America, and in 2007, the disease also appeared in Italy (Liumbruno et al., 2008).
The risk of transmission of Chikungunya infections in Europe exists, especially as
a result of global changes in climate conditions on the one hand and intensive and
rapid transport of potential carriers on the other (Gould and Higgs, 2009; Pistone
et al., 2009).

Reservoirs in nature are wild primates, bats and birds, and in addition to the urban
cycle (man-vector-man) there is also a rural or sylvatic one. Transmission of the
Chikungunya virus is carried out by vectors, mosquitoes (4edes, or according to the
new nomenclature Stegomyia), where there is no vertical transmission of the virus
in mosquitoes. The main reservoir of the virus are humans who infect mosquitoes.
Direct human-to-human transmission has not been recorded. In Italy, the most
important virus vector is Stegomyia albopicta; earlier name Aedes albopictus
(Talbalaghi et al., 2010).

Clinically, there is a sudden rise in body temperature and immediately after that
severe pain in the joints, so the patient cannot move. There are also myalgias,
nausea, headache, nasal discharge and conjunctivitis, photophobia (Borgherini et
al.,2007). A macopapular rash on the skin follows 2 to 5 days later, and hemorrhages
on the skin can also be observed. The average lethality is 0.4%, and in children
2.8% (Economopoulou et al., 2009). The pain and swelling of the joints can last for
weeks, but thereafter the recovery is complete.

In endemic regions of the world, the diagnosis is based on history and viral antigen
detection (PCR), and serological diagnosis is not reliable due to the existence of
cross-immunity with other alphaviruses. However, confirmation by seroconversion
is important given that cross-reactive viruses appear in different regions of the
world in relation to Chikungunya virus (Grivard et al., 2007).

The therapy is symptomatic, and in cases of severe pain in the joints, it is necessary
to use strong analgesics. The use of steroid preparations should be avoided. There
is currently no specific prophylaxis in commercial use. Non-specific prophylaxis
refers to the prevention of contact with mosquitoes (nets and repellents), and in
regions where the Chikungunya virus does not appear, it is necessary to exclude the
contact of mosquito and viremic persons, since it is necessary to avoid biggening
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of the urban cycle through Stegomyia albopicta mosquitoes. Particular attention
should be paid to the risk of virus introduction through viremic individuals who
have been in endemic regions of the world (Chen and Wilson, 2010). In enzootic
and endemic regions, vector control in the vicinity of cities is of great importance.

Yellow Fever

Yellow fever is a vector-borne zoonosis of viral etiology (Flaviviridae, genus
Flavivirus), which is characterized by icterus and an increase in body temperature
in primates (and humans). In enzootic and endemic regions of the world, there
are parallel urban and sylvatic (jungles of Africa and South America) cycles that
overlap each other (Barnett, 2007). Namely, the reservoirs of the virus are monkeys,
and within the urban cycle, the virus is transmitted between humans by mosquitoes
(Vasilakis and Weaver, 2008).

The disease is endemic in a large part of Africa where over 450 million people
live, primarily in large cities. In those regions, there are also several species of
reservoirs (monkeys). In South America, the epizootiological and epidemiological
characteristics are the same, so there is a great possibility of this zoonosis spreading
to other regions of the world (Gardner and Ryman, 2010). Yellow fever is endemic
in rural regions, and eradication is thought to be achievable in urban areas through
vector control (CDC, 1999). The lethality can be high, even over 55%, and the
population of people who live in vicinity of large cities and who live in unhygienic
neighborhoods are particularly at risk. Official data (WHO, 2009) indicate that the
number of cases is several thousand annually. However, the number of Yellow fever
cases worldwide is thought to be a hundred times higher. A significant number of
cases, for example in Brazil and Bolivia, could not be linked to the travel of those
persons to enzootic and endemic regions, so it can be concluded that there is a
potential for foci to appear outside the region where this disease is present. The
same applies to regions in Africa, which indicates the possibility of epidemics in
urban areas (Mutebi and Barrett, 2002).

Yellow fever does not appear in Asia, which can be explained by the cross-reactivity
of the causative agent with the virus that causes Dengue fever, as well as the weaker
competence of the vector (Stegomyia aegypti). In Africa and South America, Yellow
fever and Dengue fever coexist in the same regions (Gubler, 2004). Compared to
Northern Hemisphere residents, travelers returning from regions where Yellow
fever is endemic are particularly at risk (CDC, 2000; Muiioz et al., 2008).

The vectors of Yellow fever are mosquitoes (Stegomia albopicta and S. aegypti).
Clinically, the disease in humans can progress inapparently to severe forms with
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a fatal outcome (CDC, 1999). In the case of a mild form, the symptoms resemble
the flu. The rise in body temperature is sudden, there is bradycardia, headache,
nausea, nosebleeds, muscle pains and pronounced blood vessels of the conjunctiva.
Symptoms last relatively short, up to a few days. In severe cases, remissions are
observed with the appearance of icterus, vomiting of bloody contents, melena,
urogenital bleeding and kidney failure (oliguria and anuria). Fatal outcomes are
preceded by delirium and coma. Lethality is from 10 to 50%. The diagnosis of
Yellow fever is based on the epidemiological history, symptoms and laboratory
findings (albuminuria and prolonged prothrombin time). The virus can be isolated
from blood or cerebrospinal fluid during the first febrile phase. The method of cell
culture isolation and detection of the viral genome (PCR) is applied. Evidence of
seroconversion using an ELISA test is also used, and specific antiviral [gM antibodies
can be demonstrated up to two years after recovery. In terms of differential diagnosis,
malaria, hemorrhagic form of dengue fever, hemorrhagic fevers (Marburg, Ebola,
Crimean-Congo fever), meningitis, leptospirosis, hepatitis and hantavirus infection
come into consideration. Treatment of Yellow fever is symptomatic, and especially
hemodialysis is used in case of kidney and liver failure.

Specific Yellow fever prophylaxis exists. In particular, vaccines are intended for
people who need to travel to endemic regions of the world, as well as for those
who travel from those regions to “free” countries. Basically, there are two types of
legal regulations. The first type refers to countries in endemic and enzootic affected
regions where a certificate of vaccination of persons is required. The second type of
regulation involves countries that are “free” from Yellow fever but where there are
potential vectors of the virus. In that case, a vaccination certificate is required for
those persons who are citizens of countries located in endemically affected regions
(countries) or for persons who have previously been in such countries. Two types
of live vaccines are used in which the virus is attenuated. Vaccinated persons are
protected for a longer period of time. Adverse effects were observed (Oyelami et al.,
1994) after vaccination of persons with a damaged immune system (Receveur et al.,
2000) as well as persons over 60 years.

Dengue Hemorrhagic Fever

It is the most serious and common zoonosis transmitted by vectors, but the infection
is benign. It is believed that over 2 billion people worldwide in over 100 countries
are at risk of getting a disease (WHO, 2009), and that annually up to 50 million
people are infected (Kyle and Harris, 2008). About 1% of infected people become
ill with severe clinical symptoms in the form of dengue hemorrhagic fever and
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dengue shock syndrome. It should be noted that the risk of a more severe form of
the disease is higher after the second contact with the virus. Namely, during the
first contact, severe forms occur in 0.2% of cases. This percentage is 20% with
the second infection. Children are especially sensitive. Dengue hemorrhagic fever
is the most common vector-borne zoonosis found in tourists who have stayed in
endemic regions of the world and who bring the infection into the country, i.e. a
region where the virus has not appeared before. The virus that causes dengue fever
belongs to flaviviruses.

Dengue fever does not appear (for now) only on the territory of Europe and
Antarctica. It is believed that up to 50 million people are ill annually, and the
prevalence is particularly high in Brazil (about a million cases in 2010). It is of
particular epizootiological and epidemiological importance that vectors (Stegomyia
aegypti and S. albopicta), which are competent vectors of the causative agent of
Dengue fever, are found in previously “free” regions and countries (Jansen and
Beebe, 2010). Until 2014, cases of the disease in Japan only occurred in people who
had previously traveled to endemic regions. However, that year, 20 people were
infected by the vector in a park in the central part of Tokyo.

In endemically affected regions (Central and South America, equatorial Africa and
northern Australia), the disease in humans is inapparent (CDC, 1999). However,
there are regions where a higher percentage of severe forms of the disease occur in
the form of hemorrhagic fever and septic syndrome (India, Indonesia, Philippines).
In animals (chimpanzees, gibbons and macaque monkeys), viremia is of sufficient
intensity and duration to lead to vector infection. The prevalence of monkey
infection is particularly high in Africa and Indonesia. Other monkey species are not
as good reservoirs (short-term and low-level viremia).

The virus, the causative agent of Dengue fever is transmitted by vectors, mosquitoes
(Stegomyia aegypti, S. albopict and S. africana) (Jansen and Beebe, 2010). These
are biological vectors and reservoirs in nature, since the virus is transmitted
transovarially to subsequent generations of vectors. The link between the urban and
sylvatic cycles of Dengue fever is maintained by Stegomyia nivea, a mosquito that
feeds on both primates (monkeys) and humans. It is a zoonosis which is limited to
the human population within the urban cycle but which can become an epidemic in
regions close to the rainforest. The virus, the causative agent of Dengue fever, can
also be transmitted by transfusion.

Clinically, after incubation for about a week, there is a sudden increase in body
temperature, headache and myalgias, retroorbital and epigastrium pains. In addition,
there is nausea, vomiting, inappetence, insomnia and weakness. Sometimes,
bleeding is also present (melena, hematuria, epistaxis). It is the first stage of the
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disease that lasts for several days. The second stage is characterized by milder
symptoms. In more severe cases, hemorrhagic syndrome and septic shock are
found when high body temperature, bleeding, liver enlargement and shock are
present. It is considered that the more severe form of the disease is a consequence
of immunopathogenetic mechanisms, that is, the presence of immune complexes
composed of non-neutralizing antibodies and viral antigens (Halstead et al., 2010).
This is especially the case when a person is infected with two types of dengue
virus (Martina et al., 2009). Antibodies present as a result of the first infection do
not neutralize the second type of virus, but form immune complexes with it and
initiate productive infection of macrophages via Fc receptors (Rodenhuis-Zybert
et al., 2010). Today, it is known that there are six factors that determine the more
severe forms of Dengue fever (hemorrhagic fever and septic shock):

1. infection in the presence of non-neutralizing antibodies,

2. 1if'the second virus is of Southeast Asian origin,

3. women more often get sick in a more severe form,

4. the inhabitants of Asia and the Caucasian type of people get sick more often

in a more severe form; blacks are less likely to get the disease,
5. children under 15 years of age are most often affected in a more severe form
(Jain and Chaturvedi, 2010) and

6. newborns with maternal antibodies to different types of viruses
The diagnosis of Dengue fever is made on the basis of epidemiological history
(travel to an endemic region) and clinical symptoms. The virus can be isolated from
the circulation, and the finding of blood hypovoluminemia (increased hematocrit)
and blood coagulation disorders is also important. The virus can be isolated in cell
culture (Teles et al., 2005). Liver, lung, kidney, spleen and lymph node tissue, taken
by biopsy, can be used to confirm viral antigen (TFA) or viral genes by polymerase
chain reaction (Concei¢do et al., 2010).
Seroconversion implies the finding of IgM anti-viral antibodies (Schwartz et al.,
2000). Flu, hepatitis, leptospirosis, malaria, hemorrhagic fevers (Ebola, Marburg,
hantaviruses), rickettsiosis, as well as other vector-borne zoonoses (Chikungunya,
Rift) come into consideration in the differential diagnosis. There is no specific
therapy for Dengue fever.
Specific prophylaxis consists of the application of a quadrivalent vaccine in which
all four types of viruses are attenuated, however, the safety of this preparation
has not yet been confirmed (Swaminathan et al., 2010). The same applies to the
recombinant vaccine in which the Theiler 17D strain of yellow fever virus is found
as an immunogen (Miller, 2010; Van Der Most et al., 2000).
The main way to fight Dengue fever is the control of the vector (S. aegypti), where
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success refers to the prevention of not only Dengue but also Chikungunya fever
(Chen and Wilson, 2010). Persons traveling to endemic regions of the world
(Venezuela, Southeast Asia) are advised to wear appropriate clothing, window
screens, and repellents (CDC, 2012). People who have already been infected with
dengue virus are especially at risk (WHO, 2009).

Ross River Fever

In Australia and Oceania, the disease is also known as epidemic polyarthritis. The
causative agent is Togavirus (Alpha). The incidence of Ross River fever can be
predicted on the basis of meteorological data (precipitation and temperature), and
in the endemic region, the disease most often appears in the period from January
to May (Woodruff, 2006). The seroprevalence in humans was established in those
regions where no clinically manifested infections were reported. If it would appears
in Europe, epizootics and epidemics would be expected during the period of activity
of the vectors, mosquitoes (4edes and Culex). In addition to humans, many types of
domestic (cattle, sheep, goats, horses, pigs, dogs) and wild (rodents, birds) animals
are susceptible (Jacups et al., 2008). The mechanism by which the virus survives
the period of mosquito inactivity is still unknown (Kelly-Hope et al., 2004).

In vectors (mosquitoes), the virus is transmitted vertically from one generation of
insects to the next, and an urban epidemiological cycle (human-vector-human) is
also considered possible.

Of the infected people, 20-30% show symptoms in the form of a slight increase
in body temperature, after which there are pains in the joints (hands and feet in
particular) which can also swell. Many patients have a maculopapular rash on the
body and extremities, and some have petechiae. The disease is a benign, and joint
pain disappears within 3 months, however, it can last for years. Ross River fever
is a disease in the pathogenesis of which the relationship between macrophages
and viruses plays a significant role (Rulli, 2007). Namely, the virus prevents the
expression of genes in macrophages, which are responsible for antiviral defense
(Linn et al., 1996). The diagnosis is based on the confirmation of virus antigen
(PCR) in samples (blood and synovial fluid) as well as on the basis of seroconversion
(ELISA). In regions where Ross River fever is an endemic disease, the diagnosis is
most often made on the basis of epidemiological data (vector season) and clinical
manifestations. Rubella, Lyme Disease, Chikungunya virus infection and Rheumatic
Fever are considered in differential diagnoses. In most cases, therapy is not required,
and if antirheumatic drugs are administered, the use of steroid preparations should
be excluded. There is no specific prophylaxis (vaccine).
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Usutu viral infection

Although the first isolation of this flavivirus was in the middle of the 20" century (in
1959), the importance of this virus was noticed only when it was isolated from dead
red-winged blackbird (Weissenbdck et al., 2002), in Austria (in 2001). The disease
is transmitted by mosquitoes, and wild birds are reservoirs of the virus in nature.
In the wild, the Usutu virus causes severe infections with a high degree of lethality.
In Europe, the vectors are Culex mosquitoes. In humans, the virus does not cause
any symptoms, however, people with other health problems (Cavrini et al., 2009)
or those receiving immunosuppressive therapy are at risk. In horses and humans,
viremia is not of sufficient intensity for these species to be considered reservoirs.
Specific anti-Usutu virus antibodies have been demonstrated in birds in Serbia
(Petrovi¢ et al., 2013).

Wesselsbron Fever

A flavivirus that is limited to the region of southern and central Africa, causes this
fever, which is transmitted to humans by mosquitoes, and the reservoirs are still
unknown wild animal species. In addition to Africa, the virus is also present in Asia
(Thailand).

The vectors of Wesselsbron fever are mosquitoes (dedes or Stegomyia species).
Sheep and cattle, within domestic animal species, are susceptible to infection.
The virus can reproduce in canids (coyote) and birds (ducks). Mosquitoes, the
vectors, become infected by feeding on domestic animals (sheep and cattle). People
(veterinarians, livestock farmers) can become infected by contact with contaminated
meat and organs of infected animals as well as during work with samples in the
laboratory (Diallo et al., 2005).

It is a benign disease that is acute. Symptoms, if they occur, are an increase of
body temperature, headache, muscle and joint pain, and rash. A common symptom
is swelling of the liver and spleen. In more severe cases, encephalitis (impaired
consciousness), visual disturbances and photophobia are found. In sheep, symptoms
are similar to those in Rift Valley fever. Pregnant animals miscarry, and in
newborn lambs, Wesselsbron fever is a fatal disease. The diagnosis is based on the
epidemiological anamnesis, and contact with diseased animals and their organs is
important (aborted fetus in sheep). During the febrile phase, the virus can be isolated
from blood and throat swabs. Confirmation of the viral genome is performed by the
PCR method, and serological analyzes can confirm seroconversion (Johnson et al.,
2000). In the differential diagnosis, influenza should be excluded, and in the region
where it appears, if there was contact with sheep, also Rift Valley fever should be
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excluded. Wesselsbron fever therapy is symptomatic, and prophylaxis is limited to
vector control. There is no specific prophylaxis (vaccine).

Murray Valley Encephalitis

Infections with flavivirus, the causative agent of Murray Valley encephalitis, are
limited (so far) to Australia and New Guinea (Huppatz et al., 2009). By antigen
characteristics, this virus is similar to the one that causes West Nile Fever, and
antibodies against Japanese Encephalitis neutralize this virus as well.

In the period from 1917 to 1974, eight outbreaks of Murray Valley encephalitis were
registered in Australia. The outbreaks were during the active season of the vector
(mosquito, Culex annulirostris), a species that lays its eggs in ponds and small
lakes (Broom et al., 2003). As for other regions of the world, there is a possibility
of introduction of the virus causing Murray Valley encephalitis (Stich et al., 2003).
Clinically, it is a serious disease despite the fact that only 0.2% of infected people
develop symptoms. The disease begins suddenly with headache, photophobia,
anorexia, severe weakness, vomiting, fever and meningitis. In severe cases, after
about 2 weeks of severe symptoms, coma and death follow. Paralysis of the motor
nerves can lead to difficult swallowing and breathing. During the first epidemics,
the mortality was high (60%), and later it was reduced to 20%. In people who
have recovered from the disease, permanent consequences often remain in the form
of psychological and neurological disorders. Despite the reduced mortality rate,
an increase in the percentage of people who have recovered from the disease and
who remain with permanent neurological disorders has recently been observed.
The diagnosis is made on the basis of epidemiological data, clinical symptoms
and laboratory findings. The virus can only be isolated from brain tissue, i.e. post
mortem, by polymerase chain reaction (Studdert et al., 2003). Seroconversion (IgM
can be confirmed by enzyme-linked immunosorbent assays-ELISA). Encephalitis of
other etiologies is considered in the differential diagnosis, especially in people who
have traveled to regions of the world where other flaviviruses occur endemically
and enzootically. Therapy is symptomatic, and intensive patient care is important.
No specific therapy exists. In regions where Murray Valley encephalitis is endemic,
mosquito control (larvicides and treatment against adult forms of the vector) is
carried out.
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CONCLUSION

We have witnessed the “overflow” of the coronavirus from the currently insufficiently
defined reservoir populations of SARS-CoV-2 to humans over the past three years.
Similar epizootiological and epidemiological scenarios, when an infectious disease
spreads like wildfire from some region, can also be expected in the case of over
100 arboviruses that circulate in different regions of the world in more or less
known natural cycles. Especially, flaviviruses stand out, which are very dynamic in
terms of epizootiology and epidemiology. For example, Dengue hemorrhagic fever
was almost eradicated in Central America in the 60s and 70s of the 20" century.
However, from 1,000 reported cases in 1958 in Africa and Southeast Asia, there
were 500,000 cases in 1998, with the disease beginning to reappear in all regions of
South and Central America.

All arboviruses (with the exception of African swine fever) have an RNA molecule
as genetic material. It is a highly adaptable molecule that not only has the ability to
mutate in relation to virulence, but also in relation to the possibility of replication
in species that were previously unsusceptible. These are vector species (mosquitoes
and arthropods) as well as wild and domestic animals. This simply means that some
of the arboviruses, by entering previously “free” regions and continents, can acquire
an affinity both for the local vector population and find a new type of reservoir
(animal) in nature. In this way, a new epizootiological and epidemiological cycle
would be formed in a new location and with new “players”.

Itis believed that the spread ofa large number of arbovirus infections is a consequence
of'the change in climatic conditions, meaning global warming and, as a consequence,
the conquest of new territories by vectors. Likewise, in large regions of the world,
until three decades ago, the pesticide DDT (dichlordiphenyltrichlorethane) was
used to effectively control vector populations, primarily mosquitoes (Stegomyia,
Anopheles, etc.). As a consequence of the banning of this pesticide, there is a
significant increase in the number of vectors globally, which, together with warming,
i.e., a higher degree of vector survival, significantly increases the risk of the spread
of vector-borne zoonoses.

Veterinary service both in Republic of Serbia and the region, has contributed to the
control of coronavirus infections in the past three years, primarily in the diagnostic
term. At the same time, specialists in epizootiology significantly influenced the
clarification of the principles of spread, control, suppression and eradication of the
SARS-CoV-2 pandemic. With their expert knowledge of infectious animal diseases
and the lateral approach provided by epizootiology, veterinarians certainly make a
significant contribution to the “one health” system, so it can be concluded that there
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is a high probability that veterinarians will be the first to notice the appearance of
new vector-borne zoonoses in their field.
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CABPEMEHE CTPATETMJE KOHTPOJIE TACTPOMHTECTHUHAJTHUX
HEMATOJIA KOJ{ OBALIA

®uaun WITPBALY, Cro6onan KPEbAJUR!, Iparuna CTOJAHOBUR?,
Pagomup PATAJAILL

"Vuusepsutet y beorpamy, HCTUTYT 3a MyITHAMCIMILIMHAPHA UCTPpaXnBama, beorpar,
Cpbuja
>Vuusepsutet y HoBom Cany, [Tossonpuspennu daxynaret, Hosu Can, Cpouja
’Hayunu uncTuTyT 32 BetepunapctBo Hosu Can, Hosu Can, Cpbuja
*Kopecnogentru aytop: @wmmn ITp6ar, filip.strbac@imsi.bg.ac.rs

Caxerak

l'acTpomHTEeCTHHATHE HEMaro/le NpEACTaBJhajy BEeOMa 3Ha4ajHE TMapasure goMahnx
JKUBOTHHEA, HAPOUNUTO KOA Maimx mpexkuBapa. Kox oBama obospema Hajuyemihe umajy
CYOKJIMHMYAH TOK Ca CMambemheM TeJIeCHE Mace M NPOM3BOAE, a MIOHEKaa Moxe 10ohu u
IO BUIJBMBUX KIIMHUYKUX CHMIITOMA TIOMYT aHOPEKCHje, aHEMU]e, jake Tujapeje v TyOuTKa
MPOTENHA TITO CBE 3ajeJHO MOXKE J0BeCcTH M 110 yruayha. Komeprjamau JIekoBH MOy T
OeH3MMK1a3071a 1 MAKPOLMKJINYHUX JIAKTOHA Cy Ce JelIeHHjaMa ca YCIIeXOM KOPUCTHIIH 32
KOHTPOJIy OBHUX Napasuta. MelyTum, HepaunoHaaHa IPUMEHa OBHX JIEKOBA j€ JOBeJa 110
pa3BOja aHTUXEIMHUHTHUYKE PE3UCTEHLIN]E, Olla/larba BUX0BE €(hDUKACHOCTH U IMOCIECANIHUX
€KOHOMCKHX T'yOWTaKa KOju yrpokaBajy OJp>KHUBOCT rajema opamna. [lopenx Tora, mpuMeHa
KOMEpIHjaTHIX Mperapara je oBe3aHa U ca pe3ujayama Koje 0CTaBIbajy Y KUBOTHECKUM
MPOM3BOIMMA U YKMBOTHO] CpPEIMHH, a TMPUCYTaH je M PacT IieHe OBHX mpernapara. 30or
TOra ce aKTMBHO Tpara 3a HOBHjUM CTpaTerujama 3a KOHTPOJIY OBHX Iapa3uTa, a y LUJbY
YCIIOCTaBJbakha UHTETPUCAHOI MPUCTYIA KOjU MOAPa3yMeBa MPUMEHY BHUILE PA3IHMUUTHX
ctpareryja. Ca jeHe cTpaHe, Ty Clafiajy CTpaTeTHje pairoHalIHe TIPUMEHe KOMEPIIHjaTHIX
Tperapara 3aCHOBaHHX Ha pedyruju (InJbaHu TPETMaHH, IINJbaHN CEJIEKTUBHHU TPETMaHHM ),
Kao ¥ KOMOWHAIMja ¥ poTalrja aHTUXEJIMUHTHKA U3 Pa3IMIUTHX XeMHjcKkuxX rpyma. Ca
JpyTe cTpaHe, MHTErPUCaH NPHUCTYII HOAPa3yMeBa U yroTpely pa3IuuUTHX aITePHATUBHUX
CTparervja MomyT IeHETCKEe CEJIEKLHje >KUBOTHHA NMPHUPOAHO OTHOPHUX HA HEMAToAe,
PaLMOHAIHOT YIpaBJbakha NallbaluMa, H30aJaHCupaHe UCXPaHe y3 JOIyHCKa XpaHUBa,
Omonomke koHTpoie (yrmoTpeda IipMBa, OakTepHja M CIMYHO), pa3Boja BaKIMHA Kao U
ynorpede OoTaHMYKHMX Tpenapara (OMJbaka M EBUXOBUX NPOM3BOJA IOMYT €KCTpakTa U
eTapcKuX yiba). Pasnmuunra nerpaknBama Cy Toka3ana e(puKacCHOCT HaBEACHUX CTpaTerja
y KOHTPOJIM I'aCTPOMHTECTHHAIHUX HEMaToJa OBala, IpU 4YeMy ce HajOoJbH Pe3yiaTaTH
MOCTIKY /b MXOBOM KOMOMHOBaHOM puMeHoM. Ha oBaj HauwH je moryhe ycropuTty pa3Boj
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U IIMpemhe aHTHUXEIMUHTHYKE PE3UCTEHIHje, Ka0 M MOCTHNM OApKHMBY KOHTPOJA OBHX
napasuTa U CMambemhe eKOHOMCKHX T'yOHTaKa.

KbyuHe peun: racTpOMHTECTHHAIIHE HEMATO/E, OBIIE, AHTUXEIIMUHTHYKA PE3UCTEHIIH]a,
paovoHallHa IpUMEHA AHTHUXCIIMUHTHUKA, aJITCPHATUBHEC CTpaTeFI/Ije, HUHTCrpUucCaHa
KOHTpOJIA.

YBOA -TACTPOUHTECTUHAJIHE HEMATOJIE U ITPOBJIEM
AHTUXEJIMUHTHUYKE PESUCTEHLIUJE

['acTponHTECTUHAIHE HEMATO e IPEICTaBIbajy jeIHY O IMIaBHUX MPENpeKa pa3Bojy
monepHor opuapcTBa (Rodrigues u cap.,2022; Brescianiu cap.,2017). OBu napazutu
Cy palupeHu IIMPOM CBETa, IIpU 4eMy cy poaoBu Haemonchus, Trichostrongylus
U Bunostomum KapakTepUCTUYHHM 3a TOIUIM]Y KIuMYy, a Teladorsagia, Nematodirus
u Cooperia 3a ymepenu knumat (Mekonnen, 2021). Ca BUCOKOM MTPEBAJICHIIOM Y
3aBUCHOCTH O] pOo/ia ¥ TOJIpyyYja, MPUCYTHH Cy U Ha npocTtopy Pemybnuke CpOuje
(Kulisi¢ u cap., 2013; Pavlovi¢ u cap., 2017). O6ospema Koja MpOy3pOKyjy KOI
oBala Hajuemrhe NPoTUYy CyOKIMHUYKHU Y3 CMambeH YHOC XpaHe, T'yOUTaK TeslecHe
Mace U Oomajame IPOU3BOKE MileKa, Meca U ByHe (Bosco u cap., 2020). Unak, y
MOjeIMHUM CJIy4YajeBUMa y 3aBHUCHOCTH O]l CTeTeHa MH(EKIHje, MOXKE CE jaBUTH
U KIMHWYKH BUIJBUBO O0OJBCHE Ca 3HAIMMA aHEMHje, aHOpPEKCHje, aujapeje,
BEJIMKOT TYOUTKA MPOTEHHA, aHOPEKCHje, CMalbEeHOI UMYHUTETa U (epTUIIUTETA,
a xox Benmukor ontepehema mapasutuma u (artaman ucxon (Giovanelli u cap.,
2018; Belecke u cap., 2021). 360r Tora, oBM MnapazuTH Ha pa3INYUTE HAYMHE
MOTY JIOBECTH JI0 €KOHOMCKHX T'yOHMTaKa, IITO YKJbY4yje T'yOUTKE Y MPOU3BOMIH,
TPOIIKOBE JIeYeHa, CMabeH PepTUINTET Kao u yrunyha (Szewc u cap., 2021).

Kao rmaBHO cpencTBO 3a KOHTPOJY TaCTPOMHTECTHHAIHUX HEMAToAa KOJ MaHX
peXXuBapa Cy ce JAerieHrjaMa KOPUCTHIIN KoMeplinjaiau penaparu (Bosco u cap.,
2020). To ykJpyuyje JeKOBE M3 rpyle OCH3MMHJa30ja Kao IITO Cy anOeHIa3onl,
benbeHnaa301 ¥ TPUKIA0EeHa3011, MAKPOIIMKIMYHUX JTAKTOHA IOy T UBEPMEKTHHA,
MOKCHJICKTHHA W ENPUHOMEKTHHA, Ka0 M MMHJIA30THA30J1a YWjU MPEICTABHUILU
cy neBamuzon u Terpamu3on (Potarniche u cap., 2021; Vineer 1 sar., 2020).
MehyTtum, BUXoBa e(pUKACHOCT CBE BUIIIC OTaja yCIel pa3Boja aHTUXEIIMUHTHYKE
pE3UCTEHIIH]e, KOja je pujaB/beHa KOJ CBUX KJlaca JIEKOBa, yrpokaBajyhu 3apasibe
U MPOAYKTHBHOCT XHUBOTHIbA Y paznuuuTuM jaenoBuma ceeta (Fissiha m Kinde,
2021). Mako ce cmarpa Aa je pe3ucTeHIHja TpUpoaaH (EHOMEH KOju HacTaje
ycnen petkux myrtanuja (Shalaby, 2013), ymora BerepuHapa ce mpe cBera orieaa
y Op3UMHU HBEHOI pa3Boja M IUpema. Tako cy miaBHU (aKkTOpU KOjU ITONPUHOCE
pa3Boja pe3UCTEHIIMje BUCOKA YYECTAIOCT TPETMaHa, MPOPUIAKTHYKA MAaCOBHU
TpeTMaHH, CyO03Upame, KOHTHHYpaHa yroTpeda jeHOT JeKa U JIOMIe YIIPaBJhabe
nammanuMma (Fissiha u Kinde, 2021; Falzon u cap., 2014; Shalaby, 2013). Jlonarau
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npo0ieM ImpeAcTaBba U 10jaBa cojeBa OTIIOPHUX Ha BHILE TPyIa JIEKOBA, IIOCEOHO
xox H. contortus, T. circumcincta u Trichostrongylus spp., Ka0 U YNICHHUIA J1a
BpeMe MOTPEOHO Jia ce OTIIOPHOCT pa3BHje Ha HOBU JICK, HAKOH HETOBOT yBOheHa
Ha TPIKHIITE, TPpeMa HEKUM MpoIieHaMa caia n3Hocu Mame o 10 roguna (Fissiha u
Kinde, 2021; Papadopoulos u cap., 2012).

Hako TayHe W3HOCE HHUje JIAKO OJPEAWUTH, CMarpa ce Ja TOAWIIkBU TyOWUIn
yCcliel pa3Boja AHTUXCIMUHTHUYKE PE3UCTCHIM]jC KONl Pa3IMYMTUX XeIMHUHATa
Ha HMBOY EBporme m3noce oko 38 MuinoHa eypa, ca TEeHICIH]OM IOopacTa ycien
cBe Beher mmupema PE3UCTEHTHUX TOMyNalldja W TI0jaBE IMOMEHYTHUX MYITH-
pesuctenTHuX cojeBa (Charlier u cap., 2020; Vineer 1 sar., 2020). 36or Tora je
JIeTeKIja U ofpehuBame CTerneHa pa3Boja Pe3WCTEHIMje OJf M3Y3eTHOT 3Havaja
3a pa3Boj CTpaTervja y Lujby HEHOT Cy30Mjama, a ITO MoApa3yMeBa NMPUMEHY U
CTaHIAPIAN3AIN]y PA3THUUTHX i Vitro TECTOBA MOIYT TECTa M3JIErama JapBH (EHT.
egg hatch test, EHT) v Tecta pa3Boja napsu (eHr. larval development test, LDT), kao
1 in vivo testova momyT TecTa peAyKiuja Opoja jaja Hematona y ¢erecy (eHr. faecal
egg count reduction test, FECRT) (Kebede, 2019; Mphahlele u cap., 2019). Takohe,
¢ 003MpOM Ha y4YeCTaJIOCT HHXOBOT KOopHuIIhema y Mpakcu ca jeqHe, a uMajyhu
y BHJly 3aXT€B IOTpoIIada ca Jpyre CTpaHe, ynmoTpeda KOMEpIHjaTHUX OTHOCHO
CHUHTETCKHUX JICKOBA MPEICTaB/ba CBE Behn M3a30B U ca acrekTa pe3uaya Koje Mory
KOHTAaMHHHpPATH IpexpamOeHe Mpou3BOAE IMOMYT Meca M MJIEKa, Ka0 U KUBOTHY
cpenuny (Castagna u cap., 2022; Veerakumari, 2015). Ha xpajy, nmpucyran je u
mpo0Oiem cBe Beher pacta rieHa OBUX Mpernapara nomyT ajioeHa301a 1 MeOeH1a30ma
Ha CBETCKOM TPXKUINTY 3amakeH y nocneamux 10-15 ronuna (Junsoo Lee u cap.,
2021).

W3 cBera HaBeIEHOT MOXKE CE 3aKJbYUUTH Jia CAMOCTAIHA PIMEHA KOMEPIIH]jaTHUX
JIEKOBA Y TEpamuju Tapa3uTCKuX HHQEKIHja TPEICTaB/ba CBE Mambe OIPKUBY
omnuujy. 360r TOra ce HoBMje crparervje 6a3upajy Ha T3B. HHTETUPCAHOM MPUCTYITY
KOjU TIOZIpa3yMeBa ymoTpeOy BHIIE PAa3IMUUTUX CTpaTerdja y LUJby MOCTU3AmbA
OZIpXKMBE KOHTPOJIE TAaCTPOMHTECTHHAIIHUX HEMaroja oBana, Oa3WpaHUX Ha
palMoHaIHO] TPUMEHW KOMEpIMjaJHUX Ipernapara ca jeaHe, U Kopuliheme
pa3IMYMTUX AITEPHATUBHUX OIIHja ca Apyre crpane. L{usb oBor pana jecte mpukas
U OIMC OBUX CTpareruja, a Koje OW MoIvie UrpaTw 3Ha4ajHy ynory y Oymyhum
NPUCTYITUMA KOHTPOJIE OBHX ITapa3uTa.

PAIIUOHAJIHA IIPUMEHA AHTUXEJIMUHTHUKA
Crpareruje 3acHoBaHe Ha pedyruju

Tepmun pedyruja o3Ha4aBa NPOIEHAT TMOMYJalKje Pa3TUUYUTHX PaA3BOJHUX
cTanvjyMa Mapasura Ha Mallkaky Win y aomahmMa Koju HW30erHe wu3arame
antuxenvuaTunrMa (Greer u cap., 2020). Y mpakcu, cTparerdje 3aCHOBaHE Ha
pedyruju nuMajy 3a LKUJb OCTaBJbamke oapeheHor Opoja mapa3uta HETPETHPAHUM,
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Kako OM ce yCHOpWwIO IIHpEHEe pe3ucTeHnuje. HanMe, MpHUIUKOM CTaHIapIAHOT
TpeTMaHa ofipeh)eHor cTaja KUBOTHIA Ca MPOIMKUCAHOM JI030M, JEAMHU Mapa3uTh
koju he TpexuBEeTH jecy ympaBO OHHM PE3UCTEHTHH KOju he ce HakoH Tora
pasMHOXKABaTW W TMPEHOCUTH TI'eHE PE3UCTEHIIMje Ha MOTOMCTBO, JOK he oHHM
OCETJbUBU OWTH eTMMHHHUCAHHW. To (aBOpH3yje CENEKIHjy ONTOPHHUX MapazuTa
U BHUXOBO IHMpEeHeE. 300T Tora npuMeHa pedyruje Hyau MOryhHOCT ocTaBJbama
onpeheHor Opoja OCeT/HMBUX Mapa3uTa y MOMyNaluju, Kako O6u ce omoryhuio
O4yBam€ OCETJbUBUX ayiena. Ha Taj HauuH A0Na3u 10 YKpIITamka Pe3UCTEHTHHX
U OCETJBHMBHX COjeBa U pa3z0iiakMBama Y4eCTaJOCTH PE3UCTCHTHUX T'€HOTHUIIOBA
yHyTap onpehene nomynanuje nmapasura (Hodgkinson u cap., 2019).

VY paznuuutuM nutepatypHuM HaBoguma (Calvete u cap., 2020; Greer u cap., 2020;
Vineer i sar., 2020) ce Hajuenthe MOMUY BE OCHOBHE CTpAaTerdje 3aCHOBaHE Ha
pedyruju: nnibaHu TpeTMaHu (eHT. target treatments, TT) U IMJbHU CETEKTUBHU
TpeT™MaHu (eHr. target selective treatments, TST). TT o3Ha4aBa TPETUPAHE CBUX
JKUBOTHIbA Y Ooflpel)eHOM cTaay Ha OCHOBY MPOIICHE pu3HKa of] mapasutusma. OBu
TpPEeTMaHH Ce Jajy y HajIpUKIaJHIje BpeMe U CIYXKe 3a CMambeme 0poja yKYITHUX
TpeTMaHa (0IHOCHO MoBehame MHTepBaja u3Mel)y wux), kako 6u ce omoryhuio
OCEeTJHMBUM T'€HOTUIIOBMMA JIa CE YCITOcTaBe Ha mammbaky (Kenyon u cap., 2009). Ca
npyre ctpane, 7S7 cy joun Ipelru3HUju U YCMEPEHH CY Ha TpEeTMaH camMo oApeheHnx
KHUBOTHIbA YHYTap CTaJa, a KOje 3aucTa 3axTeBajy TPEeTMaH YCled KIMHUYKHX
CHUMIITOMA WJIM TIaJia y MTPOU3BO/IHH, OMTHOCHO OHUX KOjU HajBUINE KOHTAMHHUPA]Y
nammake (Calvete u cap., 2020). Ykonuko ce mMa y BUIY KapaKTepUCTHKA
TracCTPOMHTECTHMHATHUX HEMaTo/a OBalla Jia Ce yHyTap jelHOT CTaja >KUBOTHHA
HajBehu Opoj oBux mapasura (80%) nanasu y cera 20-30% nomahuna (Bosco u
cap., 2020; Kenyon u cap., 2009), TpeTMaHu gaBaHu Ha OBaKaB HaYMH OU 3auMcTa
MOTJIH IONPUHETH CMamkemhy Opoja MoTpeOHUX TpeTMaHa.

Mehytum, u TTanorotoBo 757 ce ocnamajy Ha yCriocTaBame oipel)eHuX MHIuKaropa
KOju OM IETEPMUHUCAIIHN Y KOj€ BpEMe, OJTHOCHO KOje )KUBOTHH-€ he OuTH TpeTupane.
[Tpema Charlier u cap. (2014) u Greer u cap. (2020), y 3aBUCHOCTH O TOTa J1a JIH CY
y IUTay )KUBOTUILE Y IOPACTY WIIM OApaciie jeAnHKe, 3a 77 To MOry OUTH TPYITHO
Opojame jajay deuecy (eHr. faecal egg count, FEC), IeNICUHOTEH y TUIa3MH, TeJIeCHA
Maca M pupacTt, e(puKacHOCT MPOIYKIIH]je, TPOU3BOIHA MIIEKa, aHTUTENA Y MIIEKY U
oriena tenecue kouauimje (OTK), a 3a TST naauBuayaHo Opojame jaja y derecy,
FAMACHA cxop, OTK (wnu npeTxoaHa TpU HaBe[eHa Y KOMOWHAIM]H), JUjapeja
CKOp, MoHaImame, ¢pekynaureT u ap. Kaga ce mojequHayHO TOBOPU O HABEACHUM
uHaukaropuma, FEC uzpaxeH y 6pojy jaja 1o rpamy ¢eueca (eHr. eggs per gram,
EPG) HajmupeKkTHHje TOBOPH O CTeTeHy MH(]EKIHje KO/ )KUBOTHIbA, TIPH YeEMY Ce
jaja raCTpOMHTECTUHAIHUX HEMATO/1a PEIaTUBHO JIAKO AETEPMHUHUINY Y OJHOCY Ha
jaja apyrux mapaszurta. Mehytum, To mpeacTaBiba MHTEH3UBHY TEXHHUKY C 003HpOM
JIa ce y30pIid MOpajy MPBO MOCIaTh y 1ab0opaTopujy rna norom aHanu3upatu (Preston
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u cap., 2014; Kenyon u cap., 2009). FAMACHA cxop je Bpsio nob0ap mokasaresb
u Oasupa ce Ha oreHu (1-5) 60je KOBYKTHBalIHE MyKO3HE MeMOpaHe, Kako Ou
ce TPOIEHNO CTENEeH aHeMHje Y3POKOBaH HeMaTofama Koje cucajy KpB momyT H.
contortus, allv je TJIaBHO OTPaHUYEH-E IITO CE MOCIEINYHO HE MOXKE MPUMEHUTH
Ha octane Hemarone (Kenyon u cap., 2009). OTK Takohe Ha ckanu on 1-5, kao
MHMKATOP OMIITET CTama U TeJIECHUX PE3epPBHU, j€ JeTHOCTaBHA 32 MPUMEHHUBAKE
aly He IMOCTOjU I'eHEpaJHM KOHCEH3yC OKO Ipara 3a TpeTMaH (Seyoum Hu cap.,
2017). N ocTanu uHANKATOpU Takohe MMajy MPEIHOCTH U HEIOCTaTKe, Ma Ce CBE
BHUIIIE TOBOPH O HUXOBO] KOMOMHOBA] npumenH, Hip. FEC (ca EPG-em MabUM 071
750) ca FAMACHA cxopom 4 nnu Buiie uiu OTK 2 win Mame, Kako je u ypaheHo
KOJI OBalla U K032 y BIaKHUM TPOIICKHM YCJIOBHMa Y MEKCHKY, KaJia je n30erHyTo
70% nenoTpebHUX TpeTMmaHa (Soto-Barrientos u cap., 2018; Torres-Acosta u cap.,
2014).

KomOuHanuja u poraumja aHTUXeJIMUHTHKA

KoMOuHanmja aHTHUXEIMUHTUKA TOJpa3yMeBa ynoTpely JieKoBa M3 Pa3iHuUTUX
XEMHUJCKUX Tpylla y LWJby yCIOpaBamba pa3BOja PE3UCTEHIIMjE, MPH YeMy je
MHTEpEC 3a OBY CTpATerujy mopacrtao y NnpeTxogHux Hekonuko rogauHa (Fissiha
u Kinde, 2021). ¥ mopehewy ca mojenuHayHuM e(EKTOM aHTHUXEIMHUHTHKA,
IbUXOBOM KOMOMHOBAaHOM TPUMEHOM J00Mja ca CHHEPTUCTHUYKH edekar, IITo
JOBOJIM TO 3Ha4yajHOT moBehama edukacHOCTH Jeuewa. [IpuMeHa oBe crpareruje
KOJI TaCTPOMHTECTHHAIHUX HEMaTo/la OBalla je ToKeJbHA U3 JBa pa3jiora, ca jenHe
CTpaHe Ja oMoryhu ofp»XMBYy KOHTPOJY HEMaroja y MPUCYCTBY PE3WCTEHIH]E, a
ca Jipyre Jia OAJIOKH pa3Boj pe3UCTEHIMje Ha ofpel)eHe aKTHBHE CYIICTaHIE KOJ
BpCTa Koj Kojux jour Huje eBuacHTHA (Shalaby, 2013). KomOunaruja paznuantux
AQHTHXEIIMUHTUKA OW y TpaKch Morja Ja TOBpaTH e(PUKACHOCT TpeTMaHa Ha
dapmama, IITO je U JOKa3aHO y onpeheHnm uctpakupamuma (Ramos u cap., 2018;
Cezar u cap., 2011). Mehytum, oBa cTparteruja je AeJI0TBOPHA CaAMO YKOJHKO je
HHUBO PE3HMCTEHIIMje HHU3aK, JOK IPH BUCOKMM HUBOMMA BepOBaTHO Hehe J0BecTH
1o xespeHe eduxacHoctu (Shalaby, 2013). Takohe, clIMYHO KOHBEHIIMOHATHUM
TpETMaHWMa, OCTaje TUTame e(EeKTa HAKOH IyroTpajHe MTPUMEHE OBaKBUX
KOMOUWHaIMja, ¢ 003MpOM Ha OTHOPHOCT HEMAroJa Ha MPAKTUYHO CBE Kiace
AHTUXEJIMUHTUKA NOCTymHUX naHac (Ramos u cap., 2018). Mnak, koMIjyTepcKku
3aCHOBaH MOJIEJI j€ M0Ka3ao Jia ako ce KOMOMHallMja MpUMemYyje KaJaa ce JIEKOBU
NPBH YT YBedy, MPUMETHA pe3ucTteHiyja ce Hehe paspuru Bumie ox 20 roamHa
(Shalaby, 2013).

