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OOUM ¥ TTOUTHKA YaCOIHCa

Berepunapcku xypHan Penybnuke Cprcke je nmokpeHyt 2001. romuHe Kkako 0w
UCTPa)XUBA4M U CTPY4YHall KOJ HaC Uy pETHOHY U IIUPOM CBHj€Ta MOIJIH [ja 00jaBIbyjy
CBOja UCTpakKuBama U panose. Haconuc je nocseheH yHanpehemwy U IIKpewy HAyYHHUX
Ca3Hawa O BETEPUHAPCKUM HaykaMa M CPOJHHMM aKaJeMCKHUM OHUCLHUIIMHAMA.
Berepunapcku xypHan Penybnvke Cprcke je OTBOPEHOI IPHUCTYIa, peLeH3UpaHU
Hay4HH yaconuc JY Berepunapcku uHcTuTyT Penydnuke Cprcke "Ip Baco Byrosan”
bama Jlyka, Penydnuka Cpncka/buX, nocseheH odjaBprBamby OPUTHHATHUX HAYYHUX
panosa, MpernefHUX pajfioBa, MUHU MperjefHUX pafioBa, KpaTKUX KOMYyHHKallWja,
CTPYYHO-TEXHUUKHUX U3BjellTaja, IPUKa3 cjlydyaja U MMCMa YPeAHUKY. BeTepuHapcku
XypHan Penybnuke Cpricke odjaBsbyje ce Ha CPIICKOM je3WKY W €HIJIECKOM je3UKy, Y
TOAMIIBUM BOJIyMEHMMA KOjU Ce cacToje of ABa dpoja, Ha mopeny Open Access Koju
omoryhasa BUCOKY BUIJBMBOCT pafgoBa. BetepuHapcku xypHan Penybdnuke Cprcke je
WHJIEKCUPaH Kao HallMOHa/IHU yaconuc. CBaku pykonuc duhe obpabhen on ctpare nBa
peLeH3eHTa KOjH ITPYXKajy KBAJIMTETHY YpPeOHUUKY 00pajly. YIIyTCTBa 3@ IPHjaB/bUBaAE
pyKomnuca, IpuIpemMy pana, IpoLeaypy peLeH3dje U CBe OCTalle ieTabe NOCTyIHA Cy
Ha CTpaHMLamMa yaconuca. OBa cTpaHuua he ayrope ynyTUTH KOpak 10 KOpak Kpo3
mpollec nMpujasbrBawe (YIyTCTBO 3a ayTope).

Berepunapcku xypHan Penybnuke Cpricke je yacomuc OoTBOpeHOr npuctyna. Ceu
panoBy MoOry ce decrnaaTHO Mpey3eTH U KOPUCTUTH y ckiuany ca Creative Commons
Attribution 4.0 International License(CC BY 4.0).
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to the publication of full research papers, reviews articles, mini review articles, short
communications, technical reports, case reports and letters to the Editor. Veterinary
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comprising two issues, on an Open Access model which allows high visibility of
articles. Veterinary Journal of Republic of Srpska is indexed as a national journal. Each
manuscript will be handled by two reviewers providing quality editorial processing.
The instructions for manuscript submission, paper preparing, peer-review procedure
and all other details are available on the Journal homepage. This site will guide
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KAITAOUTETH AKPEOTUTOBAHHUX HCITHTHUX JIABOPATOPHIJA 3A
XPAHY Y BOCHH M XEPIUETOBHUHHU Y 2017. TOOJUHH Y OJHOCY HA
MMoAPYYJA AKPEOJUTALINIE

Bojan TOJIMR'™*, Iparo HEOHURK!, Ctoboman JOJYHHOBHR!

1 IIp bojau l'onuh cneu. ap Bet.; [Tpod. ap Oparo Henguh, np set.; Ip Cnodonan JojunHoBuh
crel. fp BeT. JaBHa ycTaHoBa Berepunapcku uactutyT Penydnuke Cpncke ,JIp Baco
bytosan“, bpanka Papguuesnha 18, 78000 bamwa Jlyka, Penydnuka Cprcka, buX
* KopecnonenTtHu aytop: Ip Bojan 'onuh cren. ap BeT., bojan.golic@virs-vb.com

Kparak cagpikaj: AxpenuToBame mNoapasymujeBa (OpMalHO MpHU3HAKE Ta je
HEKO THjelo 3a OLjemHBalke ycaraalleHoCTH (abopaTopuja) KOMIETEHTHO Ja
CTMPOBOIM AKTHUBHOCTH OljjelhHBamba ycCarjaalleHOCTH y CKIafy ca MehyHaponHo
npuxBaheHUM NpaBWIMMa. AKpeIUTOBale THjesla 3a OljemhHBame yCarIalleHOCTH
y bocuu u Xepuerosunu (buX) cniposogu UHCcTUTYT 3a akpeputoBame buX (BATA).
AxpenuTauuja nadopartopHja OCUTypaBa MOBjepewme y pe3ynTaTe j1adopaTopujCKUX
UCIUTHBAa®ka, a BpK ce npema cranpgapny BAS EN ISO/IEC 17025:2006. UcnuThe
nadoparopuje 3a XpaHy y IIMpeM CMUCITy 0dyxBaTajy nadoparopuje koje ce dase
UCTIUTHBAkbEM XpaHe, XpaHe 3a JKUBOTHHE, Bofie 3a nuhe u Opucesa mospiunHa. Llnsm
UCNUTHBaWba je yTBPAWUTH KalalWuTeTe aKpeAUTOBAaHHWX HCIMTHUX JabopaTopuja 3a
xpaHy y buX y onHocy Ha 0b1acTy MCIIMTHBa®ka 0OJHOCHO TOApYYja akpeauTtanuje. Ha
0Baj HAUMH 00O OU ce jacaH YBUJ y CIPEMHOCT UCIUTHUX JlaDopaTopuja 3a XpaHy
[la OOTOBOPE 3aXTjeBUMa Ca CTAHOBMLITA KOHTPOJIE XpaHe y LWbY 3alUTUTE 3[IpaBba
KUBOTHUBA U Jbyou. Tokom 2017. roguHe y buX ykynHo je duno akpesutoBaHo 29
UCMUTHUX Jadopartopuja 3a xpany, y Penydnuum Cprckoj 8, a y ®enepaunju buX
21 naboparopuja. On ykynHo 13 akpeguTOBaHMX MOJpydYja HUCNHUTHBawa y buX,
nadoparopuje y Penydbnuuu Cpnckoj cy akpenutosane 10 (76,90%), a y Penepauuju
buX 13 nogpyuja (100%). Kapga cy y nutamy pasnvuuTe 001aCTH UCIIUTUBAkba XpaHe,
buX mnocjenyje kamauuTeTe y BUAY aKpeAUTOBAaHHUX JiabopaTopuja la OATOBOPH Ha
OBe€ 3axTjeBe, a TOCedHO Cy 3HauajHU KanalUTeTH 3a (pU3NYKO-XeMH]jCKa UCTTUTHBAKbA
XpaHe U BOJle U MMKDODHOJIOLIKA MCIMTHBaWa XpaHe (Impeko 55% axpeguToBaHMX
nadoparopwuja). 3aTUM CIvjefe MUKPODUOIOUIKA UCTTUTHBAkha XPaHe 33 )KUBOTHUIE U
BOJE Y TOKCHUKOJIOIIKO UCTIUTHUBAaWke pe3uslya U KOHTaMUHeHaTta y XpaHu (mpeko 30%
aKpeIUTOBaHMX JlabopaTopuja).

KibyuHe pHjeuH: akpenuTalnja, UCIIUTHE TadopaTtopuje, XpaHa.
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Kanauutety akpeIMTOBaHUX UCIIMTHUX abopaTopHja 3a xpaHy y bocuu u Xeprerounu y 2017. ronMHH y OOHOCY Ha TToApyyYja

aKpenuTanyje

YBOI

AxpenuToBame MoapasymujeBa Gop-
MaJIHO MPU3HAKE Aa je HEeKO THUjeno 3a
oljjemUBame YCKIaheHOCTH KOMIIETEeHT-
HO Jla CIIPOBOAM AKTHUBHOCTH OLjeHH-
Bamba yCarjalleHOCTH y CKaagy ca mehy-
HapooHO mpuxBaheHMM  mIpaBWIMMa
(34). OujemuBame yckiaheHocTu je cBa-
Ka JjesaTHOCT MPEKO KOje Ce HemoCpen-
HO WJIM NOCpesHo yTBphyje na nu cy uc-
IIyBEHU DPEJIEBAHTHHU 3aXTjeBH, a THje-
JI0 32 olljerHBame yckiaheHOCTH je of
nobDaB/baua HE3aBHCHA Jiaboparopuja,
THjelI0 32 CepTU(QUKOBaWkE, HHCIEK-
UHjCKO THjeI0 WIW HEKO APYro THjeso
KOj€ y4eCTByje y IpoLeNypH OLjehHBamba
yCcKki1aheHOCTH U KOje MOXKe DUTH [Ip)KaB-
HO THjeno, MpaBHa WIM (U3UYKA OCO-
0a. Axpenuranyja je JOKyMEHT Ha OCHO-
By KOjer ce JI0Ka3yje KOMIIETEHTHOCT 3a
odaBmame oppeheHuX 3ajaTaka y MOJ-
PYYjy oljemHBama yCKIaheHOCTH. Y TOKY
npouenype akpenuToBawma yTBphyje ce
KOMIIETEHTHOCT MPaBHUX M (PU3UUKHUX
LA, Koja MOTy MpefCcTaB/baTH y Ljeso-
CTH, WIN CaMO JESHUM CBOJUM OHJEJIOM,
THjeJI0 3a OLjemUBame yCKIaheHOCTH, Y
OIHOCYy Ha 3axTjeBe buX, eBpOMCKUX U
MmehyHapogHHMX CTaHAapAa, OGHOCHO [0-
KyMeHaTa €eBPOINCKUX W MelhyHapooHHuX
OpraHv3anyja 3a akpesuTanujy.

AKpenuTOBame THjeNa 33 OLjEmBHUBabE
ycariameHocTd y bocHU 1 XepLerosBuHu
(buX) cnpoBogu MHCTUTYT 3a akpeguTo-
Bawe buX (BATA) (35). BATA je Hannex-
Ha fla pasBHja, MpoBOAH U onpxasa CH-
creM akpegutoBamwa buX (CAbuX), cripo-
BOJY MPOLEAYPY aKpeAUTOBaka U Ha/130-
pa THjena 3a oljemHuBamke yCkiaheHOoCTH,

3actyna buX y esponckum u mehynapon-
HUM OpraHH3alyjama 3a aKpeIUTOBAaE,
OpraHu3yje W CIPOBOAM CIELUjanuCTHY-
KO o0pa3oBame KagpoBa y NOIPYYjy
aKpeIUTOBamwa, Te pasBHja U yCIIOCTaBsba
MH(OPMALMOHU CUCTEM O [OAHjEBEHUM
akpeguranjama Te€ O AOKYMEHTHMa U3
noJipyyja aKpeAUTOBamA.

BATA yTBphyje kpuTepujyme 3a ono-
OpaBame€ M OOpKaBawme aKpeauTauuje
KOje Mopajy ucnymasaT Tujena 3a olje-
Hy yckinahenoctu (TOY), mpouec crmpo-
Bohemwa akpeguToBama, Te GUHAHCHPAkE
cucTeMa akpenuToBama (56). Axpenu-
Taludja jadoparopuja ocurypasa MOBje-
peme y pesynrare 1adopaTOPHjCKUX HC-
NIUTHBaWka, a BPIIU Ce IIpeMa CTaHAapay
BAS EN ISO/IEC 17025 (1). Y oxBupy
CAbuX, Mory ce akpeguTOBaTH UCIIUTHE
nadoparopuje, kamubpauuoHe sabopa-
TOpHje, MeJUUUHCKe madoparopuje, UH-
CHeKkIujcka THjena, Tujena Koja 00aBibajy
cepTudHKOBame NPOU3BOAA, THjena 3a
cepTudHrKOBame 0Ccodba U THjeNa 3a Cep-
TU(PUKOBake CUCTEMA YIIPAB/baha.

HcnutHe naboparopuje 3a XpaHy y
mIMpeM CMHUCTy o00yxBarajy Jaadoparto-
puje koje ce DaBe UCIUTHBAKEM XpaHe,
XpaHe 3a )KUBOTHHE U Bogje 3a nuhe. Ta-
Kohe, oBe nadopaTopuje cpoBone U UC-
NUTHBaka y LWBY OLjjeHe MHKPODOHO-
nouike yucrohe ompeme, ypehaja, npu-
Oopa, pasHe TOBPIIKHE, pagHe omjehe u
PYKY pangHHKA Y IPOU3BOIU U IIPOMETY
y objekTMa U CpefCcTBUMa MpeBo3a Koja
nonase y KOHTAaKT ca XpaHOM, Y Kojuma
MOCTOjY PU3UK OF M0jaBe U IIUDPEHA 3a-
pasHe donectu (42).
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akpenguTanyje

HcnutHe nabopaTtopuje 3a XpaHy Mo-
pajy OWTHM akpenuToBaHe Yy CKIajgy ca
craipgapnom BAS EN ISO/IEC 17025
(36-38, 42). UcnuTtuBame xpaHe y buX
oDaBspajy oBnawteHe JsabopaTtopuje y
IopxaBHOM (/[IB) W npuBaTHOM Biac-
Huwtey (I1B), y oba enturera, Penydnu-

uu Cprckoj (PC) u ®enepauuju bocHe u
XepuerosuHe (®buX), y cxnamy ca 3a-
KOHOM O XpaHu (36, 37) u Ipyrum nog-
3aKOHCKMM aKTHMa. Y Bpuko OUCTPUKTY
(Bl) HUje akpenuTOBaHA HUjeJHA UCIIUT-
Ha s1abopaTopuja 3a XpaHy.

OWb U 3A0AIIHN HCITUTUBAILA

[lwb MCOUTHBaWa je YTBPAUTH Kama-
UuTeTe aKpeAUTOBAaHUX MCIIUTHUX J1ado-
patopuja 3a xpaHy y buX y omHocy Ha
0071aCTH UCTTUTHBAKkA OJHOCHO MOApYyYja
akpenutauuje. Ha oBaj HauuH 100U0 U

Ce jacaH yBUZ y CIPEMHOCT UCITUTHHUX JIa-
bopaTopHja 3a XpaHy [a OATOBOpE 3ax-
TjeBMMa Ca CTaHOBHIITA KOHTpOJIe Xpa-
He y Wby 3alITHUTe 3/IpaB/ba XKUBOTHHA
Y JbYIU.

MATEPHJAJI U METOJE

Marepujan
Kao marepujanm 3a HUCHUTHUBaWmE KO-
pULITEHU Cy JJomany akpeAuTaluju aKpe-
OUTOBaHUX HCIHUTHUX JabopaTopuja y
buX, npeysetu ca Bed-ctpane BATA (57).
Jlabopatopuje ca reputopuje PC:
I [Ipycasno enacHuwiieo
1. JaBHa ycTaHOBa BerepuHapcku
uHCcTUTYT Penybnuke Cpncke ,Jp
Baco byro3an“, bawa Jlyka (5)

2. JaBHa 31paBCTBEHA yCTaHOBA ,MH-
CTUTYT 3a jaBHO 3[IpaBCTBO", bama
Jlyka (6)
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JlabopaTtopuje cy mnpHKasaHe TIpe-
Ma PErucTpOBaHOM HA3WBY W CjeUIITY
MpaBHOT Jivla, 0e3 HaBohewa HHUXOBUX
PETUOHAIHUX J0KallMja U OPTaHU3alHu0-
HUX je[VHHLA KOje Cy aKpeJUTOBaHe.

Metoge

Y Hamem HCTpakuBawy U y CTaTH-
CTUYKOj aHaIMU3U NOOWjeHUX pesynaTara
KOPHUCTHITH CMO, KA0 OCHOBHE CTaTUCTHY-
Ke MeToJie, NeCKPUNTUBHE CTAaTUCTHYKE
napamerpe. OBM mapameTpu omoryha-
Bajy OMNHWCHBame NOOHMjeHUX pesyarara
U BUXO0BO TyMauemwe. Pe3ynratu uctpa-
JKMBamwa MpUKa3aHU Cy TabenapHo U rpa-
(uuku. CTaTUCTHYKA aHA/IM3a Pe3yJiTa-
Ta ypaheHa je y CTaTUCTUUKOM MaKeTy
Microsoft Office Excel.

PE3YJITATU U IUCKYCHJA

Y buX je ykynHo akpeauTOBaHO 29 Hc-
NUTHUX JlabopaTopuja 3a xpaHy (AJIX),
on yera y PC 8 (27,60%), a y ®buX 21
(72,40%), mox y Bpuko muctpukry (bI)
He moctoju HUjegHa AJIX (Tabema 1).

Opnoc AJIX mehy enturetuma (PC mpe-
ma ®buX) je 1:2,60. OBaj ogHoc je 3a 0,8
Behu on ogHoca dpoja cTaHOBHUKA W3-
mehy entutera (PC:dbuX=1:1,8) (58).
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Tabena 1. AkpenuToBaHe UCITUTHe adopaTopHje 3a XxpaHy y buX

Jlokanuja Bpoj AJIX %
PC 8 27,60
®buX 21 72,40
B 0 0
BbuX 29 100

Y Tabenu 2. u I'papukony 1. npuxa- AJIXy buX npema BaCHUILUTBY.
3aH je OpojuaHu M NMPOLEHTYaTHU OJHOC

Tabena 2. bpojuanu ogHoc AJIX y buX npema BIacHUIITBY

. Bpoj
Jlokanuja
B B
PC 2 6
dbuX 14 7
buX 16 13

OpaHoc AJIXy buX npema BnacHUWTBY Y %
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I'padukon 1. [Ipouentyasinu ognoc AJIX y BuX npema BJIaCHULITBY
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Y PC je 25% AJIX y 1B, Hacripam 75%
y IIB (1:3). OBaj ogHOC je 3Ha4yajHO Opy-
raunju y ®buX, roje je 66,70% AJIX y 1B,
Hacnpam 33,30% y I1B (2:1). Ha HuBOy
buX opnoc AJIX, xapa je y nuTamy Ip-
’KaBHO ¥ NIPUBATHO BJIACHHUIUTBO, NOJjef-
Hak je (1,20:1). Ha ocHOBY 0BHX Iofata-
Ka MOJKe ce 3aK/by4uTH fa ce y dbuX mo-
CJIOBU Tj. JIaDOpaTopHjCcKa HCIHUTHBaHa
KOHTpoJsie 0e30jeSHOCTH XpaHe, a KOju

Cy OJl jaBHOT MHTepeca 3a 34paBibe JbYIH,
odaspajy Behuncku y AJIX y [IB. Cynport-
HO oBoMe, PC ce, mopen concTBeHux (Ip-
JKaBHMX), BEOMa 3HAuyajHUX Jadoparo-
PHjCKHUX KamauureTa, BehHMHCKM ocniama
Ha naboparopuje y I1B.

Y I'paduxoHy 2. mpuKasaHo je yuyemrhe
AJIX y buX 1o eHTUTETUMA Y OJHOCY Ha
BJIACHULITBO.

Yyewhe A/IX y buX no eHTUTETUMA Y OAHOCY HA B/IACHULITBO Y %
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I'paduxoHn 2. Yuemrhe AJIX y BuX no eHTHTETHMA Y OFZHOCY Ha BJIaCHHILITBO

On yxynHor dpoja AJIX y IB y buX, y
PC je 12,50%, a y ®buX je 87,50% (1:7).
OBo ce Moe 0D0jaCHUTH IPYrayujom Op-
raHu3aluuoHOM CTpyKTypoMm ®buX, koja
ce cactoju of 10 kaHTOHA, U CAMHUM THM
uMa AJIX Ha denepasHOM U KaHTOHAJI-
HOM HHMBOY. MehyTuM, oBaj 0gHOC je ucy-
BUILIE BEJIMKH, YKOJIUKO CE UMa y BULLY OfI-
HOC Opoja craHOBHUKa U3Mely eHTUTETa
(58). Ay, yKOJHKO ce y3Me y 003up za je
jenna AJIX y JIB y PC akpenuTtoBana me-

TOIe Ha ABe JioKauuje (5), a ipyra AJIX Ha
YETUPH OJ YKYIIHO IIET JIOKaLKja Ha KOjH-
Ma oDaBspa mjenatHocT (6), Joduja ce mo-
patak fa je to wect AJIX y PC, ca cTaHo-
BULITA JIoKanWja. OBO 3HAUajHO MUjewa
opHoc AJIX y IB (PC : ®buX=1:2,30),
a WTO je YU NpUOIMKHO peanaH OJHOC,
uMajyhu y BUOy OOHOC yKynmHOr Opoja
AJIX y buX (1:2,60). Kaga cy y nuramy
AJIX y TIB y buX, osaj ogHOC je mpu-
OnvxHO jegHak (1:1,20), wTo ce 3HaYajHO
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pasiiukyje of ogHoca ykynHor dpoja AJIX
y buX (1:2,60), xao u ogHoca Opoja cra-
HOBHMKa H3Mely enturera (58). OBak-
Ba civka AJIX y buX HaBoau Ha 3aK/by-
Yak fla je ogHOC uctux y [IB cpasmjepan
Y Ha OCHOBY peajlHuX IlapameTrapa, I0-
Tpeda M cTpydHe mpoljeHe, MJIaHUPaH U
¢opmupas, 1ok je ogHoc AJIX y 1B ciy-

% ANX

yajaH, GOpMHUPaH Ha CJI0DOJHO] MpoLje-
HU CTama TPXKULITA U PUHAHCHjCKUM MO-
ryhHOCTHMA.

Y I'paduxony 3. nmpukasaHa je Ipo-
LeHTya/IHa 3acTyIubeHOCT AJIX y buX y
OJHOCY Ha MoJpyyja akpeguTauyje.

m DU3-XeM. UCNIUTUBAA XPaHe
B HU3-xeM. UCNUTUBAHbA XPaHE 33 KUBOTUHE
® HU3-xeM. UCNUTUBAHbA BOAE
pesuaye BeT. Me[. Npou3soaa
B MUKpOD. UCNUTUBAkbA XpaHe
= MUKPOD. UCNUTUBAKA XPaHEe 3a KUBOTUHbE
= MUKpOO. ncnuTUBara Boae
= MUKpODO. ncnutusara Gpucesa NospLIMHA
m y30pKOBakbe BOAe
= y30pKOBakbe Ca PaHNX NOBPLIMHA
 UCMUTUBAKE aKTUBHOCTU PaiMOHYKAMAA Y
XPaHU U XpaHU 32 KUBOTUE

B ycnutusarbe NMO y XpaHU 1 XpaHu 3a

HUBOTUHE
B TOKCUKOJ/IOWKO UCNUTUBake pesnaya un

KOHTaMWHEHATa Y XpaHu

I'paduxon 3. 3acrymseHoct AJIX y buX y ogHOCY Ha oJapyyja akpesUTamuje

Y cxinagy ca 3akoHOM O XpaHU (36—
37), nabopaTopuje koje ce daBe HCIH-
THBakbeM XpaHe MOpajy OUTH aKkpemuTo-
BaHe y CKiagy ca crangappsom BAS EN
ISO/IEC 17025. MehyTum, HUXHU TTOA3a-
KOHCKHM aKTH MMajy pasInduTe 3aXTjeBe
y BE3W aKpe#uTaluje, Y HEKUM je TO U3-
pUYUT 3axTjeB (4), IOK y HEKUM Huje (47,
48, 50). Ilo muTtamy MHUKPOOHOIOLIKOT

VCIIUTHBA®ka BOJE, 3aKOHCKA peryyaTh-
Ba y PC HHUje nmocTaBwia 3axTjeB 3a akpe-
IUTOBAaHUM labopaTopujama (39), 1ok Ha
HuBOy buX jecte (38). [IpaBUTHUK 0 MU-
KpOOHMOJIOIWKUM KPUTEPUjYMUMA Y Xpa-
HU 33 )XKUBOTUKE Ha HUBOY buX Kao yc-
JIOB HE TIOCTaBJba aKpenuTauujy sabopa-
Topyja (49). 3a kpuTepujyme MUKpOOHO-
nouike yrctohe y PC, nadopartopuje mo-
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pajy OMTH akpenuToBaHEe 3a ODaBbare
OBUX McnuTUBama (42). AJIX y buX akpe-
DUTOBajie Cy METONE UCIHUTUBama y 13
TEeXHUYKUX TOApYyYja UCTIUTUBaka. Kana
Cy y NHUTamlmy pasjIMuuUTe 00IaCTH HUCIIHU-
THBamwa xpaHe, buX nocjenyje kanaygure-
TE y BUJy aKpeJuTOBaHUX jabopaTopuja
Ila OOTOBOPU Ha OBE 3axTjeBe, a MOCEDHO
Cy 3HaYajHU KanaluuTeTH 32 GU3NYKO-Xe-
MHjCKa HUCMUTHBawa xpaHe (55,50%) u
Boje (59,20%), ka0 U MHUKPODOHOJIOII-
Ka WCIUTHBama xpaHe (68,90%). Mu-
KpOOHOJIOIIKA HCIIUTHUBAKka, HaKO BEO-
Ma 3aXTjeBHa Y B€3U aMOMWjeHTaIHUX yC-
JI0Ba U OCHUI'ypama KBaJIUTETa Jladboparo-
PHjCKOT UCIUTHBamA (2, 3), IPBEHCTBEHO
ca (PMHAHCHjCKOT ¥ TEXHUUYKOT acCIeKTa,
[0 MHUTalky ONPEME Mame Cy 3aXTjeBHa
(bUHAHCHjCKH IPUCTYTAYyHa, UIEHTUYHE
TeMIlepaType HWHKyDauuje, jeJHOCTaBHA
ynorpeda U Ci1.) ofi (PU3UUYKO-XEMH]JCKUX
ucnutuBama. Takohe, kaja cy y nuramy
obaBe3Ha MUKPOOHOJIOLIKA UCITUTHBAA,
MamH je Dpoj mapameTapa 1o BPCTH y30p-
Ka Ha Koja ce Bplle ucnuThBama (4, 47,
48, 50), Te ce TUMe MO)Ke 0DjaCHUTHU BU-
cok npoueHar AJIX 3a 0oBa MCIIUTUBaBA.
3a pasnuKy o MHKPOOHOIOLIKUX, (PH-
3UYKO-XeMHjCKa HCIHUTHBAMA CYy KOM-
IUIEKCHUja, Kako MO Opojy mapamerapa
Ha KOja Ce BpIle UCIHUTHUBa®ba, TaKO U 110
CJIOKEHOCTH CaMHUX IOCTynaKa WCIIHUTH-
Bama, a OBOME JOIPUHOCH U BEJTUKH OpOj
BpCTa y30paka Kaja je y MHUTamwy XpaHa,
KOjU Cy I'pyNHCaHH Ha OCHOBY CPOLHO-
cTy (Meco, Miadjeko, Mmen uta.) (40, 41,
45, 46, 52-55). Mebhytum, oBO ouurnen-
HO HUje Ouna npenpekxa fa tabopaTtopuje
aKpeJuTyjy UCIIUTHE METOJE U3 NoJpyYja
(PU3UUKO-XEMUJjCKUX HCIUTHBama, Ia

Yak Y Ja 3ay3umajy Hajsehu mpoueHar
y buX y ogHocy Ha mojpyyja akpenura-
uuje. Moryhe odjammeme 3a 0BO je ynpa-
BO BeJIMKH Opoj AJIX, Benuku dpoj napa-
MeTapa KOjuMa Ce BpLIe HUCIHUTHBama U
BEJIMKM OPOj BpPCTa y30paka, ma cy Jyado-
paropuje, Ha OCHOBY COTICTBEHE MPOLjeHe
norpeda M apUHUTETA, BpIIMUIE OnabUp
UCIIATHUX MeTOoJa Koje he akpeguToBaTH.
Y HewTo HWXeM MPOLEHTY Cy 3aCTyIUbe-
Ha TOKCHKOJIOIIKA MCIHUTHBaWE pesusya
Y KOHTaMMHEHAaTa Y XpaHU U MUKPOOHO-
JIOIIKA MCIUTHBAakba XpaHe 3a KUBOTHUHE
1 Boge. ITo 3aCTyI/beHOCTH 3aTUM CIHje-
ne pU3NUKO-XEMHUjCKa UCIIUTHBAMa Xpa-
HE 3a )KMBOTHIbE U HCIUTHBamba pesusya
BETEPUHAPCKO MEIULIUHCKUX NIPOU3BOLA.
Moryhe je pa je jenan on passora 3a 0BO
Y TO LITO HUjE€ U3PUYUT 3aXTjeB 3aKOHCKE
peryJiaTvBe [ja OBa UCIIUTHBaba 00aB/bajy
akpenutoBaHe nadbopatopuje (39, 43, 44,
46, 51), a KoA TOKCHUKOJIOIIKHX HCIITUTH-
Bama pe3uiya U KOHTaMHHEHara y Xpa-
HU ¥ UCTIUTHBAa®ka pe3uya BeTeEPUHAPCKO
MEJULIMHCKHX IPOU3BOJa CBaKaKko U 300r
KOMIUIEKCHOCTH MCIIMTHUX METOjia, Be-
JIUKUX (PMHAHCHjCKUX U3laTaKa Ha BUXO-
BO OJp’KaBame, Kao ¥ BEJIUKOI Opoja na-
pameTapa KojuMma ce Bplle HCIHUTHBamba
(43, 44, 51).

Y T'paduxoHy 4. mpuKasaH je Mpo-
ueHTyasiHu ogHoc AJIX u3melhy entutera
pemMa Mojpyyjy akpesurauyje.
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OaHoc AJIX n3mely eHTUTeTa Npema Noapyyjy akpeauTaumje y %
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I'paduxon 4. OngHoc AJIX usmel)y enTuTeTa npema noapydjy akpeguransje

Y PC HujenHa mnadoparopuja HHje
aKpeouToBaja HWCIUTHBambe TIEHETHY-
KU MOAM(MUKOBAHUX MHUKPOOpPraHHW3amMa
(T'MO) u ucnuTHBake aKTUBHOCTU Pafiu-
OHYKJIM]IA Y XPaHU U XPaHU 3a )KUBOTHIHE,
MaKo 1ocToje nadopaTopHje Koje pyTHH-
cky 0baBsbajy oBa ucnuTuBama. OBaj mo-
naTak je 3adpumasajyhu jep PC, 3a pasnu-
Ky of ®buX, Hema rapaHuMjy Ba/baHOCTH
pe3ynTaTa [odujeHUX OBUM UCTTUTHUBAH-
ma. OpHoc nabopatopuja koje odaBrbajy
(pu3nYKO-XeMHUjcka W MHUKPOOHOIIOLIKA
WCIIUTHBAba Bole U (PHU3UUKO-XeMHjCKa
WCIUTHBa®ka XpaHe 3a kuBoTuwe y PC
npema snaboparopujama y ®buX je 1:2,

3a (U3NYKO-XEMHjCKA UCIIUTHBa®ka Xpa-
He je 1:2,5, 32 MUKPOOHOJIOIIKA UCTTUTH-
Bama xpaHe 1:3, a 3a Mukpoduonomka
UCIIUTHBaKka XpaHe 3a )KUBOTUHE U TOK-
CUKOJIOIIKO UCIIUTUBAakE pPe3uslya U KOH-
TaMHHeHarta y xpanu 1:1,5. OgHoc je 0dp-
HYT KOJI Y30pKOBama BOJE U y30pKOBamwa
Ca pagHMX MMOBPLIMHA U U3HOCH 2:1, a KOJ
MMKPOOHOIOUIKAX UCIUTHBawka ODpucesa
noBpiurHa Yak 3:1. OBaj omHOC je mofjen-
HaK KajZia Cy y NMUTamwmy pe3uiye BeTepH-
HapCKO-MEAMULMHCKUX MpousBoja. Hc-
NUTHBaWke pe3raya U KOHTaMUHEHaTa y
XpaHHu odaBbajy uckbyuynuBo AJIX y [IB,
no jegHa u3 PC u ®buX (5, 14), ykynHo
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6,90% AJIX Ha HuBoy buX. To cy nabopa-
TOpHje Koje Cy MIPUMapHO BETEpHUHAPCKE,
Yy OKBUPY KOjUX Ce 00aBbajy U UCIUTH-
Bama xpaHe. Takohe, y BeTepUHapCKUM
nadoparopujama ce UCKJbYYHUBO 00aB/bajy
1 (QU3NYKO-XEMHjCKAa UCIUTHBAWa Xpa-
He 3a kuBoTUwe (ykynmHo 10,30% AJIX)
(5, 13, 14), a xaja je y nuTamy MHUKDO-
OMOJIOLIKO MCIUTHUBAKkE XpaHe 3a ’KUBO-
THIE, OBE jJadoparopuje Cy AOMHUHAHT-
He ¢ yyewhem oz 80% y onHOCy Ha dpoj
AJIX Koje cy akpeIUTOBaJIE OBO MOJPYYje
aKkpenuTanvje. AHanuM3oM oduMa axpe-
mutauuje AJIX (5-33) yTBpOuIn cmo 1a
HyjenHa nadoparopuja y buX Huje akpe-
OUTOBaja CBE UCIUTHE METOZE 3a UCIH-
THBaWbe CBUX (PU3NYKO-XEMMjCKUX Iapa-
MeTapa y XpaHH, XpaHHU 3a XUBOTHHE U
BOJM, 3aTUM y BE€3M TOKCHUKOJIOIIKUX HC-
NUTHBaba pe3uslya U KOHTaMHUHEHaTa y
XPpaHH, Kao U pe3ujya BeTEpUHAPCKO Me-
OULMHCKUX IPOM3BOJA, @ KOjU Cy MTPOIU-
CaHU 3aKOHCKOM perynaTusom (38— 41,
43-46, 51-55). Kapa je y nuTamy MUKpPO-

OHOJIOIIKO MCIIUTUBAKE XpaHe Ha HUBOY
buX, 6,90% AJIX (jegna u3 PC (5) u jenHa
u3 ®buX (13), ode y [IB) y noTnyHOCTH
je aKkpeIuTOBaIo UCIIUTHE METOZE Y CKJIa-
Iy ca 3axTjeBHMMa 3aKOHCKe peryyaTHBe
(4, 47, 48, 50). MUKpODHONOUIKO HCIHU-
THUBakE XpaHe 3a )KUBOTHHE aKPeIuTO-
Baso je 20,70% AJIX, MOTMyHO y CKJa-
Iy 3a 3axTjeBUMa 3aKOHCKe peryyaTHBe
(49),y PCno jepnay 1B (5)uIIB (8),ay
®buX uernpu y [IB (13-15, 26). Muxpo-
OHOJIOIIKO MCTIIUTHUBAKE BOZJE aKpeguTo-
Baso je 10,30% AJIX, mOTOyHO y CKIamy
3a 3axTjeBUMa 3aKOHCKe perynaTtuse (38,
39), y PCjepna y IB (5) u IIB (8), ay
®buX gse y IB (15, 23). UcnutuBama y
ckiany ¢ [IpaBUJIHUKOM O KPUTEPUjyMHU-
Ma Mukpoduosnomke yucrohe (42), y PC
akpenutoBaso je 12,50% AJIX (jepHa na-
boparopuja y [1B) (5).

Y Tabenu 3. mpuKasaH je MpOLIEHTyas-
Hu opHoc AJIX y JIB u 1B y buX npema
NOJIpyYjy aKpenuTauyje.

Tabena 3. Ognoc AJIX y 1B u [1B y buX npema noapyujy akpeguTanuje

%

MMoapyuyje akpeauTanuje PC ®buX buX

B mB| JAB 1NB JB 1B
/N 2.1 Gusmako-xemujcKa 50 50| 72,70| 27,30| 66,70 33,30
HUCIIUTHBaAHKA XpaHe
JIN 2.2 ®usnuko-xeMujcka 100 0 100 0 100 0
HNCIIUTHBAHKA XpaHe 3d XKUBOTU €
JIN 2.3 Guzmako-xemujcKa 200 80| 54,50 45,50| 43,80 56,20
HCIIMTHUBAlA BOJE
JIN 2.5 Pe3upye BeTEpUHAPCKO 100 ol 100 ol 100 0
MeIUIMHCKUX ITPOU3BOIa
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JIN 3.1 Mukpo6uoJioliKa 40 60 8670| 13,30 75 25
HCIIUTUBakba XpaHe

JIN 3.2 Mukpo6uoJIoKa 2t 75| 83,30 16,70 60 40
VCIIUTUBakba XpaHe 3a )KUBOTHHbE

/I 3.3 MukpoGuoomka 66,70 | 33,30 85,70 14,30, 80| 20
HMCIIUTUBakba BoJie

JIW 3.7 Mukpo6uoJIoKa 3330 66,70 100 0 50 50
HCIMTHBaba 6prceBa MOBpPIIMHA

JIN 17.1 Y3opkoBame BoJe 50 50 100 0| 66,70| 33,30
JIN 17.10 Y30pkoBame ca pajHUX ol 100/ 100 0! 3330 66,70
MOBPIIMHA

JIN 18.1 UcnuTrHBamke aKTUBHOCTHU

pPaZMOHYKJIU/JA Y XpPaHU U XpaHU 3a 0 0 100 0/ 100 0
KUBOTHbE

JIN 19.1 UcnuTrBakbe reHeTUIKHU

MoAHPHUKOBaHUX OpraHu3ama y 0 0/ 100 0/ 100 0
XpaHU U XpaHU 33 )KUBOTHbE

JIN 21.1 TOKCUKOJIOLIKO UCITUTHBAKE 50 50| 100 0 80 20
pe3ujya U KOHTaAMUHEHATa y XpaHU

On yxkynHo 13 akpenuTOBaHUX MOJ-
pyyja ucnutuBama y buX, nadoparopuje
y PC cy axkpenutoBane 11 (84,60%), ay
®buX 13 noapyyja (100%). Ha HuBOYy
buX, nabopartopuje y IB akpenutoBasne
cy csux 13 noppyuyja (100%), ook cy na-
doparopuje y 1B akpenutoBasie 9 mog-
pyyja (69,20%). On yxkynHor dpoja akpe-
nutoBaHux nogpydja y PC, y 27% nog-
Pyyja IoMUHUPajy nadoparopuje y B, y
27% jenHax je opHoc nadopartopuja y 1B
u [1B, nox cy y 46% nomuHaHTHe 1adopa-
topuje y I1B. 3a pasnuky on PC, y ®buX
y CBUM MOAPYYjUMa ZOMUHUPAjy 1abopa-
topuje y I1B (100% pmpxaBHe ynadoparo-
puje y ocam nogpydja, npexko 70% y ue-

TUPH U 0KO 55% y jenHom nozapyyjy). Ha
HuBoy buX nadoparopuje y 1B cy nomu-
HaHTHE Y 76,90% nonpydja, y 7,70% on-
HOC je nopjesHak, a y 15,40% noxpyyja
nomuHupajy nadoparopuje y I1B. Kapa
je y nutamwy (pU3NIKO-XEMHUjCKO UCTTUTH-
Bame xpaHe, y PC ogHoc 1aboparopuja y
OB u I1B je 1:1, ook je y ®buX u Ha HU-
Boy buX taj ogHoc 2:1 y xopuct nadopa-
Topujay IB. ®Pu3nuKko-XxeMHujcKka UCTTUTH-
Bamkba XpaHE 3a KUBOTHHE, UCIIUTHBAHE
pesunya  BETEPUHApPCKO-MEJULIMHCKUX
npoussoga, 'MO U uCnUTHBaWe aKTHUB-
HOCTH PafUOHYK/INIA y XPaHH U XpaHH 3a
XKUBOTUBE Y buX 0daB/bajy ce UCKbyUH-
BO y nadoparopujama y IIB (5, 13, 14). ¥
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PC, ogHoc nabdopatopuja y 1B u 1B 3Ha-
4ajHo je y xopuct I1B, kapa cy y nuramy
(pU3MUKO-XEMHjCKA HCIIUTHUBAmba BOJE
(1:3), MUKpODHOIOLIKA UCIIUTHBAA XPa-
He (1:1,5) u xpaHe 3a )xuBotumwe (1:3) u
Opucesa nospuuHa (1:2). OBo HECyMbHU-
BO yKa3yje Ha TO Jja Ce y INOIJIefy UCIIHU-
THUBamba XpaHe Cca CTaHOBHLITA Oe3djen-
HoctH, PC 3HauajHO ocnama Ha yadopa-
topuje y IIB. ¥ ®buX, 3a osa noapyyja
UCIIUTHBA®ka, CUTyallHja je 3HaTHO Apyra-
yyja, raje je onHoc nadboparopuja y B u
1B y xopucr [IB (pu3nuKo-xemujcka uc-
nutuBawa Boje 1,2:1, Mmukpobuomomka
UCIIUTHBa®ka XpaHe 6,5:1, XpaHe 3a KHU-
BOTHRE 5:1 M Opucesa nospuuHa 1:0).
Ha nuBoy buX, ogHoc naboparopuja y
B u I1B 3a ¢pU3HUKO-XEMHU)jCKA UCTTUTH-
Bawa Bogje je 1:1,3, 3a MukpoduomomKa
UCIIUTHBa®ka XpaHe 3:1, MUKpOOHOIIOII-
Ka UCMIUTHBama Boge 4:1, a 3a MUKpoDHO-
JIOLIKA UCIHUTHBaWma OpHCeBa MOBPLIMHA
1:1. MukpodHoIoLKa UCIUTHBAa®ba BOJE
obasbajy ce BehrHoM y y1aboparopujama
y B, npu yemy je ognoc IB u IIB y PC
2:1, nox je pomuHanTaH y ®buX 6:1, kao
v Ha HuBOy buX 4:1. OBO je u pasymspu-
BO, C 003UpPOM Ha TO Ja je pujed O BOOH
3a nuhe, yriaBHOM HaMUjEHEHO] 3a jaB-
HO CHabpujeBame, pu yemy cy AJIX y J1b
HajopeMJbeHHje 32 OBa HCIUTHUBaWa U
MMajy Hajsehe nosjepeme of CTpaHe jaB-
HocTH. CBaKako Jja Cy UCIHUTHBamba BOJE
BEOMA 3aXTjeBHA WU CKyIa, MOCedHO (u-
3UYKO-XEMHjCKa, C BEOMa MaJlIUM IIPO-
CTOpPOM 3a 3apafly, Tako pehu Ha HUBOY
OIlpKaBama PEHTAdWIHOCTH, Ma Jiabopa-
topuje y 1B He Hanase 3Ha4YajaH QUHAH-

CHjCKHM HHTEpeC y OBUM HUCIHUTHBABHUMA.
Y3opkoBawe Boge y PC nogjenHako pane
nadoparopuje y OB u IIB, nok y ®buX
UCK/BYUHBO y [IB, Te je Taj OjHOC Ha HU-
Boy buX 2:1 y xopuct uctux. Kog ysop-
KOBama Ca pagHUX MOBPIIKHA, Taj OGHOC
je upentuuyaH Ha HUBOYy ®buX, Ha HUBOY
buX odpnyt (2:1 y kopucr I1B), nox y PC
OBE MOCI0Be 00aB/bajy UCK/bYUUBO J1ado-
paropuje y [1B. Y Be3u ¢ 0BUM 3aHUMJbUB
nojaTak je akpeguraldja METoja y3op-
KOBamwa, MocedHo OpuceBa pafHUX MO-
BPIUMHA, KOja je BUILIE, YUHU CE, MapKe-
THUHILKH [10TE€3 HETO CTPYYHO OINpaBAaHO
€ 003UpOM Ha BaXKHOCT aKpeJuTaLuje Uc-
NIUTHUX METOJA Y LU/by NOOHjama Balu/-
HUX pe3yJiTaTa, a Mame METOJa Y30pKO-
Bama, koje, y IPUHUUIY, HE MOpajy OUTH
aKpeouTOBaHe (HMje 3aXTjeB 3aKOHCKE
perynarvse). AHaIU30M aKpeOUTOBAHUX
nojpydja akpeguTaudje yoyasa Ce fa Ccy
naboparopuje y IIB akpegurosaie MeTo-
ne y sehunu nogpydja akpeguranuje, 1ok
cy naboparopuje y [IB opadpane mog-
pyYja Koja, CBakaKO 3aXTjeBHa Ca CTAaHO-
BUILTA aKpeguTauuje, JoHoce Behu mpo-
(uT jep Cy 3axTjeBH 3a OBUM aHa/IM3a-
Ma vewhwu (perynarusa, CieLIUMUYHOCT
MIPOU3BOAKE U CJI.), 3 METOLOJIOTHja paja
U onpema jegHocraBHUja. OBO je M pas-
YMJBHBO, C OD3MPOM Ha TO 1a je OCHOB-
HU pasyior MOoCTojawma jaadoparopuja y
1B cTvuame npoduTa H, y CKIamy C THM,
CJ1000JaH U LUbaH 0Jadup moppydja 3a
KOja Tpake OBJIallTema 3a paj O Haj-
JIE)KHUX OpraHa, a I0TOM ¥ oJpy4ja Koja

aKpenuryjy.
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3AK/bYHAK

Ha ocHoBy modujeHux pesysnrara, U3-

BOJiE ce cbenehu 3ak/pydlu:

1.

Y bocHm U XepueroBvHH yKyIHO je
aKpeouToBaHO 29 HCHOUTHUX mabo-
paropyja 3a xpany, on udera y PC 8
(27,60%), ay ®buX 21 (72,40%).

Op ykynHor ©Opoja aKpeIUTOBAaHUX
UCIUTHUX J1adopaTopHvja 3a XpaHy,
y Penydnuuu Cprckoj je 25% y np-
’KaBHOM BJIACHUILTBY, a 75% y npu-
BAaTHOM BJIACHHUIITBY, HOK je y Pe-
nepauuju buX 66,70% y mpxaBHOM
BJIacHUINTBY, a 33,30% y npHBaTHOM
BracHUWTBY. Ha HUBOy buX 53,80%
aKpeJUTOBAaHUX UCIIUTHUX J1aboparo-
PHYja 3a XpaHy je y Op’KaBHOM BJac-
HAWTBY, a 43,20% y mnpuBaTHOM
BlacHUIITBY. Y ®enepaunju buX mno-
CJIOBY J1aDOPATOPHjCKOT UCIIUTHUBAKbA
KOHTpoJie Oe3djefHOCTH XpaHe, KOju
Cy Of jaBHOT HWHTepeca 3a 34paBibe
pynu, 0baBmajy ce BehMHCKH y akpe-
OUTOBAaHUM HUCIUTHUM jadopaTo-
pYjaMa 3a XpaHy y [Ip’KaBHOM BJlac-
HulTBY, a Penybnuka Cprcka ce, 1o
OBOM IIMTamy, NOpex CONCTBEHUX (Y
OPXXaBHOM BJIaCHUILTBY), BEOMa 3Ha-
YyajHUX 1adOpaTOpPHUjCKUX Kamalure-
Ta, BehMHCKM ocnama Ha jnadopaTo-
pyje y IpUBaTHOM BJIaCHUILTBY.

HcnutHe nmaboparopuje 3a XpaHy y
buX akpenurtoBane cy 13 pasnuum-
TUX MOJpYyYja aKpeLUTaluje y Besu C
WCIIUTHBAakbEM XpaHe, XpaHe 3a JKUBO-
THHE, BOJIE 32 MMhe U MUKPODHUOJIONI-
ke yucrtohe, om uvera y Pemydmuuu
Cpnckoj 11 (84,60%), a y ®buX 13

nogpydyja (100%). Ha HuBoy buX na-
OopaTopuje y IpKaBHOM BJIACHUILTBY
Cy DOMHHaHTHe y 76,90% monpydyja,
y 7,70% opHOC je monjefHak, a y
15,40% mnozpyyja TOMUHUPAjy 1ado-
partopuje y NpUBAaTHOM BIACHUILTBY.
Op akpenuToBaHUX Nofapydja y Pemny-
Oomunu Cprickoj, y 27% IOMUHUPAjy
nadoparopuje y IOpKaBHOM BJac-
HUIITBY, ¥ 27% jefHak je ogHOoC 1ado-
partopuja y IpKaBHOM W NPHUBATHOM
BJIACHULITBY, JOK Y 46% IOMUHUPAjy
nadopaTopuje y NPUBATHOM Biac-
HUWITBY, OOK Yy ®buX y cBUM akpe-
IUTOBAaHUM mozapydjuma (100%) mo-
MUHUpajy nadoparopuje y IpKaBHOM
BIacHUWITBY. JlabDopaTopuje y IpKas-
HOM BJIaCHUIUTBY aKpeguToBaje Cy
UCTIIUTHE MeToJe y cBUX 13 monpydja
(100%), a y MpUBaTHOM BJIACHULITY Y
9 mompyyja (69,20%). JTabopartopuje
y IPUBAaTHOM BJIAaCHUILUTBY oznabpane
Cy Mopapydja akpenuTauuje Koja mo-
Hoce Behu mpoduT, jep Cy 3axTjeBu
3a OBUM aHa/ju3aMa udenrhu, a MeTo-
D0JIOTHja pajia U OmMpemMa jeHOCTaB-
HUja.

®U3NUKO-XEMH]jCKA UCITUTHUBAKA Xpa-
HE 33 )KUBOTHUHE, UCIIUTHBAkE PE3U-
nya BETEPHUHAPCKO-MEJULIMHCKUX
NIPOX3BOJA, '€HETCKH MOAH(pHUKOBA-
HUX OpraHv3ama W HCIIUTHBame aK-
TUBHOCTH PaJHOHYK/IWAA y XpPaHU U
XpaH! 3a KUBOTUIE Y buX 0daBibajy
Cé WCK/BYYMBO y Jladoparopujama y
OpXaBHOM BaCHUIITBY. Ha HUBOY
buX, ucnutrBawe pesugya U KOHTa-
MHHEHaTa y XpaHH 00aBsbajy UCKI/bY-



BetepuHapckH xkypHan Penydnuke Cpncke

Veterinary Journal of Republic of Srpska (bama JIyka-Banja Luka), Bosi/Vol. XVIII, bp/No.1, 4-37, 2018 17
b. Tonuh u cap.:

Kanauutety akpeIMTOBaHUX UCIIMTHUX abopaTopHja 3a xpaHy y bocuu u Xeprerounu y 2017. ronMHH y OOHOCY Ha TToApyyYja
aKpenuTanyje

YHMBO BETEPUHAPCKE jadoparopuje y
Ip>KaBHOM BJIacHHUIITBY (6,90% akpe-
IUTOBaHUX Jyabopartopuja). Y Bere-
pUHapCcKUM adoparopujama ce, Ta-
Kohe, UCK/by4YHBO 0DaBIbajy U (PU3NY-
KO-XEMHjCKa HCIHMTHBaWa XpaHe 3a
xuBotume (10,30% axpemguTOBaHUX
naboparopuja), a ose nadopaTopuje
yuecTByjy 80% y MHUKpPOOHMOIOIIKOM
UCTUTUBAKY XPaHE 3a )KUBOTHHE.

buX mnocjenyje 3HavajHe Kamanure-
T€ aKpeAUTOBAaHUX HCIUTHHUX J1ado-
paropyja 3a XpaHy, [IpHU YEMY je BHU-
X0BO yyemrhe y GU3HUKO-XEMHUjCKUM
WCMIUTHBakUMa xpaHe 55,50%, Bone
59,20%, a MUKPOOHONOUIKUX HCIIH-
THBamwa xpaHe 68,90%.

HujegHa ucnutHa snabopatopHja 3a
xpaHy y buX Huje akpenuroBana cse
UCIIUTHE METOJIE 32 UCIIUTUBAE CBUX
(pU3UYKO-XEMHUjCKUX MapameTapa y

3aTUM Y B€3U TOKCHUKOJIOUIKHAX UCITH-
THBaka pe3uflya U KOHTaMHUHEHaTa
y XpaHH, Kao U pe3upya BeTepuHap-
CKO MeIMIIMHCKUX TTPOU3BO/IA, a KOjH
Cy MPONUCAHU 3aKOHCKOM PerysaTH-
BoM. Ca CTaHOBHUILUTA aKpeawuTaluje,
3axTjeBe 3aKOHCKe peryjaTuBe y Io-
TIYHOCTH 3anoBosbaBa 6,90% akpe-
IUTOBAHUX HCIUTHUX JabopaTopHja
3a XpaHy (CBe Cy y OpKaBHOM Bjac-
HULITBY) 332 MHUKPODHOJIOIIKO HCIH-
TUBame xpaHe, 20,70% axpenuTo-
BaHMUX JiabopaTopuja 3a MHUKpPODHO-
JIONIKO MCITUTHBAKE XpaHe 33 JKUBO-
THIbE, @ 3@ MUKPODHOJIONIKO UCITUTH-
Bawe Bome 10,30% axpeAuTOBAHMX
nadoparopuja. UcnutuBawa y CKia-
ny c [IpaBUJIHUKOM O KPUTEPUjyMHU-
Ma MHUKpoOuonomke yucrohe y Pe-
nyonunu Cprckoj akpemguToBaso je
12,50% wucnutHUX nadoparopHja 3a
XpaHy (y Op’KaBHOM BJIACHUILTBY).

XPaHH, XpaHHU 3d XHUBOTHUHE U BOIH,
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buX. Pesusuja 1 ox 07.04.2016.

Honatak akpeputaunju op. JIM-108-01. 2016. MHCTUTYT 32 aKpeIUTOBAKE
buX. Pesusuja 0 ox 28.11.2016.

Hopatak akpenurauuju Op. JIN-44-01. 2015. UHCTUTYT 3a aKpeAUTOBAam®E
buX. Pesusuja 1 og 22.02.2017.

Honatak akpenutauuju op. JIM-54-01. 2016. UHCTUTYT 3a aKpeOUTOBAKE
buX. Pesusuja 1 ox 29.02.2016.

Honatak akpenutauuju op. JIM-53-01. 2016. UHCTUTYT 3a aKpegUTOBAKE
buX. Pesusuja 0 ox 21.03.2016.

Honatak akpenutauuju op. JIM-16-01. 2018. UHCTUTYT 3a aKpegUTOBAKE
buX. Pesusuja 0 ox 02.02.2018.

3akoH 0 akpepuToBawy bocHe u Xepuerosune. 2001. CinyxdeHuU IacHUK
buX. bpoj 19.

3akoH 0 ocHMBawy HMHCTHTYTa 3a akpepsuToBame bocHe M Xepueropuse.
2002. Cnyx0enu rnacuuk buX. bpoj 10.

3akoH o0 xpaHHu. 2004. Cnyx0enu rnacHuk buX. bpoj 50.

3akoH o0 xpaHHu. 2017. Ciiyxbenu rnacHuk Penydnuke Cpncke. bpoj 19.
[TpaBUIHHMK O 3APaBCTBEHOj UCIPaBHOCTH Boge 3a nuhe. 2010. CinyxdeHu
rnacHuk buX. bpoj 40.

[TpaBUIHHUK O 3APAaBCTBEHOj UCIPABHOCTH Boze 3a nuhe. 2015. CinyxdeHu
rnacHuK Penydnuke Cpricke. bpoj 75.

[TpaBUJIHUK O KBJIUTETY Muenumbux npoussozna. 2016. CiryxDeHH rimacHUK
Penybnuke Cpncke bpoj 14.

[TpaBUJIHUK O KBAJIUTETY CBjexxer cuposor muujexa. 2015. Cnyxdenu rnac-
HuK Penmybnuke Cprcke Opoj. bpoj 81.

[TpaBUIHUK O KpUTEPUjyMUMa MUKpoduronomke yncrtohe. 2014. Ciyxde-
HU rnmacHuk Penydnuke Cpricke. bpoj 99.

[TpaBMIIHMK O MAaKCHMAJTHO JO3BO/bEHUM KOJIMUMHAMa 3a ofpeheHe KoHTa-
muHaHTe y XxpaHnu. 2014. Cnyxbdenu rnacuuk buX. bpoj 68.

[TpaBUIIHMK O MaKCUMAJTHO NO3BO/BEHUM KOJIMUMHAMa (apMaKOJIOMIKY aK-
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akpenguTanyje

TUBHUX MaTepHja y MPOU3BOLUMA KUBOTUKBCKOT nopujexia. 2011. Cyx-
0enu rnacHuk buX. bpoj 61.

45. [IpaBWIHUK O Mely U OPYTUM IuenuwuM npoussoguma. 2009. Crnyxdenu
rnacuuk buX. bpoj 37.

46. [IpaBWIHUK O METOJAMa y30pKOBama U aHAJIMTUYKUM METOJama 3a Ipo-
Bendy CiykDeHHMX KOHTpoOJa xpaHe 3a xuotume. 2013. Cnyxdenu rnac-
HUK buX. bpoj 65.

47.TIpaBWIHUK O MUKPOOHMOJIOUIKUM KpUTEpUjyMuUMa 3a xpany. 2012. Ciyx-
0enu rnacHuk Penydnuke Cprncke. bpoj 109.

48. [IpaBWIHUK O MUKPOOHMOJIOUIKUM KpUTEpHUjyMuMa 3a xpany. 2013. Ciyx-
0enu rnacHuk buX. bpoj 11.

49. [IpaBWIHUK O MUKPODHOJIOIIKUM KPUTEPHUjYMUMA Y XPaHH 3a )KUBOTUHE.
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nopyjexna. 2012. Cnyxdene Hosune ®buX. bpoj 80.

51.TIpaBUIHUK O HEXE/BEHUM CYIICTaHLIAaMa y XpaHU 3a xkuBoTume. 2011.
Cnyx0enu rnacauk buX. bpoj 72.

52.TlpaBUIHUK O NMPOU3BOAMMA Of MIMjeKa U craprep Kyarypama. 2011.
Cnyx0enu rnacuuk buX. bpoj 21.

53.IIpaBunuuk o cuposom mnujexy. 2011. Cnyxdenu rnacuuk buX. bpoj 21.

54.TIpaBUIHUK O YCUTHEHOM MECY, MOJYIIPOM3BOAUMA U IPOU3BOAUMA Of
meca. 2013. Cnyxbenu rnacuuk buX. bpoj 82.

55.TIpaBUHUK O YCUTHEHOM MECY, MOJYNIPOM3BOAMMA U IPOU3BOAUMA Of
meca. 2015. Cnyxbenu rnacHuk Penydnuke Cpncke. bpoj 46.

56. Cucrem akpenutoBamwa bocue u Xepuerosune. 2017. MHCTUTYT 3a akpenu-
ToBawe bocHe n Xepuerosune. I111 05-01. U3pame 31.

57.http://www.bata.gov.ba/Akreditirana_tijela/Spisak-akreditiranih-tijela.
pdf (02.02.2018.)

58. http://www.statistika.ba/

Pap npumisen: 24.1.2018.
Pan mpuxsahen: 21.3.2018.