Kaoroje panuje HaBeneHo, koputthemne jeJHOT Jieka 0e3 poTalinje TOKOM ofjpel)eHor
BpEMEHa Ce cMaTpa BUCOKMM (DaKTOpOM pH3HMKa 3a pa3BOj AHTUXEIMHUHTHUKE
PE3UCTEHIIM]je, T€ CE€ OBa CTpaTeruja MOXKE KOPUCTUTH 3a TPEBEHIN]Y HEHOT
pa3Boja (Fissiha u Kinde, 2021). 36or Tora moctoje onpeheHe mpemnopyke aa ce
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pa3nuuuTe TpyIie JIEKOBa CMEbY]jy Ha CBAKe jeTHE 10 JIBE TOJMHE, Ca IIMJbEM Ja ce
MPOIYKU €(PUKACHOCT CBAKOT OJ1 BbUX M oBoMoryhaBajyhu Bpahame 0CeT/bUBOCTH
KOJl HEMAaTo/Ia KaJia aHTUXEJIMUHTHUK HUje y ynoTpedu. Melhytum, mocroje oapehene
WHJIMIH] € /1a je OBaKaB NPUCTYH e(UKacCaH caMo KaJia je pe3UCTEeHIIMja y BPJIO PaHoj
¢a3u pa3Boja M Mpe HEero IITO Ce MOXKE MPUMETUTH, Kaja Ou MPUPOIHA CENIeKIN]ja
MOIJIa J1a CMamH MPEBAJICHIy PE3UCTEHTHUX mapasuta. MMajyhy y Buay crereH
pa3Boja OTIOPHOCTH Ha Hajuenrhe ynorpedsbaBaHE JIEKOBE, OCH3MMUAA30TE U
MaKpOLMKINYHE JJAKTOHE, YCIIEX OBE CTPATErHje je yIUTaH Koj oBUX rpymna (Abbott,
2017). Takohe, mpeTXOAHO TOMEHYTH MOJIET je TI0Ka3a0 Ja OBa CTPATETHja TOBOIH
JI0 pa3Boja pe3ucTeHImje y poky 15-20 ronuna (Shalaby, 2013).

AJITEPHATUBHE CTPATETI'UJE
CeJieknuja ;KUBOTHIbA

VY3roj oBama ca Behom otmopHomhy mnpema HWH(EKIHjaMa IMPOY3POKOBAHUM
racTpOMHTE-CTUHAJIHUM HeMmaronaMa ce cmarpa obOehaBajyhom cTparerujom
3a cMameme ynorpebe aHTuxenMuHTHKa (Aguerre u cap., 2018). Haume, oBa
PE3UCTEHIMja Ha HEMAaTole KOJ MajHX IpeKUBapa HMMa HHUCKY /IO BHUCOKY
xeputadbmiaocT (0,01 do 0,54), mpu yemy HacCIIEAHOCT OBE OCOOWHE yKa3yje Ha
MOTEHIIMjaTHy TEHETCKY JOOUT Kpo3 celsieKiujy. 300r Tora ce cMmarpa Jia je Koj
oBarla Moryhe MaHumynucaTtd y3rOojHUM JIMHUjaMa Kako OM ce MpOU3BeNe jake
¢denoTurncke pasnuke (Zvinorova u cap., 2016). Tako je jour paHuje moka3aHo Ja
Ou omabup )KMBOTHbA Ca HAJHWKUM OpojeM jaja y ¢erecy Morao OUTH KPUTEPH)yM
3a cenekuujy, ¢ o03upom na je FEC HakoH HMCIUTUBama cMameH 3a 69% (Eady
u cap., 2003). Takohe, crenen ontepehema HeMaTogaMa MOXE BapUpaTH U y
3aBHCHOCTH O]] pace, Kao IITO Cy MOKa3aJIu pe3ylTaru uctpaxusama Goncalves u
cap. (2018), rne cy Tekcen u Canra unec umaine Hxu FEC 'y nopehemy ca pacama
Wn ne ®panc u Hopnep. Onmuja je u 1a ce MpOIeHU TeHETCKa Kopenalyja usmehy
ocoOuHa KOje yKa3yjy Ha pa3Boj Tena (Hrp. TyOuHa rpyIHOT Kolla) U 0COOMHA Koje
yKa3yjy Ha CTeNeH Mapa3suTHpama U HEroBe Mocieaule, Mpu yemy Ou Tpebdarno
KOPUCTHUTH BHILIE paznnuntux uHaukaropa (Torres u cap., 2021). Unaxk, npucryne
TEHETCKE KOHTPOJIE j€ TEIIKO UMIUIEMEHTUPATH Y CUCTEMHMA MaJIUX ITPOU3BOIHUX
ra3IMHCTaBa yclie]l HEeAOCTaTKa Bohemwa eBHJEHIMje Mojaraka, a Tpeda uMaTu y
BUJY U TEXHUYKA U MH(PACTPYKTYpHA MHUTAkA y MPOrpaMUMa TeHECKe CelIeKLje
(Mana craza, ioma HHPPacTPyKTypa H CJ1.), HAPOUHUTO y HHKE Pa3BUjCHUM 3eMJbaMa
(Zvinorova u cap., 2016).

Yunpas/bame nanmbaKkoM

OpnroBapajyhu MeHaIMEHT ynpaBJbama NanlmkauMa Takole mpeacraBiba eprukacan
HAYMH KOHTPOJIE€ TaCTPOMHTECTUHAIHUX HEMaToZAa, ald M JIPYrHX Mapa3urta Koj
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npexuBapa (Kumar u cap., 2013). To monpazymeBa mpuMeHY HEKOJIHUKO MambUX
cTparervja ca IubeM u30eraBama M3JI0KEHOCTH OBalla BEJIMKO] KOHIICHTPAIU]jH
napasuTa Koja Ou oBesia 10 KIMHUYKY BUAJBUBHUX 000JbCHA U TTAJ1a y IIPOU3BO/IHH,
a Jla ce ca Japyre cTpaHe oMoryhu >KMBOTHMH-ama cTBapame uMyHureTta (Abbott,
2017). YV unmeamHoM ciydajy, Tpebamo OM KOPUCTUTH YHUCTE WIM HOBE TMAlImhaKe,
IITO TIOJIpa3yMeBa OHE KOjU HUCY KopuimheHu 6-12 meceny, nammake Ha KOjuMa
j€ YKJIOWEH YCEeB CeHa WJIM CHIIaXKe, Mallkbake KOjU Ce POTHUPAjy ca paTapcKuM
KyJITypama Kao 1 OHE KOjU c€ HeJaBHO OOHOBJbeHHU 00pasoM 3emsbuiiTa (Kumar u
cap., 2013). [Nammanu Ou ce MOTIIN MOIEIUTH HA TapIiele, Kako 0u ce omoryhmino
nyke Bpeme mpe noHoBHe ucmamie (Shalaby, 2013). Beha konmuunHa >XHBOTHHbA
Ha MajoM MpocTopy noBehaBa KOHIIEHTpalMjy mapas3urta, 300r yera Ou Tpebaso
KOPHCTUTH ONTUMAaJaH Opoj jeJMHKH 110 jequHuLy nospiurHe (Kumar u cap., 2013).
Hexe npemnopyxke ¢y 5 oBaria, 5-7 ko3a wiu 1 kpasa o 4 m>. Takolje, mpenopy4sbHBO
j€ MpUMEUBATH 1 KOMOMHOBAHY MCITAITy OBaIla M KpaBa (HE M K03a) U POTAIUOHO
Hanacame (Abbott, 2017). [1pu ToMe je mOTpeOHO PEAOBHO MPATUTU TPABHAK KAKO
He OM JIOIIJIO 10 PEKOMEPHE UCTIAIIe U KaKo O ce OJ[pKao MPOJYKTUBAH MalllhaK.
Crparemka JexenIMHUHTH3ANK]ja y paHo mposiehe wim Ha MOYEeTKy KHIIHE CEe30HE
y OWbY yKJIamkamka HEAABHO HM3HHKIMX JIAPBU TPE HETO INTO KOHTAMHHHUPA]Y
nammak (Shalaby, 2013), kao u xopumheme 3penux oBana y 100poj KOHAUIIHU]H
HAKOH 3aJTy4eHha jarikhaii y NIy CMamkeHha HUBOA KOHTAMUHAIIY] € Ha MalTHhaliiMa
BHCOKOT PU3HKa Cy jOII HEeKe O] CTpaTeruja kKoje ce npernopy4ayjy (Abbott, 2017).

anaBJbafbe HCXPAHOM

HyTtputuBHE cTaTyc OAHOCHO CTaTyC yXPamE€HOCTH MOXE YTHIIATH Ha OTHOPHOCT
oBalla pemMa racTpoMHTeCTHHAIHUM Hemarofama (Basabe u cap., 2009). 360r Tora,
Kao 1 MUMajyhu y BUly YMEEHUILY 1a Cy OBU IIAPA3UTH MHTETPUCAHU Y JIaHALl UICXPaHe
KOJI IpeXHBapa, MaHUITyJIallja UCXPAaHOM MOXKE MOCIYXHUTHU Kao anar y 6opou
npoTuB wux. M3banancupana ucxpana ooe3oelyje anexkBaTan U3BOp XpaHBHUBHX
marepuja (IOIyT BUTaMUHA, MUHEpajia ¥ MPOTEUHA) U MPHUXBATIEUBO onTepeheme
napasuTUMa, a Koje J03BOJbaBa ONTHMAalaH HMBO NpoAykrtuBHocTu. Ca apyre
cTpane, mopemehaju y 0BOj paBHOTEXH MOTY TOBECTH A0 O030MJbHHX HMH(DEKIIHja
(Torres-Acosta u cap., 2012). Tako, BuTamunau nonyT oHux u3 A, /] u b komriekca
¥ MUHEpaJIM MOMyYT IIMHKA, TBOXNa, kobanTa, HaTpUjyma, Kanujyma u gocdopa cy
BeOMa Ba)KHH 3a Pa3Boj (YHKIIMOHATHOT UMyHHUTETa MpOoTUB napasuta (Kumar u
cap., 2013). V¥ oncycTBy JOBOJBHMX KOJIMYMHA OBHUX MaTepuja Ha MAllbaky, MOKE
ce MPUMEH-UBATH U JOMYHCKA UCXpaHa Koja Mope UCTUX CaApKH U onroBapajyhe
KOJIMYMHE MMPOTEHHA, CHEPTHje U APYTHX MaKpO U MUKPO cactojaka. Ha Taj HaunH ce
MOske TocTrhu 60Jba OTIIOPHOCT YKUBOTHHHA U PEYKOBATH YIIOTpeOa KOMEPITHjaTHUX
nexoBa (Bresciani u cap., 2017; Torres-Acosta u cap., 2012). Jlakmie, npegHocTu
JIOITYHCKE UCXPaHE YKIbYUY]y CMambehe NaTo(pU3HOIOMKUX edeKTa mapa3uTH3Ma,
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no0oIIaHy MPOAYKTHBHOCT AT M CMAHEH-¢ TPUPOIHUX HH(EKITH]a ((KUBOTUELE jeTy
Mame XpaHe ca [0Jba [1a CAMUM THM YHOCE U Mame JIApBH), Ka0 U pa30iakuBame
Opoja jaja Hemarona y dernecy (UCTa UM Mama KOJIMUYMHA jaja y Behoj konnymHa
¢eneca) (Torres-Acosta u cap., 2012). Takohe, Tpeba umatu y BUAy U AUPEKTaH
WM MHIUPEKTAaH aHTUXEIMUHTHYKH e()eKaT MojeJUHUX CYTICTaHIN U3 IPUPOTHUX
WM JIOMyHCKHUX XpaHWBA IMOIMYT MaxyHapku Oorarux TaHuHOM (Bresciani u cap.,
2017; Torres-Acosta u cap., 2012; Basabe u cap., 2009).

buosiomka KoHTpOJIA

Crparerrje OMOKOHTpOJIE TOAPa3yMEBajy YNOTpeOy NPHUPOAHHX HEMpHjaresba
MPOTUBTACTPOUHTECTUHATHUX HEMATOay INJbY CMalbheba 0pojacinoboanokubehux
cTanujyMa Ha nammanuma (Szewce u cap., 2021). Ha taj HauuH ce 0BOM METOZ0M
cMmamyje 6poj mHpEeKTUBHUX cTanujyma (L,) Koju ce MHI€CTHjOM YHOCE Y OpraHH3am
KUBOTHIbA, & Ca IIUJBEM CMamema onTepeheHOCTH Mapa3uTuMa Ha MPUXBATIbUB
HUBO Ca aCMeKTa UMyHHUTeTa. brosomika KOHTpoia ce MOXKe TMOICTUTH Ha AUPEKTHY
KOja MoJpa3yMeBa KopHIhewme opraHu3aMa KOjU CBOje JEjCTBO HCIIOJbaBajy
JTMPEKTHO Ha Hemaroze (TJbUBe, OaKTepHje aji U APYTre HEMATOE), U HA UHAUPEKTHY
IITO C€ OJTHOCH Ha KOpUITNeHme OpraHrn3amMa KOju CBOJUM IOHAIIIAKhEM JOTPUHOCE
VHUILITaBalky CTaHUIITA 3a MapasuTe (KUIIHe miucte u Oanerapu) (Szewce u cap.,
2021; Worku u cap., 2017; Kumar u cap., 2013).

Kama je y muramy aupekTHa OHMOKOHTpONA, JO cajga Cy HajBHINEC HCIHTaHE
HeMaTtodarae rJpUBe, KAPHUBOPHE BpcTe U3 ponosa Duddingtonia, Arthrobotrys i
Monacrosporium. OBe IrJbUBE KOPUCTE JICTIJbUBE 3aMKE Y IIMJbY XBaTamba HEMaTo/1a,
a MOTY ce MPUMEHUBATH Y XpaHH Y 3pHY WU y O0JIHKY HaTpujyM-anruHara. [lpu
TOME je 3Ha4ajHO HAaNOMEHYTH Jla Ce CIIOpe aKTHBHPAjy W Hamaaajy JlapBe TeK
HaKOH m30aluBama myTeMm ¢ereca, 300T yera ce He O4YeKyjy IITeTHU €PeKTH Ha
*KuBOoTURY. Haj3HauajHuju edexar je 10 cana mokaszana ripuBuna D. flagrans,
37,6-91,5% y 3aBucHOCTH On HCTpaxuBama (Szewc u cap., 2021). 306or tora y
Bpasy Beh mocToju KoMepIHjaitHO TOCTYTaH Mmpenapar Ha 0a3u OBe IJbHBE, KOjH je&
M0Ka3ao in vitro epUKacCHOCT MPOTUB FACTPOUHTECTUHATHUX HEMATO/a OBAalla, aJIH
u roBena u kowa (Rodrigues u cap., 2022). [lamme, Heku cojeBu Oaktepuje Bacillus
thuringiensis xoja IpOU3BOAU MHCEKTUIIUAHH O-endotoksin Cy moka3anu BUCOKY in
vitro epukacHoCT ipoTHB axynata H. contortus, T. colubriformis i O. circumcinta
(Worku u cap., 2017; Kotze u cap., 2005). 3a nupekTHy OHOKOHTPOIY CE€ MOTY
KOPUCTHUTH U HEKe ci100oaHokuBehe mpenaTtopcke Hematoze nonyt Butlerius butleri
u rpume Lasioseius penicilliger, mana Tpeba UMaTH y BHIY HBUXOB HEJOCTaTaK
cnenuduyaocTr. O ocTanux opraHuszama Jojiase y o03up U pa3iiuduTd BHPYCH,
ame0e, mpoTose u np. (Szewc u cap., 2021; Worku u cap., 2017).
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banerapu v KuITHE IIHCTE CE XpaHEe JKUBOTUE-CKOM 0aJIeTOM, T€ IOMTPUHOCE pasrpamu
dekanmHux Tadaka. Ha Taj HaunH oMmeTajy pa3BOJHHM HMKIYC TaCTOMHTECTHHAITHUX
HEMaTo/la, & TOKOM Xpamemha MOTY U MpOryTaru jaja u japse. Takohe, Mory ux
3aTpraT y 3eMJBHILITE, TOceOHO Oanerapu MpUIMKOM (hopMHUpama U 3aTplaBama
Kyruia. M3 3emspuinTa ce jaja u apBe Hehe BpaTUTH Ha MOBPIIMHY, T€ UM C€ Ha
Taj HAUMH cMamyje OpojHocT (Szewce u cap., 2021; Worku u cap., 2017; Kumar u
cap., 2013). [To3uTuBaH edekar KUITHUX TIHCTA j€ TOKA3aH jOII Y UCTPAKUBAY
Waghorn u cap. (2002), kaga je BUXOBO MPHUCYCTBO cMamuio 6poj 7. circumcinta
za 63% oz oBana.

Pa3Boj Bakumuna

BakmuHe ce cmarpajy BpiO MPUBIAYHOM aITEPHATHBHOM CTPATETHjOM 34
KOHTpPOJIy TaCTPOMHTECTHHAIHUX HEMaroja oBama, ¢ 003MpPOM J1a Cy EKOJIOUIKH
NPUXBAT/FUBE & MaJIO0 Cy TMOMJIOKHE Pa3BOjy PE3UCTEHIMjE Ol CTpaHe HeMaTo/a.
PaznuuuTa ucTpakuBama Ha OBOM T0JbY CE€ CIIPOBENICHA Y IPOTEKIIE [IBE JICIICHU]E,
a 'y Wby UACHTU(HKAIM]E TOTEHIMjaIHUX aHTUTeHA 32 Pa3Boj M0jeANHAYHE WU
pexomOunanTae JIHK Bakumue (Ehsan u cap., 2020; Gonzélez u cap., 2019). Kox
H. contortus, 3HauajHIM c€ TTOKa3a0 HHTETPAITHU MEMOPaHCKH TTIUKONpOTenH H 11,
sa in vivo epukacHomhy ox mpeko 75% (cMameme onTepehema mapa3suTuMa) u
90% (penykmuja Opoja jaja Hematona y denecy) (Nisbet u cap., 2016). Ha 6a3u
yIpaBo OBOT aHTHIeHa y KomOuHanuju ca H-gal-GP je pa3BujeHa BaKIMHA KOja je
JUIEHIIMpaHa 3a yrnorpedy y Ayctpanuju, ca BUcokuM edpexrom y FECRT (>80%)
Y BUCOKUM THUTPOM aHTHUTENA, y3 JIBa Pa3InUnuTa pekuma ucxpane (Bassetto u cap.,
2018). Takohe, BakuuHaNMja MECT MECEIM CTAPHUX jarkhaId ca COMAaTCKuM rHc23
AQHTUTEHOM je J0Bela JI0 CIMYHE e(PUKACHOCTH MPOTUB H. contortus, Ipu demy
CY Y 3alITUTHOM OJTrOBOPY M3a3BAHOM OBOM BaKIIMHOM 3HA4ajHy YJOTY HUTPaliid
u XymopanHu u henujcku umyHH oaroBop (Gonzélez-Sanchez u cap., 2018).
Bakiuna 3acHOBaHa Ha OcCaM pPEKOMOMHAHTHUX AHTUTEHA HICHTHU(PUKOBAHUX
ko 7. circumcincta ce Tokazajga e()UKaCHOCTOM Yy CTUMYIMCAmby 3HAYajHUX
HUBOA 3aIITHTA KOJI jarkha/iv, Al M OBalla y NePUIIAPTAITHOM TIEPHO/Y, TIPU YeMy
je 3anaxkeH cMmamweH FEC xox Bakuuuucanux jenunku (Gonzalez u cap., 2019).
Wnak, BaXHO je HANOMEHYTH Ja TEHETCKEe Bapujallje W HMYHOpPETyIaTOpHE
KapaKTepPUCTUKE MPUCYTHE KOJ raCTPOMHTECTHHAIHUX HEMaTo/la OMETajy pa3Boj
BaKI[MHA, INTO 3aXTe€Ba KOPHUIINEHE HaNpPEJIHUX MOJICKYJapHUX MPHUCTYIIA.
HageneHne kapakrepucTike Takohe moapasymenajy aa he Outu BpIio TEIIKO pa3BUTH
edheKkTUBHY panspecies BakinHy, Beh na ce Mopa pa3BUTa BaKIIMHA TPOTHB CBAKe
BPCTE I0jeIMHAYHO, Ka0 IITO Cy Y CYIITHHHU M TI0Ka3aja A0Caallmba HCTPAKUBAbHA
(Britton u cap., 2020; Ehsan u cap., 2020).
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Borannuka KoHTpoOJIa

busbke M BbUXOBU IIPOU3BO/IN C€ O/ TABHIHA KOPUCTE y JICUCHHY PA3ITUIUTHX 000IbeHa.
Jlanac je maTEepEeC 3a pUTOTEpAIH]y HAIJIO TIOPACTA0 U Y XYMaHO] U Y BETEpUHAPCKO]
MEIUIMHM, a je[lHa O/l Hajuenrhe MOMUBbaHUX HHAMKALIM]A jecy YIpaBo pa3iInunuTa
napasuTcka 000Jbema. Y TOM KOHTEKCTY, (puToTepamuja MpeAcTaBba jeAHY OJ
Haj3HA4YajHUJUX aJTepHATHBa y KOHTPOJIM raCTPOMHTECTUHAIHUX HEMaroja oBala
(Strbac u cap., 2022a; Borges 1 Borges, 2016). Y npakcu, GUbKe ce MOy KOPUCTHTH
1eJ1e, BbUXOBH 110j€/IMHU JI€JI0BU WM IIPOU3BOAM MTO3HATH M1O/1 HA3UBOM CEKYHJapHU
metabomutu (Hussein u El-Anssary, 2017). Kinacudukanuja oBux Mmetadbonura Hije
jeaHocTaBHA ¢ 003MPOM Ha HUXOB OpOj M MPUIMATHOCT PA3IUYUTHM XEMUJCKUM
rpyrnama, aji ce€ ca aHTUXCJIMUHTHYKOM aKTUBHOIIThy Hajuenrhe moBe3yjy TepreHu 1
HUXOBHU JIEPUBATH TEPIECHOUIN, (PEHUIITPONIAaHOUAH, (PIABOHOUIN KAO M TIOMEHYTH
tanunu (Jamwal u cap., 2018; Hussein u El-Anssary, 2017). On HEeKux o OBUX
JeIMmbemba ce MOry JI0OUTH paznuuure OuJbHE (QopMmynanuje 60raror XeMHjcKor
cacTaBa MOMYT €TapCKUX YJba WM €KCTPAKTA, a KOjU C€ MOTY KOPUCTUTH MPOTUB
pasmuuuTux nmapasuta (Strbac u cap., 2023). Y cBakoM ciyuajy, Koji KHBOTHEA
ce OOTaHMYKM AHTUXEIMHUHTHUIIM MOTY NPUMEHHUBATH YHOCOM O]l CTpaHE CaMHX
KUBOTHIbA Ha HUCTAIIHM, OpameM OWJbaka 3a MCXpaHy JKUBOTHEA M JIaBAEM Y
obopyMa M TOpPOBMMA, Ka0 W TMPOHU3BOIHKHOM IOMEHYTHX OWJbHUX MPOU3BOAA
(Alonso-Diaz u cap., 2010).

[TpeanocTn ynorpede 60TAaHNYKMX AaHTUXSITIMUHTHKA TPOTUB raCTPOUHTECTHHATHUX
HeMaTtoja cy BumecTtpyke. HbuxoB Oorar XeMHjCKM cacTaB, ITO YKJby4dyje
Jeonmbemha U3 Pa3IMUYUTUX XEMHUJCKUX IpyIa ca pa3HUM MEXaHH3MHUMa JeJI0Bamba,
MOXe€ JIONIPUHETH BUCOKO] €(PMKACHOCTH MIPOTUB PA3TMUUTHX Pa3BOJHUX CTAIUjyMa
napasmra, acaapyre CTpaHe MamO0j MOJI0KHOCTH Pa3Bojy pe3UCTeHITH]e y mopehemy
ca koMepuujanHuM npenaparuMa (Strbac m cap., 2023; Borges u Borges, 2016).
Taxko je mokaszan in vitro u in vivo edekar OpojHUX €TapCKHUX yJba K0 U OMIBHUX
eKCTpaKTa MPOTUB Pa3IMYUTUX TaCTPOMHTECTMHAIHMX HEMAaroja OBalla, a HEKH
0] Haj3HAYaJHUjUX pe3yiTara Cy JOOHMjeHH 3a OpUraHo, THMHjaH, MOpay, yyodap,
pasIMuMTE BPCTE EyKAIMITyCa, MEHTe, JTUMYyHCKHX TpaBa m np. (Strbac u cap.,
2022b, Strbac u cap., 2022¢; Andre u cap., 2018), a y HOjeAHHAM UCIHTHBABUMA
Cy ce epUKaCHUM IOKa3ald M HUXOBU MOjEAMHU H30JI0BAHW AKTUBHU CACTOjLU
NOITyT KapBakpoJia, TAMOJIA, aHeTona, kapBoHa u jip. (Katiki u cap., 2017). Hasse,
HbUXOBO TIPUPOTHO MOPEKIIO C€ YEeCTO MOBE3yje ca MAambHM KOJIMYMHAMA Pe3n/ya
y )KUBOTUICKUM MPOU3BOAMMA MOIMYT Meca U MJIEKa, Ka0 U Y )KMUBOTHO] CPEIUHU
(Strbac u cap., 2023; Veerakumari, 2015). Ha kpajy, npucyTas je u (pMHAHIHUjCKH
MOMEHAT ¢ 003upoM Jia ce y BehuHH cirydajeBa OvsbHE (hopMyralyje moBe3yjy ca
NPUKIIAJHUAM IIeHaMa, HApOYUTO Y Jp)KaBaMa ca Pa3BHjeHUM OHMOIUBEP3UTETOM
(Ferreira u cap., 2018).
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WNnak, npuMeHa OOTaHWYKUX AHTUXEIMUHTHKA TPOTHUB TaCTPOMHTECTHHATHHX
HEMaTojla joIl yBEK HHje 3a)KMBeja ¢ OO03MPOM Ha joIll YBEK HEIO0BOJhaH OpoOj
UCIIUTHBAbA U TIOTBP/IC lbUXOBUX €(PUKACHOCTH Kao U 0€30€THOCTH KO JKUBOTHHHA,
MaKo je Opoj OBAaKBUX HCTPaKMBama y MOPACTY y MOCIEIHBMX HEKOJIHUKO TOAMHA
(Strbac u cap., 2022a; Strbac u cap., 2022c; Andre u cap., 2018). Taxohe, y
JOCaaIImhbuM UCIUTUBABbUMA j€ in Vivo e(pUKacHOCT Owiia Hajuenihe HUKa y
nopehemy ca KoMeplivjaTHUM IIpernaparuMa ycie pa3inuuTux Gakropa Koju MOry
YTHUIIATH HA BUXOBY TEPEHCKY €(UKACHOCT, alH CE Ha PA3IMYUTE HAYUHE MOXKE
npeBazuhu 0Baj mpobieM yKJbydyjyhu U MpUMeHy TEXHHKAa MHKAICyaluje, Kao
IITO j€ ¥ JOKa3aHO y Pa3IuIuTUM ucTpaxuBambuma (Ali u cap., 2021; Mesquita u
cap., 2013). Y cBakoMm ciyuajy, OMJBbHH POU3BOIU C 003UPOM Ha OpojHE HABEACHE
NOPEAHOCTH OM Ce MOIIM Ca YCIEXOM KOPHCTUTH y MHTETPHCAHUM IMPHUCTYNHMA
KOHTPOJIE Pa3IMUUTHX Tapa3uTa.

HUHTEI'PUCAH ITPUCTYII KOHTPOJIE

Wmajyhu y Bumy cBe HaBeJEHO, jaCHO je J1a CBaka Ol IOMEHYTUX CTpaTeruja, Kako
OHHUX KOjH C€ OJJHOCH Ha PAIlMOHAIHY MPUMEHY KOMEPIHUjaIHUX Ipernapara, TaKo
W anTepHATUBHUX, MOCeayje oiapeheHe mpeaHoCTH M HeaocTarke. 300r Tora ce
YHHM J]a CaMOCTallHA TPUMEHa HUjelHEe O]l HaBEeICHUX CTpaTeruja HHje OApKHUBa
camocTtaiHo, Beh na Ou ce HajOobM edexar MOrao MOCTHNM HMHTETPHUCAHUM
MPUCTYIIOM OJJHOCHO HbMXOBOM KOMOMHOBaHOM NMpUMEHOM (Szewc u cap., 2021), a
nmpuMepH 3a To ¢y Opojuu. Tako je y uctpaxkuBamy Shalaby i sar. (2012) mokazano
Jla UBEPMEKTHH y KoMOMHaIuju ca yjbeM Nigela sativa uma 60Jpy €(UKACHOCT,
nocMaTpaHy ca MOP(OJIOIIKOT acleKTa U YITPACTPYKTYPHUX olTehema, MpoTHB
H. contortus, anu n nantibuuape Moniezia expansa u metusba Fasciola gigantica
y nopehemy ca BeroBoM camocTaqHOM NnpuMeHoM. CIHMYHO, y UCTpaxKuBambUMa
Marjanovi¢ u cap. (2020) u Trailovi¢ u cap. (2015), nokazano je 6u koMOuHaIHja
KapBaKpoJ y KOMOMHAIMjU ca JIEKOBUMA arOHUCTUMa HUKOTHH alETHIXOIMHCKOT
perenTopa momyT UMH1a30THAa3051a, Wi JekoBuma aronuctuma [ABA penienropa
MOIYT aBEPMEKTHHA U MUIIEpHU3aHa MOIJIa UMaTH CUHEPTUCTHKHU edekar MpoTuB
pa3IMUUTUX HEMATO/Ia, C 003UPOM Ha pe3ynTare 100ujeHe Ha HEYPOMYCIKYIapHOM
npenapary Ascaris suum. Jlasse, y uctpaxusamwy Vilela u cap. (2018), ucriurana je
eekar komOMHaIH]e TeneTa Ha 6a3u Hemarodarue ribuBe D. flagrans v IeBaMHU3071-
xuapoxsopua (5%) npoTuB racTpOMHTECTUHATHUX HEMaToa oBala. Pesynraru cy
MOKa3aJIl CHHEPTHUCTUYKO JIEjCTBO HaBeJeHE KOMOMHAIIM]E, T€ j€ Tpya KUBOTHHA
KOja je mpummia o0a TpeTMaHa umana HajHke BpenqHoctu EPG y mpakTuaHo cBUM
BPEMEHCKMM HMHEpBaJMMa NoCcMaTpama, y nopehemy ca rpynoM Koja je mpumuiia
caMo XeMH]CKH Mpernapar, Kao U ca KOHTPOIHOM TPYIIOM.

Hcnutana je 1 koMOMHOBaHA MPHUMEHA BUINE PA3MUYUTUX AJITEPHATHBA TOIYT
UCXpaHe Oorare KOHACH30BaHMM TaHMHUMA M CEJEKIHje OTHOPHUX paca
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KHUBOTHHA. Mako HUje OMo jacHO JJOKa3aH aJUTHBHU MM CUHEPTUCTHUYKU edekar
OBe KOMOMHaIHje, yaeo o1 55% ecnap3eTe y HCXpaHU je TI0OBEO JI0 3HAYaJHO HIDKET
EPG y nopehemy ca koHTpostHOM ncxpanoM (Werne u cap., 2013). Y ucrpaxuBamy
Bambou u cap. (2021), ucnurana je epexar nmpuMeHe KOMOWHOBAHOT Haracama
japaay ¥ jyHHIIA U JOIMYHCKE HCXpaHe ca KPMHHM TPOIICKUM TpaBama, Ha OATOBOP
Ha TIPUCYCTBO TAaCTPOMHTECTUHAIHUX HEMAaTOla W TPOM3BOAHE KapaKTEPCTUKE
kon japamu. [TokazaHo je mga cy o0e mojenMHavYHe CTpaTeruje UMalie MO3WTHBAH
edpexar (FEC 3Ha4ajHO HWKU Yy TPyl KOMOMHOBAHOT Hamacama, a 3alpeMHHa
henuja - PCV, OTK u xuBa Maca y Ipynu Koja je noOujana CyImsieMeHTe), alu
na O BUXoBa KOMOMHAIMja 1MOOO0JbIAIa MPOU3BOIHE TIephOpMaHCEe KUBOTHHA.
N3 cBux oBHX mpuMepa je jacHO na je Opoj Moryhux komMOWHamMja pazIuduTHX
CTpaTerja 3a KOHTPOJIY raCTPOMHTECTUHAIIHAX HEMaTo/a KO/l OBalla BEJIHKH, IITO
npyka pasnuuure MoryhHocTu 3a mpoHanasak HajedekTHHje, HajOoe30enHuje u
HajupakTryHUje. Mmak 3a1aTak HUje jeTHOCTaBaH U 3aXTeBHA OpOjHA UCITUTHBAMA,
aJIi Cce YMHU JIa j€ TO JeIUHH HAuWH 32 OJJPXKHBY KOHTPOIY TaCTPOMHTECTHHATHUX
Hemaroja opaia y OyayhHocTH.

3AK/bYYAK

CrangaprHanpuMeHaKOMepIHjaTHUX IPenapaTay KOHTPOIUTaCTPOUHTECTUHATHNX
HEMaToJa oOBalla I0CTajeé CBE Mamke OJIPXKHB NPHUCTYNl C OO3MPOM Ha pa3Boj
PE3UCTEHIMje KOJ HEeMaroAa, Kao M yCled Apyrux pasziora (pesujaye U pact
1ena). 300r Tora ce y HOBHjEe BpeMe CBE BUIIIE paau Ha NePUHHCAKY U Pa3BOjy
HOBHUX CTpaTeruja, a Koje ce MOTy CBPCTATH y JIBE TPYyIe: palMoHaHA TPUMEHA
KOMEpIIMjATHUX Mperapara 1 yBohemwe pa3IHyuTuX aaTepHaTUBHUX MeTona. CBaka
O] CTpaTeruja HaBeICHUX Y OBOM pajy U3 OMIIO KOje 071 HABECHUX IpyTia MOoCceayje
onpeheHe MpemHOCTH, Kao MITO je M JIOKa3aHO y PasIuYUTUM UCTPAKUBAHUMA.
Nnak, nmajyhu y Buay u onpeheHa orpaHndema OBUX CTpaTeruja, YNHU ce J1a Ou
ce Hajoospu edexar Morao mocTuhy BHLUXOBOM KOMOMHOBaHOM npuMeHoM. Ha oBaj
HayMH OM ce KpO3 MHTErpucaHy KOHTPOJy MOIVIa MOCTMhHM OAp)KHMBa KOHTpOJA
racTPOMHTECTUHAIHAX HEMATo/a OBaIla, ajld M JPYTuX napasuta y OynyhHocrtu.

U3jaBa o cykoOy uHTepeca: AyTopu M3jaBibyjy Jia HE MMOCTOjU CyKOO MHTEpeca.
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Summary

Gastrointestinal nematodes are very important parasites of domestic animals,
especially in small ruminants. In sheep, diseases usually have a subclinical form
with a decrease in body weight and production, and sometimes there can be visible
clinical symptoms such as anorexia, anemia, severe diarrhea and protein loss, all
of which together can lead to death. Commercial drugs such as benzimidazole
and macrocyclic lactones have been successfully used for decades to control
these parasites. However, the irrational application of these drugs has led to the
development of anthelmintic resistance, a decrease in their effectiveness and
consequent economic losses that threaten the sustainability of sheep breeding. In
addition, the use of commercial preparations is also associated with the residues
in animal products and the environment, and there is also an increase in the price
of these preparations. For this reason, novel strategies for controlling of these
parasites are actively seeking, with the goal of establishing an integrated approach
that involves the application of several different strategies. On the one hand, these
include strategies for the rational application of commercial preparations based on
refugia (targeted treatments, targeted selective treatments), as well as the combination
and rotation of anthelmintics from different chemical groups. On the other hand,
an integrated approach implies the use of different alternative strategies such as
genetic selection of animals naturally resistant to nematodes, rational management
of pastures, balanced nutrition with supplementary nutrients, biological control (use
of fungi, bacteria, etc.), development of vaccines as well as the use of botanical
preparations (plants and their products such as extracts and essential oils). Various
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studies have proven the effectiveness of the mentioned strategies in the control
of gastrointestinal nematodes of sheep, whereby the best results are achieved by
their combined application. Thus, it is possible to slow down the development and
spread of anthelmintic resistance, as well as achieve sustainable control of these
parasites and reduce economic losses.

Key words: gastrointestinal nematodes, sheep, anthelmintic resistance, rational
application of anthelmintics, alternative strategies, integrated control.

INTRODUCTION - GASTROINTESTINAL NEMATODES AND THE
PROBLEM OF ANTIHELMINTIC RESISTANCE
Gastrointestinal nematodes represent one of the main obstacles to the development
of modern sheep farming (Rodrigues et al., 2022; Bresciani et al., 2017). These
parasites are distributed worldwide, as the genera Haemonchus, Trichostrongylus,
and Bunostomum are characteristic for warmer climates, and Teladorsagia,
Nematodirus, and Cooperia are typical for moderate climates (Mekonnen, 2021).
With a high prevalence depending on the gender and area, they are also present in
the territory of the Republic of Serbia (Kulisi¢ et al., 2013; Pavlovi¢ et al., 2017).
The diseases they cause in sheep are usually subclinical with reduced feed intake,
loss of body weight and decreased production of milk, meat and wool (Bosco et al.,
2020). However, in some cases, depending on the degree of infection, a clinically
visible disease with signs of anemia, anorexia, diarrhea, large protein loss, anorexia,
reduced immunity and fertility can occur, and in the case of a high load of parasites, a
fatal outcome occurs (Giovanelli et al. , 2018; Belecké et al., 2021). Therefore, these
parasites can lead to economic losses in various ways, which include production

losses, treatment costs, reduced fertility as well as deaths (Szewc et al., 2021).

Commercial preparations have been used for decades as the main tool for controlling
gastrointestinal nematodes in small ruminants (Bosco et al., 2020). These include
drugs from the group of benzimidazoles such as albendazole, fenbendazole
and triclabendazole, macrocyclic lactones such as ivermectin, moxidectin and
eprinomectin, as well as imidazothiazoles whose representatives are levamisole
and tetramizole (Potarniche et al., 2021; Vineer et al., 2020). However, their
effectiveness is increasingly declining due to the development of anthelmintic
resistance, which has been reported in all drug classes, threatening the health and
productivity of animals in different parts of the world (Fissiha and Kinde, 2021).
Although it is considered that resistance is a natural phenomenon that occurs due
to rare mutations (Shalaby, 2013), the role of veterinarians is primarily reflected in
the speed of its development and spread. Thus, the main factors that contribute to
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the development of resistance are high frequency of treatment, prophylactic mass
treatments, underdosing, continuous use of one drug and poor pasture management
(Fissiha and Kinde, 2021; Falzon et al., 2014; Shalaby, 2013). An additional
problem is the appearance of strains resistant to several groups of drugs, especially
in H. contortus, T. circumcincta and Trichostrongylus spp., as well as the fact that
the time required to develop resistance to a new drug, after its introduction to the
market, according to some estimates, is less than 10 years (Fissiha and Kinde, 2021;
Papadopoulos et al., 2012).

Although the exact amounts are not easy to determine, it is considered that the annual
losses due to the development of anthelmintic resistance in various helminths at the
European level is around 38 million euros, with a tendency to increase due to the
increasing spread of resistant populations and the appearance of the aforementioned
multi-resistant strains (Charlier et al., 2020; Vineer et al., 2020). Therefore, the
detection and determination of the degree of development of resistance is extremely
important for the development of strategies for its suppression, which implies the
application and standardization of various in vitro tests such as the egg hatch test
(EHT) and the larval development test (LDT), as well as in vivo tests such as the
fecal egg count reduction test (FECRT) (Kebede, 2019; Mphahlele et al., 2019).
Also, considering the frequency of their use in practice on the one hand, and taking
into account consumer demand on the other, the use of commercial or synthetic drugs
represents an increasing challenge from the aspect of residues that can contaminate
food products such as meat and milk, as well as the environment (Castagna et al.,
2022; Veerakumari, 2015). Finally, there is also the problem of increasing prices
of these preparations such as albendazole and mebendazole on the world market
observed in the last 10-15 years (Junsoo Lee et al., 2021).

From all mentioned above, it can be concluded that the independent use of
commercial drugs in the treatment of parasitic infections is an increasingly less
sustainable option. That is why novel strategies are based on the so-called an
integrated approach that implies the use of several different strategies in order to
achieve sustainable control of gastrointestinal nematodes of sheep, based on the
rational application of commercial preparations on the one hand, and the use of
various alternative options on the other hand. The aim of this paper is to present and
describe these strategies, which could play a significant role in future approaches to
the control of these parasites.
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RATIONAL USE OF ANTIHELMINTICS
Strategies based on refugia

The term refugia means the percentage of the population of different developmental
stages of the parasite in the pasture or in the households that avoids exposure to
anthelmintics (Greer et al., 2020). In practice, refugia-based strategies aim to
leave a certain number of parasites untreated, in order to slow down the spread
of resistance. Namely, during the standard treatment of a certain herd of animals
with the prescribed dose, the only parasites that will survive are the resistant ones
that will then reproduce and pass on the resistance genes to the offspring, while the
sensitive ones will be eliminated. This favors the selection of resistant parasites and
their spread. Therefore, the application of refugia offers the possibility of leaving
a certain number of susceptible parasites in the population, in order to allow the
preservation of susceptible alleles. In this way, there is a cross between resistant
and sensitive strains and a dilution of the frequency of resistant genotypes within a
certain parasite population (Hodgkinson et al., 2019).

In various references (Calvete et al., 2020; Greer et al., 2020; Vineer et al., 2020) two
basic strategies based on refugia are most often mentioned: target treatments (TT)
and target selective treatments (TST). TT means treating all animals in a particular
herd based on an assessment of the risk of parasitism. These treatments are given
at the most appropriate time and serve to reduce the number of total treatments (i.e.
increase the interval between them) to allow susceptible genotypes to establish in
the pasture (Kenyon et al., 2009). On the other hand, TST are even more precise
and are aimed at the treatment of only certain animals within the herd, which really
require treatment due to clinical symptoms or a decrease in production, i.e. those
that contaminate pastures the most (Calvete et al., 2020). If we take into account
the characteristics of gastrointestinal nematodes of sheep, that within one herd of
animals the largest number of these parasites (80%) is found in only 20-30% of the
host (Bosco et al., 2020; Kenyon et al., 2009), treatments given to this way could
really contribute to reducing the number of required treatments.

However, both TT and especially TST rely on the establishment of certain indicators
that would determine at what time and which animals will be treated. According to
Charlier et al. (2014) and Greer et al. (2020), depending on whether it is growing
animals or adults, for TT these can be group faecal egg count (FEC), pepsinogen in
plasma, body weight and growth, efficiency production, milk production, antibodies
in milk and body condition score (BCS), and for TST individual egg count in feces,
FAMACHA score, BCS (or the previous three listed in combination), diarrhea
score, behavior, fecundity, etc. When talking about the mentioned indicators
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individually, FEC expressed in the number of eggs per gram of faeces (EPG)
most directly indicates on the degree of infection in animals, whereby the eggs of
gastrointestinal nematodes are relatively easy to determine compared to the eggs of
other parasites. However, it is an intensive technique as the samples must first be
sent to the laboratory and then analyzed (Preston et al., 2014; Kenyon et al., 2009).
The FAMACHA score is a very good indicator and is based on a score (1-5) of the
color of the conjunctival mucous membrane, in order to assess the degree of anemia
caused by blood-sucking nematodes such as H. contortus, but the main limitation
is that it consequently cannot be applied to other nematodes (Kenyon et al., 2009).
Although BCS, measured on a scale of 1-5, as indicator of general condition and
body reserves, is simple to apply, there is no general consensus about the threshold
for treatment (Seyoum et al., 2017). The other indicators also have advantages
and disadvantages, so there is more and more discussion about their combined
application, e.g. FEC (with EPG less than 750) with FAMACHA score 4 or more
or BCS 2 or less, as was done in sheep and goats in humid tropical conditions in
Mexico, when 70% of unnecessary treatments were avoided (Soto-Barrientos et al.,
2018; Torres-Acosta et al., 2014).

Combination and rotation of antihelmintics

The combination of anthelmintics involves the use of drugs from different chemical
groups in order to slow down the development of resistance, and interest in this
strategy has grown in the past few years (Fissiha and Kinde, 2021). Compared to
the individual effect of anthelmintics, their combined use results in a synergistic
effect, which leads to a significant increase in treatment efficiency. Application of
this strategy in gastrointestinal nematodes of sheep is desirable for two reasons,
on the one hand to enable sustainable control of nematodes in the presence
of resistance, and on the other hand to delay the development of resistance to
certain active substances in species where it is not yet evident (Shalaby, 2013). A
combination of different anthelmintics could in practice restore the effectiveness
of treatment on farms, which has been proven in certain studies (Ramos et al.,
2018; Cezar et al., 2011). However, this strategy is effective only if the level of
resistance is low, while at high levels it is unlikely to lead to the desired efficiency
(Shalaby, 2013). Also, similar to conventional treatments, the question of the effect
after long-term application of such combinations remains, given the resistance of
nematodes to practically all classes of anthelmintics available today (Ramos et
al., 2018). However, a computer-based model has shown that if the combination
1s administered when the drugs are first introduced, noticeable resistance will not
develop for more than 20 years (Shalaby, 2013).
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As previously stated, using one drug without rotation over a period of time is
considered a high risk factor for the development of anthelmintic resistance, and
this strategy can be used to prevent its development (Fissiha and Kinde, 2021).
Therefore, there are certain recommendations to change different groups of drugs
every one to two years, with the aim of prolonging the effectiveness of each of them
and enabling the return of sensitivity in nematodes when the anthelmintic is not in
use. However, there are some indications that this approach is effective only when
resistance is at a very early stage of development and before it can be noticed, when
natural selection could reduce the prevalence of resistant parasites. Given the degree
of development of resistance to the most commonly used drugs, benzimidazoles and
macrocyclic lactones, the success of this strategy is questionable in these groups
(Abbott, 2017). Also, the previously mentioned model showed that this strategy
leads to the development of resistance within 15-20 years (Shalaby, 2013).

ALTERNATIVE STRATEGIES
Selection of animals

Breeding sheep with greater resistance to infections caused by gastrointestinal
nematodes is considered a promising strategy to reduce the use of anthelmintics
(Aguerre et al., 2018). Namely, resistance to nematodes in small ruminants has low
to high heritability (0.01 to 0.54), where the heritability of this feature indicates
a potential genetic gain through selection. Therefore, it is considered possible
to manipulate breeding lines in sheep in order to produce strong phenotypic
differences (Zvinorova et al., 2016). Thus, it was shown earlier that the selection
of animals with the lowest number of eggs in feces could be a selection criterion,
considering that the FEC was reduced by 69% after the testing (Eady et al., 2003).
Also, the degree of nematode burden can vary depending on the breed, as shown
by the results of the study done by Goncalves et al. (2018), where Texel and Santa
Inés had lower FEC compared to Ile de France and Dorper breeds. There is also
an option to assess the genetic correlation between features that indicate body
development (e.g. chest depth) and features that indicate the degree of parasitism
and its consequences, whereby several different indicators should be used (Torres
et al., 2021). However, genetic control approaches are difficult to implement in the
systems of small production farms due to the lack of keeping the data record. Also,
technical and infrastructural issues in genetic selection programs (small herds, poor
infrastructure, etc.) should also be taken into account, especially in less developed
countries (Zvinorova et al., 2016).
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Pasture management

Adequate pasture management is also an effective way to control gastrointestinal
nematodes and other parasites in ruminants (Kumar et al., 2013). This implies the
application of several smaller strategies with the aim of avoiding the exposure
of sheep to a high concentration of parasites that would lead to clinically visible
diseases and a decrease in production, while on the other hand enabling the animals
to develop immunity (Abbott, 2017). Ideally, clean or new pastures should be used,
meaning those that have not been used for 6-12 months, pastures that have had
a crop of hay or silage removed, pastures that are rotated with arable crops, and
those that have recently been restored by tillage ( Kumar et al., 2013). Pastures
could be divided into plots, to allow a longer time before re-grazing (Shalaby,
2013). A larger amount of animals in a small space increases the concentration of
parasites, which is why the optimal number of individuals per unit area should be
used (Kumar et al., 2013). Some recommendations are 5 sheep, 5-7 goats or 1 cow
per 4 m?. Also, it is recommended to apply combined grazing of sheep and cows
(not goats) or rotational grazing (Abbott, 2017). At the same time, it is necessary to
regularly monitor the lawn in order not to overgraze and to maintain a productive
pasture. Strategic deworming in early spring or at the beginning of the rainy season
to remove newly emerged larvae before they contaminate the pasture (Shalaby,
2013), as well as using mature ewes in good condition after lambing to reduce
contamination levels in high-risk pastures are some of the strategies that are also
recommended (Abbott, 2017).

Nutrition management

Nutritional status can influence the resistance of sheep to gastrointestinal nematodes
(Basabe et al., 2009). For this reason, as well as bearing in mind the fact that
these parasites are integrated into the ruminant food chain, dietary manipulation
can serve as a tool in the fight against them. A balanced diet provides an adequate
source of nutrients (such as vitamins, minerals and proteins) and an acceptable
load of parasites, which allows an optimal level of productivity. On the other hand,
disturbances in this balance can lead to serious infections (Torres-Acosta et al.,
2012). Thus, vitamins such as those from the A, D and B complex and minerals
such as zinc, iron, cobalt, sodium, potassium and phosphorus are very important for
the development of functional immunity against parasites (Kumar et al., 2013). In
the absence of sufficient amounts of these substances in the pasture, supplementary
feeding can be applied, which in addition to them also contains adequate amounts
of protein, energy and other macro and micro ingredients. In this way, better
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animal resistance can be achieved and the use of commercial drugs can be reduced
(Bresciani et al., 2017; Torres-Acosta et al., 2012). Therefore, the advantages of
supplementary feeding include a reduction in the pathophysiological effects of
parasitism, improved productivity, but also a reduction in natural infections (animals
eat less food from the field and therefore ingest fewer larvae), as well as dilution
of the number of nematode eggs in feces (the same or smaller amount of eggs in
a larger amount of feces) (Torres-Acosta et al., 2012). Also, the direct or indirect
anthelmintic effect of certain substances from natural or supplementary nutrients
such as legumes rich in tannin should be taken into account (Bresciani et al., 2017;
Torres-Acosta et al., 2012; Basabe et al., 2009).

Biological control

Biocontrol strategies include the use of natural enemies against gastrointestinal
nematodes in order to reduce the number of free-living stages in pastures (Szewc
et al., 2021). In this way, this method reduces the number of infectious stages (L,)
that are introduced into the animal’s body by ingestion, with the aim of reducing
the load of parasites to an acceptable level from the aspect of immunity. Biological
control can be divided into direct, which involves the use of organisms that exert
their effects directly on nematodes (fungi, bacteria, but also other nematodes), and
indirect, which refers to the use of organisms whose behavior contributes to the
destruction of habitats for parasites (earthworms and dung beetles) (Szewc et al.,
2021; Worku et al., 2017; Kumar et al., 2013).

When it comes to direct biocontrol, nematophagous fungi, carnivorous species from
the genera Duddingtonia, Arthrobotrys and Monacrosporium have been investigated
the most. These fungi use sticky traps to catch nematodes, and they can be used
in grain food or in the form of sodium alginate. It is important to note that the
spores are activated and attack the larvae only after they are expelled through feces,
which is why no harmful effects on the animal are expected. The most significant
effect has so far been shown by the fungus D. flagrans, 37.6-91.5% depending on
the study (Szewc et al., 2021). For this reason, there is already a commercially
available preparation based on this mushroom in Brazl, which has shown in vitro
effectiveness against gastrointestinal nematodes of sheep, but also cattle and horses
(Rodrigues et al., 2022). Furthermore, some strains of Bacillus thuringiensis that
produce the insecticidal 8-endotoxin have shown high in vitro efficacy against adult
H. contortus, T. colubriformis and O. circumcinta (Worku et al., 2017; Kotze et al.,
2005). Some free-living predatory nematodes such as Butlerius butleri and the mite
Lasioseius penicilliger can also be used for direct biocontrol, although their lack of
specificity should be taken into account. Other organisms include various viruses,
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amoebas, protozoa, etc. (Szewc et al., 2021; Worku et al., 2017).

Dung beetles and earthworms that eat animal feces, contributing to the destruction of
faecal points. In this way, they interfere with the development cycle of gastointestinal
nematodes, and during feeding they can also swallow eggs and larvae. Also, they
can be covered in the soil, especially dung beetles when forming and burying the
balls. From the soil, the eggs and larvae will not return to the surface, and in this
way their numbers are reduced (Szewc et al., 2021; Worku et al., 2017; Kumar et
al., 2013). The positive effect of earthworms was already proven in the research by
Waghorn et al. (2002), when their presence reduced the number of 7. circumcinta
by 63% in sheep.

Development of vaccines

Vaccines are considered a very attractive alternative strategy for the control of
gastrointestinal nematodes in sheep, given that they are environmentally acceptable
and less susceptible to the development of resistance by nematodes. Various
studies in this field have been conducted in the past two decades, with the aim of
identifying potential antigens for the development of a single or recombinant DNA
vaccine (Ehsan et al., 2020; Gonzalez et al., 2019). In H. contortus, the integral
membrane glycoprotein H11 proved to be significant, with in vivo efficiency of over
75% (reduction of parasite load) and 90% (reduction of the number of nematode
eggs in feces) (Nisbet et al., 2016). Based on this antigen, in combination with
H-gal-GP, a vaccine was developed that is licensed for use in Australia, with a high
effect in FECRT (>80%) and a high antibody titer, with two different nutritional
regimens (Bassetto et al., 2018). Also, vaccination of six-month-old lambs with the
somatic rHc23 antigen led to similar efficacy against H. contortus, whereby both
humoral and cellular immune responses played a significant role in the protective
response induced by this vaccine (Gonzdlez-Sanchez et al., 2018). A vaccine
based on eight recombinant antigens identified in 7. circumcincta was shown to be
effective in stimulating significant levels of protection in lambs, but also in sheep
in the peripartum period, with reduced FEC observed in vaccinated individuals
(Gonzélez et al., 2019). However, it is important to note that the genetic variations
and immunoregulatory characteristics present in gastrointestinal nematodes hinder
the development of vaccines, which requires the use of advanced molecular
approaches. The aforementioned characteristics also imply that it will be very
difficult to develop an effective panspecies vaccine, but that a vaccine against each
species must be developed individually, as studies has shown (Britton et al., 2020;
Ehsan et al., 2020).
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Botanical control

Plants and their products have been used in the treatment of various diseases since
ancient times. Nowadays, interest in phytotherapy has grown rapidly in both human
and veterinary medicine, and one of the most frequently mentioned indications is
various parasitic diseases. In this context, phytotherapy represents one of the most
significant alternatives in the control of gastrointestinal nematodes in sheep (Strbac
et al., 2022a; Borges and Borges, 2016). In practice, plants can be used as whole,
as their individual parts or products known as secondary metabolites (Hussein and
El-Anssary, 2017). The classification of these metabolites is not simple considering
their number and belonging to different chemical groups, but terpenes and their
derivatives terpenoids, phenylpropanoids, flavonoids as well as the mentioned
tannins are most often associated with anthelmintic activity (Jamwal et al., 2018;
Hussein and El-Anssary, 2017). From some of these compounds, different herbal
formulations with a rich chemical composition can be obtained, such as essential
oils or extracts, which can be used against various parasites (Strbac et al., 2023).
In any case, in animals, botanical anthelmintics can be applied by intake by the
animals themselves on pasture, by picking plants for animal feed and giving them
in pens, as well as by producing the mentioned plant products (Alonso-Diaz et al.,
2010).

The advantages of using botanical anthelmintics against gastrointestinal nematodes
are multiple. Their rich chemical composition, which includes compounds from
different chemical groups with various mechanisms of action, can contribute to
high efficiency against different developmental stages of parasites, and on the
other hand, to a lower susceptibility to the development of resistance compared
to commercial preparations (Strbac et al., 2023; Borges and Borges, 2016). Thus,
the in vitro and in vivo effect of numerous essential oils as well as plant extracts
against various gastrointestinal nematodes of sheep has been proven, and some
of the most significant results were obtained for oregano, thyme, sea buckthorn,
fennel, various types of eucalyptus, mint, lemon grass, etc. (gtrbac et al., 2022b,
Strbac et al., 2022c; Andre et al., 2018), and in some tests, their individual isolated
active ingredients such as carvacrol, thymol, anethole, carvone, etc., proved to be
effective (Katiki et al., 2017). Furthermore, their natural origin is often associated
with smaller amounts of residues in animal products such as meat and milk, as well
as in the environment (Strbac et al., 2023; Veerakumari, 2015). Finally, there is also
a financial aspect, given that in most cases herbal formulations are associated with
suitable prices, especially in countries with developed biodiversity (Ferreira et al.,
2018).
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However, the application of botanical anthelmintics against gastrointestinal
nematodes has not yet been totally implemented due to the still insufficient number
of tests and confirmation of their effectiveness and safety in animals, although the
number of such studies has been increasing in the last few years (Strbac et al.,
2022a; Strbac et al., 2022¢; Andre et al., 2018). Also, in previous tests, the in vivo
efficiency was usually lower compared to commercial preparations due to various
factors that can affect their field efficiency, but this problem can be overcome in
different ways, including the application of encapsulation techniques, as has been
proven in different studies (Ali et al., 2021; Mesquita et al., 2013). In any case, plant
products, considering the numerous advantages mentioned, could be successfully
used in integrated approaches to the control of different parasites.

INTEGRATED CONTROL APPROACH

Bearing in mind all the above, it is clear that each of the mentioned strategies, both
those related to the rational application of commercial preparations and alternative
ones, has certain advantages and disadvantages. For this reason, it seems that the
independent application of none of the mentioned strategies is sustainable on its
own, but that the best effect could be achieved with an integrated approach, i.e. their
combined application (Szewc et al., 2021), and there are numerous examples of this.
Thus, study done by Shalaby et al. (2012) proved that ivermectin in combination
with Nigela sativa oil has better efficiency, observed from the morphological aspect
and ultrastructural damage, against H. contortus, but also the tapeworm Moniezia
expansa and the fluke Fasciola gigantica compared to its independent application.
Similarly, in the study done by Marjanovi¢ et al. (2020) and Trailovi¢ et al. (2015),
it was shown that the combination of carvacrol in combination with nicotinic
acetylcholine receptor agonist drugs such as imidazothiazole, or GABA receptor
agonist drugs such as avermectin and piperizan could have a synergistic effect
against various nematodes, considering the results obtained on the neuromuscular
preparation of Ascaris suum. Furthermore, in the study done by Vilela et al. (2018),
the effect of a combination of pellets based on the nematophagous fungus D. flagrans
and levamisole hydrochloride (5%) against gastrointestinal nematodes of sheep was
tested. The results showed a synergistic effect of the mentioned combination, and
the group of animals that received both treatments had the lowest EPG values in all
time intervals of observation, compared to the group that received only the chemical
preparation, as well as to the control group.

The combined application of several different alternatives, such as nutrition rich
in condensed tannins and the selection of resistant animal breeds, was tested.
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Although the additive or synergistic effect of this combination was not clearly
demonstrated, the proportion of 55% sainfoin in the diet led to a significantly lower
EPG compared to the control diet (Werne et al., 2013). In the study done by Bambou
et al. (2021), the effect of the application of combined grazing of kids and heifers
and supplementary feeding with forage tropical grasses on the response to the
presence of gastrointestinal nematodes and production characteristics in kids was
examined. It was shown that both individual strategies had a positive effect (FEC
significantly lower in the group of combined grazing, and cell volume - PCV, BCS
and live weight in the group that received supplements), but that their combination
would improve the production performance of the animals. From all these examples
it is clear that the number of possible combinations of different strategies for the
control of gastrointestinal nematodes in sheep is large, which provides different
opportunities to find the most effective, safest and most practical. However, the
task is not simple and requires numerous tests, but it seems to be the only way for
sustainable control of gastrointestinal nematodes in sheep in the future.

CONCLUSION

The standard application of commercial preparations in the control of gastrointestinal
nematodes of sheep is becoming less and less a sustainable approach with regard to
the development of resistance in nematodes, as well as due to other reasons (residues
and increasing prices). That is why, recently, a lot of work is being done on defining
and developing new strategies, which can be classified into two groups: the rational
application of commercial preparations and the introduction of different alternative
methods. Each of the strategies mentioned in this paper from any of the mentioned
groups has certain advantages, as has been proven in various studies. Nevertheless,
bearing in mind certain limitations of these strategies, it seems that the best effect
could be achieved by their combined application. In this way, sustainable control
of sheep gastrointestinal nematodes and other parasites could be achieved through
integrated control in the future.
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Caxerak

Meco je HyTpUTHBHO BpeHAa HAMUPHHIIA, 300T Yera je CKJIOHa MHUKPOOHOJIOIIKO]
KOHTaMHHAIIUjU ¥ KBapy. [ J1aBHE, XpaHOM ITPEHOCHUBE MATOTCHE OaKTEepHje, Kao IITO
cy Salmonella spp., Listeria monocytogenes nu Yersinia enterocolitica, yecto ce
noBe3syjy ca MecoMm. OBH Y3pOYHHUIIU CE HaJIa3e Ha BPXY JIMCTE MPHjaB/bEHUX 300H03a
ko Jbynu. Kako Ou ce moBehao MHKpOOMOJIONMIKM KBaJHTET Meca, MOCICImBHX
JICTICHUja Cy Y YIIOTpeOH anTepHaTUBHE CYIICTaHIIE, n3Mel)y 0CTajor 1 eTapcKa yba,
jenumeha T001jeHa eKCTPaKIIMjoM U3 OnJbaka, Koje YiuHe “0e30eaHy’” anTepHaTuBYy
XEMHUJCKUM W CHHTETCKMM aJUTHBHMA, y IIMJbY TOCTHU3amka aHTHMUKPOOHHX W
AHTHOKCHIIATUBHUX e(dekara. MHOTa MCTpaKuBama MPHUKa3yjy aHTHOAKTEPH]jCKO
JIejCTBO eTapckux yJba. Edekar nmemomama eTapckux ysba Ha OakTepHje oriena
Ce y HHXUOHWIMJU HBHHUXOBOT pacra (OakrepuocTaTcku edekar) WU HHXOBOJ
necTpykuuju (0akrepunuaHu edekar). Y oBOM paly MpUKazaHa Cy KOMEPIH]jaTHO
JOCTYIHA €TapcKa yJba Mpero3Hara Kao Oe30eqHa 3a mpexpaMOeHy ymoTpeody,
BUX0BAa aHTHOAKTEpUjCKa JCjCTBA MPOTUB XPAHOM NPEHOCHBHUX OakTepwja y in
Vitro yCIIOBHMa, MEXaHH3MH JIEJIOBakha OBUX €TAPCKHX yJba Ha [ paM MO3UTHUBHE U
['pam HeratuBHE OakTepHje, Kao U HHXOBA IPUMEHA Ha MOJIEITy Meca.
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KibyuHe peum: anTHOakTepHjcKa aKTHBHOCT, €KCTPAKTH OWJbaka, MEXaHU3MH
JIeJI0Bamba, MUKPOOUOJIONITKYA KBAJTHUTET.

YBOJI

CaBpeMeHa MHAYCTpHja Meca, YNPKOC HAMPETKY KOjH je OCTBapuia Ha IMOJbY
0e30eTHOCTH XpaHEe M XUTHjeHE Mpolleca MPOU3BOAKE, KpO3 MPHUMEHY J00pe
npousBohauke, 100pe XUTHjeHCKe Mpakce U cucTemMa 06e30eJHOCTH XpaHe, U Aajbe
ce cyouaBa ca mpoOiIeMoM KOHTPOJIE XpaHOM MPEHOCHBHUX MATOTEHUX OaKTepHja
(Saad u cap., 2019). Y3poununu Boaehux 0onecTy MPEHOCUBUX XPAHOM, Kao IITO
cy Salmonella spp., Listeria monocytogenes n Yersinia enterocolitica, cy npema
u3Bemtajuma EBporicke arenmuje 3a 0e30emHOCT XpaHe U EBporckor 1eHTpa 3a
CIpeyaBame U KOHTPOIY OOJECTH OJl BEIHKOT 3PABCTBEHOT U COLIMOEKOHOMCKOT
3Hauyaja Ha rnobamHoM HuBOYy (EFSA u ECDC, 2022). Csercka 3IpaBCTBEHa
opranmzaiyja mpolemyje mojaBy mpeko 600 MuHIMOHA chydajeBa XpaHOM
MPEHOCUBUX OO0JIECTH TOTUIIIHE Ha TT00aTHOM HUBOY o1 Kojux ce 420 000 3aBpriu
cmptHUM ucxogoMm. Ox tora, 40% ce jaBspa kox gene miahe ox et roquna (WHO,
2015).

XpaHOM TMPEHOCHBE IMAaTOreHe OakTepuje, MOpe] Tora INTO Cy OATOBOPHE 3a
BEJIMKH OpOj XOCTUTANIN30BAaHHUX JbYIH IIUPOM CBETA, YTUIY U Ha CMambEHmhe POKa
Tpajama Meca u npousBojaa o1 Meca. [Ipogyxeme poka Tpajama, usmely ocraror,
Ce TOCTHXE W YMOTpeOOM aJWTHBA. YNIPKOC JIOKa3aHUM e(eKTUMa PeayKIIHje
MHUKpOOpraHu3ama, 4yecta ynorpeda ajuThBa JOBOIU J0 aKyMyJalldje IITETHUX
pe3uaya y JaHIly XpaHe, a CaMUM TUM U JI0 IITeTHUX e(deKaTa Ha 3/paBibe JbYIU.
3a0pUHYTOCT MOTPOINIa4a O HETaTUBHUM e()EeKTHMMa XEMHUJCKHX aJUTHBa U COJH
Ha 37paBJbe, MOPEI PE3UCTEHIIMje HAa aHTUMHUKPOOHE JiekoBe, Hamehe moTpely
3a M3HAJIAXXEHE HOBUX Ipernapara ca aHTUMHKPOOHUM nenoBameM (Burt, 2004).
[Tocnenwux rommHa ce 3a peAyKUUjy Opoja MAaTOreHUX, XPaHOM HPEHOCHBHX
MHUKpOOpraHusama, kao M OakTepHja Koje M3a3MBajy KBap HaAMUpPHHLA, KOPHUCTE
eTapcka yJba Kao HOBa, ajTepHATHBHA jeAumbema. ETapcka yiba IpencTaBibajy
KOMIUIEKCHE MEIIaBHHE, YeCTO Ha CTOTHHE WHAMBHUYATHUX KOMIIOHEHTH OMIbaKa.
XeMHJCKH cacTaB €TapCKUX yJba YTUYE HA HUXOB aHTUMUKPOOHU MOTEHLHUjaT U
BapHpa y 3aBUCHOCTH Off reorpad)ckor mopekia Ouibke, cactaBa 3eMJbUIITA, (hase
pa3Boja u JieoBa Onbaka.

AHTHOAKTEpUJCKO JI€JCTBO €TapCKUX yJba 3aCHUBA CE€ Ha BHUIIE PaA3IUYUTHX
MexaHu3zama JaenoBama Ha hemmje Oaktepuja (Rao um cap., 2019). Hbuxosa
MOTEHIMjaTHa alUIMKaIja y MecO M IMPOWM3BOJAE Off Meca, Y IUJby CTBapama
0e30emHMjer U TyTrOTPajHHjeT MPOM3BO/AA, KA0 W CMambeHkha WHIIMICHIIN]jE HOBHUX
o0oJpea H3a3BaHUX TMATOTEHUM OakTepujaMa MPEHOCUBUX XPAaHOM, TOIMYT
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Salmonella spp., Listeria monocytogenes, Escherichia coliw Yersinia enterocolitica,
MoCJeNBHUX JeIeHu]ja je mpenMer uctpaxuBama (Koci¢-Tanackov u cap., 2017,
Vidakovi¢ Knezevi¢ u cap., 2021; Soji¢ u cap., 2023).

Erapcka y/ba

ETapcka yipa, mo3Hara jorn u Kao €CeHIIHMjaJlHa WM €TePUIHA YIba, IPEICTaBIbajy
KOHIICHTPOBaHE yJbaHEe TEUHOCTH KOje CajpiKe UCTIapJhbHBa apOMAaTHYHA jeHbCHHA,
kapakrepuctuuHor mupuca (Burt, 2004). IIpema nepununnju ISO (International
Organization for Standardization) cranmapna erapcka yiba Cy TPOU3BOIU OJ
MIPUPOAHUX CHPOBUHA OMIJHHOT TOPEKIIa, JOOU]EHU IECTHIAIN]OM IToMohy BO/ieHE
nape, MEXaHUYKUM TIPECOBAKEM eNHUKapna (Kope) MUTPYCHOT Boha MM CyBOM
JECTUIIANMjOM HAKOH O/iBajama BojeHe ¢asze ¢usmukuMm mporecom (ISO, 2021).
OBa yJba ce MPUINKOM CEKyHIAPHOT METa00JIM3Ma CHHTETHUIILY y CBUM JEJIOBHMA
6wbaka (Akthar u cap., 2014), ykspydyjyhu 1BeroBe, mynosbKe, JIUCTOBE, KOPY,
ceme, TUIOJIOBE M KOpPEHE, M CKIQIUIITE YHYTAap CEKPETOpHUX hemnuja, IIyrnibHHa,
kaHana u hemuja enmmaepma (Burt, 2004).

Haj3acTyrubeHnju HauMH JOOHMjama e€TapCKUX yJba jecTe AeCTHJIalMja BOJIECHOM
napom (Rao u cap., 2019). [IpuHOC eTapckux yJba 3aBUCH O OpOjHUX (aKTopa.
Munahe Ousbke najy HemTo Behu mpuHOC, TOK cTapuje OWJbKe MPOM3BOAE Tyliha
U TaMHHja eTapcka yJba. VICTO Baku W 3a KyJITUBUCaHe OuJbke, y mopehemy ca
TUBJbUM, OTHOCHO camopactyhum. MeTtoa moOujama eTapCcKux yJba Takohe yrude
Ha BbUXOB MIPUHOC. 32 OCTU3akhe MAaKCUMAJTHOT MPUHOCA OUTHA je Ay)KWHA Tpajamba
JiecTuianmje, Kao 1 remneparypa ekcrpakuuje (da Silva u cap., 2021).

ETapcka yipa cy pacTBOpJbHBa y JTUNUANMA U OpraHCKUM pacTBapaunma (Akthar
u cap., 2014), nok cy y Bomu cinabo pactBopsbuBa (Rios, 2016). Ha cobOHOj
TEMIIepaTypu Cy YIIABHOM TEYHE KOH3HCTEHIIMje. XEMHUJjCKU CACTaB U KBaJHUTET
€TapCKUX yJba UCTE€ OMJbHE BPCTE 3aBHCE OJ T'€HOTHIA, O0NAacTH rae ce Ouspka
raju, KJIMMaTCKHUX yCJIOBa, BereTaTHuBHE (ha3e U JiesioBa OMsbaka KOju ce KOPUCTE 3a
N00Hjambe eTapCKUX yiba, YCIO0Ba CKIAIUIITEHa, KA0 U METOJIE TOOUjamha eTapCKUX
yipa (Rios, 2016). N3pa3 XxeMOTHIT KOPUCTH CE€ y OMUCUBAY E€TAPCKUX yJha UCTE
OuJpHE BPCTE KOja Bapupajy y XeMHjcKoM cactaBy. OOMYHO Cy €TapCcKa yJba CMEIIIe
pasnuuurtor Opoja komrnoHeHTH (Rao u cap., 2019) ox kojux ce Heke Hajasze y
TparoBuma, JOK Cy JIpyre 3acTyIubeHe y npeko 85% ykymHor cacrasa (Tabena 1)
(Burt, 2004; Vidakovi¢ Knezevi¢ u cap., 2023). OBe KOMIIOHEHTE CE€ CBPCTaBajy y
TpyIe jeIMbCHa, Kao IITO Cy TEPICHHU, TCPIICHOUIN, apOMaTHYHA U alu(aTuiHa
jenMmbema Maje MOJIEKYICKe Mace Koja ompelyjy Ouoomika CBOjCTBA €TapCKUX
yiba (Bakkali u cap., 2008; Rao u cap., 2019).
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Tabena 1 ['maBHe KOMITOHEHTE 0Aa0paHUX €TAPCKUX yJha M FbUXOBA 3aCTYIIJHEHOCT
(Vidakovi¢ Knezevi¢ u cap., 2023)

Canpixaj
Pennu Hazus
. ETapcko yipe JlarnHCKM Ha3UB KOMITOHEHTE
0poj KOMITOHEHTE o
(%)
1. Bocmmak Ocimum basilicum Ectparon 69,52
2. Lpnau 6udep Piper nigrum B-ITunen 19,31
3. Tajnaickn Zingiber cassumunar Cabunen 39,17
hymoup
Cinnamomum
4. Humer . Iunamanaexmn 74,93
zeylanicum nees
5. Kapandunuh Syzygium Zromatzcum Eyrenon 85,14
6. Cvuibe Helichrysum italicum Kapuodunen 21,48
7. Denen Foeniculum vulgare Amneron 88,42
8. Amnhenuka Angelica archangelica B-Denanapen 41,57
. Iuc-
9. Munomxyx Hyssopus officinalis Tusoxamdon 27,42
10. JlaBanna Lavandula angustifolia | Jlunanun anerar 25,33
11. Jlumyn Citrus limonum JlmmoneH 79,72
12. Mupra Myrtus communis o-IInnen 35,47
13. Opurano Origanum vulgare Kapsakpoin 81,00
14. Py3mapun Rosmarinus officinalis o-IInnen 28,23
15. Kanduja Salvia officinalis Jlunammn anerat 56,41
16. Tumujan Thymus vulgaris p-Llumen 40,91
17. Bpecax Satureja montana Kapsakpoin 50,45
18. Xajnyiica Achillea millefolium Cabunen 22,70
Tpasa

JHanac je mosznarto npeko 3.000 erapckux yiba, A0K je oko 300 o1 KOMepIujaTHOT
3navaja (Bakkali u cap., 2008). Bonehe 3emibe y Mpou3BOIHBH €TAPCKUX YA CY
Kuna n Unnuja, npahene Unnonesujom, lpu Jlankom u Bujernamom. ¥V EBponu
HajBehy KOJNIMYMHY eTapckux yJba mpomsBeny Dpaniycka m Hemauka, HakoH
kojux cinene llnanuja, ['puka u Benuka bpuranuja. Hajehe xonnunne erapckux
yJjba ymorpede ce y mpexpamOeHoj u wHayctpuju nmha (35%), xo3merunu u
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apomarepanmju (29%), npousBoauma 3a nqomahuacTBO (16%) M papmareyTckoj
unnycrpuju (15%) (Barbieri u Borsotto, 2018). Hlupoka ynorpeba erapckux
yJba y Pa3UYUTUM JOMEHHMA yKazaja je Ha MoTpedy MoCTaBJbaba KpUTEpHjyMa
kBayurera. [Topen ISO cranmapma (ISO, 2021) mHora yapyxema U KOMIIaHH]e,
nomyT Association Frangaise for Normalization, Generally Recognized As Safe
(GRAS), Fragrance Materials Association, the International Fragrance Association,
Bundesinstitut fiir Risikobewertung, Research Institute for Fragrance Materials
u Scientific Committee on Consumer Safety, moctaBuim Cy cBoje KpUTEpHjyMe
cacrasa u kBaiurera (Rios, 2016).

[IpexycnoB 3a ymorpedy eTapcKuX yJba y MpexpaMOCHO] WHIYCTPHjH, MpeMa
GRAS, jecre xemujcka uneHTH(UKAIIMja 1 YUCTOha CyTICTaHIlE, Kao ¥ yTBphHUBamke
NPUCYCTBA CEKyHIapHUX KOMIOHEeHTH. CTora cy pa3BUjeHE M TOy3IaHE METOJC
3a aHaNM3y eTapckux yiba. llpmmena texnmka racHe xpomarorpaduje (GC) u
racHe xpomatorpaduje ca maceHoMm criekrpomerpujom (GC-MS) cy najuemhe y
aHaJIM3M €TapcKuX yJba AaHac. OBe meTozne omoryhaBajy yTBphUBame XEMH]CKOT
cacraBa €TapCKHX yJba U KOHIICHTPALMje HUXOBHUX jeNbCHha. Paznuyure mapke
KOMEPIIMjaTHUX €TaPCKUX yJba MOTY JIa C€ Pa3JIUKY]jy 110 XeMHjCKOM cacTaBy. Ctora
je, mpema GRAS, HEonXoaHO 1e(hHICATH MAKCUMAITHO JTO3BOJHEHY KOHIICHTPAIIH]Y
onpehenux jemumema (Smith u cap., 2005). VYV mpexpamOeHoj WMHIyCTpHjU je
JI03BOJbEHA YNOTpeda BEMKOT Opoja eTapcKuX yJba, u3Mel)y OCTasior U eTapcKux
yiba anhenuke (Angelica archangelica), anuca (Pimpinella anisum L.), 6ocusbka
(Ocimum basilicum L.), mamera (Cinnamomum zeylanicum Nees.), Kopujanaepa
(Coriandrum sativum L.), benena (Foeniculum vulgare Mill.), hymbupa (Zingiber
officinale Rosc.), naBanne (Lavandula officinalis Chaix.), mamyna (Citrus limon),
pHor 6ubepa (Piper nigrum L.), py3mapuna (Rosmarinus officinalis L.), opurana
(Origanum vulgare), xxandwuje (Salvia officinalis L.) u Tamujana (Thymus vulgaris)
(FDA, 2021).

AHTI/IﬁaKTepI/IjCKa AKTUBHOCT €TAapCKHUX y/ba

JlejcTBO eTapckux yjba Ha OakTepuje oriena ce y MHXUOUIUJU HHXOBOI pacTa
(OakTepHOCTaTCKO ACNOBakE) WK YHUIITEHY OakTepujcke hemuje (6akTepuiiuHo
nenoBame) (Swamy u cap., 2016). AnTuOakTepujcka aKTUBHOCT C€, Ha OCHOBY
HaBEICHUX JIejCTaBa, MEpU MUHUMATHOM MHXUOUTOpHOM KoHIeHTpauujoMm (MIC)
WM MUHUMATHOM OaktepuiuanoMm koHeHTpauujom (MBC) (Burt, 2004).

3a mpoleHy aHTUOAKTEpUjCKEe aKTUBHOCTH €TAPCKUX yJba HE MOCTOjU CTaHAapAHA
Metona. ¥Y oy cBpxy npunarohenu cy Boguuu NCCLS (National Committee for
Clinical Laboratory Standards), CLSI (Clinical and Laboratory Standards Institute)
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u EUCAST (the European Committee on Antimicrobial Susceptibility Testing),
pUMapHO Pa3BHjeHH 32 MPOIICHY aKTUBHOCTH aHTHOMOTHKA (Rao u cap., 2019).
PasnuunTi THMOBHM inm Vitro TecTOoBa ce TPUMEHY]y y LHWJby YTBphHBama
AHTHOAKTEpUjCKE AKTHBHOCTH €TapCKUX YyJba, a HHUXOB H300p 3aBUCH O]
HEKOJINKO KapaKTEPUCTHKA, Off KOJUX Cy 3aXTEBHOCT TEXHHKE W II€HA HM3BOhema
HAj3acTyIUbeHHjC. bp30 yTBphHUBame aHTHOAKTEPHjCKE AKTUBHOCTH ETapCKUX
yjba ce OOMYHO BpIIM arap AUQPY3HOHOM WM JUCK-IU(PY3HOHOM METOMIOM,
KaJa ce erapcka yjba 7o0aajy y OyHapumhe HampaBibeHE y arapy WIH Ha TUCKOBE
¢unTep manupa Koju ce Hajla3e Ha MOBPIIMHHU arapa KOju Caap)Ku WHOKYJIMCAHU
[UJbaHU OakTepHjcKu m3osat. HakoH MHKyOaIuje mojasibyje ce 30Ha HHXUOWIIH]C
pacta MHKpOOpraHHW3Ma, Koja MpeCTaBJhba aHTHOAKTEPUjCKY aKTHBHOCT (Swamy
u cap., 2016). Jaunna anHTHMOAaKTEepHjCKEe AKTUBHOCTH Hajuemihe ce yTBphyje
pas0iiaXuBamkEM €TAPCKUX yJba y OyjOHY MPUMEHOM MUKPOIMITYIMOHE MeTozie. OBaj
HAYMH UCTIUTUBAkha aHTHOAKTEPHjCKEe aKTUBHOCTH €TapPCKHX YJba j€ OCETIbUBUjH, a
yrBphuBame MIC ce 3acHMBa Ha Mepemy ONITHYKE TYCTHHE, OpOjamy MPeKHBEITNX
KOJIOHHWja OaKTepHja WK ynoTpeOu pecasypuHa kao uHaukaropa (Burt, 2004).
[Topen  HecTaHAapIU30BAaHOCTH  MeToJa, MoTemkohe y  oxpehuBamy
AHTHOAKTEPUjCKUX AaKTUBHOCTH €TAapCKUX yJba TMOCIEAHMIA Cy HHXOBE
HEPACTBOPJBMBOCTH y BOAM U HcHapsbuBocTU. Op moceOHe Ba)KHOCTH jeCTe
XUJIpo(oOHOCT M BUCOK BUCKO3UTET €TAPCKUX YJba, KOJU Y3POKYjy HEMPaBUIIHY
TUCTpUOYLIHjy KpO3 MEIWjyM TPHINKOM TpPUMEHE TU(y3HOHE MeTone, Kao U
HEjeJIHaKy pPacTBOPJHMBOCT KOJ AMIYyHHOHUX Merona. OBo ce Moxke u3behu
ynoTpeboM pacTBapaya MoIyT eTaHosa, MetaHona, Tween-20, Tween-80, arnierona,
mumeTin cynadokcuna (DMSO), n-xekcaHa ¥ TPONMWICH Tiviepona. Pesynratu
UCIUTHBAaba OCETJPUBOCTH MHUKpPOOpPTaHHM3aMa Ha eTapcka yjba 3aBUCE Off
NpUMEHEHE METOZIE, BPCT€ M KOJIMYMHE XPaHJBMBOI MEHMjyMa, KOHIIEHTpaLuje
MHOKYyJIyMa, TeMIlepaType W BpeMeHa MHKyOaluje, Kao W TMOopeKsia KOpuirheHnx
erapckux yJsba (Burt, 2004).

MexaHu3MH 1€J10Bakba €TAPCKHUX Y/ba HA 0aKkTepuje

Ynpkoc MHOTOOpOJHMM MCIUTHBAaKUMa aHTHOAKTEPUJCKOT JIENIOBalkha €TapCKUX
yJba BbUXOBU MEXaHM3MHU jOII HUCY y MOTIMYHOCTH OOjamimeHu. [eHepanHo, oBu
MEXaHU3MU C€ MOTY IMpUnUcatd (QU3UYKUM, XEMHUJCKUM WU OHOXEMHU]CKUM
npoMeHama OakTepHja M3JI0KEHHUX ETApCKUM YyJbUMa. Pa3nuuure KOMIIOHEHTE
MOTY Ja Jelyjy pa3iMdyUTHM MEXaHHU3MHMa W MOTY 3a IWJb UMaTh Pa3IuunuTe
BpcTe Oakrepuja. ['pam HeratuBHe OakTepuje Cy ce Mmokasaje Kao Mambe OCETJbHUBE
Ha eTapcka yJba y oAHocy Ha I'pam mosutuBHe Oakrepuje (Burt, 2004), mro je
pesyaTar pasnuka y muxoBoj rpahu. I'paha hemumjckor 3mma I'pam HeraruBHHUX
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OakTepuja je KOMIUIeKCHH]ja. TaHak CJI0j MeNTUIOTIINKaHa 00ABH]CH je& CIIOJhAIIEHOM
MeMOpanoM. OBe 1Be CTPYKTYype UBPCTO Cy oBe3aHe bpayHoBUM TunonporenHuma.
Crnopamma MemOpana I'pam HeratuBHHX Oakrepuja rpaleHa je o JUIHIHOT
JIBOCJIOja TIOBE3aHOT MOJIMCaxapuanMa ca yHyTpaumoM MeMOpanoM. Criospaima
MeMOpaHa cTBapa Oapujepy u ITUTH henujy on etapckux yiba (Burt, 2004; Bohme
u cap., 2013). Mnak, manu XuapopuIHU pacTBOPU MOTY J1a pol)y Kpo3 CHOJbalIby
MeMOpaHy IPEKO OPHH MTPOTEHHA KOjU CITYKe Ka0 XUAPOPHITHI TPAHCMEMOPaHCKU
KaHaJH.

C npyre crpaHe, cTpykrypa henujckor 3ujga IpaMm mMO3UTHUBHUX OakTepuja
JI03BOJbaBa JIAKy TIEHETPaLujy XuapopoOHux Mosekyna. OBaKBU MOJICKYIIH, TIOYT
€TapCKUX yJjba, AeNyjy Ha henujcku 3ua ¥ yHyTap nuroruiazme (Nazzaro u cap.,
2013). Ono mITo je 3ajenHuuko, 6e3 003upa Ha rpal)y, jecTe na erapcka yJba, Kao
TUNAYHU JTUNO(UIH, mposiaze Kpo3 henmjcku 31 U IUTOINIa3MaTcKy MeMOpaHy,
pemerehu cTpykTypy moiucaxapujia, MacHMX KucenuHa u  (dochonunuaa.
Omrehemwe nuToIIa3MaTcKe MeMOpaHe y3poKyje HeHy MPOITyCTIbUBOCT U LyPEHE
henujckor caapxaja, r'yOUTaK jOHA, KOJIAIIC IPOTOHCKE ITyMIIE, TPOIICHE aICHO3UH
tpudocdara (ATP) u henujcky muzy (Burt, 2004; Bohme u cap., 2013; Rao u cap.,
2019).

[maBHE KOMIIOHEHTE HEKHX ETapCKUX YJba, KapBaKpod M p-IMMEH, WHAYKY]Y
CHUHTE3y IPOTEHHA TOIJIOTHOT CTpeca KOjU Cy YKJbYYEHH y pa3IMuuTe Ipoliece
cuHTe3e u ocnobahawa nomunentuna. Kon hemmja Escherichia coli O157:H7
TpPETUpaHE KapBaKpOJIOM MAOJIA3H JO 3HA4ajHOT MoBehama KOMMYMHE IMPOTEHHA
torutoTHOT ctpeca (GroEL) u no naxuOunuje cuaTe3e (uiareimia Imro pe3yaTupa
HernokpersbuBomhy henuja. henuwje canMoHena TpeTupaHe CyOleTalHUM
KOHIIEHTpaIMjaMa TUMOJIa CHHTETHINY ceT npoTtenHa marepoHa (DnaK, GroEL,
HTpG), nporenne cnospamme MemOpane (OmpX, OmpA) u NpoTerHe KOju Cy
JTUPEKTHO WM MHIUPEKTHO YKJbYYEHH y MeTadoiu3am nutpara u cunrtesy ATP.
OBa paznuunTa JeIoBamkba KaTeropuilly THMOJI Kao BEIHKOT cTpecopa 3a hemuje
canmonena (Di Pasqua u cap., 2010). UctpaxuBama mokasyjy u cMameme pH
BPEIHOCTH OakTepHjcKuX henuja M3JI0KEHUX JeNoBamy eTapcKux yJba. Tperupa-
weM hemmja Salmonella Typhi MIC erapckor yipa ciagutie pH BpenHocT ce ca 6,59
cMamyje Ha 5,44, a kon Escherichia coli O157:H7 ca 6,23 na 5,20 (Turgis u cap.,
2009). Yaumajyhu y 003up BEIUKH OpOj Pa3IMYUTHX TPy XEMH]CKUX jeIUCHA
KOja YMHE €TapCKO yJbe, HaJBEPOBATHH]E j€ J1a lbUXOBO aHTHOAKTEPH]CKO JIE]JCTBO HE
MOJKE J1a C€ MPHUITUIIIE jeTHOM MEXaHU3MY, HETO Jia TIOCTOjH HEKOJIMKO MeTa y henuju.
Taxkole, ynmpkoc BEJIMKOM OpOjy XEMHU]JCKMX KOMIIOHEHTH KOj€ YMHE €TapCKO YJbE,
aHTHOAKTEepHjCKa JIejcTBA C€ OOMYHO MPUIUCY]Y HAj3aCTyNJbEHH]O] KOMIIOHCHTH,
WJIM TIaK CHHEPTUCTHYHOM JIeJIOBamy Bullle KoMmroHeHTu (Burt, 2004).
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IIpumeHa eTapcKuX yJba HA MOJIeJIy Meca

Meco je HYTPUTHBHO BpelHA HAMHPHHIA Yy HCXpaHu Jbyau. Mmak, maroreHe
OakTepuje MPEHOCHBE XPaHOM MOTY, CBOJUM IPHUCYCTBOM Y MECY, NPEICTBIbAjY
xa3ap/ 3a MOTPOIIade YKOIMKO MECO HUje JIOBOJBHO TEPMUYKH 00pal)eHO, OTHOCHO
YKOJIMKO Jtoh)e 10 HeroBe yHakpcHE KOHTaMMHaiuje. Meco Moxe OUTH U3BOP
uH}peKja Jbyau Oakrepujama kao mro cy Salmonella spp., Escherichia coli,
Listeria monocytogenes, Campylobacter spp. u Yersinia enterocolitica (Vidakovié¢
u cap., 2020; Velhner u cap., 2020; Ljubojevi¢ Peli¢ u cap., 2021).