BerepuHapckH xypHai Penybnuke Cprcke 21
Veterinary Journal of Republic of Srpska (bama JIyka-Banja Luka), Bon/Vol. XVIII, bp/No.1, 4-37, 2018

B. Goli¢ et all:

Capacity of accredited testing laboratories for food in Bosnia and Herzegovina in 2017 in relation to the fields of accreditation

DOI: 10.7251/VET]1801004G UDK: 664:63(497.6)"2017”

Original scientific paper

CAPACITY OF ACCREDITED TESTING LABORATORIES FOR
FOOD IN BOSNIA AND HERZEGOVINA IN 2017 IN RELATION
TO THE FIELDS OF ACCREDITATION

Bojan GOLIC', Drago NEDIC!, Slobodan DOJCINOVIC!

1 Dr. Sc. Bojan Golic Spec. Dr. Vet.; Prof. Dr. Sc. Drago Nedic Dr. Vet.; Dr. Sci. Slobodan
Dojcinovic Spec. Dr. Vet. Public Institution Veterinary Institute of the Republic of Srpska
,Dr. Vaso Butozan“, Branka Radicevica 18, 78000 Banja Luka, Republic of Srpska, B&H

* Corresponding author: Dr. Sci. Bojan Golic Spec. Dr. Vet., bojan.golic@virs-vb.com

Abstract: Accreditation refers to the formal recognition that a conformity
assessment body (laboratory) is competent to conduct conformity assessment
activities according to internationally accepted rules. The accreditation of
conformity assessment bodies in Bosnia and Herzegovina (B&H) isimplemented by
the Institute for Accreditation of B&H (BATA). Accreditation provides confidence in
the laboratory test results and it is carried out according to the standard BAS EN ISO
/ TIEC 17025: 2006. Test laboratories for food in a wider sense include laboratories
dealing with food, animal feed, drinking and swabs. The aim of the test is to determine
the capacities of accredited test laboratories for food in B&H in relation to the field
of examination or the field of accreditation. This enables a clear insight into the
readiness of test food labs to respond to food control requirements in order to protect
the health of animals and humans. During 2017, 29 food laboratories were accredited
in Bosnia and Herzegovina, 8 in Republika Srpska, and 21 in the Federation of
B&H. Out of 13 accredited testing areas in B&H, laboratories in Republika Srpska
accredited 10 fields (76.90%), while laboratories in the Federation of B&H accredited
13 areas (100%). When it comes to different food testing fields, B&H has capacities in
the form of accredited laboratories to respond to these requirements, and especially
important capacities are those for physicochemical food and water testing and
microbiological food testing (over 55% of accredited laboratories). They are followed
by microbiological testings of animal feed and water and toxicological testing of
residues and contaminants in food (over 30% of accredited laboratories)

Keywords: accreditation, testing laboratories, food.
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INTRODUCTION
Accreditation implies a formal and international organizations
acknowledgment that some conformity for accreditation, organizing and

assessment body is competent to carry
out conformity assessment activities in
accordance with internationally accepted
rules (34). Conformity assessment is
any activity through which it is directly
or indirectly determined whether the
relevant requirements have been met.
Conformity assessment body is a supplier-
independent laboratory, certification
body, inspection body or any other body
involved in conformity assessment which
can be a state authority or a legal or
natural person.

Accreditation is a document that
demonstrates competence to perform
certain tasks in the area of assessment of
conformity. The accreditation procedure
determines the competence of legal and
natural persons, which can represent, in
whole or in part, a conformity assessment
body in relation to the requirements
of B&H, European and international
standards or documents of European and
international accreditation organizations.

Accreditation of the conformity
assessment body in Bosnia and
Herzegovina (B&H) is carried out by
the Institute for Accreditation of B&H
(BATA) (35). BATA is responsible
for developing, implementing and
maintaining B&H Accreditation
System (SAB&H), implementing
the accreditation and supervision
procedure of the conformity assessment
body, representing B&H in European

implementing specialist staff training in
the field of accreditation, and developing
and establishing information system on
assigned accreditions and on documents
in the field of accreditation.

BATA setsout the criteria forapproving
and maintaining accreditation to be met
by the Compliance Assessment Bodies
(TOU), the process of accreditation and
the financingofthe accreditationsystem
(56) Laboratory accreditation ensures
confidence in the results of laboratory
tests, and is carried out according to
the standard BAS EN ISO / IEC 17025:
(1). Within SAB&H test laboratories,
calibration laboratories, medical
laboratories, inspection bodies, product
certification bodies, staff certification
bodies and certification bodies for the
management system can be accredited.

Test laboratories for food in a wider
sense include laboratories dealing
with food, animal feed and drinking
water testing. Also, these laboratories
carry out tests in order to evaluate the
microbiological purity of equipment,
devices, accessories, working surfaces,
work clothes and workers’ hands in
production facilities and means of
transport that come into contact with
food where there is a risk of occurrence
and spread of infectious diseases (42).

The food test laboratories must
be accredited in accordance with the
standard EN ISO / IEC 17025 (36-38,
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42). Food testing in B&H is performed
by authorized state and privately-owned
laboratories in both Entities, Republika
Srpska (RS) and the Federation of Bosnia
and Herzegovina (FB&H), in accordance

with the Food Act (36, 37) and other
regulastions. There is no accredited
laboratory in the Brcko District (BD).

OBJECTIVES AND TASKS OF TESTING

The aim of the study is to determine
the capacities of the accredited test
laboratories for food in B&H in relation

into the capacity of test food laboratories
to respond to food safety requirements
in order to protect animal and human

to the field of testing or the field of health will be obtained.
accreditation. In this way, a clear insight
MATERIAL AND METHODS
Material 6. SISTEM QUALITA, S d.o.o., Pale
As a test material, Annex to (12)

Accreditation Certificate of Accredited
Testing Laboratories in B&H was used,
downloaded from the BATA website (57).

Laboratories from RS territory:
I State Ownership

1. PIVeterinary Institute of Republic
of Srpska “Dr. Vaso Butozan”,
Banja Luka (5)

2. Public Health Institution
“Institute of Public Health”, Banja
Luka (6)

I1 Private ownership

1. Veterinary Institute “Teolab”,

Bijeljina (7)

2. Slaven d.o.o. Veterinary Institute,
Banja Luka (8)

3. Gross d.o.o. Gradiska (9)

4. Institute for waters d.o.o0.,
Bijeljina (10)
5. “EURO-INSPEKT” d.o.0., Osijek

(11)

Laboratories from FB&H territory:

I State Ownership

1. PI “Veterinary Institute” Bihac,
Biha¢ (13)

2. Veterinary Faculty of the
University of Sarajevo, Sarajevo
(14)

3. PI “Veterinary Institute of Tuzla
Canton”, Tuzla (15)

4. Examination laboratory PI “RAD”
d.d., TeSanj (16)

5. Public Health Institute of
the Federation of Bosnia and
Herzegovina (17)

6. KJP Veterinary station d.o.o.,
Sarajevo (18)

7. ZU Public Health Institute USK,
Biha¢ (19)

8. Federal Bureau of Agriculture,
Sarajevo (20)

9. Public Health Institute SBK /
KSB, Travnik (21)
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10. Public Health Institute of Tuzla
Canton, Tuzla (22)

11. Public Health Institute of Sarajevo
Canton, Sarajevo (23)

12. Federal Agromediterranean
Institute, Mostar (24)

13. PI Institute for Health and Food
Safety, Zenica (25)

14. PI Veterinary Institute of HNK /
7, Mostar (26)

II Private ownership
1. Zagrebinspekt d.o.o., Mostar (27)

2. The Sava River Basin Agency,
Sarajevo (28)

3. PI Institute for
Diagnosis and
“GENOM”, Travnik (29)

. DVOKUT pro d.o.o., Sarajevo (30)
5. CONTROL-H d.o.o0., Mostar (31)

Biomedical
Research

6. Pharmamed d.o.o., Travnik (32)
7. HERKON d.o.o., Mostar (33)

The laboratories are displayed
according to the registered name and
headquarters of the legal entity, without
mentioning their regional locations and
accredited organizational units.

Methods

In our research and in the statistical
analysis of the obtained results we used
descriptive statistical parametersasbasic
statistical methods. These parameters
enable the description of the obtained
results and their interpretation. The
results of the research are presented
in a tabular and graphical form.
Statistical analysis of the results was
done in Microsoft Office Excel statistical
software.

RESULTS AND DISCUSSION

In B&H, 29 testing laboratories for
food (ALF) are accredited, of which 8
in the RS (27.60%) and 21 in the FB&H
(72.40%), while in the Brc¢ko District
(BD) there is no ALF (Table 1). The ratio

of ALFs among entities (RS to FB&H)
is 1: 2.60. This ratio is 0.8 higher than
the ratio of the population between the
entities (RS: FB&H = 1: 1.8) (58).

Table 1. Accredited testing laboratories for food in B&H

. Number of
Location ALF %
RS 8 27,60
FB&H 21 72,40
BD 0 0
B&H 29 100

Table 2 and Graph 1 show the
numerical and percentage ratio of ALFs

in B&H according to ownership.
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Table 2. numerical ratio of ALFs in B&H according to ownership

Number
Location SO PO
RS 2 6
FB&H 14 7
B&H 16 13

*SO - state-owned laboratories ; PO- privately-owned laboratories

Ratio of ALF in BiH according to ownership

100
90
80
70
60
50
40
30
20

RS FBiH

M state ownership

BiH

M private ownership

Graph 1. Ratio of ALFs in B&H according to ownership

In RS, 25% of ALFs are in SO,
75% in PO (1: 3). This relationship is
significantly different in FB&H, where
66.70% of ALFs are in SO, vs 33.30%
in PO (2: 1). At the B&H level, the ALF
ratio, when it comes to state and private
ownership, is even (1.20: 1). Based on
these data it can be concluded that in
FB&H, laboratory tests on food safety

controls, which are of public interest to
human health, are mostly performed by
state-owned ALFs. By contrast, RS, apart
from its own (state), very important
laboratory capacities, relies mostly on
privately-owned laboratories.

Graph 2 shows the participation of
ALFs in B&H by entities in relation to
ownership.
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Participation of ALFs in BiH entities according to ownership

state ownership

private ownership

HRS MFBiH

Graph 2. Participation of ALF in B&H entities according to ownership

Of the total number of state-owned
ALF in B&H, 12.50% of them are in RS,
and 87.50% (1: 7) in FB&H. This can be
explained by the different organizational
structure of the FB&H, which consists
of 10 cantons, and therefore there
are ALFs on the federal and cantonal
levels. However, this ratio is too high,
compared to the ratio between the
number of people in the entities. But,
considering that one state-owned ALF in
RS accredited methods at two locations
(5), and the other ALF in four of the five
operating locations (6), that would be six
ALFs in RS. This significantly changes
the ratio of state-owned ALFs (RS: FB&H
= 1: 2.30), which is approximately actual
relation, considering the total number of

ALFsin B&H (1: 2.60). When it comes to
privately-owned ALFs in B&H, this ratio
is approximately equal (1: 1,20), which
is significantly different from the ratio
of the total number of ALFs in B&H (1:
2,60), and the ratio of the population
between entities (58). This suggests
that the relation of state-owned ALFs
is proportional, planned and formed on
the basis of the real parameters, needs
and expert assessments, while the ratio
of privately-owned ALFs is random,
formed on a free assessment of market
conditions and financial capabilities.

Graph 3 shows representation of
ALF in B&H in relation to the fields of
accreditation.
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% ANX

- 55.5

N\

M physicochemical testings of food

M physicochemical testings of animal feed

M physicochemical testings of water
testing of residues of veterinary medicinal
products

B microbiological testing of animal feed

M microbiological testing of animal feed

B microbiological testing of water

M surface swab testing

W water sampling

M surface sampling

M radionuclide testing in food and animal feed

B GMO food/feed testing

M toxicological testing of residues and
contaminants in food

Graph 3. Representation of ALFs in B&H in relation to the fields of

accreditation

In accordance with the Food Act
(36-37), food testing laboratories must
be accredited in accordance with the
standard BAS EN ISO / IEC 17025.
However, regulations have different
requirements regarding accreditation,
in some of them accredition is explicitly
requested (4), whilein someitisnot (47,
48, 50) Regarding the microbiological
examination of water, the legislation in
RS doesn't include request for accredited
laboratories (39), while at the B&H
level it does (38). The Rulebook on the
microbiological criteria for animal feed
doesn’t set accreditation of laboratories
as a condition. For microbiological purity
criteria in RS, the laboratories must be
accredited to carry out these tests. ALFs
in B&H accredited test methods in 13

technical fields of testing. When it comes
to different food testing fields, B&H has
capacities in the form of accredited
laboratories to respond to these
requirements, and particularly important
are the capacities for physicochemical
food testing (55,50%) water testing
(59,20%), aswell as microbiological food
testing (68,90%). Microbiological tests
are very demanding in terms of ambient
conditions and quality assurance of
laboratory testing (2, 3), primarily from
the financial and technical aspect.
Howevertheyarelessdemandinginterms
of equipment (financially accessible,
identical incubation temperatures,
simple use, etc.) than chemical testings.
Also, when it comes to mandatory
microbiological tests, there is a smaller
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number of parameters per sample type
to which the studies are performed (4,
47, 48, 50), and this may explain a high
percentage of ALFs for these tests.
Unlike microbiological, physicochemical
studies are more complex, by the
number of parameters to be tested
and by the complexity of the test
procedures. A large number of sample
types that are grouped on the basis of
their similarity (meat, milk, honey, etc.)
aslo contrubutes to this complexity
(40, 41, 45, 46, 52-55). However, this
obviously has not been an obstacle for
laboratories to accredit test methods
in the field of physicochemical testing
and they take the largest percentage of
accreditation field in B&H. A possible
explanation for this is a large number
of ALFs, a large number of parameters
for testing and a large number of
sample types of , so the laboratories,
on the basis of their own assessment,
needs and affinities, selected the test

methods to be accredited. Toxicological
tests of residues and contaminants in
food and microbiological testing of
animal feed and water are somewhat
less represented. They are followed by
physicochemical testings of animal feed
and testing of residues of veterinary
medicinal products. The fact that there is
no explicit requirement of the legislation
for these tests to be performed by
accredited laboratories (39, 43, 44, 46,
51) might be the reason for this, along
with the complexity of the test methods,
the large financial expenditures for
their maintenance, as well as the large
number of parameters that are being
tested (43, 44, 51) in toxicological
testing of residues and contaminants in
food and testing of residues of veterinary
medicinal products.

Graph 4 shows the percentage of ALFs
in the entities according to the field of
accreditation
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Graph 4. Ratio of ALF between entities according to field of accreditation

In Republika Srpska no laboratory
has accredited GMO testing and
radionuclide testing in food and animal
feed, although there are laboratories
that routinely perform these tests.
This data is worrying because the RS,
unlike the FB&H, does not guarantee
the validity of the results obtained by
these tests. The ratio of laboratories
that perform physicochemical and
microbiological testing of water and
physicochemical testing of animal feed
in the RS to laboratories in the FB&H is
1: 2, for microbiological tests of food the
ratio is 1: 3 , while for microbiological
testing of animal feed and toxicological
testing of residues and contamination

in food the ratio is 1: 1.5. The ratio is
reversed in water and surface sampling
and it is 2:1, while in microbiological
surface swab testing the ratio is 3: 1.
In testing of residues of veterinary
medicinal products the ratio is equal.
The testing of residues and contaminants
in food is performed exclusively by
state-owned ALFs , one from the RS
and one from the FB&H (5, 14), total of
6.90% ALFs at the level of B&H. These
laboratories are primarily veterinary
in which food testing is also performed.
Also, veterinary laboratories carry out
physicochemical tests of animal feed
(altogether 10,30% ALF) (5, 13, 14), and
when it comes to microbiological testing
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of animal feed, these laboratories are
dominant with participation of 80% in
relation to the number of ALFs which
accredited this field of accreditation. By
analyzing the scope of ALF accreditation
(5-33), we have established that no
laboratory in B&H has accredited all test
methods for testing all physico-chemical
parameters in food, animal feed and
water, toxicological testing of residues
and contaminants in food, and residues
of veterinary medicinal products, which
are prescribed by the legislation (38-
41, 43-46, 51-55). When it comes to
microbiological testing of food at the
level of B&H, 6.90% of ALFs (one from
the RS (5) and one from the FB&H (13),
both state-owned) fully accredited the
test methods in accordance with the
requirements of the legal regulations
(4, 47, 48, 50). Fully compliant with the
requirements of the legal regulations

(49), microbiological testing of animal
feed has been accredited by 20.70% of
ALFs, one state-owned laboratory (5)
and one privately-owned laboratory
(8) in the RS and four state-owned
laboratories (13-15, 26) in the FB&H.
Microbiological examination of water
has been accredited by 10.30% of ALFs,
fully compliant with the requirements
of the legal regulations (38, 39), one
state-owned (5) laboratory and one
privately-owned (8) in the RS, two state-
owned in the FB&H (15, 23). Testings
in accordance with the Rule book on
microbiological purity criteria (42), have
been accredited in 12.50% of ALFs in
the RS (one state-owned laboratory ) (5).

Table 3 shows the percentage ratio
of state-owned and privately-owned
ALFs in B&H according to the field of
accreditation.

Table 3.Ratio of state-owned and privately-owned ALFs in B&H according to

the field of accreditation.

%
RS FB&H B&H

Field of accreditation SO PO SO PO o PO
LI 2.1 Physicochemical testing of food | 50 50 72,70\ 27,30/ 66,70, 33,30
LI 2.2 Physicochemical testing of feed | 100 0 100 0 100 0
‘L/‘\}a%g Physicochemical testing of 20 30 54.50| 45,50 43,80 56,20
LZe Residuesofveteriany 400 0100 0| 100 0
LI 3.1 Microbiological testing of food 40 60 86,70, 13,30] 75 25
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LI 3.2 Microbiological testing of
animal feed 25 75 83,30/ 16,70/ 60 40
LI 3.3 Microbiological testing of water| 66,70/ 33,30/ 85,70/ 14,30/ 80 20
LI 3.7 Microbiological testing of 3330 66,70, 100 0 50 50
surfaces
LI 17.1 Water sampling 50 50 100 0 66,70, 33,30
LI 17.10 Surface sampling 100 | 100 0 33,30 66,70
LI 18.1 Radionuclide testing in food
and animal feed 0 100 0 100 0
LI 19.1 GMO food/feed testing 0 100 0 100 0
LI 21.1 Toxicological testing of
residues and contaminants in food 50 50 100 0 80 20

Out of 13 accredited testing fields in
B&H, laboratories in the RS accredited
11 (84.60%), and in the FB&H 13
fields (100%). At the B&H level, state-
owned laboratories accredited all 13
fields (100%), while privately-owned
laboratories accredited 9 fields (69.20%).
Of the total number of accredited fields
in RS, state-owned laboratories dominate
in 27% of the fields, in 27% of the fields
the ratio of state and privately-owned
laboratories is the same, while in 46% of
the fields the predominant laboratories
are privately-owned ones. Unlike RS, in
the FB&H, privately-owned laboratories
are dominant in all fields (100% of state-
owned laboratories in eight fields, over
70% in four fields and about 55% in
one field). At the level of B&H state-
owned laboratories are dominant in
76.90% of the fields, in 7.70% of them
the ratio is equal, and in 15.40% of
the fields are dominated by privately-
owned laboratories. When it comes to

physicochemical food testing, in the RS
the ratio of state-owned laboratories to
privately-owned ones is 1: 1, while in the
FB&H and at the level of B&H this ratio
is 2: 1 in favor of laboratories in state
ownership. Physico-chemical testing
of animal feed, testing of residues of
veterinary medicinal products, GMO
testings and radionuclide testing in food
and animal feed in B&H are performed
exclusively in state-owned laboratories
(5, 13, 14). In the RS, the ratio of state-
owned laboratories to privately-owned
ones is significantly in favor of privately-
owned ones, in physicochemical testing
of water (1: 3), in microbiological
testing of food (1: 1.5) , animal feed (1:
3) and in surface swab tests (1: 2). This
undoubtedly indicates that, in terms of
testing food from a safety perspective,
Republika Srpska relies heavily on
laboratories in private ownership. In
the FB&H, for these fields of testing, the
situation issignificantly different, where
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the ratio of state-owned laboratories
to privately-owned laboratories is in
favor of state-owned ones (in physical
and chemical testing of water 1,2: 1, in
microbiological testing of food 6,5: 1, of
animal feed 5: 1 and in surface swab test
1: 0). At the level of B&H, the ratio of
SO laboratories to PO laboratories for
physicochemical testings of water is 1:
1.3, for microbiological testing of food 3:
1, microbiological tests of water 4: 1, and
for microbiological testing of surface it
is 1: 1. Microbiological testing of water
is performed mostly in SO laboratories.
In RS the ratio of SO laboratories to PO
laboratories is 2:1, while in the FB&H the
ratio is 6:1 and at B&H level it is 4:1. This
is understandable, since drinking water
is mainly intended for public supply,
and state-owned ALFs are best equipped
for these tests and they also have the
greatest public trust. Water tests are
very demanding and costly, especially
the physicochemical ones, with very little
space for making profit, so privately-
owned laboratories do not have a
significant financial interest in these
tests. Water sampling in the RS is equally
performed by SO and PO laboratories,
while in the FB&H sampling is exclusively
done in state-owned laboratories and
this ratio at the level of B&H is 2: 1 in
favor of SO laboratories. In surface

sampling this ratio is identical at FB&H
level, at the B&H level (2: 1 in favor of
PO laboratories), while in the RS surface
sampling is performed exclusively by
privately- owned laboratories. The
accreditation of the sampling methods,
especially the surface sampling seems
to be a marketing move rather than it
is professionally justified considering
the importance of accreditation of
test methods in order to obtain valid
results, and they actually do not have
to be accredited (not a requirement
of legal regulation). By analyzing
accredited fields of accreditation it
is noted that laboratories in state
ownership accredited methods in most
fields of accreditation, while privately-
owned laboratories have selected
demanding fields from the standpoint of
accreditation, which bring higher profit
because the requirements for these
analyzes are more frequent (regulation,
specificity of production, etc.), while the
methodology and equipment is simpler.
This is understandable, considering
the fact that the basic reason for the
existence of privately-owned laboratories
is gaining profit and, accordingly, a free
and targeted selection of fields for
which they require work authorizations
and field accreditation of the competent
authorities.

CONCLUSION

Based on the obtained results, the
following conclusions are drawn:

1. In Bosnia and Herzegovina, 29
testing laboratories for food were

accredited, of which 8 in the RS
(27.60%), and in the FB&H 21
(72.40%).

2. Of the total number of accredited
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testing laboratories for food, in the
RS, 25% of them are state-owned
and 75% of them are in private
ownership, while in the Federation
of B&H 66.70% of ALFs are state-
owned and 33.30% of ALFs are
privately owned. At the level of
B&H, 53.80% of accredited testing
laboratories for food are state-
owned and 43.20% are privately
owned. In the Federation of
Bosnia and Herzegovina, the tasks
of laboratory food safety testings
which are of public interest for
human health, are performed
mostly in accredited state-owned
testing laboratories for food, while
Republika Srpska, in addition to
its own significant (state-owned)
laboratory capacity, relies mostly
on privately- owned laboratories.

. Food testing laboratories in Bosnia
and Herzegovina have accredited
13 different fields of accreditation
related to testing food, animal feed,
drinking water and microbiological
purity, of which 11 in the
Republika Srpska (84.60%) and
13 in the FB&H (100%). At state
level, state- owned laboratories are
dominant in 76.90% of the fields,
in 7.70% the ratio is equal, and
privately -owned laboratories are
dominant in 15.40% of the fields.
27% of the accredited fields in
Republika Srpska are dominated
by state-owned laboratories, in
27% of the fields the ratio of
laboratories in state and private

ownership is the same, 46% of the
fields are dominated by privately
-owned laboratories, while in the
FB&H state-owned laboratories
dominate in all accredited fields
(100%). State-owned laboratories
accredited test methods in all 13
fields (100%), and privately owned
onesin 9 fields (69.20%). Privately-
owned laboratories have selected
fields of accreditation that bring
greater profits, as the requirements
for these analyzes are more
common, and the methodology of
work and equipment is simpler.

. Physicochemical tests of animal

feed, testings of residues of
veterinary medicinal products,
GMO testings and testing of
radionuclide activity in food
and animal feed in B&H are
carried out exclusively in state-
owned laboratories. At the
B&H level, testing of residues
and contaminants in food is
performed exclusively by state-
owned veterinary laboratories
(6.90% of accredited laboratories).
Physicochemical testing of animal
feed is also exclusively performed
in veterinary laboratories (10.30%
of accredited laboratories), and
these laboratories account for 80%
of the microbiological testing of
animal feed.

.B&H has significant capacities

of accredited test laboratories
for food, their participation in
physicochemical food testing is
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9.

10.

11

55.50%, 59.20% in water testing,
and 68.90% in microbiological
testing of food.

. No test laboratory for food in B&H

has accredited all test methods
for testing all physicochemical
parameters in food,animal
feed and water, or regarding
toxicological testing of residues
and contaminants in food and
residues of veterinary medicinal

of the legislation are fully met
by 6.90% of accredited test
laboratories  (all ~ state-owned)
for microbiological food testing,
20.70% of accredited laboratories
for microbiological testing
of animal feed, and 10.30% of
laboratories for microbiological
testing of water. Testings in
accordance with the Rulebook on
criteria of microbiological purity in

the RS were accredited by 12.50%
of food testing laboratories (state-
owned).

products, which are prescribed by
legislation. From the standpoint
of accreditation, the requirements
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YTHUAJ PA3JIHUHUTHUX TEMITEPATYPA CKIIADHUIITEHLA HA
AKTHUBHOCT I'TYTATHOH ITEPOKCHIOA3A EPUTPOLIUTA U ITJIASME
OBALIA*

Oyman BOIIILAKOBHER™, Anekcannpa IIETPOBUR', Onusepa BAJTUHR',
HBan JOBAHOBHER', CBeTntana MUJIAHOBHUR!

1 OywaH bommwakosuh, crynent, Anekcangpa I[lerposuh, crynent, op Onusepa Banuuh,
BaHpenHH npodecop, np Meau JoBanosuh, pemoBHu mpodecop, ap CBeTnaHa MunaHoBuh,
noueHnTt, ®akyaTeT BETEPUHAPCKE MENULIMHE, YHUBEP3UTET Yy beorpany,

* KOpecIroJjeHTHU ayTop: Munanosuh CBeTnaHa, cecam@vet.bg.ac.rs

Kparak cagpaxaj: Llws paga je 010 [a ce yTBpAy CTadMITHOCT aKTUBHOCTH TITyTaTHOH
nepokcuzasa 1 u 3 TOkoM CKIaguIITema Ha TemnepaTtypu +4 °C u -18°C. Kps je y3erta
0[] 0CaM OBalla, a aKTUBHOCT eH3UMa je oxpehuBaHa y mina3mu (GPx3) u eputpouuTu-
ma (GPx1) npsor, Tpeher, meTor u cenmor naHa y y3opuuma yyBaHuM Ha +4 °C u Ha-
KOH jeIHOT U TPH Mecella y y30puruMa uyyBaHuUM Ha -18°C. AktuBHocT GPx3 je Tokom
CKJIaJUIITEeHa Ha OBUM TeMIlepaTypama CTaTUCTUUYKM 3HA4YajHO omnasa JOK je aKTHB-
HOCT GPx1 ocTana ucTa HAKOH TP Mecella YyBama Ha Temreparypu -18°C. Pesynratu
OBOT pajia yKka3yjy Ha To 1a ce GPx3 Mopa oapehuBatH y CBEXKHUM y30pLIMMa Ia3Me
oBala, nok ce akTuBHOCT GPx1 epuTpouunTa oBana Moxe onpehusatu U HakoH 3 me-
cella 4yBama Ha Temmnepatypu -18°C.

KipyuHe pedH: akTUBHOCT, [NTyTaTUOH Nepokcuaasa (GPx), oBue, CeIeHONPOTENHH

YBOJ

MeTtadonuszaM ceneHa je BP0 KOM-
IUVIEKCAH jep je 0Baj MUKDOEJIEMEHT 3a
OpraHu3aM eceHlLiWjalaH, aaul U IOTeH-
LIHjaJIHO BPJIO TOKCKYaH. JJomahe u nuBsbe
YKUBOTHE CEJIeH YHOCE TpeKo xpaHe. Ca-
OpXKaj celeHa y XpaHWBHMa OWJBHOT IO-
peKsa 3aBUCH Off HEKOJIUKO (haKkTopa: Xe-

MUjCKOT 0DJIMKA CeleHa y 3eMJBUILTY, KO-
JTUYMHE Yy 3eMJBULITY, BpCTe OWbKe, Kao
v (paze pacra came dDuspke. Y CBETY je fe-
(MHHCAHO HEKONUKO ceneHaeUuuT-
HUX TMOJIpPyYja, a jeoHO Ofl BHX je U Jeo
bankanckor monyoctpsa (Val¢i¢ u cap.,
2013).

* Pap je mpe3eHToBaH Ha 22. l'omuiiwmeM caBjeTOBawy TOKTOpa BeTEpUHApCKe MeNWlHe
Penybnuke Cpricke (buX) ca mehyHaponHum yuerrhem
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II. Bourwakosuh u cap.:

Ymuaj Pa3MUYUTUX TEMIIEPATYPA CKIAOUIITEHA HA dKTUBHOCT INTYTaTUOH MEPOKCHIA3a EPUTPOLUTA U IIJIa3MeE OBalla

CeneH je eCceHUMWjaJIHU MUKpOee-
MEHT Ca MHOTOCTPYKHMM H BPJIO BaXXKHUM
yjorama y opraHusmy. Iberose dusuo-
JIOLIKE YJIOre OUPEKTHO Cy IOBE3aHe ca
(pyHKIMjaMa IPOTEUHA Y YHjU CacTaB Ce
KOTpPaHCIaTOPHO yrpahyje mytem HeTH-
IIUYHE aMHHOKHCEIIHHE CEJICHOLIMCTEH-
Ha.

Ilo caga je OTKPUBEHO 26 CENeHOnpPo-
TEMHa CUCapa, a Camo 3a HeKe Off BHX
je mosHara ¢usunonomka ymnora. [IpBu
IIPOTEUH 3a KOjH je JOKa3aHO Ja y CBOM
cacTaBy uMa yrpaheH CeneHOLUCTeUH je
rayTaTHoH nepokcupasa (GPx) (Rotruck
u cap., 1973; Flohe u cap., 1973). o
cajla je UIeHTU(UKOBAHO 5 HU30E€H3UM-
ckux dopmu GPx Kkoje pemykyjy Bolo-
HUK MEePOKCUJL U OpPTraHCKe XHUJIPONepoK-
cune, wrutehu henuje o OKCUAATHUB-
Hor owmrtehemwa. OBa rpymna celeHOEH3HU-
Ma odyxBaTa LJUTOCOJIHY IJIyTaTHOH Iie-
poxcupasy (GPx1), raCTpOMHTECTHHAIHY
[IyTaTUOH mnepokcupasy (GPx2), mmas-
MaTCKy (eKkcTpauenynapHy) IIyTaTHOH
nepokcunasy (GPx3), dochonunun xu-
OPONEPOKCH], TIIyTAaTHOH IEepOKCUAA3y
(GPx4) ¥ HOBOOTKPUBEHY IJIyTaTHUOH IIe-
poxcunasy 6 u3 0aKkTOPHOT enuTeNna u
eMOpPHUOHATHOT TKUBA.

[TocToje CTpOrM MeXaHU3MH perysa-
LJYje HUBOA CEJIEHa HEONXOMHOT 3a ONTH-
MaJIHy €KCIIPECHjy CBHUX CEJI€HONPOTEH-
Ha. CHUHTe3a CeIeHONPOTENHA je Peryin-
CaHa HMBOOM CEJIEHa Y XpaHH, aJlh 3aBU-
CU U 0]l TKMBA U Of TOTa KOjU je CeneHo-
IIPOTEUH y nuTawmy. Huje jacHo Ha Koju
HayuH henuje ¥ TKUBa Aajy NIPUOPUTET 3a
BErOBY yIpafilby y ofpeheHe ceneHonpo-
TEUHE.

Inytmatiuon tiepoxcugasa 1 (GPx1) Ba-
KaH je eH3UM LIUTOIUIa3Me KOjU penyKyje
BOJOHHMK IEPOKCUL U IEPOKCHLIE CII0DO0S-
HUX MaCHUX KUCEJIMHA U TUME CMamyje
moryhnocr omrrehema henuje ycnen ok-
CUJIaTUBHOT CcTpeca. Bpiio je oceT/buBa Ha
IIPOMEHE CTaTyCa CEIeHa, IPU YeMY KOJ
ceneHAe@UUUTHUX jeOUHKU Maja HUBO
uH@opmauurore iRNK u camor nmporeu-
Ha. C 003MpOM Ha TO [1a je ITIyTaTHOH Ie-
POKCH/ia3a CEJIEHOEH3UM W Jla HhEHa aK-
TUBHOCT [O HM3BECHE TpaHMLE JIMHeap-
HO 3aBUCH Ofi KOJIMUMHE CEeJIeHa Yy Xpa-
HY, aKTHBHOCT OBOI €H3MMa MOXE DUTH
nodap mokasaresb cTaryca CejleHa y op-
ranusmy. Ocum Ttora, GPx1 epurponura
npencTas/ba fodap napaMmerap 3a npoue-
Hy CTaTyca CeJIeHa jeJUHKH y y’KEM Bpe-
MEHCKOM IIEPHUOJAY, jep CE €H3UM CHHTe-
THILE CaMO y NIEPUOJly EPUTPOIIOE3E.

Inywmwawmuon tepoxcugasa 3 (GPx3) je-
OVHU je eH3UM U3 (aMuIuje IIyTaTHOH
nepokcHuiasa Koju ce nyuu y mehyhenuj-
cku mpoctop. CymcTpar 3a 0Baj €H3UM
Cy BOJOOHHUK NMEPOKCUJ, XUOPONEPOKCUIN
MaCHHUX KHCenuHa, (POCHONUNUIHU XU-
OPONEPOKCUIY, @ UMa 3HAYajHy YOIy y
AHTUOKCUJJATUBHUM IPOLIECHMA y KPBHO]
miasmu (Brigelius-Flohe, 1999). I'nas-
HU U3BOP eKkcTpauenynapue GPx3 cy dy-
OpesH, a CHHTETHLLY je enuTenHe henuje
NPOKCUMAaNTHUX TyDdyna HedpoHa U Ma-
puetande henuje BoymaHoBe Karmcyie
(Yoshimura u cap., 1991). Kako akTus-
HOCT OBOT eH3UMa omaja ¥ 1o 99% y ciy-
yajy neduuunta cenexa, 1 GPx3 ce mupo-
KO KOPHUCTH y MPOLIEHU CTaTyca CeseHa.
Taxohe, akTUBHOCT OBOT €H3UMa Ce KOPHU-
CTH 32 MIPOLIEHY CTaTyca ceieHa y kpahem
BpeMeHCKOM Tmepuopay jep henuje koje
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CUHTETHUIIY OBaj €H3UM BpJIo Op30 00y-
CTaBsbajy CUHTE3Y y YCI0BUMa NedULnTa.

Haxne, axtuBHocTH GPx1 um GPx3
NpefCcTaB/bajy OIMYHe dHoMapkepe 3a
NpoLEeHy cTaTyca ceneHa. Mehytum, He-
Kajga je Hemoryhe oznpehuBame HUXOBE

aKTUBHOCTH y CBEXE y3€THM y30pLUMa
KpPBY, HAPOUUTO aKO jeJUHKEe MOTHYY Ca
Pa3UUUTHX JIOKA/JIUTETA. 3aTO CMO CMa-
Tpajy /ia je HeONXOOHO YTBPIOUTH afek-
BaTaH HauMH YyBama y3opaka 1o ogpehu-
Bamba aKTUBHOCTH.

MATEPHJAJI U METOJE

Y uupy ncnutuBama akTuBHOCTH GPx
u3 kpBHe miasme (GPx3) u nutocona
eputpounta (GPx1) kopuurheHa je kps
y3€Ta BEHEIyHKLIUjOM V. jugularus ovaca.
Kps je y3era of ocam oBana, oda mnoma, a
jenuHKe cy IOpKaHe Yy (papMCKUM YCIIo-
BUMa. Kao aHTHKOAryjIallMOHO CPELCTBO
kopuurheH je xenapuH (12 IU/mL xpsu).
KpB je ueHTpudyroBaHa y Tpajawmy OF
15 munyTa Ha 1000 X r, Kako Ou ce HU3-
IBOjWIa KpBHA I1asmMa. HakoH oznBajama
KpBHE IIJIa3M€, EPUTPOLUTH Cy HUCIHpa-
HU (PU3UOJIOLIKUM PACTBOPOM M LIEHTPH-
¢yrupanu 3 myTa. Y30pUU KpBHE IIas3-
M€ Y y30pLM epUTPOLMTA Cy YyBaHU HA
temneparypu +4 °C TokoM cefam JjaHa
Ha -18 °C TokoM TpHu mecena. AKTUBHOCT
rayTaTioH nepokcupgasa (GPx1 u GPx3)
MEpEHa je mpBor, Tpeher, meTor ¥ ceIMor
IaHA HAKOH CTajama Ha TEMIIEPATypH +4

°C, ka0 1 Mecel] JaHa ¥ TPHU Mecelia Ha-
KOH UyBama Ha -18 °C.

OnpehuBame aKTUBHOCTH INIyTaTHOH
NepoKcHugase

AKTHBHOCT LJUTOCOJIHE IJTyTaTHOH Ie-
pokcupase (GPx1) v riyraTHOH NEPOK-
cupase kpBHe wiasme (GPx3) ompehusa-
Ha je meTomom o Giinzler u cap. (1974)
Ha cnekrpogoromerpy Cecil 2000, ca
BOJEHUM KyTaTHIOM U TEPMOCTATOM KOjH
je oIp:kaBa0 KOHCTAaHTHY TeMIEpaTypy
on 37 °C. IlpuHuMO OBOr MeEpema
3aCHOBAH j€ Ha CIIEKTPO(POTOMETPHjCKOM
peructpoBawy mnorpomse NADPH vy
KyTJIOBAHOM €H3UMCKOM CHUCTEMY.

CacTtaB, ka0 U KOHAuHE KOHLEHTpa-
1lMje peareHaca, IpuKasaHH Cy y Tabenu
1.

Tabena 1. CacraB peareHaca Koju Cy KOpUIIheHHU 3a ClIeKTPOHOTOMETPHUjCKO Ofi-

pebusame aktuBHOCTH GPX

Pearencu 3anpemuHa (ul) KoHayHa KoHIleHTpalyja
Kanujym pochatuu nydep
(400 mmol/L, pH 7) 500 100 mmol/L
GSH (604 mmol/L) 200 4 mmol/L
CnyTtatuoH peaykTasa (GR) 50 6 mmol/L
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KpBHa nna3sma;

XeMOJIN30BaHU 20; 10 0,375 1J/mL
epUuTpoLUTH (pasbir. 21x)

NADPH 200 0,3 mmol/L
TBH 550 1,575 mmol/L
PepectunoBaHa Boja 480; 490

Ctiamuctmuuka odbpaga ogaitiaxa

3a cTaTUCTUUKY 0Dpapny mojaraka Ko-
puwhenu cy nporpamu MS Excel 2007
u GraphPadPrism5. Pesynratu cy npu-
Ka3aHW KopulrheweM MapameTrapa Jec-
kpuntuBHe ctatuctuke (Xcp, CII u KB).

CrarucTHyKa 3HAYajHOCT pasjIvKe Jo-
OWjeHHX BpemgHOCTH u3Mehy mojenu-
HuX rpyna ogpehusana je CTyZeHTOBUM
T-T€CTOM, 3a HUBOe 3HayajHocTH p<0,05,
p<0,01 u p<0,001.

PE3YJITATHU

OppehuBameM akTuBHOCTH GPX3 KpB-
He IIa3Me oBalla, Beh Tpeher maHa Ha-
KOH uyBama Ha Temmeparypu on 4 °C
yTBphEH je CTAaTUCTUYKM 3HAYajaH Naf
aKTMBHOCTH, LITO je MIPUKa3aHO y Tabenu
2. Yysame y3opaka KpBHE IIIasMe€ Ha

temnepatypu -18 °C, moseno je HakoOH
Mecel OaHa OO CTAaTHUCTHUYKH 3Ha‘{ajH01"
Najga aKTUBHOCTH OBOI' €H3MMad, d HAaKOH
3 Mmeceua y ysopuuma HUje 3adenexeHa
akTuBHOCT (Tabdena 4).

Tadena 2. AktuBHOoCT GPx3 13 na3me oBalla HakoH 1,3,5 U 7 JaHa YyBawba Ha TEM-

nepatypu +4°C (pKat)

Janu
1 3 5 7
Xcp=CA 5,57+0,52 1,39+0,38** 0,89+0,39** 0,55+0,27**
KB 9,38 27,57 43,36 49,23

** p<0,01 y ogHOCy Ha akTuBHOCT onpeheny 1. nana

XCp — apUTMETHYKA CPENUHA
CI — ctanmapaHa neBujanuja

KB — koedunujeHT Bapujauuje
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AxrtuBHOoCT uutoconHe GPx1 y epu- (Tadena 3).Ilpu uyBamy Ha -18°C, TOKOM
TPOLMTHMA, NIPU YyBawy Ha +4 °C, pac- mocMarpaHOr Iepuoja ofi TP Mecela,
Ja je TOKOM BpEMEHA W Ha MOYETKy M0- aKTHUBHOCT Ce HMje CTaTUCTUUKU 3HA4ajHO
cMarpaHor nepuopa usHocuna je 1370 memana (Tadena 4).
pKat, a HakoH cemam pmaHa 2370 pKat

Tabena 3. AktuBHocT GPx1 13 epuTponuTa oBaua HakoH 1,3,5 U 7 JaHa HAKOH Yy-
Bama Ha TeMieparypu +4°C (pKat)

Jlanu
1 3 5 7
Xcp+C/l 1369+367 1771+265** 1863+247** 2369+308**
KB 26,85 14,98 13,26 13,00

** p<0,01

Xcp — apUuTMeTHYKa CpeuHa
CIl — craHpaphHa AeBHjanuja
KB — xoedunujeHT Bapujanuje

Tabena 4. AxtuBHocT GPx3 kpBHe mina3sme U GPx1 U3 epurpounTa oBana HakoH 1
u 3 Mecewa yyBama Ha -18°C (pKat)

GPx3 GPx1
1 mecer, 3 Mecena 1 mecer, 3 Mecena
Xcp+C/l 2,69+1,14 / 1388+337 1334+141
KB 42,30 / 24,32 10,58

** p<0,01

Xcp-apUTMETHYKA CpefyHa
CII-craHpapnHa feBujanuja
KB-kxoedunujeHT Bapujanuje
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JUCKYCHUJA H 3AK/bYUHAK

OnpehuBame aKTUBHOCTH EH3HU-
Ma TJIyTaTHOH MepoKCcHIa3a 3HauajHo je
panu ImpolLeHe cTaryca CeleHa jeIUHKH,
IITO je of moceDHOr 3Hauyaja Kof jeduH-
KM KOje ce eKCTeH3UBHO Taje, @ HAapO4YnTO
y MoApyYjuMa Koja Cy CUpOMalllHa ceje-
HOM, Kao LITO Cy Heke odnacty bankaH-
ckor nosyoctpsa (Bamuuh u cap). Y3op-
KOBamlke MaTepHjajia pagyd HCIHUTHBama
aKTHBHOCTH OBOI' €H3MMa 4eCTO 00yXBa-
Ta BULIEMECEYHU [IepUO], ca HeMoryhHo-
why onpehrBamwa eH3UMCKe aKTUBHOCTH
0JMax HaKOH y30pKOBama, Ka0 HH 0J]Max
1o MpHUjeMy y3opaka y iabopaTopujy. 3a
yyBame OWONOLIKOT Marepujajia MOry
Cé KOPHUCTUTH DPAsIuyMTe TeMIlepaTtype.
YcnewHocT yyBawa 3aBucuhe of HEKO-
MUKO paKTOpa Kao LITO Cy TEMIlepaTypa
CKJIafULITEeHa, BPCTa OHOJIOIIKOr Mare-
pYjasia ¥ TpUpoJa CYINCTaHlle Koja ce Uc-
nutyje. CHUXeHe TeMIiepaTrype KOpUCTe
Ceé U 3a CKJIaJUIITERE y30paka y Kojuma
Ce HaKOH oApeheHOr BpeMeHa MOXe HC-
NUTUBATH aKTUBHOCT eH3uma. Llwp oBor
pana duo je Ja ce yTBPAM Aa JIU Ce jaBiba
npoMeHa axkTuBHOCTH GPx3 u GPx1 y
TOKY CKJIaJIMLITEeHa KPBHE IJIa3Me U €pH-
TPOLMTA OBala Ha TeMnepatypu ox +4°C
TOKOM Heflesby JlaHa, Kao U HaKOH je[HOT
U TpU Mecena Ha Ttemmeparypu -18°C.
AxtuBHocT GPx3 kon oBama apamaTvy-
HO je onana Beh HakoH 3 maHa. Maro je
pesyiTaTta ca KOjuMa OMCMO yHopenuiu
Haue pesynartate. CTyouje Cy yriaaBHOM
paheHe Ha xymMaHOM Matepujany. Tako,
akTUBHOCT GPX3 m3 XyMaHe miasme ona-
na Texk HakoH 8. maHa (Ogunro i sar.,
2010). Buwe ayTopa HaBOOW 1a aKTHUB-

HoCT GPx1 omana Tex HAaKOH 7 aHa CKiIa-
mumTema (Deuhim u cap., 2014; Marjani
u cap., 2007; Aslan u cap., 1997; Jozwik
v cap., 1997). [IpemMa HalIUM pe3ynTaTH-
Ma aKTHBHOCT IIyTaTHOH IEpOKCHase
y eputrpouutuma oBaua (GPx1) He oma-
[la 3Ha4yajHO y TOKY NpBUX 7 JlaHa CKJIa-
OULITEA, IITAaBUILE, Y HAIIUM y30pLHMa
Cé TOKOM yYyBama Mnosehana aKTUBHOCT
GPx1, wro je y ckimagy ca pesyaratuma
Harapin u cap., (2008). Kako ucmpane
€PUTPOLIUTE HUCMO OOMax HAaKOH HCIIHU-
pama aluKBOTHpaIH, Beh CMO UX OCTaBU-
JIM y ernpyBeTama U3 KOjUX CMO CBaka JBa
[aHa y3MMalIM y30paK 3a HUCIUTHBAME,
moryhe [1a je oBa 1ojasa nocjieguua Tauao-
KEHha EPUTPOLIMNTA TOKOM UyBama Te fa je
y KaCHHjUM UCIIUTUBAaBHMa UCTUX y30pa-
Ka OUJT0 BULLIEe €EPUTPOLIUTA y UCTO] 3ampe-
MWHH Y30pKa, 8 CAMHUM THM U BULIE €H3U-
ma. Shepard u Millar (1981) cy nodunu
naji akTUBHOCTH y XE€MOJM3aTHUMa €pH-
TpOLIMTA TOKOM YyBawa Ha +4°C, 1ok je 'y
y30pLMMa epUTPOLIUTa aKTUBHOCT IOpac-
1a, T€ Cy HallK Pe3yaTaTH y TOM CMUCITY
y CKJIagy ca HaBeeHUM pesynratuma. U
3aMp3aBamwe Ha Temneparypy -18°C pas-
JIMYUTO je IenoBano Ha akTuBHocT GPx3
u GPx1. Taxo ce aktuBHOCT GPx1 ouyBa-
Jla ¥ HaKOH TpU Mecela CKIafHIITEma,
1ok je aktuBHOCT GPx3 HakoH uCTOTr Tie-
puopa duna HemepspuBa. Harapin u cap.
(2008) mpenopyuyjy Aa ce aKTUBHOCT Tie-
pokcuiasa onpehyje y CBEXHUM y30pLU-
Ma, HajKacHHje HaKOH JiBa JaHa UJIK J1a ce
yyBajy Ha TemnepaTypu -18°C. Ha ocHo-
BY M3BEEHUX HCIIUTHUBamba MOXeE Ce J0-
HETH 3aKkbydyak Aa akTuBHOCT GPx3 wu3
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IIasMe oBalla 3HayajHO omaja y TOKy oppeheHy 3anmpeMuHy koja OM ce HaKOH
yyBawa Ha +4 °C y TOKy 7 maHa, Te Ce 4yBama LieJla yIIoTpeduiia 3a UCIIUTUBAKkE
Mopa oppehuBaty y TOKy NpBUX 24 caTa aKTUBHOCTH eH3uMa. Ha oBaj HauMH Ou ce
o Bahemwa KpBH. Y30pKe epUTpounTa OM H30erao yTuuaj Tajaoema epUTPOLUTA.
Tpedaso ofMax alIuKBOTHUPATH HA Ta4yHO

10.

11.
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Abstract: The aim of the study was to determine the stability of the activity of
glutathione peroxidases 1 and 3 during storage at +4°C and -18°C. Blood samples
were taken from eight sheep and the activity of the enzyme was determined in the
plasma (GPx3) and erythrocytes (GPx1) on the first, third, fifth and seventh day in
samples stored at +4°C and after one and three months in samples stored at -18°C.
GPx3 activity decreased significantly during storage at both temperatures, while
GPx1 remained steady even after three months of storage at -18°C. Obtained results
indicate that GPx3 activity has to be determined in fresh sheep plasma samples,
while the activity of sheep erythrocyte GPx1 can be determined even after 3 months
of storage at -18°C.

Key words: activity, glutathione peroxidase (GPx), sheep, selenoproteins

INTRODUCTION

the chemical form of selenium in the
soil, the quantities in the soil, the plant
species and the growth stage of the plant

Selenium metabolism is very complex
because this microelement is essential
for the organism but at the same time

potentially very toxic. Domestic and
wild animals take selenium through
food. The level of selenium in plant
nutrients depends on several factors:

itself. Several selenium-deficient areas
have been defined in the world, and one
of them is part of the Balkan Peninsula
(Valci¢ et al., 2013).

* Work is presented on the 22nd Annual Counselling of Doctors of Veterinary Medicine of
Republic of Srpska (Bosnia and Herzegovina) With International Participation
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TTHE EFFECTS OF DIFFERENT STORING TEMPERATURES ON THE ACTIVITY OF SHEEP BLOOD AND PLASMA GLUTA

THIONE PEROXIDASE

Selenium is an essential microelement
with multiple and very important roles
in the body. Its physiological roles are
directly related to the functions of the
protein and it is incorporated in protein
composition through atypical amino
acid of selenocysteine.

26 selenoproteins have so far been
identified in mammals and their
physiological function is known only for
some of them. The first protein that has
been proven to have selenocysteine in its
composition is glutathione peroxidase
(GPx) (Rotruck et al., 1973; Flohe et al.,
1973). Sofar, 5isoenzymatic GPx formats
havebeenidentified thatreducehydrogen
peroxide and organic hydroperoxes,
protecting cells from oxidative damage.
This group of selenoenzymes includes
cytosolic glutathione peroxidase (GPx1),
gastrointestinal glutathione peroxidase
(GPx2), plasma (extracellular)
glutathione peroxidase (GPx3),
phospholipid glutathione peroxidase
(GPx4) and new-found glutathione
peroxidase 6 from olfactory epithelium
and embryonic tissue.

There are strict mechanisms
for regulation of selenium levels
necessary for optimum expression of
all selenoproteins. The selenoprotein
synthesis is regulated by the level of
selenium in the food, but it also depends
onthetissueandthetypeofselenoprotein.
It is not clear how the cells and tissues
give priority to its incorporation into
certain selenoproteins.

Glutathione peroxidase 1 (GPx1)
is an important cytoplasmic enzyme

that reduces hydrogen peroxide and
peroxides of free fatty acids, diminishing
the possibility of damage to the cell due
to oxidative stress. It is very sensitive to
changes in selenium status and the level
of informational iRNA and the protein
itself decreases in individuals with selen
deficiency. Since glutathione peroxidase
is seleno-enzyme and its activity to a
certain extent linearly depends on the
amount of selenium in the food, the
activity of this enzyme can be a good
indicator of the status of selenium in the
body. In addition, GPx1 erythrocyte is a
good parameter for assessing the status
of selenium for a longer period of time
because the enzyme is synthesized only
during the erythropoiesis.

Glutathione peroxidase 3 (GPx3)
is the only enzyme in the glutathione
peroxidase family that secretes into
the intercellular space. Hydrogen
peroxide, hydroperoxides of fatty
acids, phospholipid hydroperoxides are
substrates for this enzyme are, and it
plays a significant role in antioxidative
processes in the blood plasma (Brigelius-
Flohe, 1999). The main source of
extracellular GPx3 are kidneys, and
the epithelial cells of proximal tubules
of nephron and parietal cells of the
Bouman capsule (Yoshimura et al,
1991) are synthesized. As the activity of
this enzyme decreases to 99% in the case
of selenium deficiency, GPx3 is widely
used in the evaluation of selenium
status. Also, the activity of this enzyme
is used to evaluate selenium status over
a short period of time because the cells
synthesizing this enzyme very quickly
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stop the synthesis in the conditions of
the deficit.

Therefore, GPx1 and GPx3 activities
are excellent biomarkers for assessing
the status of selenium. However, it is
sometimes impossible to determine their

activity in newly sampled blood samples,
especially if individuals originate
from different locality. Therefore we
considered it necessary to establish an
adequate way of storing samples until
determining the activity.

MATERIAL AND METHODS

In order to investigate the activity
of GPx from blood plasma (GPx3) and
erythrocyte cytosol (GPx1), blood was
taken by venipuncture of v. jugularis
sheep. The blood was taken from eight
sheep, both sexes, and they were kept
under farm conditions. Heparin (12 IU /
ml blood) was used as an anticoagulation
agent. The blood was centrifuged for
15 minutes on 1000 x g to separate
blood plasma. After separation of blood
plasma, the erythrocytes were washed
with a physiological solution and
centrifuged for 3 times. Blood plasma
samples and erythrocyte samples were
stored at +4 0C for seven days and at
-18 0C for three months. The activity
of glutathione peroxidase (GPx1 and
GPx3) was measured on the first, third,
fifth and seventh days after storage at a
temperature of +4 0C, and again after a

month and three months storage at -18
0C.

Determination of
peroxidase activity

glutathione

The activity of cytosolic glutathione
peroxidase (GPx1) and glutathione
peroxidase of blood plasma (GPx3) was
determined by the method according
to Giuinzler et al. (1974) on the Cecil
2000 spectrophotometer, with a water
bath and a thermostat that maintained
a constant temperature of 37 oC. The
principle of this measurement is based
on the spectrophotometric registering
of NADPH consumption in the coupled
enzymatic system.

The composition as well as the final
reagent concentrations are shown in
Table 1.

Table 1. Composition of reagents used for spectrophotometric determination of

GPx activity
Reagents Volume(pl) Final concentration
Potassium phosphate
buffer (400 mmol/L, pH 7) >00 100 mmol/L
GSH (604 mmol/L) 200 4 mmol/L
Glutathione reductase (GR) 50 6 mmol/L
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oot rlemioninel | oo 075 L
NADPH 200 0,3 mmol/L
TBH 550 1,575 mmol/L
Redistilled water 480; 490

Statistical data processing

For statistical data processing,
MS Excel 2007 and GraphPadPrismb5
programs were used. The results are
presented using the descriptive statistics
parameters (Xsr, SD and KV). The

statistical significance of the difference
in the obtained values between individual
groups was determined by Student's
t-test, for levels of significance p <0.05,
p <0.01, and p <0.001.

RESULTS

By determination of GPx3 blood
plasma activity of the sheep, on the third
day after storage at a temperature of
4 oC, a statistically significant decline
in activity was determined as shown in

Table 2. The storage of blood plasma
samples at -18 oC led to a statistically
significant enzyme activity decline, and
after 3 months no activity was recorded
in the samples (Table 4).