[IpuMeHOM eTapcKuX yJba OPUraHa U TUMHjaHa y YCUTEHEHOM MECY Ca Mamhe MacTH
(< 7%) na nonynauwujy Listeria monocytogenes IOCTUTHYTA je 3HaYajHA PEAYKIIHja
uctux ciamgumremem Ha 4°C Tokom 4 nana. [lpBa penmykuuja Opoja Listeria
monocytogenes 3anaxxeHa je Ipyror 1aHa y y30pluMa TPETUPAHUX ETAPCKUM YJbeM
opurana y xonuunnu ox 0,36 pul/g, u eTapckuM yJbeM TUMHUjaHA y KOJHMYUHH O]
0,36 uL/g u 0,72 pl/g. Etapcka yspa opurana u TuMujana y xonuuunu of 0,36
uL/g penyxoBanu cy 0poj Listeria monocytogenes TOTOBO HIIEHTUYHO, OJTHOCHO 32
0,26 log,, CFU/gu 0,27 log,, CFU/g, 10K je €Tapcko yJbe THMHUjaHa Y KOJIMYUHH O]]
0,72 uL/g penyxosaino 6poj Listeria monocytogenes 3a 0,42 log , CFU/g. Ha kpajy
CKJIQ/INIITEHa, OAHOCHO 4. 1aHa, penykuuja Opoja Listeria monocytogenes Kperana
ce namehy 0,25 log CFU/g n 0,51 log,, CFU/g npuinkoM npyMeHe €TapeKor yiba
opurana, oqaocHo u3mehy 0,22 log, . CFU/gn 0,29 log, , CFU/g npunukom npumene
€TapcKor yJba THMHUjaHa. [IprMemeHe KOHIIEHTpAIKje eTapCKUX yJba OJroBapae
cy MIC u 2MIC BpenHocTuMa 100MjEHUM NPUMEHOM OYjOH MUKPOAMITYIIHOHE
metoze (Vidakovi¢ Knezevié u cap., 2023).

Erapcko yJbe nepiiryHa HaHeTO Ha MOJISITY IIPIIYTE CBOjY aHTHMUKPOOHY aKTHBHOCT
MOKa3ajo je mpu KoHueHTpanuju ox 6%, 1ok je y in vitro tecty MIC uszHocuna
0,018% (Gill u cap., 2002). C npyre cTpaHe, BUCOKA KOHIICHTpAIlHja €TaPCKUX yJba
Ha/y MeCy W MPOM3BOAMMA O]] MECa MOXE J[a yTUYe Ha HHXOBAa OPraHOJICITHYKA
cBojcTBa. ETapcka yspa moceiyjy MHTCH3MBHY apoMy 4YaK U y BEOMa HUCKUM
xkoHneHtpanujama (Chivandi u cap., 2016). Cmameme OpraHoienTHIKOr edexra
JIO/IaTUX €TapCKUX yJba Y MAaTPUKC MECa WM MPOU3BOA OJI MeCa MOXKe ce ToCTHhU
MHKAICYJIalljOM eTapCKuX yJba y HaHoeMyl31jy. OBaj HaunH noBehasa cTabUIHOCT
UCMapJbUBUX KOMIIOHEHTH, ITUTEhH WX O MHTEpaKldje ca MaTPHUKCOM Meca
y3 noBehambe aHTUMHKPOOHE aKTUBHOCTU Kpo3 mnoBehame macuBHOT henmjckor
ycBajaa (Donsi u cap., 2011; Pan u cap., 2014). Cmameme KOHIICHTpAIHje
€TapCKHX yJba, 0e3 HapylllaBamka HEroBe aHTUMUKPOOHE aKTUBHOCTH, Y MOJICIIUMA
XpaHe, MOXKe ce MoCcTUhin KOMOWHALIM]OM JIBa MJIH BHIIIEC €TapPCKa yJba MIH BbUXOBUX
jenumema. Ha oBaj HaYMH ce MOCTHKe CHHEPTUCTHYHO JenoBame (Gutierrez u cap.,
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2008). 3ama)eHO je CMHEPTUCTHYHO JEJIOBalkE€ €TAPCKUX YyJba JIPBETAa MAaCTHUKE
(Pistacia lenticus) n Bpecka (Satureja montana) y MOIeNy YCUTHEHOT ToBeher
Meca npoTuB Listeria monocytogenes (Djenane u cap., 2011), kao u eTapckux yJba
Oocmbka U py3mapuna y muiehem mecy npotus Salmonella Enteritidis (Stojanovic-
Radi¢ u cap., 2018).

[TpumeHa eTapckux yiba, Ka0 KOH3EpBaHACa Meca M MPOU3BOMA O Meca, 3aXTeBa
n00po TO3HABaWkE MUXOBUX OCOOWHA, HA4YMHA JIEJIOBamba, AHTUMHUKPOOHHU
MOTEHIMja]l W WHTEPAKIHM]y ca KOMIIOHeHTamMa Matpukca. Caapxkaj MacTH,
poTerHa, aKTUBHOCT Bojie, pH M eH3uMH MOTy /1a CMame MOTeHIUjalHu edekar
€TapCKUX yJba y MAaTPHUKCy Meca M MPOM3BOAA O Meca. Bucoke KOHIEHTpaluje
MacTH, NMPOTEHHA M YTJbEHUX XHUApara MOTY Ja 3allTUTe OakTepHje cTBapajyhm
3aIITUTHU OMoTad 1 abcopOyjyhu etapcka yipa (Burt, 2004; Bohme u cap., 2013).

3AK/bYYAK

[lpumena eTapckux yJba y OOpOM NPOTHB MAaTOTCHHUX OaKTepHja MOPEKIOM H3
Meca ToKas3ajla Ce Kao yCHemrHa y jaboparopujckuM ycinoBuma. Etapcka yipa
JeTyjy pa3IMuuTHM MEeXaHU3MHUMa NPpOoTHB [ pam mo3uTuBHUX U ['paM HeraTMBHUX
OakTepuja y BeOMa MaJMM KOHILEHTpauujama. Mnak, mpuMeHa eTapcKux yiba y
MoOzIellIMa Meca, OJIHOCHO XpaHe, 3aXTeBa JoJaTHa MCTpakuBama. KommoHeHTe
XpaHe 4ecTo mrTute 6akrepujcke hemuje u omoryhasajy um Opske onopaBsbambe, 300r
yera cy nNoTpeOHe Behe KoJIMUnHe eTapcKuX yiba y Mozenanma meca. C apyre cTpase,
Kao apoOMaTHYHE CMelle, eTapcKa yiba HapyIllaBajy OpraHoJeNnTHYKa CBOjCTBA Meca,
OZHOCHO XpaHe. McTpaxuBama Cy aHac yCMEpEeHa Ha M3HAJAKCHY Pa3THUUTHX
cTparerujy y by omoryhaBama ynorpede eTapckux yiba y MPOU3BOIBY XpaHE,
Kao aJITepHATHBA 32 Pa3INYNTE JAUTHBE U XEMH]jCKE CyIICTaHIIE.
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Summary

Meat is a nutritionally valuable food which is susceptible to microbiological
contaminationandspoilage. Major foodborne pathogenicbacteria, such as Salmonella
spp., Listeria monocytogenes and Yersinia enterocolitica, are often associated
with meat. These causative factors are at the top of the list of reported zoonoses
in humans. In order to increase the microbiological quality of meat, alternative
substances have been used in recent decades, including essential oils, compounds
obtained by extraction from plants, which are a “safe” alternative to chemical and
synthetic additives, in order to achieve antimicrobial and antioxidant effects. Many
studies show the antibacterial effect of essential oils. The effect of essential oils on
bacteria includes the inhibition of growth (bacteriostatic effect) or destruction of
bacteria (bactericidal effect). This paper presents commercially available essential
oils recognized as safe for use in food industry, their antibacterial effects against
food-borne bacteria in vitro, the mechanisms of action of these essential oils on
Gram-positive and Gram-negative bacteria, as well as their application on a meat
model.

Key words: antibacterial activity, plant extracts, mechanisms of action,
microbiological quality.
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INTRODUCTION

Despite the progress in the field of food safety and the production process hygiene,
through the application of good production and good hygiene practices as well as
food safety systems, the modern meat industry still faces the problem of controlling
food-borne pathogenic bacteria (Saad et al., 2019). The causative factors of the
leading foodborne diseases, such as Salmonella spp., Listeria monocytogenes and
Yersinia enterocolitica, are, according to the reports of the European Food Safety
Agency and the European Center for Disease Prevention and Control, of great health
and socioeconomic importance at the global level (EFSA and ECDC, 2022). The
World Health Organization reported over 600 million cases of food-borne diseases
annually globally, of which 420 000 are deadly. Of these, 40% occur in children
under the age of five (WHO, 2015).

Food-borne pathogenic bacteria, in addition to being responsible for a hospitalizing
people worldwide, also affect the reduction of the shelf life of meat and meat
products. Extending the shelf life, among others, is achieved through the use of
additives. Despite the proven effects of reducing microorganisms, the frequent use
of additives leads to the accumulation of harmful residues in the food chain, and thus
to harmful effects on human health. Consumer concern about the negative effects
of chemical additives and salt on health, in addition to resistance to antimicrobial
drugs, imposes the need to find new antimicrobial substances (Burt, 2004). In recent
years, essential oils have been used as new, alternative compounds to reduce the
number of pathogenic, food-borne microorganisms, as well as bacteria that cause
food spoilage. Essential oils are complex mixtures, often composed of hundreds
of individual plant components. The chemical composition of essential oils affects
their antimicrobial potential and varies depending on the geographical origin of the
plant, soil composition, stage of development and plant parts.

The antibacterial effect of essential oils is based on several different mechanisms of
action on bacterial cells (Rao et al., 2019). Their potential usage in meat and meat
products, with the aim of creating a safer and longer-lasting product, as well as their
role in reducing the incidence of new diseases caused by food-borne pathogenic
bacteria, such as Salmonella spp., Listeria monocytogenes, Escherichia coli and
Yersinia enterocolitica, has been the subject of studies in recent decades (Kocic-
Tanackov et al., 2017; Vidakovi¢ Knezevi¢ et al., 2021; Sojié etal., 2023).
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ESSENTIAL OILS

Etheric oils, also known as essential oils, are concentrated oily liquids that contain
volatile aromatic compounds with a characteristic smell (Burt, 2004). According to
the definition of the ISO (International Organization for Standardization), essential
oils are products from natural raw materials of plant origin, obtained by steam
distillation, by mechanical processes from the epicarp of citrus fruits or by dry
distillation after separation of the aqueous phase by a physical processes (ISO,
2021). These oils are synthesized during secondary metabolism in all parts of plants
(Akthar et al., 2014), including flowers, buds, leaves, bark, seeds, fruits, and roots,
and stored within secretory cells, cavities, ducts, and epidermal cells (Burt, 2004).

The most common method of obtaining essential oils is steam distillation (Rao et
al., 2019). The yield of essential oils depends on a number of factors. Younger plants
give a slightly higher yield, while older plants produce thicker and darker essential
oils. The same applies to cultivated plants, compared to wild, i.e. self-growing.
The method of obtaining essential oils also affects their yield. To achieve the
maximum yield, the length of time of distillation is important, as is the temperature
of extraction (da Silva et al., 2021).

Essential oils are soluble in lipids and organic solvents (Akthar et al., 2014), while
they are poorly soluble in water (Rios, 2016). At room temperature, they are mostly
liquid. The chemical composition and quality of essential oils of the same plant
species depend on the genotype, the area where the plant grow, climatic conditions,
the vegetative phase and plant parts used to obtain essential oils, storage conditions,
and the method of obtaining essential oils (Rios, 2016). The term chemotype is used
to describe essential oils of the same plant species that vary in chemical composition.
Usually, essential oils are mixtures of a different components (Rao et al., 2019),
some of which are found in traces, while others are present in over 85% of the
total composition (Table 1) (Burt, 2004; Vidakovi¢ Knezevi¢ et al., 2023). These
components are classified into groups, such as terpenes, terpenoids, low molecular
weight aromatic and aliphatic compounds that determine the biological properties
of essential oils (Bakkali et al., 2008; Rao et al., 2019).
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Table 1 Main components of selected essential oils and their presence (Vidakovi¢
Knezevic et al., 2023)

Presence of
Number | Essential oil Latin name Component name component
(%)
1. Basil Ocimum basilicum Estragol 69.52
Black . . .
2. pepper Piper nigrum B-Pinene 19.31
3. Thai ginger | Zingiber cassumunar Sabinene 39.17
4. Cinnamon Cznm{momum Cinnamaldehyde 74.93
Zeylamcum nees
5. Clove Syzygium Zromatzcum Eugenol 85.14
6 Everlasting Helichrysum italicum Caryophyllene 21.48
' flower v TYOphy '
7. Fennel Foeniculum vulgare Anethole 88.42
8. Angelica Angelica archangelica B-Phelandrene 41.57
L Cis-
9. Hyssop Hysszpus odﬁ‘i;’malzs Pinocamphone 27.42
10. Lavender avanduid Linalyl acetate 25.33
angustifolia
11. Lemon Citrus limonum Limonene 79.72
12. Myrtle Myrtus communis a-Pinene 35.47
13. Oregano Origanum vulgare Carvacrol 81.00
14. Rosemary | Rosmarinus officinalis a-Pinene 28.23
15. Sage Salvia officinalis Linalyl acetate 56.41
16. Thyme Thymus vulgaris p-Cymen 4091
17. Heather Satureja montana Carvacrol 50.45
18. Yarrow Achillea millefolium Sabinene 22.70

Nowadays, over 3 000 essential oils are known and about 300 are commercially
important (Bakkali et al., 2008). The leading countries in the production of essential
oils are China and India, followed by Indonesia, Sri Lanka and Vietnam. In Europe,
France and Germany produce the largest quantities of essential oils, followed by
Spain, Greece and Great Britain. The largest quantities of essential oils are used
in the food and beverage industry (35%), cosmetics and aromatherapy (29%),
household products (16%) and the pharmaceutical industry (15%) (Barbieri and
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Borsotto, 2018). The wide use of essential oils in various domains indicated that
quality criteria should be set. In addition to the ISO standard (ISO, 2021), many
associations and companies, such as the Association Frangaise for Normalization,
Generally Recognized As Safe (GRAS), Fragrance Materials Association, the
International Fragrance Association, Bundesinstitut fiir Risikobewertung, Research
Institute for Fragrance Materials and the Scientific Committee on Consumer Safety,
have set composition and quality criteria (Rios, 2016).

The prerequisite for the use of essential oils in the food industry, according
to GRAS, is the chemical identification and purity of the substance, as well as
the determination of the presence of secondary components. Therefore, reliable
methods for the analysis of essential oils have been developed. The application of
gas chromatography (GC) and gas chromatography with mass spectrometry (GC-
MS) techniques are most common in the analysis of essential oils today. These
methods make it possible to determine the chemical composition of essential
oils and the concentration of their compounds. Different batches of commercial
essential oils can vary in chemical composition. Therefore, according to GRAS, it
is necessary to define the maximum allowed concentration of certain compounds
(Smith et al., 2005). In the food industry, the use of a large number of essential oils
is permitted, including the essential oils of angelica (Angelica archangelica), anise
(Pimpinella anisum L.), basil (Ocimum basilicum L.), cinnamon (Cinnamomum
zeylanicum Nees), coriander (Coriandrum sativum L.), fennel (Foeniculum vulgare
Mill)), ginger (Zingiber officinale Rosc.), lavender (Lavandula officinalis Chaix.),
lemon (Citrus limon), black pepper (Piper nigrum L.), rosemary (Rosmarinus
officinalis L.) , oregano (Origanum vulgare), sage (Salvia officinalis L.) and thyme
(Thymus vulgaris) (FDA, 2021).

Antibacterial effects of essential oils

The effect of essential oils on bacteria is reflected in the inhibition of their growth
(bacteriostatic action) or the destruction of the bacterial cell (bactericidal action)
(Swamy et al., 2016). Antibacterial activity, based on the mentioned effects, is
measured by minimum inhibitory concentration (MIC) or minimum bactericidal
concentration (MBC) (Burt, 2004).

There is no standard method for evaluating the antibacterial activity of essential
oils. For this purpose, the NCCLS (National Committee for Clinical Laboratory
Standards), CLSI (Clinical and Laboratory Standards Institute) and EUCAST (the
European Committee on Antimicrobial Susceptibility Testing) guidelines were
primarily developed for the assessment of antibiotic activity (Rao et al., 2019).
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Different types of in vitro tests are applied in order to determine the antibacterial
activity of essential oils, and their selection depends on several characteristics, of
which the complexity of the technique and the cost are the most relevant. Rapid
determination of the antibacterial activity of essential oils is usually performed by
the agar diffusion or disk diffusion method, when essential oils are added to wells
made in agar or to filter paper discs placed on the surface of the agar containing
the inoculated target bacterial isolate. After incubation, a zone of microorganism
growth inhibition appears, which represents antibacterial activity (Swamy et al.,
2016). The intensity of antibacterial activity is most often determined by diluting
essential oils in broth using the microdilution method. This pattern of testing the
antibacterial activity of essential oils is more sensitive, and the determination of
MIC is based on measuring optical density, counting surviving bacterial colonies or
using resazurin as an indicator (Burt, 2004).

In addition to non-standardization of methods, difficulties in determining the
antibacterial activity of essential oils are their insolubility in water and volatility.
Of particular importance is the hydrophobicity and high viscosity of essential oils,
which cause irregular distribution through the medium when applying the diffusion
method, as well as unequal solubility in dilution methods. This can be avoided by
using solvents such as ethanol, methanol, Tween-20, Tween-80, acetone, dimethyl
sulfoxide (DMSO), n-hexane, and propylene glycerol. The results of testing the
sensitivity of microorganisms to essential oils depend on the applied method,
type and amount of nutrient medium, inoculum concentration, temperature and
incubation time, as well as the origin of the essential oils used (Burt, 2004).

Mechanisms of action of essential oils on bacteria

Despite numerous tests on the antibacterial effect of essential oils, their mechanisms
have not yet been fully explained. In general, these mechanisms can be attributed
to physical, chemical or biochemical changes in bacteria exposed to essential oils.
Different components may act by different mechanisms and may target different
types of bacteria. Gram-negative bacteria have been shown to be less sensitive
to essential oils than Gram-positive bacteria (Burt, 2004), which is a result of
differences in their structure. The structure of the cell wall of Gram-negative
bacteria is more complex. A thin layer of peptidoglycan is surrounded by the outer
membrane. These two structures are tightly linked by Brown’s lipoproteins. The
outer membrane of Gram-negative bacteria is made of a lipid bilayer connected
by polysaccharides to the inner membrane. The outer membrane creates a barrier
and protects the cell from essential oils (Burt, 2004; Béhme et al., 2013). However,
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small hydrophilic solutes can pass through the outer membrane via porin proteins
that serve as hydrophilic transmembrane channels.

On the other hand, the cell wall structure of Gram-positive bacteria allows easy
penetration of hydrophobic molecules. Such molecules, like essential oils, act on
the cell wall and the cytoplasm (Nazzaro et al., 2013). Common factor, regardless
of their composition, is that essential oils, as typical lipophiles, pass through the
cell wall and cytoplasmic membrane, disrupting the structure of polysaccharides,
fatty acids and phospholipids. Damage to the cytoplasmic membrane causes its
permeability and leakage of cell contents, ion loss, proton pump collapse, adenosine
triphosphate (ATP) depletion, and cell lysis (Burt, 2004; Béhme et al., 2013; Rao
etal., 2019).

The main components of some essential oils, carvacrol and p-cymene, induce
the synthesis of heat stress proteins involved in various processes of polypeptide
synthesis and release. In Escherichia coli O157:H7 cells treated with carvacrol,
there is a significant increase in the amount of heat stress protein (GroEL) and
inhibition of flagellin synthesis, resulting in cell immobility. Salmonella cells treated
with sublethal concentrations of thymol synthesize a set of chaperone proteins
(DnaK, GroEL, HTpG), outer membrane proteins (OmpX, OmpA) and proteins
that are directly or indirectly involved in citrate metabolism and ATP synthesis.
These different actions categorize thymol as a major stressor for Salmonella cells
(Di Pasqua et al., 2010). Studies also show a decrease in the pH value of bacterial
cells exposed to the essential oils. By treating the cells of Salmonella Typhi, the
MIC of the essential oil of licorice reduces the pH value from 6.59 to 5.44, and
in Escherichia coli O157:H7 from 6.23 to 5.20 (Turgis et al., 2009). Considering
the large number of different groups of chemical compounds within the essential
oil, it is most likely that their antibacterial effect cannot be attributed to a single
mechanism, but that there are several targets in the cell. Also, despite the large
number of chemical components within the essential oil, the antibacterial effects
are usually attributed to the most abundant component, or to the synergistic action
of several components (Burt, 2004).

Application of essential oils on the meat model

Meat is a nutritionally valuable food in the human diet. However, pathogenic
bacteria transmitted through food can be, due to their presence in meat, a hazard for
consumers if the meat is not sufficiently thermally processed, that is, if its cross-
contamination occurs. Meat can be a source of human infections with bacteria such
as Salmonella spp., Escherichia coli, Listeria monocytogenes, Campylobacter spp.
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and Yersinia enterocolitica (Vidakovi¢ et al., 2020; Velhner et al., 2020; Ljubojevi¢
Peli¢ et al., 2021).

By applying essential oils of oregano and thyme in minced meat with less fat
(£ 7%) to the population of Listeria monocytogenes, a significant reduction was
achieved during storage at 4°C for 4 days. The first reduction in the number of
Listeria monocytogenes was observed on the second day in samples treated with
essential oil of oregano in the amount of 0.36 pL/g, and essential oil of thyme
in the amounts of 0.36 pL/g and 0.72 pL/g. Oregano and thyme essential oils in
an amount of 0.36 uL/g reduced the number of Listeria monocytogenes almost
identically, i.e. by 0.26 log,, CFU/g and 0.27 log , CFU/g, while thyme essential
oil in an amount of 0.72 pL/g reduced the number of Listeria monocytogenes by
0.42 log,, CFU/g. At the end of storage, i.e. on the 4" day, the reduction in the
number of Listeria monocytogenes ranged between 0.25 log CFU/g and 0.51 log
CFU/g when applying essential oil of oregano, i.e. between 0.22 log , CFU/g and
0.29 log,, CFU/g when applying thyme essential oil. The applied concentrations of
essential oils corresponded to the MIC and 2MIC values obtained using the broth
microdilution method (Vidakovi¢ Knezevic et al., 2023).

Parsley essential oil applied to a prosciutto model showed its antimicrobial activity
at a concentration of 6%, while in an in vitro test the MIC was 0.018% (Gill et
al., 2002). On the other hand, a high concentration of essential oils on/in meat
and meat products can affect their organoleptic properties. Essential oils have an
intense aroma even at very low concentrations (Chivandi et al., 2016). Reducing
the organoleptic effect of added essential oils in the matrix of meat or meat products
can be achieved by encapsulating essential oils in a nanoemulsion. This increases
the stability of volatile components, protecting them from interaction with the meat
matrix while increasing antimicrobial activity through increasing passive cellular
uptake (Donsi et al., 2011; Pan et al., 2014). Reducing the concentration of essential
oils, without impairing its antimicrobial activity, in food models, can be achieved by
combining two or more essential oils or their compounds. Thus, synergistic action
is achieved (Gutierrez et al., 2008). The synergistic effect of essential oils of mastic
tree (Pistacia lenticus) and heather (Satureja montana) was observed in the model
of minced beef against Listeria monocytogenes (Djenane et al., 2011), as well as
essential oils of basil and rosemary in chicken meat against Sa/monella Enteritidis
(Stojanovi¢ -Radi¢ et al., 2018).

The application of essential oils, as preservatives in meat and meat products, requires
a good knowledge of their properties, mode of action, antimicrobial potential and
interaction with matrix components. Fat content, protein content, water activity,
pH and enzymes can reduce the potential effect of essential oils in the matrix of
meat and meat products. High concentrations of fats, proteins and carbohydrates
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can protect bacteria by creating a protective coat and absorbing essential oils (Burt,
2004; Bohme et al., 2013).

CONCLUSION

The application of essential oils against pathogenic bacteria in meat has proven to
be successful in laboratory conditions. Essential oils act by different mechanisms
against Gram-positive and Gram-negative bacteria in very low concentrations.
However, the application of essential oils in meat models, i.e. food, requires
additional research. Food components often protect bacterial cells and allow
them to recover faster, which is why larger amounts of essential oils are needed
in meat models. On the other hand, as aromatic mixtures, essential oils impair the
organoleptic properties of meat, i.e. food. Today, studies are focused on finding
different strategies in order to enable the use of essential oils in food production, as
an alternative to different additives and chemical substances.
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Caxerak

[IpexpamOenu auTHB je cBaKa CyICTaHIIa Koja ce, 0e3 003upa Ha EeHY XparmbUuBYy
BPHjEHOCT, HE KOPUCTH Ka0 XpaHa, HUTH MPEACTaBIba KAPAKTEPUCTUIAH CACTOjaK
XpaHe, ajdd ce M3 TEXHOJIOIIKHX pa3jora J0/Aaje XpaHH y TOKY HpPOHM3BOIME,
npepajze, Tpumnpeme, oOpaae, MakoBamba, TPAHCIOpTa WM YyBama, TakKo Ja
JUPEKTHO WIM UHAUPEKTHO MPEKo CBOjUX MelyrpousBoja mocraje Wik Moxe aa
MOCTaHe cacTojak XpaHe. 3axBasbyjyhu BHUILIECTPYKO] YJIO3M Y UHIYCTPH]U Meca,
Hajuewrhe kopuirheHu aguTHBH cy HUTpUTU U docdatu. Ipema IlpaBunHuUKY O
agutuBuMa y xpanu (Cnyx6enu macHuk Peryonuke Cprcke, 96/20), MakcuMaiHO
n03BoJbeHa KomunHa Qocdopre kucenune u pocdara (E 338 - E 452), koja ce
MOJKE JTOJIaTH TTPOU3BOIMMA O Meca TMOjeMHAYHO WIIM Y KOMOUHAIHM]HU (M3pakeHa
xao P,O,), usnocu 5 g/lkg. Y MHOrUM CTyaMjama CIIOMHELE C€ TIOBE3AHOCT U3Mehy
BUCOKOT YHOCca (pochaTHUX aquTHBa U pa3HUX 000JbeHa KO/ YoBjeka. Hurpuru cy
KOH3EpBaHCHU KOJU c€ J10J1ajy MPOU3BOMMA O] Meca paJy Mo0oJbllIakha KBAJUTETA,
TpajHOCTU 1 6€30jeTHOCTH MPOU3BOJA U Y HajBehem Opojy pou3BoIa O Meca He
cMmujy ce noxaru y konuuuHU Behoj o 150 mg/kg. 36or MmoryhHoctu HacTajama
KaHIIEpPOTEeHUX HUTPO3aMHHA I0]] oJjpel)eHuM ycIoBHMa y TIPOU3BOANMA O] Meca,
MOCTOj| MOTEHIM]aJTHA OMTACHOCT 10 3/IpaBJbe Jbyau. L{nsb nctpakuBama 61o je 1a ce
OJIpe/IM caJipkaj pe3uyalHOT HUTPUTA U nofaTux pocdara (u3paxkenu kao Gpocdop
nenrokeu P,O,) y mpoussoauma o Meca Koju MoTudy ca Tpxkumra Penybnnke
Cpncke (bocHe u XepiueroBuHe) M ycaralleHOCTH ca 3aXj€BUMa peryliaTHBE.
Pesynrartn ucrpaxkuBama Cy MOKa3alu Ja Cy YTBpheHe KOJHMUMHE Pe3uayallHOT
HUTpPUTA U AoAaTuX pocdara 6uiie y OKBUpY J03BOJLEHUX I'PAaHUIIA 32 JI0/1aBABE Y
pasnuuuTe KaTeropuje U BpcTe Mpon3Boza oJl Meca npema Bakehoj perynarusu. To
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notBplhyje anexkBaTHy npuMjeHy HUTpUTa U (ocdara M 30paBCTBEHY HCIPABHOCT
npousBofa. Y ILWbBY 3aIITUTE 37paBjba IMOTPOIIAda BaKHO j€ KOHTHHYHPAHO
npaheme ynorpede ¢pocdara u HUTpUTA Y HHIYCTPHjH MECa.

KibyuHe pujeun: aiuTuBY, TPOU3BOIM O] ME€Ca, HUTPHUTH, (pochaTh, OmacHOCT 1Mo
3[paBJbE JbY/IU.

YBOJ

Meco u nmpous3BoaM Ol Meca Cy Ba)XKHH M3BOPH €HEPrUje U XpAmbUBUX MaTepuja U
3a Jby/ie UMajy BaKHY YJIOTY Y YPaBHOTEXKEHO] ucxpaHu. Jla cy Meco u mpou30BOAH
O]l MEca UTPalii 3HaYajHy yJIOTYy y UCXpaHHU YOBjeKa TOBOPH Jyra UCTOpHja HbIXOBE
MOTPOIIHE, KOja C€ MOXKE MPATUTU YHa3aJ] oko 3 muinuona roguHa (Specht, 2019;
McKenna, 2019).

VY uspaau npousBoaa off Meca Kopucte ce Opojuu agutusu. [Ipexpambenu aguTus
je cBaka CyIcTaHIIa Koja ce, 6e3 003upa Ha ’eHY XPambUBY BPH)EIHOCT, HE KOPUCTH
Kao XpaHa, HUTH MPENCTaB/ba KapaKTEpUCTHUAH CacTOjak XpaHe, alud Cce U3
TEXHOJIOIIKUX Pa3yiora Ao0Aaje XpaHu Y TOKY MPOU3BOILE, Mpepaje, MpUIpeme,
o0pajie, makoBama, TPAHCIIOPTA WU YyBama, TaKO Ja JUPEKTHO WM MHAUPEKTHO
mpeKo cBOjux MelympousBofa MoOcTaje UM MOXE Ja MOCTaHE CacTOjaK XpaHe.
3axBasbyjyhu BHILIECTPYKO] YJIO3M y HHIYCTPUjU Meca, Hajuyeurhe KopuirheHu
aguTuBu cy HUTpUTH U pocharu (Milesevic¢ u cap., 2022).

[Ipema IlpaBunnuky o aautuBuma y xpanu (IIpommc, 2020), maxkcumaaHO
no3BoJbeHa KonnunHa GocdopHe kucenune u pocdara (E 338 - E 452), koja ce
MOJKE JI0/IaTH MPOU3BOIMMA O] Meca MOjeIMHAYHO UIH Y KOMOMHAIU]U (M3pakeHa
kao P,0O,), usnocu 5 g/kg. Ilomro Meco canpxu mpupoanu docdop, canpikaj
docdara y nmponsBoauMa o1l Meca y Koje ¢y aoaatu ¢ocdatu ykipydyje U J04aTu
u npuponHu ¢Gocdop ,TO ce u3paxkaBa Kao caapxkaj ykynHux docdara. Y
npepaau Meca U mpou3Bojaa o Meca, Gpocdaru cy HEOMXOIHU U3 BHILE paziora
Kao 1To cy: noBehame pH BpujenHoCcTH, MoBehame KamanuTeTa 3aApKaBarmba BOJe
(cTpykTypa MummhHOT MPOTEHHA je OTBOpPEHA), BehH MPUHOCH M CTa0MIN30BaE
eMyJ3uje Meca, CMambehe TyOuTKa TeKHNHE TOKOM KyBamba, MOO0JbIIaAmke TEKCTYPe
U CEH30PHHX CBOjCTaBa (IEXKHOCT, COYHOCT, 00ja, YKYC), IPOAYKEHE pOKa Tpajarmba
uta. (Knipe, 2003; Lampila u Godber, 2002; Molins, 1991; Polak u cap., 2017).
Mebhytum, ynorpeba docdara y MHAYCTpHjH Meca je Toj 030MBHUM HaA30pOM
300r cBe Beher mHTEpeca 3a 3/[paBHjy XpaHy M MOBE3aHOCTH MOTpoIIaya KOjH
KOH3yMUpajy cuHTeTcke (pocdara ca 3apaBcTBeHUM pusunuma. OBH ,,c10000HH
(neoprancku Be3zaHu) ocdaru ce edpuxacHo ancopOyjy y raCTpOMHTECTUHATHOM
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tpakty (Glorieux u cap., 2017). Bucok yHoc docharaux aautvBa MoBe3aH je C
KapauoBackymapauMm MoptanuteroM (Ritz m cap., 2012). Ilupoka ymorpeba
dochaTHEX agUTHBA je Takohe IMOBE3aHA C JIOJATHHM Y3POKOM HEPaBHOTEKE
kanmujyma u gocdopa (Ling u cap., 2020).

HuTpuTi cy KOH3epBaHCH KOj! C€ /10/1ajy TIPOU3BOAMMA OJT ME€Ca paJH OO0JbIIAka
KBaJIUTETa, TPAJHOCTH U Oe30jeqHOCTH U y HajBeheM Opojy mpOM3BOIa 011 Meca He
cmujy ce momaru y konwmunHu Behoj on 150 mg/kg (Ipommc, 2020). Hajuemthe ce
NpUMjebYjy 3a caJaMypere Y HHIYCTPHjH Meca, a TIO3HATO je J]a MOTY Jla YTy U
Ha 37[paBJbe JbyaH. 300T KaHIIEPOTEHNX HUTPO3aMUHA KOjH Y ofipel)eHNM ycIoBrMa
(aucka pH BpeacHOT, BHCOKa TeMIlepaTypa) MOTY Jla HAacTaHy Yy NPOW3BOIMMA
0]l Meca, TOCTOjU TOTEHIMjalHa OMACHOCT I0 31paBibe Jbynu (Bykosuh, 2012;
IARC, 2010; IARC, 2018). lonaBamkeM HUTPUTA, TOCTHKE c€ O0JbU YKYC U apoMa
npou3Boaa, ¢GopMupa ce ILpBEHO-pyXmuacta 0oja Meca, kKao W onarosapajyha
OJPKHUBOCT U 0e30jeTHOCT MPOM3BOAA 3aXBasbyjyhy IMXOBOM aHTUMUKPOOHOM U
AQHTHOKCHJIATUBHOM JIjeJIOBamky. AHTUMUKPOOHH e(eKaT ce 3aCHUBA HAa aKTUBHOCTH
HEJIMCOCOBAHE a30TaCTe KMCEIMHE KOja HACTaje U3 HUTPUTA U UMa 1ocedaH 3Hayaj
y BHIy WHXHOHUTOpHOT njenoBama Ha Clostridium botulinum, xoju je O3HAT Kao
y3pounuk Ootynmmu3ma (Marco u cap., 2006; Sebranek u Bacus, 2007; Ferysiuk u
Wojciak, 2020).

[{nb uctpakuBama OHO je 1a ce YTBPIHU CaApKaj pe3uIyaTHOT HUTPUTA U JOIATHX
docdara (n3paxenn kao Gocdop nentokeun P,O,) ko mpoussoaa o Meca Koju
notudy ca tpxxumTa Perryonmke Cpricke (bocHe n XepieroBute) u ycaraameHOCTH
ca 3aXjeBUMa peryiaThBe.

MATEPUJAJIM U METOJIE

HcTpaxkuBame je 3aCHOBAaHO Ha HCIUTUBABY Caapkaja pe3uaAyalHOr HUTPHUTA
(y masbeM TeKCTy HUTpUTH) U Aoaatux (ocdara (y massem TekcTy ¢docdaTi)
u3pakeHnx kao ocdop nenroxcua (P,0,) y pasnuuutum npou3BoauMa o1 Meca,
CHUCTEMAaTHU30BaHUX Y HEKOJIMKO KaTeropuja u nmoarpymna npema Baxehem [Ipomucy
(2015).

VY nepuony on aBrycra 2022. no anpuna 2023. ToquHe CIPOBEICHO j€ UCITUTUBAE
120 cny:x0eHunx y30paka Mpou3Boa 011 Meca, of Kojux je y 115 y3opaka ucnuran
caZpkaj HUTpHUTA, a Yy 92 y3opka canapxkaj ¢ocdara. Y30puu cy HOTUIAIHA ca
tepuropuje Penyonuke Cprcke (bocna n Xepieropuna).

[To mpujemy y3opaka y maboparopujy, UCTH Cy XOMOTE€HU30BaHH, YyBaHU Y
XEpPMETUYKH 3aTBOPEHO] nmocyau Ha 4°C M aHalu3MpaHu y poky on 24 daca on
XOMOTEeHH3AIH]e.
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HcnutuBame je cipoBeqeHo cinenehnM meromama:

- caapxkaj ykynmHuX pocdara mpema BAS ISO 13730 (MCBUX, 2022),

- caapxkaj nporenna npema BAS ISO 937 (MCBUX, 2007a)

- canpkaj HuTpura MmerogoM BAS ISO 2918 (MCBUX, 20070).
OnpehuBame nomaror ¢docdara (pocharaux amutuBa) ypaheHo je mnpema
MaTeMaTU4Koj GopMyIIi IPUMjEHOM KOHBep3Hje pocdopa u3paxkeHoT Kao caIpikaj
docdop nenroxcua (P,0,), xkojoM je npensuheno nosHaBame caapikaja yKyImHUX
docdara u mporenna (FAO/WHO, 2019a; FAO/WHO, 20196; ABX, 2015):

[Tpupomun pocdar (mg/kg P,O,) = 250 x konuuuna nporenna (%) (1)
Vkynuu pocdar (mg/kg P,O,) - npuponnn pocdar (mg/kg P,0) = nomatn pocparu (mg/
kg P,0,)
Pesynraru noOujeHn y OBOM HCTpPaKUBamy Cy CTaTUCTUIKU oOpaheHu, mpu uemy
CY KOPHIITEHN OCHOBHH JICCKPUIITUBHH CTATUCTHYKU TTApAMETPH, a PE3yITaTH Cy
npuKa3aHu TabenapHo.

PE3YJITATU U JUCKYCHUJA

Omjena ycarnameHoOCTH mpema 3axTjeBuma [IpaBunHuKa o mpexpaMOeHUM
agutusuma (IIpomuc, 2020), u3BpIleHa je Ha OCHOBY cajapikaja noaarux gocdara u
pe3uayanHor HuTpuTa npema Tadenn 1.

Ta6ena 1 J/[o3BosbeHE KOMMUYUHE PE3UAYATHUX HUTPUTA U Io1aTHX Gocdara Koju ce MOTy
nmonary y mpousBoze ox Meca (IIpormce, 2020)

IMapametap 3axTjeB peryJiaaTuse
Hutputu (Na-HUTpHUT) 150 mg kg!
®ocdaru (u3pammnken kao PO, 5 gkg!

Pesynraru ananusa konuuuHe npotenHa (%), ykymHux gocdara (g kg'), nomarux
docdara (g kg') u HuTpHTa NpukazaHu cy o rpynamay Tabemnu 2, 3, 4 u Ha Crunm
In 2.

Y Tabenu 2 mnpuKa3aHd Cy pe3yiTaTd HCIHUTHBama HUTputa (mg kg') y
pOM3BOAMMA Off Meca 1o rpymnama npema Baxehem I[lponucy (2015). Hutpuru
HUCYy KBaHTH(UKOBaHU y 29% wucnuranux y3opaka (Ciauka 1), koju mpunanajy
YCUTH,GHOM OOJIMKOBaHOM Mecy-heBanm ¥ (EepMEHTHUCAaHHUM CYBUM TpajHUM
koOacumama. Y YCHUTH€HOM OOJMKOBAaHOM Mecy-heBam, OBakaB pe3yiTar je
OYEKHBaH jep KOJl YCUTH-EHOT Meca HUje HU JJ03BOJbEHA YIOTpeda HUTPUTA.

Behe konmnunne HUTpHUTA 3a0UIBEKEHE CY Y TEPMUIKK 00pal)eHHM Mpou3BoauMa, a
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Mambe y TPajHUM IPOU3BOANMA, IITO j€ Y CAlJIACHOCTH C pe3yJTaTiMa UCITUTHBAKbA
Pec¢anac u Sladojevi¢ (2022). Hajseha BpujemHOCT HaTpujyMm HUTpUTA yTBpheHA
je y rpy0o ycuTmeHHM OapeHuM Kobacuiiama ¢ yTBpheHOM KomduHOM o1 68 mg
kg, nok je ko GpuHO yCUTHEHUX OapeHUX KoOAacHuIla 3a0MJbe)KeHa MaKCHMallHA
xonmrurHa ox 46 mg kg!'. Pe¢anac u Sladojevié (2022) cy ucuTHBamEeM cajapikaja
HuTpuTa y 576 mpousBoma ox meca yrepawid 106 mg kg! murpura y rpy0o
YCHUTHEHO] OapeHoj kobacuiy, a 88 mg kg''y huHO ycuTmeHoj 0apeHoj KoOacHIm,
ITO je 3Ha4YajHO BHIIE O] pe3yiTara J0OUjeHUX y OBOj CTY/IH]H.

KoBauesuh u cap. (2016) yTBpauIN Cy KOTHUNHY HaTPUjyM HUTPHUTA Y PA3INIUTUM
NPOM3BOJMMA O] Meca Kako ciujenu: 7+4 mg kg y cymienoj kobacumu, 24+16 mg
kg!'y tepmuuku obpahenoj kobacunm, 37+23 mg kg'y TpajHoM cyBoMecHaTOM
npousBony u 42+21 mg kg'l y monmytpajHoM CyBOMeCHATOM MPon3Boy. Pesynraru
HAIllMX MCTIUTUBAKA Cy y CKJIaIy C MoAalnrdMa HaBeIeHUM 3a (pepMEHTHCAHE CyBe
TpajHe KoOacuIle, 3Ha4ajHO HIUKH 32 TPajHE U MOTyTPajHE CYBOMECHATE MPOMU3BOJIE,
a BUIIIM 32 TOIUIOTHO oOpaleHe kobacwurie.