Table 2. Activity of GPx3 from sheep plasma after 1,3,5 and 7 days of storage at

+4 oC (pKat)

Days
1 3 5 7
Xm=SD 5,57+0,52 1,39+0,38** 0,89+0,39** 0,55+0,27**
Cv 9,38 27,57 43,36 49,23

** p<0,01 in relation to activity determined on Day 1

Xm- arithmetic mean

SD- standard deviation

CV- coefficient of variation

The activity of cytosolic GPx1 in
erythrocytes during storage at +4 oC
increased over time and at the beginning
of the observed period it was 1370 pKat,
and after seven days 2370 pKat (Table

3). For storage at -18 oC, during the
observed period of three months, there
was not statistically significant change
in activity (Table 4).
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Table 3. Activity of GPx1 from sheep erythrocytes after 1,3,5 and 7 days after

storage at +4 oC temperature (pKat)

1 3 5 7
Xmz+SD 1369+367 1771+265** 1863+247** 2369+308**
Cv 26,85 14,98 13,26 13,00
** p<0,01

Xm- arithmetic mean
SD- standard deviation

CV- coefficient of variation

Table 4. Activity of GPx3 blood plasma and GPx1 from sheep erythrocyte after 1

and 3 months of storage at -18 oC (pKat)

GPx3 GPx1
1month 3 months 1 month 3 months
Xm+SD 2,69+1,14 / 1388+337 1334+141
CV 42,30 / 24,32 10,58
** p<0,01

Xm- arithmetic mean
SD- standard deviation

CV- coefficient of variation

DISCUSSION AND CONCLUSION

Determination of the activity of
glutathione peroxidase enzyme is
important for assessing the status of
selenium in individuals, which is of
particular importance to individuals who
are extensively cultivated, and especially
in areas that are poor in selenium, such
as some areas of the Balkan Peninsula
(Valci¢ and sar). Sampling of materials
to investigate the activity of this enzyme

often involves a period of several months,
with the impossibility of determining
the enzymatic activity immediately
after sampling, or immediately after
storaging the samples in the laboratory.
Different temperatures can be used for
storing biological material. The storage
efficiency will depend on several factors,
such as storage temperature, the type
of biological material and the nature
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of the substance to be tested. Reduced
temperatures are also used for the
storage of samples in which enzyme
activity can be investigated after a
certain time. The aim of this paper was
to determine if there is a change in the
activity of GPx3 and GPx1 during storage
of blood plasma and erythrocytes of
sheep at a temperature of + 4 ° C for a
week, and after one and three months at
a temperature of -18 ° C. The activity of
GPx3 in sheep has dropped dramatically
after 3 days. There are few results to be
compared to our results. Studies were
mainly done on human material. The
activity of GPx3 from human plasma
decreases only after 8 days (Ogunro etal.,
2010). Several authors state that GPx1
activity declines after 7 days of storage
(Deuhim et al., 2014; Marjani et al., 2007;
Aslan et al., 1997; Jozwik et al., 1997).
According to our results, the activity
of glutathione peroxidase in sheep
erythrocytes (GPx1) does not decline
significantly during the first 7 days of
storage, moreover, in our samples, the
activity of GPx1 increased in accordance
with the results of Harapin et al. (2008).
As we didn't aliquot the erythrocytes
immediately after rinsing, but we left
them in the tubes from which we took
a sample every two days, it is possible
that this phenomenon is a consequence

of the erythrocyte sedimentation during
storage, and that in subsequent studies
of the same samples there would be more
erythrocytes in the same volume sample,
and therefore more enzymes. Shepard
and Millar (1981) had a decrease in
activity in erythrocyte hemolytes during
storage at + 4 ° C, while the erythrocyte
activity increased, and our results in
this respect are consistent with their
results. Freezing to -18 ° C affected the
activity of GPx3 and GPx1 differently.
GPx1 activity was maintained after
three months of storage while GPx3
activity after the same period was
immeasurable. Harapin et al. (2008)
recommend that the peroxidase activity
should be determined in fresh samples,
after two days at the latest or at a storage
temperature of -18 ° C. Based on the
performed studies, it can be concluded
that the activity of GPx3 from sheep
plasma significantly decreases during
storage at +4 °C for 7 days and must
be determined within the first 24 hours
of blood extraction. The erythrocyte
samples should be instantly aliquotted
to a precisely determined volume that
would be used for the enzyme activity
after storage. In this way, the effect of
sedimentation of erythrocytes will be
avoided.
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UTICAJ MASE RASPLODNIH JAJA RODITELJSKOG JATA TESKOG
LINIJSKOG HIBRIDA NA REZULTATE INKUBACIJE
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Kratak sadrzaj: Cilj rada bio je da se ispitaju vrijednosti parametara inkubacije
(gubitak mase, oplodenost, valivost ulozenih i oplodenih jaja, te ukupan, rani,
srednji i kasni embrionalni mortalitet) rasplodnih jaja razli¢ite mase teSkog linijskog
hibrida Cobb 500. Ukupno je ispitano 600 jaja podijeljenih u cetiri jednake grupe
(n=150) prema njihovoj masi: 57,5—-62,5 (S); 62,6 —67,5 (M); 67,6 — 72,5 (L)1 72,6 —
77,50 g (XL), a vrijednosti parametara inkubacije odredene su i statisticki obradene
standardnim metodama. Masa jaja uticala je statisticki znacajno na gubitak mase
jaja tokom inkubacije (p<0,05), pri ¢emu je taj gubitak bio veci kod jaja manje (grupa
S 11,10% i grupa M 11,40%) u odnosu na jaja vece mase (grupa L 10,42% i grupa
XL 10,31%). Valivost ulozenih jaja u grupama S, M, L i XL iznosila je 76,0; 75,3;
78,7 i 66,0%, redom, a oplodenih 82,0; 81,3; 82,5 1 71,7%, redom, pri ¢emu nije
ustanovljena statisticki znac¢ajna razlika (p>0,05). Masa jaja nije statisticki znacajno
uticala na razliku u vrijednostima mortaliteta embriona, iako je kod jaja grupe XL
ustanovljena visa vrijednost ukupnog, ranog i kasnog mortaliteta u odnosu na ostale
grupe jaja. Rezultati ovog istrazivanja ukazuju na niZe vrijednosti valivosti i vi$i
mortalitet embriona u inkubaciji jaja izrazito velike mase u odnosu na ostale grupe,
zbog Cega izboru jaja za nasad treba posvetiti posebnu paznju i u pogledu mase.
Klju¢ne rijeci: rasplodna jaja, masa jaja, inkubacioni parametri

UvoD

Masa jaja ubraja se u pokazatelje Iljuske (King'ori, 2012). Navedeni
spoljasnjeg  kvaliteta, zajedno sa pokazatelji jednako su vazni u procjeni
indeksom oblika, te masom, debljinom, kvaliteta konzumnih i rasplodnih jaja.
¢vrstocom, gustinom, bojom i ¢istocom Uspjeh inkubacije rasplodnih jaja teskog
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linijskog hibrida, mjeren procentom
valivosti i kvalitetom izlezenih pilica,
pored duzine i wuslova skladiStenja
(Fasenko, 2007), te uslova inkubacije
(Molenaarisar., 2010), u znacajnoj mjeri
moze biti odreden kvalitetominkubiranih
jaja (King'ori, 2011). Trijazom rasplodnih
jaja prije ulaganja inkubacije odstranjuju
se jaja koja ne zadovoljavaju kriterijume,
uglavnom zbog loSeg kvaliteta ljuske
(npr. nepravilan oblik, fizicka oStecenja,
zaprljanost), ali i jaja izrazito male ili
velike mase (Bell i Weaver, 2002). Masa
jaja i rezultati inkubacije u direktnom
su meduodnosu, tako da valivost jaja
izrazito male i izrazito velike mase ima
relativno nize vrijednosti u odnosu najaja
srednje ili prosjecne mase opsega 55-65
g (Bell i Weaver, 2002). Masa rasplodnih
jaja teSkog linijskog hibrida ima trend
povecanja tokom perioda eksploatacije,
odnosno sa dobom roditeljskih nosilja
(Permanovic¢ i sar, 2010) na S$to mogu
uticati i brojni faktori genetske i
paragenetske prirode (King'ori, 2012).
Kumpula (2004) nije ustanovio razliku
u oplodenosti i valivosti medu tri
tezinske grupe jaja porijekom od dva
komercijalna teska linijska hibrida.
Medutim, isti autor je ustanovio veci
procenat pili¢a prve klase u grupi sitnih
i srednjih jaja, i znacajno visi procenat
kasnog embrionalnog mortaliteta i pili¢a
druge klase u grupi krupnih jaja. Igbal i
sar. (2016) su utvrdili razlike u procentu
oplodenosti i valivosti jaja komercijalnog
hibrida razli¢ite mase, tako da su
najvisu oplodenost i valivost imala jaja
najmanje mase, potom srednja i krupna
jaja, a najviSi embrionalni mortalitet i

najnizu oplodenost krupna jaja, potom
srednja i sitna jaja. Bolju oplodenost
i valivost uloZenih sitnih u odnosu na
srednja i krupna jaja teSkog linijskog
hibrida opisali su i Malik i sar. (2015).
Vis§i procenat kasnog embrionalnog
mortaliteta u grupi krupnih jaja, u
odnosu na srednja i sitna jaja, bez razlike
u ostalim pokazateljima valivosti opisali
su Ulmer-Franco i sar. (2010) i Gahri i
sar. (2015), dok Ramaphala i Mbajiorgu
(2013) nisu utvrdili uticaj mase jaja na
valivost. Relativno visi procenat gubitka
mase u inkubaciji sitnih u odnosu na
srednja ili krupna jaja ustanovili su
Kumpula (2004), Ulmer-Franco i sar.
(2010) i Gahri i sar. (2015), dok se taj
gubitak medu tri teZinske grupe jaja u
istrazivanju koje su sproveli Duman i
ekero lu (2017) nije statisticki znacajno
razlikovao. Uticaj mase jaja na rezultate
inkubacije u poluintenzivhom gajenju
autohtonih rasa kokosi, prema Abudabos
i sar. (2017), nije bio konzistentan, dok
Singh i sar. (2017) nisu uopSte uocili
uticaj masa jaja na rezultate inkubacije.

Cilj rada bio je da se na osnovu
tehnoloskih  pokazatelja  inkubacije
(gubitak mase jaja, procenat oplodenosti,
valivosti uloZzenih i oplodenih jaja, te
procenat ukupnog, ranog, srednjeg
i kasnog embrionalnog mortaliteta)
ustanovi uticaj razli¢ite mase rasplodnih
jaja porijeklom iz roditeljskog jata tesSkog
linijskog hibrida na krajnje rezultate
inkubacije.
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MATERIJAL I METOD RADA

Istrazivanje je  provedeno na
komercijalnoj farmi roditeljskog jata
teSkog linijskog hibrida Cobb 500 i
komercijalnoj inkubatorskoj stanici, na
uzorku od 600 rasplodnih jaja. Jaja su
poticala od roditeljskog jata, starosti 52
nedjelje, i bila su snesena, sakupljena i
dopremljena u skladiSte inkubatorske
stanice istog dana, a potom skladiStena
cetiri dana u kartonskoj ambalazi do
pocetka inkubacije. Prikupljena jaja
klasifikovana su u grupe prema njihovoj
masi, pojedina¢nim mjerenjem pomocu
tehnicke vage (0,01 g) neposredno pred
inkubaciju, nakon ¢ega su oznacena i
zavisno od izmjerene mase rasporedena
u jednu od cetiri grupe: 57,5-62,5 g (S),
62,6 -67,5¢(M),67,6-72,5¢g(L)i72,6
— 77,50 g (XL). Uslovi predgrijavanja
i inkubacije jaja pratili su standardnu
tehnologiju rada za dati hibrid u
komercijalnoj inkubatorskoj stanici i bili
su identi¢ni za sve grupe u istrazivanju.

Podaci dobijeni  individualnim
mjerenjem mase jaja prije ulaganja u
predvalionik i kod prelaganja u valionik
posluzili su za izracunavanje procenta
gubitka mase (GM):

GM = ((masa jaja prije ulaganja —
masa jaja 18. dana inkubacije) / masa
jaja prije ulaganja)) x 100.

Pregledom  valionickog  ostatka
odredeni su: broj oplodenihineoplodenih
jaja; broj izlezenih pilica, te broj
embriona uginulih u prvoj (rani), drugoj
(srednji) i trecoj nedjelji inkubacije
(kasni mortalitet) na osnovu Cega su
izracunati sljedeci parametri inkubacije:

Oplodenost jaja (O, %)

O = (broj oplodenih jaja / ukupan broj
jaja) x 100;

valivost ulozenih jaja (Vu, %)

Vu = (broj izlezenih pili¢a / ukupan broj
jaja) x 100;

valivost oplodenih jaja (Vo, %)

Vo = (broj izlezenih pilica / broj
oplodenih jaja) x 100;

ukupan embrionalni mortalitet (UM, %)

UM = (broj uginulih embriona / broj
oplodenih jaja) x 100;

rani embrionalni mortalitet (RM, %)

RM = (broj embriona uginulih do 7. dana

inkubacije / broj oplodenih jaja) X
100);

srednji embrionalni mortalitet (SM, %)

SM = (broj embriona uginulih 8 — 14.
dana inkubacije / broj oplodenih jaja)
x 100

kasni embrionalni mortalitet (KM, %)

KM = (broj embriona uginulih 15 — 21.
dana inkubacije / broj oplodenih jaja)
x 100.

Statisticka obrada podataka za
gubitak mase jaja tokom inkubacije
izvedena je analizom varijanse na nivou
znacajnosti p<0,05, a za vrijednosti
valivosti i mortaliteta pomocu ? testa na
nivou znacajnosti p<0,05.
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REZULTATI ISTRAZIVANJA I DISKUSIJA

Gubitak mase rasplodnih jaja tokom

inkubacije prikazan je u tabeli 1.

Tabela 1. Gubitak mase rasplodnih jaja tokom inkubacije (prosjecna vrijednost £

stand. greska)

Grupa | Masa uloZenih jaja (g) | Masa jaja 18. dana (g) Gubitak mase (%)
S 61,274(+£0,19) 54,474(+0,24) 11,10°(+0,24)
M 65,45¢(+0,24) 57,99¢(+0,30) 11,40°(+0,28)

L 69,83 (+0,22) 62,56°(+0,29) 10,42°(+0,25)
XL 74,192 (£0,25) 66,542 (+0,35) 10,31°(+0,34)

¢ — yrijednosti u istoj koloni obiljezene razli¢itim slovom su statisti¢ki znacajno

razlicite (p<0,05)

Najve¢i gubitak mase jaja tokom
inkubacije (11,40%) u ovom istrazivanju
ustanovljen je u grupi M, a najmanji
(10,31%) u grupi XL. Vrijednosti gubitka
mase jaja tokom inkubacije u grupama
S i M bile su znacajno (p<0,05) vise
u odnosu na grupe L i XL. Igbal i sar.
(2016) su ustanovili znac¢ajno visi gubitak
mase tokom inkubacije u grupama
jaja prosjecne mase 60,05 g (11,32%) i
65,03 g (11,12%) u odnosu na grupu jaja
prosjecne mase 70,03 g (10,62%). Rosa i
sar. (2002) su klasifikovali jaja u odnosu
na njihovu masu (60,0; 65,1; 66,6; 69,0 i
73,2 g) i ustanovili minimalne razlike u
procentu gubitka mase tokom inkubacije
(10,9; 10,3; 10,2; 10,1 i 10,0%). Slican
trend opisali su i Gahri i sar. (2015), koji
su u tri grupe jaja klasifikovanih prema
masi(52,6—55,7;57,2—60,2161,7—64,7
g) ustanovili smanjenje gubitka mase
tokom inkubacije sa porastom pocetne
mase jaja (12,56; 12,13 i 11,63%).

Nasuprot ovome su rezultati do kojih
su dosli Duman i ekero lu (2017), koji
medu grupama jaja razicite mase (55,0
- 60,0; 60,1 — 65,0; 65,1 — 70,0 g) nisu
ustanovili statisticki znacajnu razliku u
gubitku mase (13,03; 13,24; 13,02%).
Uoceno smanjenje procenta gubitka
mase tokom inkubacije sa povecanjem
mase jaja vjerovatno nastaje kao rezultat
smanjenja odnosa povrSine ljuske sa
masom sadrzaja jaja (Ulmer-Franco i
sar., 2010; Igbal i sar., 2016). Optimalne
vrijednosti za gubitak mase jaja tokom
inkubacije iznose 6,5 — 14,0%, $to se
smatra dovoljnim za pravilno formiranje
vazdusne komore (Molenaar i sar.,
2010). Bell i Weaver (2002) navode da
na gubitak mase jaja tokom inkubacije
mogu uticati i kvalitet ljuske i uslovi
inkubacije.

Pokazatelji oplodenosti i valivosti jaja
razli¢ite mase prikazani su u tabeli 2.
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Tabela 2. Oplodenost i valivost ulozenih i oplodenih rasplodnih jaja (%)
Grupa Oplodenost jaja Valivost uloZenih jaja Valivost oplodenih jaja

b (%) (%) (%)

S 92,7 76,0 82,0

M 92,7 75,3 81,3

L 95,3 78,7 82,5

XL 92,0 66,0 71,7
Oplodenost jaja, kao kljucan faktor grupama (x* 0,106; p>0,05). Ulmer-
valivosti, uslovljena je prije svega Franco i sar. (2010) nisu ustanovili

reproduktivnim funkcijama roditelja,
naroCito kvalitetom sperme i polnim
ponasanjem pijetla, te procesom
formiranja jaja i funkcionisanjem
tubularnih Zlijezda kokoske (King ori,
2011). Ovaj pokazatelj varira u zavisnosti
od uzrasta jata i genotipa (Kumpula,
2004; Abudabos, 2010; Igbal i sar. 2016),
ali svakako i od paragenetskih faktora,
kao Sto je ishrana i odnos polova. Uticaj
paragenetskih  faktora, prije svega
ishrane, na oplodenost jaja posebno je
vazan za roditeljska jata teskog linijskog
hibrida, koji je selekcionisan na tovnost
i dobro iskoriStavanje hrane, zbog ¢ega
su rasplodne jedinke sklone gojenju i
neophodno je hraniti ih restriktivno,
kako bi se ocuvala reproduktivna
aktivnost. Mbajiorgu i Ramaphala
(2014) u pogledu valivosti jaja razlicite
mase istiCu znacaj specificnosti svake
rase ili hibrida, ali i uticaj jedinki unutar
iste rase ili hibrida. Oplodenost jaja u
nasem istrazivanju bila je najniza u grupi
XL (92,0%), neznatno visa u grupama S
i M (92,7%), a najvisa u grupi L (95,3%),
ali bez statisticki znacajnih razlika medu

razliku u oplodenosti tri grupe jaja
prosjecne mase 58,3, 62,6 1 66,8 g (84,2;
85,1; 87,5%, redom), ali su uocili njen
porast s povecanjem prosjeCne mase
jaja. Gahri i sar. (2015) takode nisu
utvrdili statisticki znacajnu razliku u
oplodenosti tri grupe jaja razli¢ite mase
(52,62 — 55,65; 57,15 — 60,15 i 61,65 —
64,65 g naprema 91,5; 93,0; 94,7%), ali
su potvrdili nalaze drugih autora, da
sa porastom mase jaja raste i procenat
oplodenosti. Odsustvo znacajnih razlika
u oplodenosti jaja razli¢ite mase opisali
su i Abudabos i sar. (2017) i Singh i sar.
(2017) kod autohtonih rasa kokosi u
slobodnom drzanju, te Kumpala (2004)
i Duman i Sekeroglu (2017) kod teskog
linijskog hibrida. S druge strane, Igbal
i sar. (2016) su ustanovili statisticki
znacajno opadanje procenta oplodenosti,
sa povetanjem mase jaja (96,7; 93,3;
90,3%, redom). Valivost ulozenih jaja
u nasem istrazivanju imala je najviSu
vrijednost u grupi L (78,7%), a najnizu
u grupi XL (66,0%), a razlike medu
grupama u ovom istrazivanju nisu bile
statisticki znacajne (x* 1,856; p>0,05).
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Valivost oplodenih jaja bila je najvisa u
grupi L (82,5%), a najniza u XL (71,7%),
takode bez statisticki znacajnih razlika
(x* 1,377; p>0,05). Ipak, vrijednosti
procenta valivosti u oba slucaja bile
su nize u grupi jaja najvece mase (XL)
u odnosu na grupe S, M i L koje su
imale relativno slicne vrijednosti ovih
pokazatelja. Kumpula (2004) navodi da
inkubacija sitnih, srednjih i krupnih jaja
nije pokazala statisticki znacajnu razliku
u valivosti ulozenih (85,5; 82,31 82,2%) i
oplodenih jaja (91,0; 89,91 87,9%), ali su
njene vrijednosti opadale s povecanjem
mase jaja. Ulmer-Franco i sar. (2010)
su takode dobili sli¢ne vrijednosti u tri
grupe za valivost oplodenih jaja (88,3;
89,9 i 84,3%) i relativno nizu valivost
za krupna jaja, Sto potvrduju i rezultati
do kojih su dosli Ramaphala i Mbajiorgu
(2013) (jaja mase <49; 50-59 i 60—69
g mnaprema 92,4; 90,9; 90,9%, redom).
Gahri i sar. (2015) navode da su dobili
slicne vrijednosti za valivost uloZzenih
(81,3; 85,3; 80,3%, redom) i oplodenih
jaja razlicite mase (83,7; 86,4; 83,8%,
redom), pri ¢emu je najbolje rezultate

imala grupa jaja srednje mase. Igbal i sar.
(2016) su ustanovili znac¢ajnu razliku u
valivosti izmedu jaja prosjecne mase
60,05, 65,03 i 70,03 g, kako ulozenih
(89,7; 83,7; 78,3%), tako i oplodenih jaja
(92,7; 89,6; 86,7%). Rosa i sar. (2002) su,
analiziraju¢i rezultate inkubacije cetiri
grupe jaja, prosjecne mase 60,0, 65,1,
66,6, 69,0 i 73,2 g, ustanovili statisticki
znacajnonizuvalivostu grupijajanajvece
mase u odnosu na sve ostale grupe (86,3;
86,6; 85,9; 85,5; 83,6%, redom), $to je
pokazala i valivost oplodenih jaja (92,5;
92,8;92,0; 91,6; 89,5%, redom). Duman
i Sekeroglu (2017) su ustanovili bolju
valivost oplodenih i uloZenih jaja u grupi
jajasrednje (88,69185,00%)imanje mase
(87,81184,17%) u odnosu na krupna jaja
(80,76 1 78,05%). Do suprotnih rezultata
dosli su DeWitt i Schwalbach (2004),
koji su prilikom inkubacije jaja rase
njuhempsir i rodajland utvrdili bolju
valivost u grupi jaja vece mase.

Procenat embrionalnog mortaliteta u

zavisnosti od mase rasplodnih jaja dat je
u tabeli 3.

Tabela 3. Prikaz embrionalnog mortaliteta u zavisnosti od mase jaja

Embrionalni mortalitet
Grupa Ukupan Rani Srednji Kasni
n % n % n % n %
S 25 18,0 15 10,8 4 2,9 6 4,3
M 26 18,7 17 12,2 1 0,7 8 5,8
L 25 17,5 17 11,9 1 0,7 7 4,9
XL 39 28,3 25 18,1 3 2,2 11 8,0
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Ukupan embrionalni mortalitet u
nasem istrazivanju varirao je od 17,5%
u grupi L do 28,3% u grupi XL. Razlike
u vrijednostima ovog parametra izmedu
ispitanih grupa jaja nisu bile statisticki
znacajne (x*5,317; p>0,05). Ovakav nalaz
u skladu je sa podacima koje navode
Abudabos i sar. (2017) za inkubaciju
jaja autohtone rase kokos$i u slobodnom
drzanju, kao i Duman i Sekeroglu (2017)
za inkubaciju jaja teSkog linijskog
hibrida. Nasuprot tome, Rosa i sar.
(2002) su ustanovili znac¢ajno visi ukupan
mortalitet u grupi krupnih jaja, prosjecne
mase 73,2 g (9,6%), u odnosu na jaja
prosjecne mase 60,0 g (7,0%) i 65,1 g
(6,7%), Sto je u skladu i sa rezultatima
do kojih su dosli Igbal i sar. (2016).
Kopecky (2015) je ustanovio najvisi
ukupan mortalitet u grupi jaja mase 70—
75 g (16,7%), a najnizi u grupi 55-60 g
(9,7%). Rani embrionalni mortalitet u
nasem istrazivanju bio je najizrazeniji
u grupi XL (18,1%), a najmanje izrazen
u grupi S (10,8%), pri ¢emu nije bilo
statisticke znacajnosti razlika (x? 3,412;
p>0,05). Srednji embrionalni mortalitet
bio je najvisi u grupi S (2,9%), a najnizi
u grupama M i L (0,7%), takode bez
znacajne razlike izmedu grupa (x* 3,081,
p>0,05). Kasni embrionalni mortalitet
varirao je u rasponu od 4,3% u grupi S do
8,0% u grupi XL, takode bez statisticki
znacajne razlike (x 1,870; p>0,05).
Odsustvo statisticki znacajnih razlika
medu jajima razli¢ite mase za vrijednosti
srednjeg i kasnog mortaliteta ustanovili
su Kumpula (2004) i Malik i sar. (2015).
Igbal i sar. (2016) utvrdili su znacajno
viSi rani, srednji i kasni mortalitet u

grupi krupnih jaja prosjecne mase 70,03
g (3,3; 2,3 i 3,00%, redom) u odnosu
na grupu jaja prosjecne mase 60,05 g
(2,0; 1,3 i 1,67%, redom). Grupa jaja
najvece mase (XL) u naSem istrazivanju
imala je viSe vrijednosti ranog i kasnog
mortaliteta, iako nije bilo statististicke
znacajnosti razlika, $to je u saglasnosti sa
rezultatima viSe autora. Ulmer-Franco
i sar. (2010) u svom istrazivanju nisu
ustanovili razliku u vrijednostima ranog
i srednjeg embrionalnog mortaliteta,
dok je vrijednost kasnog mortaliteta bila
znacajno visa u grupi krupnih (7,0%)
u odnosu na grupu srednjih (4,8%) i
sitnih jaja (2,8%). Slicno pomenutim
autorima, Kumpula (2004) je ustanovio
razliku samo u vrijednostima kasnog
embrionalnog mortaliteta, koji je bio
znacajno visi u grupi krupnih (6,1%) u
odnosu na jaja manje (1,8%) i srednje
mase (4,3%). Gahriisar. (2015) sunajnizi
rani mortalitet registrovali u grupi
srednjih jaja (2,96%) u odnosu na 3,95%
kod sitnijih i 4,68% kod krupnih jaja,
dok je kasni mortalitet bio visi u grupi
krupnih (6,38%) u odnosu na jaja manje
(2,85%) i srednje mase (3,63%). Porast
mortaliteta sa povecanjem mase jaja,
narocCito starijeg jata, moze biti u vezi
sa nemogucnosti embriona da postigne
odgovaraju¢u temperaturu u pocetnoj
fazi inkubacije ili gubitka metabolicke
toplote u kasnoj fazi inkubacije (Lourens
isar., 2005).
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ZAKLJUCAK

Rezultati ovog istrazivanja potvrduju
znacaj mase rasplodnih jaja za krajnje
rezultate inkubacije, odnosno njihovu
medusobnu povezanost, a time i potrebu
klasiranja rasplodnih jaja prije ulaganja
u inkubatore. Gubitak mase tokom
inkubacije bio je proporcionalno manji
kod jaja vece mase, najvjerovatnije
zbog odnosa mase ili zapremine jaja sa
povrsinom ljuske. Takode, embrionalni
mortalitet imao je relativno viSe

vrijednosti u inkubaciji jaja izrazito
velike mase, Sto govori u prilog tome
da za inkubaciju treba izabrati jaja
prosjecne mase za dato jato. Na rezultate
inkubacije utiCu i drugi parametri,
kao S$to su hibrid, dob jata, odnos
polova, godi$nje doba, ishrana i sli¢no,
a koje bi trebalo uzeti u obzir u cilju
objektivizacije i korektnog tumacenja
dobijenih rezultata istrazivanja.
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Abstract: The aim of study was to examine the values of the incubation parameters
(weight loss, fertilization, hatchability of placed and fertilized eggs, total, early,
middle and late embryonic mortality) of eggs of different weights in brolier hybrid
Cobb 500. In total, 600 eggs were divided into four equal groups (n = 150 each)
according to their weight: 57.5-62.5 g (S); 62.6-67.5 g (M); 67.6-72.5 g (L) and 72.6-
77.50 g (XL). Values of incubation parameters were determined and statistically
processed by standard methods. The weight of eggs significantly influenced the loss
of egg weight during incubation (p<0.05), with this loss being higher in smaller eggs
(group S 11.10% and group M 11.40%) compared to larger eggs (group L 10.42%
and group XL 10.31%). Hatchability of all eggs in groups S, M, L and XL was 76.0;
75.3; 78.7 and 66.0%, respectively, and for fertilized it was 82.0; 81.3; 82.5 and
71.7%, respectively, with no significant difference (p>0.05). The weight of eggs did
not significantly affected the difference in embryo mortality values, although in the
XL egg group a higher value of total, early and late mortality was found, compared
to other groups. The results of this study indicate lower hatchability and higher
mortality of embryos in eggs of extremely large weight, compared to other groups,
which indicates that special attention should be given to the selection of hatching
eggs in terms of their weight.

Key words: hatching eggs, egg weight, incubation parameters

INTRODUCTION

Egg weight is included in external shape index, mass, thickness, strength,
quality indicators, together with the density, color and purity of the shell
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(King'ori, 2012). These indicators are
equally important in assessing the quality
of consumable and hatching eggs. The
success of the incubation of hatching
eggs of meat-type hybrid, measured by
the percentage of the hatchability and
quality of the chickens, in addition to
the length and conditions of storage
(Fasenko, 2007), and incubation
conditions (Molenaar etal., 2010), can be
significantly determined by the quality
of incubated eggs. (King'ori, 2011).
Eggs that do not satisfy the criteria,
mainly due to poor quality of the shell
(eg, irregular shape, physical damage,
drowsiness) and eggs of extremely small
or large mass (Bell and Weaver, 2002),
are removed from the hatching eggs
before the incubation process.

The mass of eggs and the results of
incubation are directly interrelated so
that the hatchability of extremely small
and extremely large eggs has a relatively
lower value than of eggs of medium or
average weight of the range of 55-65 g
(Bell and Weaver, 2002). The mass of
hatching eggs of meat-type hybrids has
an increasing trend during the period of
exploitation (Permanovi¢ et al, 2010),
which can be influenced by numerous
factors of genetic and paragenetic nature
(King'ori, 2012). Kumpula (2004) did not
recognize the difference in fertilization
and hatchability between three size
groups of two commercial hybrids.
However, the same author recognized
a higher percentage of A class chickens
in the group of small and medium eggs,
and a significantly higher percentage
of late embryonic mortality and B class

chickens in the group of large eggs.
Igbal et al. (2016) found differences
in the percentage of fertilization and
hatchability of commercial hybrids
among different egg sizes, maximum
fertility and hatchability (P < 0.05) was
noticed in small egg size group, followed
by medium and large egg size groups.
However, maximum embryonic mortality
and higher percentage of infertile eggs
was recorded in large size egg group,
followed by medium and small egg size
groups. Malik et al (2015) also described
better fertility and hatchability of small
eggs compared to medium and large
eggs. The higher percentage of late
embryonic mortality in the group of
large eggs, in comparison to medium and
small eggs, without distinction in other
hatchability indicators, was described
by Ulmer-Franco et al. (2010) and Gahri
and Sarah. (2015), while Ramaphala and
Mbajiorg (2013) didn't affirm the effect
of egg size on hatching performance. A
relatively higher percentage of mass loss
in the incubation of small compared to
medium or large eggs was established
by Kumpula (2004), Ulmer-Franco et
al. (2010) and Gahri et al. (2015), while
this loss among the three weight groups
of eggs in the research carried out by
Duman and S$ekeroglu (2017) did not
statistically differ. Effect of egg mass
on incubation results in semi-intensive
farming of autochthonous hens,
according to Abudabos et al. (2017), was
not consistent, while Singh et al. (2017)
did not notice the effect of egg mass on
the incubation results.

The aim of this study was to determine,
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on the basis of technological indicators of
incubation (loss of egg mass, percentage
of fertilization, hatchability of placed
and fertilized eggs, and percentage of

total, early, middle and late embryonic
mortality), the effect of different size
eggs from parent stock on the final
results of incubation.

MATERIAL AND METHOD OF WORK

The research was carried out on the
commercial farm of Cob500 parent
stock and the commercial incubator
station on a sample of 600 hatching
eggs. The eggs originated from the
parent stock, aged 52 weeks, and were
hatched, collected and delivered to the
storehouse of the incubator station on
the same day, and then stored for four
days in the cardboard boxes until the
incubation began. The collected eggs are
classified into groups according to their
mass, by individual measurement using
a technical scale (0.01 g) immediately
before incubation, after which they are
marked and depending on the measured
mass distributed in one of four groups:
57.5-62.5¢g5S), 62.6-67.5 g (M), 67.6-
72.5 g (L) and 72.6-77.50 g (XL). Pre-
heating and egg incubation conditions
followed the standard work technology
for the given hybrid in the commercial
incubator station and were identical to
all groups in the study.

Data obtained by measuring
individual eggs before putting them in
the setter and after transferring them
to the hatcher was used to calculate the
mass loss percentage (GM):

GM = ((Egg mass before placing in
setter - egg mass on the 18th day of
incubation) / egg mass before placing
in setter) x 100.

Inspection of the hatcher residue
determined: number of fertilized and
unfertilized eggs; the number of hatched
chickens, and the number of embryos
that died in the first (early), second
(middle) and third week incubation (late
mortality),on the basis of this data the
following parameters of incubation were
calculated:

Fertilization of eggs (0,%)

O = (number of fertilized eggs / total
number of eggs) x 100;

Hatchability of all eggs (Vu,%)

Vu = (number of hatched chickens / total
number of eggs) x 100;

Hatchability of fertilized eggs (Vo,%)

Vo = (number of hatched chickens /
number of fertilized eggs) x 100;

Total embryonic mortality (UM, %)

UM = (number of dead embryos /
number of fertilized eggs) x 100;

Early embryonic mortality (RM,%)

RM = (number of dead embryos in up
to 7 days of incubation /number of
fertilized eggs) x 100);

Middle embryonic mortality (SM,%)

SM = (number of dead embryos in
8-14 days of incubation / number of
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fertilized eggs) x 100
Late embryonic mortality (KM,%)

KM = (number of dead embryos in 15-
21 days of incubation / number of
fertilized eggs) x 100.

Statistical data processing for loss of
egg mass during incubation was carried
out by analyzing variance at the level of
significance p <0.05, while x2 test at the
significance level p <0.05 was used for
hatchability and mortality values.

RESULTS OF RESEARCH AND DISCUSSION

Weight loss of hatching eggs during

incubation is shown in Table 1.

Table 1. Weight loss of hatching eggs during incubation (“Mean £ SEM")

Group Egg weight(g) Egg weig};;]on 18.day Weight loss (%)
S 61,274(0,19) 54,474(+0,24) 11,10°(£0,24)
M 65,45¢ (£0,24) 57,99 (£0,30) 11,407 (0,28)
L 69,83" (£0,22) 62,56 (0,29) 10,42 (+0,25)
XL 74,19%(£0,25) 66,54%(£0,35) 10,31°(+0,34)

a¢ — yalues in the same column marked with different letters have statistically

significant difference (p <0.05)

The highest loss of egg mass during
incubation (11.40%) in this study was
detected in group M, and the smallest
(10.31%) in group XL. The values of loss
of egg mass during incubation in groups
S and M were significantly (p <0.05)
higher than in groups L and XL. Igbal et
al (2016) found a significantly higher loss
of weight during incubation in egg groups
of average weight of 60.05 g (11.32%)
and 65.03 g (11.12%) compared to the
group of eggs with an average weight
of 70.03 g (10, 62%). Rosa et al. (2002)
classified eggs in relation to their weight
(60.0, 65.1, 66.6, 69.0 and 73.2 g) and
found minimal differences in percentage
of mass loss during incubation (10.9, 10,
3;10.2; 10.1 and 10.0%). A similar trend
was described by Gahri et al. (2015), who

classifed eggs in three groups by their
weight (52.6-55.7, 57.2-60.2 and 61.7-
64.7 g) and they found found a decrease
in weight loss during incubation with
the initial egg mass increase (12.56,
12.13 and 11.63%). However, Duman
and Sekeroglu (2017) did not find
statistically significant difference in loss
of weight (13.03; 13.24; 13.02%) among
groups of eggs with different weight
(55,0-60,0; 60,1-65,0; 65,1-70,0 g). The
observed reduction in the percentage
of mass loss during incubation with the
increase in egg mass is probably due to a
decrease in the ratio of the shell surface
to the mass of egg contents (Ulmer-
Franco et al., 2010; Igbal et al., 2016).
Optimum values for loss of egg mass
during incubation are 6.5-14.0%, which
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is considered sufficient for the proper loss of egg mass during incubation.
formation of the air chamber (Molenaar . e

( Indicators of fertilization and

et al., 2010). Bell and Weaver (2002)
state that the quality of the shell and the
conditions of incubation can also affect

hatchability of eggs of different mass are
shown in Table 2.

Table 2. Fertilization and hatchability of placed and fertile hatching eggs (%)

Group Fertalization of Hatchability of placed | Hatchability of fertilized
eggs (%) eggs (%) eggs (%)
S 92,7 76,0 82,0
92,7 75,3 81,3
L 95,3 78,7 82,5
XL 92,0 66,0 71,7

The fertilization of the eggs, as a key
factor of hatchability, is conditioned
by the reproductive functions of the
parents, in particular by the quality of
sperm and full behavior of the cock, as
well as by the process of egg formation
and the functioning of hens’ tubular
glands (King'ori, 2011). This indicator
varies depending on the age of the flock
and the genotype (Kumpula, 2004;
Abudabos, 2010; Igbal et al., 2016),
but also on paragenetic factors, such as
nutrition and sex ratio. The influence of
paragenetic factors, primarily nutrition
on egg fertilization, is particularly
important for the parent stock which
is selected for fattening and well-used
food, which is why they are prone to
weight gain and it is necessary to feed
them restrictively in order to preserve
reproductive activity. With regard
to the eggs hatchability of different
masses Mbajiorgu and Ramaphala

(2014) emphasize the importance of the
specificity of each race or hybrid, but
also the influence of individuals within
the same race or hybrid. The fertilization
of eggs in our study was the lowest
in group XL (92.0%), slightly higher
in groups S and M (92.7%), and the
highest in group L (95.3%), but without
statistically ~ significant  differences
among groups (x2 0.106; p> 0.05).
Ulmer-Franco et al. (2010) did not find
the difference in fertilization of three
groups of eggs with an average mass of
58.3, 62.6 and 66.8 g (84.2, 85.1, 87.5%,
respectively), but they noted its increase
with an increase in average mass of eggs.
Gahri et al. (2015) also did not find a
statistically significant difference in
fertilization of three groups of eggs of
different masses (52.62-55.65; 57.15-
60.15 and 61.65-64.65 g at 91.5; 93.0;
94.7%), but they confirmed the findings
of other authors that with the increase
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in egg mass percentage of fertilization
also increases. The absence of significant
differences in the fertilization of eggs of
different masses was also described by
Abudabos et al. (2017) and Singh et al.
(2017) in autochthonous breeds of free-
range chicken,and Kumpala (2004) and
Duman and Sekeroglu (2017) described
this absence in meat-type hybrids. On
the other hand, Igbal et al. (2016) found
a statistically significant decrease in
the percentage of fertilization, with an
increase in the weight of eggs (96.7, 93.3,
90.3%, respectively). Hatchability of
placed eggs in our study had the highest
value in group L (78.7%), and the lowest
in group XL (66.0%), and the differences
among the groups in this study were not
statistically significant (x2 1.856; p> 0,
05). Hatchability of fertilized eggs was
the highest in group L (82.5%), and
the lowest in XL (71.7%), also without
statistically significant differences (x2
1.377; p>0.05). However, the percentage
values of hatchanility in both cases were
lower in the group of eggs of the highest
mass (XL) compared to the groups S,
M and L which had relatively similar
values of these indicators. Kumpula
(2004) states that the incubation of
small, medium and large eggs did not
show a statistically significant difference
between the placed eggs (85.5; 82.3 and
82.2%) and the fertilized eggs (91.0; 89.9
and 87.9 %), but its values decreased
with increasing egg mass. Ulmer-Franco
et al. (2010) also received similar values
in three groups for the hatchability of
fertilized eggs (88.3, 89.9 and 84.3%)
and relatively lower hatchability for

large eggs, as confirmed by the results
obtained by Ramaphala and Mbajiorgu
(2013 ) (egg masses <49; 50-59 and 60-
69 g for 92.4; 90.9; 90.9%, respectively).
Gahri et al.(2015) state that they got
similar valuees for hatchability of placed
eggs (83.3%, 85.4%, 80.3%, respectively)
and fertilized eggs of different masses
(83.7; 86.4; 83.8%, respectively); where
the best results were scored by a group
of medium-sized eggs. Igbal et al. (2016)
found a significant difference between
the eggs of an average weight of 60.05,
65.03 and 70.03 g, for placed eggs (89.7,
83.7, 78.3%) and for fertilized eggs (92,
7; 89.6; 86.7%). Analyzing the results
of the incubation of four groups of
average weight eggs (60.0, 65.1, 66.6,
69.0) and 73.2 g, Rosa et al. (2002)
found statistically significant decreased
hatchability in the group of eggs of
the highest mass compared to all other
groups (86.3, 86.6, 85.9, 85.5, 83.6%,
respectively), which was also shown by
the hatchability of fertilized eggs (92.5;
92.8; 92.0; 91.6; 89.5%, respectively)
Duman and ekero lu (2017) discovered
better hatchability of fertilized and
placed eggs in the medium egg group
(88.69 and 85.00%) and lower mass
group (87.81 and 84.17%) compared to
large eggs (80.76 and 78.05%) DeWitt
and Schwalbach (2004)got the opposite
results during the incubation of eggs of
the New Hampshire and Rhode Island
breed as they found better hatchability
in a group of larger eggs.

The percentage of embryonic
mortality, depending on the weight of
hatching eggs, is given in Table 3.
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Table 3. Embryonic mortality depiction, depending on the weight of eggs
Embryonic mortality
Group Total Early Mid Late
n % n % n % n %
S 25 18,0 15 10,8 4 2,9 6 4,3
26 18,7 17 12,2 1 0,7 8 5,8
L 25 17,5 17 11,9 1 0,7 7 49
XL 39 28,3 25 18,1 3 2,2 11 8,0

The total embryonic mortality in our
study ranged from 17.5% in group L to
28.3% in group XL.

The differences in the values of this
parameter between the egg groups were
not statistically significant (x2 5,317;
p> 0,05). This finding is consistent
with the data reported by Abudabos et
al. (2017) for the incubation of eggs of
autochthonous free-range chickens,
and those by Duman and Sekeroglu
(2017) for the egg incubation of meat-
type hybrid. On the contrary, Rosa et
al. (2002) found a significantly higher
total mortality in the group of large eggs
of an average weight of 73.2 g (9.6%),
compared to eggs of an average weight of
60.0 g (7.0%) and 65.1 g (6 , 7%), which
is consistent with the results obtained
by Igbal et al. (2016) Kopecky (2015)
found the highest total mortality in the
group of eggs weighing 70-75 g (16.7%),
and the lowest in the group weighing 55-
60 g (9.7%). Early embryonal mortality
in our study was most pronounced in
group XL (18.1%), and lowest in group S
(10.8%), with no statistically significant
differences (x2 3,412, p> 0.05). The mid

embryonic mortality was highest in the S
group (2.9%) and the lowest in the M and
L groups (0.7%), also without significant
difference between the groups ( 2 3.081,
p> 0.05). Late embryonal mortality
ranged from 4.3% in group S to 8.0%
in group XL, also without statistically
significant difference (x 1.870, p>
0.05) Kumpula (2004) and Malik and
Sar. (2015) determined the absence
of statistically significant differences
between eggs of different masses for the
mid and late mortality. Igbal et al. (2016)
found significantly higher early, mid and
late mortality in the group of large eggs
of an average weight of 70.03 g (3.3,
2.3 and 3.00%, respectively) in relation
to the group of eggs of an average
weight of 60.05 g (2.0; 1.3 and 1.67%,
respectively). The largest mass group
(XL) in our study had higher values
of early and late mortality, although
there was no statistically significant
difference, which is in accordance with
the results of several authors. Ulmer-
Franco et al. (2010) did not find a
difference in the values of early and
middle embryonic mortality, while the
value of late mortality was significantly
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higher in the group of large (7.0%)
compared to the group of middle-sized
(4.8%) and small eggs (2, 8%). Similarly
to the mentioned authors, Kumpula
(2004) found the difference only in the
values of late embryo mortality, which
was significantly higher in the group of
large (6.1%) compared to small (1.8%)
and medium eggs (4.3 %). Gahri and
sar. (2015) registered the lowest early
mortality in the group of medium eggs
(2.96%) compared to 3.95% for smaller
eggs and 4.68% in large eggs, while the

late mortality was higher in the group
of large (6.38% ) compared to small
(2.85%) and medium eggs (3.63%).

The increase in mortality with an
increase in the mass of eggs, especially
in older flock, may be associated with
the inability of the embryo to achieve
an appropriate temperature at the initial
stage of incubation or loss of metabolic
heat in the late incubation phase
(Lourens et al., 2005).

CONCLUSION

The results of this study confirm
the importance of breeding eggs for
the ultimate incubation results, ie their
interrelation, and therefore the need to
classify hatching eggs before placung
them in incubators. The loss of mass
during incubation was proportionally
smallerin eggs of higher mass, most likely
due to the ratio of egg mass or volume
to the shell surface. Also, embryonal
mortality had a relatively higher value

in the incubation of exceptionally large
eggs, which suggests that average —sized
eggs from the flock should be selected
for incubation. The incubation results
are influenced by other parameters such
as hybrid, age, sex ratio, nutrition and
similar, which shoud all be taken into
account for the purpose of objectivation
and correct interpretation of the research
results.
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Kratak sadrzaj: Zita su sa agronomskog i privrednog znataja najvaznija grupa
ratarskih biljaka. Tritikale je savremeno Zito, odnosno hibrid dobijen ukr$tanjem
pSenice i razi, s tim $to je nasledio sposobnost razi da prezivi jake mrazeve, ali ima
vecu proteinsku vrednost, dok je veci prinos zrna i povec¢anu tolerantnost na razanu
glavnicu nasledio od pSenice. Na koji ¢e se nacin koristiti tritikale zavisi od osobina
sorte. Sorte krupnog i ujednacenog zrna sa pove¢anim sadrzajem ukupnih proteina u
odnosu na skrob i koje su po hemijskom sastavu blize pSenici, koriste se za pripremu
koncentrovane sto¢ne hrane, kako za Zivinu, tako i za nepreZivare i preZivare. Sorte
koje obrazuju veliku biomasu, sli¢no razi, sluze za spremanje voluminozne stoc¢ne
hrane kao sveze ili silaZe, senaze i sena. Hranljiva vrednost zrna tritikalea je na nivou
pSeni¢nog, s tim $to ima nesto viSe aminokiseline lizina. U pogledu zastupljenosti
esencijalnih aminokiselina, pojedinih minerala i vitamina, zrno tritikalea moze
zadovoljiti znacajan deo potreba domacih i gajenih Zivotinja. Tritikale, kao i ostala
zrnasta hraniva, standardni su deo obroka za ishranu domacih i gajenih Zivotinja,
posebno u ve¢em procentu kada je Zivotinjama potrebno vise energije. U zavisnosti
od vrste domace Zivotinje kao i tipa obroka, tritikale moze €initi njegov znacajan
procenat. Prednost tritikalea nad drugim pravim Zitima je taj $to ima veci prinos,
brzi prole¢ni porast i mogucnost duzeg roka kosidbe za zelenu sto¢nu hranu jer
ogrubi kasnije nego npr., raz ili ovas. Zbog navedenih prednosti tritikale je pogodan
za setvu, posebno u zemljama u razvoju.

Kljuc¢ne reci: tritikale, ishrana Zivotinja, zita, hemijski sastav, hranljiva vrednost

* Rad je prezentovan na 22. GodiSnjem savjetovanju doktora veterinarske medicine Republike Srpske
(BiH) sa medunarodnim uce$¢em
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N. Glamoclija i sar.:
Znacaj tritikalea u ishrani Zivotinja

UvoD

Jednogodi$nje vrste porodice trava (fam. Poaceae) koje se gaje radi zrna, ali i

nekoliko vrsta iz drugih botani¢kih
porodica c¢iji se plodovi koriste na slican
nacin, svrstane su u grupu zita. Zita su
sa agronomskog i privrednog znacaja
najvaznija grupa ratarskih biljaka. Od
relativno novih vrsta koje su nastale
radom coveka, najvazniji je pSenicno-
razani interspecijes hibrid nazvan
tritikale. Tritikale je nasledio sposobnost

razi da prezivi jake mrazeve, ali ima
vecu proteinsku vrednost (vise glutena)
(Amaya and Pefia,1991;Boros, 2002;
Tikhnenko i sar, 2002; Chelkowski and
Tyrka, 2003). Veci prinos zrna i povecanu
tolerantnost na razanu glavnicu nasledio
je od pSenice.

POREKLO TRITIKALEA

Tritikale je prvo uspe$no dobijeno zito
koje je covek stvorio ukr$tanjem pSenice
(Triticum sp.) i razi (Secale cereale), dveju
razlicitih vrsta Zita. Prvi stru¢ni (nauc¢ni)
naziv novonastale vrste bio je Triticale
hexaploide lat., a izveden je od naziva
roditeljskih biljaka. Kako navode Sapra i
sar, (1972), Skotski botani¢ar Alexander
Stephen Wilson (1827-1893) je godine
1875. dobio prvi interspecijes hibrid
pSenice i razi. Dobijeni interspecijes
hibrid nije davao plodno potomstvo zato
$to roditeljske vrste imaju razli¢it broj
hromozoma. I pored tog nedostatka,
pocetni rezultati bili su interesantni za
nauku. Nakon toga, veliki broj nauc¢nika
iz oblasti bioloskih nauka radio je na
ukrstanju razli¢itih sorti pSenice i razi
u cilju dobijanja Sto boljih interspecijes
hibrida. Prema viziji nau¢nika, tritikale
bi trebalo da ima najbolje osobine oba
roditelja, i to hlebno-pekarski kvalitet
zrna pSenice i odlicnu prilagodenost
razi prema razli¢itim agroekoloSkim i
zemljiSnim uslovima, kao i povecanu

tolerantnost prema StetoCinama i
patogenima. Nova vrsta Zita trebalo bi
da se moze gajiti uz manja ulaganja u
tehnologiju proizvodnje i bila bi podesna
za gajenje u zemljama u razvoju, s ciljem
da se obezbede vece koli¢ine osnovne
hrane za stanovniStvo. Medutim,
skromna saznanja iz oblasti genetike nisu
davala odgovor kako resiti problem koji
nastaje ukrstanjem razli¢itih vrsta a kao
posledicu ima neplodnu F1 generaciju
(Laibach, 1925). 1 pored toga, ocekivanja
i predvidanja svetske javnosti bila su
da ¢e novostvoreno Zzito, zahvaljujuci
velikom potencijalu rodnosti, znacajno
povecati proizvodnju hrane, kako
u nerazvijenim, tako i u razvijenim
zemljama. Poznati S$vedski geneticar
Arne Miintzing (Miintzing,1979)
napisao je da treba ocekivati da ce se
sinteticka vrsta tritikalea pridruziti
starim zitima kao hrana za znacajno
uvecan broj ljudske populacije, kao i
njihovih domacih Zzivotinja. Po svojim
morfoloskim i proizvodnim osobinama,
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ova vrsta moZe imati vece prinose od
roditeljskih vrsta, posebno u manje
povoljnim agroekolos$kim uslovima i na
siromasnijim zemljistima.

Prvi svetski rat prekinuo je rad na
selekciji tritikalea u Evropi, ali je on
nastavljen na ameri¢ckom kontinentu. U
Meksiku je osnovan Medunarodni cen-
tar za unapredenje proizvodnje kuku-
ruza i pSenice (International Maize and
Wheat Improvement Centre — Centro In-
ternacional de Mejoramiento de Maiz y
Trigo CIMMYT). KoriS¢enjem najsavre-
menijih genetickih metoda reSen je prvi
problem male fertilnosti novog interspe-
cijes hibrida. Drugi korak bio je rad na
povecanju kvaliteta zrna sa stanoviSta
upotrebe u ishrani ljudi (poboljsane hle-
bno-pekarske osobine) i domacih Zivo-
tinja (povecan sadrzaj svarljivih protei-
na). Stvaranjem ozimih sorti visokog i
¢vrstog stabla sa pove¢anim koeficijen-
tom produktivnog bokorenja, tritikale
postaje vrlo znacajna krmna biljka ¢ija se
biomasa koristi u ishrani prezivara kao
sveza ili za spremanje sena, silaZe i se-
naze. Neke sorte mogu se koristiti i kom-
binovano — ispasom i kosidbom. Kao kr-
mna biljka tritikale se najviSe gaji na
americkom kontinentu, dok se u zeml-
jama u razvoju proizvodi radi zrna za
ishranu ljudi (Glamoclija i sar, 2017).
Zahvaljuju¢i ovom nau¢nom centru ob-
jedinjen je rad na oplemenjivanju i do-
bijeni rezultati, vezani za stvaranje no-
vih genotipova tritikalea, dostupni su
svim zainteresovanim selekcionerima i

proizvodac¢ima. Od pocetka rada u CIM-
MYT-u, stvoreno je viSe od 200 sorti tri-
tikalea koje se mogu koristiti na razli¢ite
nacine (Glamoclija i sar, 2017). Danas
ovaj Centar ima naucne stanice u vise od
30 zemalja Sirom sveta.

Izmedu dva svetska rata nastavljen
je rad na selekciji tritikalea u Evropi.
Blakeslee and Avery (1937) zapazili su da
se ukrStanjem pSenice kao materinske
biljke i razi kao donora polena najcesce
dobijaju sterilni hibridi. Medutim, kad
su tretiranjem kolhicinom indukovali
poliploidiju, zakljucili su da ovo hemijsko
sredstvo udvostrucuje broj hromozoma i
dobijeno je plodno potomstvo. Na osnovu
ovih saznanja nauc¢nik Pierre Civaudron
je 1937. godine u Francuskoj usavrsio
tehniku dobijanja plodnog potomstva
ukrstanjem pSenice i raZzi. Primenom
novih metoda selekcije stvorio je veci broj
komercijalnih sorti dobrih proizvodnih
osobina.

U Srbiji rad na dobijanju novih
genotipova tritikalea, interesantnih
za komercijalnu proizvodnju, ima
viSedecenijsku tradiciju. Na$i naucni
radnici su u novoj vrsti prepoznali Zito
koje moze imati viSestruku upotrebu
u ishrani ljudi, domac¢ih i gajenih
zivotinja, kao i u industrijskoj preradi.
Oplemenjivanjem tritikalea u nasoj
zemlji bave se instituti koji su obezbedili
velike banke gena, odnosno linija
tritikalea iz inostranstva i iz sopstvenih
ukrstanja (Glamoclija i sar, 2013).
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PRIVREDNI ZNACAJ TRITIKALEA

Na koji ¢e se nacin koristiti tritikale
zavisi od osobina sorte, odnosno od
toga kom roditelju je ona viSe sli¢na.
Boros (2002) istice da se sorte krupnog i
ujednacenog zrna, koje su po hemijskom
sastavu blize pSenici, koriste u ishrani
ljudi, ali i zivotinja. Sorte koje obrazuju
veliku biomasu sluze za spremanje
voluminozne sto¢ne hrane. Sorte
krupnog zrna sa povecanim sadrzajem
ukupnih proteina u odnosu na skrob
koriste se za pripremu koncentrovane
stocne hrane, kako za zivinu, tako i za
neprezivare i prezivare (Belaid, 1994;
Myer, 2002; Dekic¢ i sar, 2009). Znacaj
tritikalea u direktnoj ishrani ljudi ili
posredno, kao sto¢ne hrane, veliki je.
Ipak, svetska proizvodnja tritikalea i
drugih zita nije u srazmeri sa povecanjem
broja ljudi. Podaci ukazuju na to da je
u proteklih nekoliko godina ukupna
proizvodnja Zita u svetu bila manja od
proseka, $to moze usloviti pojavu gladi

na globalnom nivou (Glamoclija i sar,
2017). Proizvodnja Zita po stanovniku u
2012. godini, koja je zbog velikih susa u
Australiji i SAD iznosila 294 kg, bila je
najmanja u proteklih 30 godina. Blum
(2014) naglasava da jedno od reSenja
predstavlja povecanje povrSina pod
tritikaleom zahvaljuju¢i ¢injenici da ova
biljka moze da uspeva i na marginalnim
zemljiStima, kao i u aridnim uslovima
koji se sve vise Sire kao posledica globalne
promene klime. Sorte tritikalea novije
generacije imaju znacajno poboljSane
bioloske osobine i kvalitetnije zrno,
usled povecanog sadrzaja belancevina,
posebno lizina. Ove sorte pruzaju
mogucnost sveobuhvatnijeg koriS¢enja
u ishrani ljudi, na primer za pecenje
hleba pomesanog sa pSeni¢nim brasnom,
ali i za ishranu domacdih Zivotinja, za
pripremu koncentrovane sto¢ne hrane
povecane hranljive vrednosti (Baier i
Gustafson, 1996; Aguirre i sar, 2002).

ZNACAJ TRITIKALEA U ISHRANI ZIVOTINJA

Tritikale se u ishrani domacih i
gajenih Zivotinja koristi na viSe nacina.
Zrno, zahvaljuju¢i visokom sadrZaju
ukupnih proteina i ugljenih hidrata,
sluzi za pripremanje koncentrovane
sto¢ne hrane (Lorenz, 2003). U ishrani
domacih zivotinja ono moze zameniti
zrno ovsa, krmnog je¢ma i drugih Zita.
Poredenjem sa plevicastim plodovima
jetma i ovsa, zrno je daleko podesnije
kao koncentrovana hrana za zivinu i
neprezivare zbog veceg koeficijenta

iskoriS¢enja hrane (Peki¢ i sar, 2009).

Nadzemna biomasa koristi se kao
voluminozna hrana za preZivare. Za
ovaj nacin kori$¢enja biomase tritikale
se gaji kao Cist usev, ali se moze sejati
i u razlicitim smeSama sa ozimim i
prole¢nim mahunarkama (Poysa, 1985;
Blade i sar, 2002; Schwarte i sar, 2005).
Proizvedena biomasa koristi se sveza ili
za spremanje silaZe, senaze ili sena. Dru-
gi nacin koriS¢enja nadzemne biomase
tritikalea, gajenog u cistom usevu ili u
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smeSama, jeste napasanjem domacih
Zivotinja, najceS¢e kao obrocna ispasa
(Redmon i sar, 1995).

Hranljiva vrednost zrna je na nivou
pSeni¢nog uz konstataciju da ima neznat-
no viSe aminokiseline lizina. Prema do-
sadaS$njim saznanjima koriS¢enjem zrna
tritikalea za spravljanje koncentrovane
sto¢ne hrane najbolji rezultati postizu se
u ishrani Zivine (¢urke i kokosi) i muznih
grla. Kao krmna biljka tritikale ima veci
prinos od ostalih pravih zita. Najkvali-
tetnija biomasa dobije se kosidbom bilja-
ka u pocetku klasanja, dok se najveci pri-
nos postize nesto kasnijom kosidbom. U
cilju povecanja proteinske vrednosti ve-
getativne biomase, tritikale treba sejati
sa nekom od zrnenih mahunarki, na pri-
mer sa stocnim graskom. Prednost triti-
kalea nad drugim pravim Zitima je brzi
prole¢ni porast i mogucnost duzeg roka
kosidbe za zelenu sto¢nu hranu jer kas-
nije ogrubi nego raz ili ovas. U Kanadi
i SAD-u izvesne povrSine pod zimskim
sortama tritikalea sluze za obrocnu is-
pasu domacih Zivotinja.

Tritikale pripada ugljenohidratnim,
energetskim koncentrovanim hranivima.
U novije vreme, pored kukuruza i zrno
tritikalea predstavlja jedno od najvazni-
jih hraniva i izvora energije u ishrani do-

macih i gajenih Zivotinja u Srbiji. Zrno,
kao i sporedni proizvodi dobijeni mle-
venjem tritikalea, predstavljaju izuzetno
pogodna visokosvarljiva hraniva za do-
mace i gajene zivotinje jer sadrze velike
kolicine skroba, a relativno su siromasni
u sirovim vlaknima. Proteine tritikalea,
kaoiostalih zrna zita, prezivari i neprezi-
vari lako vare i apsorbuju. Koeficijent is-
koriS¢enosti proteina tritikalea moze
biti ve¢i nego kod drugih Zita. Kori$¢en-
je tritikalea kao izvora energije u ishra-
ni monogastri¢nih Zivotinja ¢esto podra-
zumeva mogucnost smanjenja potrebne
koli¢ine proteinskih hraniva u njihovoj
ishrani. Mikrobna fermentacija skroba
iz tritikalea u buragu preZivara sli¢na je
kao kod jetma i ovsa, ali tritikale se bol-
je enzimski vari od drugih Zita u pravom
Zelucu prezivara (Fox i sar, 2001).