[MaBmuauh IMpokypuma u cap. (2010) HaBoAe Ja je MO3HATO Ja C€ HUTPATH MOTY
Hahu caMo0 y OHUM IIPOM3BOJMMA OJf MEca y KOje Cy MPETXOAHO JO0NATH HUTPHUTH.
Peaknmjom okcumanmje, oko 20% nogaTMx HUTPHUTA TMpENa3d y HUTpATEe IBA
cara HaKOH TPOIIeCHpama W HACTaBJba CE TOKOM CKIQJMINTEHA. [J1aBHY yrory y
KOHBEP3HjH HATPATa Y HUITPUTE KOJ] CyBOMECHATUX ITPOU3BO/IA OJ1 MECA IMa JI0/IaTaK
ackopOara Wi H-ETOBOT M30Mepa epuTopdara 0aTKOM HaTpHjyM-ackopOara Kao
KOH3EpPBaHCa, aJTi HUTPATU HACTAjy ¥ 0€3 FBEerOBOT JI0JIaTKa, AJIH Y MaFb0] KOJTMIHHH
KOJI OCTAJIUX MPOU3BOJIA Ol Meca.
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Tab6esa 2 Pe3yaratn ncnutruBama HUTpHUTa (Mg kg!) y mpomsBoanma o Meca ca
TpxumTa Perrybnuke Cpricke mpuka3aHH 110 MOArpyrnaMa
IToarpyma . Cpenma MuHuManso | MakcumaiaHo
Bbpoj .
IIPOU3BOJA O] SODAKA n<LOQ | BpujenHocr £+ | yrBpheHo mg | yrepheno mg
Mmeca y3op SD mg kg! kg kg!
buro yetibene |-y, . 34,3+17,0 7 46
Oapene kobacuie
Ipybo yenmene 26 - 31,7420,5 5 68
OapeHe kobacure
Tpajue
(hbepMeHTHCAHE 19 9 5,1£1,8 2 8
KoOacuie
Konzepse on
YCUTHEHOT Meca 14 5 8,349,2 3 32
— MECHHU Hape3ak
[Tamrere 10 2 16,0+15,4 2 37
[omyTpajuu
CyBOMECHATHU 3 - 24,7£2.0 7 46
MIPOU3BOIU
Tpajuun
CyBOMECHATH 4 1 11,0£9,6 4 25
MIPOU3BOIU
TomnoTHO
obpahene 2 ; 25,5+0,71 25 26
KoOacwHIle o Mmeca
y KOMaiuma
Honyrpajra 5 1 18,5422,69 4 52
CIIaHWHA
YeurwmeHo
00JINKOBaHO MECO 15 15 - - -
— heBan
Crujetuibena 7 - 29,7£19,47 6 58

[TyHKa y OMOTY

n: Opoj y3opaka y KojuMa HATPUTH HHUCY KBaHTH(HUKOBaHM; LOQ: ITUMUT KBaHTH(HKALH]je

je2mgkg!.
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Ha Cnunm 1 mpuka3zan je Opoj y3opaka y KOjuMa HUTPUTH HUCY KBAaHTH()DHKOBAHU
(LOQ<2).

Hurpurn Hucy yrephenn (%)

VCHTHEHO 00MHKOBaHO Meco-Tiean 100
CTHjelIEkeHa IIyHKAa y OMOTY 0
TlomyTpajHa CTaHHHA 20
KoGacHme ox Meca y KoMaguMa O
KoOacHue ox Meca y KoMagHMa O
TpajHH CYBOMECHATH IPOH3BOH 25
TomyTpajHH CYBOMeCHATH OPOH3BOIH 0
[Tamrere 20
KoH3epBa 01l yCHTBEHOT Meca -MeCHH Hapesak 35.7
Tpajae ¢epMeHTHCAHE KOGACHITe 47.4
I'pyGo ycuT®heHe GapeHe kodacule 0
DHHO yCHTH-eHe JapeHe KoOacHle 0

0O 10 20 30 40 50 60 70 80 90 100

Cuimka 1 3acTymibeHOCT y30paka y KojuMa Hucy kBanTudurkoBanu Hutputu (LOQ<2 mg kg™)

Kon cyBux xobacuna Hajehu caaprkaj HUTpuTa je y roBehoj uajHoj kobacuiu (8 mg
kg'), a HajMamu y cBUICKO] 4ajHOj koOacuuu (2 mg kg'). Kon ¢uHO ycutmenunx
Oapenux koOacuua, HajBehu caapkaj HUTpUTA yTBpheH je y muiiehoj moce6GHoj
kobacuim (46 mg kg'), a HajmMawu y cpogHOM mpou3BoAy of muiieher meca (7 mg
kg™"). ¥V rpy6o ycutwennm Oapernm kobacuiiama, HajBehu cazipxaj je y poImTHIECKO]
KOOACHUIIM, a HajMabu Y CPOJHOM IIPOM3BOAY O]l CBHUECKOI Meca. Y MOJIyTpajHUM
CyBOMECHATHM Tpou3BoauMa Hajehu caapikaj Hurpura je 46 mg kg y aumibeHOM
Bpary, a HajmMawu 7 mg kg'y numibeHoj medenuiy. Kox TpajHHX CyBOMECHATHX
npou3sBoza Hajeehu (25 mg kg-1) u Hajmamu caapikaj Hurpura (7 mg kg') yrBphen
je y CyBOj Me4eHHUIM. Y KOKOIIMjo] MalTeTH yTBpheHo je Hajehu caapikaj HUTpUTA
(37 mg kg').

VY Tabenu 3 mpukazaHu cy pe3yaTatd yKynHux ¢ocdara, NpoTerHa M J0AATHX
docdara o noarpynama npou3BoIMMa, a MUHUMAJIHE U MAaKCUMAaJIHE BPUjEAHOCTH
caapkaja nonarux ¢ocgara 'y Tabenu 4.
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Ta6ena 3 Pesynraru uCnuTHBaba MPOTEHHA, YKYITHUX U qoxatux ¢ocdara (gkg')y
IIPOU3BOAMMA O] Meca IO MOATpyIaMa

(n=5)

Iloarpyna Min | Max VYKynHu Min g | Max g Jonaru

npoussoga ox | Ilporenn % | o dbocdaru r 1| docdaru
A) A) -1 kg kg -1

Meca gkg gkg
DUHO YCUTHEHE
Oapene kobacure | 11,22+1,04 | 9,61 | 12.11 |4,44+0,32| 4,15 | 5,04 |1.64+0.22
(n=10)
I'py6o ycutmene
Oapene kobacume | 15.00+1,95 | 1342 | 18.21 |5.70+£0.62| 4.66 | 6.32 | 1.94+0.53
(n=22)
Tpajue
(bepmenTHCaHe 23.31£2,90 | 18.55 | 29.19 |5.50+0.83| 3.94 | 7.10 <0,10
kobacurie (n=19)
Konzepge on
YCHTIBEHOT MECR 145 994500 | 10,55 | 14.04 |5,00£0,69| 4,12 | 6,17 |1,90+0,84
— MECHH Hape3ak
(n=13)
[Mamrete (n=5) 9,82+0,903 | 9,05 | 11,39 |2,86+0,69| 2,32 | 3,94 <0,10
ITomyTpajun
CYBOMECHATH 19,36+3,315| 15,63 | 21,96 |5,72+0,30| 5,37 | 5,91 |0,92+1,04
npou3Bony (n=3)
Tpajan
CyBOMECHATU 34,44+2.89 | 31,11 | 36,28 | 7,18+0.53| 6,58 | 7,57 <0,10
npou3Bonu (n=3)
TomnnoTHO
obpahene 10.63£1,94 | 9,25 | 12,0 [4,64+038| 4,37 | 4,91 |1,99+0,87
kobacurle o Mmeca
y Komaguma (n=2)
Hoxyrpajua 17,52+4,35 | 10,30 | 21,84 [4,20£0.82| 3.42 | 5,37 |0,97+0,16
crnanuHa (n=5)
Crujen.ena 15,0041,95 | 13,42 | 18,21 [5,70£0,62| 4.66 | 6,32 | 1,94+0,54
nryHka (n=5)
Jena ox meca 810142 | 741 | 10,64 [1,78£0,26| 133 | 1,95 | <0,10

LOQ: mumut kBanTudukammje 0,10 mg kg'1; n: 6poj y3opaxa ca canpxajem Hurputa < LOQ
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Honatu docdaru Hucy kBantudukoBanu y 39% yzopaka (< 0,10 g kg'). ¥V cBum
y30opuuMa TpajHuX (pepMeHTHCaHHX KoOacuIla, MamTeTa, TPAjHUX CYBOMECHATHUX
MIPOM3BOJIA | jesia o1 Meca, joaatu ¢hocdaTu Cy HCIIO IPAHUIIe KBAaHTH(PHUKAIH]E.
Takolje, y ueTupu on1 et y3opaka ciaHuHe, 1oAaTH Gocdar HUCY KBaHTH(PHKOBAHH.
Y unpyctpuju Meca, pocdatu ce kopucte y kommanHama ox 0,05 mo 0,5%. Baxno
je mcrahu na je y TpajHUM CyBOMECHATHUM IPOU3BOAMMA C BHCOKHUM CaJIpiKajeM
NpOTEeHHA, Y 4YMjOj TPOM3BOAKBU C€ HU HE KOpHUCTE moiudocdard, aHaIH30M
yKymHoT (ocdopa yTBpheH u BUCOK mpupogHu HUBO ¢ocdopa (Marusi¢ u cap.,
2012). Y ucrpaxuBamy Milesevi¢ u cap. (2022), najsehu npocjeuan u HajBehu
caapikaj ykymHor gocdopa yTBpheH je y cyBomecHaTUM npoun3Boanma (6,12 + 1,33
g kg, 10,64 g kg!, pecieKTUBHO), IITO je y CarIaCHOCTH C HAIIUM pe3y/ITaTuMma.
Takole, Hamm pe3yaTaru 3a yKymHe docdare y y KOH3epBama 0]l yCUTHECHOT Meca
— mecHu Hapesak (5,00+0,69 g kg') cy Beoma Gmucku pesyararuma MileSevié u
cap. (2022), umja je mpocjeuna BpujeaHOCT YKymHHUX (ocdara 5,79 1,01 g kg
VY noarpynu ¢UHO yCHTHEHUX KoOacuia, Hajeha xommumHa momatux ¢ocdara
yTBplheHa je y cpomHom npousBoay ox muieher meca (2,01 g kg'), nok je y rpyoo
YCUTH-EHIM KoOacHullama MaKkCHMajHa KOJMYMHA yTBpheHa y KpamCcKoj KoOacuIu
(2,48 g kg'). Y numibeHOM BpaTy W3 MOATPYNE MOIYTPAjHUX CYyBOMECHATHX
npousBo/a, yrepheHo je Hajsuie 2,12 g kg' nogatux docdara.

Pec¢anac u Brenjo (2022) cy Bpmmimm yrBphuBame docdara y 247 nmpousBona on
Meca u'y 26% npou3sBoja Hucy yTBpawin gonare gocdare (<0,10 g kg'). Hajrehy
npocjeuny Bpujeanoct docdara (3,09+1,097 g kg'), kao u Hajeehu yTBpheHu
ca/ip>kaj mMaltie cy koOacHIie o Meca y KoMaIuma, IITo je Y CKJIaIy C pe3yJiTaTuMa
Haler ucrpaxnsama. Mehytum, y norneny Hajseher yrBphenor caagpxaja dpocdara,
pe3yaTartu HUCY cariacHu ¢ pesyaratuma Pecanac u Brenjo (2022). Mctu ayropu
Cy y Tpy00 ycuTHeHHM KoOacullama yTBpAMIN HajHKH caapkaj ¢pocdara (0,26 g
kg!), noK je y HaleM UCTIMTHBAakY HajHUKA BPUJSTHOCT yTBpPheHA y MOTyTpajHUM
CYBOMECHATHM MPOU3BOIMMA.
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Ta6ena 4 MuHnManHe 1 MaKCHMaJIHE BPUjEIHOCTH 3a Cafipkaj goaarux (ocdara y
IIPOM3BOAMMA O] Meca

Kareropuja muH g kg-1 | wmax g kg-1

DuHO ycuTHeHe OapeHe kobacure 1,32 2,01

['py6o ycutmeHne 6apeHe kodacuie 1,30 2,48
Tpajue dpepmenTHCcane Kobacuie <0,10 <0,10
Konzepsa o071 yCUTHEHOT Meca -MECHU Hape3ak 0,62 3,32
ITamrere <0,10 <0,10
[omyTpajHu cyBoMecHATH POU3BOIU 0,24 2,12
Tpajuu cyBoMecHaTH IPOU3BOIU <0,10 <0,10
Kobacwuiie o Meca y komaauma 1,37 2,6

[lonmytpajHa cnanuna <0,10 1,08
CrujenimeHa myHKa y OMOTY 1,3 2,48
Jena ox meca <0,10 <0,10

VY KOH3EepBHU OJI YCUTHEHOTI MeCa-MECHU Hape3ak 3a0esbexeH je HajBehu canpikaj
docdara (3,32 g kg-1), a y noiayTpajHUM CyBOMECHATUM NPOU3BOIMMA HajMabH
(0,24 gkg'1), o Huje y ckiany ¢ pesyiaaruma Pe¢anac u Brenjo (2022). I[TomenyTu
ayTopu Cy HajHWXKY NMPOCjedHy BpHjeaHOCT (ocadara 3a0UIbeKUIN y TalTeTaMa
(0,911+0,485 g kg™).

Pec¢anac u Brenjo (2022) cy HajBehy mpocjedHy BpHjeJHOCT cajprKaja JOAaTHX
docdara (3,09+1,097 g kg'), kao u Hajsehm campxkaj docdara (4,69 g kg-1),
YTBpAMJIM Y KoOaculiamMa o]l Meca y KOMaIuMa, a HajMamwu y THPOJICKO] KoOacuLu
(0,26 g kg™).

[Ipuje ynorpeGe 6110 Koje BpCTe Meca 3a MpUIpeMy MPOU3BO/Ia 01 Meca OTPeOHO
je 3HaTu KoauuuHy Qocdopa y Mecy Win YCUTHEHOM MeCy 3a OOJIMKOBAHE, KAaKo
JIOAAaTH CUHTETUYKH (ocdaru u nonudocdaru He 61 NPENIH J03BOJLEHY TPAHULLY
(Prica u cap., 2015).

3AK/bYYAK

CripoBe/IecHUM HCTPaKUBAKHEM yTBph)eHEe Cy KOJMYMHE PEe3UAYyaTHOT HUTPHTA U
nopatux ¢ocgara y OKBUPY J03BOJBEHHX 3a JOAABABE y PA3IUUUTE KaTeropuje U
BpCTE MPOU3BOJA OJ] Meca nmpema Baxkehoj perynarusu. To moTBplhyje anexkBaTHy
pUM]jeHy HUTpUTA U Qocdara 1 3paBCTBEHY UCIIPABHOCT MPOU3BOJA.

Behe xonnunHe HuUTpHTa 3a0UIbEKEHE CYy Y TEPMUUYKU oOpal)eHUM npousBoanMa,
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a Mame y TPajHUM TEPMHUYKHM HETPETHPAHMM NpOM3BOAMMA. Hutputn HUCY
KBaHTH(DHUKOBaHU Y 29% UCTIMTAHKUX ITPOU3BOA O] MECa, KOJU YIIIABHOM MIPHITA]Ia]y
TpajHUM (epMEeHTHCAHNM KoOacuiaMa u heBarmuma (0OJIMKOBaHO MJBEBEHO MECO).
Honatu pocharu vucy kBantuduxoBanu y 39% ysopaka (< 0,10 g kg'), koju
NpUmnaaajy TpajHAM (QepMEeHTHCAaHMM KoOacuiiama, TamTerama, TpPajHuM
CYBOMECHATHM TIPOM3BOJIMMA, jeJIMMa O] Meca W TPajHO] CIaHWHH, IITO j¢ OWIIo
U OYEKHBAaHO ¢ OO3MPOM Ja y MPOU3BOAIBM HEKHX IPOM3BO/A OJf Meca HHje
TEXHOJIOIIIKH OTpaBaaHa ynorpeda ¢gocdara.

VY muby 3amTHTe 3paBba MOTPOIIavYa BAYKHO je KOHTUHYHPAHO paheme yrnorpede
docdara 1 HUTpUTA Y HHIYCTPHjH MeCa.

W3jaBa o cykoOy nHTepeca: AyTopu U3jaBibyjy Jla HE MOCTOjU CYKOO MHTEpeca.
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Summary

Food additive is any substance that, regardless of its nutritional value, is not used as
food, nor is a characteristic ingredient of food, but is added to food for technological
reasons during production, processing, preparation, packaging, transport or
storage. Thus, through its intermediate products, it becomes or can become a food
ingredient. The most commonly used additives are nitrites and phosphates, due
to their multiple role in the meat industry. According to the Regulation on food
additives (Official Gazette of the Republic of Srpska, 96/20), the maximum accepted
amount of phosphoric acid and phosphate (E 338 - E 452), which can be added to
meat products individually or in combination (expressed as P,0,), is 5 g/kg. Many
studies have confirmed the connection between a high intake of phosphate additives
and various diseases in humans. Nitrites are preservatives that are added to meat
products in order to improve the quality, durability and safety of the products, and
they must not be added in an amount higher than 150 mg/kg in most meat products.
Due to the possibility, under certain conditions, of the formation of carcinogenic
nitrosamines in meat products, there is a potential danger to human health.
The aim of the study was to determine the content of residual nitrite and added
phosphates (expressed as phosphorus pentoxide P,O,) in meat products originating
from the market of Republika Srpska (Bosnia and Herzegovina) and compliance
with regulatory requirements. The results showed that the determined amounts of
residual nitrite and added phosphates were within the acceptable limits for addition
to different categories and types of meat products according to current regulations.
This confirms that the application of nitrite and phosphate is adequate and that the
product is healthy. In order to protect the health of consumers, it is important to
continuously monitor the use of phosphates and nitrites in the meat industry.
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INTRODUCTION

Meat and meat products are important sources of energy and nutrients, and have
an important role in a balanced diet of human population. Meat and meat products
have a significant role in human nutrition, which is evidenced by the long history of
their consumption, since it may be traced back about 3 million years (Specht, 2019;
McKenna, 2019).

Numerous additives are used in the production of meat products. A food additive
is any substance that, regardless of its nutritional value, is not used as food, nor is
a characteristic ingredient of food, but is added to food for technological reasons
during production, processing, preparation, packaging, transport or storage, so that
directly or indirectly through its intermediate products it becomes or can become
a food ingredient. Thanks to their multiple role in the meat industry, the most
commonly used additives are nitrites and phosphates (Milesevic¢ et al., 2022).
According to the Regulation on food additives (Regulation, 2020), the maximum
accepted amount of phosphoric acid and phosphate (E 338 - E 452), which can
be added to meat products individually or in combination (expressed as P,O,), is
5 g/kg. Since meat contains natural phosphorus, the phosphate content in meat
products is expressed as the total phosphates content which includes added and
natural phosphorus. In the processing of meat and meat products, phosphates are
necessary for several reasons such as: increasing the pH value, increasing the water
retention capacity (the structure of the muscle protein is open), higher yields and
stabilizing the meat emulsion, reducing weight loss during cooking, improving
the texture and sensory properties (tenderness, juiciness, color, taste), extension
of shelf life, etc. (Knipe, 2003; Lampila and Godber, 2002; Molins, 1991; Polak
et al., 2017). However, the use of phosphates in the meat industry is under serious
supervision due to the growing interest in healthier foods and the health risks that
are related to consumption of synthetic phosphates. These “free” (inorganically
bound) phosphates are efficiently absorbed in the gastrointestinal tract (Glorieux et
al., 2017). High intake of phosphate additives is associated with mortality coused by
cardiovascular diseases (Ritz et al., 2012). Widespread use of phosphate additives is
also associated with calcium and phosphorus imbalance (Ling et al., 2020).
Nitrites are preservatives that are added to meat products to improve quality,
durability and safety, and in most meat products they must not be added in an amount
higher than 150 mg/kg (Regulation, 2020). They are most often used for brining
in the meat industry, and they can also affect human health. Due to carcinogenic
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nitrosamines that can be formed in meat products under certain conditions (low pH
value, high temperature), there is a potential risk for human health (Vukovi¢, 2012;
IARC, 2010; IARC, 2018). By adding nitrite, a better taste and aroma of the product
is achieved, the red-pink color of the meat is formed, as well as the appropriate
sustainability and safety of the product thanks to their antimicrobial and antioxidant
action. The antimicrobial effect is based on the activity of undissociated nitric
acid, which is formed from nitrite, and has a inhibitory effect against Clostridium
botulinum, which is known as the cause of botulism (Marco et al., 2006; Sebranck
and Bacus, 2007; Ferysiuk and Wojciak, 2020).

The aim of the study was to determine the content of residual nitrite and added
phosphates (expressed as phosphorus pentoxide P,O,) in meat products originating
from the market of Republika Srpska (Bosnia and Herzegovina) and compliance
with regulatory requirements.

MATERIALS AND METHODS

The study is based on the determination of the content of residual nitrite (nitrites)
and added phosphates (phosphates) expressed as phosphorus pentoxide (P,0,)
in various meat products, systematized into several categories and subgroups
according to the current Regulation (2015).
In the period from August 2022 to April 2023, 120 samples of meat products were
tested, of which nitrite content was tested in 115 samples, and phosphate content in
92 samples. The samples came from the territory of Republika Srpska (Bosnia and
Herzegovina).
Upon receiving the samples in the laboratory, they were homogenized, stored
in a hermetically sealed container at 4°C and analyzed within 24 hours from
homogenization.
The test was conducted using the following methods:

- content of total phosphates according to BAS ISO 13730 (ISBIH, 2022),

- protein content according to BAS ISO 937 (ISBIH, 2007a)

- nitrite content according to BAS ISO 2918 method (ISBIH, 2007b).
The determination of added phosphate (phosphate additives) was done according
to a mathematical formula using the conversion of phosphorus expressed as
phosphorus pentoxide content (P,O;). This formula provides the values for content
of total phosphates and proteins (FAO/WHO, 2019a; FAO/WHO, 2019b; ABH,
2015):

Natural phosphate (mg/kg P,O,) = 250 x amount of protein (%) (1)
Total phosphate (mg/kg P,O,) - natural phosphate (mg/kg P,O) = added phosphates (mg/
kg P,O,)
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The results obtained in this study were statistically processed. Basic descriptive
statistical parameters were used. Results were presented in tables.

RESULTS AND DISCUSSION

Assessment of compliance with the requirements of the Regulation on food additives
(Regulation, 2020) was carried out based on the content of added phosphates and
residual nitrite according to Table 1.

Table 1 Accepted amounts of residual nitrites and added phosphates that can be added to
meat products (Regulation, 2020)

Parameter Regulation requirement
Nitrites (Na-nitrite) 150 mg kg
Phosphates (expressed as P,0.) 5gkg!

The results of analyzes of the amount of protein (%), total phosphates (g kg-1),
added phosphates (g kg-1) and nitrites are shown, by groups, in Tables 2, 3, 4 and
in Figures 1 and 2.

Table 2 shows the results of the nitrite concentrations (mg kg') in meat products, by
group, according to the current Regulation (2015). Nitrites were not quantified in
29% of the tested samples (Figure 1), and those samples are chopped shaped meat
cevap and fermented dry sausages. In minced meat-cevap, this result is expected
because the use of nitrites is not allowed in minced meat.

Higher concentrations of nitrite were detected in thermally processed products, and
less in dry products, which is in agreement with the results of the Pec¢anac and
Sladojevi¢ (2022). The highest value of sodium nitrite was found in coarse ground
sausages and was 68 mg kg-1, while in fine ground sausages the maximum amount
was 46 mg kg'. Pecanac and Sladojevi¢ (2022) examined the nitrite content in 576
meat products and determined 106 mg kg™ of nitrite in coarse ground sausage, and
88 mg kg! in fine ground sausage, which is significantly higher than the results
obtained in this study.

Kovacevi¢ et al. (2016) determined the amount of sodium nitrite in different meat
products as follows: 7+4 mg kg! in dry sausage, 24+16 mg kg' in thermally
processed sausage, 37+23 mg kg! in dry meat product and 42+21 mg kg' in
the semi-dry meat product. Our results are in accordance with the data given for
fermented dry sausages, significantly lower for dry and semi- dry meat products,
and higher for heat-treated sausages.
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Pavlini¢ Prokurica et al. (2010) indicate that nitrates can only be found in those
meat products to which nitrites have been previously added. Through the oxidation
reaction, about 20% of the added nitrites change to nitrates two hours after
processing and this process continue during storage. The conversion of nitrates to
nitrites in dry meat products is provoked by the addition of ascorbate or its isomer
erythorbate, the addition of sodium ascorbate as a preservative. However, nitrates
are also produced without previously mentioned addition, but in smaller quantities,
in other meat products.

Table 2 Results of nitrite testing (mg kg™') in meat products from the market of Republika
Srpska shown by subgroups

Minimally | Maximum
J’_
Subgroup of meat | Number of n< LOQ Mean * _SID Mg | Jetected mg | detected mg
products samples ke ! !
kg kg

Fine chopped 10 - 34.3+17.0 7 46
sausages
Coarse chopped 26 3 31.7+20.5 5 68
sausages
Dry fermented 19 9 5.1£1.8 2 8
sausages
Minced meat cans 14 5 83492 3 32
— canned meat
Pate 10 2 16.0+15.4 2 37
Semi-dry meat 3 ) 24.742.0 7 46
products
Dry meat products 4 1 11.0+9.6 4 25
Heat-treat.ed rpeat P - 25.5+0.71 25 26
sausages in pieces
Semi-dry bacon 5 1 18.5+22.69 4 =
Chopped shaped 15 15 ) N -
meat cevap
Pressed ham in 7 ; 29.7+19.47 6 58
wrapper

n: number of samples in which nitrites were not quantified; LOQ: limit of quantification is 2 mg kg™'.
Figure 1 shows the number of samples in which nitrites were not quantified
(LOQ<2).
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Nitrites were not determined (%)

Chopped shaped meat cevap 100
Pressed ham in wrapper o
Semi-dry bacon 20
Sausages made of meat in pieces 0
Dry meat products 25
Semi-dry meat products 0
Pate 20
Minced meat cans — canned meat 35.7
D1y fermented sausages 47.4
Coarse ground sausage 0
Fine ground sausage 0

0 10 20 30 40 50 60 70 80 90 100

Figure 1 Percent of samples in which nitrites were not quantified (LOQ<2 mg kg™)

In dry sausages, the highest nitrite content is detected in beef tea sausage (8 mg kg™'),
and the lowest in pork tea sausage (2 mg kg™'). In fine chopped smoked sausages, the
highest nitrite content was determined in chicken special sausage (46 mg kg'), and
the lowest in the similar chicken meat product (7 mg kg™'). In coarse ground sausages,
the highest content is detected in the barbecue sausage, and the lowest in the similar
pork product. In semi-dry meat products, the highest nitrite content is 46 mg kg
in smoked neck, and the lowest is 7 mg kg in smoked sirloin. In dry cured meat
products, the highest (25 mg kg') and lowest nitrite content (7 mg kg-') was found in
dry sirloin. The highest nitrite content (37 mg kg1) was found in chicken pate.

Table 3 shows the total phosphates, proteins and added phosphates content by product
subgroups, and Table 4 shows the minimum and maximum values of the content of
added phosphate.
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Table 3 Protein, total and added phosphates content (g kg-1) in meat products by
subgroups
Subgroup of Protein % Min | Max hZ: tallllate Min g | Max g h:sd(lilz(tie
meat products ° % % [P p_l kg' | kg! P p_l g
kg kg
Fine chopped 11.2241.04 | 9.61 | 12.11 |4.44+032| 4.15 | 5.04 | 1.64+0.22
sausages (n=10)
Coarse chopped |15 1)1 95 | 1342 | 1821 |5.7040.62| 4.66 | 632 | 1.94+0.53
sausages (n=22)
Dry fermented 1 3 3115 90 | 18.55 | 29.19 |5.5020.83| 3.94 | 7.10 | <0.10
sausages (n=19)
Minced meat
cans —canned | 12.29+5.00 | 10.55 | 14.04 [5.00£0.69| 4.12 | 6.17 | 1.90+0.84
meat (n=13)
Pate (n=5) 9.82+0.903 | 9.05 | 11.39 [2.86+0.69| 2.32 | 3.94 | <0.10
Semi-dry meat | ¢ 30,3 315] 1563 | 21.96 |5.7240.30| 537 | 591 | 0.92+1.04
products (n=3)
Dry meat 34.444+2.89 | 31.11 | 36.28 | 7.18£0.53| 6.58 | 7.57 | <0.10
products (n=3)
Heat-treated
meat sausages in | 10.63+1.94 | 9.25 | 12.0 |4.64+0.38| 4.37 | 4.91 | 1.99+0.87
pieces (n=2)
(Srffs‘)'drybacon 17.52+4.35 | 10.30 | 21.84 |4.20:0.82| 3.42 | 537 | 0.97+0.16
Pressed ham in
15.00£1.95 | 13.42 | 18.21 |5.70+0.62| 4.66 | 6.32 | 1.94+0.54
wrapper (n=5)
xi?‘;)d“hes 8.10£1.42 | 7.41 |10.64 |1.78£0.26| 1.33 | 1.95 | <0.10

LOQ: limit of quantification 0.10 mg kg'l; n:

number of samples with nitrite content <LOQ

Added phosphates were not quantified in 39% of samples (< 0.10 g kg'). In
all samples of dry fermented sausages, pate, dry cured meat products and meat
dishes, added phosphates are below the limit of quantification. Also, in four out of
five bacon samples, added phosphates were not quantified. In the meat industry,
phosphates are used in amounts of 0.05 to 0.5%. It is important to emphases that
in dry meat products with a high protein content, in which polyphosphates are not
even used, a high natural level of phosphorus was determined during the analysis
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of total phosphorus (Marusi¢ et al., 2012). In the study done by MileSevi¢ et al.
(2022), the highest average and highest content of total phosphorus was found in
dry meat products (6.12 £ 1.33 g kg! and 10.64 g kg'!, respectively), which is in
agreement with our results. Also, our results for total phosphates in canned minced
meat — cannded meat (5.00+0.69 g kg-1) are very similar to the results of MileSevi¢
et al. (2022), who determined 5.79 + 1.01 g kg™ of total phosphates.

In the subgroup of fine chopped sausages, the highest amount of added phosphates
was found in the similar chicken meat product (2.01 g kg™!), while in coarse chopped
sausages, the maximum amount was found in Carniolan sausage (2.48 g kg'). A
maximum of 2.12 g kg!' of added phosphates was determined in the smoked neck
from the subgroup of semi-dry meat products.

Pec¢anac and Brenjo (2022) determined phosphates in 247 meat products. They did
not determine added phosphates (<0.10 g kg') in 26% of products. The highest
average value of phosphate (3.09+1.097 g kg'), as well as the highest determined
content, was found in sausages made of meat in pieces, which is in accordance
with the results of our study. However, regarding the highest determined phosphate
content, the results do not agree with the results of Pe¢anac and Brenjo (2022).
The same authors determined the lowest phosphate content (0.26 g kg™') in coarse
chopped sausages, while in our study the lowest value was determined in semi-dry
meat products.

Table 4 Minimum and maximum values for the content of added phosphates in meat

products
Category min g kg-1 | max g kg-1
Fine chopped sausages 1.32 2.01
Coarse chopped sausages 1.30 2.48
Dry fermented sausages <0.10 <0.10
Minced meat cans — canned meat 0.62 3.32
Pate <0.10 <0.10
Semi-dry meat products 0.24 2.12
Dry meat products <0.10 <0.10
Meat sausages in pieces 1.37 2.6
Semi-dry bacon <0.10 1.08
Pressed ham in wrapper 1.3 2.48
Meat dishes <0.10 <0.10
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The highest content of phosphate (3.32 g kg') was determined in minced meat cans —
canned meat, and the lowest in semi-dry meat products (0.24 g kg''), which is not in
accordance with the results of Pe¢anac and Brenjo (2022). The mentioned authors
determined the lowest average phosphate value in patés (0.911+0.485 g kg™).
Pecanac and Brenjo (2022) determined the highest average value of added
phosphates (3.09+1.097 g kg-1), as well as the highest content of phosphates (4.69
g kg'), in sausages made from meat in pieces, and the lowest in Tyrolean sausage
(0.26 g kg™).

Before using any type of meat for the preparation of meat products, it is necessary
to know the amount of phosphorus in the meat or chopped meat for shaping, so
that the added synthetic phosphates and polyphosphates do not exceed the accepted
limit (Prica et al., 2015).

CONCLUSION

The conducted study determined that the amounts of residual nitrite and added
phosphates and showed that those are within the limits defined by current regulations
meaning that they are allowed for addition to different categories and types of meat
products. This confirms the adequate application of nitrite and phosphate and the
safety of the product.

Higher concentrations of nitrites were determined in heat-treated products, and less
in dry heat-untreated products. Nitrites were not quantified in 29% of the tested
meat products, which mainly belong to dry fermented sausages and cevap (shaped
minced meat).

Added phosphates were not quantified in 39% of samples (< 0.10 g kg'), which
belong to dry fermented sausages, pates, dry meat products, meat dishes and dry
bacon, which was expected considering that in the production of some meat products
the use of phosphate is not technologically justified.

In order to protect the health of consumers, it is important to continuously monitor
the use of phosphates and nitrites in the meat industry.
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Sazetak

Hromost je najraniji ali i najvazniji klinicki simptom oboljenja akropodijuma goveda.
Prema literaturnim podacima u 90% slucajeva uzrok hromosti je lokalizovan u
papcima,au 10% sluc¢ajevaje udrugim anatomskim delovima ekstremiteta. Patoloski
proces je u 88% slucajeva ispoljen na zadnjim ekstremitetima. Laminitis predstavlja
asepti¢no zapaljenje korijuma papaka. Kao uzroci nastanka ovog oboljenja, pored
mehanickog preopterecenja papaka, navode se 1 toksi¢ni uzroci. Duze davanje lako
svarljive koncentrovane hrane, stvaranje acidoze u buragu, nagla promena hrane,
posebno ishrana zelenim je¢mom, ovsem, sveze pokosenim mladim leguminozama
1 ishrana plesnivom hranom, mogu dovesti do pojave laminitisa. Laminitis je
Cesto rezultat uticaja velikog broja Cinioca, kao §to su metabolicki 1 digestivni
poremecaji, porodaj stres, mastitis, metritis, dislokacija sirista, leziSte bez ili sa
vrlo malo prostirke, nemogucnost kretanja, pregojenost i lo§ menadzment ishrane.
Obrok koji dovodi do acidoze dovodi i do laminitisa. Takav obrok je vrlo tezak za
korekciju, kada se najveci procenat hraniva u obroku sastoji od ugljenohidratnih
materija. Smatra se da vazoaktivne materije (histamin), koje ulaze u krvotok iz
buraga, dovode do oste¢enja korijuma papaka. Metabolicki poremecaj nastaje usled
niskog pH sadrzaja buraga i lancano dolazi do patofizioloskih poremecaja, koji
na kraju rezultuju ishemijom korijuma papaka i klinicki manifestnim laminitisom
(odlaganjem nogu zbog bola, a ponekad 1 prinudnog lezanja). Veruje se da osim
histamina 1 bakterijski endotoksini, mle¢na kiselina i druge bioloski aktivne
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materije doprinose nastanku ovog oboljenja. Primena osnovnih principa ishrane
muznih krava mogu prevenirati pojavu laminitisa samim tim i pojavu ekonomskih
gubitaka usled hromosti.

Kljuc¢ne reci: mlecne krave, laminitis, patogeneza.

UVOD

Intenzivan uzgoj goveda obuhvata Citav niz tehnoloskih postupaka koji treba da
omoguce kontinuiranu proizvodnju i optimalno kori§¢enje proizvodnih kapaciteta.
Kod visoko mle¢nih kava, metabolic¢ki poremecaji kao $to su ketoza, sindrom masne
jetre, puerperalna pareza, acidoza buraga i laminitis su posledica uticaja mnogih
¢inilaca, kao S§to su neizbalnsirana ishrana, losi uslovi drzanja i nege. Profilaksa
metabolic¢kih poremecaja se obavlja ishranom, koja treba da bude uskladena prema
proizvodnom obroku i proizvodnoj kategoriji, uz kontrolu zdravlja krava (Samanc
1 sar., 2005).

Laminitis predstavlja asepticko zapaljenje korijuma papaka (Panousis i Karatzias,
1999; Bojkovski i sar., 2000; Radojici¢ i sar., 2017). Kod nastanka ovog oboljenja,
pored mehanickog preopterecenja papaka, navode se i toksi¢ni uzroci 1 nastanak na
alergijskoj osonovi (Bojkovski i sar., 2007; Bojkovski i sar., 2011a). Duze davanje
lako svarljive koncentrovane hrane, stvaranje acidoze u buragu, nagle promene
hrane, posebno ishrana zelenim jeCmom, ovsem, sveze pokoSenim mladim
leguminozama 1 ishrana plesnivom hranom, mogu dovesti do pojave laminitisa
(Radojici¢ i sar., 2008). Laminitis je ¢esto rezultat uticaja velikog broja ¢inilaca kao
Sto su metabolicki i digestivni poremecaji, porodaj, stres, mastitis, metritis, leZiSte
bez ili sa vrlo malo prostirke i nemogucénost kretanja, pregojenost i neadekvatan
menadZzment ishrane (Radojic¢i¢ i sar., 2008; Radojic¢i¢ i sar., 2017; Bojkovski i sar.,
2013). Smatra se da vazoaktivne materije (histamin) koje ulaze u krvotok iz buraga,
dovode do o3teéenja korijuma (Samanc i sar., 2005). Metaboli¢ki poremecaj nastaje
usled niskog pH sadZaja buraga i lanc¢ano dovodi do patofizioloskih poremecaja, koji
na kraju rezultuju ishemijom korijuma papaka i klinicki manifestnim laminitisom
(odlaganjem noge zbog bola, a ponekad i prinudnog lezanja). Veruje se da osim
histamina, bakterijski endotoksini, mle¢na kiselina i druge bioloski aktivne materije
doprinose nastanku ovog oboljenja. Koli¢ina koncentrovane hrane koju krava unese
obrokom, povremeno nizak pH sadrzaja buraga i pojava lokomotornih poremecaja
imaju zajednicku etiopatogenetsku pozadinu (Peterse, 1996; Radoji¢ic¢ i sar., 2017).
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Uloga Kkisele indigestije u nastanku laminitisa

U etiologiji kisele indigestije ucestvuju slede¢i Cinioci: velika koli¢ina kiselog
voluminoznoghranivau odnosunakoli¢inuikvalitet sirovih vlakana, neuravnotezeni
odnos izmedu lako svarljivih ugljenih hidrata i volumuinoznog hraniva i velika
koli¢ina koncentrovanih hraniva koja sadrze znatno vece koli¢ine lako svarljivih
ugljenih hidrata (Samanc, 2009; Radoji¢i¢ i sar., 2017). Ustanovljeno je da se pri
vrednosti pH 3,9-4,5 blokira histaminaza, koja je aktivna samo pri normalnom ili
slabo baznom pH. U tom slucaju acidoza se vrlo brzo komplikuje intoksikacijom
histamina. Karakteristicno je da histamin povecava propustljivost sluznice, pa
dolazi do njegovog prolaska u krv. Kao §to je poznato, histamin moZze da izazove
pad pritiska 1 kolapsno stanje. Kod uznapredovalih kiselih indigestija su opisani
sluc¢ajevi komatoznog stanja, pri cemu zivotinje leze bespomo¢no sa podignutim
prednjim nogama i glavom savijenom prema grudnom kosSu (Linford, 1990;
Garry, 1990). Kod takvih krava, pored histaminske izrazena je i acetilholinska
intoksikacija. U kiseloj sredini acetilholin je stabilniji, a holinesteraza je neaktivna,
pa se povecava koncentracija endogenog acetilholina iz sadrzaja buraga. Proces
se odvija brzo kao kod anafilaktickog Soka, usled sinergi¢nog delovanja histamina
1 acetilholina, dok je kod acidoze buraga re¢ o delovanju endogenog i egzogenog
histamina i acetilholina. U pocetku bolesti nastaje pove¢ana motoricka aktivnost
buraga, a kasnije nastaje pareza, paraliza zidova buraga odnosno potpuno prestaje
motoricka aktivnost buraga (Owens i sar., 1998; Bojkovski i sar., 2000).

Acidoza, nastala zbog nakupljanja mle¢ne kiseline u suvisku, je fermentativni
poremecaj, koji se manifestuje u viSe oblika, zavisno od visine disbalansa. U
osnovi, do acidoze buraga dolazi pri ishrani visoko rastvorljivim ugljenohidratnim
hranivima, tj. kada se seno brzo, pod uticajem mikroorganizama razgraduje u
buragu. Pad pH vrednosti sa 6,8 do vrednosti oko 5 u buragu inhibiSe odredene
grupe mikroorganizama (protozoe i Gram-negativne bakterije), a pospesuje
razvoj onih bakterija koje zahtevaju kiselu sredinu. Tako npr. prisustvo veceg
broja Streptococcus bovis 1 Lactobacillus sp., mikroorganizama koji produkuju
mlecnu kiselinu, dalje snizava kiselost. Ako je zivotinja dugo na ovakvoj ishrani
odnosno eneregetskom obroku, acidoza moze dovesti do oste¢enja sluznice buraga,
Sto omogucéava bakterijama nastajanje ruminitisa. Nastaju komplikacije kao §to
je peritonitis, oSteCenje jetre nastalo prelaskom infektivnih agenasa u krvotok
i posledi¢no laminitis. Manje vazni simptomi mogu da nastanu kao jednostavno
odbijanje hrane, koje se kasnije nastavlja u prezderavanje, Sto moze dovesti do
atonije buraga i nakupljanja viska te¢nosti u buragu. Ovo zajedno sa viskom tecnosti
u buragu rezultuje znacima kao $to su dehidracija, smanjen apetit, smanjenje
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proizvodnje mleka, smanjenje kontrakcija buraga, povremeno suva balega, koja
moze da se nastavi u dijareju. Cilj treba da bude da u preveniranju obezbedimo
ravnotezu izmedu mikroorganizama. Ovo se moze posti¢i ishranom odredenih
koli¢ina hrane date u ravnomernim intervalima, izbegavaju¢i nagle promene ka
visoko energetskim obrocima. Adekvatne koli¢ine koncentrata i kvalitetne kabaste
hrane su neophodni da bi se ovi ciljevi ostvarili (Bojkovski i sar., 2000; Bojkovski i
sar., 2007; Samanc, 2009; Radojici¢ i sar., 2008; Radoji¢i¢ i sar., 2017).

Uloga ishrane u patogenezi laminitisa

Zadatak ishrane visoko mlecnih krava je da obezbedi, pre svega, dobro zdravlje i
odgovarajuc¢u kondiciju Zivotinje, laktaciju u trajanju od oko 300 dana, kao i ve¢i broj
laktacija tokom eksploatacije, maksimalnu koli¢inu mleka optimalnog hemijskog
sastava 1 donoSenje na svet zdravog i vitalnog teleta jednom godisnje (Radojici¢ 1
sar., 2008; Pordevi¢ Markovi¢ i sar., 2009). Da bi visoko mle¢na krava mogla da
odgovori na ovakve zahteve, uslovi njenog drzanja, nege, zdravstvenog stanja, a
pre svega ishrane, moraju da budu maksimalno prilagodeni potrebama organizma
(obrok uskladen prema proizvodnji mleka) i dovedeni do granice idealnog, u okviru
moguénosti savremenog govedarstva (Radojicic¢ i sar., 2008; Radojici¢ i sar., 2017).
Greske koje se dese u poslednjoj tre¢ini graviditeta, postaju jasno uocljive i izraZzene
tokom puerperijuma. Jedna od naj¢es¢ih greSaka koje mogu da se pojave jesu razliciti
oblici tehnopatija, medju kojima je najznacajnija ketoza. S metabolickog aspekta,
ketoza je poremecaj metabolizma ugljenih hidrata i masti, pri ¢emu je blokirana
B-oksidacija masnih kiselina, a proces se zaustavlja na nivou acetil-KoA. Presudnu
raskrsnicu mnogih puteva u inetrmedijarnom metabolizmu, pa i u tokovima
resinteze glukoze 1 razgradnje masnih kiselina, predstavlja oksalacetat. S obzirom
da je proces sinteze glukoze maksimalno aktiviran, najveca koli¢ina oksalacetata je
“’zarobljena’ 1 “’sprovedena” put glukoneogeneze. Zbog toga dolazi do nakupljanja
vece koli¢ine acetil-KoA, koji ne moze da bude u potpunosti oksidisan, te dolazi
do spajanja dva molekula acetil-KoA 1 sinteze prvog ketonskog tela, acetosiréetne
kiseline, a iz nje 1 B-oksibuterne kiseline i1 acetona. Sinteza ketonskih tela, u
okviru fizioloSkih granica, odvija se 1 kod zdravih Zivotinja intenzitetom od 25
pg/h. Vecina tkiva je u stanju da koristi ketonska tela kao izvor energije, a stepen
njihove razgradnje proporcionalan je koncentraciji u krvi do nivoa od 3,44 mmol/L.
Ketonska tela se u suvisku nakupljaju u krvi, a zatim se izlu¢uju urinom i mlekom,
a manjim delom i preko pluca. Izlu¢ivanjem ketonskih tela organizam, koji se ve¢
nalazi u energetskom deficitu, dodatno gubi veliku koli¢inu energije. U ketonskim
telima jo$ uvek je vezano oko 75% energetske vrednosti masti.
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Sumirajuéi navedena razmatranja, nuzno je paznju usmeriti prema ishrani, koja
se svojim znacajem istice u profilaksi i terapiji ovog metaboli¢kog poremecaja.
Subklini¢ka ketoza moze se pratiti i redovnom kontrolom parametara metabolickog
profila, koji ukljuCuju i neke analize procene funkcionalnog statusa celija jetre
(koncentracija glukoze, aktivnost AST, ukupni bilirubin i albumini). Validnom
interpretacijom dobijenih analiza moguce je jetru hepatoprotektivima zastititi, a
ketozu preduprediti (Radojicic¢ i sar., 2008; Radojici¢ i sar., 2017, Samanc, 2009).
Izuzetno visoke potrebe krava s visokom proizvodnjom mleka uslovljavaju
upotrebu vece kolic¢ine koncentrovanih hraniva s poslediénim smanjenjem
sadrzaja sirovih vlakana. Da bi obrok mogao da odgovori nutritivnim zahtevima
zivotinje u proizvodnji, preporucuje se da se izbegavaju kabasta hraniva s visokim
sadrzajem vode (silaza sa manje od 25% SM, celulozna hraniva). Zbog prevelike
voluminoznosti ovakvih hraniva, odnosno male koli¢ine energije i hranljivih
materija po jedinici mase, krava nije u stanju da konzumira dovoljnu koli¢inu za
podmirenje osnovnih potreba (Radoji¢i¢ i sar., 2008; Radoji¢i¢ i sar., 2017, Samanc,
2009). Kao hranivo izbora isti¢e se dobro i kvalitetno seno (livadsko, leptirnjaca,
mesavine) koje moze da se daje po volji, a koncentrovani deo obroka, prilagoden
proizvodnom statusu, treba podeliti na vise delova, kako bi se postiglo ravnomernije
pristizanje ugljenih hidrata u burag i njihovo razlaganje pod dejstvom mikroflore, a
izbegla ili bitno umanjila moguénost nastanka acidoze buraga sa svim posledicama.
Ovakvim nac¢inom ishrane se izbegava pojava ’pikova” glikemije koja je neizbezna
kod ishrane visokomle¢nih krava hranjenih pretezno koncentrovanim hranivima
(gamanc i sar., 2005; Bojkovski i sar., 2000; Radojic¢i¢ i sar., 2017).