Prose¢an hemijski sastav zrna tri-
tikalea prikazan je u tabeli 1, a upore-
dan hemijski sastav i energetska vred-
nost nekih zrna Zita u Evropi u tabeli 2
(De Boer andBichel, 1988). Sastav i en-
ergetska vrednost pSenice, tritikalea i
razi u Australiji uporedno su prikazani u
tabeli 3 (Edwards, 1998), dok je upore-
dan hemijski sastav zrna tritikalea, pSe-
nice i razi u Americi prikazan u tabeli 4
(McGlone and Pond, 2003).

Tabela 1. Prosecan hemijski sastav zrna tritikalea (% suve supstance)

Vrsta Ukupni Skrob  Celuloza Ukupni Rastvorljivi Mineralne
proteini lipidi Seceri soli
Tritikale 10,2-15,6 53-65 2,3-45 11-24 3,7-7,6 1,4-29
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Tabela 2. Uporedan hemijski sastav i energetska vrednost tritikalea i drugih zrna
zita u Evropi (g/kg suve materije)

Pokazatelj Kukuruz PSenica Tritikale Raz  Ovas Sirak Proso

gﬁ;‘g{‘nli 106 130 140 116 120 120 128
gl?:pna 47 23 2 2 55 35 38
Celuloze 24 27 27 27 112 29 95
BEM 808 802 791 813 680 796 696
Skrob 700 680 620 640 440 700 590
Seceri 20 31 55 50 18 15 10
Min. soli 15 18 20 22 33 20 43
Kalcijum 0,4 0,8 09 09 1.2 04 05
Fosfor 3,1 4,0 36 32 38 3,3 3,4

Sadrzaj energije (MJ/kg suve supstance)

ME, prezivari 14,2 14 14 13,9 11,5 13,8 12,7
DE, svinje 16,4 16 15,8 15,7 13,2 15,8 13,6
AME, Zivina 15,9 14,8 14,5 12 12,3 15,3 14

Legenda: BEM — bezazotne ekstraktivne materije; ME — metaboli¢ka energija; DE
— svarljiva energija; AME — prividna metaboli¢ka energija za zivinu

Evropske sorte tritikalea imaju ve¢i odnosu na druga ispitivana Zita (De Boer
sadrzaj ukupnih proteina i Seera u and Bichel, 1988).

Tabela 3. Sastav i energetska vrednost pSenice, tritikalea i razi u Australiji
(izraZzeno u suvoj materiji)

Vrsta Zita PSenica Tritikale Raz
Svarljivi arabinoksilani (hemiceluloza) % 1.8 1.3 3.4
Nesvarljivi arabinoksilani (hemiceluloza), % 6.3 9.5 55

Beta glukani, % 0.8 1.7 2.0
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Celuloza, % 2.0 2.5 1.5
Ukupno svarljivo, % 2.4 1.7 4.6
Ukupno nesvarljivo, % 9.0 14.6 8.6
Skrob, % 66 (54-74) 60 (55-63) 50
Protein, % 8-22 8-22 8-22
Metabolic¢ka energija, zivina (M] /kg) 9.0-14.8 14.0-15.2 (14.2)
Svarljiva energija, svinje (M]/kg) 16.0 16.0 15.5
Metabolicka energija, prezivari (M]/kg) 13.5 13.3 13.3

Tabela 4. Uporedan hemijski sastav zrna tritikalea, pSenice i razi u Americi (% u

odnosu na masu svezeg i osusenog zrna)

Jedinjenja Tritikale PSenica Raz
Ukupni proteini 10,3-15,6 9,3-16,8 13,0-14,3
Skrob 57-65 61-66 54,5
Sirova vlakna 3,1-4,5 2,8-3,9 2,6
Rastvorljivi Se¢eri 3,7-5,2 2,6-3,0 5,0
Mineralne soli 1,4-2,0 1,3-2,0 2,1

Tritikale, kao i ostala zrnasta hraniva,
standardni su deo obroka za ishranu
domacih i gajenih Zzivotinja, posebno
u vecem procentu kada je Zivotinjama
potrebno vise energije. U zavisnosti od
vrste domace Zivotinje kao i tipa obroka,
tritikale moze Ciniti njegov znacajan
procenat. Negde do sredine osamdesetih
godina smatralo se da tritikale sadrzi niz
antinutritivnih jedinjenja koja smanjuju
iskoristivost drugih hranljivih materija.
Jedinjenja kao $to su pentozani, pektini,
tanini, beta glukani, prisutni su u
tritikaleu, ali ne u tolikoj meri da bi
doslo do poremecaja u sistemu varenja.
Bez obzira na to, interesovanje za zrno
tritikalea poraslo je zahvaljujuci visokom

sadrzaju proteina i boljem sastavu
aminokiselina u odnosu na druga zita
koja se koriste u ishrani Zivotinja (Boros,
2002).

S obzirom na to da tritikale sadrzi viSe
proteina u odnosu na ostala Zita (tabela
2), ono se sve viSe koristi u obrocima
domacih zivotinja. Zrno tritikalea u
pogledu  zastupljenosti  esencijalnih
aminokiselina, pojedinih minerala i
vitamina (tabela 5) moZze zadovoljiti
znacajan deo potreba domacih i gajenih
zivotinja  (Morey,1983; Macrae i sar,
1993; Lorenz 1 sar, 1974; Michela and
Lorenz, 1974; Lebiedzinska and Szefer,
2006; Kowieska i sar, 2011).
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Tabela 5. Sadrzaj esencijalnih aminokiselina, mineralnih materija i vitamina u

tritikaleu
Aminokiseline Mineralni Vitamini
(g/100g proteina) elementi
Fenilalanin 4,08 K (%) 0,437 B, (tiamin) 0,34-0,38 mg
Histidin 1,87 P (%) 0,487 B, (riboflavin) 0,09-0,13 mg
Izoleucin 3,6 Mg (%) 0,190 B, (niacin) 16,217,9 pug
Leucin 6,5 Ca(%) 0033 0s(pantoten. 0,68-0,71 mg

kiselina)

Lizin 31 Fep.p.m. 51,5 B, (piridoksin) 0,42-0,51 pg
Metionin 1,8 Mn p.p.m. 554 B, (folat) 78 ug
Treonin 3,2 Nap.p.m. 45 Provitamin A 2215_0’017
Triptofan 1,2 Cuppm. 73 VitaminE (tokoferol) 1,4 mg
Valin 4,5 Znppm. 26,1

Zrno tritikalea se prvenstveno koristi
za ishranu svinja, Zivine, raznih kaveznih
ptica, ali i prezivara, konja, glodara, kao
i ku¢nih ljubimaca, te za biljojedne vrste
riba u ribnjacima i za dohranu razli¢itih
vrsta divlja¢i u loviStima za vreme
zimskog perioda. Sastav aminokiselina u
tritikaleu po nutricionisti¢ckim potrebama
posebno  odgovara  monogastri¢nim
zivotinjama, kao i Zivini (pticama). Neto
iskoris¢enost proteina kod ovih vrsta
Zivotinja moze biti ve¢a nego kod, na
primer, pSenice i drugih Zita, zahvaljujuci
visokom nivou aminokiseline lizina
(Belaid, 1994; Pfeiffer, 1994; Saade, 1995;
Varughese i sar, 1996b). Hemijska analiza
zrna razlicitih novih, perspektivnih linija
tritikalea se u CIMMYT centru koristi kao
skrining metoda da bi se identifikovali
genotipovi sa pozZeljnim nutricionistickim
profilom za odredenu zivotinjsku
vrstu. Istrazivanja su fokusirana na
karakterizaciju  hranljive  vrednosti

razlicitih genotipova tritikalea i izbor
novih sorti sa poboljSanom bioloskom
vredno$¢u (na primer sa visokim
sadrzajemukupnih proteinaimetabolicke
energije) za odredenu zivotinjsku vrstu
(Mergoumand Gomez-Macpherson, 2004).
Danasnje sorte tritikalea imaju vise
bioloskih osobina pS$enice nego razi zbog
povratnih ukr$tanja novostvorenih linija
sa pSenicom. Morfoloske osobine zrna
su sve vise kao u pSenice, uz neznatna
variranja u masi 1.000 semena. Takode,
nove sorte tritikalea imaju veéi sadrzaj
skroba u zrnu, a samim tim zrno je i
energetski vrednije. Medutim, to je
uslovilo smanjenje sadrzaja ukupnih
proteina u odnosu na starije sorte. I
pored toga, koli¢ina i kvalitet ukupnih
proteina u zrnu tritikalea su povoljniji za
ishranu domacih Zivotinja nego u ostalih
zita (Varughese i sar, 1996a; Boros, 2002;
Van Barneveld, 2002). Zrno tritikalea je
relativno meko, za razliku od tvrdozrnih
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sorti pSenice u kojih je ono skoro
dvostruko tvrde. To moze biti prednost
tokom prerade u sto¢nu hranu. Van
Barneveld (2002) naglasava da meko zrno
ceS¢e napadaju skladiSne Stetocine, tako
da treba posvetiti punu paznju ¢uvanju
tokom skladistenja.

U mnogim zemljama u razvoju slama
Zita moze biti znaCajan izvor hrane

za neke Zivotinje, posebno u su$nim
godinama kada c¢ak moze imati vecu
vrednost od zrna (Benbelkacem, 1991;
Mergoum i sar, 1992). Tritikale obi¢no
prevazilazi pSenicu, je¢am i druga Zita
u koli¢ini dobijene slame, mnarocito
u suSnim i polususnim podrucjima
(Mergoum i sar, 1992).
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Abstract: Grains have great agronomic and economic importance and they are one
of the most important plants. Triticale is modern cereal grain, hybrid of wheat and
rye, which inherited the ability of the rye to survive the high frosts, but has a higher
protein value than rye, while higher grain yields and increased tolerance to diseases
were inherited from wheat. The way in which triticale will be used depends on the
characteristics of the variety. Triticale varieties of large and uniform grains which
have more proteins then starch are used as concentrated feed for poultry, ruminants
and nonruminants. Varieties that form large biomass, similar to rye, can be and are
grazed, or harvested for silage or hay and straw. Triticale grain has nutritional value
like wheat but with slightly more lysine amino acid. Triticale as a feed grain with
good essential amino acid balance, minerals and vitamins is primarily included in
livestock diets especially as an energy source. Depending on the type of domestic
animal and meal, triticale can be used in significant percentage. The advantage of
triticale over other cereals is that it has higher yields, a faster spring growth, and a
longer mowing time as a green animal feed, than for example rays or oats. Because
of all these advantages, triticale is suitable for planting especially in developing
countries.

Key words: triticale, animal nutrition, grain, chemical composition, nutritional
value
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INTRODUCTION

One-year species of grass family
(fam. Poaceae) cultivated for grains,
but also several species from other
botanical families whose fruits are used
in a similar way are all classified into a
group of grains. Grains with agronomic
and economic importance are the most
important group of grain plants. Of the
relatively new “man-made” grain species,

the most important is a hybrid of wheat
and rye called triticale. Triticale has
inherited the ability of the rye to survive
strong frosts, but has a higher protein
value (more gluten) (Amaya and Pefia,
1991; Boros, 2002; Tikhnenko et al 2002;
Chelkowski and Tyrka, 2003). From
wheat it has inherited higher yields of
grain and increased resistance to ergot.

ORIGIN OF TRITICALE

Triticale is the first successfully
obtained grain that man created by
crossing wheat (Triticum sp.) and rye
(Secale cereale), two different types of
grain. The first professional (scientific)
name of the newly born species was
Hexaploid triticale lat, and it was
derived from the name of parental
plants. According to Saprai et al, (1972),
Scottish botanist Alexander Stephen
Wilson (1827-1893) made the first cross
betweenwheatandryein 1875. This plant
never produced fertile hybrid offspring
because its parent species didn't have
the same number of chromosomes.

Despite this lack, the initial results
were interesting for science. After that,
a large number of scientists from the
field of biological sciences worked on
the crossing of different varieties of
wheat and rye in order to obtain the
best hybrids. According to the scientists’
vision, triticale should have had the
best traits of both parents, the bread-
baking quality of wheat grains and
excellent adaptability of rye to different
agroecological and soil conditions, as

well as increased tolerance to pests and
pathogens. A new type of grains should
have been cultivated with less investment
in production technology and would have
been suitable for growing in developing
countries with the aim of providing larger
amounts of basic food for the population.
However, modest knowledge in the field
of genetics did not provide an answer to
solve the problem that arises by crossing
different species and as a consequence
has a sterile F1 generation (Laibach,
1925). Nevertheless, the expectations
of the global public and forecasts were
that the newly created grain, thanks
to its high fertility potential, would
significantly increase food production,
both in underdeveloped and developed
countries. The famous Swedish geneticist
Arne Mintzing (Mintzing, 1979) wrote
that it should be expected that the
synthetic species of triticale will join
the old grains as food for a significantly
larger number of human population
and their domestic animals. Based on
its morphological and production traits,
this species can have higher yields
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from parent species, especially in less
favorable agroecological conditions and
on poorer lands.

The First World War interrupted
the work on triticale selection in
Europe, but it was continued on the
American continent. The International
Center for the Improvement of Maize
and Wheat (Centro Internacional de
Mejoramiento de Maiz y Trigo CIMMYT)
was established in Mexico. Using the
most modern genetic methods, the first
problem of poor fertility of the new
hybrid was solved. The second step
was to increase the quality of grain for
human consumption (improved bread-
baking properties) and domestic animals
consumption (increased content of
digestible proteins). By creating winter
varieties of high and solid stems with
an increased coefficient of productive
branching ,triticale becomes a very
important fodder plant whose biomass
is used in the feeding of ruminants as
fresh or for storing hay or silage. Some
varieties can be used in combination
— by grazing and mowing. As fodder ,
triticale is most commonly grown on the
American continent, while in developing
countries grains are produced for human
consumption (Glamoclia and sar, 2017).
Thanks to this scientific center, work on
breeding has been consolidated and the
results obtained regarding the creation of
new triticale genotypes are available to all
interested selectors and manufacturers.
Since the beginning of work in CIMMYT,
more than 200 varieties of triticale have
been created and can be used in different

ways (Glamoclia et al, 2017). Today, this
Center has research stations in more
than 30 countries around the world.

Work on triticale selection in Europe
was continued between the two World
Wars. Blakeslee and Avery (1937)
noted that cross-breeding of wheat
as mother plants and rye as pollen
donors most often resulted in sterile
hybrids. However, when treatment
with colchicine induced polyploidy,
they concluded that this chemical
doubled the number of chromosomes
and produced fertile progeny. Based
on this knowledge, in 1937, scientist
Pierre Civaudron in France perfected the
technique of obtaining fertile progeny by
crossing wheat and rye. By applying new
selection methods, he created a large
number of commercial species with good
production qualities.

In Serbia, the production of new
triticale genotypes, interesting for
commercial production, has a decades-
long tradition. Our scientists have
identified this new species as grain that
can be used for human and domestic
animals nutrition, as well as in industrial
processing. Triticale breeding in our
country is done by the institutes, which
have provided big banks of genes, or lines
of triticale from abroad and from their
own crossings (Glamoclia et al, 2013).
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THE ECONOMIC CHARACTER OF TRITICALE

The way in which triticale will be
used depends on the characteristics of
the species, or to which of the parents
it is more similar. Boros (2002) points
out that the species of large and same
quality grains, which are by chemical
composition closer to wheat, are used
in human and animal nutrition. Species
with large biomass serve to store fodder.
Species of large grains with increased
total protein content compared to
starch are used for the preparation
of concentrated animal feed, both for
poultry, as well as for nonruminants and
ruminants (Belaid, 1994; Myer, 2002;
Deki¢ i sar, 2009). The importance of
triticale in direct human nutrition or
indirectly, as fodder, is great. However,
world production of triticale and
other grains is not in proportion to the
increase in the number of people. The
data indicate that in the last few years
the total grain production in the world
was less than the average, which can

globally cause hunger (Glamoclia and
sar, 2017). Cereal production per capita
in 2012, due to droughts in Australia
and the United States amounted to 294
kg and was the smallest in the past 30
years. Blum (2014) emphasizes that one
of the solutions is to increase the area
under triticale due to the fact that this
plant can grow on marginal lands, as well
as in arid conditions that are becoming
more and more widespread as a result of
global climate change. Newer generation
of triticale species has significantly
improved biological properties and
higher quality grains due to increased
protein content, especially lysine. These
species provide the possibility for wider
use in human nutrition, for example, for
baking bread mixed with wheat flour,
but also for feeding domestic animals
by preparation of concentrated feeds of
increased nutritional value (Baier and
Gustafson, 1996; Aguirre et al., 2002).

THE IMPORTANCE OF TRITICALE IN ANIMAL NUTRITION

Triticale is used in the diet of domestic
and farm animals in many ways. Grains,
thanks to the high content of total
proteins and carbohydrates, serve
to prepare concentrated animal feed
(Lorenz, 2003). In the diet of domestic
animals, it can replace oats, fodder
barley and other cereals. Comparing with
the chaff of barley and oats, the grain is
far more suitable as concentrated food
for poultry and nonruminants due to
the higher coefficient of food utilization

(Pekic¢ et al, 2009).

Aboveground biomass is used as
voluminous food for ruminants. In
that case, triticale is cultivated as pure
crop, but it can also be sown in various
mixtures with winter and spring legumes
(Poysa, 1985; Blade et al., 2002; Schwarte
et al., 2005). The produced biomass is
used fresh or for storing silage or hay.
Aboveground biomass of triticale, grown
in pure crop or in mixtures, is also
used through grazing , most commonly
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through pasture (Redmon et al., 1995).

The nutritional value of the grain is
as the one of wheat, with slightly more
amino acid lysine. Based on current
knowledge on triticale grains used in
the production of concentrated animal
feeds, the best results are achieved in
the feeding of poultry (turkeys and
chickens) and dairy cattle. As a forage
plant, triticale has a higher yield than
other real cereals. The highest quality
biomass is obtained by mowing the
plants at the beginning of ear formation
while the highest yield is achieved by a
later mowing. In order to increase the
protein value of vegetative biomass,
triticale should be sown with some of
the grain legumes, for example with field
pea. The advantage of triticale over other
real cereals is a faster spring rise and the
possibility of a longer mowing time for
green feed, as it grinds later than rye or
oats. In Canada and the USA, certain
areas under winter species of triticale
serve as pasture for domestic animals.

Triticale belongs to carbohydrate,
energy-concentrated  nutrients. In
recent times, beside maize it is one
of the most important nutrients and
sources of energy in the nutrition of
domestic and farmed animals in Serbia.
Grains, as well as by-products obtained

by treating triticale, are extremely
suitable highly digestible nutrients for
domestic and farmed animals because
they contain large quantities of starch,
and are relatively poor in raw fibers.
Ruminants and nonruminants easily
digest and absorb triticale protein, as
well as other grain cereals .Triticale
protein utilization coefficient may be
higher than in other cereals. The use of
triticale as a source of energy in the diet
of monogastric animals often implies
the possibility of reducing the needed
amount of protein nutrients in their diet.
Microbial fermentation of starch from
triticalea in ruminants’ rumen is similar
to that of barley and oats, but triticale is
better digested enzymatically than other
cereals in ruminants’ stomach (Fox i sar,
2001).

The average chemical composition
of triticale grains is shown in Table 1,
the comparative chemical composition
and energy value of some wheat grains
in Europe is shown in Table 2 (De Boer
andBichel, 1988). The composition and
energy value of wheat, triticale and rye in
Australia are shown in Table 3 (Edwards,
1998), while the comparative chemical
composition of grains of triticale, wheat
and rye in America is shown in Table 4
(McGlone and Pond, 2003).

Table 1. Average chemical composition of triticale grains (% of dry matter)

Species Total Starch  Cellulose  Total Soluable Mineral
protein lipids sugars salts
Triticale  10,2-15,6  53-65  2,3-4,5 1,1-2,4 3,7-7,6 1,4-2,9
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Table 2. Comparative chemical composition and energy value of triticale and
other grains in Europe (g / kg of dry matter)

Indicator Corn Wheat  Triticale Rye Oat Millet Proso
Total proteins 106 130 140 116 120 120 128
Total oils 47 23 22 22 55 35 38
Cellulose 24 27 27 27 112 29 95
BEM 808 802 791 813 680 796 696
Strach 700 680 620 640 440 700 590
Sugars 20 31 55 50 18 15 10
Min.salts 15 18 20 22 33 20 43
Calcium 0,4 0,8 0,9 0,9 1,2 0,4 0,5
Phosphorus 3,1 4,0 3,6 3,2 3,8 3,3 3,4
Energy content (MJ/kg of dry supstance)

ME, ruminants 14,2 14 14 13,9 11,5 13,8 12,7
DE, pigs 16,4 16 15,8 15,7 13,2 15,8 13,6
AME, poultry 15,9 14,8 14,5 12 12,3 15,3 14

BEM-non-essential extractive matter ; ME-metabolizable energy; DE-digestible
energy; AME — apparent metabolizable energy for poultry

European species of triticale have higher total protein and sugar content compared
to other examined cereals (De Boer and Bichel, 1988).

Table 3. Composition and energy value of wheat, triticale and rye in Australia
(expressed in dry matter)

Grain type Wheat Triticale Rye
Digestible arabinoxylans (hemicellulose) % 1.8 1.3 3.4
ON/oondigestible arabinoxylans (hemicellulose 6.3 9.5 5
Beta glucans, % 0.8 1.7 2.0
Cellulose, % 2.0 2.5 1.5
Total digestible, % 2.4 1.7 4.6

Totalnondigestible, % 9.0 14.6 8.6
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Starch, % 66 (54-74) 60 (55-63) 50
Proteins, % 8-22 8-22 8-22
Metabolizable energy, poultry (MJ/kg) 9.0-14.8 14.0-15.2 (14.2)
Digestible energy, pigs (MJ/kg) 16.0 16.0 15.5
Metabolizable energy, ruminants (MJ/kg) 13.5 13.3 13.3

Table 4. Comparative chemical composition of grains of triticale, wheat and rye
in America (% regarding the mass of fresh and dried grains)

Compounds Triticale Wheat Rye
Total proteins 10,3-15,6 9,3-16,8 13,0-14,3
Starch 57-65 61-66 54,5
Raw fibers 3,1-4,5 2,8-3,9 2,6
Soluble sugars 3,7-5,2 2,6-3,0 5,0
Mineral salts 1,4-2,0 1,3-2,0 2,1

Triticale, like other grain feeds, is
standard part of the meal for domestic
and farmed animals, especially when
animals need more energy. Depending
on the type of domestic animal and
the type of meal, triticale can make
a significant percentage. By the mid-
1980s, triticals were thought to contain a
number of antinutritive compounds that
reduce the usefulness of other nutrients.
Compounds such as pentosans, pectins,
tannins, beta glucans are present in
triticale, but not to the extent which
causes disorders in the digestion system.
Nevertheless, the interest in triticale
grains has increased due to the high

protein content and better composition
of amino acids compared to other cereals
used in animal nutrition (Boros, 2002).

Since triticale contains more proteins
compared to other cereals (Table 2), it
is increasingly used in domestic animal
feeds. Triticale grains, in terms of the
presence of essential amino acids,
certain minerals and vitamins (Table
5) , can satisfy a significant proportion
of domestic and farmed animals’ needs
(Morey, 1983; Macrae et al, 1993; Lorenz
et al, 1974; Michela and Lorenz, 1974;
Lebedzinska and Szefer, 2006; Kowieska
etal, 2011).
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Table 5. Content of essential amino acids, minerals and vitamins in triticale

Amino acids Minerals Vitamins

(g/100g proteina)

Phenylalanine 4,08 K (%) 0,437 B, (thiamine) 0,34-0,38 mg

Histidine P (%) 0,487 B, (riboflavin) 0,09-0,13 mg

1,87

Isoleucine 3,6 Mg (%) 0,190 B, (niacin) 16,2 17,9 pg

Leucine 6,5 Ca (%) 0,033 Bs(pantothenic 0,68-0,71 mg
acid)

Lysine 3,1 Fep.pm. 51,5 B, (pyridoxine)  0,42-0,51 pg

Methionine 1,8 Mnp.p.m. 554 B, (folate) 78 pg

Treonine 3,2 Nappm. 45 Provitamin A 0,015-0,017 mg

Triptophan 1,2 Cuppm. 7,3 VitaminE 1,4 mg
(tocopherol)

Valin 4,5 Znp.pm. 26,1

The grain of triticale is primarily used
for the feeding of pigs, poultry, various
caged birds, but also of ruminants,
horses, rodents, and pets. It is also used
for feeding herbivorous fish in fishponds
and as supplementary feeding of various
game species in hunting grounds during
the winter period. The composition
of amino acids in triticale regarding
nutritional needs is particularly suited to
monogastric animals, as well as poultry
(birds). Net protein utilization in these
animal species can be higher than
that one from wheat and other cereals
due to high levels of lysine amino acid
(Belaid, 1994; Pfeiffer, 1994; Saade,
1995; Varughese et al 1996b). Chemical
grain analysis of various new, promising
lines of triticale is used in the CIMMYT
centre as a screening method to identify

genotypes with a preferred nutritional
profile for a particular animal species.
Research has been focused on the
characterization of the nutritional
value of various triticale genotypes
and the selection of new varieties with
improved biological value (for example,
high protein content and metabolizable
energy) for a particular animal species
(Mergoumand Gomez-Macpherson,
2004). Today's varieties of triticale have
more biological characteristics of wheat
than rye due to backcrossing of newly
created lines with wheat. Morphological
properties of grains are more like these
of wheat, with a slight variation in the
mass of 1,000 seeds. Also, new varieties
of triticale have higher starch content in
grains, hence the grain is more energy-
efficient. However, this has led to a
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decrease in the total protein content
compared to older varieties. Still, the
amount and quality of total proteins in
triticale grains are more favorable for
feeding domestic animals than in other
cereals (Varughese et al., 1996a; Boros,
2002; Van Barneveld, 2002). The grain
of triticale is relatively soft, as opposed
to hard species of wheat which is almost
twice as firm. This can be an advantage in
fodder processing. Van Barneveld (2002)
emphasizes that soft grains are often
attacked by storage pests so that full

attention is to be paid to maintenance
during storage.

In many developing countries, straw
can be an important source of food for
some animals, especially in droughty
years when it can even have a higher
value than grain (Benbelkacem, 1991;
Mergoum et al., 1992). Triticale usually
exceeds wheat, barley and other cereals
in the amount of straw produced,
especially in dry and semi-dry areas
(Mergoum et al., 1992).
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KAIMTAIOUTETH AKPEOJUTOBAHHUX HCITHTHUX
JUJATHOCTHYKHX BETEPHUHAPCKHX JTABOPATOPHJA'Y
BOCHH U XEPHEITOBHHH Y 2017. TOOUHH, CA CTAHOBHUIITA
OJHUJATHOCTHYKHX HCITHTHBAIBA Y BETEPUHAPCTBY, Y OTHOCY
HATIOOPYYJA AKPEOJUTAITHJE

Bojaun TOJIUR'*, Iparo HEOUR!, Cnodogan JOJYMHOBHR!

1 IIp bojan l'onuh cneu. gp Bet.; [Tpod. op Aparo H. Hepuh, op Bet.; Ip Cnobonax
IojunHoBuh creu. fp BeT. JaBHa ycTaHoBa Betepunapcku nHCTUTYT Penybnuke Cprcke
»4p Baco Bytosan“, bpanka Paguuesuha 18, 78000 bamwa Jlyka, Penydnuka Cpncka, buX

* Kopeciogentrnu aytop: Ip bojan Tomuh cren. ap BeT., bojan.golic@virs-vb.com

Kparak cagpixaj: AkpenuroBamwe NogpasyMmujeBa GOpMalHO MpU3HaKke J1a je HEeKO
THjeso 3a OljjemHBame ycarialleHoCTH (1adopaTtopuja) KOMIIETEHTHO Jja CIIPOBOIU
aKTUBHOCTH OljjelbMBama ycarjialleHOCTH y CKIany ca MehyHaponHo mpuxBaheHUM
npaBuirMa. MHCTUTYT 3a akpenutoBawe buX (BATA) cipoBoau akpeouToBamwe THje-
7a 3a OljjerrBabe ycaraameHocTy y bocHu u Xepuerosunu (buX).

HcnuTHe oujarHOCTUYKE BeTepUHApCKe jlabDopaTopuje moJgpasyMujeBajy abopa-
TOpHje Koje ce DaBe UCIIUTUBAKBEM MaTepHjaia MOPUjeKIIOM Off JKUBOTHbA.

[Iu/b UCIUTHBAKA je YTBPOUTH KamlaluTeTe aKpeAUTOBAHWX HCIUTHUX IHjarHo-
CTUYKHX BeTepUHAPCKUX JlabopaTopHja y buX y ogHOCY Ha 00/1acTi UCIIUTHBAA, OJ1-
HOCHO noapyyja akpeautauuje. Ha oBaj HaunH 10010 U ce jacaH yBUA Y CTPEMHOCT
WCIIUTHUX OUjarHOCTUYKUX BETePUHAPCKUX JadopaTtopuja 1a OAroBOPE 3aXTjeBUMa ca
CT@HOBMLITA KOHTPOJIE 3paB/ba KUBOTHHA, Y LIW/bY 3alUTHTE 3[paBiba ’KUBOTHUIA U
TbYIU.

Toxom 2017. rogpune y buX ykynHo je 0110 akpeguTOBaHO IIECT AUjarHOCTHUKUX
BeTEpPUHAPCKUX Jlaboparopuja, no Tpu y Penybnaunu Cpnckoj u ®enepauuju buX.

On yKynHO cefaM akpeoUTOBaHUX MOApyYja ucnuTHBama y buX, nadopatopuje y
Penydnuuu Cprickoj akpeuToBasie Cy CBUX cefaM moapydja (100%), a y Pepepauuju
buX axpegutoBasne cy wect nogpydja (85,70%). Y HICIUTHUM OUjarTHOCTUYKHUM BETe-
pUHapCcKUM nadoparopujama y buX yKkymHo je akpenutoBaHa 41 pa3nuyuTa UCIUT-
Ha Metopa. Op tora je y Penybnunu Cprickoj akpenutoBaHo 30 MCIIUTHUX METOAA
(73,20%), a y ®enepauuju buX 31 merona (75,60%).

Kaza cy y nutamy pasauunTe 00/1acTH BeTEPUHAPCKUX JUjarHOCTUYKUX UCIIHUTH-
Bawa, buX mocjenyje kamanuuTeTe y BUAY akpeIUTOBAHUX JiaDopaTopuja a OATOBO-
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PH Ha OBe 3axTjeBe, a MocedHO Cy 3HauajHU KamauuTeT 3a ceposomka (100% axpe-
OUTOBaHUX naboparopuja), dakTepuosnouka (66,70% axpenuroBaHux nadoparopuja)
Y MapasuTosollka ucnuTuBawa (50% axpenuToBaHux jsaboparopuja). Y ogHOCY Ha
yKyInaH Opoj akpeOUTOBaHHUX MCIHUTHUX METOZA, MpPemMa BPCTH ’KUBOTHHA, HajBUILIE
WCIIUTHUX METOJa aKpPEeJUTOBAHO je 3a JUjarHOCTUKY Dosiectu rosena (y Pemybdmunm
Cpnckoj 36,70%, y Penepaunju buX 38,70%, a Ha muBoy buX 33,30%), 3atum 3a
IWjarHOCTUKY DOJIeCTH oBala U Ko3a ¥ DOJIECTH MTULIA.

KipyuHe pujeuu: akpeguTanuja, UCIUTHe 1adopaTopuje, BeTepUHapcka AUjarHoCTH-
Ka.

YBOJ

AxpenuToBame THjesa 3a OlljemhrBarbhe
ycarnameHoctd y bocHu u XeprierosBuHu
(buX) cnpoBogu UHCTUTYT 3a akpeguTo-
Bawe buX (BATA) (12). BATA je Hamnex-
Ha a pasByja, MpoBOAH U onpxkasa CH-
creM akpegutoBamwa buX (CAbuX), cripo-
BOJY MPOLEAYPY aKpEAUTOBaka U HA/I30-
pa THjena 3a oljemUBame yCkiaheHOoCTH,
3actyna buX y espornckum u mehynapog-
HUM OpraHu3anujama 3a akpefuTOBame,
OpraHu3yje W CIPOBOAM CIEeLHjaTuCTHy-
KO o00pa3oBame KagpoBa y TOIOPYYjy
aKpeJuTOBamwa, Te pasBUja U yCIoCTaB/ba
MHGOPMALIMOHU CUCTEM O TOAUjeJbeHUM
akpeguTalnMjama Te O JOKyMEHTHUMa W3
nojpyyja akpeauTOBamba.

Axpepurauyja je JOKYMEHT Ha OCHO-
BY KOjEr Ce [OKa3yje KOMIIETEHTHOCT 3a
oDaB/pame oppeheHUX 3amaraka y TMog-
py4jy oujemuBama yckiaheHoctu (8).
AxpenuToBawme moppasymujeBa  dop-
MaJIHO TIIPHU3HABe [a je HEKO THjesIo 3a
OljjemHBambe YCKIaheHOCTH KOMIIETEHT-
HO J]a CITPOBOJY aKTUBHOCTH OljjelHBaba
ycamIalleHOCTH y CkiIafgy ca MehyHnapon-
HO npuxBaheHUM npaBunuma. Oujemu-

Bake yCkiaheHOoCTH je cBaka [AjeaTHOCT
IpeKo Koje ce HEernocpemHo WU Mocper-
HO yTBphyje Ia MU Cy WUCIyHEeHW pelie-
BAHTHU 3axTjeBH, a THUjeJ0 3a OLjerH-
Bame yckiaheHocTH je o fodasbava He-
3aBUCHa Jadoparopuja, THjeno 3a cep-
TU(PUKOBAKE, UHCIEKIUjCKO THjEI0 WU
HEKO JPYro THjeso Koje yuyecTByje y mpo-
Ueoypy olljewrBama yckiaaheHOCTH W
KOje MOKe OUTH APXKABHO THjeso, Mpas-
Ha win dusnuka ocoda. Y ToKy mpolie-
oype akpenuToBawa yTBphyje ce Kom-
NETeHTHOCT MPaBHUX U (U3UUKUX JTUIIA,
KOje MOTy MpeJCTaB/baTh Y LjeloCTH, WIH
CaMo jeJHUM CBOjUM [IHjeJIOM, THjeso 3a
olljemHBame yCKkiIaheHOCTH, Y OOHOCY Ha
3axTjeBe buX, eBpornckux u mehyHapog-
HUX CTaHJapla, OOHOCHO NOKyMeHaTa eB-
pornckux u meh)yHapogHUX opraHusanuja
3a aKpeguTauujy.

BATA ytBphyje xputepujyme 3a ono-
OpaBawme M Ofp)KaBame aKpeauTaluje
KOje Mopajy ucriymwasaTy Tujena 3a owje-
Hy ycknahenoctu (TOY), mpouec cmpo-
Bohemwa akpeguToBama Te (GUHAHCUDPAKE
cucteMa akpegutosama (15). AkpepuTa-
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uvja 1abopaTopHja OCUTypaBa MOBjepEmE
y pesynarare 1adopaTOpHjCKUX HCIUTH-
Bama, a BPIIU Ce NnpeMa ctaHgapay BAS
EN ISO/IEC 17025:2006 (1). ¥ oxBupy
CABuX, Mory ce akpeguTOBaTH HUCIIUTHE
nadoparopuje, kanubpauuoHe abopa-
TOpHje, MEJULIMHCKE adoparopuje, UH-
CHeKuujcKa THjena, Tujena Koja 00aBbajy
ceptudUKOBawke MPOU3BOJA, THjesna 3a
cepTudUrKOBame 0Codba U THjeNa 3a Cep-
TU(hUKOBake CUCTEMA YIIPaB/bamha.

[Ton AMjarHOCTUYKUM BETEPUHAPCKUM
nadopaTopujama nogpasymujesajy ce ja-
dopatopuje koje ce DaBe HCIUTHUBAKBEM
MaTepujana IMOPHjEeKIOM O]l KHUBOTHHA
(9—11). OBo cy nabopartopuje koje crpo-
BOJI€ IMjarHOCTHUYKA MCIUTHBAaWba 3apas-
HUX DOJIECTH, OTKPUBakbe OCTaTaKa LITeT-
HUX Martepuja y XUBOTHHAMa U NPOU3-
BOJUMa >KUBOTHICKOI NMOPHjeKiIa, BOOU
W KPMHUBUMA, UCTIUTHUBAKE 3JIPAaBCTBEHE
W XUTHjeHCKe UCITPABHOCTH W KBaJIUTETa
XpaHe, CTOYHEe XpaHe W JIPYIMX UCIUTH-

Bawa (13), ogHOCHO DakTepuoNoOLIKa, Ce-
poJIOLIKA, BUPYCOJOIIKA, Hapa3uTOIO0LI-
Ka, XeMHjcka, OhoxeMHjcka, (PU3HUUKa,
MaToJIOWKa U PAfUOIOLIKA UCIIUTHBAKA
Yy BETEPUHAPCKOj [jelaTHOCTH, UCIUTH-
Baka 3[PABCTBEHE WCIPABHOCTU XpaHE
YKUBOTHUICKOT TIOPHjEKsIa U XpaHe 3a XKHU-
BoTUmbE (11).

IWjarHOCTHUKE BeTepUHApCKe Jj1ado-
paTtopuje Mopajy akpeouTOBAaTH METOLe
KOje KOpUCTe y pajy, y CKiany ca CTaH-
napoom BAS EN ISO/IEC 17025:2006
(11, 14). JujarHoCTHYKa HCIUTHBAKA
y BerepuHapcTBy y buX obasspajy 0B-
nalmTeHe JsadopaTopHje y APKABHOM
(OIB) m npuBaTHOM BnacHuTBY (I1B), y
oda enturera, Penybnuuu Cpnckoj (PC)
u ®enepauuju bocHe M XepuereropuHe
(®buX), y cknamy ca 3akOHOM O BeTe-
puHapctBy (9—-11) U OpyruM MoOJ3aKOH-
CKUM aktuma. Y bpuko pucrpuxry (B]I)
HUje aKpeouTOBaHA HHUjeHa BeTepUHap-
CKa IWjarHOCTHYKA JadopaTopuja.

Wb U 3A0ALIN UCITHTUBAIHA

[Iup ucnuTHBaKka je YTBPAUTH Ka-
nanuTeTe  aKpeiUTOBAHUX  UCHUTHHUX
IWjarHOCTUYKUX BETEPUHAPCKUX Jlabopa-
Topuja y buX y omHocy Ha odnacTu uc-
NUTHBAaba OFHOCHO TOApYYja aKkpenuTa-
1¥je, ca CTAHOBUILTA IUjarHOCTUUKUX UC-
NUTHBamka y BeTepuHapcTBy. Ha oBaj Ha-
YWH 10010 OU ce jacaH yBUA Y CIPEMHOCT
UCTUTHUX [WjarHOCTUYKUX BeTepUHap-

CKMXx jadoparopuja Ja OATOBOpE 3axTje-
BHMa Ca CTAaHOBMIITA KOHTPOJIE 34paBiba
KMBOTHIA, @ Y LIWbY 3alITUTE 3IpaBba
)KMBOTHIbA U JbYIU. Y OBO UCTPAXKMBaHE
HUCY y3€TH Y 003Up MOJlally y Be3H aKpe-
IOUTOBAHUX MOJPyYja U UCIUTHUX METO-
[la KOju ce OJHOCe Ha KOHTPOJYy XpaHe U
XpaHe 3a JKUBOTHHE.

MATEPHUJAJI U METOJE

Marepujan

Kao marepujan 3a UCIOUTHBAWE KO-
pUILTeHH Cy Jlonauy akpeguTauuju akpe-

OUTOBAHUX HCIOUTHHUX JadopaTopuja y
buX, npeyseru ca Beb ctpane bATA (17).

JTabopaTopwuje ca tepuropuje PC:
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[ Ip>xaBHO BacHUIITBO ([IB)

1. JaBHa ycraHoBa BeTepuHapcku
uHcTUTYyT Penydnuke Cprcke ,Jp
Baco byTo3an“, bawa Jlyka (2)

I1 MMpuBatHo BinacHUTBO (I1B)

1. Berepunapcku 3asopn ,Teonad”,
bujemuna (3)

2. CnaBeH [1.0.0. BerepuHapcku 3a-
Boz, bamwa Jlyka (4)

Jlabopatopuje ca teputopuje ®buX:

I Ip>xaBHO BJIACHULITBO

1. JaBHa ycraHoBa ,BerepuHapcku
3aBog” buxah, buxah (5)

2. BerepuHapcku qaxyaTeT YHUBEP-
sutera y CapajeBy, Capajeso (6)

3. JaBHa ycraHOBa ,Berepunapcku
3aBop TysnaHckor kaHTtoHa", Tys-
na (7)

JlabopaTtopuje cy mnpuKasaHe TMpe-
Ma PETUCTPOBAHOM HA3UBY U CjENUILTY
MpPaBHOT JiUla, 0e3 HaBOhemwa HHUXOBUX
PErMOHalIHUX JIOKaluja U OpraHU3aLyuo-
HUX je[IMHULA KOje Cy aKpeIUTOBaHE.

Metoge

Y Hamem HCTpaXUBawmy U y CTaTH-
CTUYKOj aHaIMU3U NODWjeHUX pesyaTara
KOPUCTHUIU CMO, K20 OCHOBHE CTaTUCTHY-
Ke MeTojie, NEeCKPUNTHBHE CTaTUCTHUKe
napamerpe. OBu mapamerpu omoryha-
Bajy OMNHWCHBame AODMjeHUX pesyaTara
U BUXO0BO Tymauewe. Pesynratu ucrpa-
KMBama MPHKa3aHU Ccy TaderapHo U rpa-
¢uuku. CraTUCTHUKA aHAIW3a pesysTa-
Ta ypaheHa je y CTaTUCTHUKOM TMakeTy
Microsoft Office Excel.

PE3YJITATU U JUCKYCHJA

Y buX ykynHo je 6 akpesUTOBaHMX
UCIUTHUX [AHMjarHOCTUYKUX BETEPUHApP-
cxux nabopatopuja (AIBJI), mo Tpuy PC
u ®buX, nok y bpuko guctpukry (BII) He
nocroju HujenHa AIIBJI (Tabena 1). On
»UX, jenHa AJIBJI je obpa3oBHa U Hay4Ha
ycTaHoBa (6), TpY Cy jaBHe ycTaHOBe (2,
5,7), cBe uetupu y 1B, mok cy npeocraine

nse AJIBJI y IIB (3, 4). On jaBHUX yCTaHO-
Ba, jelHA je ClenHjaJIMCTUYKa U Hay4dHa
YCTaHOBA OpraHU30BaHa Kao BeTepUHAp-
CKU MHCTHUTYT (2), JOK Cy IPEOCTAaE JIBe,
kao u gBe y [IB, opraHu3oBaHe Kao BeTe-
prHapcku 3aBonu (3-5, 7). Ognoc AZIBJI
mehy entureruma (PC mpema ®buX) je
1:1.

Tadena 1. AkpenuToBaHe UCIUTHE JUjarHOCTUYKE BeTepUHApCcke nadoparopuje y

buX
JIokanHja Bbpoj AIIBJI %
PC 3 50
dbuX 3 50
b1 0 0
Yxynuo buX 6 100
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Y Tabenu 2. u I'papukony 1. npuka-
3aH je OpojuaHu M MPOLEHTYaTHU OJHOC

AJIBJl y buX npemMa BJIaCHHUILTBY.

Tabena 2. bpojuanu ognoc AIIBJI y buX npema BIacCHULITBY

bpoj

Jlokanuja

hi 33 B

PC

1

dbuX

buX

OpaHoc AZIB/1y buX npema BnacHuwTtBy y %

100
90
80
70
60
50
40
30
20
10

PC

B 1pKaBHO BIACHULWITBO

®bux BuX

H NpuUBaTHO B/1IACHULUTBO

I'paduxon 1. IIpouentyannu ogHoc AJIBJI y buX npema BIacHHIITBY

Y PCje 33,30% AIBJI y 1B, Hacnpam
66,70% y I1B (1:2). OBaj omHOC je 3Ha4aj-
HO npyrauju y ®buX, roje je 100% AJIX
y OB, 1j. AIBJI y IIB He noctoje. Ha HuU-
Boy buX ogHoc AJIBJI, kagja je y nutamy
OPXXaBHO W IIPUBATHO BJIACHUILTBO, jECTe
2:1. Ha ocHOBY OBHX IlOflaTaKa MOXeE Ce
3aK/by4uTH fa ce y ®buX nocinosH 1j. n1a-
BopaTopHjcka UCTIUTHBAaWkA OFf jaBHOT UH-
TEpeca 3a 3[paB/be KUBOTHHA, IOC/bE-

OUYHO U JBYIH, 00aBsbajy HCKI/BYUYHUBO Y
AJIBJI y I1B. CynpotHo oBome, PC ce, no-
pel CONCTBEHUX (IpXKAaBHUX), BEOMA 3HaA-
YajHUX J1aDOpaTOPHjCKUX KallaluTeTa,
BehuHCKM oc/1ama Ha 1adoparopuje y IT1B.

Y I'padukoHy 2. npuKasaHo je yuyemrhe
AJIBJly buX 1o eHTUTETUMA Y OOHOCY Ha
BJIACHULITBO.
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Yyewhe A1B/1y buX no eHTUTETUMA Y OZAHOCY Ha BNACHUWTBO Y %

100
90
80
70
60
50
40
30
20
10

APKaBHO B1aCHULWITBO NPUBATHO B/IACHULWITBO

HPC mObuX

I'paduxon 2. Yuenrthe AIBJI y buX 1o eHTHTeTHMA Y OJHOCY Ha BJIACHHILITBO

Ogn yxynHor dpoja AIIBJT y 1B y buX, y PC je 25%, a y ®buX je 75% (1:3). Y PC
nocroje gse AJIBJI y I1B, nox ux y ®buX nema. Jenna AIIBJ1 y 1B y PC akpenurosa-
J1a je METOZE Ha JIBe JIoKauuje (2), IUTo NpakTUYHO 3HA4YH 1A Cy TO [IBHje IIPOCTOPHO
ojBojeHe aboparopuje. Y3umajyhu oBaj moparax y 063up, TO 3HaUuajHO MHjera 0OIHOC
AJIBJI Te oH n3Hocu PC:®buX=1:1,5.

Y I'pacpukony 3. mpukasaHa je npoueHTyanHa 3actymseHocT AIIBJT y buX y ogHo-
Cy Ha oJpy4ja akpeguTauuje.
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% AZJB/

B BeTepuHapCKa MUKpobuonoruja

H CEPONOLWKa UCNUTUBakba Y BETEPUHAPCTBY

¥ BUPYCO/IOLLIKA UCTIUTUBAkbA Y BETEPUHAPCTBY

MaTo/I0WKa UCTIUTUBAKbA Y BETEPUHAPCTBY

B MapasuTO/IOLIKa UCTIUTUBAKA Y
BeTepUHapPCTBY

= GaKTepuUo/IOLIKa UCIUTUBAKA Y
BETEPUHAPCTBY

B MOJIEKY/IapHA AMjarHOCTUYKA UCTIUTUBAbA Y
BeTEpUHaAPCTBY

I'paduxon 3. 3actymmwenoct AIBJI y buX y ogHOoCcy Ha nogpyyja akpeguTa-

nuje

Kapga cy y nurtamy pasnuuute odia-
CTH BETEPUHAPCKUX NHjaTHOCTUYKUX HC-
nuTHMBamwma, buX mocjepyje kanagurere y
Buny AIIBJI ma oArOBOpH Ha OBE 3aXTjeBe,
a 1ocedHo Cy 3Ha4YajHHU KalaluTeTH 3a ce-
posouka (100% axkpenuToBaHux abopa-
Topyja), bakTepuonomka (66,70% axpe-
IUTOBaHUX jadopaTropuja) U TMapa3suTO-
Jolka UcnuTHBama (50% akpenuToBa-
HUX aboparopuja).

Kaza cy y nmuTamy ceposouika, BUpY-
COJOIIKA, TaToJoUKa M MoJeKyJaapHa
IOWjarHOCTHYKA HCIHWTHBAaWka y BETepH-
HapcTBy, ogHoC nadopatopujay PCuy
®buX je nogjenHak, 1:1. Mehytum, mok
Cy BHUPYCOJIOIIKA, aTOJIOIIKA U MOJIEKY-
JlapHa AMjarHOCTHYKA UCTIUTHBaba aKpe-
IOUTOBAJIE MO jenHa sabopaTopuja U3 oda

eHTuTeTa (2, 6), CEpoJIoNIKa UCTTUTUBAKHA
aKpeouToBase Cy cBe jgadopartopuje. Y
®buX cy, Takohe, cBe sabopaTopuje
aKpenuToBane OaKTepHOIOUIKa WCIHUTH-
Bama y BETEPUHAPCTBY, T€ je OQHOC Ipe-
ma naboparopujama y PC 3:1. Umajyhu
y BUOY ToJarak fAa je jemHa yaboparto-
puja u3 PC oBa uCnuTHBa®ma akpenguTOBa-
7a oA APYTUM NOANOJPYYjeM aKpeauTa-
uyje 1j. BereprHapcka MHUKpoOuMoIIOryuja
(4), Taj omHOC peanHo usHocu 1,5:1. On-
HOC madopaTopuja Koje 0baBmbajy mapasu-
TOJIOLIKA UCTIUTHBAka y BETEPUHAPCTBY Y
PC u ®buX usHocu 1:2.

[Mocmartpajyhu moppyyja axkpenuTa-
1uje, oMax Ce youyasa Jia Cy cBe jabdo-
paTopHje akpenuToBaje CeposouKa MC-
NUTHBawa y BeTepuHapcTBy. OBO je oue-
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KHMBaHO C 003MpOM Ha TO Ja Cy OBa MC-
MUTHBa®ka, Ha MPBOM MjecTy, Hajnpodu-
tabunnyuja. Ilopen osor, oHa Cy Haj3a-
CTyIUbEHH]ja, 00yXxBaTajy BEJIUKH OpOj UC-
NUTHBaba (MOHUTOPUHT, MIIUjEUHHU Kap-
TOH, KOHTPOJIa BaKLMHALUjE), METOLE Cy
crangapase (OIE Manual), umajy kpart-
KO BpHjeMe Tpajama UCIIUTHBama (01l He-
KOJIMKO 4YacoBa 10 jeflaH WIM 7B JaHa
Hajuewrhe), nmoTpedHa Cy Hajmama yia-
rama (omnpema, MpocTOp, MOTPOLIHHA Ma-
TepHjaJl, KOHTPOJIa KBAJIIUTETA), JUjarHo-
CTUKYMHU Cy NIPUCTYTauyHH IUjEHOM, KOM-
IUVIETHH, omoryhaBsajy BeJHMKH Opoj HC-
nuTHBawa ca moryhHourhy ,mynupama“
y3opaka. C gpyre cTpaHe, OBa HUCIIUTH-
Bamwa, U3y3€B Major dpoja merona, Of-
HOCHO TEXHHMKa WCIHUTHBama U UCIUTH-
BaHUX IapameTapa, OpHjeHTallMOHa Cy
(,screening”). OBO IPaKTUYHO 3HAYU JIa
y BehuHU ciyvajeBa, y Wby JoDHjama
KOHAQUHOT pe3ysiTara, CBaku IMO3UTHBaH
pesynaTaT foOUjeH CepOOLIKUM HUCIUTH-
BameM, Tpeda MOTBPOUTH, OJHOCHO H3-
BPLUIMTH HMCIUTHBaKkE NOTBPOHUM (KOH-
(pupmaurvonuM) Merogama. Hacympor
CEpOJIOIIKUM HCIUTHBakUMa OJHOCHO
OPHUjEHTALUOHUM MeETOJama, jeCcy BUpY-
COJIOIIKA W MOJIeKyJapHa OHWjarHOCTHY-
Ka WMCIUTHBaWa, C NMOTBPOHUM MeToma-
Ma, KOja Cy BEOMa Majo 3acTyIUb€Ha Y
nadoparopujama Kao Nonpyyja akpenu-
tauuje. M1 0BO je ouekuMBaHO C 003UPOM
Ha TO Jja Cy OBa UCIUTHBamba BEOMa 3ax-
TjeBHA 10 NIUTawy pecypca. 3axTjeBH 3a
IIPOCTOPOM Cy OOMMHH, NOTPEDHO je Be-
oMa 0Ccrnocod/bEHO U UCKYCHO 0CODIbE, CO-
¢uctunupaHa ¥ Beoma cKkymna ysadoparo-
pHjcKka ompema, CKyIH OHjarHOCTHUKyMH
(4uecTo He Jonase y KOMIUIETY, cacToje ce

13 BUILIE KOMIIOHEHTH ), KOHTPOJIa KBaJIH-
TeTa je 3axTjeBHA. [ly)KWHa Tpajawma HC-
NUTHBaka HUje MpecyfHa jep U3HOCH Haj-
yeurhe, ka0 ¥ KOZ CEPOJIOLIKUX HUCIHUTH-
Bama, 07l HEKOJIMKO YacoBa [0 jefiaH, 1Ba,
a MOHEKaJ W BUILE JaHa, pjehe HeKonu-
Ko cegmuua. C gpyre cTpaHe, 3aXTjeBH 3a
OBHMM HUCIUTHBAMBUMa Cy BEOMa PHjETKH.
OBO NMpaKTUYHO 3HAYM Jia BUPYCOJIOLIKA
¥ MOJIeKyJlapHa JUjarHOCTHYKA MCIIHUTH-
Bama y BETEPUHAPCTBY YOIILITE HUCY UC-
IUIaTUBA, jep OCTBapeHa AOOUT Of W3BP-
IIEHUX 71aDOPaTOPHjCKUX UCIIUTHBAbA HE
MOXe Jla TIOKpHje TPOLIKOBe yiarawma y
NoTpedHEe pecypce HUTH TPOILUKOBE OAP-
)KaBawa CIIPEMHOCTH JsabopaTopuje 3a
OBMM HcnUTHBamKMMa. OBa UCIIUTHUBAKA,
30or Tora, y cBuUM nadoparopujama Koje
oDaB/bajy OBa MCIIUTHBAMWa, €r3UCTHPAjy
Ha pauyyH ApYIUX MOJpydja UCIHUTHBamba
(yrmaBHOM ceposowkux). Takohe, maTo-
JIOIIKA UCIIUTHBAba Y BETEPUHAPCTBY Be-
OMa Cy MaJlo 3aCTyIUb€Ha KaKko y PYTHH-
CKOM pafly, Tako U y IOAPYYjy akpenuTa-
nuje. Pas3nosu 3a 0BO ce BUILE POHAsa3e
y BeoMa MasioM Opojy 3axTjeBa 3a OBOM
BPCTOM MCIIUTHBama, JOK 110 NUTawy pe-
cypca, OBa HUCIHUTHBama HHUCYy CyBHUILE
3axTjeBHa. [laTosouIka UCIIUTHBaKkA Y Be-
TEPUHAPCTBY akpeguToBale Cy IO jegHa
naboparopuja y PC (2) u ®buX (6) u T0
BEOMa CpOJHA WCIHUTHBAWa Tj. AUjaTHO-
CTHKy UCTe DOJIeCTH, a/li PAa3TUUUTHM UC-
NUTHUM MeTOZiama. Y MUTamwy je AUjarHo-
cruka TCE metomom Priostrip u EIA.

Y B€3U OBHUX UCIIUTUBAKA, aJIU U OCTa-
WX, MHLUBEHA CMO [a HOAIOApydYja
aKpenuTalnyje Koja Cy y OKBUPY TEXHWY-
Kor monpyyja ,HcnuthBama y BETEpH-
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HapCTBY“ HUCy HoOpo meduHHcaHa, jep
Cy KOPHIUTEHU PA3TUYUTH KPUTEPUjyMHU
(rpyna y3po4Huka DojecTd — bakTepuje v
BUPYCH; 00J1aCT UCIHUTHUBaWka — MaTOJI0-
rvja v MapasuToIOrHja; TEXHUKE UCTTUTH-
Bama y 3aBUCHOCTH OJ} BPCTE y30pKa — Ce-
ponoryja u cn.). [Ipuje csera, cMaTpamo
Ila je TepMHUH ,BETEPUHAPCTBO" HEONTO-
Bapajyhu, jep 0OBaj TEPMHH YOMNIUTE HE
IIOCTOjH y CTPYYHOj TEPMUHOJIOTH)U Kaja
je y nuTamy BETEpUHApCKa MeIULIMHA.
TepMHH KOjU C€ KOPHUCTH Yy CTPY4YHO] H
Hay4HOj jaBHOCTH, a OJHOCH CE Ha BETe-
PHHApPCKY [jeNaTHOCT, je ,BeTepHUHapCKa
MeJuLMHA", Te MpeyIakeMo Jia ce 'y CKiIa-
Iy C OBUM, ypaJyu HW3MjeHa Ha3WBa OBOT
TEeXHUYKOT mopapyyja y ,HcnutuBama y
BETEPUHAPCKO] MEOULMHU, a Koje Ou
o0yxBaraso CBa UCIUTHBAKA U3 0DJIACTH
BETEpUHAPCKe MeOULHe. Y OKBUDPY TeX-
HUYKOT nogpyyja UcnutuBamwa y BETEPH-
HapCTBY, TPEHYTHO MOCTOje cneneha tex-
HWYKa nopmnogppyyja: ,Ceponoruja“, ,Bu-
pyconoruja“, ,Xucronoruja“, ,Ilatono-
ruja“, ,I[lapasutonoruja“, ,bakTepuono-
rvja“ u ,JIujarHOCTUYKA UCITUTHBama", a
Yy OKBUPY TEXHHUKOT NoJpyyja ,Momneky-
JIapHO-DHOJIOIIKA UCTIUTHBa®ka" jOLI jen-
HO NOJTOApydYje Noj HasuBoM ,Moiexy-
JlapHa OWjarHOCTUYKA MCIUTHBAKA Y Be-
tepuHapcTBy“ (16). Jujarnoctuka TCE
cBpCTaHa je y nognonpydje ,ITatonomxka
UCIIUTHBAka Yy BETEPHUHAPCTBY", 3aKiby-
YyjeMO, NPBEHCTBEHO Ha OCHOBY YHY-
Tpalrme opranusauuje AJIBJI (2, 6), nako
OBa UCIIUTHBa®ka UMajy BEOMa Majo Be3e
C OBUM HUCIUTUBAKBHUMA, YKOJIUKO Y3MEMO
y 003Up TexHUKe ucnutuBama (Priostrip,
EIA), xoje ce 3acHMBajy Ha MMYHOJIOLI-
KUM peakidjama. Y OBOM CJIy4ajy HHUje

y3€T HU Y3POUHUK HUTH TEXHUKA UCITUTH-
Bama Kao (akTop Koju ogpelyje TexHUY-
KO mojnojpydje, Beh HCK/bY4YMBO CII03-
Haja [ja Cy 0Ba UCIIUTHBamba Y BETEPHUHAP-
CKMM [MjarHOCTUYKUM JsabopaTopujama
IIPBO U YIVIaBHOM I10Y€JIa Ia C€ CIPOBOJE
y nadoparopHjamMa 3a MaToJoUIKa MUCIHU-
THUBama. Y BE3U OBOra Tpeda CIIOMEHYTH
TEXHUYKO mnonnoppydje ,Monexynapna
OWjarHOCTUYKa HCIUTHBAma y BETEPHU-
HapCTBY", a Koje je on crpaHe BATA cBp-
CTaHO HE y TEXHUUKO nogpyuyje ,Mcnuru-
Bama y BETEPUHAPCTBY ", HETO Y TEXHUUKO
nojgpyuje ,,MonekynapHo-duo0IKa HC-
nuthBama“ (16). HcnutHe mertome wu3
OBOI' TEXHUYKOT TOANOAPYYja aKpeJUuTO-
Base cy neuje AIIBJI (2, 6). Takobhe, kama
Cy y IUTamy BUPYCOJIOLIKA UCIIUTHBA®A Y
BETEPUHAPCTBY, NOCTOjU npumjep ABJI
Kaja Cy Ha OCHOBY MCIIUTHBAHOT lapame-
Tpa, ucnutuBawa ELISA u [HA Ttectom,
npuponaTta uctTuma (6), JOK Cy KOJ CBUX
octanux AJIBJI, ucnutuBawma ELISA Te-
CTOM CBpPCTaHa y TEXHUYKO MOANOAPYYje
,CepoJiolliKa UCIIUTHBalka y BETEPUHAP-
cTBYy" (2-5, 7). CnnuHa cuTyauuja je u C
UCIIUTHBakeM mapamerpa Salmonella
spp. y deuecy u dpuceBrma, Ipu 4emy je
jenna AIIBJI u3 PC akpenuTtoBasna OBy Me-
TOOy y mnoanoapyyjy ,bakrepuonomxka
UCIIUTHBaka y BETEPUHAPCTBY“ (2), a
npyra AIIBJI je akpenuToBana OBy HUCTY
METOAly y TOANOApyYjy ,BerepuHapcke
Mmukpoduonoryje“ (3), IOK Cy CBe TpH
AJIBJl y ®buX akpenuToBaje OBy METOLY
y nopmnonpydjy ,bakrepuonouika ucnu-
THUBama y BeTepuHapcTBY“ (5-7). OBOM
INPUWIMKOM IMOTPEOHO je HAllOMEHYTH Ja
TEPMHUH BETEPHHApCKa MUKPOOHOJIOrHja
Kao Mopapyyje akpepauTalyje HUje jacad,
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30ymyjyhu je 1 y 0BOM KOHTEKCTY I0rpe-
mwaH. Haume, TepMUH BeTepuHapcKa MH-
KpoOHOsoTHja y yKeM CMUCITY, XKapToH-
CKH, OOHOCH Ce Ha DaKTepHosouKa UCIH-
THBama, I0K y LIMPEM CMHUCITY OH 00yXBa-
Ta DAKTEPUOJIOTH]Y, BUPYCOIOTH]Y U MH-
KOJIOTH)y, Tj. OHOCH CE€ Ha BEOMa LINUPO-
KO [T0JIpyYje y BETEPUHAPCKOj MEAULIMHH.
Taxohe, ceponoryja je OBUM LIUPUM 3Ha-
yemeM o0yxBaheHa, ajlld HE Kao CTBapHa
00nacT MUKpOOUOIOTHje, HErO BULIE KAO
odylacT MCNUTHBaWa Koja odyxsaTa TEX-
HUKE WCIWTHBaWma 3aCHOBAHE Ha jeNHO]
BPCTH y30pKa Tj. KpBHOM CEPYyMy (Cepym
— CEepoJioryja), a KojuMa Ce, OTUPEKTHO
WIA WHAWPEKTHO, [l0Kasyje IPHUCYCTBO
DakTepuja, BUpyCca W Iapasura. Y Be3U
TEpMHUHA nognogpydja ,Ceposomka uc-
[IUTHBaKka y BETEPUHAPCTBY", KA0 U KOT
MaTOJIOWIKKUX, CMAaTPaMo Ja je popMHUpaH
Ha OCHOBY YHYTpallll€ OpraHu3aluje ca-
MUX IHjarHOCTUYKUX BETEPUHAPCKUX Jla-
boparopuja (2, 6), a He Ha OCHOBY peaJiHe
CTpyuYHe aHanu3e U npoujeHe. Kama ce
pasmarpa nogmnognpyudje ,JlujarHocTHYKa
WcnuTHUBama” (16), HUje jacHO 1ITa Ce MOof
BUM NOOpa3yMHjeBa, fa Ju Cy TO KIH-
HUUYKa MCIHTHBaWa KoOja NOApasymuje-
Bajy pajl C NaUWjeHTHMA Tj. )KUBUM XKHBO-
THUBAMa, Jla JIU Cy TO UCTIUTHBamwa Koja cy
IIPOUCTEK/IA U3 KOHKPETHOI CilydYaja, a y
TOKY KJIMHMYKOT Iperjaefia )KUBOTUHE, C
LWBEM I1OCTaB/baba JUjarHO3€ WIH Cy TO
ocTajia 7adoparopujcka HCIUTHBAHA
KOja ceé He MOTy CBPCTaTH HU Y jeIHO Of
ocTanux nopmnoppydja. Cmarpamo [fa je
OBaj TEpMHH HENpUKJIALAH jep je
YOILITEH, HEOZpeheH U Moxke ce OIHOCH-
TH Ha CBa OCTa/la UCIIUTHBama OFHOCHO
TeXHWYKa MOANOApyYja y noapyyjy ,Hc-

NATHBaKka y BETEPUHApPCTBY“. I'eHepai-
HO, TEDMUH [JMjarHo3a 03Havasa Je(UHU-
Came y3poKa 000/bema OSHOCHO DosiecHOT
cTama (0osecTH), a IOCTaB/ba CE HA OCHO-
BY aHaMHECTHUKUX NI0fiaTaKa, KIMHUYKOT
nperiefa U J1abopaTOpHjCKUX aHaIU3a.
Taxohe, nognonpyuje ,IlaTonomka uc-
NUTHUBaWka"“ NUCKYTaOWIHO je y Torieny
Ha3uBa, C jeJHe CTpaHe LITO HUje jaCHO
Ta OM y 0Ba UCIIMTHUBAKA, NIOPEN 00AYK-
Uyje XKUBOTHHA, YOTILUTe CHajgano, a C
Opyre CTpaHe IITO CE Y 0BO MOANOApyYje
CBPCTaBa UCK/bYUYHMBO JUjarHOCTHKA MPHU-
OHa, HE3aBOCHO OJ] UCIIUTHE METOZE, Ofi-
HOCHO TEXHHMKE UCIIUTHUBaKa. YKOJIHUKO Ce
nohe ox mpernocraBKke Aa CBaKU y3pOu-
HUK DOJIECTH KOJ KUBOTHIbA U3a3UBa Ofl-
peheHne maronouke npomjeHe, oHpa 0w,
II0 TOj JIOTHLIH, CBAKO UCIIUTUBAKE MOIJIO
la Ce CBpCTa y NaToJIOIIKO. 3HaYH, Y OBOM
cily4dajy, KOI TOMEHYTHX METOja, Huje
pyjed o yrBphUBamy MaTONOLIKUX
IIPOMj€Ha, HETO O yTBphHBamy NpUCyCTBa
y3POYHHUKA, Ka0 U KOJ HIIP. CEPOJIOLIKHUX,
NIapa3UTOJIOIIKUX, OAKTEPHUOJIOIIKUX U
APYTUX UCIUTUBAMA. [TaTonouke
npomjere, noncjehamo, yrephyjy ce uc-
K/ByYHBO MAaKPOCKOIICKH (TOJTUM OKOM,
U3BOhemeM 00AyKLHje) U MUKPOCKOTICKH
(IIpUIIPEMOM U NIPEIIeOM XUCTOIOLIKHUX
Y TIaTOXMUCTOJIOWIKUX Hcjeyaka). CBe OBO
0CTaB/ba HEJJOYMHUIY U 3HAK NMUTamka KaKo
3a Oynmyhe akpenuToBame MOjeIUHUX BP-
CTa UCIIUTHBa®ba (MIMYHOEH3UMCKA, UMY~
HOJIOLIKA, MUKOJIOLIKA), TAKO M 3a HEKa
Koja cy Beh axpenurosana (ELISA Tecr,
npuoHcke donecty u ci.). OBo, ¢ jenHe
CTpaHe, yKkasyje Ha HeaflekBaTHOCT BATA
NOKyMEHaTa y IOoIIeNy TEXHUUKUX IOA-
pyYja ¥ mognonpyyja akpegutauuje koja
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Ce OJJHOCE Ha UCIIUTHBAma U3 001aCTH Be-
TEPUHAPCKE MEJULIUHE, & C IPYTe CTPaHe,
HEIOC/bENHOCT Y MOCTyIamy TEXHHUUKHX
eKcrepaTra, OLjemuBadya MW  Bojehux
oujemnuBaya BATA, OOHOCHO HEMNOCTY-
nawme 0 MCTOM NpuHuMmy. KoHauHoO,
BATA Huje peduHHCaTa KPUTEPHUjYME,
Ha OCHOBY KOjUX OM Ce aKpeJUTOBaHE UC-
IIUTHE METOJE CBpCTaBajJe y OArOBa-
pajyhe TeXHHYKO MOApyYje U TMOAINOA-
pyuje. 'enepanHo, cMaTpamo Ja je mo-
TpebHa peBusHja BATA nmoxkymeHTa Koju
nedUrHHLIe TeXHUYKA IMOApydYja M MOJI-
nojgpydja y BETEPHUHApPCTBY, Y CMHUCIY
aZIeKBaTHOCTH BUXOBUX HasuBa. Ha mp-
BOM Mj€ECTy IOTPEOHO je OOpesuTH NpHU-
CTYTI, ONHOCHO OJPEAUTH Ha OCHOBY KOjHUX
napamerapa (pOpMHUpaTH TEXHHUYKA IOJ-
nojpydja y BETepUHApPCTBY, a JIX Ha 0C-
HOBY MCIIUTUBAHOT NapaMeTpa, 00J1acTh
UCIIUTHBAba, MaTpUKca (BpCTE y30pKa)
WIM TEXHUKE HCIUTHBama. Mullbema
CMO Jia Tpeda MOTIYHO 3aHEMAPHUTH YHY-
Tpallwy opranusauujy AJIBJI y oBom mno-
rneny, jep cy AIBJI pasnuyuTo OpraHu-
30BaHe. Y CBAaKOM CiIyvajy, Kaja ce jen-
HOM (pOpMUpajy TEXHHUYKA MOANOAPYY)a,
Tpeda usdjehu gBocTpyke cTaHpapne, on-
HOCHO IPUCTYIE NPUIMKOM CBpCTaBama
UCIIUTHUX METOHA y HCTE. YKOJIHMKO Ce
nohe ca CTaHOBHIUTA 0OJACTH HUCIIHUTH-
Bamba, HalOMUBEMO J1a DaKTEPHOIIOLIKA,
MHKOJIOIIKA W BHPYCOJIOIIKA HWCIIUTH-
Bama Clazgajy y MUKpOOHOJIOIIKA HUCIIHU-
THBamwa, T€ He MOT'Y UCTOBPEMEHO a I0-
CTOje Kao MOANOApyYja C MUKPOOHOIOLI-
KUM. bakrepuosnouika, MUKOJIOLIKA, BU-
PyCOJIOLIKA, TPUOHCKA U ITapa3UTOJIOLIKA
UCIIUTHBA®ka, [0jeIMHAYHO, MOTY Ja Ce
CIIPOBOJIE Pa3/IMYUTUM UCIIUTHUM TEXHHU-

kama (ELISA, AGID, Rose Bengal, PCR,
Real time PCR, EIA, ELFA u ci1.). YKonu-
KO je MaTpukc (akTop Koju AedHHHLIE
TEXHUYKO Nojnojpydje, rpeda dUTH BEo-
Ma OIlpe3aH KOJ Ha3uBa CEPOJIOLIKUX HC-
NIUTHBAaka, jEpP CEPOJIOIIKA HWCITUTUTH-
Bama [0/Ipa3yMHjeBajy UCIIUTHBabA KPB-
HOI' CepyMa Kao MaTpHKCa, a MHOre o[
UCIIUTHUX METOJA, TOpeN KPBHOI CEPY-
Ma, y31Majy Ka0 MaTpUKC U KPBHY Ij1a3-
My, IyHY KPB, MJIMjE€KO WJIX MJIMjEYHH Ce-
pyM. ELISA meromoM, ka0 THUIIMYHUM
NIpPEeICTaBHUKOM ,CEPOJIOIIKUX HCIIUTH-
Bawa“, MOTy C€ NUPEKTHO (aHTWUTE€H) H
WHIUPEKTHO (aHTUTHjesla) [OKa3sUBaTH
Dosecty DakTEpHjCKEe, BUPYCHE, IPHOH-
CKe M [Tapa3nuTCKe eTuosoryje, be3 odsupa
Ha MaTpHKC (BpCTy y3opka). Ha oBe npo-
Oneme W mpumjepe Beh cMo ykasupaiu
2016. rogvHe Ha XapMOHU3aLHjCKUM
cacranuuma, mehyrum, BATA odpasno-
XKEHE je la OHAa TPEHYTHO HEMA [OBOJBHO
pecypca ¥ Ja je NMOoTpedHO akTUBUpATH
CIO/bAllllbe CapafHUKEe y LUbY CBEODyX-
BAaTHE aHAJIU3€ U JUCKYCH]je TI0 OBOM IH-
tamwy. C 003upoM Ha 10 fa bATA uma He-
KOJIMKO TEXHUYKHMX €KCIepaTa U3 obma-
CTH BETEPUHAPCKE MEOULIMHE KOjU aKTHUB-
HO yuecTByjy y pany BATA Kao TeXHUUKH
€KCIIEPTH U OLjEHUBAYU Yy IOCTYIKY
aKpeouTOBamba JHjarHOCTUUKUX BETEPHU-
Hapckux nadoparopuja, ctaB BATA mo
OBOM IUTamy HUjE ONPXKUB, C 003UPOM Ha
TO fAa Beh KOpHCTH HWUXOBa CTpy4yHa
3Hama. CBe 0BO yKa3syje Ha HEOIXOJHOCT
na v octane AJIBJI 1o oBOM IUTawy I0-
KpeHy MHULUjaTuBy npeMma BATA u ysmy
yuewhe y npunarohaBawy U jaCHOM Je-
(puHUCaBy TEXHUYKHUX IOApYYja U IOJ-
nojpydja y 0d1acTi BeTEpUHAPCKE MEIU-
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IJMHE, Y LIW/by BUXO0BE XapMOHHU3alLuje U
yjeJHaueHOr NPUCTyNa aKpeAUTOBamy
0BUX mnoppydja. Ha ocHOBY H3HeceHOT,
Kao W 3Hama M3 00/1aCTH BETEPHUHAPCKE
MeJULUHE, Pa3sMHIL/baba CMO Jja OU Tex-
HUYKa [oAnoapyyYja rpedano GpopMupatu
npemMa LWHUPHUM 00/acTUMa U HBHUXOBUM
onpehenum cnenudUIHOCTUMA, Te TIpen-
naxemo cineneha TexHu4Kka NoAnoapyyja
UCNUTHBAa®ka: IapasuToIOLIKa, MOJIEKY-
JlapHa, UMYHOJIOLIKA, aTOIOMKO-XHUCTO-
J0IIKa U OMOXEMHjCKa OUjarHOCTHKA, U
Ha Kpajy H3olauuja U UOoeHTHdUKauuja
MHKpoopraHusama. [Tognogpyyje napas-
UTOJIOLIKE JUjarHOCTHKE 00yXBaTalo Ou
UCIUTHE METOZle KOjé Ceé UCK/bYYMBO 3a-
CHMBAjy Ha MAaKpOCKOIICKO] M MHKPO-
CKOIICKO] HWAEHTU(HUKALHUjU Iapasura.
[Topnmonmpyuje mMoneKkyJlapHe IUjarHOCTH-
Ke 00yxBaTajio OM UCIIUTHE METOAE, HE3a-
BucHO op PCR TexHuke, a kojuma ce Jo-
Kasyje MpUCyCTBO TeHOMa MUKPOOPraHH-
3ama ¥ napasura. [lognoapydje UMyHoO-
JIOLIKE [MjarHOCTHKE 0dyxBaTaao O CBe
WCIIUTHE METOJE KOje Ce 3aCHUBAjy Ha

VMYHOJIOLIKMM peakuujaMa, He3aBHCHO
0[] Y3pOUHHKA KOjU CE JUPEKTHO WU UH-
OUPEKTHO Jokasyje. [Tompyyje maronom-
KO-XUCTOJIOLIKE JUjarHOCTUKE 0DyXBaTa-
710 0y, € jeHe cTpaHe, MaTOMOPGOJIOLIKY
IOUjarHOCTHKY, a, C Apyre CTpaHe, UCIIUT-
HE METOJE 3aCHOBAHE Ha IPUIPEMHU U
nperiefy XUCTOJIOWKUX MW IAaTOXUCTO-
nowKkux ucjedyaka. [lognonpyuje duoxe-
MMH]jCKE OHjarHOCTUKE 0DdyxBaTaao OU HC-
NUTHE MEeTole Kojuma ce yTBphyjy duo-
XEMH)jCKH NapaMeTpH y TKUBUMA, TjeJie-
CHUM TEYHOCTHMA, CEKPETUMA U EKCKpe-
tuMa. [lopnoppydje v3onauuje U UOEHTH-
(pukauuje MuUKpoopraHusama odyxBara-
710 O UCIIUTHE METOJE KOje Ce 3aCHUBAjY
Ha M30/1alUjH U MUKPOCKOIICKO] UAEHTH-
(pukauMju MUKPOOPraHU3ama.

Y I'pacpukony 4. mpuKasaH je NpoLeH-
TyanHu omHoc AJIBJI usmely eHTUTeTa
IIpeMa IoJnonpyyjy aKkpesurauyje.
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OpaHoc AIB/1 usmehy eHTUTeTa Nnpema NoAnoApyyjy akpeautaumje y %

MOEeK. ,CI,VIjaI'H. WUCTIUT. Y BeTep.
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I'padukon 4. OgHoc AIBJI nu3melhy eHTHTETAa MpeMa NOANOIPYYjy aKpeTUTALHje

On yKkynmHO cejaM akpeAUTOBaHHUX
MOANOApyYja HUCMUTHBawa y buX, na-
dopatopuje y PC akpenutoBasie Cy CBUX
cefpam nopnozapydja (100%), a y ®buX
wect noanonapyyja (85,70%). Kapa je y
nutawy ObuX, cBa akpegutoBaHa IMOJI-
nojgpydja M3 00/1acTH BETEPUHAPCKHUX
IOWjarHOCTUYKUX HCIUTHBAaka 00aB/bajy
Cé UCK/bY4MBO y nabopatopujama y [IB.
Y PC 0BO je ciy4aj KO BUPYCOJIOMIKUX,
MOJIEKYJIAPHO [WjarHOCTUUYKHUX, Napasy-
TOJIOWIKUX M DAKTEPUOIOWIKHUX HCIUTH-
Bama. JIaboparopuje y IIB odasmajy uc-

K/byYMBO UCIUTHBAaKba U3 NOApyyYja BeTe-
pUHapCcKe MUKPOOHUOJIOTHje, IOK je y o[-
NOAPYYjy CEepOIOLIKUX HUCIUTHBaWa Of-
Hoc 1:2 y xopuct naboparopuja y [1B. Ha
HUBOy buX, BHUpycosouika, MoseKysaap-
HO JWjarHOCTUYKa, MATONOIIKA, Tapa3u-
TOJIOIIKA ¥ DAaKTEPHOJIOIIKA UCITUTUBAbA
00aBsbajy ce UCKIbYYUBO y TabopaTopuja-
Ma y IIB, y moanonpyujy BeTepuHapcke
MUKpPOOMOJIOTHje UCK/BYYUBO Yy Jabopa-
tTopujama y [1B, nok y nonmnozapyyjy cepo-
JIOIIKUX UCTIUTHBama BehnHoM y adopa-
Topujama 'y B (2:1).
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Y Tabenu 3. mprKasaH je MPOLEHTyas-
Hu ogHoc AJIBJI y 1B u IIB y buX npema

NOANOAPYY]jy aKpenuTauuje.

Tabena 3. Ognoc AJIBJ1 y /1B u [1B y buX npema nonnoapydjy akpeguranuje

%

IMTognoapydje akpenuTanuje PC ®buX buX

OB I1B OB ITB OB 1B
JIN 3.6 BeteprHapcka MUKpodHoioryja 100 0 0 0 100
JIN 4.1 Ceposonika UCIUTUBa®A Y 3330 | 66,70 | 100 0 66,70 | 33,30
BETEPUHAPCTBY
JIW 4.2 Bupycosouika UCIUTUBaWka Y 100 0 100 0 100 0
BETEPHUHAPCTBY
JIN 4.5 TaTonomKa UCIUTHBAKkA Y 100 0 100 0 100 0
BETEPUHAPCTBY
JIN 4.6 [1apasuToiolKa UCIUTHBAKkA Y 100 0 100 0 100 0
BETEPUHAPCTBY
JIN 4.7 bakTeprosouika UCITUTUBa®ka Y 100 0 100 0 100 0
BETEPUHAPCTBY
JIN 19.2 MonexynapHa JUjarHOCTHYKA 100 0 100 0 100 0
WCIUTHBAaba Y BETEPUHAPCTBY

Ha nuBoy buX, naboparopuje y
B akpenutoBaze Cy 6 mNopanoapyyja
(85,70%), mox cy nadoparopuje y IIB
akpeguToBase 2 moanoapyyja (28,60%).
On yxynHor dpoja akpeoUTOBAaHUX MNOJ-
nogpydjay PC,y 71,40% nognognydja no-
MUHHDPA]jy nabopatopuje y B, y 14,30%
jenHak je onHoc tabopatopujay IB u I1B,
nok cy y 14,30% nomuHaHTHe J1adoparo-
puje y I1B. Jladopatopuje y [1B goMuHU-
pajy y TOANOAPYYjY CEpPOOIIKHUX UCIH-
THBaba, OYEKWBAHO, C OD3UPOM Ha Ka-
PaKTepUCTHKE OBHUX HCIHUTHBama, a Ha
MPBOM MjecTy je mpodUTadUIHOCT, Koja
jé ¥ OCHOBHH Ppas3Jior mocTojawa Jabopa-
topuja y I1B. 3a pasnuxy on PC, y ®buX
CBa [IMjarHOCTHYKA UCIHUTHBAaWka y BeTe-
PUHApPCTBY 00aBibajy sabopatopuje y 1B
(100%). Ha HuBoy buX nmadoparopuje y

B cy nomuHaHTHe y 85,70% monpyuyja,
a y IIB cy nomuHautHe y 14,30% mon-
pyyja. AHanIM30M aKpeZUTOBAHUX TIOJ-
nojpyyja aKkpeguTaluje youasa ce a Ccy
naboparopuje y B axkpemutoBaie me-
Tone y BehuHu moamnoapydyja, JOK Cy la-
bopatopuje y IIB yriaBHOM ojadpase
MoANoApyYja Koja, Cy, C jemHe CTpaHe
HajMamwe WK Majo 3aXTjeBHA ca CTaHO-
BULITA aKpeJuTaludje (ceposiourka UCIU-
THBaWa), a C Apyre cTpaHe JoHoce Behu
npoduT, jep Cy 3aXTjeBH 32 OBUM aHAJIU-
3aMa vewhwu (perynaTuBa, MacoBHe TIpe-
Tpare Beher Opoja y3opaka u ci.). Tlo-
pen oBora, Tpeda HallIOMEHYTH Ja je me-
TOJIOJIOTHja pafia ¥ ONpemMa jelHOCTaB-
HUja 4 TIpUMjemHuBa 32 CBe MeTole W3
OBUX aKpeOWTOBAHUX MOANOApYYja, Me-
ToJle ce Beoma OpP30 U jeIHOCTABHO YBO-
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Ie y PyTHHCKU pal, UCIIUTHBaWka BEOMa
KpaTKO Tpajy, Op30 ce [osasu 1o pesyi-
TaTa, y NMUTaly Cy CTaHAApAHE METOZe
0e3 3axTjeBa 3a BaJUALNjOM U Ca BEO-
Ma T0je[HOCTaB/bEHOM BepU(HUKaLHjOM
U MjepHOM HeCHUrypHoulhy, NMOTPOLIHU
MarepHjaiy, peareHCH U AUjarHOCTUYKH
KUTOBU HabaBspajy ce CIIPEMHH 3a YIIO-
Tpedy 0e3 nperxonHux npunpema. OBo je
Y pasyMJbUBO, C 0D3UPOM Ha TO Jia je 0C-
HOBHHU PAasJIoT II0CTOjamwa JladbopaTtopuja y
[1B ctuname npodura U, y CKIamy C TUM,
CJ1000JaH W LW/baH 0Jadup moppydja 3a
KOja Tpake OBJlalITewma 3a paj Of Hal-

% AUM

JIEXKHUX OpraHa, a I0TOM M IIoJpy4ja Koja
aKpenuryjy.

Y MCIUTHUM OUjaTHOCTUYKHUM BETEPH-
HapcKuM naboparopujama y buX yxym-
HO je akpeguToBaHa 41 pasnvuuTa HC-
nuTHa Metopa. Op tora je y PC akpenu-
TOBaHO 30 pa3JIMYUTHUX UCIIUTHUX METONA
(73,20%), ay ®buX 31 metona (75,60%).

Y I'padukoHrMa 5. ¥ 6. IpUKasaHa je
3aCTYI/bEHOCT aKPEAUTOBAHUX UCITUTHUX
metoga (AUM) y AIBJ1y buX npema xu-
BOTHUICKO]j BPCTH.

m roesa

H OBLle U KO3e

= nTUle
nyene

= KOHU

B CBUHE

= pube

= UCNUTUBakba SajE,D,HVNKa 3a
BULlIE BPCTA MUBOTUHA

I'paduxon 5. 3actymseHoct AHUM y AJIBJI y buX y o4HOCY Ha )XKHBOTHBCKY

BPCTY
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3actynsbeHocT AUM y AZ1B/1 uamel)y eHTUTETa y OHOCY HA UBOTUHCKY BPCTY Y %

UCMWUT. 3ajeIHUYKA 32 BULLIE BPCTa 3KUB.
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I'paduxon 6. 3actymseHoct AUM y AIBJI uamely eHTHTETa Y OTHOCY Ha XKH-

BOTHHCKY BPCTY

Y opHocy Ha ykynaH dpoj AUM, mpe-
Ma BPCTH KUBOTHIbA, HajBUILE UCITUTHUX
MEeTo/la aKpeJUTOBAHO je 3a HUjarHOCTH-
Ky donmectu rosena (33,30%), 3aTUM OBa-
1a ¥ ko3a (21,40%) u ntuna (16,70%),
Kao U UCIHUTHBAKA 3ajeJHAYKA 3a BUIIE
BpcTa )uBoTUmA (14,30%). OgHoc AUM

y AJIBJI usmehy eHTuUTETa Npema XH-
BOTHUICKOj BPCTH (roBefia, OBLIE U KO3€,
NTHLIE, KOBY, UCTIUTHBaMba 3ajeJHHYKA 3a
BULIE BPCTA KUBOTHUHA) je MPUOIHKAH,
3a pube je 2:1y kopuct ®buX, a 3a cBUBE
1,5:1 y xopuct PC.
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3AK/bYHAK

Ha ocHoBy modujeHux pesysnrara, u3-

BOJe ce cbenehu 3aKsbydliu:

1.

Y BocHm u XepueroBMHHU yKyIHO je
aKpeIUTOBAHO 6 MCIUTHUX OHjarHo-
CTUUKMX BETEpHUHApPCKUX Jjadopa-
topyja, no Tpu y PC (50%) u ®buX
(50%).

On yxynHor Opoja akpeouTOBaHUX
WUCIUTHUX [IUjarHOCTUUKUX BETEPH-
Hapckux jnadopatopuja, y Pemnybmnu-
uu Cprckoj je 33,30% y npxaBHOM
BJIACHUIUTBY, a 66,70% y mpuBaTHOM
BJIACHUIITBY, 0K je y ®denepauuju
buX 100% y np>KaBHOM BJIaCHULITBY,
a Ha HuBOy buX 66,70% y npxaBHOM
BJIacCHUIITBY, a 33,30% y npuBaTHOM
BracHUWITBY. Y ®epepauuju buX no-
CJI0BU  J1aDOPATOpPHjCKOT  UCIUTH-
Bama O] jaBHOT UHTEpEeCca 3a 3[IpaBibe
KUBOTHHA, a NOC/HEOUYHO W JbYIH,
0DaBbajy Ce UCK/BYUHUBO Y aKpeOuTo-
BaHUM MWCIIUTHUM JHUjaTHOCTUYKUM
BETEpUHApCKUM Jjadoparopujama y
OpXXaBHOM BJIaCHUILTBY, a Penydnu-
ka Cpricka ce, I0 OBOM NUTawy, M0-
pen concTBeHMX (y Op’KaBHOM Biac-
HUILITBY), BEOMa 3HayajHUX Jabopa-
TOPHjCKUX Kananurera, BehMHCKH 0C-
7ama Ha jadoparopuje y NpuBaTHOM
BJIACHULLTBY.

HcnuTHe OMjarHOCTHYKE BETepUHap-
cke ylaboparopuje y buX akpenuro-
Bajle Cy 7 PpaslIMuYUTHX MOANOnydja
aKpenuTalnuje y Be3u C AWjarHOCTH-
KOM DO0JIeCTH KUBOTHHA, Of 4era y
Penybnuuu Cprckoj 7 (100%), a y
®buX 6 moppyuyja (85,70%). Ha Hu-

4.

Boy buX nadoparopuje y [npxas-
HOM BJIQCHULITBY Cy JOMHHAHTHE Y
85,70% mnoppyyja, a y IpHUBaTHOM
BIACHULITY Cy foMUHaHTHe y 14,30%
nognonpydja. On  axkpeguTOBaHUX
noanoapydyja y Penybnuuu Cprckoj,
y 71,40% nomuHUpajy 1adoparopuje
y OpkaBHOM BiaacHUWITBY, Y 14,30%
jenHak je omHoc yniabopaTopuja y Ap-
’KaBHOM M TNPHUBAaTHOM BJIACHHIITBY,
nok y 14,30% momuHMpajy nadopa-
TOpHje y HNPUBATHOM BJIACHUIITBY,
nok y ®buX cBa JujarHOCTHYKa MC-
NIUTHBaba y BETEPUHAPCTBY 00aB/bajy
naboparopuje y OpkaBHOM BJac-
HuTBY (100%). JTabopartopuje y np-
)KaBHOM BJIACHUIITBY aKpEOUTOBA-
JIe Cy UCIHUTHE MeToje y 6 IMOAINOoJ-
pyyja (85,70%), a y npUBaTHOM BJ1ac-
HUIITBY y 2 moxmnozapydja (28,60%).
Cee naboparopuje akpemsutoBase Cy
ceposiolKka UCnUTHBama. Jlaboparo-
pYje y IpUBaTHOM BJIACHUILTBY OJja-
Opane cy HWCK/bYYHMBO MOANOAPYYja
Koja JoHoce Behu mpodut HIp. (ce-
poJiolIKa UCIUTUBAWA), jep Cy 3ax-
TjeBU 3a OBMM aHanusama vewhw, a
METOJI0JIOTHja pafa WU ompema jen-
HOCTaBHHUja. Bupycomouika, MoeKy-
JIapHO [IMjarHOCTHYKa, MaToJIOIIKa,
NapasuTOJIOIIKa M OaKTepHOJIOIIKA
ucnutiBawa y buX obasimajy ce uc-
K/by4MBO Yy JlaDopaTopHjama y Ap Kas-
HOM BJIACHUIITBY.

buX nocjenyje 3HayajHe KamanuTeTe
aKpeOUTOBAHUX HCIOUTHUX [UjarHo-
CTUUKHX BETEPUHAPCKUX Jadoparo-
PpHja, Hapo4uTo 3a ceposoika (100%
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aKpeJUTOBaHUX JladopaTopuja), Dax-
Tepuosnoumka (66,70% akpeouToBa-
HuX jabopaTopHja) ¥ napasuTOJIOLI-
Ka ucnuTtuBama (50% akpenuToBa-
HUX nadoparopuja).

Y WCNUTHUM OUjaTHOCTUYKUM BeTe-
puHapckuM sabopartopujama y buX
YKyIIHO je akpenuToBaHa 41 pasnu-
ydTa UcnuTHa Metoma. Of Tora je y
Penybnuuun Cprckoj axpenuTosa-
HO 30 pasmTUYUTUX UCIUTHHUX METO-
na (73,20%), a y ®buX 31 metona
(75,60%). Y onHOCy Ha yKymaH 0poj
aKpeIUTOBAHUX HCIUTHUX METO-
Ia, MpeMa BPCTH ’KMBOTHHA, HajBU-
e WCMHUTHUX MeToJa aKpeAuTOBa-
HO je 3a IHMjarHOCTUKY OOJIECTH TrO-
Bega (33,30%), 3aTUM oOBalla U KO3a
(21,40%) n nruna (16,70%), kao H
VCIIUTHBAKka 3ajeJHHYKa 3a BUILE Bp-
cTa )XUBOTHA (14,30%).

HasuBu TeXHWYKUX TMOApyYja U NOA-
nojpydja Koja ce OHOCE Ha UCIIUTH-
Bama U3 00/1aCTH BETEPHHAPCKE Me-
OULIMHE HUCY afieKBaTHO AedHHU-
caHHU ofi cTpaHe MHCTUTYTa 3a akpe-

mutoBae buX (BATA) u mebhycodb-
HO Cy CYTPOTCTaB/b€HH, ONHOCHO He-
Majy CTPYYHO U HAy4YHO YIOPHILTE.
BATA Hema peduHHCaHE KpUTEPH]jy-
M€ HUTH XapMOHH30BaH MPHUCTYII
NPWINKOM PasBpCTaBama aKpegu-
TOBAaHUX HCIHUTHUX METOZJA y OATO-
Bapajyha TexHWYKa Moapydja ¥ noj-
nojpydja u3 0dnacTu BeTepUHApPCKE
MeJMINHE, a KOja Cy CacTaBHH AHO
nojaTaka akpeguTaldju aKpeguTOBa-
HUX WUCIHUTHUX JabopatopHja. Ha3us
TEXHUYKOT Toapydja ,McnutuBama
Yy BETEPUHAPCTBY" NMOTPEdHO je Mmpo-
MHjeHUTH y ,McrnuTuBama y BeTepu-
HapCKOj MEeJULMHH", a MOANoApyYja
13 00JIaCTH BETEPUHAPCKE MENUIINHE
Tpedasio du popMHUpaTH Npema IU-
pUM odracTUMa ¥ BUXOBUM oppehe-
HUM CHenudUYHOCTHMA, Te Tpen-
naxeMmo cieneha TexHWYKa MOAIOA-
Pydja UCIUTHBaWka: MapasUToNIONIKA,
MOJIeKyJlapHa, WMYHOJIOIIKA, MaTO-
JIOIIKO-XUCTOJIOMIKA U OuOoXeMHjcKa
IVjarHOCTUKA, KAa0 W H30/JalHja H
UAeHTU(UKALHja MUKPOOPTaHU3aMa.
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Abstract: Accreditation refers to the formal recognition that a confirmity assessment
body (laboratory) is competent to conduct confirmity assessment activities according
to internationally accepted rules. The accreditation of conformity assessment bodies
in Bosnia and Herzegovina (B&H) is implemented by the Institute for Accreditation
of B&H (BATA). Accreditation provides confidence in the laboratory test results.

Veterinary laboratories for diagnostic testing refer to laboratories for testing
materials of animal origin.

The aim of the studyis to determine the capacity of accredited diagnostic veterinary
laboratories for diagnotic testing in B&H in relation to the field of examination or
the scope of accreditation.

This enables a clear insight into the capacity of diagnostic veterinary laboratories
to respond to animal health control requirements in order to protect animal and
human health.

During 2017, six diagnostic veterinary laboratories were accredited in Bosnia and
Herzegovina, three in Republika Srpska and three in the Federation of B&H.

Of the seven accredited fields of testing in B&H, laboratories in Rebublika Srpska
accredited all seven fields (100%), while laboratories in the Federation of B&H
accredited six fields (85.70%). The veterinary laboratories for diagnostic testing in
B&H accredited a total of 42 different test methods. In the RS 30 test methods were
accredited (71.40%), while in the Federation of B&H there are 31 accredited test
methods (81.60%).

When it comes to various fields of veterinary diagnostic tests, B&H has the
capacity concerning accredited laboratories to respond to the reqirements, capacities
of particular significance are those for serological (100% accredited laboratories),
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bacteriological (66.70% of accredited laboratories) and parasitological tests (50% of
accredited laboratories). In relation to the total number of test methods regarding
type of animals, the most test method are accredited for diagnosis of cattle diseases
(in the RS 36.70%, in the FB&H 38.70%, and at the B&H level 33.30%), they are
followed by the methods for diagnosis of sheep and goat diseases and bird diseases.

Key words: accreditation, testing laboratories, veterinary diagnostic.

INTRODUCTION

Accreditation of the conformity
assessment body in Bosnia and
Herzegovina (B&H) is carried out by
the Institute for Accreditation of B&H
(BATA) (12). BATA is responsible
for developing, implementing and
maintaining B&H Accreditation
System (SAB&H), implementing
the accreditation and supervision
procedure of the conformity assessment
body, representing B&H in European
and international organizations
for accreditation, organizing and
implementing specialist staff training in
the field of accreditation, and developing
and establishing information system on
assigned accreditions and on documents
in the field of accreditation.

Accreditation is a document that
demonstrates competence to perform
certain tasks in the area of assessment
of compliance (8). Accreditation
implies a formal acknowledgment that
some conformity assessment body is
competent to carry out conformity
assessment activities in accordance
with internationally accepted rules.
Conformity  assessment is  any
activity through which it is directly
or indirectly determined whether

the relevant requirements have been
met. Conformity assessment body is
a supplier-independent laboratory,
certification body, inspection body or
any other body involved in conformity
assessment which can be a state
authority or a legal or natural person.
The accreditation procedure determines
the competence of legal and natural
persons, which can represent, in whole
or in part, a conformity assessment
body in relation to the requirements
of B&H, European and international
standards or documents of European
and international accreditation
organizations.

BATA sets out the criteria for
approving and maintaining accreditation
to be met by the Compliance
Assessment Bodies (TOU), the process
of accreditation and the financing of the
accreditation system (15) Laboratory
accreditation ensures confidence in the
results of laboratory tests, and is carried
out according to the standard BAS EN
ISO / IEC 17025: 2006 (1). Within the
SAB&H, test laboratories, calibration
laboratories, medical laboratories,
inspection bodies, product certification
bodies, staff certification bodies and
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bodies providing certification of the
management system can be accredited.

Diagnostic veterinary laboratories
refer to laboratories dealing with the
testing of material originating from
animals (9-11) These are the laboratories
that carry out diagnostic tests of
infectious diseases, the detection of
potentially harmful residues in animals
and products of animal origin, water
and animal feed , food and animal feed
hygiene, health and quality testing, and
other tests (13) that is, bacteriological,
serological, parasitological, chemical,
biochemical, physical, pathological and
radiological tests in the veterinary field,
testing of the health safety of food of

animal origin and animal feed (11).

Diagnostic veterinary laboratories
must accredit the methods they use in
accordance with the standard BAS EN
ISO/IEC17025:2006 (11, 14) Diagnostic
testing in veterinary medicine in B&H is
carried out by authorized laboratories
in state (SO) and private ownership
(PO) in both Entities, Republika Srpska
(RS) and Federation of Bosnia and
Herzegovina (FB&H), in accordance with
the Veterinary Law (9-11) and other
regulations. No veterinary diagnostic
laboratory has been accredited in the
Brcko District (BD).

OBJECTIVES AND TASKS OF TESTING

The aim of the study is to determine
the capacities of the accredited
veterinary diagnostic testing laboratories
in B&H in relation to the field of testing
from the standpoint of diagnostic
testing in veterinary medicine. In this
way, we would get a clear insight into
the readiness of diagnostic testing

veterinary laboratories to respond to
animal health control requirements with
the aim of protecting animal and human
health. Data on accredited areas and test
methods related to food and animal feed
control have not been taken into account
in this study.

MATERIAL AND METHODS

Material

As a test material, Annex to
Accreditation Certificate of Accredited
Testing Laboratories in B&H in B&H
was used, downloaded from the BATA
website (57).

Laboratories on the RS territory:
State Ownership (SO)
1. PI Veterinary Institute of the

Republic of Srpska “Dr Vaso Butozan”,
Banja Luka (2)

IT Private Ownership (PO)
“Teolab”,

1. Veterinary Institute

Bijeljina (3)

2. Slaven d.o.o. Veterinary Institute,
Banja Luka (4)

Laboratories on the FB&H territory:

State Ownership
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1. Public institution
Institute” Biha¢, Biha¢ (5)

“Veterinary

2. Veterinary Faculty of the University
of Sarajevo, Sarajevo (6)

3. PI “Veterinary Institute of Tuzla
Canton”, Tuzla (7)

The laboratories are displayed
according to the registered name and
headquarters of the legal entity, without
mentioning their regional locations and
organizational units that are accredited.

Methods

In our research and in the statistical
analysis of the obtained results we used
descriptive statistical parameters as basic
statistical methods. These parameters
enable the description of the obtained
results and their interpretation. The
results of the research are presented in
a tabular and graphical form. Statistical
analysis of the results was done in
the Microsoft Office Excel statistical
software

RESULTS AND DISCUSSION

In Bosnia and Herzegovina there are 6
accredited diagnostic testing veterinary
laboratories (ADVL), three in the RS and
three in the FB&H, while there are no
ADVLs in the Brcko District (BD) (Table
1). Of these, one ADVL is an educational
and scientific institution (6), three are
public institutions (2, 5, 7), all four of
them are in SO, while the remaining

two are privately-owned ADVLs (3, 4).
When it comes to public institutions,
one is specialist and scientific institution
organized as a veterinary institute (2),
while the other two, as well as two in PO,
are organized as veterinary institutes
(3-5, 7). The ratio of ADVLs between
entities (RS to FB&H) is 1: 1.

Table 1. Accredited diagnostic testing laboratories in B&H

. Number of
Location ADVL %
RS 3 50
FB&H 3 50
BD 0 0
Total B&H 6 100

Table 2 and Graph 1 show the
numerical and percentage ratio of

ADVLs in B&H according to ownership
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Table 2. numerical ratio of ADVLs in B&H according to ownership

Location Number
SO PO
RS 1
FB&H 3
B&H 4

Ratio of ADVL in BiH according to ownership

100
90
80
70
60
50
40
30
20
10

RS

m state ownership

FBiH BiH

m private ownership

Graph 1. Ratio of ADVLs in B&H according to ownership

In RS, 33.30% of ADVLs are in SO,
compared to 66.70% in PV (1: 2). This
relationship is significantly different
in FB&H, where 100% of ADVLs are in
SO, while ADVLs in PO do not exist.
At the B&H level, the ratio of state to
private ownership, is 2: 1. Based on these
data it can be concluded that in FB&H,
laboratory tests of public interest for
animal health, and consequently human
health, are carried out exclusively in

ADVLs in SO. By contrast, the RS, apart
from its own (state-owned laboratories)
very important laboratory -capacities,
relies mostly on privately-owned
laboratories.

Graph 2 shows the participation of
ADVLs in B&H by entities in relation to
ownership.
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Participation of ADVL in BiH according to ownership

100
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50
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10

state ownership private ownership

mRS mFBiH

Graph 2. Participation of ADVLs in B&H entities according to ownership

Of the total number of ADVLs in SO this into account, this significantly
in B&H, 25% of them are in the RS, and changes the ratio between ADVLs and it
75% of them are in the FB&H (1: 3). is RS: FB&H =1:1.5.

There are two privately-owned ADVLs in
the RS, and none of them in the FB&H.
One ADVL in SO in the RS accredited
the methods in two locations (2), which
practically means that they are two
spatially separate laboratories. Taking

Graph 3. shows the representation
of ADVLs in B&H in relation to the
fields of accreditation.
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% ADVL

= veterinary microbiology

m serological testing

m virological testing

pathological testing

m parasitological testing

m bacteriological testing

m molecular diagnostic

Graph 3. Representation of ADVLs in B&H in relation to the fields of

accreditation

When it comes to different fields
of veterinary diagnostic testing, B&H
has capacities in the form of ADVL to
respond to these requirements, and
especially significant capacities are
those for serological (100% accredited
laboratories), bacteriological (66.70%
of accredited laboratories) and
parasitological tests (50 % of accredited
laboratories). When it comes to
serological, virological, pathological and
molecular diagnostic tests in veterinary
healthcare, the ratio of laboratories in
the RS to those in the FB&H is equal ,
1: 1. However, virological, pathological
and molecular diagnostic tests were
accredited by one laboratory from both

entities (2, 6), while serological tests
were accredited by all laboratories. In
FB&H all laboratories also accredited
bacteriological tests in veterinary
healthcare, and the ratio to accredited
laboratories in the RS is 3: 1. Bearing
in mind the fact that one RS laboratory
accredited these tests under another
subfield of accreditation, veterinary
microbiology (4), this ratio in real
terms is 1.5: 1. The ratio of laboratories
performing parasitological tests in
veterinary healthcare in the RS and the
FB&H is 1: 2. Observing the fields of
accreditation, it is immediately noticed
thatalllaboratoriesaccredited serological
testing in veterinary healthcare. This
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is expected as these tests are the most
profitable ones. In addition to this, they
are the most common ones, they include
alarge number of tests (monitoring, milk
carton, vaccine control), the methods
are standard (OIE Manual), they have
a short duration of testing (most often
from a few hours to one or two days),
the smallest investment is required
(equipment, space, supplies, quality
control), diagnostics are affordable,
complete, allow large number of tests
with “puliranje” technique. On the other
hand, these tests, apart from a small
number of methods, ie testing techniques
and tested parameters, are orientational
-"screening”. This means that in most
cases,inordertoobtainafinalresult, each
positive result obtained by serological
testing, must be confirmed or tested
by confirmatory methods. Contrary to
serological tests or screening methods,
virological and molecular diagnostic
tests with confirmatory methods are
very little represented as accreditation
fields in labs. This is also expected
as these tests are very demanding in
terms of resources. Requirements for
space are extensive, highly trained
and experienced staff is needed as well
as sophisticated and very expensive
laboratory = equipment, expensive
diagnostics (often not included in the
kit, consisting of several components)
and quality control is also demanding.
Duration of the test procedure is not
critical, as it usually takes, as with
serological tests, from several hours to
one, two, and sometimes more days.
On the other hand, requests for these

testings are very rare. This actually
means that virological and molecular
diagnostic tests in the veterinary field are
generally not profitable, since the gains
from the performed laboratory tests
can not cover the costs of investment
in the necessary resources and the cost
of maintaining laboratory capacity.
These tests, therefore, in all laboratories
which carry out these tests, exist at the
expense of other fields of examination
(mainly serological). Also, pathological
testing in veterinary healthcare is very
limited in both routine work and in the
field of accreditation. The reason for this
is that there are a very small number of
requests for this type of testing, while
these tests are not too demanding in
terms of resources. Pathology tests in
veterinary healthcare were accredited
by one laboratory in the RS (2) and
one in the FB&H (6), related tests were
accredited in these Ilaboratories, ie,
diagnosis of the same disease, but using
different test methods, TSE diagnostic
method Priostrip and EIA.

With regard to these tests, and to
other tests, we believe that the subfields
of accreditation within the technical
field “tests in veterinary healthcare” are
not well defined, as different criteria
have been used (a group of pathogens -
bacteria and viruses, field of testing -
pathology and parasitology; testing
techniques depending on the type of
sample - serology etc.). First of all, we
consider that the term “veterinary
healthcare” is inadequate because this
term does not generally exist in
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professional terminology when it comes
to veterinary medicine. The term used in
the professional and scientific public,
relating to veterinary activity, is
“veterinary medicine”, and we suggest
that , in accordance with this, the name
of this technical field should be changed
to “tests in veterinary medicine”, which
would include all tests in the field of
veterinary medicine.  Within the
technical field of testing in veterinary
healtcare, currently there are the
following technical subfields: “serology”,
“virology”, “histology”, “pathology”,
“parasitology”,  “bacteriology”  and
“diagnostic tests”, and within the
technical field “molecular biology
testing” there is another subfield
entitled “molecular diagnostics in
veterinary  healthcare” (16). TSE
Diagnostics is classified into
“pathological testing in veterinary
healthcare” subfield, primarily on the
basis of the internal organization of an
ADVL (2, 6) although these tests have
little to do with these tests, taking into
account the test techniques (Priostrip,
EIA) which are based on immune
reactions. In this case, neither the
causative agent nor the testing technique
was taken as a factor which define the
technical subfield, but the fact that these
testsinveterinary diagnostic laboratories
were first implemented in pathological
testing laboratories. It should also be
noted that technical subfield “molecular
diagnostics in veterinary healthcare”
was not classified by BATA into the
technical field “ testing in veterinary
healthcare”, but in the technical field

“molecular biology testing” (16). Test
methods from this technical subfield
were accredited by two ADVLs (2, 6)
Also, when it comes to virological testing
in veterinary medicine, there is an
example when, on the basis of the tested
parameter, ELISA and IHA tests were
added (6), while in all other ADVLs, the
ELISA test was classified into the
technical subfield “serological tests in
veterinary healthcare “(2-5, 7) There is a
similar situation with testing of
Salmonella spp parameter in faeces and
swabs, with one ADVL from the RS
accrediting this method in the subfield
“bacteriological testing in veterinary
healthcare” (2), and another ADVL
accredited this same method in the
subfield “veterinary microbiology” (3),
while all three ADVLs in the FB&H
accredited this method in the subfield
“bacteriological tests in veterinary
healthcare” (5-7). It should aslo be noted
that the term veterinary microbiology as
a field of accreditation is not clear, it is
confusing and it is wrong in this context.
The term veterinary microbiology in a
narrow sense, slang, refers to
bacteriological testing, while in a broader
sense it include bacteriology, virology
and mycology, that is, it refers to a very
wide field in veterinary medicine. Also,
serology is covered by this wider
meaning, but not as a real field of
microbiology, but rather as a field of
examination that involves testing
techniques based on one type of sample,
i.e. blood serum (serum serology), and
which, directly orindirectly, demonstrate
the presence of bacteria, viruses and
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parasites. Regarding  the  term
“serological testing in veterinary
helthcare”, as well as “pathological “, we
consider it to be formed on the basis of
the internal organization of the
diagnostic veterinary laboratories (2,6),
rather than on the basis of a real
professional analysis and evaluation. It
is also not clear what is meant by subfield
‘" diagnostic testing” (16) whether it is a
clinical test involving work with patients
,that is live animals, whether they are
tests derived from a particular case,
during the clinical examination of an
animal with the aim of diagnosing or
whether they are other laboratory tests
that can not be classified in any of the
subfields. We consider this term to be
inappropriate because it is general,
indefinite and may refer to all other
testings or technical subfields in the field
of “testing in veterinary healthcare”.
Generally, term diagnosis means
defining the cause of diseases and is
based on anamnestic data, clinical
examination and laboratory analysis.
The subfield “pathological testing” is
also questionable in terms of the name
for two reasons. Firstly, it is not clear
what this kind of tests should refer to,
apart from necropsy of an animal.
Secondly, diagnosis of prionis exclusively
included in this subfield, irrelevant to
the test method or test technique. If it is
assumed that all causative agents of
animal disease cause certain pathological
changes, then, according to that logic,
each examination could be classified as
pathological. So in that case, in the above
mentioned methods, it is not about

determining pathological changes, but
about determining the presence of the
causitive agent, as in, for example,
serological, parasitological,
bacteriological and  other  tests.
Pathological changes are determined
exclusively by macroscopic (naked eye,
autopsy) and microscopically (by
preparing and inspecting histological
and pathohistological sections). This
calls into question future accreditation
of certain types of tests
(immunoenzymatic, immunological,
mycological), as well as some tests which
are already accredited (ELISA test, prion
diseases, etc.). This, on the one hand,
indicates the inadequacy of BATA
documents in terms of technical fields
and subfields of accreditation related to
veterinary medicine tests, and, on the
other hand, the inconsistency of
technical experts, evaluators and leading
BATA assessors, ie non-compliance with
the same principle . Finally, BATA did
not define the criteria by which
accredited test methods would be
classified into the appropriate technical
fields and subfields. In general, we
believe that BATA document that defines
technical fields and subfields in
veterinary medicine needs revision in
terms of the adequacy of their names. In
the first place, it is necessary to
determine the approach, ie what will be
the parameters for the classification of
technical subfields ,whether they will be
based on the examined parameter, field
of examination, matrix (sample type) or
testing techniques. We think that the
internal organization of ADVL should be
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neglected in this regard, since all ADVLs
are organized differently. Once a
technical subfield is formed, double
standards or approaches should be
avoided when assigning test methods to
it. It should be noted that bacteriological,
mycological and virological tests are
included in microbiological tests, and
cannot simultaneously exist as subfields.
Bacteriological, mycological, virological,
prion and parasitological tests can be
carried out individually with different
test techniques (ELISA, AGID, Rose
Bengal, PCR, Real Time PCR, EIA, ELFA,
etc.). If the matrix is a factor that defines
a technical subfields, the name of the
serological testing should be carefully
chosen because serological tests involve
blood serum as a matrix and many of the
test methods, in addition to blood serum
use blood plasma, full blood, milk or
milk serum. The ELISA method, as a
typical representative of the “serological
testing”, can directly(antigen) and
indirectly (antibodies) prove bacterial,
viral, prion and parasitic diseases,
regardless of the matrix ( sample types).
These problems and examples were
already pointed out on harmonization
meetings in 2016, however, BATA
explanation is that it currently does not
have enough resources and that it is
necessary to activate external associates
for the purpose of comprehensive
analysis and discussion on this issue.
Since BATA has several technical experts
in veterinary medicine who actively
participate as technical experts and
evaluators in the procedure of
accreditation of diagnostic veterinary

laboratories, the attitude of BATA on
this issue is not sustainable, as it already
uses their expertise. All this points to the
necessity for other ADVLs to take the
initiative and take part in the adjustment
and clear definition of technical fields
and subfields in veterinary medicine, in
order to harmonize them and come up
with a uniform approach for their
accreditation. Taking all this into
account as well as knowledge in the field
of veterinary medicine, we think that the
technical subfields should be formed
according to broader areas and their
particular specificities, and we propose
the following technical subfields of
testing:  parasitological, = molecular,
immunological, pathological-histological
and biochemical diagnostics together
with isolation and identification of
microorganisms. The subfields of
parasitological diagnostics would include
test methods based solely on macroscopic
and microscopic identification of
parasites. The subfield of molecular
diagnostics would include test methods,
independent of PCR techniques, which
demonstrate the presence of the genome
of microorganisms and parasites. The
subfield of immunological diagnostics
would include all test methods based on
immunological reactions, independently
of the cause, directly or indirectly
proven. The field of pathological and
histological diagnostics would include,
on the one hand, pathomorphological
diagnostics, and, on the other hand, test
methods based on the preparation and
examination of  histological and
pathohistological sections. The subfield
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of biochemical diagnosis would include
test methods that determine biochemical
parameters in tissues, body fluids,
secretions and excreta.

Graph 4 shows the ratio of ADVLs
between the entities according to
subfields of accreditation.

Ratio of ADVLs between the entities according to subfield of accreditation
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Graph 4 . The ratio of ALHs in the entities according to the field of

accreditation

Of seven accredited subfields of
testing in B&H, laboratories in the RS
accredited all seven (100%) and in the
FB&H six subfields were accredited
(85.70%). In the FB&H, tests in all
accredited subfields are performed
exclusively in state-owned laboratories.

In the RS, this is the case in virological,
molecular diagnostics, parasitological
and bacteriological tests. Laboratories
in private ownership exclusively carry
out tests in the field of veterinary
microbiology, while in the subfield of
serological testing the ratio 1: 2 is in



126 Veterinary Journal of Republic of Srpska (bama

BetepuHapckH xkypHau Penydinuke Cprcke
Jlyka-Banja Luka), Bon/Vol. XVIII, Bp/No.1, 95-131, 2018
B. Goli¢: et all.:

Capacity of accredited diagnostic testing veterinary laboratories in Bosnia and Herzegovina in 2017, from the standpoint of

diagnostic

tests in veterinary medicine, in relation to fields of accreditation

favor of privately.owned laboratories.
At the B&H level, virological, molecular
diagnostics, pathological, parasitological
and bacteriological tests are performed
exclusively in laboratories in SO, in the

subfield of veterinary microbiology tests
are performed exclusively in laboratories
in PO, while in the subfield of serological
testing, tests are performed mostly in
laboratories in SO (2: 1).

Table 3 shows the percentage of ADVL in SO and PO in B&H according to the

subfield of accreditation.

%

Field of accreditation RS FB&H B&H

SO PO SO PO SO PO
LI 3.6 Veterinary microbiology 0 100 0 0 0 100
LI 4.1 Serological testing 33,30 | 66,70 | 100 0 66,70 | 33,30
LI 4.2 Virological testing 100 0 100 0 100 0
LI 4.5 Pathological testing 100 0 100 0 100 0
LI 4.6 Parasitological testing 100 0 100 0 100 0
LI 4.7 Bacteriological testing 100 0 100 0 100 0
LI 19.2 Molecular diagnostis 100 0 100 0 100 0

At the
laboratories
(85.70%),

B&H level, state-owned
accredited 6 subfields
while privately-owned
laboratories accredited 2 subfields
(28.60%). Of the total number of
accredited subfields in the RS, state-
owned laboratories dominate in 71.40%
of subfields,the same ratio of laboratories
isin 14.30% of subfields, while privately.
owned laboratories are dominant in
14.30% of subfields. Privately-owned
laboratories dominate in the field of
serological testing, which is expected,
given the characteristics of these tests,
profitability in the first place , which is
also the main reason for the existence of
private labs. In FB&H all diagnostic tests
in veterinary medicine are performed
by state-owned laboratories (100%).