Poseban problem u planiranju obroka predstavlja uskladivanje odnosa pojedinih
vrsta ugljenih hidrata koja Zivotinja unosi obrokom. Potrebno je da se istakne znacaj
celuloze, ali 1 skroba, kao prekurzora propionske kiseline i klju¢nog medijatora
glukoneogeneze, dok uces¢e lako svarljivih ugljenih hidrata, iako predstavljaju
“’instant energiju’’, nosi sa sobom stalni rizik nastanka metabolickih poremecaja.
Parametar o kom treba voditi racuna je i dnevna konzumacija hrane, $to posebno
predstavlja problem u uslovima stresa i drasti¢nih fizioloskih promena u toku
kasnog graviditeta, partusa i rane laktacije. Generalno gledano, obroci bi trebalo da
budu ukusni i primamljivi za kravu, ouvanih organoleptickih svojstava, higijenski
ispravni i bez $tetnih primesa. Mehanizam kontrole obroka obuhvata kratkotrajnu
kontrolu (pH sadrzaja buraga, koliina isparljivih masnih kiselina i nivoi nekih
hormona kao $to su insulin, glukagon, gastrin) i dugotrajnu kontrolu konzumacije
(fiziolosko stanje, status azota, faktori spoljasnje sredine, fotoperiodi¢nost i
sezonske razlike, stepen proizvodnje i ukupne potrebe u energiji). Od znacaja su
i telesna masa krava, genetska osnova, zdravstveno stanje, konkurentski nagoni
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veceg prioriteta (termoregulacija), kao i faktori vezani za ukusnost i primamljivost
obroka (Pordevi¢ Markovi¢ i sar., 2009; Radoji¢i¢ i sar., 2017).

U uslovima obilne neizbalansirane ishrane u prepartalnom periodu dolazi do
deponovanja viska hranjivih materijau telesnim depoima i do takozvanog “sindroma
masne jetre”. U uslovima energetskog deficita i posledi¢ne ubrzane mobilizacije
masti iz depoa, Sto je Cesta pojava kod ugojenih krava, isuvise brzo je nakupljanje
slobodnih masnih kiselina u krvi i njihovo deponovanje u jetri. Visoka koncentracija
slobodnih masnih kiselina u krvi uslovljava pad apetita, odnosno zivotinja reaguje
smanjenjem konzumacije, §to onda dovodi do energetskog deficita, kada krave
naglo mrSave, s mogu¢im letalnim ishodom. U jetri nastaje nakupljanje masnih
kiselina u vidu masne infiltracije ili degeneracije hepatocita. S takvim dodatnim
opterecenjem, jetra gubi na funkcionalnoj aktivnosti, §to doprinosi nastanku ketoze,
odnosno otezani su reparacioni i restitucioni procesi u hepatocitima, jer se potpuno
ozdravljenje ostvaruje tek kada se jetra oslobodi viska masti, $to je spor i dugotrajan
proces (Samanc, 2009; Radoji¢i¢ i sar., 2017). “Sindrom masne jetre* je, primer
energetskog disbalansa izazvanog preteranim konzumiranjem hrane/energije
i povecanim taloZenjem masti u hepatocitima, ali i u drugim tkivima kao $to je
potkozno tkivo, pa se Cesto koristi i termin “sindrom masne krave”. Kada krava
tokom poslednjeg perioda laktacije i zasuSenog perioda prima visoko energetske
obroke, dolazi do skladiStenja masti. Ovo stanje ima uticaja i na pojavu teSkih
teljenja, zaostajanje posteljice ili ¢ak na pojavu metritisa. Kada se ispolji gubitak
apetita, nastaje ubrzana moblizacija masti iz telesnih rezervi i posledi¢no pojacano
formiranje ketonskih tela. Zajednicko za sva stada sa ovakvom ishranom je da
imaju problema s plodnos$cu, $to se odrazava dugim servis periodima i smanjenom
koncepcijom (Pokovi¢, 2010). Stada s dugim intervalima izmedu teljenja, obi¢no
u vreme teljenja imaju krave u tovnoj kondiciji (Radoji¢i¢ i sar., 2008). Ketoza je
jedno od sekundarnih oboljenja koja se javljaju u ovakvim uslovima. Potrebno je
metabolicki profil, kao meru otkrivanja subklini¢kih ketoza, sprovoditi najmanje
dva puta godiSnje kod krava u visokom graviditetu i u ranoj laktaciji (Radoji¢i¢ i
sar., 2017). Ciljevi kojima treba teziti u cilju prevencije sindroma masne jetre su
obezbedenje adekvatnih, ne preterano energetskibogatih obroka, kako bise pripremili
mikroorganizmi buraga za obroke koji ¢e slediti u laktaciji, dajuci zasuSenim
kravama 2-3 kg ovih hraniva dve nedelje pre teljenja. Posle teljenja koncentrat
treba povecéavati za lkg/dan, sve do postizanja pika proizvodnje. Neophodno je
davati 2-4 kg sena dnevno, radi smanjenja fluktuacije mikroorganizama, §to se
moze javiti tokom promene koncentracije obroka, kao posledica visokih potreba u
ranom periodu laktacije. Pozeljno je odrzavati interval izmedu teljenja u periodu od
12 do 13 meseci, odnosno godina/tele, odvojiti zasusene krave od krava u laktaciji
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u cilju da se smanji mogucnost pojave “sindroma masne jetre”, a da se odrzi visoka
laktacija (Pordevi¢ Markovi¢ i sar., 2009; Radoji¢i¢ i sar., 2008.; Radoji¢ic¢ i sar.,
2017).

Kod krava hranjenih obrocima s visokim sadrzajem lako rastvorljivih proteina (17%
proteina sa 75% rastvorljivosti) moze do¢i do potrebe veceg broja osemenjavanja
i produzavanja ciklusa izmedu teljenja, $to se jo§ naziva sindromom neplodnosti.
Kao posledica ovakve ishrane javlja se visok sadrzaj amonijaka u buragu, koji se
izluCuje preko mokrace ili preko mleka. Jon amonijaka u suvisku deluje toksi¢no na
embrion i spre¢ava implantaciju i razvoj fetusa. Stoga je potrebno izbegavati ishranu
s visokim koli¢inama proteina, posebno lako rastvoljivih proteina i obezbediti
potrebne koli¢ine energije uskladenim odnosom proteini:energija (Radojicic¢ i sar.,
2008; Radojici¢ i sar., 2017).

Potrebe mikroorganizama u aminokiselinama i energiji, kao i raspon pH u buragu (od
5,5 do 6,8) treba uzeti u obzir pri odredivanju najboljeg obroka kod visoko mle¢nih
krava u laktaciji. Prevencija podrazumeva ravnotezu izmedu mikroorganizama, koja
se moze postici ishranom odredenih koli¢ina hrane date u ravnomernim intervalima,
izbegavajuci nagle promene ka visoko energetskim obrocima. Adekvatne koli¢ine
koncentrata i kvalitetne kabaste hrane su neophodni da bi se ovi ciljevi ostvarili
(Nocek, 1997; Pordevi¢ Markovi¢ i sar., 2009; Radoji¢i¢ i sar., 2017).

Kao posledica poremecaja prometa mineralnih materija (nedovoljno unoSenje
ili povecan gubitak) jeste pojava puerperalne pareze, odnosno hipokalcemije
ili mle¢ne groznice. Kod krava sa puerperalnom parezom, pad nivoa kalcijuma
(hipokalcemija) manifestuje sa opStom slabos¢u, »padom s nogu«, ponekad
komom i uginu¢em, ako se ovaj nastali poremecaj blagovremeno ne le¢i. Kod krava
s puerperalnom parezom ispoljavaju se i poremecaji u vidu indigestije i smanjene
apsorpcije hranljivih materija. Cinioci koji doprinose pojavi hipokalcemije su
smanjenje mogucnosti kod starijih krava da brzo mobilisu kalcijum iz kostiju ili
pak resorpciju iz tankih creva, a smanjenje apetita koje nastupa nakon teljenja dalje
produbljuje ovaj problem (Radoji¢i¢ i sar., 2017; Nedi¢ i sar., 2023).

Disbalans mineralnih materija neposredno posle teljenja i to kod starijih visoko
mlecnih krava, dovodi naj¢esce do takozvane tipi¢ne hipokalcemije ali neretko i do
do “sindroma lezece krave” (Nedi¢ i sar., 2023).

Profilaksa i preporuke u ovom smislu se odnose i na poveéanu paznju u nacinu
drzanja i ishrane u zasuSenom periodu. Zbog toga, do tri nedelje pre teljenja visoko
steone krave treba postepeno prevoditi i navikavati na obrok krava u laktaciji, u
cilju da se mikroorganizmi buraga »pripreme i razviju« za uslove novog obroka,
kao i u obrok pred zasuSenje dodavati jednak odnos ili ¢ak nesto vise fosfora nego
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kalcijuma, kako bi se blagovremeno pokrenula mobilazacija kalcijuma iz rezervi
(Pordevi¢ Markovi¢ i sar, 2009). Takode je moguca i priprema kiselog ili anjonskog
obroka. Takav obrok smanjuje pojavu mlecne groznice i to putem odredenog
zakiseljavanja, koje maksimizuje jonizaciju kalcijuma u crevima i poboljsava
njegovu apsorpciju, a verovatno poboljSava i moguénost transporta i usvajanje
kalcijuma iz kostiju. Jo$ jedna od mera koja se moze preduzeti je dodavanje obroku
vitamina D, ukoliko je ta¢no poznat termin teljenja. Dodavanje vitamina D u ¢estim
davanjima nije preporucljivo, pogotovo ne injekcioni preparat, jer vitamin D ima
strukturu i katabolizam sli¢an steroidnim hormonima, §to moZze imati lose posledice
po stanje hepatocita, koji su inace znacajno osSteceni kod visoko mle¢nih krava
hranjenih neizbalansiranim obrocima (Radojici¢ i sar., 2017).

Obroci s niskom koli¢inom kalcijuma par nedelja pred teljenje preveniraju pojavu
puerperalne pareze prepartalnom aktivacijom kosStanog sistema i intestinalnog
kanala. Preporucuje se da se dve nedelje pred teljenje koristi obrok sa manje od 80g
Ca, 60g P i oko 35.000 IU vitamina D. Veoma je vazno resiti pitanje izbora hraniva
siromas$nih u kalcijumu i sastavljanje adekvatnog obroka, koji podmiruje ostale
potrebe zivotinje u poslednjim nedeljama zasuSenja. Kao hraniva izbora koriste
se krompir i sporedni proizvodi od krompira, ostala korenasto-krtolasta hraniva,
pivski trop, sa¢ma od kukuruznih klica, mekinje i sto¢no brasno. Neposredno posle
teljenja, kada je potrebno da se zZivotinjama ponudi obrok bogat u kalcijumu, u
obzir mogu doéi repini rezanci, seno i silaza (trave, leptirnjace), kao i dodavanje
mineralnih hraniva kao izvora kalcijuma. Praktican nedostatak ovakvog rezima
ishrane je neophodnost da se obrok posle teljenja menja postepeno, jer je poznato
da nagle promene obroka mogu kod prezivara izazvati poremecaj mikroorganizama
i dovesti do indigestija. Prakticna iskustva pokazuju da na pojedinim farmama
postoje slucajevi puerperalne pareze bez izrazite hipokalcemije, ali s ozbiljnom
hipomagnezijemijom. Nedostatak magnezijuma pokazuje se kao znacajan etioloski
¢inilac u nastajanju puerperalne pareze, remete¢i homeostazu kalcijuma, zato Sto
smanjuje stepen mobilizacije kalcijuma posle teljenja, a s obzirom da je mobilizacija
magnezijuma iz depoa znatno sporija od mobilizacije kalcijuma, ¢esto se javljaju

ceye

i sar., 2008; Radojici¢ i sar., 2017).

Patogeneza laminitisa
U svim dosadas$njim razmatranjima etiologije 1 patogeneze laminitisa, kao jedan
od vaznih predisponirajucih ¢inilaca, pogotovo na pocetku bolesti, pominju se
anatomske karakteristike krvnih puteva korijuma, koji je ste$Snjen izmedu falangealne
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kosti i rozine papaka. U tako ispunjenom prostoru ne postoji moguénost Sirenja
u slucaju izlaska tec¢nosti u intersticijum, a to je jedan od najranijih poremecaja
koji nastaje kao posledica delovanja histamina na vaskularne elemente korijuma
papaka. Pojacana transudacija, a kasnije i1 eksudacija, uzrokuju povecanje tkivnog
pritiska koji jo§ viSe otezava cirkulaciju krvi u laminama i prouzrokuje njihovu
ishemiju. Ovo je sasvim razumljivo ako se ima u vidu neelasti¢nost rozine koja
ne moze da se Siri pod pritiskom nastalog otoka korijuma papaka. U ovoj fazi,
laminitis prati temperiranost i bolnost obolelog papka i visok stepen Sepavosti od
samog pocetka bolesti. Listovi korijuma papaka, kojih ima oko 1.300 u svakom
papku, uski su i veoma nezne grade. Dobro su snabdeveni krvlju i u njima ima
dosta arteriovenskih anastomoza. U tkivu korijuma se rasprostire bogata mreza
nervnih pleksusa, jer, kako je poznato, papci nisu samo mehanicka potpora telu, ve¢
predstavljaju specifican taktilni organ (uéestvuju u odrzavanju ravnoteze i kretanju).
Drugi ¢inoci koji su pomenuti, kao Sto su telesna masa, stanje uhranjenosti, nasledne
i steCene anomalije, mogu da odigraju odredenu ulogu u patogenezi asepticnog
pododermatitisa. Poremecaji u cirkulaciji, ishemija i hipoksija, prouzrokuju
degenerativne promene korijuma i oStec¢enje lamina. Kada proces poprimi hroni¢an
tok, moze da nastane promena polozaja falangealne kosti, deformacija papaka i
probijanje vrha kosti kroz tabanski deo papka. To su mehanic¢ka oStecenja usled
pritiska lamine korijuma, poremecaja u cirkulaciji i nastalih nekroti¢nih procesa. U
vezi s ovim su mnogobrojne promene koje nastaju kasnije, kao Sto su zadebljanje
tabanskog dela papaka (dupli taban), krvarenja u tabanskom delu, ponekad pojava
krvnih podliva. U nekim sluc¢ajevima promene u boji tabanskog dela karakteriSu
ovaj proces. Uocavaju se bleda polja Cesto proSarana hiperemi¢nim podrucjima
ili mnogobrojnim hemoragijama (Samanc i sar., 2005; Bojkovski i sar., 2011b;
Radojici¢ i sar., 2008; Radoji¢i¢ i sar., 2017). Profilakti¢ke mere u cilju sprecavanja
proizvodnih bolesti visoko mle¢nih krava treba prvenstveno da omoguce fiziolosku
aktivnost mikroorganizama sadrzaja buraga u momentu kada zasusena krava ude u
laktaciju. Zahteva se izbalansirana ishrana prema proizvodnom obroku, razdvajanje
zasuSenih krava od krava u laktaciji, redovna kontrola metabolickog profila, kao
jednog od nacina kontrole zdravlja, kao i da se zasusenim kravama omoguci davanje
dovoljne koli¢ine kabaste hrane najmanje dve nedelje pre teljenja (Ivanov i sar.,
2005; bokovi¢, 2010).
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ZAKLJUCAK

Laminitis predstavlja asepti¢no zapaljenje korijuma papaka. Kao uzroci nastanka
ovog oboljenja, pored mehani¢kog preopterecenja papaka, navode se i toksicni
uzroci i nastanak na alergijskoj osnovi. Duze davanje lako svarljive koncentrovane
hrane, stvaranje acidoze u buragu, nagla promena hrane, posebno ishrana zelenim
jeCmom, ovsem, sveze pokoSenim mladim leguminozama i ishrana plesnivom
hranom, mogu dovesti do pojave laminitisa. Laminitis je Cesto rezultat uticaja
velikog broja ¢inioca, kao §to su metabolicki i digestivni poremecaji, porodajni
stres, mastitis, metritis, leziSte bez ili sa vrlo malo prostirke, nemoguénost kretanja,
pregojenost 1 neadekvatan menadzment ishrane. Obrok koji dovodi do acidoze
dovodi i do laminitisa i vrlo je tezak za korekciju, kada se najveéi procenat hraniva
u obroku sastoji od ugljenohidratnih materija. Smatra se da vazoaktivne materije
(histamin) koje ulaze u krvotok iz buraga, dovode do oSte¢enja korijuma papaka.
Metabolic¢ki poremecaj nastaje usled niskog pH sadrzaja buraga i lancano dolazi
do patofizioloskih poremecaja, koji na kraju rezultuju ishemijom korijuma papaka
i klinicki manifestnim laminitisom (odlaganjem nogu zbog bola, a ponekad
1 prinudnog lezanja). Veruje se da osim histamina, bakterijski endotoksini,
mlecna kiselina i druge bioloSki aktivne materije doprinose nastanku ovog
oboljenja. Koli¢ina koncentrovane hrane koju krava unese obrokom, povremeno
nizak pH sadrzaja buraga i pojava lokomotornih poremecaja, imaju zajednicku
etiopatogenetsku pozadinu. U nastajanju laminitisa primarnu ulogu ima acidoza
buraga. Izbalansiranim obrocima daje se prednost u spre¢avanju nastajanja
laminitisa. Pridaje se veliki znacaj u koriS¢enju mineralnih materija s puferskim
delovanjem na elektrohemijsku reakciju sadrzaja buraga.
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Summary

The lameness is the earliest but also the most important clinical symptom of the
achropodium diseases in cattle. According to literary data, in 90% of cases, the
cause of lameness is localized in the hooves, and in 10% of cases it is in other
anatomical parts of the limb. In 88% of cases, the pathological process has been
manifested at the hind limb. Laminitis is an aseptic inflammation of the corium
of the hooves. In addition to the mechanical overloading of the hooves, the toxic
causes are also addressed as the causes of this disease. Longer feeding with
rapidly digested concentrate, rumen acidosis, sudden change of food components,
especially diet with green barley, oat, freshly harvested young legumes and
nutrition with molded food, can lead to laminitis. Laminitis is often the result of
impact of a large number of factors, such as metabolic and digestive disorders,
calving stress, mastitis, metritis, abomasal displacement, bedding without or with
very little straw, inability to move, obesity and poor diet. The ration that leads to
acidosis also leads to laminitis. Such a ration is difficult to correct in a case when the
carbohydrates are present in highest percentage. Vasoactive substances (histamine),
which enter the bloodstream from rumen, are considered to lead to damage of the
hoof corium. Metabolic disorder is caused by a low pH of rumen, which leads to
pathophysiological disorders, which eventually result in the ischemia of the hoof
corium and clinically manifest laminitis (leg disposal due to pain, and sometimes
forced lying). In addition to histamine and bacterial endotoxins, milk acids and
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other biologically active substances are believed to contribute to the onset of this
disease. The application of basic principles of the nutrition of the lactating cows
can prevent the appearance of laminitis and therefore the appearance of economic
losses due to lameness.

Key words: lactating cows, laminitis, pathogenesis.

INTRODUCTION

An intensive cattle breeding includes numerous technological procedures that
should provide sustainable production and optimal use of production capacity.
Metabolic disorders in high yielding dairy cows, such as ketosis, fatty liver
syndrome, puerperal paresis, rumen acidosis and laminitis are caused by a large
number of factors, including non-balanced diet and poor breeding conditions. The
prophylaxis of metabolic disorders may be done by nutrition, which should be in
accordance with the production diet and category of animal combined with the
cow’s health control (Samanc et al., 2005).

Laminitis is an aseptic inflammation of the hoof corium (Panousis and Karatzias,
1999; Bojkovski et al., 2000; Radojici¢ et al., 2017). In addition to the mechanical
overloading of the hoof, the toxic agents as well as allergic reaction, may cause
this disease (Bojkovski et al., 2007; Bojkovski et al. 2011a). Longer feeding with
rapidly digested concentrate, rumen acidosis, sudden change of food components,
especially diet with green barley, oat, freshly harvested young legumes and nutrition
with molded food, can lead to laminitis (Radoji¢i¢ et al. 2008). Laminitis is often
the result of the impact of a numerous factors such as metabolic and digestive
disorders, calving, stress, mastitis, metritis, bedding without or with very little
et al., 2017; Bojkovski et al., 2013). Vasoactive substances (histamine) that enter
the bloodstream from rumen are considered to provoke the damage of the hoof
corium (Samanc et al., 2005). Metabolic disorder may be caused by a low pH of
rumen, which leads to pathophysiological disorders, which eventually result in the
ischemia of the hoof corium and clinically manifest laminitis (leg disposal due to
pain, and sometimes forced lying). In addition to histamine, bacterial endotoxins,
milk acid and other biologically active substances are believed to contribute to the
onset of this disease. The amount of concentrates in ration, occasionally low rumen
pH and the appearance of locomotor disorders have a common ethiopathogenetic
background (Peterse, 1996; Radojici¢ et al., 2017).
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The role of rumen acidosis in the etiology of laminitis

Following factors are involved in the etiology of rumen acidosis: a large amount of
acidic voluminous feeds with low acidogenic value compared to the high content
of high quality fiber, an unbalanced ratio between rapidly digested carbohydrates
and voluminous nutrients and a large amount of concentrates containing significant
amounts of rapidly digested carbohydrates (Samanc, 2009; Radojicié et al., 2017).
It has been found that pH 3.9-4.5 blocks histaminesis, which is active only when
pH is neutral or poorly alkaline. In this case, acidosis is very quickly complicated
by the histamine intoxication. Histamine increases the permeability of mucous
membranes, so it passes into the blood. As already known, histamine can cause
decrease in blood pressure and collapse. In severe rumen acidosis, cases of coma
are described, with animals lying with front legs raised and head bent toward
the chest (Linford, 1990; Garry, 1990). In addition to histamine intoxication,
those cows also express acetylcholine intoxication. In the acidic environment,
acetylcholine is more stable, and holinesterase is inactive, so the concentration of
endogenous acetylcholine that originate from the rumen content is increased. The
process develop quickly as in the case of anaphylactic shock, due to the synergistic
action of histamine and acetylcholine, while in the rumen acidosis there is action
of endogenous and exogenous histamine and acetylcholine. At the beginning of
the disease, the increased rumen motility occures, but thereafter the paralysis and
paralysis of the rumen walls, or completely ceases of the rumen activity occurs
(Owens et al., 1998; Bojkovski et al., 2000).

Acidosis, caused by the accumulation of lactic acid in excess, is a fermentative
disorder, which may be expressed in several forms, depending on the level of the
imbalance. Basically, rumen acidosis occurs because of consumation of rapidly
digested carbohydrates, i.e. when hay is quickly broken down in the rumen under
the influence of microorganisms. A decrease in the rumen pH value from 6.8 to 5
inhibits certain groups of microorganisms (protozoa and Gram-negative bacteria),
and promotes the development of those bacteria that require an acidic environment.
Thus, for example, the presence of a greater number of Streptococcus bovis and
Lactobacillus sp., microorganisms that produce lactic acid, further decrease
acidity. If the animal is on this type of diet or energy feed for a long time, acidosis
can lead to damage to the lining of the rumen, which allows bacteria to develop
ruminitis. Complications, such as peritonitis, liver damage caused by the transfer
of infectious agents into the bloodstream, and subsequently laminitis, arise. Less
important symptoms can arise, like a simple refusal of food, which later continues
into overeating, which can lead to atony of the rumen and accumulation of excess
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fluid in the rumen. This, together with the excess fluid in the rumen, results in signs
such as dehydration, reduced appetite, reduced milk production, reduced rumen
contractions, occasionally dry manure, which can continue into diarrhea. The goal
should be to ensure, during prevention, a balance between microorganisms. This can
be achieved by offering specific amounts of food given at regular intervals, avoiding
sudden changes towards high energy diets. Adequate amounts of concentrate and
high quality forage are necessary to achieve these goals (Bojkovski et al., 2000;
Bojkovski et al., 2007; Samanc, 2009; Radojici¢ et al., 2008; Radojici¢ et al., 2017).

The role of nutrition in the pathogenesis of laminitis

The main goal related to high-yielding dairy cows nutrition is to ensure, first of
all, good health and adequate condition of the animal that should be in lactation
about 300 days. Also, cow should deliver a healthy and vital calf once annually,
have a numerous of lactations during lifespan as well as the maximum amount
Markovi¢ et al., 2009). In order for a high-yielding dairy cows to be able to respond
to those demands, the breeding, health conditions, and, above all, nutrition, must
be adjusted to the cow’s needs (meaning that nutrition should be adjusted to milk
production) and brought to the limit of the ideal, within the possibilities of modern
cattle farming (Radojici¢ et al., 2008; Radojici¢ et al., 2017). Mistakes that are done
in the last three months of pregnancy become clearly visible and expressed during
the puerperium. The most common mistakes that can occur are various forms
of technopaties, among which the most significant is ketosis. From a metabolic
point of view, ketosis is a disorder of carbohydrate and fat metabolism, in which
[-oxidation of fatty acids is blocked, and the process stops at the level of acetyl-CoA.
Oxaloacetate represents the crucial intersection of many pathways in intermediary
metabolism, including glucose resynthesize and fatty acid breakdown. Given that
the process of glucose synthesis is maximally activated, the largest amount of
oxaloacetate is “captured” and “conducted” through gluconeogenesis. This leads to
the accumulation of a larger amount of acetyl-CoA, which cannot be fully oxidized.
Thus, two acetyl-CoA molecules join together and the synthesis of the first ketone
body, acetoacetic acid, occurs and consequently synthesis of both B-oxybutyric acid
and acetone. Synthesis of ketone bodies, within physiological limits, also occurs
in healthy animals at an intensity of 25 pg/h. Most tissues are able to use ketone
bodies as a source of energy, and the degree of their decomposition is proportional
to the concentration in the blood up to the level of 3.44 mmol/L. Ketone bodies
accumulate in excess in the blood, and are then excreted in urine and milk, and to
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a lesser extent through the lungs. By excreting ketone bodies, the body, which is
already in an energy deficit, additionally loses a large amount of energy. About 75%
of the energy value of fat is bound in ketone bodies.

Summarizing the above considerations, it is necessary to focus on nutrition, which
stands out for its importance in the prophylaxis and therapy of this metabolic
disorder. Subclinical ketosis can also be monitored by metabolic profile parameters
control, which include some analyses to assess the function of liver cells (glucose
concentration, AST activity, total bilirubin and albumins). With a valid interpretation
of the obtained analyses, it is possible to protect the liver with hepatoprotective
agents and prevent ketosis (Radoji¢ié¢ et al., 2008; Radoji¢ié¢ et al., 2017; Samanc,
2009).

The extremely high needs of high-yielding dairy cows require a larger amount of
concentrates with a consequent reduction in the crude fibres content in feed. In
order for the ration to be able to meet the nutritional requirements of the animal in
production, it is recommended to avoid forage with high water content (silage with
less than 25% DM, cellulosic feeds). Due to the excessive voluminousness of such
nutrients, i.e. the small amount of energy and nutrients per unit mass, the cow is

ceye

et al., 2008; Radojici¢ et al., 2017, Samanc, 2009). Good and high-quality hay
(meadow and alfalfa hay as well as mixtures) stands out as the feed of choice,
which can be given ad libitum, and the concentrated part of the diet, adapted to
the production status, should be divided into several parts, in order to achieve a
more even use of carbohydrates in the rumen and their decomposition under the
influence of microflora. Thus, the possibility of developing rumen acidosis with all
its consequences is avoided or significantly reduced. This type of feeding avoids the
occurrence of “peaks” of glycemia, which is usual when high-yielding dairy cows
are fed with concentrates (Samanc et al., 2005; Bojkovski et al., 2000; Radojici¢ et
al., 2017).

A special issue in nutrition plan is harmonizing the ratio of different types of
carbohydrates that the animal consumes. It is necessary to emphasize the importance
of cellulose, but also starch, as a precursor of propionic acid as a key mediator
of gluconeogenesis, while the participation of rapidly digested carbohydrates,
although they represent “instant energy”, carries with it a constant risk of metabolic
disorders.

An important parameter is the daily food consumption, which is especially an issue
during stress and dramatic physiological changes that occur during late pregnancy,
parturition and early lactation. In general, the diet should be tasty, with preserved
organoleptic properties, hygienically correct and without harmful contaminants.
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The nutrition control includes short-term control (pH of rumen contents, amount
of volatile fatty acids and levels of some hormones such as insulin, glucagon,
gastrin) and long-term control of consumption (physiological state, nitrogen
status, environmental factors, photoperiodicity and seasonal differences, level of
production and total energy needs). Cow body mass, genetic basis, health status,
competitive instincts of higher priority (thermoregulation), as well as factors related
to the palatability of the diet are also important.

In conditions of unbalanced nutrition in the prepartal period, excess nutrients
are stored in body and the so-called “fatty liver syndrome” occurs. In conditions
of energy deficit and the consequent accelerated fat mobilization from the body
stores, which is a frequent in obese cows, the accumulation of free fatty acids in the
blood and liver occurs. A high concentration of free fatty acids in the blood causes
a appetite depression, which means that the animal reduce consumption, which
then leads to an energy deficit, when cows suddenly lose weight, with a possible
fatal outcome. Accumulation of fatty acids occurs in the liver in the form of fatty
infiltration or degeneration of hepatocytes. With such an additional load, the liver
loses its activity, which contributes to the emergence of ketosis, meaning that the
reparation and restitution processes in hepatocytes are hindered, since healing is
achieved only when the liver is free from excess fat, which is a slow and long-
term process (Samanc, 2009; Radoji¢i¢ et al., 2017). “Fatty liver syndrome” is an
example of an energy imbalance caused by excessive food/energy consumption and
increased fat deposition in hepatocytes, but also in other tissues such as subcutaneous
tissue. Therefore, the term “fat cow syndrome” is often used. When a cow receives
high-energy diet during the late lactation and the dry period, fat storage occurs.
This condition leads to difficult calving, placental abruption or even the occurrence
of metritis. When a loss of appetite occurs, there is an accelerated mobilization of
fat from the body’s stores and, consequently, there is an increased ketone bodies
synthesis. Herds with this diet have fertility problem, which is reflected in long
service periods and reduced conception (Pokovi¢, 2010). Herds with long intervals
between calving usually have obese cows at the time of calving (Radojici¢ et al.,
2008). Ketosis is one of the secondary diseases that occur in these conditions. In
order to diagnose subclinical ketosis, it is necessary to obtain a metabolic profile at
et al., 2017). The goals to be achieved, in order to prevent fatty liver syndrome,
are the provision of adequate, not highly energy-rich diets, in order to prepare
the rumen microorganisms for the diets that will be offered during lactation. This
means that dry cows should receive 2-3 kg of these nutrients two weeks before
calving. After calving, the concentrate should be increased by 1 kg/day, until peak
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of lactation is reached. It is necessary to offer to cows 2-4 kg of hay per day, in order
to reduce the fluctuation of microorganisms, which can occur during changes in the
concentrate content in diets, as a result of high needs in the early period of lactation.
Interval between calving should be from 12 to 13 months, meaning year/calf. Also,
it is necessary to separate dry from lactating cows in order to reduce occurrence of
“fatty liver syndrome” and to maintain high lactation (Pordevi¢ Markovi¢ et al.,
2009; Radojici¢ et al., 2008; Radojici¢ et al., 2017).

Cows fed rations with a high content of easily soluble proteins (17% protein with
75% solubility) may require more inseminations and may have prolonged cycle
between calving. This is called infertility syndrome. As a consequence of this diet,
rumen has a high content of ammonia, which is excreted through urine or milk.
Ammonia ion in excess has a toxic effect on the embryo and prevents implantation
and development of the fetus. Therefore, it is necessary to avoid a diet with high
amounts of protein, especially easily soluble proteins, and provide the necessary
amounts of energy with a balanced protein:energy ratio (Pordevi¢ Markovi¢ et al.,
2009; Radojici¢ et al., 2017).

The requirements of microorganisms in amino acids and energy, as well as the range
of pH in the rumen (from 5.5 to 6.8) should be taken into account when determining
the best ration for high-yielding dairy cows. Prevention implies a balance between
microorganisms, which can be achieved by offering certain amounts of food at equal
intervals, and avoiding sudden changes to high-energy diets. Adequate quantities of
concentrates and high quality forage are necessary to achieve these goals (Nocek,
1997; Dordevi¢ Markovi¢ et al., 2009; Radojici¢ et al., 2017).

As a consequence of a mineral metabolism disorder (insufficient intake or increased
loss) a pareperal paresis, also known as hypocalcemia or milk fever, occurs. The
decrease in calcium levels (hypocalcemia) in cows with a puerperal paresis is
associated with general weakness, “inability to rise up”, sometimes followed by a
coma and death, ifthis disorder is not treated on time. In cows with a puerperal paresis,
there are also disorders like indigestion and reduced absorption of nutrients. The
factors that contribute to the onset of hypocalcemia, like a decreased mobilisation
of calcium from bone or absorption from small intestine in older cows, and the

cen e

al. 2017; Nedi¢ et al., 2023).

Dysbalance of minerals immediately after calving, in older high-yielding dairy
cows, usually leads to so-called typical hypocalcemia, but also to atypical puerperal
paresis, which is dominantly characterized by decreased phosphorus levels, and/or
less often to the “Downer cow syndrome “ (Nedi¢ et al., 2023).

Prophylaxis and recommendations also relate to the breeding and feeding cows during
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dry period. Because of this, up to three weeks before calving the high-yielding dairy
cows should be gradually prepared to get used to the lactation cow’s diet, in order
for the rumen microorganisms to “prepare and develop” for the conditions of a new
diet. Also, an equal ratio or even more phosphorus than calcium should be given
in the diet before drying cows, in order to start a calcium mobilisation from stores
(Pordjevi¢ Markovi¢ et al., 2009). It is also possible to prepare an acid or anion diet.
Such a diet reduces the appearance of milk fever through a certain acidification,
which maximizes the ionization of calcium in the guts, improves its absorption,
and improves the transportation of calcium from the bones. Another measure that
can be taken, if the term of the calving is known, is a vitamin D supplementation.
The frequent vitamin D supplementation is not advisable, especially in the form of
the injection, because vitamin D has a structure and catabolism similar to steroid
hormones, which can affect the hepatocytes, which are significantly damaged in
high-yielding dairy cows fed with unbalanced diets (Radojici¢ et al., 2017).

Diets with low calcium level, few weeks before calving, may prevent puerperal paresis
by prepartal activation of the bones and intestinal channels. It is recommended that
the two weeks before calving, diet with less than 80g Ca, 60g P and about 35,000
IU of vitamin D should be applied. It is very important to solve the issues related to
choosing of diets with poor calcium levels and composing an adequate diet, which
meets the requirements of the animal in the last weeks of dry period. Potatoes and
its by products as well as other root and tuber crops, brewer’s spent grain, corn
germ meal, bran and wheat flour are nutrients of choice. Immediately after calving,
when it is necessary to offer animals a diet rich in calcium, tail noodles, hay and
silage (meadow and alfalfa hay), as well as the addition of mineral nutrients as
a source of calcium are used. A practical disadvantage of such a diet regime is
the need to gradually change a diet after calving, because it is known that sudden
diet change can cause a disorder of microorganisms and lead to rumen acidosis.
Practical experiences show that there are cases of puerperal paresis on some
farms without pronounced hypocalcemia, but with serious hypomagnessiamia.
Magnesium deficiency is shown as a significant etiological factor in the emergence
of puerperal paresis, disrupting calcium homeostasis, because it reduces the
degree of mobilization of calcium after calving, and given that the mobilization of
magnesium from the stores is much slower than the mobilization of calcium, there
are often symptoms that seemed like grass tetany (Linford, 1990; Peterse, 1996;
Radojici¢ et al., 2008; Radojic¢i¢ et al., 2017).




Veterinary Journal of Republic of Srpska (Banja Luka), Vol. XXIII, No 1-2, page 307-317, 2023
Bojkovski et al.:
Pathogenesis of laminitis in dairy cows 313

Patogenesis of laminitis

As one of the important predisposing factors of the etiology and pathogenesis of
laminitis, especially at the beginning of the disease, is the anatomical characteristic
of the blood vessels of the corium, which is narrowed between the phalangeal bone
and the corium of hoof. In such a fulfilled space, there is limited expansion in the
case of fluid leaking into the interstitium. This is one of the earliest disorders of the
hoof corium vascular elements caused by histamine. Increased transudation and
exudation increase tissue pressure that further complicates blood circulation in the
laminae and causes their ischemia. This is a result of the inelasticity of the cornea,
which cannot expand under the pressure of the swelled hoof corium. In this phase,
laminitis is accompanied with increased temperature and pain of the affected hoof,
as well as with a high degree of lameness from the very beginning of the disease. The
laminae of the hoof, about 1,300 in each hoof, are narrow and very soft in structure.
They are well supplied with blood and there are many arteriovenous anastomoses
in them. A rich network of nerve plexuses spreads in the corium tissue, because, as
is known, hooves are not only mechanical support for the body, but are a specific
tactile organ (maintaining balance and movement). Other factors that have been
mentioned, such as body weight, nutritional status, genetic and acquired anomalies,
may play a certain role in the pathogenesis of aseptic pododermatitis. Circulation
disorders, ischemia and hypoxia, cause degenerative changes in the corium and
lamina. When the process takes a chronic course, there may be a change in the
position of the phalangeal bone, deformation of the hooves and the protrusion of the
tip of the bone through the sole of the hooves. These are mechanical damages due to
the lamina corium pressure, disturbances in circulation and necrosis. Related to this,
there are numerous changes that occur later, such as thickening of the sole of the
hoof (double sole), bleeding in the sole, sometimes the appearance of blood bruises.
In some cases, changes in the color of the soles characterize this process. Pale areas
often interspersed with hyperemic fields or numerous hemorrhages are observed
(’gamanc et al., 2005; Bojkovski et al., 2011b; Radojici¢ et al., 2008; Radoji¢i¢ et
al., 2017). Prophylactic measures aimed to prevent production diseases in high-
yielding dairy cows should primarily enable the physiological activity of the rumen
microorganisms at the moment when the dry cow enters lactation. Balanced diet
according to the production ration is required, as well as separation of dry from
lactating cows and regular control of the metabolic profile. It is also important to
feed dry cows with a sufficient amount of forage at least two weeks before calving
(Ivanov et al., 2005; Bokovi¢, 2010).
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CONCLUSION

Laminitis is an aseptic inflammation of the corium of the hooves. In addition to
mechanical overloading of the hooves, the toxic causes are also addressed as the
causes of this disease. Longer feeding with rapidly digested concentrate, rumen
acidosis, sudden change of food components, especially diet with green barley,
oat, freshly harvested young legumes and nutrition with molded food, can lead to
laminitis. Laminitis is often the result of impact of a large number of factors, such
as metabolic and digestive disorders, calving stress, mastitis, metritis, abomasal
displacement, bedding without or with very little straw, inability to move, obesity
and poor diet. The ration that leads to acidosis also leads to laminitis. Such a
ration is difficult to correct in a case when the carbohydrates are present in highest
percentage. Vasoactive substances (histamine), which enter the bloodstream from
rumen, are considered to lead to damage of the hoof corium. Metabolic disorder is
caused by a low pH of rumen, which leads to pathophysiological disorders, which
eventually result in the ischemia of the hoof corium and clinically manifest laminitis
(leg disposal due to pain, and sometimes forced lying). In addition to histamine
and bacterial endotoxins, milk acids and other biologically active substances are
believed to contribute to the onset of this disease. The application of basic principles
of the nutrition of the lactating cows can prevent the appearance of laminitis. Great
importance is given to the use of mineral substances with a buffering effect on the
electrochemical reaction of rumen contents.
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Sazetak

Transport 1 utovar u prevozno sredstvo je potencijalni izvor stresa za konje, $to
posljedicno moze dovesti do narusavanja koncepta dobrobiti zivotinja. Cilj
istrazivanja bio je da se ispita prisustvo stresne reakcije konja tokom utovara u
prevozno sredstvo, iskazane kroz promjenu frekvence pulsa, kao indikator stresne
reakcije. Istrazivanjem je obuhvaceno 25 konja, starih izmedu 4 i 20 godina.
Verifikacija frekvence rada srca sprovedena je uz upotrebu veterinarskog stetoskopa
sa dvostranom membranom i kontrolisana uz pomo¢ mjeraca rada srca. Tokom
mirovanja u Stali (prvo mjerenje) ustanovljena je frekvenca pulsa izmedu 29 i 40
otkucaja u minuti. Drugo mjerenje izvrSeno je u momentu utovara, kada su konji
zakoracili na utovarnu rampu prevoznog sredstva, te je ustanovljena frekvenca pulsa
izmedu 42 i 72 otkucaja u minuti. Rezultati t-testa ukazuju na postojanje statisticki
znacajne razlike u frekvenci pulsa izmedu prvog i drugog mjerenja. Rezultati ovog
istrazivanja ukazuju da utovar konja u prevozno sredstvo moze uzrokovati stres,
koji se manifestuje povecanjem frekvence pulsa. Sklonost konja da lako stvaraju
navike omogucava njihov trening s ciljem smanjenja nivoa stresa prilikom utovara
u prevozno sredstvo, Sto moze doprinijeti poboljSanju dobrobiti konja, a u isto
vrijeme smanjiti nivo stresa i rizik od povreda konja i osoblja.