At the B&H level, laboratories in state
ownership are dominant in 85.70%
of the fields, while privately-owned
laboratories are dominant in 14.30%
of the fields. By analyzing accredited
subfields of accreditation, it is noted that
laboratoriesin state ownershipaccredited
methods in most of the subfields,
while laboratories in private ownership
have mostly selected subfields that are
the least or less demanding from the
standpoint of accreditation (serological
testing) and those which make a higher
profit because the requirements for
these analyzes are more frequent
(regulations, tests of a larger number
of samples, etc.). In addition to this it
should be noted that the methodology
of work and equipment is simpler and
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applicable to all methods from these
accredited subfields. The methods are
very quickly and easily introduced into
routine work, the tests take very little
time, results are fast, standard methods
without validation requests and with very
simplified verification and measurement
uncertainty. Also consumables, reagents
and diagnostic kits are ready to be
used without prior preparation. This is
understandable since the basic reason
for the existence of private laboratories
is gaining profit and, accordingly a free
and targeted selection of fields requiring
work authorizations by the competent

% ATM

14.3

e,

authorities, and then the accredited
fields.

41 different test methods were
accredited in the diagnostic testing
veterinary laboratories in B&H. Out of
this, in the RS, 30 (73.20%), different
test methods were accredited in the
RS, while 31 methods (75.60%) are
accredited in the FB&H.

Graphs 5. and 6. show the
representation of accredited test
methods (ATM) in ADVLs in B&H
according to the animal species.
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Graph 5. Representation of accredited test methods in ADVLs in B&H according

to the animal species
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Graph 6. Representation of accredited test methods in ADVLs in the entities

according to the animal species

Compared to the total number of
AIMs, according to the type of animal,
most of the test methods were accredited
for the diagnosis of cattle diseases
(33.30%), sheep and goats (21.40%) and
birds (16.70%) as well as common tests
for several species of animals (14.30%).

The ratio of AIM to ADVL between the
entities according to the animal species
(cattle, sheep and goats, birds, horses,
common tests for several species of
animals) is approximate, for fish it is 2:
1 in favor of the FB&H and for pigs it is
1,5: 1 in favor of the RS.
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CONCLUSION

Based on the obtained results, the

following conclusions are drawn:

1.

In Bosnia and Herzegovina, 6 test
diagnostic veterinary laboratories
were accredited, three in the RS
(50%) and three in the FB&H (50%).

Of the total number of accredited
diagnostic testing veterinary
laboratories in Rebublika Srpska,
33.30% of them are state-owned
and 66.70% are privately- owned,
in the Federation of B&H 100% of
laboratories are state-owned, while at
B&H level 66, 70% are state-owned,
and 33.30% of them are privately
owned ones. In the Federation
of Bosnia and Herzegovina, the
activities of laboratory testing of
public interest for animal health and,
consequently, human health, are
carried out exclusively in accredited
state-owned diagnostic veterinary
laboratories, and Republika Srpska,
in addition to its own (state-owned)
laboratory capacity, relies mostly on
privately- owned laboratories.

Diagnostic testing veterinary
laboratories in Bosnia and
Herzegovina accredited 7 different
accreditation subfields related to
the diagnosis of animal diseases,
out of which 7 (100%) in Republika
Srpska and 6 (85.70%) in the
FB&H. At the B&H level, state-
owned laboratories are dominant in
85.70% of the fields, and privately-
owned ones dominate in 14.30% of

the subfields. Of the total number
of accredited subfields in the RS,
state-owned laboratories dominate
in 71.40% of the subfields,the same
ratio of laboratories is in 14.30%
of the subfields, while privately-
owned laboratories are dominant

in 14.30% of the subfields. In
FB&H all diagnostic veterinary
tests are conducted by state-

owned laboratories (100%). State-
owned laboratories accredited test
methods in 6 subfields (85.70%) and
privately- owned ones in 2 subfields
(28.60%). All laboratories accredited
serological tests. Privately-owned
laboratories have chosen exclusively
those subfields which bring higher
profits, for example, (serological
tests), because the requirements for
these analyzes are more frequent,
and the methodology of work and
equipment is simpler. Virological
tests, molecular diagnostics,
pathological, parasitological and
bacteriological tests in B&H are
all performed exclusively in state-
owned laboratories.

B&H has significant
of accredited test
veterinary laboratories, especially
for serological (100% accredited
laboratories), bacteriological
(66.70% of accredited laboratories)
and parasitological testing (50% of
accredited laboratories).

In 41 diagnostic  veterinary
laboratories in B&H, 41 different

capacities
diagnostic
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test methods were accredited. Of
these, 30 different test methods were
accredited in the Republika Srpska
(73.20%), and 31 methods(75.60%)
in the FB&H. Compared to the total
number of accredited test methods,
according to the type of animal, most
of the test methods were accredited
for the diagnosis of cattle diseases
(33.30%), sheep and goats (21.40%)
and birds (16.70%) as well common
test for several species of animals
(14.30%).

The names of the technical fields
and subfields related to veterinary
medicine are not adequately
defined by the BATA (Accreditation
Institute) (BATA) and are mutually
opposing or have no professional and
scientific base. BATA has no defined
criteria nor a harmonized approach
when classifying accredited test
methods into appropriate technical
fields and subfields in veterinary
medicine, which are an integral part
of Annex to Accreditation Certificate

The name of the technical field
“testing in veterinary healthcare”
should be changed to “testing in
veterinary medicine”, and subfields
in veterinary medicine should be
formed according to the wider areas
andtheir specificities,and we propose

the following technical testing
subfields: parasitological, molecular,
immunological,  pathohistological

and biochemical diagnostics, as well
as isolation and identification of
microorganisms.

of accredited test laboratories.
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Kratak sadrzaj: Rad se bavi sistemima za pracenjeizastitu divljih Zivotinja u njihovim
prirodnim okruzenjima, te primenom navedenih tehnologija i reSenja u zastic¢enim
rezervatima prirode. Rad razmatra razloge i mogucnosti primene navedenih
tehnickih reSenja, posebno u smislu zastite vrsta sa crvene liste ugrozenih vrsta. U
ovom smislu rad razmatra i tehnoloska reSenja te moguc¢nosti njihove primene kroz
IoT radni okvir, koncept Interneta zivotinja, te primene navedenih tehnologija kroz
razli¢ite poslovne i istrazivacke modele. Kona¢no, rad daje primere reSenja kako sa
stanovi$ta neophodne infrastrukture (serveri, skladiSte, internet, ogrlice za Zivotinje,
stacionarne kamere i dronovi), tako i sa stanovista obrade podataka i pravnog okvira
za primenu navedenih resenja.

Klju¢ne reci: [oT, divlje Zivotinje, ugrozene vrste
UvoD

Problem istrazivanja, ali i 1 merenja koje otvaraju nove ICT

popularizacijadivljih zivotinja u njihovim
prirodnim ekosistemima danas dobija na
svojoj aktuelnostiiz viSe razloga. Osnovni
razlog ovog pojacanog interesovanja za
terensko istrazivanje divljih Zivotinja u
njihovom prirodnom okruzenju lezi kako
u mogucénostima daljinskog pracenja
zivotinja ali i obrade dobijenih rezultata

tehnologije, tako i u ¢injenici da je usled
industrijskograzvojaveliki brojprirodnih
okruzenja ovih Zivotinja naprosto
nestao kao posledica izgradnje civilne
infrastrukture, te povecanih potreba
civilizacije za zivotnim prostorom. Na taj
nacin se smanjuje zivotni prostor divljih
Zivotinja pa samim tim i mogucnosti



BerepuHapckH xypHai Penybnuke Cprcke

133

Veterinary Journal of Republic of Srpska (bama JIyka-Banja Luka), Bon/Vol. XVIII, bp/No.1, 132-181, 2018

B. Markovic i sar.:

ICT sistemi za pracenje i zastitu divljih Zivotinja u njihovom prirodnom okruzenju

ekosistema za obezbedenje Zivotnog
prostora, hrane i drugih vitalnih potreba
za odredeni broj Zivotinja. Ovi procesi su
nezadrzivi i direktno vode ka izumiranju
pojedinih ugrozenih vrsta, uglavnom
predatora, koji se nalaze na vrhu lanca
ishrane u nekom ekosistemu. Kako se
smanjuje mogucnost da divlje Zivotinje
pronadu hranu, tako se povecava
mogucnost susreta civilizacije i divljih
Zivotinja, odnosno, moguc¢nost da divlje
Zivotinje u ocajanju hranu potraze izvan
ogranicenih iizolovanih ekosistema. Ovo
dovodi do novog pritiska, kako od strane
farmera, koji su ovakvim ponaSanjem
predatora direktno pogodeni, tako i na
sam ekosistem, jer se u akcijama koje
slede izlovom ogranicava broj predatora
na nacin da se on konstantno smanjuje,
pa pomenuta vrsta uskoro dolazi na
ivicu izumiranja. A kako je u prirodi sve
povezano, ovo ima nesagledive posledice
za ceo ekosistem koji se vremenom
urusava i iz zivog ekosistema u relativno
kratkom vremenu pretvara u civilni park
¢ije su osobine u skladu sa o¢ekivanjima
stanovni$tva i koji sluzi kao prostor za
rekreaciju umesto kao prostor za Zivot
ugrozenih vrsta, $to mu je i bila prvobitna
namena.

Mogucnost pracenja divljih Zivotinja
u njihovom okruZzenju pomaze da se
navedene situacije preduprede i to je
jedan od osnovnih komercijalnih razloga
povecane zainteresovanosti za tehnike i
tehnologije pracenja divljih Zivotinja u
njihovom prirodnom okruzenju.

Drugi znacajan faktor koji uzrokuje
povecano interesovanje, a samim tim i

upotrebu tehnika za pracenje Zzivotinja
ogleda se u delovanju grupa za zaStitu
ugrozenih vrsta koje se trude da u
ogranicenim i de facto nefunkcionalnim
ekosistemima omoguce opstanak divljih
zivotinja onako kako je to uredila priroda.

Tre¢i znacajni faktor svakako
predstavljaju pokusaji biologa da detaljno
prouce ponasanje divljih Zivotinja tako
da ih zahvaljuju¢i novim neinvazivnim
tehnologijama prate sa udaljene lokacije
izbegavajuci svaku mogucu interakciju sa
ekosistemom kao takvim, te na taj nac¢in
izvrSe adekvatno istrazivanje ponasanja
jedinki ali i grupa zivotinja, pri ¢emu se
posebna paznja posvecuje socijalnom
i teritorijjalnom ponasanju divljih
zivotinja. Sa ovim u vezi treba naglasiti
sledec¢e — ako zelimo da upoznamo Zivot
i ponaSanje divljih Zivotinja do sada
smo bili ograniCeni na pojedinacna
posmatranja i bioloSke ekspedicije, pri
¢emu bi biolog ulazio u neki ekosistem
i posmatrao ga i proucavao trudeci se
da ne naruSava njegove tokove, u nadi
da c¢e otkriti obrasce ponasanja divljih
Zivotinja / posmatrane vrste i njenu
interakciju da drugim elementima ili
vrstama u okviru ekosistema. Ovakav
nacin proucavanja zivotinja osim Sto je
dugotrajan, neizvestan i krajnje naporan
za istrazivaca ujedno je i zasnovan na
ekonomski najpovoljnijem  modelu,
jer se celokupno istraZivanje zasniva
na ocekivanju da c¢e pojedinac biti
dovoljno kadar da u prihvatljivom roku
i pod prihvatljivoj ceni uoci, klasifikuje i
sortira klju¢ne dogadaje, te uociirazume
ponasanje grupe Zivotinja koju posmatra
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i iz navedenog prepozna obrasce, te
izvuce zakljucke i formalizuje steceno
znanje na nacin uspostavljanja nau¢nih
zakonitosti koje su sustinski logicki
konzistentne, proverljive i1 dokazive.
Treba naglasiti da je primarni zahtev
u vezi sa razumevanjem ponasanja
Zivotinja vezan sa saznanjem gde se
Zivotinja nalazi i $ta trenutno radi, jer ovo
saznanje praceno i evidentirano u duzem
vremenskom periodu predstavlja obrazac
ponasanja doti¢ne Zivotinje i osnova je
za dalje proucavanje. Od navedenoga,
izmedu ostalog, zavise, odnosno, mogu
se reversnom analizom iskristalisati,
prirodne potrebe za hranom, vodom,
kretanjem, odmorom, te druge fizioloske
potrebe i navike.!

Ovakva praksa prvenstveno bioloskog
izuCavanja divljih Zivotinja donekle je
pocela da se menja tokom 1960-tih,
kada su se po prvi put u svrhu pracenja
divljih Zivotinja pocele primenjivati
metode daljinskog pra¢enja zasnovane
na opremanju pracenih zivotinja sa

adekvatnim aktivnim ili  pasivnim
tagovima (ogrlicama, prstenjem
za  oznacavanje...) i  koris¢enju

radiogoniometrijskog  pristupa za
lokaciju i odredivanje polozaja i dnevnog
hodograma zivotinje.

Cetvrti  faktor  koji ~ uzrokuje
pojacano interesovanje za tehnologije
pracenja divljih Zivotinja ogleda se u
Cinjenici da se zahvaljuju¢i pomenutim
tehnologijama i primeni drugih ICT

tehnologija na mnogo adekvatniji nacin
mogu prezentovati kako pomenuti
ekosistemi i pripadajuce Zzivotinje, Sto
je zanimljivo kako sa komercijalnog
stanovista, tako i na edukativhom
nivou. Ovaj trend c¢e rasti kako se bude
menjala demografska struktura publike
kojoj su ovakvi sadrzaji namenjeni, jer
mlade generacije percepciju stvarnosti
pre dobijaju kroz tehnologije socijalnih
mreza koje su primenjive i na Zivotinje
u nekom ekosistemu, nego na direktnom
susretu sa navedenim Zivotinjama.
Tako se pitanje osnivanja i ocuvanja
nacionalnih parkova svodi prakti¢no
na pitanje prepoznatljivosti njihove
funkcije, odnosno, na pitanje nacina
kako se prezentuju razlozi njihovog
postojanja i nacin upravljanja u njima,
odnosno, nacin na koji se Zivotinje u
okviru njih tretiraju i koju vrstu i kakve
popularnosti postiZu na globalnom
trzistu informacija.

Ovo prakticno znac¢i da je uslov
opstanka pojedinih nacionalnih parkova
ali i zivotinjskog sveta u njima, posebno
kada su u pitanju veliki predatori sa vrha
lanca ishrane, adekvatna prezentacija
istih, kroz ICT tehnologije, prvenstveno
socijalne mreze i profile, jer je to nacin
na koji moderna populacija ne samo
percipira stvarnost nego i odlucuje o
potrebama i uslovima finansiranja istih.

Ostali druStveni uticaji koji uticu na
potrebu boljeg sagledavanja Zivotinja

1 W. W. Cochran, D. W. Warner, J. R. Tester, V. B. Kuechle, Automatic Radio-Tracking System
for Monitoring Animal Movements, Reprinted from BioScience, Vol. 15, No.2, 1965, pp 98-100,

dostupno na mrezi

https://www.researchgate.net/publication/247840577_Automatic_Radio

Tracking_System_for_Monitoring Animal Movements
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i njihovog ponasanja u prirodnom
okruzenju

Delovanjem grupa za za$titu Zivotinja
stvoren je pritisak na zooloske vrtove i
korisnike zivotinja u izvodacke svrhe da
se zivotinjama u ovoj vrsti zatoceniStva
obezbedi $to prirodnije okruzenje kako u
smislu habitata tako i u smislu socijalnog
okruzenja i nacina ishrane. Da bi se
ovo obezbedilo, mnogi zoocentri sada
stvaraju simulirane prirodne habitate

i posmatraju socijalne sposobnosti
i ponasanje c¢ak 1 najuobicajenijih
zivotinja.? Upravo ova druStvena

inicijativa, koja je pokuSavala da za$titi
divlje Zivotinje u zoo vrtovima, dovela
je do povecane potrebe da se te iste
vrste zivotinja proucavaju u njihovim
prirodnim okruzenjima kako bi se
odgovorilo zahtevima u smislu ¢uvanja
i privredivanja Zivotinjama koje pred
njih postavljaju grupe za zastitu prava
Zivotinja.

Problem lova, izlova i upravljanja
lovnim resursima u predelima koji
nisu pod posebnim rezimom zaStite
(Sume, planinsko gorje) ogleda se
u nedovoljno jasnoj metodologiji
za odredivanje izlovnih kvota, koje
cesto ne korespondiraju ni sa jednom
priznatom metodologijom ve¢ sa
trenutnim potrebama civilnog drustva
naslonjenog na date ekosisteme. Naime,
u prostorima van posebno zaSticenih
prirodnih rezervata problem opstanka
velikih predatora svodi se na upravljanje

lokalnim interesima, kako interesima
lovackih udruzenja, tako i interesima
lokalnih farmera. Jedan od ozbiljnih
problema, narocito kada su u pitanju
predatori sa vrha lanca ishrane koji
su 1 najugroZeniji, jer ponajpre ostanu
bez dovoljne koli¢ine hrane ogleda se
u Cinjenici da se oni, $to opet na nasim
prostorima znac¢i vukovi i medvedi,
zapute da hranu traze van Sumskih
gazdinstava gde su jo$ uvek neprimetni
pa samim tim i donekle zaSticeni od
lovaca. Naime, ako se desi da neki vuk
napadne neku domacu zivotinju, u prvom
redu stoku na slobodnoj ispasi, kao mera
prevazilaZzenja problema predmet izlova
posta¢e ne samo on, ve¢ verovatno i
mnogi drugi c¢lanovi Copora, jer se on
automatski proglasava za StetoCinu,
pa se prema njemu, ali i pripadnicima
iste vrste, sprovode najrestriktivnije
mere u smislu odstrela. Sistemi za
kontinuirano daljinsko pracenje
predatora predstavljaju moguce reSenje
ovog problema, jer se na taj nacin stvara
konstantni uvid u ponaSanje Zivotinja i
njihovu prisutnost na odredenoj teritoriji,
pa je moguce stvoriti i preduslove za
njihovo oslobadanje od stigme krivice
za napade na stoku. U ovom slucaju
moze se reCi da postoji i jak druStveni
aspekt upotrebe tehnologija za pracenje
Zivotinja, jer oslobadanje Zivotinja sa
socijalne tacke glediSta takode znaci
oslobadanje ljudi. ViSe autora naglasava
¢injenicu da problemi vezani za ekolosku

2 ERIC SCHMITT, ‘Natural’ Habitats Offer Insights Into Social Behavior of Animals, The New
York Times, January 26, 1988, dostupno na mrezi: http://www.nytimes.com/1988/01/26/science/
natural-habitats-offer-insights-into-social-behavior-of-animals.html
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krizu koja je postala globalna poti¢u od
antropomorfnog gledista i li¢nih interesa
i da je, da bi ocuvali postojece zasticene
ekosisteme, neophodno da ovaj pogled
na svet promenimo.?

Usled neprestanog civilizacijskog
napretka, dolazi do prenamene pojedinog
zemljista, izmedu ostalog i onog koje
je ranije bilo deo posebnog ekosistema,
koji se usled prekida prirodnih ciklusa
i procesa nasilne urbanizacije ubrzano
osiromasuje do nivoa njegovog prelaska
u potpuno nenaseljeno zemljiSte,
pa poseban znacaj danas poprima
desertifikacija zemljista. Prema misljenu
i radovima biologa Alana Sejvorija, ovaj
proces se moZe spreciti ako se zemljiSte
upotrebljava tako da se oponaSaju
prirodne fluktuacije ekosistema. Uticaj
predatora prema njemu je da teraju
zivotinje kojima se hrane sezonskim
biljem da se krecu, te sami time ne
ostvaruju lokalni uticaj u smislu njihovog
zagadivanja sredine preko granica
samoodrzivosti nekog ekosistema. Na
taj nacin predatori u stvari omogucavaju
opstanak kompletnog ekosistema sa
svim vrstama u njemu. Odstranjivanje
predatora iz ekosoistema nece spasiti

ni jednu zasticenu vrstu, a dugoroc¢no
¢e dovesti do urusavanja tog ekosistema
u dezertifikacijsko zemljiste.* Upravo
gledano sa ovog stanovista, postaje jasno
koliko je vazno imati moguc¢nost realnog
i redovnog uvida u kretanje i ponasanje
divljih Zivotinja, posebno predatora,
jer se mimikovanjem prirodnih ciklusa
moze, u kracem vremenskom periodu,
povratiti deo dezertifikovanog zemljista
u samoodrzive ekosisteme.

Mnoge zemlje danas su suocene
sa potrebom da usklade i orkestriraju
javno zdravlje, zdravlje stoke i zdravlje
divljih Zivotinja na slobodi. Pojave kao
$to su bolesti koje se proSire iz prirodnih
staniSta ka urbanim sredinama vise nisu
tako retke, setimo se samo pticijeg gripa,
hantavirusa, te virusa Zapadnog Nila.
Suocene sa potrebom da zasStite prirodne
ekosisteme, ali i sopstveno stanovnistvo,
mnoge zemlje poput Kanade osnovale
su posebne agencije koje c¢e pratiti
mortalitet divljih Zivotinja, trazitinjegove
uzroke, predvidati i pokusati da umanje
rizike koje on izaziva po javno zdravlje.®
Ovakve Siroko rasprostranjene mreze
omogucavaju da zdrastvene organizacije
rade preventivno pre nego reaktivno, te

3 Jessica Ellis, Mel Hall, Phil Ong, Leif Wege, Natalie Paterson, Chelsea Smith, Animal Testing at
Dalhousie University: A brief insight into social, economic, and environmental effects of nonhuman
animal testing, Dalhousie University, 2010, dostupno na mrezi: https://www.dal.ca/content/
dam/dalhousie/pdf/science/environmental-science-program/ENVS%203502%20projects/2010/

AnimalTesting.pdf

4  Allan Savory, How to green the world's deserts and reverse climate change | Allan Savory,
Published on Mar 4, 2013, video, 02.03.2017, dostupno na mrezi: https://www.youtube.com/

watch?v=vpTHi7066pl

5 Tyler Stitt, Julie Mountifield, Craig Stephen, Opportunities and obstacles to collecting wildlife
disease data for public health purposes: Results of a pilot study on Vancouver Island, British
Columbia, Canadian Veterinary Journal, 2007 Jan; 48(1): 83-90., dostupno na mrezi: https://www.

ncbi.nlm.nih.gov/pmc/articles/PMC1716737/#
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umnogome izbegnu i umanje negativne
efekte bioloskih hazarda koji nam dolaze
od divljih Zivotinja, a osnovni preduslov
za operativni rad ovakvih agencija je
Siroko rasprostranjena mreza senzora,
kako u ekosistemima tako i na samim
Zivotinjama, jer tek ovako prikupljani
podaci imaju dovoljnu gustinu, a samim
tim i pouzdanost da se moZemo osloniti
na njihovu ta¢nost te izbeci pretpostavke
sumnjive tacnosti koje danas dominiraju
ovim poljem usled nedovoljno podataka,
odnosno, zbog skupljanja podataka tek
kad je neka pojava toliko uzela maha da
je postala prepoznatljiva. Tehnologije za
daljinsko pracenje Zivotinja te njihovih
navika u ovome predstavljaju klju¢nu
tehnologiju koja obezbeduje prikupljanje
neophodnih podataka kako u realnom
vremenu tako i u smislu istorijskog
loga, pa ih je moguce podvrgnuti
tehnikama Big Data analitike koja
obezbeduje zadovoljavajuci nivo ta¢nosti
predvidanja, ali se mogu koristiti i kao
alati za pretragu unazad, ka izvoru
zaraze odnosno pronalasku bioloSkog
hazarda i okidaca koji je doveo do pojave
navedenih bolesti.

Proces zaStite i pravne mere za
obezbedivanje pravnih, organizacionih
i operativnih aktivnosti na za$titi
ugrozenih vrsta

Proces zaStite neke ugrozene vrste
pocinje njenom indentifikacijom
i evidentiranjem, te procenom

ugrozenosti, u svrhu izrade Crvene
liste ugrozenih vrsta koje predstavljaju
prikaz stepena ugrozenosti pojedinih
vrsta na odredenom prostoru. Ove liste
su dinamicke prirode i kontinuirano se
dopunjuju, odnosno, menjaju u skladu sa
promenama na terenu.

Ovde je posebno vazno napomenuti da
stepen ugrozenosti raste sa smanjenjem
prirodne rasirenosti vrste, odnosno raste
uslucaju endemicnostivrste. Najvecibroj
ugrozenih vrsta je endemican, odnosno
usko lokalizovan u rasprostranjenju i
ekoloski stenovalentan, pa se nestajane
(izumiranje) takvih vrsta ne moze
nadoknaditi iz nekog drugog ,rezervnog”
genetickog izvora, kao Sto je slucaj sa
regionalno iScezlim vrstama koje se
mogu (re)introdukovati iz sacuvanih
populacija negde drugde.®

Nazalost, u Bosni i Hercegovini
jo$ uvijek ne postoje Crvene liste na
nivou drzave. U RS je 2012. godine
donesena lista zaSticenih vrsta c¢iji je
naziv ,Crvena lista zasti¢enih vrsta flore
i faune Republike Srpske“ (,Sluzbeni
glasnik RS“ br. 124/12) u kojoj nisu
date kategorije ugrozenosti pojedinih
vrsta. S druge strane, u FBiH je 2014.
godine usvojena ,Crvena lista divljih
vrsta i podvrsta biljaka, Zivotinja i gljiva“
(,Sluzbene novine Federacije BiH*, broj:
7/14) u kojoj je uz svaku vrstu koja se
navodi u dokumentu data i kategorija
ugrozenosti.’

6 Tatjana Ratknic, 2017: UGROZENE BILJNE VRSTE U SRBIJI, Ekologko-§umarski centar “Sylva”,
dostupno na mrezi: http://sylva.rs/doc/Ugrozene%20biljne%20vrste%20u%20Srbiji.pdf

7  Zastita ugrozenih vrsta u BiH, blog biolog.ba, 24.05.2017, dostupno na mrezi: http://
biolog.ba/58-zastita-ugrozenih-vrsta-u-bih.html
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lako su Crvene liste dokumenti koji
bi se trebalo da se zasnivaju na istoj,
medunarodno prihva¢enoj metodologiji,
u realnosti, u BiH postoje dva potpuno
razli¢ita dokumenta za koje je potpuno
nejasno na osnovu kojih parametara je
vrsen izbor i kategorizacija vrsta.

Upravo ovde lezi i problem
indentifikacije = realne  ugroZenosti
pojedinih, prvenstveno Zivotinjskih

vrsta, sa specificno velikim radijusom
dnevnih i sezonskih migracija. Ovo
dolazi i stoga S$to navedene Zivotinje
cesto prelaze iz jednog u drugi pravni
entitet, pa se procena ugrozenosti vrsi
na osnovu ,duple evidencije* a nije
adekvatna situaciji na terenu.

Sa druge strane, tehnicke,
organizacione mere zaStite i operativne
aktivnosti moraju imati  svoje
obrazloZenje i pravno utemeljenje koje bi
trebalo da se zasniva na realnoj proceni
ugrozenosti ili uvidu u stanje populacije
na terenu. Za ovo je potrebno obezbediti
tehnicki sistem kojim se omogucuje
stalni uvid ili barem dovoljno frekventni
uvid u stanje populacije, Sto je jedino
moguce izgradnjom sistema za daljinsko
pracenje Zivotinja, te organizovanjem
usluga rendzerske i tehnicke zaStite
ugrozenih vrsta kroz neki potvrdeni
pravni okvir.

Objedinjene na jednom mestu, Crvene
liste za odredeni geografski region
predstavljaju takozvane Crvene knjige
— naucno-stru¢ne publikacije u kojima
su navedene sve vrste organizama koje
podlezu zastiti prema medunarodnoj
klasifikaciji stepena ugrozenosti:

e vrste pred istrebljenjem;

* vrste u opasnosti od istrebljenja;
* ranjive (osetljive vrste);

» retke vrste.

Retke i ugrozene vrste su zaSticene
zakonom tako da se njihova staniSta
proglasavaju za stroge rezervate prirode
u kojima vlada poseban rezim i u kojima
je aktivnost ljudi svedena na najmanju
meru. Odvajanje ugrozenih vrsta i
obezbedivanje staniSta u okviru nekog
zatvorenog  ekosistema  predstavlja
najefikasniji nacin zaStite ugrozenih
vrsta. Ipak, ovakim zakonskim reSenjima
stvara se i odredena ekskluzivnost, te
se daju posebna prava kako upravama
parkova tako i posebnim organizacijama
koje se bave zaStitama vrsta. lako je
namera zakonodavca da na ovaj nacin
omoguc¢i i potpomogne =zaStitu neke
ugroZene vrste, Cinjenice na terenu
pokazuju da je davanje Sirokih a
posebno ekskluzivnih ovlastenja cesto
i izvor korupcije te osnov za obavljanje
mnogih nezakonitih pa ¢ak i kriminalnih
aktivnosti. Tako nije neuobicajena
praksa da se u okviru pojednih rezervata
prirode uprave parkova ponaSaju kao
monopolisti nad prirodnim resursom koji
im predstavlja kako izvor egzistencije,
tako i izvor za sticanje materijalne
i finansijske dobiti trgovinom i/ili
krivolovom vezanim za ugrozene vrste
koje bi upravo uprave parkova trebalo
najviSe da Stite. Mere tehnicke zastite,
a posebno infrastruktura za daljinski
nadzor nad ugrozenim vrstama biljaka
i Zivotinja omogucava da mere zaStite i
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operativnog postupanja u okviru zastite
ugrozenih vrsta i rezervata prirode
postanu transparentne i javne, te da se
na osnovu njih uvede adekvatna kontrola
zastite ugrozenih vrsta ali i habitata kao
takvog. Cinjenica da se pojedine uprave
parkova ovom protive samo je posredni
indikator koji jasno nagovestava da se

poslovanje doti¢nih uprava ne obavlja na
adekvatan i zakonom propisan nacin. Sa
druge strane, navedena infrastruktura
omogucava i Siroku popularizaciju te
podizanje svesti Sire druStvene zajednice
u vezi sa potrebom ocuvanja prirodne
sredine i ugrozenih vrsta u njoj.

KONZERVACIJA 1 UPRAVLJANJE NACIONALNIM PARKOVIMA

Da bi se zaStitile ugrozene vrste i
njihova stanisSta, danas se primenjuju
institucionalne ali i neinstitucionalne
mere. Institucionalne mere uglavnom su
vezane za aktivnosti drzava i vlada dok
neinstitucionalne mere predstavljaju
sve oblike privatnih inicijativa na
oc¢uvanju zivog sveta i biodiverziteta.
Ujedinjene nacije kao krovna
organizacija koja se izmedu ostalog bavi
i krovnim organizovanjem nacionalnih
i medunarodnih inicijativa za o€uvanje
prirode dala je niz preporuka i definicija,
kao i standarda iz oblasti ocCuvanja
prirode i zaStite ugrozenih vrsta. Akt o
ugrozenim vrstama prepoznaje da ribe,
divlje zivotinje i biljke za ljude imaju
estetske, Skolske, obrazovne, istorijske,
naucne i rekreacione vrednosti i da
se prema ovim vrednostima, koje su
zajednicke svim ljudima, covek mora
odnositi na nacin da Stiti pomenute
vrednosti.?

U prethodnom periodu ucinjeni
su institucionalni koraci za zaStitu
posebnih rezervata prirode u okviru
kojih je jedan broj zasti¢enih Zivotinjskih

vrsta dobio zasticena staniS$ta na nacin
da se deo teritorije na kojima obitava
navedena vrsta dobio status nacionalnog
parka ili drugog rezervata prirode.
Pojacani zahtevi za proSirenje civilne
infrastrukture ipak su dovodili do
pojacanog pritiska na ove rezervate, pa su
primetne i pojave indirektnog slabljenja,
odnosno, indirektnog negativnog uticaja
na zaSticena podrucja. Ovi indirektni
uticaji najceSce su posledica promene
mikroklime do koje dolazi usled promene
geofizickih osobina susednog zemljista
— izgradnja brana i veStackih jezera
moze da uzrokuje promenu obrazaca
duvanja vetra, promeni lokalnu vlaznost,
i kapilarnu irigaciju, $to sve direktno
utice na sposobnost nekog ekosistema
u smislu produkcije hrane za biljojede,
a samim tim i predatore koji se njima
hrane. Slican uticaj imaju i izgradnja
termoelektrana ili velikih industrijskih
kapaciteta, prolazak auto-puta ili
neke druge globalne saobracajnice u
neposrednoj blizini zaSticenog rezervata.
Da bi se ovo izbeglo postoji zakonska
obaveza izrade studije uticaja. Studija
uticaja na zivotnu okolinu cesto je

8 Randall Abate, What Can Animal Law Learn from Environmental Law?, Environmental Low Institute,
West Academic,2015 pp 160, ISBN 978-1-58576-176-0
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pogresna u smislu davanja dugoroc¢nih
procena kako c¢e izgradnja nekog
infrastrukturnog  objekta  (civilnog,
komunalnog ili energetskog sistema)
delovati na Zivotnu sredinu.

Takode, treba naglasiti i da se
usled globalnih klimatskih promena
sposobnost ekosistema dodatno
smanjuje u smislu produkcije neophodne
koli¢ine hrane za odredeni broj Zivotinja,
$to dovodi do smanjenja broja jedinki i
do njihovog de fakto izumiranja, ako se
covek, u smislu direktne intervencije,
ne umesa u kriticnim periodima. Pod
ovim se prvenstveno podrazumeva
opcija hranjenja izgladnelih Zivotinja
putem organizovanih hraniliSta bez
direktnog susreta izmedu rendZerske
sluzbe i divljih Zivotinja. Da bi ovakav
vid privremenog hranjenja bio uspesan,
on mora korespondirati sa navikama
Zivotinja, odnosno, sanjihovim prirodnim
migracijama i dnevnim potrebama, za
Sta je takode neophodno da rendZerska
sluzba, a posebno veterinari i biolozi
imaju na raspolaganju adekvatne i
aktuelne informacije koje pruza sistem
za daljinsko pracenje zivotinja. U smislu
navedenog, vazno je napomenuti da
konzervacija i upravljanje nacionalnim
parkovima ne mogu vise biti izolovani
pokusaji uprave parkova i mnjihovih
timova za zaStitu, vec se zastita, u smislu
monitoringa uslova, mora pro§iriti i van

grani¢nih oblasti zaSti¢enih podrugja, te
rad na projektima zastite izvoditi u $iroj
zajednici.’

U smislu zaStite prirode i konzervacije
pojedinih izolovanih ekosistema, kakvi
su nacionalni parkovi, moderne ICT
tehnologije pruzaju viSestruke prednosti
u odnosno na klasi¢ne metode i tehnike
upravljanja zasti¢enim podrucjima. ICT
tehnologije pruzaju sledece prednosti'®:

* Omogucavaju da se odredi kolika
je tatno populacija koja naseljava
habitat unutar zasti¢enog podrucja

* Omogucavaju jasan uvid kolika je
teritorija po pojedinim jedinkama i
vrstama (teritorija jedne Zivotinje,
teritorija krda ili copora grabljivaca)

* Ima li viska Zzivotinja koje nemaju
svoju teritoriju i koje se mogu
premestiti u neko drugo zasti¢eno
podrucje

* Omogucavaju uvid u distribucione
Sablone pojedinih vrsta na datom
podrucju, po prostoru i vremenu

. Ove tehnologije omogucavaju
pracenje i o¢uvanje biodiverziteta

Pruzaju brze feedback podatke

Najvec¢i problem prilikom primene
novih ICT tehnologija na zaSti¢ene
rezervate prirode predstavlja pitanje
mrezne infrastrukture. Naime, vecina

9  Fish and Wildlife Service I&M: Connecting Science-driven Monitoring to Management, National
Wildlife Refuge System Inventory and Monitoring (I&M) initiative, Published on 4 Aug 2012, video,
23.12.2016, dostupno na mrezi: https://www.youtube.com/watch?v=XutmC7QRGUM

10 Priya Joshi, Wildlife conservation through innovative technology: Priya Joshi at TEDxKathmandu,
TEDx Talks, Published on 10 Jan 2013, video, 24.12.2016, dostupno na mrezi: https://www.youtube.

com/watch?v=bgM5kHZYr0O8
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ICT tehnologija primenjuje se na nacin
da su procesi prikupljanja podataka
odvojeni od procesa obrade informacija
i dobijanja vrednosti, kako nauc¢nih,
tako operativnih u smislu upravljanja i
njohove popularizacije. Za potrebe prvih
neophodno je u zaSticene rezervate
prirode obezbediti mrezu i/ili internet,
dok se ostali obraduju u zasebnim data
centrima i/ili u okviru nekog cloud
reSenja. Iz navedenog jasno proizilazi
da je najskuplji i tehnicki najzahtevniji
deo izgradnje neophodne infrastrukture
vezan za uvodenje interneta na
celokupnom prostoru zasticenog
podrucja. U podruc¢jima kod koji je
stepen zaStite niZi, ovo se ostvaruje
primenom standardne wi-fi tehnologije
uz minimalno privremeno narusavanje
prirodnog staniSta tokom postavljanja
kablovske infrastrukture kojom se
povezuju krajnji nodovi i bazne stanice.
U slucaju uvodenja interneta u oblasti
sa viSim nivoom zaStite ovo se izvodi
isklju¢ivom primenom wi-fi tehnologija
pri ¢emu se bazne stanice postavljaju na
obodu zasticenog podrucja. U slucaju
prasume, usled velike gustine vegetacije,
navedena reSenja ne bi bila dovoljno
efikasna na celokupnom zasticenom
teritoriju praSume, pa je potrebno i
pokrivanje jednog dela praSume sa
pristupnim tackama kojima se obracaju
mrezni uredaji instalisani u ogrlicama
Zivotinja koje se prate iz vazduha (AP

montirani na dronove, balone ili male
vazdu$ne brodove). Daidejaoinstalisanju
i koristenju wi-fi tehnologije dobija svoje
pristalice najbolje govori podatak da
Kanada planira da u svoje nacionalne
parkove uvede wi-fi i time omoguci brzi
i laksi prenos podataka od dosadasnjeg
koji se zasnivao na tehnologijama
mobilne telefonije."* Ovakvi planovi i
izvedena reSenja jasno govore o tome da
se tezi smanjivanju operativnih troskova
nacionalnih parkova uz istovremeno
poboljsSanje i podizanje  kvaliteta
oglasavanja, te pruZanja usluga prisustva
na daljinu, kako ljubiteljima Zivotinja
tako i u nauc¢ne i obrazovne svrhe. Vazno
jenaglasiti da bez izgradnje odgovarajuce
mrezne wi-fi infrastrukture prakti¢no
nema mogucnosti primene modernih
ICT tehnologija u oblasti pracenja i
upravljanja prirodnim rezervatima i
zaStite ugrozenih vrsta. Ovo dolazi i
stoga $to je za adekvatno prikupljanje
podataka neophodno imati mreze
Cijja propusna moc¢ odgovara koli¢ini
saobracaja koji se generiSe, a poznato je
da IoT uredaji, posebno senzori od kojih
se zahteva emulacija kontinuiranog
pracenja stanja, generisu velike koli¢ine
podataka koje treba transportovati do
centralnog servera na kojem ce se raditi
obrada podataka i generisati neophodne
informacije.

11 Wi-Fi in the woods: Canada plans to install web hotspots across its national parks and historic sites,
Daily Mail, 29 April 2014, On Line izdanje, 24.12.2016, dostupno na mrezi: http://www.dailymail.
co.uk/sciencetech/article-2616007/Wi-Fi-woods-Canada-plans-install-web-hotspots-national-

parks-historic-sites.html#ixzz4TmNxjQeH
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I0T FRAMEWORK
Jedan od znacajnih  prednosti kombinovanje u cilju dobijanja $to

sistema pracenja divljih Zivotinja u
njihovim prirodnim habitatima pomocu
IoT tehnologija ogleda se u vecoj
transparentnosti procesa u ekosistemu,
pa mozemo nauciti kako ekosistem
funkcioniSe, a ne se samo usresrediti
na spasavanje jedne ugrozene vrste, jer
takav ogoljen pristup zastite ugrozenih
vrsta cesto ne daje rezultate. Ako
pretvorimo pracenu zivotinju u neku
vrstu digitalnog proizvoda, ona ce
kreirati na milione specifi¢nih merenja,
odnosno, podataka neophodnih da
stvorimo dublji i bolji uvid u njen Zivot
ali i ponasanje, obicaje, navike i ukupne
bioloske potrebe cele vrste. IoT i BigData
reSenja omogucavaju da se prikupi i
obradi veliki broj podataka, te da se na
osnovu toga generisu novi uvidi. Koliko
je ova tehnologija napredna, u smislu
omogucavanja novih uvida, najbolje
govori podatak da se u struc¢noj literaturi
danas sve ceSce govori o Biotelemetrijskoj
revoluciji. Razlozi wusled kojih se
danasnje stanje razvoja moze opisati kao
Biotelemetrijska revolucija su:

* Uredaji su sve manji po dimenzijama
i masi, na trziStu postoji veliki broj
malih integrisanih GPS uredaja

» Zahvaljuju¢i Cloud tehnologijama
omoguceno je prikupljanje
parcijalnih data strimova i njihovo

pouzdanijih informacija bilo da se
do njih dolazi u realnom vremenu ili
odlozeno

Treba primetiti da IoT 1 Big
Data omogucavaju ne samo nove
naucne uvide ve¢ i jedan novi oblik
upravljanja resursima koji se moze
nazvati upravljanje prema realnim
informacijama u realnom vremenu, ili
posredno direktivno upravljanje na bazi
uvida u realnost. Ovakvo upravljanje
predstavlja kvantitativni i kvalitativni
skok sa dosadas$njeg nacina upravljanja
i gospodarenja prirodnim resursima.
Takode, IoT radni okvir predstavlja
mogucnost da se ideje pretvore u
digitalne proizvode, sa tim u vezi
postavlja se pitanje moze li se upotrebom
ovog metoda praSuma pretvoriti u
digitalni proizvod i taj proizvod uciniti
samoodrzivim ekonomskim modelom
koji bi Stitio prasumu. Jedna od ideja
koja se kristaliSe jeste i iznalaZzenje novih
poslovnih modela kako bi se olaksalo
poslovanje zasti¢enih rezervata prirode.
Pretvaranjem nacionalnog parka ili
zaSticene vrste u digitalni proizvod
omogucava se ne samo popularizacija
ideja zaStite, ve¢ je moguce i ostvariti
dodatna finansijska sredstva kojima ¢e se
potpomoci rad samog rezervata prirode.

ICT pomaze u izgradnji kapaciteta

12 Daniel Smith, 2015 September Webinar loAHTedited, TheCSAlliance, University of Cambrige,
Cambrige Service Alliance, Published on Sep 15, 2015, video, 23.02.2017, dostupno na mrezi:
https://www.youtube.com/watch?v=DQew3ESgZoQ

13 John Houghton, ICT and the environment in developing countries: opportunities and developments,
Centre for Strategic Economic Studies, Victoria University, Australia, October 2009,
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kako drustvenih tako i infrastrukturnih koji predstavljaju preduslove za Sirenje

svesti 0 neophodnosti zastite ugorozenih
zivotinjskih vrsta na sledece nacine':

» Podizanje opSteg nivoa javne svesti
o problemima opstanka i zaStite
ugrozenih vrsta

» Pruza mogu¢nosti za obrazovanje

* PruZa mogucnosti za profesionalni
razvoj kadra nephodnog da bi se
navedene vrste zastitile.

INTERNET ZIVOTINJA

Jedan od nacdina  pretvaranja
zaStic¢enih zivotinja u digitalni proizvod
je injihova popularizacija kroz takozvani
internet Zivotinja ianimal social network.
Internet Zivotinja predstavlja nivo usluga
direktno proizaslih iz IoT reSenja, dok se
animal social network moze opisati kao
marketing strategija primene tehnika
socijalnih mreza za popularizaciju
zaStic¢enih zivotinjskih vrsta, stvaranje i
jacanje povezanosti izmedu pripadnika
mlade generacije i ugrozenih Zivotinja
te kao marketing i biznis platforma na
kojoj se obavljaju komercijalne poslovne
aktivnosti i prikupljanje sredstava za

oc¢uvanje navedenih vrsta — prilozi
za rendzersku sluzbu, hranilista,
neophodnu infrastrukturu, prodaja

umetnickih predmeta i suvenira kako bi
se pribavila sredstva.

Neke od tehnika kako se navedeni
koncepti primene ICT tehnologija
koriste u realnom poslovanju vezanom
za ocuvanje zasticenih vrsta su:

Nacionalna geografija je podigla veb
sajt — agregator — na kojem se vide slike

sa svih Zivotinja na koje su prikacene
kamere pa korisnici sajta vide isto $to i
Zivotinje.

Mozemo Kkoristiti infrastrukturu i
trigere na nacin da Zivotinja posalje tvit
ili poruku kad ulovi plen (recimo macka
ulovi misa)." Na ovaj nacin se drzi paznja
publike a briSu se svi ,nezanimljivi
kadrovi, odnosno, ,dosadni* periodi
kada se zivotinja odmara i ne radi nista“.

Mogucnost da u svakom trenutku
korisnik mreze moze locirati i pronaci
zivotinju, te je snimiti (ekskluzivni
snimak) — zahvaljuju¢i cinjenici da
ogrlice Salju GPS koordinate korisnik
mreZze moZe pozicionirati na iste
koordinate dron i snimiti ekskluzivan
snimak S$to se posebno tarifira.

Moguénost interaktivnog prenosa
u slucaju kada vukovi ili risovi love
(takode koriS¢enjem viSe dronova ¢ime
se omogucava interaktivni prenos).

Takode, u slucaju mogucnosti da

se posetioci nacionalnog parka nadu u
direktnomsusretusavelikimpredatorima

14 Dr Genevieve Bell, The Internet of Beings: Or, What are the Animals Telling Us?, Research
Computing Centre, Published on Aug 9, 2016, video, 23.02.2017, dostupno na mrezi: https://www.

youtube.com/watch?v=iEosTaPyxOs

15 Vint Cerf, The interspecies Internet? An idea in progress..., TED, Published on Jul 10, 2013, video,
23.02.2017, dostupno na mrezi: https://www.youtube.com/watch?v=wGMLhaa98GI
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postoji  mogucénost  pravovremenog i boluju od bolesti koje se mogu preneti

daljinskog obaves$tavanja o mnailasku
opasnosti. O moguc¢nosti da se internet
koristi kao interfejs za povezivanje
razlicitih bioloSkih vrsta jedan od
dizajnera interneta, Vint Cerf, izneo
je slede¢e misljenje: ,Kada je internet
dizajniran mislili smo da je to sistem
koji povezuje racunare, a ispostavilo se
da je sistem koji povezuje ljude, ono $to
sada vidimo je da ne treba da delujemo
restriktivno i ograni¢imo mrezZu samo
na postojece vrste povezivanja, ve¢ da i
druge inteligentne vrste treba da koriste
mrezu takode.“!®

Kako raste opterecenje nacionalnih
parkova turistima tako raste verovatnoca
slu¢ajnog susreta izmedu turista i
zivotinja unutar parka. Ovo je utoliko
vaznije zbog toga Sto se divlje Zivotinje
u prirodnom okruzenju ¢esto povreduju

na ljude, pa je od velikog znacaja sanirati
povrede i bolesti divljih Zivotinja, kako se
ne bisirilevan granica nacionalnog parka.
U vezi sa ovim, od presudnog znacaja je
$to brze i sa $to neinvazivnijom metodom
pronaci bolesne Zivotinje i izleciti ih.
U ovakvim sluc¢ajevima od posebne
vaznosti je brzo i lako lociranje zZivotinje
i njenog kretanja, $to je veoma olaksano
primenama GPS modema i wi-fi uredaja
smeStenih u ogrlice i/ili narukvice
pri¢vrscene na Zivotinje (Project Code:
1810, 2017)."® Na ovaj nacin stice se i
jasan uvid u kretanje Zivotinja pa se mogu
pratiti Zivotinje koje napustaju zasti¢ena
podrucja i napadaju stoku farmera. Na
ovaj nafin moguce je locirati Zivotinje
pocinioce i identifikovati njihove navike,
a farmerima po potrebi nadoknaditi
realnu Stetu.

ELEMENTI SISTEMA
REPETITORI I AP

Osnovni problem jednostavnog i
lakog daljinskog pracenja Zivotinja
ogleda se u Ccinjenici da su se za to
ranije koristile tehnologije zasnovane
na emisionoj tehnici u podruc¢ju javno
dostupnih frekvencija, te radio uredaji.
Ova tehnologija je pouzdana, ali prilicno
zastarela u smislu da su uredaji gabaritni,
te da je za njihovo napajanje potrebno
dovestirelativno veliku koli¢inu energije.
Takode, jedan od nedostataka pomenute
tehnologije ogleda se u tome da je za
potrebe pracenja potrebno izgraditi veci

broj stacionarnih primopredajnika koji
sumasivne grade i moraju biti postavljeni
na antenske stubove koji se nalaze na
medusobnom odstojanju srazmernom
polovini talasne duzine EMS koji koriste.
Ovaj tehnicki zahtev Cesto je ogranicavao
primenu radio talasne tehnike u posebno
zaSticenim ekosistemima kao $to su
prasSume, jer bi njihovo postavljanje u
zasti¢eni ekosistem bitno narusavalo isti,
$to zakonima o zastiti rezervata prirode
nije bilo dozvoljeno. Usled masivnosti
primopredajnih antena nije bilo moguce

16 GPS based Wildlife animal tracking system, Microtronics Technologies, blog, 24.02.2017, dostupno
na mrezi: http://www.projectsof8051.com/gps-based-wildlife-animal-tracking-system
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ni njihovo smestanje u vazduhu, pa je
ovo predstavljalo dodatni nedostatak
u smislu adekvatnog pracenja divljih
zivotinja. Pojavom novih ICT tehnologija,
prvenstveno wifi tehnologije, a zatim
i tehnologija mobilnog interneta,
postalo je moguce prevazi¢i navedene
nedostatke, te napraviti odgovarajucu
neinvazivnu infrastrukturu neophodnu
za pracenje kretanja divljih Zivotinja.
Kako se zaSti¢eni nacionalni parkovi i
drugi rezervati prirode nalaze daleko
od wurbanih sredina, upotreba ICT
tehnologija, posebno u okruZenjima
kao Sto je dzungla, skopCana je sa
mnogim  tehnickim, organizacionim
i ekonomskim ogranicenjima. TeSko
je na ekonomski prihvatljiv nacin
ostvariti internet infrastrukturu u
zabacenim i nepristupac¢nim regijama.
Gugl projekat Loon omogucava nacin
da se u zabacenim i ruralnim predelima
obezbedi pouzdan internet pristup sa
velikim brzinama i propusnim opsezima
na ekonomski prihvatljiv nacin."”
Projekat Loon zasniva se na pokusaju
da se baloni postavljeni u stratosferu
iskoriste kao nosaci repetitora, odnosno
WiFi AP uredaja, ve¢ je pokazao visok

nivo pouzdanosti, a repetitor postavljen
ovako visoko omogucava ljudima i
Zivotinjama da imaju signal i tamo gde
ga ranije nisu imali, ali i moguénost
da se odmah nakon velikih katastrofa
mogu povezati na internet. KoriStenjem
LTE tehnologije i balona omogucuje
se ostvarivanje brzina 15 MB/s i 40
MB/s, u zavisnosti od radnog opsega i
karakteristika antene Kklijentskog wifi
uredaja.'® Ove brzine dovoljne su za IoT
uredaje za prenos senzorskih podataka.
Za velika prostranstva i Sire zaSti¢ene
oblasti Wi-Fi  tehnologija postaje
neadekvatna i onda se mora prec¢i na GPS
i GSM tehnologiju, kako bi se Zivotinje
pratile na Sirem podrucju. Ukoliko se broj
predajnika povecava u smislu povecanja
gustine, povecava se i gustina mreze koja
se koristi za pozicioniranje. Za ta¢no
prostorno pozicioniranje neophodan
uslov je da je tag koji se prati dostupan
odnosno povezan na bar tri AP. Jo$ jedna
prednost wi-fi tehnologije ogleda se i
u tome da se AP moze pozicionirati i u
vazduhu, odnosno postaviti na dronove
i/ili balon iznad oblasti koja ne sme
biti narusSavana unoSenjem elemenata
infrastrukture.

OGRLICE

Drugi vazan element sistema za
pracenje divljih Zivotinja u njihovom
prirodnom okruzenju je pasivni tag,
odnosno, ogrlica koja sadrzi wi-fi uredaj

u novije vreme integrisan sa senzorima
za pracenje fiziologije i metabolizma
Zivotinje. Vece zivotinje, posebno
predatori kakvi su lavovi, medvedi,

17 Project Loon : Now Google launches BALLOONS in bid to bring internet to the remotest places on
Eart, PatrynWorldLatestNew, Published on Jun 15, 2013, video, 24.02.2017, dustupno na mrezi:
https://www.youtube.com/watch?v=_0igX9Lq5B8

18 Inside Google's wildly ambitious internet balloon project, The Verge, Published on Mar 2, 2015,
video, 24.02.2017, dostupno na mreZi: https://www.youtube.com/watch?v=0FGW2sZsUiQ
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risovi ili vukovi sa lako¢om nose ove
ogrlice i one im ne smetaju u normalnom
obavljanju svih dnevnih aktivnosti. Kod
ptica, ova vrsta taga najcesSce se stavlja
u obliku prstenova na noge jer je zbog
ogranicenja mase najceSce izvedena
samo u vidu pasivne antene cCime je
omoguceno pracenje lokacije Zivotinje
ali ne i pracenje nekih drugih zivotnih
funkcija. Svi sistemi pracenja koji se
zasnivaju na postavljanju ogrlica ili
drugih aktivnih markera /senzora na
Zivotinje imaju jedan nedostatak, naime
oslanjaju se na baterije kao energetski
izvor pa se ogrlice, odnosno baterije,
povremeno moraju menjati kako bi
uredaji za lokaciju radili. Jedan od
nacina prevazilazenja ovih problema
je koriStenje senzora i modema sa
malom potro$njom i niskim zahtevanim
profilom energetskog budzeta, ali i u
ovim sluCajevima problem troSenja
baterija veoma je izrazen. Kod nekih
vec¢ih ptica pretezno leSinara moguce
je i postavljanje ogrlice sa ogranicenim
brojem senzora dok se za lociranje
koristi GPS modem. Preciznost pracenja
pomocu ove vrste ogrlica definisana je
na rezoluciju od 500 metara ako se za
goniometrisanje koriste samo bazne
stanice, dok se znatno povecava ako
se goniometrisanje vrs$i i sa pokretnim
objektom (dronovima za aktivno
goniometrisanje) i moze se smanjiti na
ispod 10 metara.'® 3D pozicija se najcesce

dobija interpolacijom izmedu mernih
tacaka dobijenih direktnim merenjem.*
Ovo dolazi i stoga S$to se vecdina
kopnenih Zivotinja relativno malo krece
u vertikalnoj ravni — retke, uglavnom
periodi¢ne sezonske migracije.

Uredaji za pracenje (ogrlice) mogu
se razvrstati prema primeni na osnovu
sledec¢ih karakteristika:

» Tip uredaja i tehnologija koja se
koristi

* Energetski budzet i autonomija rada
uredaja

* Veli¢ina uredaja

» Broj senzora integrisanih u uredaj i
njihova ta¢nost

» Data rate i network truthput

« Prilagodenost
Zivotinje

uredaja ponaSanju

* Nacin i mesto pri¢vrséivanja uredaja
Moderni sistemi za pra¢enje moraju
podrzavatii 2D i 3D mod pracenja divljih
Zivotinja. 3D mod pracenja posebno je
zanimljiv za ptice, ribe, velike sisare
koji zZive u moru ili jezerskim vodama,
zivotinje koje zive u kro$njama drveca,
te zivotinje sa periodi¢nim migracijama
sever—jug ili vertikalnim migracijama u
vise i nize predele.
» Neke od oblasti gde se danas
primenjuju tehnologije ogrlica su?":
» Indentifikacija pojedinacne Zivotinje
u grupi

19 M.K.Nor, M.S. Masbop, Smart Livestock Tracker, The International Journal of Engineering And
Science (IJES), 2015, Volume 4, Issue 7, PP 25-29, ISBN (e): 2319-1813, ISSN (p): 2319-1805

20 Dr Robert Sinkovits: Improving Wildlife Tracking via HPC, Research Computing Centre,
Published on 7 Dec 2015, video, 23.12.2016, dostupno na mrezi: https://www.youtube.com/

watch?v=uubLZwIuEjU

21 Lena M Holmberg, Internet of Animals, 05.07.2016, blog, 03.03.2017, dostupno na mrezi: http://
lenamholmberg.blogspot.ba/2016/05/internet-of-animals.html
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» Pracenje zZivotinje i njenog kretanja,
kao i socijalnog ponaSanja

* Pracdenje zdravlja zivotinje

* Komunikacije izmedu Zivotinja i
ljudi i izmedu zivotinja i stvari (npr.
hranilica, pojilica i sli¢no)

* Mehanizmi za regulisanje ponasanja
(razne vrste zvucnika koji se nose
na ogrlici a koji se mogu daljinski
aktivirati kad god Zzivotinja zade u
predeo koji je za nju zabranjem)

Kako autonomija rada uredaja zavisi
od broja logova koje ¢e uradaj poslati
na neki server u jedinici vremena
trazi se prihvatljiva periodika za svaku

tagovane ribe mogu da se prate i do dve
godine nakon postavljanja uredaja za
lokaciju i pracenje. Energetski budzet
mora da bude takav da omoguc¢i barem
polovinu godi$njeg ciklusa — ogrlice se
ne smeju menjati u sezoni parenja usled
agresivnosti muzjaka. Takode, mladunci
se ne smeju opremati ogrlicama dok
ne postignu punu polnu zrelost usled
intenzivnog rasta. Valja napomenuti i
¢injenicu da se kada se potrosi baterija,
ogrlica se cela menja, jer mora biti
nepromociva da bi senzorski sistem
i antena mogli da rade, te da se vecina
ogrlica izvodi u takozvanim vandal proof
kucistima u delu koji je vezan za smestaj

vrstu pracene zivotinje. Ova periodika antene, napajanja i senzora (IP67
zavisi od vrste i roda ali i nacina zZivota standard).
i ponasanja jedinke. Tako na primer,
DRONOVI
Problem pokrivanja teritorije, dronova u ovakvim scenarijima koristi
odnosno, pracenja populacije sa se za pojedinacno pracenje muZzjaka
minimalnim  brojem  statickih i samaca od kojih se moze ocekivati da

dinamickih senzorskih sistema reSava
se optimalnom kombinacijom stati¢kih
uredaja i dinamickih robotizovanih
autonomnih sistema (Cesto nazivani
i dronovi) za prikupljanje podataka.
Optimalan broj dronova za visoko
popularnu veb digitalnu platformu,
dakle socijalnu grupu Zivotinja koje su
ekstremno popularne, moze se proceniti
naotprilikepolovinupopulacije,odnosno,
jedan dron moZe da adekvatno prati vise
jedinki, posebno kod onih vrsta koje se
okupljaju u copore i krda. Veliki broj

uskoro napadnu dominantne muzjake
i pokusaju da obezbede svoj poloZaj i
pravo na Zzenke. Upravo zahvaljujuci
ovakvom fokusu izbegava se da se
previSe vremena ostavi na nezanimljive
sadrzaje kada se zivotinje odmaraju i ne
rade nista, Sto bi publici bilo posebno
interesantno. Osim $to sluze za pracenje,
snimanje i kontrolu pojedina¢nih
zivotinja, dronovi se u nacionalnim
parkovima koriste i za kontrolu oboda i
sprecavanje krivolova na zasticene vrste
i/ili secu Sume u zaSticenom podrucju.

22 Ibrahim Volkan Isler, Associate Professor, University of Minnesota, RI Seminar: Ibrahim Volkan
Isler : Robotic Data Gathering in the Wild, November 04, 2016, video, 23.12.2016, dostupno na
mrezi: https://www.youtube.com/watch?v=tcTUvOwWW7J8
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Na ovaj nacin dronovi postaju esencijalni
alat za poboljSanje rada rendZerske
sluzbe, ali i za kontrolu njenog rada, jer
omogucavaju globalni uvid Sire javnosti u
deSavanja i moguce nelegalne aktivnosti
unutar nacionalnih parkova. Dronovi
se koriste i za prikupljanje podataka o
distribuiranim sistemima kao $to su jata
riba ili jata komaraca ili drugih lete¢ih
insekata i ptica. Upotreba autonomnih
robota pri tome omogucava sagledavanje
mnogo Sire slike od one koju bi dali
staticki rasporedeni uredaji, jer pored
geometrijskih podataka (polozaj,
distribucija, trajektorija) daju i izvestan
broj semantickih informacija kao Sto
je na primer broj defektnih plodova
(jabuka) na stablu.?

Prvi zadatak automatizovanih
robotskih sistema za  pracenje
divljih Zivotinja u prirodi je pronacdi,
odnosno, detektovati signal sa ogrlice,
odnosno, taga. Ovaj zadatak u smislu
disperzno distribuiranih sistema kao
$to su jata riba ili jata ptica moguce je
izvrSiti automatskim algoritmima za
pretrazivanje: dron (brodi¢) obilazi
neku povrS i u njoj trazi signale koje
obraduje (broji, sakuplja podatke nakon
$to inicijalizuje komunikaciju i sli¢no)
zatim ih obraduje i u agregatnom obliku
Salje na neku cloud lokaciju gde se nalazi
poslovna logika i softevr za mapiranje
koji daje GIS podatke preko mape nekog
terena.

Pokrivanje teritorija autonomnim
robotima vrs$i se slede¢im tehnikama
pretrazivanja:

e Stacionarni model

pokrivenosti

pretrage

» Stohasticki model — random kretanje
dronova koji prikupljaju podatke

» Kontradiktorno — unakrsno
prikupljanje podataka sa sledec¢a dva
modela teorije igara:

o Aktivno izbegavanje susreta

o Igra pokusaja izbegavanja (igra

macke i misa)

U smislu aktivnih uredaja za snimanje
stanja, na dronovima se cesto koriste
LiDAR kamere sa rezolucijama snimanja
dovoljno velikim da se pomocu njih izvrsi
mapiranje svih snimljenih elemenata
ekosistema, pri ¢emu se dobijaju realni
3D prikazi trenutnog stanja sistema,
odnosno, omogucava realno kretanje
kroz elemente sistema u svim pravcima.

Prednosti koristenja dronova u smislu
zaStite nacionalnih parkova, ali i uvida
u Zivot i ponadanje divljih Zivotinja na
slobodi u odnosu na druge tehnologije
ogledaju se u®:

+ Jeftina tehnologija (u poredenju sa
avionima, i velikom on site patrolnom
sluzbom)

» Laki za koriStenje

23 Wildlife conservation with the help of drones: Kitso Epema at TEDxUtrecht, TEDx Talks ,
Published on 28 Apr 2014, video, 23.12.2016, dostupno na mrezi: https://www.youtube.com/

watch?v=LT9q6kra90c

24 Using drones to conserve natural habitats | Professor Serge Wich | TEDxLiverpool, TEDx Talks,
Published on 20 Aug 2014, video, 23.12.2016, dostupno na mrezi: https://www.youtube.com/

watch?v=GTsMi43Mugo
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* Dostupni za koristenje (standardna
tehnologija koja se brzo razvija)

* Multifunkcionalna platforma -
mogu da se koriste za pracenje
zivotinja, prikupljanje podataka sa
ogrlica i senzora koje zivotinje nose
ili imaju prikacene na svom teluy,
snimanje prirode i Zivotinja u prirodi,
pracenje ljudi (turista, zalutalih
osoba, traganje i onemogucavanje
delovanja lovokradica i onih koji
pokusSavaju nelegalnu secu drveca),
rano otkrivanje i lokalizacija poZara,
obave$tavanje  najblize  patrole
rendZera i podrS$ka za operacije na
terenu, podrska za brze odgovore

U dodatne prednosti primene dronova
mogu se ubrojati**:
» Laka lokacija prili¢no teSko uocljivih
zivotinja koje retko izlaze na ¢istinu

(orangutani, gorile, Simpanze u
tropskim Sumama) — zahvaljujuci
dronovima lako ih je otkriti i pratiti
migracije

e Zahvaljuju¢i Ai  tehnologijama
(automatic  optical rekognition)

raste verovatno¢a prepoznavanja
naseobine u kro$njama;

* Dronovi mogu da se koriste u
scenariju ,data mule“, pri ¢emu u

letu prikupljaju podatke sa senzora
i kamera (statickih) kako bi im
oslobodile memoriju za buduci
rad, praznjenje data logera, zbog
mogucnosti niskog leta moguca
je komunikacija u bliskom polju,
pa se koristi manje energije za
komunikaciju i postoji moguénost
prenosa velikih fajlova (snimci sa
kamere u HD rezoluciji);

* U odnosu na klasi¢ne tehnike ru¢nog
prikupljanja podataka o Zivotinjama,
dronovi su i do 200 puta efikasniji
od ljudi (dronovima je potrebno
oko 20 minuta da lociraju zivotinju
i prikupe podatke sa uredaja za
pracenje. Biolozima i rendzerima je
za isti zadatak potrebno do 3 dana
(uz koristenje tehnike lovackog
pracenja).

» Dronovi mogu da lete dovoljno nisko
i da daju slike velikih rezolucija, kao
i da snimaju u infracrvenom opsegu;

+ Sve ULL pa i dronove moguce je
izraditi u DIY izvedbi;

» Usled velikih usSteda zasnovanih na
visokoj efikasnosti letilica moguca
je realokacija budzetskih sredstava
i nabavka dodatne opreme (drugih
vrsta hardvera i softvera koji mogu
da se koriste na dron platformama)

PRAVNA OGRANICENJA KORISTENJA AUTOMATSKIH ROBOTIZOVANIH
SISTEMA I RUCNO VODENIH DRONOVA

Iako su dronovi mozda i najefikasnije
platforme za pracenje zivota divljih
Zivotinja u njihovom  prirodnom
okruzenju i stoga izuzetno zanimljiva
tehnicka reSenja koja bi koristili mnogi

pojedinci i uprave nacionalnih parkova,
njihovo masovno uvodenje u upotrebu
na ovom polju otezano je usled ¢injenice
da su dronovi novo pravno podrucje
u kojem ne postoji jasna regulacija, te
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¢injenicom da zakonodavci kasne sa
pravnim okvirom za njihovu upotrebu.
Poseban problem primene dronova u
ovu svrhu predstavlja i €injenica da se
dronovi obi¢noine proizvode u zemljama
upotrebe te da za njihovu proizvodnju
ne postoje jasni standardi kvaliteta
kojeg bi se proizvodaci i uvoznici trebali
pridrzavati. Ovome treba pridodati i
mogucnost da dronovi budu izradeni u
ku¢noj radinosti, odnosno, DIY verziji
proizvodnje pa je jasno o kakvoj vrsti
disperzije raznorodnih reSenja je rec.
Kako dronovi spadaju u letelice, tako suu
vecini zemalja za njih nadlezne posebne
regulatorne komisije i kontrole letenja
(ako plafon leta prelazi odredeni prag
definisan lokalnim zakonima) i let se
izvodi mimo ograni¢enih areodromskih
podrucja. Poseban problem predstavljaju
i ¢injenice da se dronovi najcesce koriste
u svrhu vazdus$nog izvidanja, te na sebi
imaju montirane kamere koje se mogu
zloupotrebiti za neovlaSten nadzor,
pracenje pa €ak i u svrhu voajerisanja,
$to sve potpada pod posebne zakone koji
jo$ u vecini drZzava nisu proSireni i na
ovaj novi pravni domen. Razmatrajuci
mogucnosti i pravna, moralna i druga
ograniCenja upotrebe dronova moramo
se zapitati i razreSiti sledeca pitanja”:

» KoreguliSe prava koriscenja letelice i

na koji nacin?

» Kako se dobija dozvola za upravljanje
dronovima? Ko izdaje dozvolu ili ovo
podrucje jos nije regulisano?

+ Ko je odgovoran u slucaju pada
letelice? Posebno ako ona svojim
padom nacini materijalnu S$tetu i/ili
ugrozi ljudske Zzivote?

* Postoje li propisane zakonske
procedure za odrZavanje letelice?
Postoje 1i sertifikati i koja stru¢na
tela ih izdaju kako za letelice tako i
za one koji ih odrzavaju?

» Treba li dron da ima svoju knjigu —
log upotrebe i kako se vodi?

U slucaju DIY izvedbe, ko izdaje
upotrebnu  dozvolu? Kako se
kontrolise kvalitet izrade i da li su
zadovoljeni bezbednosni standardi?

» Kako je regulisano pitanje upotrebe
dronova koji nose instrumente za
snimanje u vidljivom spektru -
kamere, s obzirom na privatnost
onih koji mogu biti obuhvaéeni
snimljenim materijalom?

* Koja je minimalna visina leta — koju
propisuje regulatorna agencija za
vazdus$ni saobracaj?

« Da 1li neki drzavni autoritet —
agencija kojoj se obracate, uopSte
ima kompetencije da odgovori na
vasa pitanja u vezi sa regulativom iz
oblasti upotrebe dronova?

Ono S§to je posebno potrebno
naglasiti je ¢injenica da, iako su dronovi
idealna platforma za primenu u oblasti
nadgledanja i pracenja divljih Zivotinja, u
njihovim prirodnim habitatima odredene

25 Best and worst states when it comes to drone laws, Drone U, Published on 6 Sep 2016, video,
24.12.2016, dostupno na mrezi: https://www.youtube.com/watch?v=p7DEAXLXeZY
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zemlje pravno zabranjuju njihovu
upotrebu u nacionalnim parkovima.
Tako je na primer u Meksiku zabranjena
upotreba dronova u nacionalnim
parkovima, dokje upojedinim Americkim
saveznim drZzavama ova zabrana
prosirena usled moguceg voajerizma i /
ili trgovine narkoticima preko granice
te se za koriS¢enje ove tehnologije u
grani¢nim podruc¢jima moze dobitiido 5
godina zatvora.

Cak i u slu¢ajevima da su pojedina
podruc¢ja primene dronova regulisana
pravno, postoji mogucnost tuzbe, ali u
tom slucaju onaj ko se zali na narusavanje
privatnosti mora dokazati da je postojala
namera da se ova tehnologija zloupotrebi

u svrhu naru$avanja privatnosti Zalioca.
Protivargument u ovakvoj pravnoj
borbi svakako je pozivanje na razumno
ocekivanje privatnosti s obzirom na
moderne tehnologije koje imaju sli¢ne
mogucnosti uvida u neciju privatnost.
Ovo je posebno interesantno s obzirom
na to da se na povredu privatnosti
najceS¢e pozivaju lovokradice i turisti
koji su prekrsili neko od pravila
nacionalnog parka (palili vatru, bacali
smece, oStecivali rastinje i slicno) pa je u
svrhu primene dronova kao mere zastite
prirodnog okruZenja za divlje Zivotinje
neophodno doneti odgovaraju¢u jasnu
pravnu regulativu kojom bi se ova oblast
jasno i nedvosmisleno uredila.

SERVERSKA INFRASTRUKTURA I SOFTVER

Sledec¢i znacajan deo infrastrukture je
serverska i storage infrastuktura koja se
mozeizvestiikao Cloud reSenje, odnosno,
ne mora biti direktno vezana za lokaciju.
Prednosti ovakve izvedbe ogledaju se
prvenstveno u mogucnosti da se na taj
nacin izvede adekvatna infrastruktura
koja bi u zavisnosti od prava pristupa
i mogucnosti namenskog klijentskog
softvera razliitim  zainteresovanim
stranama davala upravo informacije i
podatke koji su im potrebni, te odvajala
komercijalne podatke koji bi se koristili
u obliku pogodnom za marketinsko
predstavljanje Zivotinja, kako bi se
stvorila kriticna masa onlajn pratilaca
i obezbedilo finansiranje nacionalnog
parka ili drugog oblika organizacije
na zastic¢enoj teritoriji i podataka koji
se dostavljaju biolozima, veterinarima

i analiticarima neophodnih u smislu
dobijanja adekvatnih analiza te nau¢no i
struc¢no proucavanje ponasanja Zivotinja.
U elemente hardverske infrastrukture
sa strane data centra spadaju: Server,
Storage uredaji, frireawall, DRC, odnosno
sledec¢a virtualna innfrastruktura: VM-
web server, VM-RBDMS, VM-image,

FTP, VM-AVServer, VM-AppServer,
VM-InteroperabilitiSistem, VM-
ImageSocijalneMreze. Sva navedena

hardverska i softverska infrastruktura
moze biti izvedena i kao usluga koja
se iznajmljuje na odredeni period, pa
se na ovaj nacin moze omoguciti lakse
finansiranje  projekata  zasnovanih
na pracenju Zivotinja, bilo da su oni
komercijalne prirode ili su deo nekog
naucnog istrazivanja.
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PRIKUPLJANJE PODATAKA

Sposobnost prikupljanja i obrade
verodostojnih informacija o raznim
aspektima okoliSa omogucuje kvalitetan
nadzor i upravljanje, kako prirodnim
resursima tako i spoljnim uticajima
koji mogu ugroziti okoli$.?® Prikupljanje
podataka modernim ICT tehnologijama
umnogome je diktirano i c¢injenicom
da dobrim odabirom tehnologije
prikupljanja podataka, podatke mozemo
prikupljati na minimalno invazivan nacin
sa stanoviSta uplitanja u ekosistem,
pa se 1 rizici po sigurnost okoliSa u
vezi sa prikupljanjem podataka mogu
minimizirati.

Prikupljanje podataka moze se
odvijati na dva zasebna nivoa: na nivou
podataka o samoj zivotinji, pri ¢emu se
prate i beleze podaci —indikatori stanja
Zivotinje i na nivou ekosistema, pri
cemu se prate i beleze parametri okoline
preuzeti iz Sireg ekosistema. Pracenje
ovih potonjih ne zahteva mobilne
uredaje, ve¢ se zasniva na stacionarno
postavljenim senzorima koji samim tim
$to su nepokretni nemaju ogranicenja
po masi, a samim tim ni energetskom
budZetu koje moraju da zadovolje ogrlice
koje se stavljaju na zivotinje.

Ovako primenjeni ICT sistemi na
proaktivan nacin osiguravaju odrzivost

i zastitu ekosistema u celini, a ne samo
pojedinacnih bioloskih vrsta.

Takode, vazno je napomenutii sledece
¢injenice. Bez upotrebe IoT tehnologija u
praksi veterinari zasnivaju svoje znanje
0 pacijentima i njihovim tegobama na
kratkim konsultacijama sa rendZerima i
biolozima koji su primetili neuobicajeno
ponasanje zivotinje.?’ Cinjenica je da se
vecina nacionalnih parkova na ovaj nacin
brine o svojim zivotinjama, pa i posebno
zaSticenim vrstama, jer je to do sada bio
uobicajeni oblik pra¢enja i upravljanja
zivotinjama. Kako je ovo vrlo nepouzdan
nacin pra¢enja zdravlja, pravac razvoja
integrisanih cloud baziranih reSenja nad
prikupljenim podacima ide u pravcu
iznalazenja algoritama koji bi za svaku
pojedina¢nu zivotinju pravili matricu
obrazaca ponasanja i uporedivali je sa
trenutnim ponasanjem Zivotinje, te na
osnovu toga zakljucivali da li se Zivotinja
ponasa u granicama uobicajenog ili
van tih granica, kada bi se ukljucili
mehanizmi za automatsko dodatno
pracenje i ukljucivanje veterinarskog
tima. S ovim u vezi vazno je napomenuti
da za vec¢inu divljih Zivotinja ne postoje
jasne referentne vrednosti bioloSkih
indikatora, jer jednostavno nikada nije
izvrSeno dovoljno merenja koja bi mogla

26 Mira Mileusni¢ Skrti¢, Karolina Horvatini¢i¢, Dragutin Vukovi¢, Rizici i moguénosti primjene
novih tehnologija s obziorom na zastitu okoliSa i odrZivost — s aspekta primjene ICT-a, znanstveni
simpozij RAZVOJ T OKOLIS — PERSPEKTIVE ODRZIVOSTI, 2011, dostupno na mrezi: https://bib.
irb.hr/datoteka/550944.Rizici_i_mogucnosti_primjene_novih_tehnologija.pdf

27 Anne Accardi, How the Internet of Things is Impacting Animal Health Part 2: Companion Animals,
11.09.2017, Engage Mobile, 03.03.2017, dostupno na mreZi: http://www.engagemobile.com/how-
the-internet-of-things-is-impacting-animal-health-part-2-companion-animals/
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omoguciti da se na osnovu trenutnih populacione gustine na  osnovu

oCitavanja mogu pouzdano predvidati
buduc¢a ponaSanja Zivotinje, te procene
njenog zdravstvenog stanja.®® Ova
okolnost vodi ka smanjenoj tacnosti
predvidanja ponasanja Zivotinja, ali
govori i o neophodnosti da se do ovih
podataka u S$to kra¢em vremenskom
roku dode, pa je pored klasi¢nog
BigData modela vrlo verovatna primena
algoritama masinskog ucenja i vestacka
inteligencija.

Takode, navedene tehnologije za
prikupljanje podataka imaju velike
prednosti i kada se gleda na procene u
vezi sa opterecenjem nekog izolovanog
ekosistema brojem jedinki odredene
vrste. Danas se mnajceS¢e upravlja
Sumskim gazdinstvima na osnovu
podataka koji predstavljaju procenu
populacije neke vrste. Za predatore
je na primer potrebno proceniti broj
najmanje 3 puta godi$nje u zavisnosti od
smene godis$njih doba i perioda parenja
i podizanja mladunaca, pri ¢emu se
kao metode za procenu uzimaju sledeci
podaci: direktno prikupljeni, indirektno
prikupljeni, metoda ponovnog hvatanja
i brojanja oznacenih Zivotinja i procena

pretpostavljenog socijalnog ponasanja
Zivotinja uz primenu statistickih
metoda.” Na ovaj nacin se cesto ne
dobijaju dovoljno ta¢ni podaci, a moguce
su i zloupotrebe te kalkulacije u vezi
sa izlovom krupnog i kapitalnog plena.
Brojanje populacije i statisticke metode
u buducnosti ¢e zameniti sistemi za
direktno pracenje divljih Zivotinja
koji ¢e istovremeno postati i medijska
platforma za Sirenje svesti o potrebi
oCuvanja datih vrsta. Prikupljanjem
realnih podataka sa terena moguce je
donositi dobro zasnovane i informisane
odluke u vezi sa odrzavanjem ekosistema
u granicama biolo$kih moguc¢nosti ali
i predvidanja adekvatnih scenarija za
kriticne situacije. Tako se u slucaju
prenaseljenosti, odnosno naglog porasta
populacije neke vrste moze odluciti
i za tehnicki premestaj dela mladih
nedozrelih Zivotinja u lokalne ili udaljene
zooloSke vrtove c¢ime bi se sprecila
restriktivna politika odstrela. Takode,
moguca je primena scenarija hranjenja
na nacin koji oponasa prirodne procese u
ekosistemu — hranjenje se izvodi u skladu
sa periodi¢nim migracijama Zivotinja.

ZAKLJUCAK

Iz svega navedenog vidljivo je da
moderne ICT tehnologije predstavljajune
samo tehnolosku osnovu za prikupljanje

28 Dr Elisabetta Canali,

podataka za naucna i stru¢na izucavanja
ponasanja divljih Zzivotinja, ve¢ i vrlo
pogodnu osnovu za nadzor i upravljanje

ANIMAL WELFARE ASSESSMENT THROUGH SMARTPHONE

APPLICATIONS: CHALLENGES AND OPPORTUNITIES, OIEVideo, Published on Dec 7, 2016,
video, 02.03.2017, dostupno na mrezi: https://www.youtube.com/watch?v=FK1vcb-G9nk

29 ESTIMATING WILDLIFE POPULATIONS, FW (Z0) 353, Wildlife Management, 02.03.2017, dostupno na
mrezi: https://projects.ncsu.edu/cals/course/fw353/Estimate.htm
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nad realnim operacijama unutar uzme u obzir ¢injenica da se navedenim

nacionalnih parkova. Kao prioritet se u
bliskoj buduc¢nosti stvara potreba da se
navedene tehnologije implementiraju
kako bi se postigli obrazovni, naucni
i komercijalni ciljevi i dugoroc¢no
omogucilo dodatno finansiranje parkova
i svih radnji i operacija vezanih za zastitu
zZivotinja. Ovo je utoliko vaznije kada se

poslovnim modelom zasnovanim na
poslovnom modelu interneta Zivotinja
i same ugrozene vrste ukljutuju u
obezbedenje  finansijskih  sredstava
neophodnih za zastitu, te se samim tim
smanjuje opterecenje na budZet i procesi
zastite divljih Zivotinja postaju kako
transparentni tako i samoodrzZivi.
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Abstract: The paper deals with systems for monitoring and protection of wild
animals in their natural environments and the use 10T technologies and solutions
in protected nature reserves. The paper also examines the reasons and possibilities
for implementing the above mentioned technical solutions, especially in terms
of protecting species from the red list of endangered species. In this sense, the
paper also discusses technological solutions and the possibilities of applying IoT
working framework, the concept of the Internet of animals, and the application of
these technologies through various business and research models. Finally, the paper
provides examples of solutions from the point of view of the necessary infrastructure
(servers, storage, internet, animal necklaces, stationary cameras and drones), as
well as from the point of view of data processing and the legal framework for the
application of these solutions.

Key words: IoT, wild animals, endangered species

INTRODUCTION

The problem of research, but also
the popularization of wildlife in their
natural ecosystems today, is gaining
on its actuality for several reasons. The
main reason for this increased interest in
field research of wildlife in their natural
environment lies in the possibilities

of remote tracking of animals, but
also the processing of results and
measurements, which are posible with
new ICT technologies, and in the fact
that due to industrial development, a
large number of natural environments
of these animals simply disappeared as
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a consequence of the construction of
civilian infrastructure and the increased
needs for the living space. In thisway, the
living space of wild animals is reduced,
and thus the ecosystem’s ability to
provide living space, food and other vital
needs for a certain number of animals.
These processes are unsustainable and
lead directly to the extinction of certain
endangered species, predominantly
predators, which are at the top of the food
chain in an ecosystem. As the chances
of finding food decrease, wild animals
might desperately seek food outside of
limited and isolated ecosystems which
increases the possibility of an encounter
between wild animals and people. This
leads to a new pressure, for farmers who
are directly affected by this behavior
of the predators, as well as for the
ecosystem itself, because taken actions
include hunting which limits the number
of predators making it constantly
reduced and the mentioned species is is
soon coming to the brink of extinction.
As everythung in nature is connected,
this has unimaginable consequences
for the entire ecosystem which over
time collapses and in a relatively short
time transforms into a civil park whose
characteristics are in line with the
expectations of the population and
serves as a recreation space instead of
a living space for endangered species
which was his original purpose.

The ability to monitor wildlife
in their surroundings helps prevent
these situations and this is one of the
main commercial reasons of increased

interest in techniques and technology
for monitoring wildlife in their natural
environment.

Another important factor causing
increased interest and the use of animal
tracking techniques, is reflected in the
activities of the groups for the protection
of endangered species that try to ensure
the survival of wild animals in restricted
and de facto dysfunctional ecosystems in
a way that it is regulated by nature.

The third important factor is
definitely the attempt of the biologist
to study the behavior of wild animals in
a way that thanks to new non-invasive
technologies they follow them from a
distant location avoiding any possible
interaction with the ecosystem as
such, and in that way they conduct an
adequate investigation of the behavior
of both individual members and groups
of animals, paying special attention to
the social and territorial behavior of wild
animals. With this in mind, we should
emphasize the following: in order to
learn about the life and behavior of wild
animals, so far we have been limited to
individual observations and biological
expeditions. A biologist would enter an
ecosystem trying not to disturb it by his
observing and studying while hoping
to discover patterns of wild animal /
species behavior and its interaction
with other elements or species within
the ecosystem. This method of studying
animals, apart from being long-lasting,
uncertain and extremely tough for the
researcher, is also based on the most
economically  advantageous model.
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The entire research is based on the
expectation that an individual will be
able to see, classify and sort key events in
an acceptable time and at an acceptable
price. He should also be able to learn and
understand the behavior of a group of
observed animals, recognize the patterns,
draw conclusions and formalizes the
acquired knowledge by establishing
scientific principles that are essentially
logically consistent, verifiable and
provable. It should be emphasized that
the primary requirement regarding the
understanding of the animals’ behaviour
is related to the knowledge of where the
animal is and what it is currently doing,
because this knowledge, monitored and
recorded over a longer period of time, is
the basis for further study. Based on the
aforementioned, the natural necessity
for food, water, movement, rest, and
other physiological needs and habits can
be crystallized by a diligent analysis."

This practice of primarily biological
studies of wild animals began to change
somewhat during the 1960s when, for the
first time, monitoring methods based on
the equipping monitored animals with
adequate active or passive tags (collars,
marking ring) began to be used, along
with a radiogoniometre to approach the
location and determine the position and
daily walk of the animal.

The fourth factor causing an
increased interest in wildlife monitoring

technologies is reflected in the fact that,
thanks to the mentioned technologies
and the application of other ICT
technologies, the mentioned ecosystems
and animals can be presented in a more
adequate way, which is interesting both
from the commercial point of view and
at the educational level. This trend will
grow as the demographic structure of
the audience, to which such content is
intended, is changing. Young generations
experience the perception of reality
through social networking technologies,
that are applicable to animals in an
ecosystem, rather than in direct contact
with those animals. Thus, the question
of the establishment and preservation
of national parks is reduced practically
to the recognition of the function of the
same, that is, on the presented reasons
for their existence and managing, that
is, the way in which animals are treated
within them, and what popularity they
could achieve on global information
market.

This practically means that the
survival of individual national parks and
the animal world in them, especially
when it comes to large predators from
the top of the food chain, depends on an
adequate presentation of them, through
ICT technologies, primarily social
networks and profiles, as this is the way
in which the modern population not only
perceives reality, but also decides on the
needs and conditions of funding them.

1 W. W. Cochran, D. W. Warner, J. R. Tester, V. B. Kuechle, Automatic Radio-Tracking System
for Monitoring Animal Movements, Reprinted from BioScience, Vol. 15, No.2, 1965, pp 98-100,
available at: https://www.researchgate.net/publication/247840577_Automatic_Radio Tracking_

System_for_Monitoring_Animal_Movements
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Other social impacts that affect the
need for better observation of animals
and their behavior in the natural
environment

The activities of the animal protection
groups have created pressure on zoos and
animal users to provide a more natural
environment for animals in this type
of detention, both in terms of habitat
and in terms of the social environment
and nutrition. To ensure this, many
zoocentres now create simulated natural
habitats and observe the social abilities
and behavior of even the most common
animals.? This initiative for protecting
wildlife in zoo gardens, has led to an
increased need for these same animal
species to be studied in their natural
environments in order to respond to the
requirements, set up by groups for the
protection of animal rights, in terms of
keeping them.

The problem of hunting, fishing and
managing hunting resources in areas
not under a special protection regime
(forests, mountain hills) is reflected in
an insufficiently clear methodology for
the determination of hunting quotas,
which often do not correspond with any
recognized methodology but with the
current needs of civil society around
these ecosystems.

In the areas outside protected nature
reserves, large predators’ survival

depends on the management of local
interests, both the interest of hunting
associations and the interests of local
farmers. One of the serious problems,
especially when it comes to predators
from the top of the food chain, which
are also the most endangered ones One
of the serious problems, especially when
it comes to predators from the top of
the food chain who are also the most
endagered because they tend to remain
without enough food, is reflected in the
fact that they, in our area especially
wolves and bears, are trying to look for
food outside forestry farms where they
are still imperceptible and therefore
protected from hunters to some extent.
If a wolf attacks a domestic animal, in the
first place the cattle on pasture, not only
he will be hunted , but probably many
other members of the pack. They are
automatically proclaimed vermins and
the most restrictive measures are taken
toward all the members of the same
species. The systems for continuous
remote tracking of predators represent
a possible solution to this problem, as
this creates a constant insight into the
behavior of animals and their presence
in a certain territory, and it is possible
to create preconditions for releasing the
same from the stigma of guilt for cattle
attacks. In this case, it can be said that
there is a strong social aspect of the use of
animal tracking technologies, since the

2 ERIC SCHMITT, ‘Natural’ Habitats Offer Insights Into Social Behavior of Animals, The New
York Times, January 26, 1988, dostupno na mrezi: http://www.nytimes.com/1988/01/26/science/
natural-habitats-offer-insights-into-social-behavior-of-animals.html
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release of animals from a social point of
view also means freeing people. Several
authors emphasize that problems related
to the ecological crisis that has become
global are due to anthropomorphic point
of view and personal interests and that in
order to preserve the existing protected
ecosystems it is necessary to change this
view of the world.?

Due to the continuous civilization
progress, there are land conversions. Due
to the interruption of natural cycles and
the process of violent urbanization, tha
land that was previously part of a special
ecosystem rapidly depletes to the level of
its transition to completely uninhabited
land which leads to desertification.

According to Allan Savory, a biologist,
this process can be prevented if the land
is used to mimic the natural fluctuations
of ecosystems. He claims that the
predators’role is to force animals they
feed on to move, and thus they do
not realize local influence in terms of
polluting their environment beyond
the limits of self-sustainability of an
ecosystem. In this way, the predators
actually enable the survival of a complete
ecosystem with all kinds in it. Removing
the predator from the ecosystem will not

save any protected species, and in the
long term it will lead to the collapse of
this ecosystem into desertification land.*
From this point of view, it becomes
clear how important it is to have a real
and regular insight into the movement
and behavior of wild animals, especially
predators, because by mimicking
natural cycles, part of the desertified
soil can be recovered into self-sustaining
ecosystems in a shorter period of time.

Many countries today face the need
to harmonize and organize public
health, cattle health and wildlife health.
Occurrences such as diseases that
spread from natural habitats to urban
environments are no longer so rare, as
we'vewittnessedwithbird flu, hantavirus,
and Western Nile virus. Faced with the
need to protect natural ecosystems,
as well as their own population, many
countries, such as Canada, have set
up special agencies to track wildlife
mortality, look for its causes, foreknow
and try to reduce the risks for public
health.” Such widespread networks
enable healthcare organizations to work
preventively rather than reactively, and
largely avoid and reduce the negative
effects of biological hazards that come

3 Jessica Ellis, Mel Hall, Phil Ong, Leif Wege, Natalie Paterson, Chelsea Smith, Animal Testing at

Dalhousie

University: A brief insight into social, economic, and environmental effects of

nonhuman animal testing, Dalhousie University, 2010, available at: https://www.dal.ca/content/
dam/dalhousie/pdf/science/environmental-science-program/ENVS%203502%20projects/2010/

AnimalTesting.pdf

4 Allan Savory, How to green the world’s deserts and reverse climate change | Allan Savory, Published
on Mar 4, 2013, video, 02.03.2017, available at: https://www.youtube.com/watch?v=vpTHi7066pI
5 Tyler Stitt, Julie Mountifield, Craig Stephen, Opportunities and obstacles to collecting wildlife
disease data for public health purposes: Results of a pilot study on Vancouver Island, British
Columbia, Canadian Veterinary Journal, 2007 Jan; 48(1): 83-90., available at: https://www.ncbi.

nlm.nih.gov/pmc/articles/PMC1716737/#
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from wildlife. The basic precondition for
the operational work of such agencies
is the widespread sensor network both
in ecosystems and on the very animals.
Only the data collected in that way have
sufficient density, and we can rely on
their accuracy to avoid the assumptions
of the suspicious accuracy that today
dominate this field due to insufficient
data, that is, the collection of data only
when a phenomenon has already become
recognizable.

Remote animal tracking technique
is a key technology that provides the
gathering of necessary data both in real
time and in terms of the historical log, so
it can be subjected to Big Data analytics
techniques that provide a satisfactory
level of predictive accuracy, but can
also be used as tools to search back to
the source of the infection or find a
biological hazard and trigger that has led
to the onset of the disease.

The process of protection and
legal measures for providing legal,
organizational and operational activities
for the protection of endangered species

The process of protection of an
endangered species begins with its
identification and recording, and the
assessment of threat for the purpose
of making the Red List of Threatened
Species. The Red List is an indication of
the level of threat of certain species in
a given area. These lists are dynamic in
nature and are continually updated, that

is, they change according to changes in
the field. It is especially important to
note that the level of threat increases
with the decrease in the natural spread
of the species, ie growing in the case of
endemic species.

The largest number of endangered
species is endemic, ie narrowly localized
in the distribution and ecologically
stenovalent, and the disappearance of
such species can not be compensated
from another reserve “genetic source, as
is the case with regionally disappearing
species that can be reintroduced from of
the preserved populations somewhere
else.b

Unfortunately, in Bosnia and
Herzegovina, there are still no Red Lists
at the state level. In RS, a list of protected
species was adopted in 2012, entitled
“Red list of protected species of flora
and fauna of the Republic of Srpska”
(“Official Gazette of RS” No. 124/12)
in which the categories of endangered
species of certain species are not given.
On the other hand, in 2014, the “Red List
of Wild Species and Subspecies of Plants,
Animals and Mushrooms” was adopted
in the FBiH (“Official Gazette of the
Federation of BiH”, No. 7/14) in which
there is category of threat in addition to
each species listed in the document.”

Although the Red Lists are documents
that should be based on the same
internationally accepted methodology, in
reality, in BiH there are two completely

6 Tatjana Ratknic, 2017: ENDAGERED PLANT SPECIES IN SERBIA, Centre for ecology and forestry
“Sylva”, available at: http://sylva.rs/doc/Ugrozene%20biljne%20vrste%20u%20Srbiji.pdf
7 Protection of endagered species in BiH, blog biolog.ba, 24.05.2017, available at: http://biolog.

ba/58-zastita-ugrozenih-vrsta-u-bih.html
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different documents and it is completely
unclear on which parameters the
selection and categorization of species
was made.

Due to this, it is difficult to identify
the real threat for certain animal species
primarly those with a specific large
radius of daily and seasonal migrations
lies. These animals often migrate from
one legal entity to another, so the threat
assessment is based on a “double record”
and is not adequate to the situation on
the ground.

On the other hand, technical and
organizational protection measures and
operational activities on must have their
explanation and legal foundation that
should be based on a realistic assessment
of the threat or insight into the state
of the population on the ground. This
requires a technical system that provides
a permanent insight or at least insight
with sufficient frequency, which is only
possible by building a system for remote
animal tracking and by organizing the
systematic and technical protection of
endangered species through a certified
legal framework.

So-called Red books are Red Lists for a
specific geographical region that are put
together- these scientific professional
publications list all types of organisms
that are subject to protection according
to the international classification of the
level of threat:

» Critically endagered species;

» Endagered species;

* Vulnerable species;
* Rare species.

Rare and endangered species are
protected by law in the way that their
habitats are declared as strict nature
reserves in which a special regime is
governed and in which the activity of
humans is minimized. Separation of
endangered species and provision of
habitats within a closed ecosystem
represents the most effective way
of protecting the species. However,
such legal solutions create specific
exclusivity and give special rights to
park management as well as to special
organizations dealing with species
protection. Although the legislator’s
intention is to provide and support the
protection of some endangered species
in this way, the facts on the ground
show that giving wide and particularly
exclusive powers is often the source of
corruption and the basis for many illegal
and even criminal activities. So it is not
unusual for the park management to
behave as monopolists, using the natural
resources as a source for acquiring
material and financial profits through
trade and / or poaching of the endangered
species that they should protect.
Measures of technical protection and,
in particular, infrastructure for remote
control of endangered species of plants
and animals, enables the protection and
operational measures for protection of
endangered species and nature reserves
to become transparent and public, and
to introduce adequate control of the
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protection of endangered species and
habitats as such. The fact that certain
park managements oppose this is an
indirect indicator that clearly shows
that the operations are not carried out
in an adequate and legally prescribed

manner. On the other hand, the
mentioned infrastructure enables wide
popularization and raising awareness of
the wider community regarding the need
to preserve the natural environment and
endangered species in it.

CONSERVATION AND MANAGEMENT OF NATIONAL PARKS

In order to protect endangered species
and their habitats today, institutional
as well as not institutional measures
are applied. Institutional measures are
mainly related to the activities of states
and governments, while non institutional
measures represent all forms of private
initiatives to preserve the living world
and bio diversity. The United Nations,
as an umbrella organization that, among
other things deals with the organization
of national and international nature
conservation initiatives. It has provided
a number of recommendations and
definitions, as well as standards in the
field of conservation of nature and
protection of endangered species. The
Act on Endangered Species recognizes
that fish, wildlife and plants have
aesthetic, educational, historical,
scientific and recreational values for
people and that a person must protect
these valuse, common to all people.®

In the past, institutional steps have
been taken to protect special nature
reserves, within which a number of
protected animal species have been
provided with protected habitats in
such a way that a part of the territory in
which that species is inhabited is given

the status of a national park or other
nature reserve. Increased demands for
the expansion of civilian infrastructure
have nevertheless led to increased
pressure on these reserves, so there are
indirect negative impacts on protected
areas. These indirect effects are mostly
the consequence of the change in the
micro-climate due to changes in the
geophysical properties of the adjacent
land - the construction of dams and
artificial lakes can cause changes in
wind blow patterns, change in local
humidity and capillary irrigation. The
mentioned changes directly affect the
ability of an ecosystem to produce
food for herbivores and therefore for
the predators that feed on them. The
construction of thermal power plants or
large industrial capacities, a highway or
some other main road in the immediate
vicinity of the protected reservation has
a similar impact. In order to avoid this,
there is a legal obligation to develop an
impact study. An environmental impact
study is often wrong in terms of giving
long-term estimates about how the
construction of an infrastructure object
(civil, utility or energy system) will affect
the environment.

8 Randall Abate, What Can Animal Law Learn from Environmental Law?, Environmental Low Institute,
West Academic,2015 pp 160, ISBN 978-1-58576-176-0
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Also, it should be emphasized that ecosystems such as the national

due to global climate change, the
ecosystem’s ability is further reduced
in terms of producing the necessary
amount of food for a certain number of
animals. This leads to a reduction in the
number of animals and their extinction
unless a person intervenes in critical
periods. The intervention primarily
involves feeding starved animals through
organized feeding facilities without a
direct encounter between the rangers
and the wild animals.

In order to be successful this type
of temporary feeding must correspond
with the habits of animals, with their
natural migrations and daily needs. That
is why adequate and current information
provided by the remote animal tracking
system is necessary for rangers and
especially veterinarians and biologists.
In this regard, it is important to note
that the conservation and management
of national parks can no longer be
isolated attempts of park management
and their teams to protect them, but the
protection in terms of monitoring the
conditions must be extended beyond the
sphere of protected areas and work on
protection projects must be performed
in the wider community.’

In terms of nature conservation
and conservation of individual isolated

parks, modern ICT technology provide
multiple advantages compared to
classical methods and techniques.
ICT technologies offer the following
advantages:'’

» Enable determination of the exact
population that settles the habitat within
the protected area

* Provide a clear insight into the extent
of the territory by individual members
and species (one animal’s territory, herd
territory)

 Show if there are ‘surplus’ animals
that do not have their own territory and
which can be transferred to another
protected area

» Provide insight into distribution
patterns of particular species in a given
area, by space and time

 Enable the monitoring and
preservation of biodiversity

* Provide quick feedback data

Network infrastructure is the

biggest problem with applying new
ICT technologies to protected nature
reserves. Most ICT technologies are
applied in a way that data collection
processes are separated from the process
of processing and obtaining information,
both  scientific and  operational

9 Fish and Wildlife Service I&M: Connecting Science-driven Monitoring to Management, National
Wildlife Refuge System Inventory and Monitoring (I&M) initiative, Published on 4 Aug 2012, video,
23.12.2016, available at: https://www.youtube.com/watch?v=XutmC7QRGUM

10 Priya Joshi, Wildlife conservation through innovative technology: Priya Joshi at TEDxKathmandu,
TEDx Talks, Published on 10 Jan 2013, video, 24.12.2016, available at: https://www.youtube.com/

watch?v=bgM5kHZYrO8
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ones in terms of management and
popularization. For the former ones, it
is necessary to provide a network and /
or internet to protected nature reserves,
while the latter ones are processed in
separate data centers and / or within a
cloud solution. It is clear that the most
expensive and technically demanding
part is equipping the entire protected
area with the necessary infrastructure to
provide internet access.

In areas where the degree of
protection is lower, this is achieved by
using standard wi-fi technology with
minimal temporary disturbance of the
natural habitat during the installation
of the cable infrastructure connecting
the end nodes and base stations. In the
case of bringing the Internet in the areas
with higher level of protection, this
is done exclusively by the use of wi-fi
technologies where the base stations are
placed on the periphery of the protected
area. In the case of the rainforest, due
to the high density of vegetation, the
above solutions would not be sufficiently
effective. Therefore it is necessary to
cover one part of the rainforest with
access points used for network devices
installed in the animal collars that are
monitored from the air. (AP mounted on

drones, balloons or small airships). The
fact that Canada is planning to introduce
wi-fiinits national parks and thus enable
faster and easier data transfer than that
one based on mobile technology proves
that the idea of installing and using
wi-fi technology gets its supporters.'!
Such plans and implemented solutions
clearly point to the aim of reducing
the operational costs of national parks,
while improving and raising the quality
of advertising and the provision of
distance attendance, for animal lovers
and for scientific and educational
purposes.It is important to emphasize
that without the construction of the
appropriate wi-fi network infrastructure
there is practically no possibility to apply
modern ICT technologies in the field of
monitoring and management of nature
reserves and protection of endangered
species. For adequate data collection, it
is necessary to have a network whose
transmission latency corresponds to the
amount of generated traffic. It is known
that IoT devices, especially sensors
requiring emulation of continuous
monitoring, generate large amounts of
data to be transported to the central
server on which the data processing will
be done and the necessary information
will be generated.

I0T FRAMEWORK

One of the important advantages of
the wildlife monitoring system in their

natural habitats using IoT technologies
is reflected in the greater transparency

11 Wi-Fiin the woods: Canada plans to install web hotspots across its national parks and historic sites,
Daily Mail, 29 April 2014, On Line izdanje, 24.12.2016, available at: http://www.dailymail.co.uk/
sciencetech/article-2616007/Wi-Fi-woods-Canada-plans-install-web-hotspots-national-parks-

historic-sites.html#ixzz4TmNxjQeH
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of the ecosystem process. In that way management which can be called

we can learn how the ecosystem works
and not only focus on the salvation of
one endangered species, because such
a restricted approach often does not
give results. If we turn the monitored
animal into a kind of a digital product
it will create millions of specific
measurements'?, that is, the data needed
to create a deeper and better insight into
its life, but also the behavior, habits and
overall biological needs of the whole
species. 10T and BigData solutions allow
us to collect and process a large number
of data and to create new insights based
on it. The best indicator of how advanced
this technology is in terms of providing
new insights is the fact that it is being
increasingly mentuoned in scholarly
literature.

The reasons why today’s development
can be described as the Biotelemetry
Revolution are:

e Devices are smaller in size and
mass, there are a large number of small
integrated GPS devices on the market

» Thanks to Cloud technologies, it is
possible to collect partial data streams
and combine them in order to obtain the
most reliable information either in real-
time or delayed.

It should be noted that not only does
IoT and Big Data provide new scientific
insights, but also a new form of resource

real-time management based on real
information. This kind of management
represents a quantitative and qualitative
leap from the former management
style. Also, the IoT framework is an
opportunity to turn ideas into digital
products and this raises the question
of whether this method can turn a
rainforest into a digital product which
would be self-sustainable economic
model that would protect the rainforest.
There is an idea to find new business
models to facilitate the operation of
protected nature reserves. By converting
a national park or protected species into
a digital product, it is possible not only
to popularize the idea of protection, but
it is also possible to obtain additional
financial resources to support the work
of the nature reserve itself.

ICT helps build both social and
infrastructural capacity that is a
prerequisite for spreading the awareness
of the necessity of protecting endangered
animal species, and it does so in the
following ways:!3

» Raising the general level of public
awareness of the problems of survival
and protection of endangered species

* Provides educational opportunities

* Provides opportunities  for
professional development of necessary
staff to protect endagered speices

12 Daniel Smith, 2015 September Webinar loAHTedited, TheCSAlliance, University of Cambrige,
Cambrige Service Alliance, Published on Sep 15, 2015, video, 23.02.2017, available at: https://www.

youtube.com/watch?v=DQew3ESgZoQ

13 John Houghton, ICT and the environment in developing countries: opportunities and developments,
Centre for Strategic Economic Studies, Victoria University, Australia, October 2009,
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ANIMAL INTERNET

One way of transforming protected
animals into a digital product is their
popularization through the so-called
animal Internet and animal social
networks. Animal internet represents
the level of services directly derived
from the 10T solution while the animal
social network can be described as a
marketing strategy for applying social
networking techniques to popularize
protected animal species, creating and
strengthening links between younger
generation and endangered animals and
as a marketing and business platform
for commercial business activities and
raising funds for the preservation of the
mentioned species - contributions to
the rangers, the nutrition, the necessary
infrastructure, the sale of art objects and
souvenirs in order to obtain funds.

Some of the techniques used in the
application of ICT technologies in real
business related to the conservation of
protected species are:

* National Geographic has made a
website - aggregator - showing images
of all the animals to which cameras are
attached, and site users see the same
things as animals.

* We can use the infrastructure and
triggers in such a way that an animal
sends a twit or a message when it catches
a prey (for example, the cat catches the

mouse)'. In this way, the attention
of the audience is maintained, and all
“uninteresting frames, that is,” boring
“periods when the animal rests and does
nothing” are deleted.

« The ability of the user to locate and
find an animal at any time and record it
(exclusive recording) - thanks to the fact
that the necklaces send GPS coordinates,

» Possibility to locate and locate
an animal at any time and record it
(exclusive recording) - Due to the fact
that necklaces send GPS coordinates,
the users of the network can position
themselves at the same dron coordinates
and capture an exclusive recording
which is additonally charged.

. Possibility of interactive
transmission of wolves or lynx hunting
(also using multiple drones allowing
interactive transmission)

Also, if the visitors of the national
park find themselves in direct contact
with large predators, there is the
possibility of timely remote notification
of the danger. About the possibility of
using the Internet as an interface for
connecting different biological species,
one of the Internet designers Vint Cerf
made the following statement: “When
the internet was designed, we thought it
was a system that connects computers,
and it turned out to be the system that

14 Dr Genevieve Bell, The Internet of Beings: Or, What are the Animals Telling Us?, Research
Computing Centre, Published on Aug 9, 2016, video, 23.02.2017, available at: https://www.youtube.

com/watch?v=iEosTaPyxOs

15 Vint Cerf, The interspecies Internet? An idea in progress..., TED, Published on Jul 10, 2013, video,
23.02.2017, available at: https://www.youtube.com/watch?v=wGMLhaa98GI
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connects people, what we now see is that
we should not restrict the network to
existing types of connections, but other
intelligent types should use the network
as well.”®” As more and more torists are
visiting national parks, the likelihood of
a casual encounter between tourists and
animals within the park increases. More
importantly, wild animals in the natural
environment often suffer from illnesses
that can be transmitted to humans, so
it is of great importance to treat the
injuries and illnesses of wild animals
so they wouldn't spread beyond the
boundaries of the national park. Because
of this it is crucially important to find

diseased animals as quickly as possible
with the non-invasive method and cure
them. In such situations it is particularly
important to quickly and easily locate
the animal and its movement, which
is greatly facilitated by the use of GPS
modems and wi-fi devices embedded in
necklaces and / or bracelets attached
to animals (Project Code: 1810, 2017)*®
In this way, a clear insight into the
movement of animals is achieved and
animals leaving the protected areas
and attacking farmers’ livestock can be
traced. Therefore, it is possible to locate
the attackers, to identify their habits and
to compensate the damage to farmers.

ELEMENTS OF THE SYSTEM
REPETITORS AND AP

Remote monitoring of animals was
earlier done by using technologies
based on emission techniques in the
area of publicly available frequencies
and radio devices. This technology is
reliable, but rather obsolete because
devices are bulky, and a relatively large
amount of energy is required to power
them. Also, one of the disadvantages of
the mentioned technology is that for
monitoring purposes it is necessary to
build anumber of stationary transmitters
that are massive and they must be placed
on the antenna poles that are at a mutual
distance in proportion to the half of the
wavelength EMS they use. This technical

requirement often limited the use of
radio waves devices in specially protected
ecosystems such as rainforests, because
placing them in a protected ecosystem
would essentially disrupt them which
was not allowed by the laws on nature
conservation. Due to the massiveness
of the transmitter antennas, it was not
possible to put them in the air so this
was an additional disadvantage in terms
of adequate monitoring of wild animals.
The emergence of new ICT technologies,
primarily wifi technology and then
mobile Internet technology has made it
possible to overcome these shortcomings,
and to make the appropriate non-

16 GPS based Wildlife animal tracking system, Microtronics Technologies, blog, 24.02.2017, available
at: http://www.projectsof8051.com/gps-based-wildlife-animal-tracking-system/

17 Project Loon : Now Google launches BALLOONS in bid to bring internet to the remotest places on
Eart, PatrynWorldLatestNew, Published on Jun 15, 2013, video, 24.02.2017, available at: https://

www.youtube.com/watch?v=_0igX9Lq5B8
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invasive infrastructure necessary to immediately after major disasters. By

track wildlife movements. As protected
national parks and other nature reserves
are located far from urban areas, there
are many technical, organizational and
economic constraints on the use of ICT
technologies, especially in environments
such as the jungle. It is difficult to
achieve an economically viable Internet
infrastructure in remote and inaccessible
regions. Google's project Loon secures
reliable internet access at high speeds
and bandwidths in remote and rural
areas in an economically viable way."
The project uses high-altitude balloons
as repeaters or WiFi AP devices placed
in the stratosphere to create an aerial
wireless network and it has shown a high
level of reliability. The repetitor set up so
highly allows people and animals to have
a signal where they have not previously
had it and to connect to the Internet

using LTE technology and balloons, the
speed of 15 MB / s and 40 MB / s can
be achieved, depending on the operating
range and characteristics of the client’s
WiFi wifi device.”® For large areas and
wider protected areas Wi-Fi technology
becomes inadequate and it has to be
replaced with GPS and GSM technology
to keep track of animals in the wider
area. If the number of transmitters
increases in terms of increasing the
density, the density of the network used
for positioning also increases. For exact
spatial positioning, the tag being tracked
has to be accessible or connected to at
least three APs. Another advantage of
wi-fi technology is that the AP can also
be positioned in the air, or placed on the
drones and / or balloons above the area
that should not be disturbed by placing
infrastructure elements.

COLLARS

Another important element of the
wildlife monitoring system in their
natural environment is the passive tag,
that is, the necklace containing the
wi-fi device recently integrated with
the sensors to monitor the physiology
and metabolism of the animal. Larger
animals, especially predators, such as
lions, bears, lynxes or wolves with ease
wear these collars easily and they do
not hinder the normal performance of
all daily activities. Due to the weight
limit, when it comes to birds, this tag

is most often a ring placed on a leg in
the form of a passive antenna, enabling
tracking of the animal’s location, but
not the monitoring of some other life
functions. All monitoring systems based
on placing necklaces or other active
markers / sensors on animals have one
drawback. They rely on batteries as
an energy source, so the necklaces, or
batteries, must be changed from time
to time in order for the device to work.
This problem could be solved by using
low power consumption sensors and

18 Inside Google's wildly ambitious internet balloon project, The Verge, Published on Mar 2, 2015,
video, 24.02.2017, available at: https://www.youtube.com/watch?v=0FGW2sZsUiQ



BerepuHapckH xypHai Penybnuke Cprcke

171

Veterinary Journal of Republic of Srpska (bama JIyka-Banja Luka), Bon/Vol. XVIII, bp/No.1, 132-181, 2018

B. Markovic et all:

ICT systems for monitoring and protection of wildlife in their natural environment

modems but even in that case battery
consumption is a problem.

For some larger birds, predominantly
vultures, it is possible to use a collar with
a limited number of sensors while GPS
modem is used for locating them. The
accuracy of monitoring with this type
of collar is defined at a resolution of
500 meters if the base stations are used
for goniometry, while it is significantly
increased if the goniometry is performed
with the moving object (drones for
active goniometry) and can be reduced
to below 10 meters.” The 3D position
is usually obtained by interpolation
between measuring points obtained by
direct measurement.?’ This is due to
the fact that most land animals fairly
move in the vertical plane - rare, mostly
periodic seasonal migrations.

Tracking devices (collars) can be
sorted according to the following
characteristics:

» The type of device and technology
used

* Energy budget and operating
autonomy

» Device size

» Number of sensors integrated in the
device and their accuracy

» Data rate and network truthput

* Adaptability of the device to animal
behavior

» Attaching method and location

Modern tracking systems must
support 2D and 3D modes of wildlife
monitoring. The 3D monitoring mode
is especially interesting for birds, fish,
large mammals living in the sea or lake
waters, animals living in tree canopy,
animals with periodic migration from
north to south, or vertical migrations to
more and lower regions.

Some of the areas where collar
technology is applied today are:*'

 Identification of an individual
animal in a group
* Tracking the animal and its

movement, as well as social behavior
* Monitoring of animal health

« Communication between animals
and humans and between animals and
things (eg feeder, warer troughs, etc.)

» Behavior regulatory mechanisms
(various types of speakers that are
carried on the collar and can be remotely
activated whenever an animal enters
forbidden area)

Since the autonomy of the device
depends on the number of logs that the
device will send to a server in the unit of

19 M.K.Nor, M.S. Masbop, Smart Livestock Tracker, The International Journal of Engineering And
Science (IJES), 2015, Volume 4, Issue 7, PP 25-29, ISBN (e): 2319-1813, ISSN (p): 2319-1805

20 Dr Robert Sinkovits: Improving Wildlife Tracking via HPC, Research Computing Centre, Published
on 7 Dec 2015, video, 23.12.2016, available at: https://www.youtube.com/watch?v=uubLZwIuEjU

21 Lena M Holmberg, Internet of Animals, 05.07.2016, blog, 03.03.2017, available at: http://
lenamholmberg.blogspot.ba/2016/05/internet-of-animals.html
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time, an acceptable flow time is required
for each type of monitored animal.
This flow time depends on the species
and gender, but also the lifestyle and
behavior of the individual. For example,
tagged fish can be tracked for up to two
years after setting up a tracking devices.
The energy budget must enable at least
half of the annual cycle - the collars
must not be changed during the mating
season due to the aggressiveness of the

males. Also, cubs must not be equipped
with collars until they reach full maturity
due to intense growth. Once the battery
dies the whole collar should be changed
because it has to stay impermeable so
that the sensor system and antenna can
work. Most collars are made in so-called
vandal proof housings in a part related
to antenna, power supply and sensor
storage (IP67 standard).

DRONES

The problem of covering the territory,
namely, monitoring the population
with a minimum number of static and
dynamic sensor systems is resolved by
an optimal combination of static devices
and dynamically robotized autonomous
systems (often called drones) for data
collection. The optimum number of
drones for the highly popular digital web
platform, that is, the extremely popular
social group of animals, can be estimated
at about half of the population, meaning
that one dron can adequately monitor
more members of species, especially
those species that gather in packs and
herds.

A large number of drones in such
scenarios are used for individual
monitoring of single males, who may
be expected to attack dominant males
and attempt to secure their position and
entitlement to females. In this way not
too much time is spent on unattractive
content when animals rest and do
nothing that would keep the audience
particularly entertained. In addition to

being used for monitoring, recording
and controlling individual animals,
drones are also used in national parks to
control the periphery, prevent curls and/
or cutting of forest in a protected area.
In this way, drones become an essential
tool for improving the work of the ranger
service, but also for controlling their
work, as they enable the global insight
of the public into events and possible
illegal activities within national parks.
Drones are also used to collect data on
distributed systems such as flocks of
fish or mosquitos or other flying insects
and birds. The use of autonomous
robots allows a much wider image than
the static devices because, besides the
geometric data (position, distribution,
trajectory), it also provides a number
of semantic information such as the
number of defective fruits (apples) on
the tree.?

The first task of automated robotic
systems for the monitoring of wild
animals in nature is to find or, to detect
the signal from the necklace, ie, the
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tag. This task in terms of dispersedly
distributed systems such as flocks or bird
flies can be performed with automatic
search algorithms: a dron travels over
some surface and searches for the
signals which then are processesed
(counts, collects data after initiating
communication, etc.), then it sends to
some cloud location where business
logic and mapping software, that gives
GIS data through a map of a terrain are
located.

Covering  the  territory  with
autonomous robots is done using the
following search techniques:

» Stationary coverage search model

e Stochastic model - the random
movement of the drones that collect data

» Contradictory - cross-collecting
data with the following two game theory
models:

o Active avoidance of the meeting

o Avoidance game (cat and mouse
game)

LiDAR cameras are often used as
active devices for capturing the state
of the drones. Their resolution is large
enough to map all recorded elements
of the ecosystem, giving real 3D views

of the current state of the system, that
is, allowing real movement through the
elements of the system in all directions.
The advantages of using drones in terms
of protecting national parks, as well as
insights into the life and behavior of wild
animals compared to other technologies
are reflected in:*

* Cheap technology (compared to
airplanes, and a large on-site patrol
service)

 Easy to use

e Available for wuse (standard
technology that is rapidly evolving)

» Multifunctional platform - can be
used for tracking animals, collecting
data from collars and sensors attached to
animals, capturing nature and animals
in nature, tracking people (tourists, lost
people, searching for and preventing
the activity of hunters and those who
try illegal logging), early detection and
localization of the fire, notification
of the closest patrol of the rangers,
supporting field operations, support for
quick responses

Additional advantages of using drones
can be counted as follows:*

» Easy location of fairly hard-to-
spot animals (Orangutans, Gorillas,

22 Ibrahim Volkan Isler, Associate Professor, University of Minnesota, RI Seminar: Ibrahim Volkan
Isler: Robotic Data Gathering in the Wild, November 04, 2016, video, 23.12.2016, available at:
https://www.youtube.com/watch?v=tcTUvOwWW?7J8

23 Wildlife conservation with the help of drones: Kitso Epema at TEDxUtrecht, TEDx Talks, Published
on 28 Apr 2014, video, 23.12.2016, available at: https://www.youtube.com/watch?v=LT9q6kra90c
24 Using drones to conserve natural habitats | Professor Serge Wich | TEDxLiverpool, TEDx
Talks, Published on 20 Aug 2014, video, 23.12.2016, available at: https://www.youtube.com/

watch?v=GTsMi43Mugo
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Chimpanzees in tropical forests) - thanks
to dronos it is easy to detect and track
migrations

* Ai technologies (automatic optical
recognition) increase the probability of
recognizing settlement in tree canopies

* Drones can be used in the “data
mule” scenario, where they collect data
from sensors and cameras (static) to
free memory for future work, emptying
data loggers. Due to the low flying
potential, communication is possible
in the near field, so less energy is used
for communication and there is the
possibility of uploading large files (HD
cameras)

» Compared to conventional manual
animal data collection, drones are up to
200 times more effective than humans
(it takes about 20 minutes for drone
to locate animals and collect data from
monitoring devices while biologists
and the rangers need up to 3 days for
the same task (using hunting tracking
techniques)

* Drones can fly low enough and give
images of large resolutions, as well as
record in infrared

* They can be made as DIY project

* Due to the high cost-savings based
on their high efficiency, it is possible
to reallocate budget resources and
purchase additional equipment (other
types of hardware and software that can
be used on drone platforms)

Legal restrictions on the use of
automatic robotic systems and handheld

drones

Although drones are perhaps the
most efficient platforms for monitoring
the lives of wildlife in their natural
environment and therefore extremely
interesting technical solutions, their
usage is hampered by the fact that the
drones are a new legal area in which
there are no clear regulations

and the legislators are late with
the legal framework for their use. A
particular problem of the use of drones
for this purpose is the fact that drones
are usually not produced in the countries
of use and that for their production
there are no clear quality standards that
producers and importers should adhere
to. Since drowns belong to aircraft,
in most countries, they are subject to
special regulatory commissions and air
traffic control (if the flight exceeds a
certain threshold defined by local laws)
and the flight is carried out beyond the
limited airport areas. A special problem
is also the fact that drones are most
commonly used for aerial scouting
with mounted cameras that can be
misused for unauthorized surveillance,
monitoring and even for the purpose of
voyaging, which all falls under special
laws that are not extended in most of the
countries even to this new legal domain.

Considering legal, moral and other
limitations of the use of the drones,
we must ask and resolve the following
questions:*

* Who regulates the rights to use the

25 Best and worst states when it comes to drone laws, Drone U, Published on 6 Sep 2016, video,
24.12.2016, availabe at: https://www.youtube.com/watch?v=p7DEAXLXeZY
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aircraft and in what way?

* How to get a drone license? Who
issues a license or this area hasn’t been
regulated yet?

* Who is responsible for the fall
of the aircraft? Especially if, with its
fall, it causes material damage and / or
endangers human lives?

* Are there legal procedures for the
maintenance of the aircraft? Are there
any certifications and what kind of
experts issuethem to both aircraft and
those who maintain them?

* Should a dron have its own loghook
and how it is being kept?

e In the case of a DIY drone, who
issues an operating license? How to
control the quality of production and
whether the safety standards are met?

* How are the drones with instruments
in the visible spectrum regulated,
regarding the privacy of those that can
be covered with recorded material?

» What is the minimum flight altitude
- prescribed by the air traffic control
agency?

e Does any state authority - the
agency you are addressing, have the
competencies to answer your questions
regarding the regulations governing the
use of drones?

What is particularly important to
emphasizeisthefactthatalthoughdrones
are an ideal platform for application in
the field of monitoring wild animals in
their natural habitats, certain countries

legally prohibit their use in national
parks, for example Mexico.

In some US states, this ban has been
expanded due to possible voyeurism and
/ or drug trafficking across the border,
and the use of this technology in border
areas can lead to up to 5 years in prison.

Even in cases where certain areas of
application of drones are regulated, there
is a lawful possibility of a lawsuit, but in
that case, one who complains about a
breach of privacy must prove that there
was an intention to abuse this technology
in order to violate the complainant’s
privacy. Counterargument in such a
legal battle is certainly a reference to a
reasonable expectation of privacy with
regard to modern technologies that
have similar possibilities of insight into
someone’s privacy. This is particularly
interesting since the hunters and tourists
who have violated some of the rules of
the national park (burning fire, throwing
garbage, damaging the crop etc) are most
often the ones who complain about the
violation of privacy, so for the purpose of
applying drones as a means of protecting
the natural environment for wildlife
it is necessary to have the appropriate
clear legal regulation to clearly and
unambiguously regulate this area.
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SERVER INFRASTRUCTURE AND SOFTWARE

The next significant part of the
infrastructure is the server and storage
infrastructure that can be implemented
as a cloud solution, which means that it
does not have to be directly connected
to the location. The benefits of such
performance are primarily reflected
in the ability to provide an adequate
infrastructure that would, depending
on the access rights and capabilities of
the client software, give the various
interested parties exact information and
data they need. Also it would seperate
obtained data in those that would be
used for marketing presentation of
animals in order to create a critical
mass of the on-line followers and
provide funding for a national park
or other form of organization in the

protected territory and necessary data
for biologists, veterinarians and analysts
to make adequate analysis and scientific
and expert studies of animal behavior.
The hardware infrastructure elements
of the data center include: Server,
Storage devices, frirewall, DRC, or the
following virtual inn infrastructure: VM-
web server, VM-RBDMS, VM-image,
FTP, VM-AVServer, VM-AppServer,
VM-InteroperabilitySystem, VM-
ImageSocialNetwork. All of the above
hardware and software infrastructure
can be implemented as a service that is
rented for a certain period, so in this way
it is possible to facilitate the financing of
animal tracking projects, whether they
are of the commercial nature or part of
a scientific research.

DATA COLLECTION

The ability to collect and process
credible  information on various
aspects of the environment enables
quality control and management, both
of natural resources and of external
influences that can endanger the
environment.” With good selection
of data collection technology we can
collect data in a minimally invasive way
regarding interference in the ecosystem,
so the risks related to environmental
security related to data collection can
be minimized. Data collection can take

place at two separate levels: at the data
level of the animal itself, monitoring and
recording data - animal status indicators
and and at ecosystem level, monitoring
and reporting environmental parameters
taken from a wider ecosystem. ICT
systems implemented in a proactive way
ensure the sustainability and protection
of the ecosystem as a whole, and not
just of individual biological species. It
is also important to note the following
facts. Without the use of 1oT technology
in practice, veterinarians base their

26 Mira Mileusni¢ Skrti¢, Karolina Horvatini¢i¢, Dragutin Vukovi¢, Risks and opportunities for applying
new technologies in terms of environmental protection and sustainability - from the aspect of ICT
application, , scientific symposium DEVELOPMENT AND ENVIRONMENT - PERSPECTIVE OF
SUSTAINABILITY , 2011, available at: https://bib.irb.hr/datoteka/550944.Rizici_i_mogucnosti_

primjene_novih_tehnologija.pdf
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patient knowledge and their concerns
on short consultations with rangerss
and biologists who have observed
unusual behavior of the animal.?’ Most
of the national parks take care of their
animal and protected species in this way,
because so far it has been the usual form
of animal monitoring and management.
Since this is a very unreliable way of
monitoring health, the development of
integrated cloud based solutions over
the collected data is directed towards
finding algorithms that would create
a matrix of behavior patterns for each
individual animal and compare it with
the current behavior of the animal, and
on the basis of it, determine whether the
animal behaves in the limits of the usual
behavior or beyond those boundaries. In
case of unusual behavior mechanisms
for additional monitoring and veterinary
team would be included. It is important
to state out that for most wild animals,
there is no clear reference range for
biological indicators because enough
measurements, that could be a reliable
predictor of future animal behavior
and assessment of its health status,
have never been performed.?® This
circumstance leads to reduced accuracy
in prediction of animal behavior, but
also the necessity to reach this data as
quickly as possible, so besides the classic

BigData model, application of machine
learning algorithms and artificial
intelligence is very likely. Also, these
data collection technologies have great
advantages when assessing the load of
an isolated ecosystem with the number
of members of a certain species. Today
forestry farms are most often managed
on the basis of data representing the
population’s estimation of a species.

For example, for predators, it is
necessary to estimate the number at least
3 times a year depending on the change
of seasons and the period of mating and
raising the young. the following data is
taken as the methods for assessment:
directly collected, indirectly collected,
re-capture and counting of animals and
estimation of population density based
on presumed social behavior of animals
using statistical methods.?’ In this way,
accurate data are often not obtained,
and abusive calculations of both large
and capital prey are also possible. The
population counting and statistical
methods in the future will be replace
with systems for direct monitoring of
wild animals, which at the same time will
become a media platform for spreading
awareness about the need to preserve
the species. By collecting real-time data
from the field, it is possible to make well-

27 Anne Accardi, How the Internet of Things is Impacting Animal Health Part 2: Companion Animals,
11.09.2017, Engage Mobile, 03.03.2017, dostupno na mrezi: http://www.engagemobile.com/how-
the-internet-of-things-is-impacting-animal-health-part-2-companion-animals/

28 Dr Elisabetta Canali,

ANIMAL WELFARE ASSESSMENT THROUGH SMARTPHONE

APPLICATIONS: CHALLENGES AND OPPORTUNITIES, OIEVideo, Published on Dec 7, 2016,
video, 02.03.2017, available at: https://www.youtube.com/watch?v=FK1vcb-G9nk

29 ESTIMATING WILDLIFE POPULATIONS, FW (Z0O) 353, Wildlife Management, 02.03.2017,
available at: https://projects.ncsu.edu/cals/course/fw353/Estimate.htm
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based and informed decisions regarding
the maintenance of ecosystems within
the limits of biological capabilities and

anticipate adequate scenarios for critical
situations.

CONCLUSION

From all of this, it is evident that
modern ICT technologies represent not
only a technological basis for collecting
data for scientific and professional
wildlife behavior studies, but also
a very useful basis for monitoring
and managing real operations within
national parks. An implementation of
these technologies in order to achieve
educational, scientific and commercial
goals, and in the long term, allow the

operations related to the protection of
animals is a priority in the near future.
This is even more important given the
fact that the above-mentioned business
model based on the business model of the
animal internet and endangered species
itself involves the provision of financial
resources necessary for protection,
thereby reducing the burden on the
budget and the processes of wildlife
protection becoming transparent and

additional financing of parks and all self-sustainable.
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Kratak sadrzaj: Odgovornost svih subjekata u poslovanju hranom je prevencija
uslova koji mogu dovesti do razvoja i Sirenja bolesti prenosivih hranom. Sistem ana-
lize opasnosti i kriticnih kontrolnih tacaka HACCP (Hazard Analysis Critical Control
Points) izdvojio se kao najefikasniji standardizovani pristup kojim se smanjuju rizici
po bezbednost hrane i preporucen je od strane FAO (Food and Agriculture Organi-
zation) i WHO (World Health Organization). Dezinfekcija, dezinsekcija i deratizacija
(DDD) su samo jedan od preduslovnih programa mera kod primene HACCP sistema
u prehrambenoj industriji. Realizacijom ovih mera proizvodaci su blizi svom krajn-
jem cilju, a to je bezbedan proizvod visokog kvaliteta. Mere dezinfekcije, dezinsekcije
i deratizacije sprovode se kontinuirano i podrazumevaju slozene, pazljivo planirane
i celovite postupke unistavanja mikroorganizama, insekata i glodara. Ove mere
zahtevaju kombinaciju preventivnih i kurativnih mera i moraju se programski
sprovoditi u cilju postizanja ocekivanih efekata. Kompanije koje implementiraju
mere DDD-a moraju imati obucene izvodace koji razumeju principe HACCP-a i
znaju kako primeniti mere DDD na nacin koji nece predstavljati rizik za krajnjeg
potroSaca.

Klju¢ne reci: dezinfekcija, dezinsekcija, deratizacija, klanice

UvoD

Pojava bolesti izazvane hranom moze trgovinu i turizam i dovesti do ekonom-
ugroziti ne samo zdravlje potrosaca ve¢i skih gubitaka. Odgovornost uprave svih
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subjekata u poslovanju hranom je pre-
vencija uslova koji mogu dovesti do ra-
zvoja 1 Sirenja bolesti prenosivih hra-
nom. Iskustva velikog broja razvijenih
zemalja na suzbijanju i prevenciji bole-
sti prenosivih hranom ukazuje na znacaj
preventivnog delovanja na opasnosti
(hazarde) koji mogu izazvati zdravstvene
probleme kod ljudi. Sadasnji obim trgo-
vine hranom nalaze uspostavljanje stan-
dardizovanog pristupa bezbednosti hra-
ne u celom svetu, kako bi se moglo pro-
ceniti da li neki proizvod nosi sa sobom
rizik po zdravlje i izmeriti veli¢inu tog ri-
zika (Makiya i Rotondaro 2002). Sistem
analize opasnosti i kriticnih kontrolnih
tacaka HACCP (Hazard Analysis Critical
Control Points) se izdvojio kao najefi-
kasniji standardizovani pristup kojim
se smanjuju rizici po bezbednost hrane
i koji je kao takav prihvacen od strane
FAO (Food and Agriculture Organization)
i WHO (World Health Organization).

Dezinfekcija, deratizacija i dezinsek-
cija (DDD) su samo jedan od preduslo-
vnih programa jedinstvenog sistema
HACCP u prehrambenoj industriji. DDD
mere predstavljaju jedinstvenu celinu
koja je nastala sa ciljem da se specific-
nim merama objedine napori za zaSti-
tu zdravlja ljudi, Zivotinja i materijalnih
dobara. Mere dezinfekcije, dezinsekcije
i deratizacije moraju se sprovoditi
kontinuirano i podrazumevaju slozene,
pazljivo planirane i celovite postupke
uniStavanja mikroorganizama, insekata i
glodara. Ove mere zahtevaju kombinaciju
preventivnih i kurativnih mera i
moraju se programski sprovoditi u cilju
postizanja ocekivanih efekata. Imajuci

u vidu problematiku koja se srec¢e pri
proizvodnji i preradi namirnica, kao i pri
njihovom skladiStenju, mora se naglasiti
da se navedene DDD mere moraju
posmatrati u sklopu celokupnog procesa
sanitacije, a nikako kao pojedinacne
radne operacije. DDD mere su sastavni
delovi svake proizvodnje namirnica
i zbog toga se moraju integrisati kao
preduslovi u svaki HACCP plan. Najbolji
nacin da se postignu svi zacrtani ciljevi
vezani za dobijanje zdravstveno ispravne
namirnice je da se procesi sanitacije
postave kao subprocesi sa sopstvenim
kriticnim  kontrolnim  tackama i
sopstvenim procedurama monitoringa i
kontrole (FAO/WHO, 2009). Kompanija
koja najcesc¢e kao ugovorni izvoditelj im-
plementira mere DDD-a mora imati oso-
blje koje razume principe HACCP-a i zna
kako primeniti mere DDD bez rizika za
krajnjeg potroSaca.

Kako bi se obezbedio uspeh svih mera
¢iji je cilj dobijanje zdravstveno isprav-
nih namirnica veoma je vazno da kon-
strukcija objekta i opreme ispunjava sve
veterinarsko-sanitarne zahteve i grade-
vinsko-tehnicke uslove koji su predvide-
ni propisima.

Tokom sprovodenja obaveznih DDD
mera za svaku vrstu objekta i u svakom
postupku ugovorni izvoditelj obavezan
je da:

1. izvrsi pregled povrS$ina i prostora,

2. izradi potrebnu dokumentaciju,

3. napravi plan implementacije obave-
znih DDD mera sa propisnim sadrzajem i

4. izvr$i ocenu sprovedenih DDD
mera.
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PLAN CISCENJA I SANITARNOG PRANJA I NJEGOVA IMPLEMENTACIJA U
KLANICAMA

U fazi planiranja izgradnje klani-
ca obavezno treba razmotriti procese
¢iS¢enja i sanitacije koji su integrisani u
procesu klanja i rukovanja mesom (Small
i sar., 2007a). Uspostavljenim planom
mehanickog ¢i¢enja i sanitarnog pranja
osigurava se odgovarajuci nivo cistoce
svih delova objekta, kao i same opreme
za CiS¢enje. Za svaki objekat pravi se plan
sanitarne procedure ponaosob, zavisno
od kapaciteta objekta, gradevinsko-
tehnickih  karakteristika i  tipa
proizvodnje (Vodi¢ za dobru higijensku
praksu i primjenu nacela HACCP-a u
industriji mesa, 2012).

Plan treba redovno i temeljno
ostvarivati, po potrebi i dokumentovati,
da bi se utvrdila uspe$nost i opravdanost
sprovedenih postupaka. Povr$ine koje
dolaze u kontakt sa hranom treba cistiti
viSe puta dnevno, a ostale zavisno od
potrebe. Ukoliko se ¢isti za vreme rada,
neophodno je zastititi hranu od moguce
kontaminacije. Zaposleni moraju voditi
racuna o li¢noj higijeni.

Higijenski plan treba da sadrzi za
svaki proizvodni segment i deo opreme
detalje o:

— higijenskim zahtevima,

— odgovornim osobama,

— preparatima koji ¢e se upotrebiti,
— procedurama i instrukcijama,

— ucestalosti pranja i dezinfekcije i

— monitoringu procedura i korektivnim
DDD merama.

Odstranjivanje necisto¢a sa povrsina
koje se dezinfikuju predstavlja uslov za
uspesnu dezinfekciju i zato predfaze
dezinfekcije, mehanicko ciS¢enje i
sanitarno pranje, treba da budu temeljno
i savesno sprovedene. Mehanicko
¢iS¢enje i sanitarno pranje u klanicama
podrazumeva da po zavrSenom procesu
proizvodnje sav alat, pribori i povrsine
moraju biti oslobodeni ostataka iz
prethodne proizvodnje. Cilj sanitarnog
pranja je otklanjanje preostale, bolje re¢i
okom nevidljive necistote — organske
materije (krvi, masnoce) ili anorganske
materije (rda, kamenac) i time stvaranje
boljih uslova za dejstvo dezinfekcionog
sredstava. Za uspeSno izvodenje
sanitarnog pranja, od velike su vaznosti
temperatura vode, vreme delovanja
sredstva za pranje, kao i tvrdo¢a vode
(Walia i sar., 2017). Kontrola pranja se
vrsi vizuelnim pregledom — adspekcijom
tj. zapazenjem zaostalih mehanickih
necisto¢a nakon pranja. Da li su
predfaze dezinfekcije uspeSno izvrSene
zakljucuje se na osnovu kontinuiranog
filma vode koji u potpunosti prekriva
odredenu povrSinu, tj. kada njen
kontinuitet nije nigde prekinut ostacima
masti ili belan€evina. Samo potpunim
postizanjem ovog cilja moZe se smatrati
da je ciS¢enje i pranje bilo efikasno.
Za sanitarno pranje treba koristiti
sredstva koja sa vodom deluju na nizim
temperaturama jer se time izbegava
prekomerno isparavanje, kondenzacija i
rast budi (Velji¢ i Rajkovi¢, 2012).
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Postupak mehanickog ciS¢enja i
sanitarnog pranja sastoji se iz sledec¢ih
faza:

1. pripremno  CiS¢enje  (Cetkanje,
struganje, brisanje i uklanjanje
necistote i ostataka hrane uz
ispiranje vodom),

2. sanitarno pranje (koristiti
surfaktante za poboljSanje svojstva
vlazenja povrSina i sekvestrante za
poboljsanje otapanja bilo kakvih
preostalih anorganskih necistoc¢a
s povrSina, kao i za spreCavanje
stvaranja kamenca na dodirnim
povrsinama),

3. ispiranje vodom radi uklanjanja
deterdZenta, razlozene necistoce i
preostalih ostataka hrane.

Greske pri sprovodenju i odrzavanju
higijene su:

— neadekvatni postupci tokom rada,

— temperatura vode nije dovoljno
visoka (viSe temperature su efikasnije
ali mogu uzrokovati kondenzaciju
ili  koagulaciju belancevina na
povrSinama $to oteZava CiS¢enje),

— tehnike Cc¢iS¢enja ili sredstava nisu

prilagodene uslovima,

— ne postoji plan higijene za specifican
pogon,

— ne postoji nadzor sa kontrolnom
listom i

— odgovornost za odrzavanje higijene
nije uspostavljena.

Hemijska sredstva koja se koriste
za CiS¢enje i pranje treba cuvati na
obezbedenom mestu kako ne bi
predstavljala opasnost za upotrebljivost
hrane i zdravlje ljudi. Opremu za ¢iS¢enje
Cuvati u zasebnoj prostoriji koju treba
redovno cistiti, prati i dezinfikovati, da
ne bi postala izvor unakrsnog zagadenja.
Pojedinu opremu za CiS¢enje treba
koristiti samo u odredenim prostorijama,
radi sprecavanja Sirenja kontaminacije.
Obelezavanje opreme bojama jedan
je od najjednostavnijih nac¢ina kojim
se obezbeduje dobra kontrola nad
namenom i lokacijom odredene opreme.
Uspeh c¢iS¢enja bice umanjen ukoliko
se povrSine prostorija i opreme ne
odrzavaju u ispravnom stanju, odnosno
ako su istroSene, oStecene ili porozne.

DEZINFEKCIJA U KLANICAMA

U klanice se svakodnevno, preko
zivotinja koje dolaze na klanje, kao i
preko radnika, potencijalno unosi veliki
broj razlic¢itih vrsta mikroorganizama.
Pojedini tehnoloski procesi u proizvodnji
u klanicama su koncipirani tako da
u pojedinim fazama delimi¢cno mogu
uticati na eliminaciju i redukciju
eventualno prisutnih mikroorganizama

u mesu (visoke i niske temperature,
procesi salamurenja, soljenja i dimljenja
proizvoda). Medjutim i pored toga,
neophodno je svakodnevno sprovodjenje
postupka dezinfekcije u proizvodnom
pogonu (Gun i sar., 2003).

Dezinfekcija pribora, opreme, radnih
povrSina i sanitarnih prostorija u svim
objektimaukojimasepripremaiproizvodi
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hrana, mora se sprovoditi svakodnevno
(FAO, 1985). Dezinfekciju su obavezni da
sprovode korisnici povrsina, prostorija ili
objekata, kao kontinuirani svakodnevni
proces. Oprema i povrs$ine koje dolaze u
dodir sa hranom, nejestivim sporednim
proizvodima i otpadom, treba da budu od
materijala koji omogucava dezinfekciju.
Takode, vazno je i da su povrSine u
zadovoljavaju¢em  stanju, odnosno
neostecene. PovrSine koje su hrapave,
zagrebane ili naprsle, korodirani delovi
i teSko dostupna mesta (mrtvi uglovi)
teSko je ocistiti i dezinfikovati i na tim
mestima se sticu optimalni uslovi za
stvaranje i razvoj biofilma. Biofilm for-
miraju bakterije koje se zadrzavaju na
¢vrstim i vlaznim povrSinama i na tim
mestima formiraju mikrokolonije. Bio-
film je zapravo meSavina mikroorgani-
zama, komponenti hrane i egzopolisaha-
rida (EPS), supstanci koje proizvode mi-
kroorganizmi koji su se vezali za ¢vrste
povrsine (Jankovic i sar., 2009).

Za dezinfekciju treba koristiti sred-
stvo koje ¢e u koncentraciji i vremenu
ekspozicije preporucene od strane pro-
izvodaca unistiti mikroorganizme even-
tualno prisutne u pogonu. Zahtevi koje
mora da ispuni dezinficijens, da bi mo-
gao da se koristi u pogonima za proiz-
vodnju namirnica, su:

— Sirok  spektar delovanja
razli¢itih mikroorganizama,

protiv

— malo slabljenje dejstva usled prisust-
va ostataka necistoce,

— Kkonstantan sastav i

— da nije Stetan za materijale na koje se
primenjuje.

Hlorni preparati nalaze veliku prime-
nu u mesnoj industriji, ali mogu pred-
stavljati potencijalni rizik za zdravlje
potrosaca, ukoliko se ne koriste po uput-
stvima. Hlorni preparati bolje deluju pri
nizim pH vrednostima i tada ispoljava-
ju virucidno, baktericidno i sporocidno
dejstvo. Nedostatak hlornih preparata je
$to organska materija smanjuje njihovu
dezinfekcionu mo¢, dok prisustvo baza
neutraliSe njihov uc¢inak. Ako se povi-
si temepratura za 10°C, povecava se efi-
kasnost hlora za 60% — 65%. U slabo baz-
nim sredinama, mikrobiocidno dejstvo
hlora se povecava. Optimalni pH sredi-
ne za dejstvo hlornih preparata krece se
izmedu 6 1 8 (Walia i sar., 2017; Gosling
isar., 2017).

Kvarternarna amonijumova jedinjen-
ja Cesto se koriste za dezinfekciju u po-
gonima prehrambene industrije. Ova
jedinjenja imaju jako izrazena bakteri-
cidna svojstva, vrlo slab miris, veliku sta-
bilnost, manje su osetljiva na prisust-
vo organskih materija od hlornih pre-
parata, ne izazivaju koroziju i slabo su
toksi¢na. Kvaternarna amonijumova je-
dinjenja dobro uniStavaju mikrokoke i
termorezistentne bakterije, a nesto sla-
bije koliformne bakterije i gram-negativ-
ne psihrofile (Walia i sar., 2017).

Sam postupak dezinfekcije sastoji se
iz nekoliko faza:

— mnanoS$enje dezinfekcionog rastvora,

temeljno ispiranje vodom i

kontrola sprovedene dezinfekcije
(mikrobiolosko testiranje — koriS¢enje
mikrobioloSkih testova ili brzih
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testova za proveru o efikasnosti ispiranje  dezificijensa (posledica:

postupaka sanitacije).
Najcesci propusti
dezinfekcije su:

prilikom

— mnedovoljno prethodno mehanicko
¢iS¢enje i sanitarno pranje (posledica:
smanjivanje efekta dezinfekcije),

— upotreba neodgovarajuceg
dezificijensa (posledica: nedovoljna
aktivnost dezinficijensa, korozija,
diskoloracija),

- neodgovarajuca
dezificijensa (posledica: kod
visokih ~ koncentracija  problem
rezidua u namirnicama; kod niskih
koncentracije stvaranje rezistencije),

koncentracija

— zaostajanjebiofilmakojionemogucava
prodiranje i dejstvo dezificijensa;

— propusteno ili nepotpuno obavljeno

rezidue u namirnicama) i

— nekorektan nac¢in rada (posledica:
neke povrsine nisu dezinfikovane).

Pravilno sprovodenje dezinfekcije i
ispiranje dezinfikovanih povrsSina su in-
tegrisani delovi svake operacije i svake
faze proizvodnog procesa u klani¢noj in-
dustriji i jedan od veoma bitnih eleme-
nata za bezbednost hrane (Radenkovi¢ i
sar., 2015).

Problemi, koji nastaju zbog nestru¢no
sprovedene dezinfekcije leze u nepoz-
navanju same mere, njenog nestru¢nog
sprovodenja, neadekvatnog obrazovan-
ja radnika neposrednih izvrSlaca ovih
poslova kao i nepostojanja standarda za
procenu uspeha i kontrole dezinfekcije
(Jankovi¢ sar., 2012; Nagli¢, 2005).

DEZINSEKCIJA U KLANICAMA

Kontrola insekata u klanicama je je-
dan od sustinskih preduslova za inte-
grisani pristup zdravstvene bezbednosti
hrane. Subjekti u prozvodnji hrane odgo-
vorni su za suzbijanje insekata. Projekat,
izgradnja, lokacija i veli¢ina objekta u
kome se posluje hranom moraju biti takvi
da omogucavaju dobru higijensku prak-
su pri rukovanju hranom, ukljucujuci
zastitu od kontaminacije i ulaska inseka-
ta. Insekti koji ulaze u objekte znacajan
su moguci izvor mikrobioloske i fizicke
opasnosti (jajasaca i larve insekata).
Keener (2009) navodi podatak da jedna
kuéna muva moze da nosi preko 3.6
miliona bakterija.

Neadekvatno sprovedeni programi
kontrole i eradikacije insekata i
nepazljivo skladiStenje i upotreba
insekticida mogu takode uzrokovati
hemijske opasnosti, paje zato neophodno
uspostaviti postupke kojima se takav
rizik moze svesti na najmanju mogucu
meru. Uporne pojave insekata ukazuju
na ozbiljne higijenske i druge propuste
(neodgovarajuce ciS¢enje i odrzavanje).
Potrebno je osigurati odgovarajuce
uslove za privremeno skladistenje, kao i
za zbrinjavanje nejestivih nusproizvoda i
ostalog otpada.

insekata u
se zasniva na

Uspe$na  kontrola
klanicama treba da
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integrisanom, sveobuhvatnom pristupu
koji potencira preventivhe mere kroz
primenu dobrih higijenskih, sanitarnih
ili proizvodnih praksi (Velji¢ i Rajkovi¢,
2012; Bogdanovi¢ i Stankovi¢ 2011 ).

Najcesce preventivne mere koje se
primenjuju u cilju sprecavanja ulaska
insekata u proizvodni objekat su kontrola
spoljasnjih prozora, vrata i drugih otvora
i njihovo opremanje zasStitnim mrezama
trakama ili paravanima. Na ulazima
mogu da se postave i svetlosni uredaji
za privlacenje i uniStavanje insekata ili
“Insect-O-cutor”-i, ali treba voditi racuna
da se ovi uredaji nikad ne postavljaju
iznad gotovih proizvoda, pakerica i
druge osetljive opreme (postavljaju se u
onim delovima proizvodnih objekata koji
su manje osvetljeni i bez direktnog jakog
svetla).

U cilju kontrole i eradikacije insekata
mogu se koristiti slede¢e metode:

1. Mehanicke metode,
podrazumevaju upotrebu:

koje

— lepljivih traka,

— lepljivih klopki za gmizuce insekte
(sa samolepljivim papirom, nekim
hemijskih jedinjenjenja ili feromonima),

— gelova,

— inertne prasine (silicijum gel i
dijatomejska zemlja koji isuSuju insekte).
2. Fizicke metode, u koje spada upotreba:

— insektokutora (za letec¢e insekte,
mora se postaviti dalje od oblasti u kojoj
se rukuje sa hranom),

— ultrazvuka i

— niske temperature.

3. Autocidalna kontrola insekata

podrazumeva:

— prekidanje reproduktivnog ciklusa
oslobadanjem sterilnih muzjaka ili
genetski modifikovanih insekata.

4. Bihejvioralna kontrola:

— Kontrola ponasanja koja obuhvata
primenu hemijskih atraktanata koji
privlace insekte u zamku — klopku ili
prekidaju i ometaju razvojni ciklus
insekata.

Ako sve prethodno navedene meto-
de i mere nisu dale rezultate neophod-
no je uraditi dezinsekciju klanice upot-
rebom nekog hemijskog dezinsekcio-
nog sredstva (Vodi¢ za dobru higijens-
ku praksu i primjenu nacela HACCP-a u
industriji mesa, 2012). Pri sprovodenju
dezinsekcije neophodno je primeni-
ti odgovaraju¢e mere opreza i striktno
postovati uputstva proizvodaca. Insek-
ticidi koji se koriste u industriji hrane
moraju da budu odobreni za tu svrhu i
ne smeju da se primenjuju tokom rad-
nog vremena, odnosno u vreme aktiv-
nih radnih operacija. Tretman hemijs-
kim preparatima se vr$i nakon zavrsene
radne smene, tokom vikenda ili u dru-
gim prilikama kada je proizvodni obje-
kat zatvoren. Pre upotrebe insekticida,
svi proizvodi i sav izloZen materijal mora
da se pokrije ili ukloni iz oblasti koja se
tretira. Mogu se koristiti insekticidi bilj-
nog porekla nikotin, rotenon, permetrin
(Velji¢ i Rajkovi¢, 2012).

Korektivne mere je potrebno predu-
zeti kada se utvrde propusti u postupci-
ma suzbijanja Stetnih insekata ili kada
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se pojave znaci ili prisutnosti istih, kako
bi se osiguralo ponovno uspostavljanje
kontrole. Korektivne mere ukljucuju:

— zbrinjavanje proizvoda koji je kon-
taminiran,

— utvrdivanje uzroka i nac¢ina na koji

je moguce spreciti pojavu slicne konta-

minacije u budu¢nosti,

— unaprediti uputstva i obuku soblja.

DERATIZACIJA U KLANICAMA

Deratizacija je veoma izazovan
zadatak, a da bi se postigao uspeh, ona
zahteva stru¢nost, dobro poznavanja
biologije ciljnih vrsta i pravi izbor mera
i postupaka tokom unistavanja glodara u
odredenoj oblasti. Bez obzira na stepen
higijenskih uslovai gradevinsko tehnicka
reSenja, pojedine vrste misolikih glodara
ipak su prisutne u objektima (ili njihovoj
neposrednoj blizini) klani¢ne industrije.
Kontrola potencijalnih rizika koji mogu
da budu prouzrokovani od strane
pojedinih vrsta glodara je jedan od
vaznijih aspekata kontrole bezbednosti
proizvodnje u klanicama. Glodari
predstavljaju jednu od najvecih opasnosti
za bezbednost hrane jer mogu da izazovu
kontaminaciju kako sirovine, tako i
gotovih proizvoda i da tako doprinesu
Sirenju razli¢itih bolesti koje mogu da
ugroze zdravlje potroSaca. Ove StetoCine
mogu da izazovu, pored mikrobioloske, i
fizicku ili hemijsku kontaminaciju hrane
i da na taj nacin dodatno ugroze zdravlje
ljudi (Jankovi¢ i sar., 2015; Bogdanovi¢ i
Stankovi¢, 2011).

U klanicama prisustvo $tetnih glodara
predstavlja rizik zbog mogucénosti
kontaminacije proizvoda, radnog
prostora i opreme. Prisustvo Stetnih
glodara doprinosi gubitku poverenja
potroSaca u odredenu kompaniju ili

proizvod, moguc¢nost da se kompanija
sudski goni i placanje velikih obeStecenja
u slucaju pojave ozbiljnih zdravstvenih
problema kod ljudi (Bogdanovi¢ i
Stankovi¢, 2011). U svakom segmentu
proizvodnog lanca u klani¢noj industriji,
neophodan je operativan i efikasan
program kontrole Stetnih glodara.
Subjekti u poslovanju hranom odgovorni
su za suzbijanje Stetoc¢ina i uspostavljaju,
sprovode i odrzavaju trajni postupak.

Da bi suzbijanje Stetnih glodara
bilo uspes$no, samo integrisani pristup
tj. zajednicka primena preventivnih,
mehanickih, fizickih i hemijskih mera
¢e dati Zeljene rezultate, dok ¢e svako
odstupanje  rezultirati  stvaranjem
povoljnih uslova za zadrzavanje i
razmnozavanje glodara (Jankovic i sar.,
2013, Krajcar, 2011; 2002).

Deratizacija  ve¢ih  objekata
trebalo bi da se sprovodi po planu i
programu Kkoji se izraduje za svaki
objekat posebno i zapravo je sistematska
deratizacija u malom. U izradi plana
i programa potrebno je voditi racuna
i uvazavati sve specificnosti objekta
(lokacija, gradevinske, tehnoloske i
proizvodne karakteristike) i predvideti
pokrivanje merama deratizacije svih
povrsina u objektu, kao i okolinu objekta
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(Krajcar, 2011). Zahtevi i mere koji
se primenjuju kod suzbijanja Stetnih
glodara u klanici su:

1. Pregled objekta — da bi se mogao
izraditi plan 1 program deratizacije
potrebno je prethodno temeljno
pregledati objekat i neposrednu okolinu
kako bi se utvrdilo stvarno stanje. Osim
trazenjatragova prisustva Stetnih glodara
(aktivne rupe, izmet, tragovi glodanja)
registruju se sva kriticna mesta koja
pogoduju ulaZzenju i zadrzavanju glodara
u ili oko objekta. Pregled sprovode
izvoda¢i mera deratizacije uz saradnju
zaposlenih i korisnika objekta.

2. Gradevinske mere — preduzimaju
se sa ciljem da se spreci ulazak, zadrza-
vanje, hranjenje i razmnozavanje gloda-
ra u ili oko objekta. U gradevinske mere
ubrajamo:

— pravilnu i kvalitetnu izradu temelja
objekata,

— ugradnju vrata s metalnim obrubom,
— ugradnju zastitnih mreZa na prozore,

— ugradnju  zaStitnih mreza na

ventilacione i ostale otvore,

— ugradnju ispravnih sifona i prepreka
u kanalizacijonom sistemu itd.
Postupke i mere sprecavanja ulaska

glodara u objekat (RAT-PROOF-SISTEM)

predlaze izvodac deratizacije (pismeno),

a sprovodi vlasnik objekta.

3. Higijenske mere - postupci
pravovremenog i higijenski ispravnog
uklanjanja i deponovanja otpadaka, kako
ih glodari ne bi mogli koristiti za hranu,
sklonisSta ili staniSte. Ove mere imaju

velikuuloguuorganizovanom suzbijanju,
jer smanjuju mogucénost izbora hrane,
a time Cine izloZene zatrovane mamke

4. Zaposlene treba uputiti u pitanja
zdravstvene ispravnosti hrane koja
su povezana sa pojavom glodara,
naglasiti potrebu posStovanja uputstava
kao i azurnog izveStavanja izvodaca o
pojavi Stetnih glodara i o neefikasnim
kontrolnim merama.

Izvoda¢ koji ¢e vrsiti suzbijanje
glodara treba da ima ovlaS¢enje za
sprovodenje  delatnosti izdato od
strane nadleznih ministarstva i izvod iz
upisnika Sudskog registra za obavljanje
delatnosti. Rodenticidi moraju biti
odobreni za nameravanu upotrebu,
uputstva na etiketi se moraju slediti,
uklju¢ujuci zahteve koji se odnose na
uklanjanje hrane ili prekrivanje opreme
pre primene navedenih sredstava. Sve
opasne hemikalije moraju se skladistiti
u skladu sa (Pravilnik o dozvolama za
obavljanje delatnosti prometa, odnosno
dozvolama za koriS¢enje narocito
opasnih hemikalija “Sl. glasnik RS”, br.
94/2010). Iskorenjivanje glodara — ako
se radi o manjem broju ili o slu¢ajevima
u kojima rodenticidi predstavljaju
opasnost od kontaminacije, mogu se,
u zavisnosti od toga da li su u objektu
prisutni miSevi ili pacovi, Kkoristiti
lovke (Zivolovke ili mrtvolovke) i lepak
(postavlja se u deratizacione kutije). Ako
je brojnost glodara velika preporucuje
se sprovodenje deratizacije upotrebom
mamaka sa rodenticidima, s tim Sto je
neophodno izraditi tacan plan postavl-
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janja kutija sa zatrovanim mamcima.
Plan izlaganja i nadzora mora sadrzavati
skicu objekta sa slede¢im podacima:

— pozicijama za izlaganje mamaka i
klopki u objektu (proizvodnim pogo-
nima),

— Ppozicijama za izlaganje mamaka u ne-
posrednom okruzenju i

— pozicijama za izlaganje mamaka u ka-
nalizacionom sistemu.

Izlaganje, kontrolu i zanavljanje
mamaca sprovode isklju¢ivo edukovani
radnici ovla$¢enog izvodaca. Mamci
se ne smeju postavljati u prostorije
gde je hrana izloZena/neupakovana, a
uginule glodare treba uklanjati brzo i na
bezbedan nacin.

U cilju uspeSnosti deratizacije
potrebnojeutvrditiraspored sprovodenja
redovnih kontrola. Kontrolna lista
pomaze pri osiguravanju provere svih
podrucja, pruza mogucénost evidentiranja
pojave glodara, kao i preduzetih mera.

U odredenim zadatim vremenskim
razmacima potrebno je proveriti:
— moguce puteve ulaska glodara,

— moguce izvore hrane, vode i zaklona
za glodare,

— znakove pojave glodara, ukljucujuci

fekalije ili gnezda i
— mamke na kontrolnim tatkama i
efikasnost rodenticida.
Najcesce greske u sprovodenju dera-
tizacije se javljaju usled:
— nedovoljnog poznavanja terena koji
se pokriva merama deratizacije,

— nedovoljnog pokrivanja celog
interesnog terena i preskakanja
objekata,

— obrade samo objekata, a ne i
pripadajuceg okoline,

— pogreSnog  odabira  formulacije
mamaka 1 pogreSnog izlaganja
mamaca,

— izlaganja nedovoljnih koli¢ina
mamaka i premalog broja

deratizacionih kutija,

Greske tokom sprovodenja deratiza-
cije mogu se ispraviti samo ako za vre-
me sprovodenja i po zavrSenoj akciji
postoji interni i stru¢ni nadzor derati-
zacije (Krajcar, 2011; Jankovi¢ i sar.,
2013). Tada se vecina uocenih greSaka
moze lako ukloniti jo§ u toku akci-
je. Sve ostale greSke uocene u zavrs$noj
analizi uklanjaju se ponavljanjem mera
u objektu ili u objektima u kojima su
uoceni propusti.

ZAKLJUCAK

Broj oboljenja ljudi koji se prenose
hranom u stalnom je porastu. Stoga se
u pogonima u kojima se proizvodi hrana
svakodnevno uspostavlja sve vise zahteva
u cilju postizanja i odrzavanja higijenskih
uslova za dobijanje  zdravstveno

bezbednog proizvoda. Sistem analize
opasnosti i kriti¢nih kontrolnih tacaka
HACCEP se izdvojio kao najefikasniji stan-
dardizovani pristup kojima se smanjuju
rizici po bezbednosti hrane. Dezinfekcija,
deratizacija i dezinsekcija su deo
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preuslovnih  programa jedinstvenog i moraju se kontinuirano sprovoditi.
sistema HACCP u proizvodnji hrane. Ove Ukoliko se ove mere ne sprovode
mere podrazumevaju slozene i pazljivo programski, umanjuju se njeni o¢ekivani
planirane celovite postupke uniStavanja efekti, ali i obezvreduje njihov znacaj.
mikroorganizama, insekata i glodara
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Abstract: The responsibility of all food business operators is the prevention of
conditions that can lead to the development and spread of foodborne diseases.
Hazard Analysis and Critical Control Points HACCP (Hazard Analysis Critical
Control Point) has been identified as the most effective standardized approach that
reduces the risks of foodborne diseases and is therefore accepted by FAO (Food
and Agriculture Organization) and WHO (World Health Organization). Disinfection,
disinsection and deratization (DDD) is just one of the prerequisite programmes in
the application of the HACCP system in the food industry. By implementing these
measures, manufacturers are closer to their ultimate goal which is a safe product
of high quality. Measures of disinfection, disinsection and deratization are carried
out continuously and involve complex, carefully planned and complete procedures
for destruction of microorganisms, insects and rodents. These measures require a
combination of preventive and curative measures and they must be implemented
in order to achieve the expected effects. Companies that implement DDD measures
must have trained staff who understand the principles of HACCP and know how to
apply these measures in a way that will not pose a risk to the end consumer.

Key words: disinfection, disinsection, deratization, slaughterhouse
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INTRODUCTION

The emergence of foodborne diseases
can endanger not only the health of
consumers, but also trade and tourism
and lead to economic losses. The
responsibility of the management of all
food business operators is the prevention
of conditions that can lead to the
development and spread of foodborne
diseases. Experiencesofalarge number of
developed countries on the suppression
and prevention of foodborne diseases
indicate the importance of preventive
action on hazards that can cause health
problems in humans. The current volume
of food trade calls for the establishment
of a standardized approach to food safety
around the world in order to assess
whether a particular product carries
the risk to health and to determine the
level of that risk (Makiya and Rotondaro
2002). Hazard Analysis and Critical
Control Points HACCP (Hazard Analysis
Critical Control Point) hasbeenidentified
as the most effective standardized
approach that reduces the risks of
foodborne diseases and is therefore
accepted by FAO (Food and Agriculture
Organization) and WHO (World Health
Organization). Disinfection, disinsection
and deratization (DDD) are just one of
the prerequisite programmes in the
application of the HACCP system in the
food industry. DDD measures represent
a unique entity that was created with
the aim to combine efforts to protect the
health of people, animals and material
goods by specific measures. Disinfection,

disinsection and deratization measures
must be carried out continuously and
include complex, carefully planned
and comprehensive procedures for
the destruction of microorganisms,
insects and rodents. These measures
require a combination of preventive
and curative measures and they must
be systematically implemented in order
to achieve the expected effects. Bearing
in mind the problems encountered
in the production and processing of
foods, as well as in the storage, it must
be emphasized that the mentioned
DDD measures must be considered as
part of the entire sanitation process,
and not as individual operations. DDD
measures are integral parts of every
food production and therefore must
be integrated as prerequisites in each
HACCP plan. The best way to achieve
all the goals set for obtaining healthy
food is to set sanitation processes as
sub-processes with their own critical
control points and their own monitoring
and control procedures (FAO / WHO,
2009). A company that most often as
a contractor performs DDD measures
must have staff who understand the
principles of HACCP and knows how to
apply DDD measures in a way without
any risk to the end consumer.

In order to ensure the success
of all measures aimed at obtaining
healthy food, it is very important that
the construction of the facility and
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equipment meets all the veterinary
and sanitary requirements and the
construction-technical conditions
prescribed by the regulations.

During the implementation of
mandatory DDD measures for each type
of facility and in each procedure, the
contractor is obliged to:

1. Inspect the area and space.
2. Create the necessary documentation,

3. Make a plan for the implementation of
mandatory DDD measures with proper
content and

4. Make an assessment of the performed
DDD measures.

PLAN FOR CLEANING AND SANITARY WASHING AND ITS
IMPLEMENTATION IN SLAUGHTERHOUSES

In the planning phase of a
slaughterhouse construction, it is
mandatory to consider cleaning and
sanitation processesthatareintegratedin
the process of slaughtering and handling
meat(Smalletal.,2007a). The established
plan of mechanical cleaning and sanitary
washing ensures an adequate level of
cleanliness of all parts of the building
as well as cleaning equipment itself. For
each facility a sanitary procedure plan
is made individually, depending on the
capacity of the building, the technical
characteristics and the type of production
(Guide to Good Hygiene Practice and
the Application of the HACCP Principle
in Meat Industry, 2012). The plan
should be regularly and fundamentally
implemented and documented on
demand in order to establish the success
and justification of the implemented
procedures. If it is cleaned during work,
it is necessary to protect the food from
possible  contamination. Employees
must take care of personal hygiene. The
hygiene plan should for each production
segment and part of the equipment
should contain the details of:

— hygienic requirements,

— responsible persons,

— preparations to be used,

— procedures and instructions,

— frequency of washing and disinfection
and

— monitoring of procedures and
corrective DDD measures.
Removing impurities from

disinfecting surfaces is a prerequisite for
successful disinfection, and therefore
pre-disinfection, mechanical cleaning
and sanitary washing should be carried
out thoroughly and conscientiously.
Mechanical cleaning and sanitary
washing in slaughterhouses implies that
after the completed production process
loose dirt and food particles must be
removed from all tools, accessories
and surfaces. The goal of sanitation
is to remove impurity invisible to the
naked eye-organic matter (blood, fat)
or inorganic matter (rust, scale) and
thereby create better conditions for
the disinfectant. For the successful
implementation of sanitary washing, the
water temperature, operating time of
the washing agent, and water hardness
are of great importance (Walia et al.,



BerepuHapckH xypHai Penybnuke Cprcke

197

Veterinary Journal of Republic of Srpska (bama JIyka-Banja Luka), Bon/Vol. XVIII, Bp/No.1, 182-206, 2018

Lj. Jankovi¢ et all:

Application of measures of disinfecton, disinsecton and rodent control in slaughterhouses

2017). Washing control is performed by
visual inspection - by observing residual
mechanical impurities after washing.
Whether the pre-disinfection steps
have been successfully performed is
based on a continuous film of water that
completely covers a certain surface, i.e.
when its continuity is nowhere broken
by residues of grease or protein. Only
by fully achieving this goal it can be
considered that cleaning and washing
was effective. Sanitary agents which
react with water at lower temperatures
should be used as this prevents excessive
evaporation, condensation and growth of
the mildew (Velji¢ and Rajkovi¢, 2012).

The mechanical cleaning and
sanitation washing process consists of
the following phases:

1. preparatory cleaning (brushing,
scraping, wiping and removing
impurities and food residues with
rinsing with water),

2. sanitary washing (using surfactants
toimprove surface wetting properties
and sequesters to improve the
dissolution of any residual inorganic
impurities from the surface as well
as to prevent the formation of scale
on the surface)

3. rinsing with water to remove
detergent, uncleaned detergent and
food residues.

Mistakes in hygiene procedures are:

— inadequate procedures during work,

— the water temperature is not high
enough (higher temperatures are
more efficient but they can cause
condensation or coagulation of
proteins on surfaces, which makes
cleaning difficult)

— cleaning techniques or tools are not
adapted to the conditions,

— there is no hygiene plan for a specific
drive,
— thereis no
— responsibility for maintaining
hygiene has not been established.
Chemicals used for cleaning and
washing should be kept in a secure
place so that they do not pose a risk
to the usability of food and human
health. Cleaning equipment should be
kept in a separate room, which should
be regularly cleaned, monitored and
disinfected, so as not to become a source
of cross-contamination. Some cleaning
equipment should be wused only in
certain rooms to prevent the spread of
contamination. Coloring equipment is
one of the simplest ways to ensure good
control over the purpose and location of
certain equipment. The success of the
cleaning will be reduced if the surface
of the rooms and equipment is not
maintained in the proper condition, or if
they are worn, damaged or porous.
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DISINFECTION IN SLAUGHTERHOUSES

In slaughterhouses, a large number
of different types of microorganisms are
introduced through animals brought to
slaughter, as well as through workers.
Some technological processes in
slaughterhouse production are designed
in such a way that they can partially
influence the elimination and reduction
of possibly present microorganisms in
the meat (high and low temperatures,
salamurian, salting and smoking
processes) However, it is necessary to
implement the disinfection process in
the production plant on a daily basis
(Gun et al., 2003).

Disinfection of accessories,
equipment, work surfaces and sanitary
facilities in all facilities where food is
prepared and manufactured must be
carried outdaily (FAQO, 1985) Disinfection
should be done as a continuous daily
process by those who use surfaces,
premises or facilities. Equipment and
surfaces that come in contact with
food should be made of disinfectant
material. Also, it is important that the
surfaces are in a satisfactory condition,
ie undamaged. Surfaces that are rough,
scratched or crushed, corroded parts
and hard-to-reach spots (dead corners)
are difficult to clean and disinfect, and
these places have the optimal conditions
for the creation and development
of biofilm. Biofilm is formed when
microorganisms attached to solid and
damp surfaces form microcolonies.
Biofilm is actually a mixture of
microorganisms, food components, and

exopolysaccharide (EPS) substances
produced by microorganisms attached
to solid surfaces (Jankovi¢ et al.,
2009). Disinfectants, that will in the
concentration and exposure time
recommended by the manufacturer
destroy the microorganisms possibly
present in the plant, should be used.
The requirements that must be met
by disinfectants to be used in food
production facilities are:

— awide range of actions against various
microorganismes,

— slight weakening of the effect due to
the presence of impurities,

— constant composition and

— that it is not harmful to the materials
to which it is applied.

Chlorinated preparations are found
to be highly applicable in the meat
industry, but may pose a potential health
risk to consumers if they are not used
in accordance with the instructions.
They work better at lower pH and
then exhibit virucidal, bactericidal and
sporocidal effects. The lack of chlorine
preparations is that organic matter
reduces their disinfecting power, while
the presence of bases neutralizes their
effect. If the temperature is increased
by 10°C, the chlorine efficiency
increases by 60% -65%. In base-poor
environments, the microbiocidal effect
of chlorine increases. The optimum pH
of the medium for the action of chlorine
preparations ranges between 6 and 8
(Walia et al., 2017; Gosling et al., 2017).
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Quaternary ammonium compounds disinfectant (consequence:

are often used for disinfection in the
food industry. These compounds have
very pronounced bactericidal properties,
very low odor, high stability, less
susceptible to the presence of organic
substances than chlorine preparations,
do not cause corrosion and are
poorly toxic. Quaternary ammonium
compounds destroy micrococcus and
thermoresistant bacteria well, and
somewhat weaker coliform bacteria and
gram-negative psychrophiles (Walia et
al., 2017).

The disinfection process consists of
several stages:

— application of disinfectant ,
— basic rinsing with water and

— control of the conducted disinfection
(microbiological testing — use of
microbiological tests or fast tests
for checking the effectiveness of
sanitation procedures).

The most common failures during
disinfection are:

— insufficient previous mechanical
cleaning and sanitary washing
(consequence: reduction of the effect
of disinfection),

— the wuse of an inappropriate

insufficient activity of disinfectants,
corrosion, discoloration),

— inadequate concentrations of the
disinfectant (consequence-:in high
concentration the residue problem
in food; in low concetration the
formation of resistance

— biofilm remains which prevent
penetration and the effect of the
disinfectant;

— missing or incomplete rinsing of the
disinfectant (consequence: residue in
foods)

— incorrect operation (as a result: some
surfaces are not disinfected).

Properimplementation of disinfection
and rinsing of disinfected surfaces are
constituent parts of each operation and
each stage of the production process
in the slaughter industry and one
of the most important elements for
food safety (Radenkovi¢ et al., 2015).
Problems arising from unprofessionally
conducted disinfection are caused by the
ignorance of the measure, its ineffective
implementation, inadequate education
of direct performers of these jobs, as well
as the lack of standards for assessing
the success and control of disinfection
(Jankovi¢ et al., 2012; Nagli¢, 2005).

DISINSECTION IN SLAUGHTERHOUSES

Insect control in slaughterhouses
is one of the essential prerequisites for
an integrated approach to health and
food safety. The design, construction,

location and size of the food facility
must be such as to enable good hygienic
practice in handling food including
protection against insect contamination
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and insect entry points. Insects entering
the facilities are a significant source of
microbiological and physical hazards
(eggs and larvae). Keener (2009) states
that a housefly can carry over 3.6 million
bacteria. Inadequately implemented
insect control and eradication programes,
as well as careless storage and use of
insecticides can also cause chemical
hazards, so it is imperative to establish
procedures to minimize such risk.
Persistent insect phenomena indicate
serious hygiene and other failures
(inadequate cleaning and maintenance).
It is necessary to ensure adequate
conditions for temporary storage and
the disposal of inedible by-products
and other waste. Successful control of
insects in slaughterhouses should be
based on an integrated, comprehensive
approach that promotes preventive
measures through the application of
good hygiene, sanitary or production
practices (Velji¢c and Rajkovi¢, 2012,
Bogdanovi¢ and Stankovi¢ 2011). The
most common preventive measures
applied in order to prevent the insect
entry into the production facility are : to
control the exterior windows, doors and
other openings and to equip them with
mesh tape or strips.Insect light traps or
“Insect-O-cutor” may be installed at the
entrances, but it must be ensured that
these devices are never placed above
finished products, packers and other
sensitive equipment (they are placed in
those parts of production facilities that
are less illuminated and without direct
strong light).

In order to control and eradicate
insects, the following methods can be
used:

1. Mechanical methods, which involve
the use of:

— sticky tape,

— sticky traps for crawling insect (with

self-adhesive paper, some chemical
compounds or pheromones),

— gels,

— inert dust (silicon gel and
diatomaceous earth that dries
insects).

2. Physical methods, which include the
use of:

— insectocutors (for flying insects, it
must be placed away from the area
where it is handled with food),

— ultrasound and
— low temperatures.
3. Autocidal control of the insect means:

— interruption of the reproductive cycle
by the release of sterile males or
genetically modified insects.

4. Behavioral control:

— Behavior control involving the use
of chemical attractants that attract
insects into trap or interrupt and
interfere with the development cycle
of insects.

If all of the above methods and
measures have not been successful it
is necessary to do the disinfection of
the slaughterhouse using a chemical
disinfectant (Good Hygiene Practice
Guide and HACCP Meat Industry
Approach, 2012). When performing
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disinfection, it is necessary to apply the
appropriate precautionary measures
and strictly respect the manufacturer’s
instructions. Insecticides used in the
food industry must be approved for this
purpose and should not be used during
working hours or during active work
operations. Treatment with chemical
preparations is carried out after the end
of the work shift, during the weekend or
on other occasions when the production
facility is closed. Before using
insecticides, all products and all exposed
material must be covered or removed
from the area being treated. Insecticides
of plant origin such as nicotine, rotenone,

permethrin (Velji¢c and Rajkovi¢, 2012)
can be used. Corrective measures need
to be taken when defects in procedures
are identified or when the presence of
insects is noticed. Corrective measures
include:

— disposal of the product that is
contaminated,

— determining the causes and ways in
which it is possible to prevent the
occurrence of similar contamination

in the future,
— to improve the instructions and

training of staff.

DERATIZATION IN SLAUGHTERHOUSES

Deratization is a very challenging
task, and in order to achieve success,
it requires expertise, good knowledge
the target species biology and the right
choice of measures and procedures
during the destruction of the rodents
in a particular area. Regardless of the
degree of hygienic conditions and
building technical solutions, certain
types of mice are nevertheless present
in the facilities (or their immediate
vicinity) of the slaughter industry.
Control of potential risks that may be
caused by certain types of rodents is
one of the most important aspects of
controlling the safety of production in
slaughterhouses. Rodents are one of
the greatest dangers for food safety, as
they can cause contamination of both
raw materials and finished products, and
thus contribute to the spread of various
diseases that can endanger the health

of consumers. These pests can cause
microbiological and physical or chemical
contamination of food, and thus further
jeopardize human health (Jankovic¢ et al.,
2015; Bogdanovi¢ and Stankovi¢, 2011).

In slaughterhouses, the presence
of harmful rodents is a risk due to the
possibility of contamination of products,
work space and equipment. The presence
of rodents contributes to the loss of
consumers’ confidence in a particular
company or product, the possibility for
the company to be prosecutde and to
pay large damages in the event of serious
health problems in people (