Kljuéne rijeci: konj, utovar, frekvenca pulsa, stres.
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UVOD

Razvoj transporta konja kretao se od njihovog kretanja u krdima, putem kola,
zeljezni¢kog 1 drumskog saobracaja, pa sve do upotrebe brodova i aviona (Cregier,
1982). Siroka upotreba konja, nekada u ratu, danas u sportu, intenzivnom uzgoju,
rekreaciji, konjickom turizmu, $kolama jahanja, u zdravstvene svrhe, uc¢es¢e na
sajmovima ili koristenje u industriji mesa imala je za posljedicu povecanje ucestalosti
transporta konja, koji se transportuju ¢eS¢e u odnosu na druge vrste zivotinja (Fazio
et al., 2013). Za razliku od drugih vrsta zivotinja, npr. tovnih goveda, svinja ili
drugih farmskih zivotinja, koje se od mjesta gajenja do mjesta iskoriStavanja
uglavnom prevoze jednokratno, konji, kao radne ili sportske zivotinje, se tokom
njihovog zivota prevoze ¢esto i ponavljano, §to moze biti izvor stresa, sa razli¢itim
posljedicama. Friend (2001) navodi da je transport konja “generalno povezan sa
slabijim reproduktivnim rezultatima, povecanom ucestaloS¢u bolesti, privremenim
ogranicenjem atletskih performansi i promjenama u nizu drugih fizioloskih osobina
koje ukazuju na stres”. Isti autor smatra da je transport povezan sa povecanom
ucestalos¢u poremecaja zdravlja, i da stres moze imati negativan uticaj na opste
zdravlje konja, ukljucuju¢i poremecéaje u varenju, smanjen imuni odgovor, te
promjene u ponasanju. Uopsteno, stres se moze definisati kao nespecifi¢an aktivni
odgovor organizma na razliite izazove, uzrokovane promijenjenim okolnostima i
dogadajima u okruzenju (Borstel et al., 2017).

Imaju¢i u vidu potrebu postovanja principa dobrobiti konja, kao i u cilju
postovanja strategija za poboljSanje dobrobiti konja tokom njihove upotrebe za
rad, za potrebe sporta ili druge vidove upotrebe konja, vazno je razumjeti da su
konji, kao inteligentne zivotinje, sposobni da povezu sam transport sa sopstvenim
iskustvima tokom utovara, transporta i istovara (Leadon et al., 2008). Jedna od
kljuénih faza u transportu konja je njihov utovar u prevozno sredstvo, kojim pocinje
svaki transport, bez obzira na svrhu transporta. Odbijanje konja da ude u prevozno
sredstvo je stresno iskustvo, povezano sa kombinovanim efektima evazivnog
ponasSanja i neofobi¢ne reakcije konja. Utovar konja u prevozno sredstvo, sa tacke
gledistva psihologije konja, kombinuje efekte klaustrofobije i neofobije, ukljucujuéi
tu i drustvenu izolaciju, uticaj neprijatnog okruzenja i novih jedinki, suzeno polje
videnja i ograniCeno kretanje, Sto moze uzrokovati anksioznost i visok nivo stresa
(Hartmann i sar., 2011). Uz moguce fizicke povrede konja 1 osoblja koji ucestvuju
u utovaru u prevozno sredstvo u momentu samog utovara, negativna iskustva koja
konj stekne tom prilikom mogu biti znacajan ogranicavajuci faktor u daljem treningu
i radu sa konjem, posebno imajuci u vidu potrebu za ponavljanjem transporta konja
tokom njegovog zivota (Padalino, 2015). Neofobija, kao strah od novih okolnosti,
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kod konja je urodena, i moze se manifestovati pove¢anim nivoom straha tokom
svakog sljedeceg utovara u prevozno sredstvo, kao posljedica nepravilnog ili
grubog postupka sa konjem. Upotreba fizickog kaznjavanja, neprijatnog okruzenja i
otpora konja prilikom utovara, svi zajedno, mogu povecati intenzitet ve¢ postojeceg
stresnog stanja konja, koje je ve¢ nastalo kao rezultat utovara u prevozno sredstvo
(Hendriksen i sar., 2011).

McGreevy and McLean (2007) navode da je primjenom odgovarajuéeg postupka
sa konjem moguce umanjiti stres prilikom utovara u prevozno sredstvo, kao i
tokom samog transporta. U svom istrazivanju Hendriksen 1 sar. (2011) ukazuju na
postojanje stresa kod konja prilikom utovara, praéenog nepozeljnim ponasanjem
konja, koje ukazuje na neprirodnost situacije utovara konja u prevozno sredstvo,
zbog sklonosti konja neofobiji i klaustrofobiji. Lee i Doherty (2001) ukazuju na
delikatnost procesa utovara, i navode da je 53,4% problema vezanih za transport
nastalo u fazi utovara. Uobicajeni izvor stresa za organizam konja je otpor koji konj
pruza prilikom utovara u prevozno sredstvo (Shanahan, 2003).

Stresna reakcija na stimulanse iz spoljasnje i unutrasnje sredine organizma
manifestuje se serijom promjena u organizmu, od kojih kao inicijalnu reakciju treba
izdvojiti izlu€ivanje kateholamina (adrenalina i noradrenalina), a u kasnijoj fazi i
glukokortikosteroida, od kojih teba izdvojiti kortizol, ¢ija povisena koncentracija
u organizmu predstavlja indikator stresne reakcije, Iako su promjene koncentracije
hormona koji ucestvuju u odgovoru organizma na stresogene faktore veoma
pouzdan indikator stresne reakcije, njihovo odredivanje je vezano za uzorkovanje
krvi, kao invazivnu dijagnosticku metodiu, koja predstavlja dodatni izvor stresa
za jedinku, zbog Cega je neophodno uspostaviti alternativnu metodu za procjenu
stresne reakcije, koja bi bila neinvazivna, a istovremeno dovoljno pouzdana.
Fizioloske promjene u organizmu konja koje nastaju u vezi sa stresom mogu se
manifestovati kroz ubrzanje rada srca, odnosno promjene u frekvenci pulsa (Borstel
etal., 2017). Povecanje frekvence pulsa tokom utovara konja u prevozno sredstvo u
odnosu na fizioloske vrijednosti moze ukazivati na aktivaciju simpatickog nervnog
sistema, koji je odgovoran za “bori se ili bjezi” reakciju (Yngvesson et al., 2016) i
predstavlja jednostavan i pouzdan indikator stresne reakcije konja, koji je moguce
ustanoviti neinvazivnim metodama.

Strah konja od utovara u prevozno sredstvo i okolnosti u vezi sa utovarom kao
fizioloski stresor moze izazvati stres, §to dovodi do ubrzanja rada srca (Kay i1 Hall,
2009). Waran i Cuddeford (1995) navode da je frekvenca rada srca tokom utovara u
prevozno sredstvo visa u odnosu na druge vidove fizickog opterecenja, te zakljucuju
da je to najstresnija faza transporta. Shanahan (2003) ukazuje da u fazi utovara
konja u prevozno sredstvo postoji statisti¢ki znacajno povecanje frekvence pulsa u
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poredenju sa pocetnim vrijednostima, mjerenim tokom odmora u $tali.

Imaju¢i u vidu sve navedeno, cilj istrazivanja bio je da se prikazu promjene
frekvence pulsa konja, kao indikator intenziteta stresne reakcije konja uzrokovane
utovarom u prevozno sredstvo.

MATERIJALI I METODE

Istrazivanjem je obuhvadeno ukupno 25 konja, starih od cetiri do 20 godina
(X=9,04+5,623), iz konjic¢kih klubova Cokorska polja, Sveti Dorde i Arion, tokom
perioda od novembra 2020. do decembra 2022. godine. Prema starosnoj strukturi
ispitane grupe konja, njih 60% bilo je starosti sedam godina i manje, 20% je bilo
staro od osam do 15 godina, i 20% je bilo staro 16 i viSe godina. Od ukupnog
broja ispitanih konja, 56% su bili kastrati, 32% kobile i 12% pastuvi. Od ukupne
populacije konja obuhvacenih istraZivanjem, 12% bilo je istokrvne arapske rase,
12% bosansko-hercegovacke brdske rase, 8% holStajn rase, 8% lipicanske rase,
4% KWPN, 4% hanoveranske rase, 32% polukrvnih konja, 8% posavske rase,
4% Svedski kasac 1 8% konja mijeSane rase (mjeSanac lipicanske i arapske rase 1
mjeSanac lipicanske i polukrvne rase).

U pogledu upotrebe, 72% konja je koriSteno za rekreaciju, a 28% za sportske
aktivnosti. Kriterijum za izbor konja ukljucenih u istrazivanje bio je da su
lokomotorno pokretni u vrijeme istrazivanja i da su bili sposobni da budu vodeni
od strane vodica od startne pozicije do utovarne platforme prevoznog sredstva.
Konji uklju€eni u istrazivanje nisu bili utovarani u prevozno sredstvo najmanje tri
mjeseca prije dana istraZivanja.

Frekvenca pulsa konja u Stali (prvo mjerenje, BSFB) mjerena je u mirovanju
tokom jednog minuta, nakon ¢ega su konji izvodeni iz $tale 1 vodeni na povocu do
polazne linije, sa koje su polazili prema utovarnoj platformi prevoznog sredstva.
Polazna linija za utovar bila je smjestena 10 metara od utovarne platforme. Na
polaznoj liniji konji su drzani u mirovanju najmanje tri minuta ili duze, sve dok im
se frekvenca pulsa nije izjednacila sa vrijednostima ustanovljenim u mirovanju u
Stali, sa ciljem da se iskljuci povecanje frekvence pulsa zbog kretanja od Stale do
polazne linije. Drugo mjerenje frekvence pulsa (BSFU) izvrSeno je u momentu
kada bi konji zakoracili na utovarnu platformu prevoznog sredstva, u trajanju od
jednog minuta. Redoslijed mjerenja frekvence pulsa u $tali i na utovarnoj platformi
prevoznog sredstva unutar ispitane grupe konja bio je isti. Verifikacija frekvence
rada srca sprovedena je uz upotrebu veterinarskog stetoskopa sa dvostranom
membranom 1 kontrolisana uz pomo¢ mjeraca rada srca “Polar RS800CX N G3
watch, Polar Electro Oy, Finland”. Za sve konje uklju€ene u istraZivanje koriStena
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je isto prevozno sredstvo za dva konja, prikolica “Béckmann Comfort Vollpoly
Anhinger fiir 2 Pferde mit Sattelkammer”.

Opisne karakteristike ispitane grupe konja ustanovljene su uz pomo¢ metoda
deskriptivne statistike, dok je normalnost distribucije rezultata ispitana Kolmogorov-
Smirnov testom. Za ispitivanje postojanja statisticki znacajne razlike u frekvenci
pulsa iste grupe konja prilikom mirovanja u $tali i prilikom faze utovara u prevozno
sredstvo koriSten je t-test parnih uzoraka. Povezanost izmedu frekvence pulsa kao
indikatora stresne reakcije 1 utovara u prevozno sredstvo kao potencijalnog izvora
stresa ispitana je eta kvadratom. Kao granica statisticke znacajnosti razlika uzeta je
vrijednost od p<0.05. Za statisticku obradu podataka koriSten je statisticki program
“SPSS 19”.

REZULTATI

Rezultati ispitivanja frekvencije pulsa prije i tokom utovara u prevozno sredstvo
(Tabela 1) ukazuju na visu frekvencu pulsa prilikom utovara u prevozno sredstvo u
odnosu na vrijednost ustanovljenu u $tali. Frekvenca pulsa mjerena u Stali (BSFB)
kretala se u rasponu od 29 do 40 otkucaja u minuti, dok se ona mjerena prilikom
utovara u prevozno sredstvo (BSFU) kretala u rasponu od 42 do 72 otkucaja u minuti.
Normalnost distribucije vrijednosti frekvencija pulsa ispitana je Kolmogorov-
Smirnov testom, kojim je ustanovljeno da su rezultati distribucije vrijednosti
frekvence pulsa mjerenog u $tali (p=0,147) potvrdili normalnu distribuciju, dok
su rezultati distribucije vrijednosti frekvence pulsa prilikom utovara (p=0,004)
pokazali da pretpostavka normalnosti distribucije rezultata nije potvrdena i da je
treba odbaciti.

Negativna vrijednost asimetrije frekvence pulsa mjerene u S$tali (Skew=-0,04)
pokazala je da je ona medu viSim vrijednostima, dok su vrijednosti pljosnatosti
(Kurt=0,337) pokazale da su ostrije od normalnih, odnosno da je bilo vise rezultata
skupljenih oko centra distribucije. Pozitivna vrijednost asimetrije frekvence
pulsa mjerene prilikom utovara u prevozno sredstvo (Skew=1,798) ukazuje da
su vrijednosti frekvence pulsa bile medu nizim vrijednostima, dok vrijednost
pljosnatosti (Kurt=6,322) ukazuje da je Siljatija u odnosu na normalne vrijednosti,
sa viSe rezultata grupisanih oko centra distribucije.
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Tabela 1 Deskriptivna statistika za ustanovljene vrijednosti frekvence pulsa
N X Min Max K-S Sig. Skew. | Kurt.
BSFB | 25 35,12 29 40 0,153 | 0,147 | -0,044 | 0,337
BSFU | 25 52,28 42 72 0,217 | 0,004 | 1,798 | 6,322

Legenda: BSFB — frekvenca pulsa mjerena u stali, BSFU — frekvenca pulsa mjerena prilikom utovara
u prevozno sredstvo, N — broj uzoraka, X — srednja vrijednost, Min — minimum, Max — maksimum,
K —S — Kolmogorov — Smirnov test, Sig — nivo statistiCke znacajnostu (p < 0.05), Skew. — vrijednost
asimetrije, Kurt. — vrijednost pljosnatosti

Na normalnost distribucije vrijednosti frekvencije pulsa mjerene u Stali (Slika 1)
ukazuje I pojava normalne Q-Q plot krivulje, odnosno normalna vjerovatnoca
podataka, koji su rasporedeni usko oko prave linije. Detrendirana nomalna Q-Q plot
krivulja (Slika 2) sa simetri¢no rasporedenim odstupanjima podataka od horizontalne
linije i odsustvo grupisanja podataka ukazuju na normalnost distribucije rezultata.

Normalni Q-Q plot, mjeren u stali
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Slika 1 Krivulja vjerovatnoc¢e normalne distribucije vrijednosti frekvence pulsa mjerene u
Stali
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Detrendirani Q-Q plot, mjeren u stali
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Slika 2 Stvarno odstupanje ustanovljenih vrijednosti frekvence pulsa mjerene u Stali

Pojavanormalne Q-Q plotkrivulje (Slika 3) ukazuje na odstupanje podataka od prave
linije kada su u pitanju ustanovljene vrijednosti frekvence pulsa mjerene prilikom
utovara konja u prevozno sredstvo. Takode, asimetricna distribucija i grupisanje
podataka u odnosu na horizontalnu liniju prikazanu u deterntiranoj normalnoj Q-Q
plot krivulji (Slika 4) pokazuje odstupanje od normalne distribucije.
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Normalni Q-Q plot, mjeren prilikom utovara u prevozno sredstvo
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Slika 3 Krivulja vjerovatnoce normalne distribucije vrijednosti frekvence pulsa mjerene
prilikom utovara u prevozno sredstvo
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Slika 4 Stvarno odstupanje ustanovljenih vrijednosti frekvence pulsa mjerene prilikom
utovara u prevozno sredstvo
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Rezultati statistike za uparene uzorke (Tabela 2) ukazuju na povecanje frekvence
pulsa izmjerene prilikom utovara u prevozno sredstvo (X=52.28+5.512) u odnosu
na vrijednosti frekvence pulsa izmjerene u Stali (X=35.12 £2.505).

Tabela 2 Statistika uparenih uzoraka za frekvencu pulsa

N (X) SD SE
BSFB 25 35,12 2,505 0,501
BSFU 25 52,28 5,512 1,102

Legenda: BSFB — frekvenca pulsa mjerena u Stali, BSFU — frekvenca pulsa mjerena prilikom
utovara u prevozno sredstvo, N — broj uzoraka, X — srednja vrijednost, SD — standardna devijacija,
SE — standardna greska aritmeticke sredine,

Uzpomo¢ T-testa (Tabela 3) ustanovljeno je statisticki znac¢ajno povecanje frekvence
pulsa prilikom utovara konja u prevozno sredstvo u odnosu na vrijednosti frekvence
pulsa izmjerene u $tali (t=15.174; p<0.00). Prosjecno povecanje frekvence pulsa
iznosiloje 17,160, sa intervalom od 95% pouzdanosti u rasponu od 14,826 do 19,494.
Rezultat Eta kvadrat testa iznosio je 0,9, i u skladu sa Cohenovim smjernicama, ova
vrijednost ukazuje da je utovar konja u prevozno sredstvo imao statisticki veoma
znacajan uticaj na povecanje frekvence pulsa.

Tabela 3 Rezultati T-testa za uparene uzorke

Uparene razlike

95% interval . Eta
X SD SE pouzdanosti t df | Sig kvadrat

donji | gornji
14,826 | 19,494 | 15,174 | 24 | ,000 0,9
Legenda: BSFB — frekvenca pulsa mjerena u Stali, BSFU — frekvenca pulsa mjerena prilikom
utovara u prevozno sredstvo, X — srednja vrijednost, SD — standardna devijacija, SE — standardna
greska aritmeticke sredine, t — indikatorska vrijednost, df — stepeni slobode, Sig — nivo statisticke
znacajnostu (p < 0.05), Eta kvadrat - Eta kvadrat efekat.

BSFU - BSFB | 17,160 | 5,654 | 1,131
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DISKUSIJA

Utovar konja u prevozno sredstvo moze znacajno uticati na frekvencu pulsa kao
indikator reakcije organizma konja na utovar kao stresni dogadaj. Tokom pripreme za
utovar u prevozno sredstvo konji mogu dozivijeti stres usljed promjena u okruzenju,
prisustva nepoznatih predmeta kao $to su prevozna sredstva, ili prisustva nepoznatih
osoba ili konja, koji mogu biti procijenjeni kao potencijalna prijetnja ili stresogeni
faktor. Faza ulaska u prevozno sredstvo ¢esto moze biti najizazovniji momenat u
procesu transporta konja, te stoga i kljucni stresogeni faktor (Yngvesson i sar., 2016;
Hartmann i sar., 2011). Konji, kao prirodno plasljiva bi¢a, mogu dozivjeti utovar
u prevozno sredstvo kao potencijalnu opasnost. Tokom ulaska konja u prevozno
sredstvo moze se uociti ubrzanje pulsa, kao indikator stresne reakcije na izmijenjene
okolnosti (Kay i Hall, 2009). Prevoz konja u prevoznom sredstvu takode moze
imati stresni uticaj na konja, jer oscilacije i vibracije do kojih dolazi tokom voznje
mogu biti dodatni izvor stresa za konja. Tokom transporta, posebno ukoliko se on
sprovodi na neodgovarajuci na¢in (neprimjerena brzina kretanja, nagla skretanja,
ubrzavanja i ko¢enja) konji mogu imati problem sa odrzavanjem ravnoteze unutar
prevoznog sredstva, §to moze biti dodatni izvor stresa za konja i manifestovati se
kroz dodatno ubrzanje pulsa (Tateo i sar., 2012).

Proces istovara konja iz prevoznog sredstva, nakon dolaska na cilj, moze
predstavljati novi stresni momenat za organizam konja, te novi izvor stresa, Konj
treba da prilagodi svoje ponasanje na novu okolinu, a sam akt istovara iz prevoznog
sredstva moze uzrokovati odredeni nivo nelagodnosti, a posljedi¢no i stres, Nakon
istovara konja iz prevoznog sredstva, frekvenca pulsa moze ostati poviSena tokom
izvjesnog vremena, jer je konju potrebno vrijeme da se prilagodi na nove okolnosti.
Stresna reakcija, iskazana korz povecanje frekvence pulsa u odnosu na fizioloske
vrijednosti, moZe se odrzavati i kada konj izade iz prevoznog sredstva, posebno
ukoliko su prethodni utovari, kao i sam transport, imali stresogeni uticaj na
organizam konja (Padalino, 2015).

Prilikom upotrebe konja u radu, sportu ili drugim aktivnostima, veoma je vazno
prepoznati eventualno postojanje stresne reakcije kao indikatora stanja organizma
(Mott i sar., 2020). Pored prethodno pomenutih indikatora prisustva i intenziteta
stresne reakcije, kao §to su nivoi adrenalina i kortizola u krvi, prisustvo stresne
reakcije i njen intenzitet je moguce identifikovati preko odstupanja u frekvenci
rada srca, odnosno frekvenci pulsa (Bukhari i Parkes, 2023; Ohmura i Jones, 2017,
Munsters i sar., 2013). Pri tome treba imati na umu da su kljucni stresogeni faktori
koji utiCu na organizam konja prilikom njegove upotrebe u radu, takmicenjima
1 drugim vidovima upotrebe oni koji potiu iz spoljasnje sredine, i da su oni u
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suprotnosti sa prirodnim i uobicajenim oblicima ponaSanja konja. Neki od ovih
faktora su ogranicenje pokreta konja tokom utovara i transporta, novi zvukovi,
kontakt sa nepoznatim ljudima, nepoznatim konjima 1 sli¢ni faktori i dogadaji koji
mogu uzrokovati stres (Dlugosz i sar., 2020).

Rezultati ovog istrazivanja ukzuju na postojanje statisticki znaCajne razlike u
frekvenci pulsa izmedu mjerenja u Stali, tokom odmora, i mjerenja prilikom utovara
konja u prevozno sredstvo. Prosjecna vrijednost frekvence pulsa bila je znacajno
visa prilikom utovara u poredenju sa frekvencom pulsa ustanovljenom u $tali, a
vrijednost eta kvadrata ukazuje da je utovar u prevozno sredstvo imao statisti¢ki
visoko znacajan uticaj na povecanje frekvence pulsa.

Prosjec¢na vrijednost frekvence pulsa mjerene u Stali bila je u okvirima o¢ekivanih
fizioloskih vrijednosti za konje u stanju bez stresa i mirovanju. Vrijednost standardne
devijacije ukazuju da su svi konji bili u stanju bez stresa tokom mjerenja frekvence
pulsa u Stali. Povecanje prosjec¢ne vrijednosti frekvence pulsa tokom utovara u
prevozno sredstvo ukazuje na prisustvo stresa zbog ispoljavanja straha prilikom
utovara, dok vrijednost standardne devijacije ukazuje na individualne razlike u nivou
stresa prilikom utovara. Povecanje vrijednosti frekvence pulsa moze biti indikator
promjena u bihejvioralnom stanju konja, odnosno reakcije na nemotorne promjene
(Padalino, 2015). Frekvenca pulsa, kao indikator stanja autonomnog nervnog
sistema, odnosno neto interakcije izmedu parasimpaticke i simpaticke aktivnosti,
moze se upotrebiti kao indikator stresne reakcije, odnosno odgovora organizma na
datu situaciju. Povecéanje frekvence rada srca i frekvence pulsa moze se smatrati
pouzdanim indikatorom stresne reakcije, kao i njenog intenziteta (Yngvesson i sar.,
2016; von Lewinski i sar., 2013), koji je ve¢ koriSten u istrazivanjima sprovedenim
na konjima (Borstel i sar., 2017). Schmidt i sar. (2010) takode navode da je akutni i
hroni¢ni stres moguée otkriti preko promjena frekvence pulsa i sr¢anog ritma.
Statisticki znacajno povecanje frekvence pulsa tokom utovara u poredenju sa
vrijednostima u mirovanju, ustanovljeno u ovom istrazivanju, u skladu je sa
rezultatima do kojih je dosao Shanahan (2003), koji ukazuje da postoji znacajno
povecanje frekvence pulsa tokom faze utovara konja u prevozno sredstvo u
poredenju sa pocetnom pozicijom. Slicni rezultati dobijeni su i u istrazivanju koje
su sproveli Kay i1 Hall (2009), koji ukazuju sa strah od utovara, kao fizioloski
stresor, moze uzrokovati stres, koji se manifestuje poveéanjem frekvence pulsa.
Utovar u prevozno sredstvo je etoloski neprirodan dogadaj za konja i kao takav
moze biti uzrok straha, te stresa kod konja. Znacajno povecanje frekvence rada srca
tokom utovara moze ukazivati da je utovar u prevozno sredstvo stresna aktivnost,
Sto podrzavaju rezultati istrazivanja koje su sproveli Waran i Cudderford (1995),
koji su ustanovili da je frekvenca rada srca tokom utovara bila visa nego tokom
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samog transporta, te zakljucili da je utovar najstresnija faza transporta. Rezultate
koji ukazuju da utovar konja u prevozno sredstvo inicira stresnu reakciju podrzavaju
i rezultati do kojih su dosli Tateo i sar. (2012), koji navode da je stres kod konja
uvijek prisutan prilikom utovara. Ustanovljeni stres kod konja obuhvaéenih ovim
istrazivanjem, iskazan kroz statisticki znacajno povecanje frekvence pulsa tokom
utovara, moze se takode objasniti i ¢injenicom da je (kako potvrduju i rezultati eta
kvadrat testa) utovar konja u prevozno sredstvo imao i statisticki znacajan uticaj na
povecanje frekvence rada srca. Padalino (2015) su svom istrazivanju ukazuje da je
utovar u prevozno sredstvo ,,zastrasujuce iskustvo* za konja, a time i uzrok stresa,
dok Dai i sar. (2019) ukazuju da prethodna losa iskustva prilikom utovara mogu
dovesti do trajnih promjena u ponasanju konja i poveéanja nivoa stresa prilikom
utovara u prevozno sredstvo.

Svi konji ukljuceni u ovo istrazivanje imali su prethodna iskustva sa utovarom
i transportom. Imaju¢i u vidu da konji imaju sposobnost ucenja i formiranja
konceptualnog ponasanja u skladu sa svojim razvojnim putem (Murphy i Arkins,
2007), povecanje frekvence rada srca moze biti rezultat prethodnih iskustava
vezanih za utovar, strah od zatvaranja u ograniceni prostor ili o¢ekivanje transporta.
Reakcije otpora konja prilikom utovarau prevozno sredstvo mogu imati za posljedicu
povredivanje konja i osoblja. Skracen period treninga, nepravilna upotreba opreme
i neodgovarajuci pristup indivudualnosti svakog konja moze dovesti do nezeljenih
reakcija konja (Hendriksenisar., 2011), te povreda konja i osoblja koje radi sa njima.
Pravilne metode treninga konja mogu dovesti do stvaranja dugoro¢nih pozeljnih
promjena u ponasanju konja, sa ciljem smanjenja reaktivnog ponasanja (Dai i sar.,
2019). Neaverzivne metode navikavanja i treninga konja za utovar mogu smanjiti
nivo stresa i rizika povezanih sa utovarom konja u prevozno sredstvo (Padalino i
Riley, 2020; Yngvesson i sar., 2016; Shanahan, 2003), Pozitivna indukcija kroz
nagradivanje konja i druge vrste pozitivnih iskustava kao metoda treninga konja
moze dati ohrabrujuée rezultate u obuci konja za utovar u prevozna sredstva i
smanjenju nivoa stresa (Dai 1 sar. 2019; McGreevy i McLean, 2007). Bukhari 1
sar. (2021) tkode ukazuju na vaznost pozitivne indukcije konja za smanjenje nivoa
stresa, kao i1 da je vazno uspostaviti odgovaraju¢e metode rada sa konjima sa ciljem
zastite njihove dobrobiti.
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ZAKLJUCAK

Promjene u frekvenci pulsa konja mogu se koristiti kao indikator stresne reakcije
uzrokovane utovarom u prevozno sredstvo. Rezultati ovog istrazivanja pokazali su
da je kod konja postojala stresna reakcija prilikom utovara u prevozno sredstvo,
na Sta ukazuje statisticki znacajno povecéanje frekvence pulsa tokom utovara u
odnosu na vrijednosti ustanovljene prilikom mirovanja u $tali. Prilikom tumacenja
rezultata ovog i sli¢nih istrazivanja, pored samo uticaja utovara konja, neophodno
je uzeti u obziri i druge faktore koji mogu uticati na intenzitet stresne reakcije konja
na manipulaciju, kao $to su psihosocijalni aspekti njihovog odrastanja, metode
prethodnog rada sa njima, njihova prethodna iskustva u manipulaciji prilikom
prethodnih utovara, rasne i individualne osobine svakog konja.

Razumijevanje uzroka stresne reakcije konja na utovar u prevozno sredstvo je vazan
element u kreiranju mjera za prilagodavanje procesa utovara potrebama dobrobiti
konja, te smanjenje intenziteta njihove stresne reakcije. Literaturni podaci ukazuju
na povoljan uticaj pozitivne indukcije konja uz pomo¢ nagradivanja ili drugih vidova
pozitivnih iskustava na smanjenej intenziteta stresne reakcije na razlic¢ite vidove
manipulacije sa konjima, ukljucujuéi i utovar u prevozno sredstvo, zbog ¢ega je u
narednom periodu neophodno sprovesti dalja istrazivanja, sa ciljem uspostavljanja
optimalnog modela postupanja sa konjima prilikom utovara u prevozno sredstvo.

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

Transport and loading into a trailer is a potential source of stress for horses, which
can consequently undermine the concept of animal welfare. The study aimed to
determine the presence of stress reaction in horses during the loading into the trailer,
expressed through a change in pulse frequency as an indicator of stress reaction.
The study included 25 horses between the ages of 4 and 20. Heart rate verification
was performed using a veterinary stethoscope with a double-sided membrane
and controlled by a heart rate monitor. When the horses were resting in the stable
(first measurement), a pulse frequency of 29 to 40 bpm was found. The second
measurement was performed at the moment of loading when the horses stepped onto
the loading platform of the trailer, and pulse frequency values from 42 to 72 bpm
were found. The results of the t-test indicate that there is a statistically significant
difference in the pulse frequency between the first and second measurements. The
results of this study indicate that loading horses into the trailer can cause stress,
which is manifested by an increase in pulse frequency. The tendency of horses to
easily form habits allows their proper training to reduce the level of stress while
loading into trailers, which would contribute to improving the well-being of horses,
and at the same time contribute to reducing stress and the risk of injury to horses
and staff.

Key words: horse, loading, pulse frequency, stress.
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INTRODUCTION

The evolution of horse transport ranged from their movement in herds, by carts,
through rail and road traffic, all the way to the use of ships and aeroplanes (Cregier,
1982). The diverse use of horses, once in war, today in sports, intensive breeding,
recreation, equestrian tourism, riding schools, use in healthcare, participation in
fairs and the meat industry increased the frequency of transporting horses, which
are transported more often than other types of animals (Fazio et al., 2013). Unlike
other types of animals, for example, beef cattle, pigs or other farm animals, which
are transported from the place of breeding to the place of use mostly once, horses,
as working or sport animals, are transported often and repeatedly during their life,
which can be a source of stress, with various consequences. Friend (2001) states
that horse transport is “generally associated with lower reproductive rates, increased
incidence of disease, temporary reduction in athletic performance and changes in
many other physiological traits indicative of stress”. The same author states that
transportation is associated with an increased frequency of health disorders and that
stress can have negative effects on the general health of horses, including digestive
disturbances, reduced immune response, and behavioural changes. In general,
stress can be defined as a non-specific active response of the organism to various
challenges, caused by changed conditions and events in the environment (Borstel et
al., 2017). Considering the need to respect the principles of horse welfare, as well
as to respect strategies for improving the welfare of horses during their use in work,
for sports or for other types of horse use, it is important to understand that horses, as
intelligent animals, are capable of connecting transport itself with their experiences
during loading, transport and unloading (Leadon et al., 2008).

One of the key stages of transporting horses is their loading into the trailer, with
which every transport begins, regardless of the purpose of the transport. The horse’s
refusal to enter the trailer is a stressful experience accompanied by the combined
effects of evasive behaviour and neophobic reactions of the horse. Horse loading
into the trailer, from the point of view of horse psychology, combines the effects
of claustrophobia with neophobia, including social isolation, effects of unfamiliar
surroundings and new individuals, narrowed field of vision, and limited movement,
which can cause anxiety and a high level of stress (Hartmann et al., 2011). In
addition to possible physical injuries of the horse and the persons participating
in the loading into the trailer at a given moment, the negative experiences that
a horse acquires on that occasion can be a significant limiting factor in further
training and work with a horse, especially bearing in mind the need for repeated
transportation of horse during its life (Padalino, 2015). Neophobia, as the fear of
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new circumstances, is innate in horses and can be manifested by an increase in
fear during each subsequent loading into the trailer, due to inappropriate or rough
handling of the horse. The use of physical punishment, inappropriate environment
and resistance of the horse during loading, alltogether can increase the already
existing stress state of the horse, which already arises as a result of loading into
the trailer (Hendriksen et al., 2011). McGreevy and McLean (2007) report that by
applying appropriate methods of horse handling, the stress that occurs when loading
into the trailer, as well as during transport itself, can be reduced. In their research,
Hendriksen et al. (2011) point to the presence of stress in horses during loading,
followed by undesirable behaviour, highlighting the unnaturalness of the situation
of loading into a trailer, due to neophobia and claustrophobia to which horses are
prone. Lee et al. (2001) point to the delicacy of the loading process, finding that
53.4% of transport-related problems are initiated at the loading stage. A common
source of stress for the horse’s body is precisely the resistance that horses offer
when being loaded into a trailer (Shanahan, 2003).

The stress reaction to stimuli from the external and internal environment of the
organism is manifested by a series of changes in the organism, of which the secretion
of catecholamines (adrenaline and noradrenaline) should be singled out as an initial
reaction, and in a later phase the secretion of glucocorticosteroids, of which cortisol
should be singled out, whose increased concentration in the body is an indicator of
the stress reaction. Although changes in hormone concentrations that participate
in the body’s response to stressful factors are a very reliable indicator of a stress
reaction, their determination is related to blood sampling, an invasive diagnostic
method, which represents an additional source of stress for the individual, which
is why it is necessary to establish an alternative method for assessing the intensity
stress reactions, which would be non-invasive and at the same time sufficiently
reliable. Physiological changes in the horse’s organism related to stress can be
manifested through an acceleration of the heart rate, i.e. a change in the pulse
frequency (Borstel et al., 2017). An increase in pulse frequency when loading a
horse into a trailer, compared to physiological values, may indicate the activation of
the sympathetic nervous system, which is responsible for the “fight or fly” response
(Yngvesson et al., 2016) and is a simple and reliable indicator of the horse’s stress
reaction, which can be monitored by non-invasive methods. The horse’s fear of
being loaded into a trailer and circumstances related to loading, as a psychological
stressor, can cause stress, which increases the heart rate (Kay and Hall, 2009).
Waran and Cuddeford (1995) report that heart rate during loading into a transport
vehicle is higher than during various types of physical exertion, concluding that this
is the most stressful phase of transport. Shanahan (2003) indicates that in the phase
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of horse loading into the trailer, there was a significant increase in pulse frequency
compared to the initial values, measured at rest or in the stable.

Bearing in mind all of the abovementioned, study aimed to show the changes in the
horse’s pulse frequency, as an indicator of the intensity of the stress reaction caused
by loading into a trailer.

MATERIALS AND METHODS

The study included a total of 25 horses aged from 4 to 20 years (X=9,04+5,623),
from the equestrian clubs Cokorska polja, St. Porde and Arion, during the period
from November 2020 to December 2022. According to the age structure of the
examined group of horses, 60% were seven years old and under, 20% were from
eight to 15 years old and 20% were 16 years old and older. Of the total number
of horses examined, 56% were geldings, 32% mares and 12% stallions. Of the
entire population of horses included in study, 12% were purebred Arabian horses,
12% Bosnian-Herzegovinian mountain horses, 8% Holstein horses, 8% Lipizzaner
horses, 4% KWPN, 4% Hanoverian horse, 32% half-breed horses, 8% Posavac, 4%
Swedish trotter, and 8% of horses are mixed breed, namely Lipizzaner x Arabian
horse and Lipizzaner x half-breed horse. According to use, 72% of horses were used
for recreation and 28% for sports. The criterion for the selection of horses included
in the study was that they were all locomotory sound at the time of examination
and that they were able to be led by their handler from the resting position to the
loading ramp of the trailer. The horses included in the research were not loaded into
the trailers at least three months before the day of the examination.

The horses’ pulse frequency in the stable (the first measurement, BSFB) was
measured at rest for one minute, after which they were brought from the stable
while walking on a halter and on a lead to the line from which they headed towards
the loading platform of the trailer. The starting loading line was located 10 meters
from the loading platform. At the starting line, the horses were kept at rest for a
minimum of three minutes or longer, until the pulse frequency equalled the value at
rest in the stable, intending to eliminate the increase in pulse due to the effect of the
horse’s movement from the stable to the starting line. The second pulse frequency
measurement was performed from the moment of stepping on the loading platform
of the trailer (BSFU) for one minute. The order of pulse frequency measurement
in the stable and on the loading platform within the examined group of horses
was in the same order. Heart rate verification was performed using a veterinary
stethoscope with a double-sided membrane and controlled by a heart rate monitor
“Polar RS800CX N G3 watch, Polar Electro Oy, Finland”. For all the horses
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included in the study, the same car trailer for two horses, “Bockmann Comfort
Vollpoly Anhénger fiir 2 Pferde mit Sattelkammer” brand was used.

Descriptive characteristics of the examined group of horses were obtained using
the methods of descriptive statistics, while the normality of the distribution of the
results was tested using the Kolmogorov-Smirnov test. The t-test of paired samples
was used to examine whether there was a statistically significant difference in pulse
frequency in the same group of horses at rest in the stable and in the phase of loading
into the trailer. The relationship between pulse frequency as an indicator of stress
reaction and loading into a trailer as a potential source of stress was investigated
by eta square. A value of p<0.05 was taken as the limit of statistical significance of
differences. The statistical program “SPSS 19 was used for data processing.

RESULTS

The results of the pulse frequency before and during loading into the trailer (Table
1) indicate a higher pulse frequency when loading to the trailer, compared to the
pulse frequency measured in the stable. The pulse frequency measured in the
stable (BSFB) was in the range from 29 bpm to 40 bpm, and the one measured
during loading into the trailer (BSFU) from 42 bpm to 72 bpm. The normality of
the distribution of pulse frequency values was tested by the Kolmogorov-Smirnov
test, where the results of the distribution of pulse frequency values in stable
(p=0.147) confirm the normal distribution, while the results of the distribution of
pulse frequency values during loading (p=0.004) showed that the assumption of
normality of the distribution of results is not confirmed and should be rejected.
The negative value of the asymmetry of the pulse frequency measured in stable
(Skew=-0.04) showed that it was among the higher values, while the flattening
values (Kurt=0.337) showed that it was sharper than normal, i.e. that there were
more results clustered around the centre of the distribution. The positive value of
pulse asymmetry during horse loading into the trailer (Skew=1.798) reveals that
the values of the pulse frequency were among the lower values, while the flattening
value (Kurt=6.322) indicates that it was more pointed than normal with more results
grouped around the distribution centre.
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Table 1 Descriptive statistic for obtained pulse frequency values
N X Min Max K-S Sig. Skew. | Kurt.
BSFB | 25 35,12 29 40 0,153 | 0,147 | -0,044 | 0,337
BSFU | 25 52,28 42 72 0,217 | 0,004 1,798 | 6,322

Legend: BSFB — pulse frequency measured in the stable, BSFU —pulse frequency measured during
loading, N — number of samples, X - mean value, Min — minimum, Max — maximum, K — S —
Kolmogorov — Smirnov test, Sig. — significance level (p < 0.05), Skew. — the value of asymmetry,
Kurt. - flattening value.

The normality of the distribution of pulse frequency values measured in stable
(Figure 1) is also indicated by the appearance of the Normal Q - Q Plot curve, i.e.
the normal probability of the data, which are closely distributed along a straight line.
The Detrended Normal Q — Q Plot curve (Figure 2) with symmetrically distributed
deviations of data from the horizontal line and the absence of data grouping indicates
the normality of the distribution of results.

Normal Q-Q plot, measured in stable

0

Expected normal distribution

1 I U 1 I U 1 I
28 30 32 34 36 38 40 42

Pulse frequency

Figure 1 Curve of the normal probability distribution of the pulse frequency values
measured in the stable
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Detrended Q-Q plot, measured in stable
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Figure 2 Actual deviation of the observed pulse frequency values measured in the stable

The appearance of the Normal Q — Q Plot curve (Figure 3) shows the deviation of
data from the straight line for the established pulse frequency values obtained by
measurement during horse loading into the trailer. Also, the asymmetric distribution
and grouping of the data in relation to the horizontal line shown in the Detrended
Normal Q — Q Plot (Figure 4) show a deviation from the normal distribution.
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Normal Q-Q plot, measured during loading into the trailer
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Figure 3 Curve of the normal probability distribution of pulse frequency values measured
during loading into the trailer

Detrended Q-0 plot, measured during loading into the trailer
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Figure 4 Actual deviation of observed pulse frequency results measured during loading
into the trailer
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The results of the statistics for the paired samples (Table 2) indicate an increase in
the pulse frequency measured during loading into the trailer (X=52.28+5.512) in
relation to the values of the pulse frequency measured in the stable (X=35.124+2.505).

Table 2 Paired sample statistics for pulse frequency

N (X) SD SE
BSFB 25 35,12 2,505 0,501
BSFU 25 52,28 5,512 1,102

Legend: BSFB — pulse frequency measured in the stable, BSFU —pulse frequency measured during
loading, N — number of samples, X — mean value, SD — standard deviation, SE — standard error.

By using the T-test (Table 3), a statistically significant increase in the value of the
pulse frequency was found when loading the horse into the trailer to the value of the
pulse frequency measured in the stable [t=15.174; p<0.00]. The average increase
in pulse frequency was 17,160, while the 95-percent confidence interval extends
from the lower 14,826 to the upper 19,494. The result of the Eta square was 0.9, and
following Cohen’s guidelines, this value indicates that loading a horse into a trailer
has a statistically very significant effect on increasing the pulse frequency.

Table 3 Results of T-test for paired samples

Paired Differences

95 %
Confidence Sig Eta
X SD | SE Interval of the t df (2-tailed) |square
Differences

Lower | Upper

BSFU - BSFB | 17,160 | 5,654 | 1,131

14,826 (19,494 | 15,174 | 24 ,000 0,9

Legend: BSFB — number of pulse frequency measured in the stable, BSFU — number of pulse
frequency measured during loading, Mean (X) — mean increase in pulse, SD — standard deviation,
t — indicator value, df — degree of freedom, (2-tailed) - level of significance (p < 0.05), Eta square -
Eta square effect size.
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DISCUSSION

Loading a horse into a trailer can significantly affect pulse frequency as an
indicator of the horse’s organism’s response to loading as a stressful event. During
the preparation for loading into the trailer, horses may experience stress due to
changes in the environment, the presence of unknown objects such as trailers, or the
presence of unknown persons and other horses that can be perceived as a potential
threat and stressogenic factor. The stage of entering into the trailer can often be
the most challenging moment within the process of horse transport, and thus a key
stressogenic factor (Yngvesson et al., 2016, Hartmann et al., 2011). Horses, which
are naturally timid beings, can perceive entering a trailer as a potential danger.
During the entry of the horse into the trailer, an acceleration of the pulse frequency
can be observed, as an indicator of stress reaction to the changed circumstances
(Kay and Hall, 2009). Driving a horse in a trailer can also have a stressful effect
on the horse because the oscillations and vibrations that occur during the ride can
cause additional stress in the horse. During transport, especially if it is carried out
in an inappropriate manner (inappropriate speed, sudden turns, acceleration and
deceleration), horses can have difficulties with maintaining balance inside the
trailer, which can be an additional source of stress, and manifest itself in an increase
in pulse frequency (Tateo et al., 2012).

The process of unloading the horse from the trailer, after arriving at the destination,
can represent another stressful moment for the horse’s organism, and a new source
of stress. The horse needs to adapt its behaviour to the new environment, and the
very act of unloading from the trailer can cause a certain amount of discomfort and,
consequently, stress. After unloading the horse from the trailer, the pulse frequency
may remain increased for some time, because the horse needs some time to adapt
to the new conditions. The stress reaction, expressed through an increase in pulse
frequency compared to physiological values, can be maintained even after the horse
has left the trailer, especially if the previous loading process, as well as the transport
itself, had a stressful effect on the horse’s body (Padalino, 2015).

When using horses in work, sports and other activities, it is of great importance to
recognize the possible presence of a stress reaction as an indicator of the state of
the organism (Mott et al., 2020). In addition to the previously mentioned indicators
of the presence and intensity of a stress reaction, such as the level of adrenaline
and cortisol in the blood, the presence of a stress reaction and its intensity can be
identified through the variability of the heart rate, i.e. the pulse rate (Bukhari and
Parkes, 2023; Ohmura and Jones, 2017, Munsters et al., 2013). It should be borne
in mind that the key stressogenic factors that affect the horse’s organism during its




Veterinary Journal of Republic of Srpska (Banja Luka), Vol. XXIII, No 1-2, page 333-347, 2023
Ili¢ et al.:
Change of pulse frequency in horses as an indicator of stress caused by loading into the trailer

343

use in work, competitions and other types of use are those that originate from the
external environment, and are in contrast to the natural and usual forms of horse
behaviour. Some of these factors are the restriction of the horse’s movement during
loading and transport, new sounds, contact with unknown people, unknown horses
and similar factors and events that can cause stress (Dlugosz et al., 2020).

The results of this study showed that there was a statistically significant difference
in the pulse frequency between the measurement in the stable during rest and the
measurement when loading the horse into the trailer. The mean value of the pulse
frequency was significantly higher during loading compared to the pulse frequency
in the stable, and the value of eta square indicates that loading into the trailer has a
statistically very significant effect on the increase in pulse frequency.

The mean value of the pulse frequency measured in the stable was in the range of
expected physiological values for horses without stress and at rest. The value of
the standard deviation indicates that all horses were not under stress during the
measurement of the pulse frequency in the stable. An increase in the mean value of
the pulse frequency during loading into the trailer indicates the presence of stress
in horses due to fear during loading, while the value of the standard deviation
indicates individual differences in the level of stress reaction during loading. An
increase in the value of the pulse frequency can be an indicator of a change in the
horse’s behavioural state, i.e. a reaction to non-motor changes (Padalino, 2015).
Pulse frequency as an indicator of the state of the autonomic nervous system, i.e.
the net interaction between parasympathetic and sympathetic activity, can be used
as an indicator of stress reaction, ie. the organism’s response to a given situation. An
increase in heart rate and pulse frequency can be considered a reliable indicator of
stress reaction, as well as its intensity (Yngvesson et al., 2016, von Lewinski et al.,
2013) and was previously used in studies conducted on horses (Borstel et al., 2017).
Schmidt et al. (2010) also claim that acute and chronic stress can be identified
through an increase in pulse frequency and a change in heart rhythm.

A statistically significant increase in the pulse frequency during loading compared
to the measurement at rest, found in our study, is following the results of Shanahan
(2003), who points out that there was a significant increase in the pulse frequency
in the phase of loading the horse into the trailer compared to the starting position.
Similar results were obtained in the study of Kay and Hall (2009), who state that
the fear of loading, as a psychological stressor, can cause stress, which is indicated
by an increase in pulse frequency. Loading into a trailer is ethologically unnatural
for a horse and as such can be a cause of fear and therefore stress in the horse.
A significant increase in heart rate during loading may indicate that loading into
a trailer is a stressful activity, which is supported by the study of Waran and
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Cuddeford (1995), who found that the heart rate during loading was higher than
during transport itself, and concluded that loading is the most stressful phase of
transport. The results indicating that loading a horse into a trailer initiates a stressful
state are also supported by Tateo et al., (2012), who claim that stress is always
identified in horses during loading. The detected stress in the horses included in our
study expressed through a significant increase in pulse frequency during loading,
can also be explained by the fact that loading has a very large effect (indicated by
eta square value) on the increase in heart rate. Padalino (2015) in his study indicates
that loading is a “frightening experience” for the horse, and a source of stress, while
Dai et al. (2019) indicate that previous negative loading experiences can lead to
permanent changes in the horse’s behaviour and increase stress level during loading
into trailer.

All horses included in the study had previous experience of loading and transport.
Considering that the horse can learn and form conceptual behavior following its
evolutionary course (Murphy and Arkins, 2007), the increase in heart rate may
be the result of previous experiences related to loading, fear of confinement in a
confined space or anticipation of transport. Conflicting reactions of the horse during
loading into the trailer can lead to injuries to the horse and man. Condensed training
period, inappropriate use of aids and inadequate approach to the individuality of
each horse can produce unwanted responses in the horse (Hendriksen et al., 2011),
and thus injury to the horse and the people who work with them. The correct training
method can produce long-term desirable behavioural changes in horses to reduce
reactive behaviour (Dai et al., 2019). Non-aversive methods of habituation and
horse training to be loaded can reduce the level of stress and risks associated with
loading a horse into a trailer (Padalino and Riley, 2020; Yngvesson et al., 2016;
Shanahan, 2003). Positive induction through rewards and other types of positive
experiences as a method of horse training can give encouraging results in training
horses to be loaded in trailers and reducing stress levels (Dai et al.; 2019, McGreevy
and McLean, 2007). Bukhari et al. (2021) also point to the importance of positive
horse induction for reducing stress levels, and that it is important to establish proper
horse management methods to protect their well-being.

CONCLUSION

Changes in the pulse frequency in horses can be used as an indicator of the stress
reaction caused by loading into a trailer. The results of this study indicate that the
horses had a stressful reaction when being loaded into the trailer, indicated by a
statistically significant increase in pulse frequency during loading, compared to the
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values found when resting in the stable. When interpreting the results of this and
similar studies, in addition to the effect of the horse loading procedure, it is necessary
to take into account other factors that can affect the intensity of the horse’s stress
reaction to manipulation in general, such as the psychosocial aspects of their growing
up, the methods of the previous of working with them, their previous experiences in
manipulation during previous loading, breed and individual characteristics of each
horse. Understanding the causes of a horse’s stress reaction to being loaded into a
trailer is an important element in the creation of measures that will adapt the loading
process to the needs of the horse’s well-being, and to reduce the intensity of their
stress reaction. Literature data indicate the beneficial effect of positive induction of
horses with the help of rewards or other types of positive experiences on reducing
the intensity of the stress reaction during various types of manipulation with horses,
including when loading them into a trailer, which is why it is necessary to conduct
wider research in future, to establish an optimal model of dealing with horses when
loading them into the trailer.
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YIOYTCTBO AYTOPUMA U PEHEH3EHTUMA
IIpujaBbuBame

[NomHOIIEeHEM pyKoIUca ayTOpH rapaHTyjy Ja je IlbHXOB JOCTAaBJbEHH pajl YaCoInCy Bemepunapcku
arcypran Penybnuxe Cpncke FBUXOBO OPUTHHAIHO [Ij€II0, 1a paHHje HUje 00jaBIbeH, 1a Ce He pa3Marpa
3a 00jaBJBMBAGE HA JPYTHUM MjECTHMA, Kao ¥ J]a Cy FETOBO 00jaBJbHBAM-E OTOOPHIIN CBU KOAyTOPH,
aKo WX je OWo, Ka0 M OITOBOPHHU OPTaHW, NMpehyTHO WM eKCIUIUIIUTHO, Y YCTaHOBH Yy KOjOj je
Jjerio M3BeleHO. AyTOpH Cy MCKJbYYHBO OJTOBOPHH 3a Calpikaj CBOjHX IOJHECaKa, UCIPABHOCT
SKCIIEPUMEHTAJIHUX PEe3ylTaTa i MOpajy Ja ce yBjepe Aa UMajy J03BOJIy CBHX YKJbYUCHHX CTpaHa
Jla TIoJaTKe jaBHO o0jaBe. AyTOpH KOjU JKeJe Jia yKJbyde IOJaTKe HIM TEKCTyaJHEe OJJIOMKE KOjU
cy Beh 00jaBJbeHH Ha NPYTUM MjeCTHMa, MOpajy JIa AOOWjy J03BOIY O HOCHIIANa ayTOPCKUX
npaBa M Jja yKJbyde JOKa3e Jia je Takea JO03BOJa JaTa IPHIMKOM MOIHOIICHA BUXOBHX PajoBa.
[pernocraBipahe ce 1a OHIIO KOjU MaTepHja MPUMJIbEH 03 TaKBHX J0Ka3a MOTHYE O]l ayTopa.

[pujaBpuBameM pykonuca Bemepunapckom owcyprany Penybauxe Cpncke ayTopu ce Claxy ¢
onpemnbama W ycmoBmMa yacommca. CBa Tpemucka je, ykipydyjyhu u obaBjemreme 0 OmIyIH
YpeIHUKa W 3aXTjeBHMa 3a PEIEH3Hjy, MyTeM eleKTpoHcke momTe (e-mail). Tekct pykomuca ce
TTUIIIE Ha jeTHOM Off je3uKa y CiIykOeHo] yrmorpedu y bocHu m XepreroBuHu u 100poM SHITICCKOM
je3uKy (amepmuka WM OpUTaHCKa yroTpeba je mpuxBaheHa, anyu He U MjelIaBHHA OBHUX). YPETHUK
3aJip)kaBa NPaBO Ja W3MHUjCHHU IMOAHUjETe pyKoIHce 1o oxrosapajyheMm crangapay (opMmaiHor
je3mKa Koju je y ciyx0eHoj ynmoTpeou y bocHu 1 XepIieroBHHU U SHINIECKOT je3nka. Pykormcu ce
YHaIpHje] MpoIljelkyjy Y YPSIHHUIITBY Kako OU ce TIPOBjepHIIO Ja JIM HCITyHhaBajy OCHOBHE 3aXTjeBE
3a o0jaBJpMBamE U cTaHAapae kBanmuteTa. OHE ce Takohe mpoBjepasajy 300r rrarmjata. Aytopu he
OuTH 00aBHjEIITCHH ITyTEM €-IOLITE O TpHjeMy IMogHecka. CaMo OHHU PYKOIUCH KOjH CY y CKIamy
C YIYTCTBOM ayTOpUMa, MOTy OWTH npuxBalieHH 3a pereH3ujy. Y CylnpoTHOM, pyKomucH he Gurtu
BpalieHn ayToprMa ca 3anaxambuMa 1 KOMEHTapHuMa.

IIpouenypa peuensuje

Bemepunapcku scypnan Penyonuxe Cpncke Hymu O0p3y online u mraMmaHy myOTHKaIMjy 3a CBe
WIAHKE KOjH HUCY 00jaB/bEHHU Ha APYTUM MjECTHMA, a PEIeH3Hja Ce BOAN €IEKTPOHCKNM myTeM. On
ayTopa ce MOXKE TPaXKHUTH Ja J1ajy KOHTAKT IOJIaTKe TPU MOTCHIMjallHA PEIEH3eHTa, Al KOHAYHa
OITyKa 0 M300py pereH3eHTa MOYNBa Ha YPEAHHUIITBY, Oe3 HKaKBe 00aBe3e Jja KOHTAKTHpa OMII0 KOT
O] pelieH3eHAaTa KOje MPETopydyje ayTop. YpEeAHNK UMEHYje HajMambe ABa PELICH3EHTAa Ha IPETIOPYKY
wiaHoBa ypeqHuIITBa. [Ipocibelenn pykomucn ce masby pereH3eHTHMa 3aj€IHO ca yIyTCTBIMA 3a
penieHsujy u nparehnm obOpacumma 3a oljemuBame pykonuca. [IpuxBatame pyKonuca ce 3aCHUBA
Ha pereHs3rjaMa W Ha KOHAaYHMM OJUTyKaMa peleH3eHaTa y BEe3W ca NPHXBATJBUBOIINY pyKomuca.
Opnnyka perieH3eHTa je jenHa of cinenchux: “IIpuxBarienBo 3a 00jaBibuBame”, “TIpuXBaTIHFHBO HAKOH
ucnpaBkn” win “HempuxBaribuBO 3a 00jaBJbHBame”. AKO TIOCTOjH HEYCArTAIIEHOCT y OITyKama
n3Mel)y perieH3eHara, ypeHHK MOXKe TTOCIIaTH PYKOIIHC JIPyTOM PELCH3EHTY 3a J0JaTHE KOMEHTape
U fajby outyKy win he pax Outn onbujen. MiMeHa perneH3eHara ce He IPEHOCE ayTopy M OOpHYTO
(obocTpano cimjemna perersuja). Odexyje ce na he mporiec perensnje, TeHepaTHo TIeIaHo, TIOUYSTH
Y POKY 01 IBHj€ HEZjeIbe 071 MOJHOMICHA PYKOTINCa, a 1a he ucrpasibeHn pykonucyu outn Bpahenn y
POKY of ueTHpH Hefjesbe. YitaHak ce 00jaBipyje Ha BeO cTpaHu Bemepunapckoe scypuana Penyonuxe
Cpncke, Ha BeO ctpann Arernuje DOI Cpricka i kao mTaMItaH| MPAMjepaK H3aarma.
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KATEI'OPHUJE U YCJIOBU 3A PYKOIIMCE

[TaskbMBO MPOYUTA)TE YIIYTCTBO. PYKOMHC KOjU HUj€ TIPUIIPEMIbEH Y CKJIAJIy C YIIyTCTBOM ayTOpHMa,
Hehe Outu mpuxBaheH 3a pa3marpame. Pykonuc Mopa Outu oTKylaH kopumhemem Gonta Times
New Roman 12 Tauaka ca 000cTpaHIUM TIOpaBHABAKEM, JIMHHjaMa ca JeTHIM pa3MaKoOM Ha CTPAHUITH
A4 Bennunne, ca maprudama crpanuiie 3,0 v (kao MS Word files, .doc). HacitoBu Tekcra Tpeda ma
Oy/y OTKyIIaHH BEJIMKHUM CJIOBUMA M KPATKUM ITOJIHACIIOBUMA, T/Ij€ j€ HEOIIXOJHO, CaMO Ca IIOYETHUM
BEJIMKUM CIIOBOM.

Bemepunapcku scypnan Penyoauxe Cpncke 00jaBibyje paloBe U3 00JIaCTH BETEPUHAPCKE METUITTHE
Y CPOIHUX OOJIACTH, KOJH Cy O ITUPOKOT MHTEpeca 3a IUJbHY MyOJIHKY.

Kareropuje pykomnuca koje 06jaBibyje Bemepunapcku scypuan Penyonuxe Cpncke cy:

- OpuruHaJIHH HayYHH paj
[Iperneanu Hay4yHu paj

Kpatko nny npeTxofHo CaomIITeHe
- Tlpuka3 cimyuaja.

Opuzunannu nayunu pao

OpurvHaJIHU HAy9HH Pajl je paj y KOM Ce MPBU MyT MyOJUKYje TEKCT O pe3yaTaruMa COICTBEHOT
HCTpaKMBamka OCTBAPEHOT TPHUMjEHOM HAaydHHX METO/Aa, KOje Cy TEKCTyaJ HO OIHMCaHe U Koje
omoryhaBajy Ja ce HCTpaXHBame IO MOTpeOW TOHOBH, a YTBpHEHE UYHMIECHUIIE TPOBjEpe.
OpurrHaJIHU HAyYHHU paj caapku cienehe aujenoBe: HACIOBHA CTPaHA, CaXeTakK, KIbyIHE PHjedH,
YBOJI, MaTepHjaJid U METO/E, PE3YNITaTH, TMCKyCHja, 3aKJbydak, muTeparypa. CTui nucama Tpeda
na Oyae cakeT, alld JIOBOJbHO jacaH Ja YWTaoluMa OMOTYhW pempomyKIujy eKCIepuMEeHTaTHE
METOJIOJIOTHj€ KaKo je omucaHo. YmaHak Mopa MpeICTaBUTH jaCHY XHUIIOTE3y M MOJATKe U3pakeHe
npema oaroBapajyhem ekcriepuMeHTaTHOM nu3ajHy. Jluckycuja y3uMa y o03up Mo3HaTe MOoaaTke
WM YUEHEHHIIE CAMO Y BE3H ca JI0OMjeHUM pe3yTaThuMa U Mpy»kKa OCHOB 3a JIOHOIICHE 3aK/bydyaka
Ha OCHOBY pe3ynrara. J[McKycHja He yKIbydyje OMIITa 3Halkha O UCTPaKNUBaHO] TeMu. OpUTHHAITIHI
Hay4qHH pajg oonuHo caapxu Hajeumie 4000 pujeun u 30 pedepenim.

Ilpezneonu nayunu pao

[Mpernennu Hay4yHW paj OpENCTaB/ba IPEIVIE] HAJHOBHjUX pajioBa O ojpeljeHOM mpeameTHOM
MoJpy4jy ¢ muJbeM Jia ce Beh myOnnkoBaHe MHPOpPMAIHjEe CAKMY, aHATU3UPAjy, €BaTyHpajy WIn
CHUHTETH3Y]y, T¢ JOHOCH HOBE CHHTE3€ KOje Takohe 00aBe3HO YKJbYUyjy PE3yJITaTe COINCTBEHOT
HCTpaKuBama aytopa. [IperieqHu HayuyHu pagoBU Cy OOMYHO IO MO3UBY. AYTOpH KOjH MTPETIO3HA]Y
noTpeldy | Kelie J1a pujaBe pajl cy JOOPOIOILIN U CaBjeTyje UM ce JIa KOHTAKTHPAjy YPEIHUIITBO
MpHje TmoYeTKa MUucama Kako OM ce yBjeprIId J1a CIMYHa TeMa Beh HUje MmpujaB/beHa U J1aTa HEKOM
ayTopy. Aytopu Tpeba na Oyay eKCHepTH 3a MpeaMeT MPerIeAHOT HAYYHOT Pajia, IITO 0Ka3yjy
[UTUPABEM CBOjUX 00jaBJbEHWX HAYYHHX pajioBa y MPHjaBJLEHOM pajy (HajMame MeT HayYHHX
panoBa, Koju ce 0aBe UCTOM TEMOM Kao W TPHjaBJbeHU WiaHak). [Ipernennu HaydHU paj] caipiku
cienehe aMjenoBe: HACIOBHA CTpaHa, CaKeTak, KJbydyHE PHjeud, yBOJ, 3aKJbydak, JUTEepaTypa.
[Iperneaan HayaHu pag oouaHo canpsku HajBuine 4000 pujeun u 30 pedepeniy.

Kpamgxo unu npemxoono caonuimerse

KpaTko mim npeTxoHo CaomITemhe je Pajl Maber 00MMa MITH TIPETUMUHAPHOT KapakTepa, y KojeM
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Ce Pajii O CAXKETOM M3HOILCHY pe3ysiTara 3aBpUICHOr H3BOPHOT HCTPAKUBAYKOT Pajia WM 4YJIaHKa
Koju je y HacTajamy (enm1. Working Paper). KpaTko nnm npeTxomHo caommTeme caapxu cieaehe
JIMjeJIOBe. HACJOBHA CTPaHa, CAKETaK, KJbydyHe PHjeuH, YBOJ, MAaTepHjadd U METOJE, Pe3y/ITary,
JIUCKYyCH]ja, 3aKJbyYaK, Jureparypa. Kparko caommreme oonaHo caapxu Hajsuire 3000 peun u 15
pedepentm.

Ilpukas cnyuaja

[Tpuka3s ciydaja je mpUIIOT y KOME ayTop MpOoljeyje MPaBUIHOCT/HEPABUITHOCT HEKOT HAYYHOT
WM CTPYYHOT pajia, KPUTEPUjyMa, MOCTABKEe WIIM MOJA3MIITa, y3 Moce0aH Harmacak Ha KBaJHUTET
orjemUBaHOT pana. [Iprkas ciydaja caapsku cienehe qujenoBe: HaCIOBHA CTPaHa, CAXKeTaK, KJIbyuHe
pujedn, yBoa, IUCKycHja, muteparypa. [Ipukas ciydaja oonuno caapxu HajBuire 2500 pujeun u 15
pedepentm.

U3IMIEJ PYKOITUCA, CTUJIA U OBJIMKA
Pykomnmcu cy nogujessenn y cieache ypehene aujenone:

- Hacnosna crpana

- Caxerax

- Kipyune pujeun

- YBOXA

- MATEPUJAJIA U METOJE

- PE3VIITATU*

- JUCKYCUIA*

- 3AKJbYYAK

- 3axBamHHIa**

- Cyxko0 uHTeEpeca

- JINTEPATYPA

- Hacnosu tabena u / unu Jlerene cnvka
- Tabene u / wiu cnuke

* PesynTaru U AMCKycHja MOTy 1ia Oyay y jeTHOM TIOTJIaBJby
** Huje o0aBe3HO

HacsoBHa CTpaHa

Hacnosna cmpanuya yxipydyje HAcllOB PyKONHCa, Ka0 W IyHAa HWMEHA M WHCTUTYLHOHAIHE
MIPUTIATHOCTH CBUX ayTopa. KopecnopeHTHH ayTop MOpa OMTH HaBEICH.

Hacnos: Hacnos He caapku Buiie ox 110 3HakoBa (ykipyuyjyhin pasmake) u crnenududas je 3a
crynujy. Tpe6ao 61 OUTH pa3yMJBUB IIUPOKOM CIIEKTPY YUTAJIAIA.

Aymopu u npunaonocmu. To ykIbydyje UMeHa, Cpeibe HHUIH]jalie (aKo ce KOPUCTE), MPe3uMeHa u
MPUIIAQIHOCTH IIpeMa ciieneheM pemociujeny: YHUBEP3UTET WM OpraHu3alija / HHCTUTYIH]a, Tpajl
u aprkaBa 3a cBe aytope. Hampehenu Opojesu (1,2,3) Kopucte ce y cirydajeBuMa Kajaa cy ayTopH U3
Pa3MUUTHX UHCTUTYLIH]A.

Kopecnooenmnu aymop. Jenan o aytopa Mopa OUTH O3HA4YEH Kao KOPECIOACHTHU ayTop (mopen
MMeHa ayTopa AoaaTtu cuM0o:1 *). Mopa ce HaBeCTH UMe, Tpe3uMe 1 e-mail KOpeCcroJeHTHOT ayTopa.
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Caskerak

Caxerak caapxu 10 250 pujeun. JujenoBu KpaTkor caapixaja He CMUjy OUTH OJIBOjEHH HACIIOBUMA
HET0 CaMO HOBHM I1aCyCOM.

CTpyKTypHucaH cakeTak 00aBe3aH je 3a OPUSUHANHU HAYYHU pAO W KPAMKO UIU HPEmXOOHO
caonwimerbe M TIOAHjEJbeH je y cinenehe amjenoBe: yBOA, MaTepHjalld W METOAE, PE3YNTaTH H
3akJpydak. KopuiihieHe TexHUKEe MOpajy ce IIOMEHYTH 0e3 yiacka y METOIOJOLIKE AeTalbe, a
HajBOXHUJU HAIA3H MOPAjy Ce PE3UMHPATH.

Caxxerak 3a npeciedHu HayuHu pao je CTpyKTypUCaH U IOIUjeJbeH Ha ciieaehe aujenoBe: mo3aanHa,
O0OMM U MPUCTYI, KJbYYHH HaJIa31 U 3aKJbYYLIH.

[Ipuxa3 coydaja He 3aXTHjeBa CTPYKTYPHCAH CAXKETaK, aJIi OH YKIbYUyje pe3uMe ciaydaja.

Huraru, Taberne, ciienujanae ckpahenniie 1 HuBoM 3HadajHocTH (HIp. I1 <0,05) HUCY yKIBYyUCHH ¥
CaXKeTak.

Kuwyune pujeuu

Hcrox kpatkor cajipikaja MOpa ce HaBeCTH TPU IO MeT KJbYYHHX PHjedd MO abeleaHOM peny,
n30jeraBajyhu ommre, MojMOBe Y MHOXKIHH M BUIIIE TIOjMoBa (HIIp. ,,J1%, ,,0n"). OBe KIbydHE pHjedn
he ce KOpHCTHTH 32 HHICKCHPAIbE.

YBOJ

YV oBomM amjeny Tpeba yka3aTu Ha CYIITHHY IpoOiieMa i CBpXy cryauje. KibydHe acriekte 00jaBibeHe
JHUTEpaType M MCTpaKHBaba Tpedano OU MperiesaT ¢ HJbeM JIa Ce YKaKe Ha TO 3alliTO Ce OB3j
PYKOITHC CMaTpa OPUTHHAIHUAM JIOIPHHOCOM TPEHYTHUM HAy4YHUM ca3HamHhMa. Tpeba u3beraBatu
JeTaJbaH OIUC JIUTEpaType MM pe3umMe pesynrara. [locneamu Ouo yBoa Mopa Ja CaapXu
cnenndUYHE IIJbEBE CTyAMje. YBo He npenazu 400 pujedn.

MATEPHUJAJIX 1 METOAE

OBaj muo ykJpydyje, mpema MOTpPeOH, ONMHC AW3ajHa CTYAHje, CKCIIEPHUMEHTAIHUX >XKHBOTHIbHA,
AQHAIUTUYKUX METO/IA U CTATUCTUYKHUX aHAIN3a. Y TBPIUTE METO/E U IOCTYIIKE Ca JIOBOJFHO AeTaba
na omoryhe apyruMa Jja penponykyjy CTymujy. AKO Cy METoje IIMPOKO MO3HATe, HUCY OIMCaHe,
anm ce Mopajy HaBecTH oxaroBapajyhe pedepenrie. 3a HoBe MeToe Tpeba YKIBYIUTH MIPOTOKOIE 3a
METONy. AyTOpH MOPajy IIPYKUTH pedepeHLie 3a YCIIOCTaBbeHe METOIe, YKIbYUYjyil CTaTHCTHYKe
MeTone. HaBemure OWIIO KOjU ONINTH padyHApCKH IMporpaMm Koju ce kopuctu. WneHTtndukyjre
CBE JIMjEKOBE U XeMHUKaJIHje KOjH ce KOPUCTE Ca FeHEPHYKUM MM XEMHjCKHMM UMEHHMa, J03aMa
HaYMHOM TpuMjeHe. HaBenuTe mpomsBohaua, Opoj mpomsBona, rpad U Ap)KaBy, Tae je To mMoryhe.
Jajre eTnuky u3jaBy 0 JOOPOOUTH KUBOTHIA aKO j€ TIPUM])EEHHBO.

PE3VIITATH

Pesynraru cy npeacTaBibeHH Y JIOTHYHOM PEOCIIUje/y U apalielIHO ca MeTofiaMa (3a CBaKy METOILY
Tpeba Ja MoCToju pe3ynTar), Koprctehn Tabere u / wim civke 0e3 yTuiipama pe3yiaTara nsMely oBa
nBa (hopmara. [la 6u ce moOoJspIrana jacHoha, OBO TIOTJIABIbE MOXKE C€ TIO/IHjEIIUTH Ha MOIOTIABIba,
CBAaKO C KOHLIM3HUM IOJHACIOBOM, KOje NpyKa AeTajbe O Hajla3uMa KOjHu Cy NMOTPEOHU Y MPUIIOT
3aKJbY4LlIMa U3 PYKOITHCA.




Berepunapcku :xkypHau Peny6iauke Cpncke (bamwa Jlyka), Boa. XXIII, Bp.1-2, 348-355, 2023.
YnyTcTBO ayTOPHMAa M PeleH3eHTHMA

352

JUCKYCHUJA

O pesyararuma Tpeba pa3roBapat 1 OBE3aTH UX Ca APYTHM PEJICBAHTHUM CTYIMjaMa U TPEHYTHUM
casHabUMa TaMo TJie je TO ToTpeOHO. MelyTrm, TUCKycHja ce He KOPHCTH 32 CyMHPAHe TPEHYTHOT
3Hama. /luckycuja Tpeba jacHO Ja WACHTH(HKYje IIaBHE 3aKJbydKe CTyamje. AyTopu Tpeba ma
TIpy’Ke jacHO 00jallllerhe BaKHOCTH U PEICBAaHTHOCTH OBHUX 3akjbydaka. CBe HOBe MH(OpMAIH]je
Tpeba pa3IMKOBaTH O] MPETXOHUX Halla3a U MOT'Y C€ CTBOPHUTH peJIeBaHTHE XHUIIOTE3E.

3AK/bYYAK

3akJbydak ce CacTOjU OJf KpaTke MHTEerpauuje pesyliTara KOju ce JUPEKTHO OJHOCE Ha HaBelCHE
[UJBEBE CTYIMjE M M3jaBe O MPAKTUYHHM HMMIDUIMKaLUjaMa pe3yiiTara. 3ak/bydld Cy NOBE3aHH ca
UbeM cTynuje, m3beraBajyhn HekBamu(pUKOBaHE M3jaBe W 3aKJbYUKE KOjH HUCY MOTKPH]jCTIJBCHH
BammmM nozaruma. OBo TOTTaBIbe He 01 Tpedalto a mpenasy jead KpaTak ojuiomMak. He pesumupajte
JHMCKYCH]y WJIH TPEHYTHO 3HAKE Yy OBOM IIOIVIABIBY.

3axeannuua

W3Bop ¢uHaHCHpama CTyauje MOKe OMTH HaBEIEH Y OBOM IIOIVIABJBY. Y OBOM MOINIABJEY MOTY
Ce TIOMCHYTH CBH OHH KOjH Cy JaJId 3HadajaH TOMPHHOC CTYyAHMjH y TIOTIIEAY AW3ajHA, W3BOhema,
aHaJIN3e WM u3pajie / peBU3HUje PYKOIIHCa, ajli He OroBapajy KpUTEpHjyMUMa 3a ayTOPCTBO.

Cyko6 unmepeca

Cyxo0 mHTepeca IMOCTOjH Kaga Ha TyMadewme IOofaTaka WM MPe3eHTAIjy MH(pOpMAaIija MOXe
YTULATU JIMYHU WM (GUHAHCH]CKH OJHOC C JbyAMMa WM opranusanujama. O ayTopa ce Tpaxu
Jla TIONMyHe H3jaBy O CykoOy mHTepeca. CBH TpHjaBJbeHH CyKoOW MHTepeca Omhe HaBeqeHH Ha
Kpajy 00jaBJbeHNX WIaHaKa. TaMmo Tije ayTop He HaBOIU CYKOO MHTepeca, HaBemhe ce ,,AyTop (1)
n3jaBJbyjy J1a He TOCTOjH CYKOO MHTEpeca.

JIMTEPATYPA

ITotpedHoO je 06e30mjenuTH Aa cBaka pedepeHna HaBeAeHa Y TeKCTy Oyae MpHUCyTHA W Ha CIHCKY
muteparype (1 00pHYTO).

[Ipenopyuyje ce na pedepente He Oymy crapuje ox 20 roanHa u 1a npeko 80% pedepeniu Oyne u3
Hay4HHX 4acOIIMCa, a OCTAJIO U3 IPYTHX HaydYHHX H3BOpa.

[uratn y TekcTy, Kao INITO Cy JMYHE KOMyHMKAalMje, HE00jaBJbeHM TMOJalW WM Yy MITAMIIH,
MarucTapckd W MacTep pajioBH, MOAANM M3 aHOHMMHHX M3BOpa, KA0 M JOKTOPCKE AWCEpTaLHje
Koje Hucy npupeleHne kao HayuHe MOHOTpaduje, HUCY IPUXBATIbUBH. PasioBH ca HayuyHHUX CKyIOBa
MOT'y c€ IIUTHpPATH CaMo aKko Cy 00jaBJbEHM Y I[jeNIoCTH. Y TEKCT Tpeba yBPCTUTH CaMO OCHOBHE
pedepenIie, a OHe Cy OrpaHHYEHE Ha HEONXOAHN MUHUMYM. HaBenure pedepeHiie y TekcTy mpema
mpe3uMeHy U roanHu y 3arpaan (amp. Kosauesuh, 2014). ¥V ciydajy nBa ayTopa, KOpUCTHTE ,,1°
(amp. CreBanoBuh u Hemuh, 2015). Ckpahenuma ,,u cap.” Mopa ce KOPUCTHTH Y CBHM CITydajeBUMa
TJIje ce HaBOAM BUIIIE OfT Ba ayTopa (Hip. Marasas u cap., 2016). Bume pedepennn yHyTap 3arpana
y TEKCTy HaBOIU c€ OOpPHYTHM XpOHONOIKHM permoM (Hmp. CreBanoBuh u cap., 2016; T'omuh u
Hemwuh, 2015; Teomoposuh, 2014). Y ciryuajy ma BicTé ayTop MMa BHIIE IyOIUKaIija y UCTOj TOAWHH,
ToperI TONMHE Cce A0/1ajy nofarHe cioBHe o3Hake (‘boxosuh u cap., 2008a; [Terposuh u cap., 20080).

VY crnydajy moMHumama OpraHu3anyja Wi ctanaapaa kopucre ce ckpahenmme (amp. EFSA, 2016;
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ISO, 2017) a xox 3akoHa U MpaBUIHKMKA TepMUH Tponuc (Hp. [Iponuc, 2012).

Jlucra pedepennu nopenana je mo adenenu (momohy anara 3a coptupame A-3 Ha Tpar MS Word
Home, ako je noTpeOHO) mpema npe3uMeHnuMa MPBHUX ayTopa.
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3axmjeeu

Bemepunapcru sicypnan Penybnuxe Cpncke nipenopyudyje ynorpeOy TauHUX U YTBPH)CHUX jeNUHUIIA,
ckpahenuiia, popMmysa U HOMEHKIAType KaJl rof je To moryhe.

Jemuuune. Cee crenudukaiuje Mopajy OUTH HaBeleHe y Ckiaay ca MelyHapoaHUM CHCTEMOM
jenununa (CH). Axo cy moMeHyTe Ipyre jenHuIle, HaBeauTe muxoB ekBuBaieHT y CU. Cumbonu
3a jeIMHUIIE U3BEJICHE JIEJbeHEM JaTH Cy Kao HerarTuBHU ekcrioHeHTH (Hrp. 10 g L-1; 250 V cm-2).

Ckpahenurie. Ce ckpaheHuiie XeMHjCKUX, OMOJIONIKUX, MEAMIMHCKUX WM APYTUX M3pasza Tpeda
KOPHUCTHUTH CaMo aKo je curypHo aa cy mel)ynaposno nosnare. CkpaheHuiie ce He KOpUCTe y KpaTKoM
caZpkajy ¥ Mopajy ce neuHUcaTH y 3arpajaMa Kaja ce MpBH IIyT KOPUCTE Y IIaBHOM TeKcTy. He
3aMOUYNbLUTE PEUCHUILY CKpaheHUIIOM.

Maremaruuke popmyiie. [Ipenajre Maremariuke jeHaUMHE KAa0 TEKCT KOjU ce MOXe ypehusary,
a He Kao ciuke. [IpencraBure jeqHoctaBHe (HOpMyIie y CKIaay ca HOPMAJIHHUM TEKCTOM, IJIC je TO
moryhe, u kopuctute comuayc (/) yMjecTo XOpH30HTAJIHE JIMHHjE 32 Majie pa3liOMJbEHE I10jMOBE
(amp. A / B). Y3acTonHO HyMEpHUIINTE CBE jeJHAYMHE KOje MOpajy OWTH IpUKa3aHEe OJIBOjEHO O
TEKCTa (KO CY Y TeKCTY U3PUYUTO HaBECHE).

Homenknarypa u Takconomuja. CBU MEAMIIMHCKH, XCMH]CKU, OMOJIONIKY WM IPYTU U3pasu Tpeda
Jla ce KOpPHCTE y CKJIaJy Ca HAjHOBUJUM Mpernopykama oarosapajyhe meljynaponte HoMeHKIaType.
Nmena pomoBa M BpCTa MHKPOOPraHH3aMa M 300JI0IIKA UMEHA Cy Yy Kyp3uBy (HIp. Aeromonas
hydrophila). Tamo te ce pof mojaBibyje y HACJIOBY, TO Tpeba y MOTIYHOCTH HCIUCATU. Y [JIaBHOM
TEKCTY, poji O Tpebasio Ha IPBY HAYMH OMEHYTH, a II0ToM 1 ckpaheHo (HIip. A. hydrophila). Aytopu
MoOpajy ocuryparu jaa He Oymae 3a0yHe ca OCTaJuM POIOBHMA MOMEHYTHM y TeKCTy. [IpaBomuc u
TaKCOHOMH]a UMeHa Tpeba jaa mpare melyHapoaHo npuxBaheHy HoMeHKIaTypy. Mimena Oakrepuja
Mopajy OUTH y CKJIaJly ca HajHOBHjUM H3nameM bepiiej-esor [IpupyuHrka 3a cucteMaruky OakTepuja
U / WM MUINIUBEEEM y MeljyHapoTHOM 4acomucy 3a CUCTEMATCKY M €BONYIIHOHY MHUKPOOHOIIOTH]Y,
a BUpycuMa Tpeba Jaru kiacu(uKanujy U HasuBe Koje npernopydyje Mehynapoanu xomurer 3a
TakcoHOMHU]y BHpyca. Enszumcke moreHimje cy mare y M.J. (Mehynaponue jemunwuiie) u mpema
€H3MMCKOj HOMEHKJIaTypH. [eHM, MyTaluje, TeHOTUIIOBH M QJlelId Cy YKOLIEHH M ayTOpH Ou
Tpebaso 1a KOHCYITYjy oAroBapajyhe 6a3e mojaraka reHeTcke HoMeHKIaType. [IpoTenHu oOnyHO
HHCY Y Kyp3uBy. Tpeba HaBecTn npernopydenu mehynaponuu 3amruhenu Hazus nujekoBa (rINN).
KomeprmjanHa uMeHa Apyrix Ipou3Boaa Tpeba KOPUCTUTH CaMO TaMo /e 3a TIPOM3BO/] HE TTOCTOjH
JIpyru onrosapajyhu tepMuH. Y TakBUM Clly4ajeBHMa, MMe, I'paj M JpXaBy Npou3Bohaya Tpeda
HaBECTH y 3arpajamMa Ipy IpBOM IIOMUBbAkY IIPOU3BOAA.

Tabene u chuxe
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Tabene u ciuke (ykipydyjyhu rpadukone), Tpeda na Oyay MHTETpUCAHE Y ITTABHU TEKCT.

Tabere u cuKke HyMepHILy ce y3acTorrHo nmoMohy aparickux 6pojesa (Cinmka 1, Cnuka 2, Tabena 1,
Tabena 2 ntn.) u 03Ha4aBajy HacioBoM. HacioBu Tabena mocTaBibajy ce u3HaA Tabele, a HaClIOBH
CJIMKa TIOCTaBJbajy c€ HCIOJ CIMKE. 3a WAEeHTH(UKALHWjy AWjesioBa BHUIIejenHe (urype tpeda
KOpPHUCTHUTH BelHKa citoBa A, b uta. Cnnke Mopajy ourtn y pezomytuju 300 dpi. Jlo3Bossenu popmaru
- JPG, TIFF. 3a mukpodotorpaduje ce Mopajy 00e30eanTH cKaje ca oAroBapajyhnm jequHuIama.
CumOonu, cTpenune mwin cioBa kopumthenn Ha ¢ortorpadujama tpeda na Oymy y KOHTpacTy ca
033 INHOM.

Pesyntati Koju ce y TEKCTy MOTY OIMCAaTH Kao KPaTKH HaBOJIM HE NPHUKa3yjy Ce Kao CIHKE HIIH
tabese. [Tomamy ce He cMUjy KOTIUPATH Y TabesIe U CIIUKE.

HacnoBu Tabena n cimka nomaxy Ja Tadesne u ciuke Oyay pasyMJbHBH, a J1a YMTANIAI] HE MOpa Ja ce
M031Ba Ha IaBHU TeKcT. OHM MOpajy OUTH Ca’keTH ¥ He KOPUCTE Ce 3a TIOHOBHHM OIIHUC METOI0JIOTH]e.
Onrosapajyhu 6pojeBu Taberna 1 CIIMKa CTaBJbajy ce IMOopeJl PEICBAHTHOT TEKCTA Y WIAHKY.

3a objammaBame ckpaheHnuniia Tabene Mory Jia caapske (pycHOTE, a CIIMKE MOTY Jia CaJipKe JIETeH/Ie,
Koje ce Hajase ucnox Tabene n ciauke. [lorpebHO je kopHCTHTH HaTmHCHE aparncke Opojese (1, 2
UT]., Y IPAaBUIHOM PEIOCIIHjey YhTama Taberne, 0J03ro0 JMjEBOo JI0Je JECHO) 1a Ou cBaka (ycHOTa
Ouia moBe3aHa ¢ oAroBapajyhoM craBkoMm y Tabenu. Jlerenae cimka ykibydyjy oOjallmbera CBUX
KOPHIITEHNX CHMOOJIa, IMHKja WIIK 03HAKa, KOjH Ce TIOCTaBJbajye Ha oaroBapajyhe mjecto y okBUpy
[JIaBHOT TEKCTa.

AyTOpCKO NIpaBo

AyTopH 3a/1pXaBajy ayTopcKa Ipasa Ha 00jaBJbEHE PAJ0BE 1 Aajy N3aBady NpaBo j1a 00jaBH WIaHaK,
Jla ce y ciydajy IOHOBHE ynoTpeOe HaBese Kao FHhEeroB M3BOPHU M3/aBad U Ja ra JUCTPUOyHIIe y
CBUM OOJMIIMMa W MEAWjUMA. AKO 4acOIlMC HEe NMPUXBATH 3a 00jaB/bHBALC NPEaTH PYKOIUC, CBa
npaBa Ha pyKonuc 3aapxahe ayrop (u).

Unanum oGjaBibenn y Bemepunapckom acypnany Penyonuxe Cpncke duhe 4iaaHIym ca OTBOPEHUM
npuctynom auctpudyncanu nox Creative Commons Attribution (CC BY) 4.0 International License.

H3sjasa o npuBaTHOCTH

Wwmena n agpece e-romite koprctihe ce NCKIbYYNBO Y HaBeJCHE CBPXE OBOT Yacomuca 1 Hehe outu
JIOCTyIHE Y OWII0 Koje Ipyre CBpXe WM OMIIO KOjoj APYroj CTPaHy.

Asxypupano ymyTcTBo 3a aytope: 07. pedpyapa 2023.

AJIPECA YACOIIHCA:

JaBna YcranoBa Berepunapcku nncrutyt Perryonuke Cprcke ,,/Ip Baco Byrozan bama Jlyka
Bpanka Pagnuesnha 18, 78000 bama Jlyka

Tenedon/daxc: +387 51 229-210

I'maBum ypennuk: [Ipod.np Aparo H. Henuh: 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
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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.




Veterinary Journal of Republic of Srpska (Banja Luka), Vol. XXIII, No 1-2, page 356-363, 2023
Instructions for authors and reviewers

357

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.
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Short communication or Working paper

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

Case report

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

MANUSCRIPT LAYOUT, STYLE AND FORMATING
The manuscripts are divided into the following edited sections:
-Title page

-Summary

-Keywords

- INTRODUCTION

- MATERIALS AND METHODS

-THE RESULTS*

- DISCUSSION*

- CONCLUSION

- Acknowledgment **

- Conflict of interest

- REFERENCES

- Table titles and/or Figures legends

- Tables and/or Figures

* Results and discussion can be in one chapter

** Optional

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.
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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.

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. Identify all medications and chemicals used with generic or chemical names, dosages,
and routes of administration. Indicate the manufacturer, product number, city and country, where
applicable. Provide an Ethical statement on animal welfare if applicable.

THE RESULTS

The results are presented in a logical order and in accordance with the methods (there should be a
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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.

DISCUSSION

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

CONCLUSION

The conclusion consists of a brief integration of the results directly related to the stated objectives
of the study and a statement of the practical implications of the results. The conclusions are related
to the goal of the study, avoiding unqualified statements and conclusions that are not supported by
your data. This section should not exceed one short paragraph. Do not summarize the discussion or
current knowledge in this section.
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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, master’s
theses, data from anonymous sources, as well as doctoral dissertations that were not prepared as
scientific monographs, are not acceptable. Articles from scientific conferences can be cited only
if they are published in full. Only esencial references 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 Kovacevié, 2014). In the case of two authors, use “and” (eg Stevanovi¢ and Nedic,
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
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case the same author has several publications in the same year, additional letter marks are added in
addition to the year (Pokovi¢ 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).

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.

Temuh M., Hemmh JI. (2011): MeHayuMeHT BeTepuHapcke mpakce. DakyliTeT BeTepUHAPCKE
MeWIrHe YHUBEp3uTeTa y beorpany, 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 I to Regulation
(EC) No 2073/2005 as regards histamine in fishery products. Official Journal of the European Union,
L 282:46-47.

Regulation (2012): TIpaBuiiHUK 0 MEKPOOHOJIOIIKMM KpUTEpUjyMuMa 3a Xxpany. Ciry»KOeHH [IIaCHUK
Peny6muke 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.
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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:

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, ISO 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 ISO 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 4. hAydrophila). Authors must ensure that
there is no confusion with other genera mentioned in the text. Spelling and taxonomy of names should
follow internationally accepted nomenclature. Bacterial names must be in accordance with the latest
edition of Bergey’s Manual of Systematic Bacteriology and/or opinion in the International Journal
of Systematic and Evolutionary Microbiology, and viruses should be given the classification and
names recommended by the International Committee on Taxonomy of Viruses. Enzymatic potencies
are given in [.U. (International Units) and by enzyme nomenclature. Genes, mutations, genotypes
and alleles are are in italics and the authors should consult the appropriate databases of genetic
nomenclature. Proteins are not usually in italics. The recommended International Nonpropietary
Name (rINN) should be provided. Commercial names of other products should be used only where
there is no other appropriate term for the product. In such cases, the name, city and country of the
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manufacturer should be given in brackets when the product is first mentioned.
Tables and figures
Tables and figures (including graphs) should be integrated into the main text.

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

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

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

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

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.
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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, 2023.

JOURNAL ADDRESS:

Public Institution Veterinary Institute of Republic of Srpska “Dr Vaso Butozan” Banja Luka
Branka Radicevi¢a 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




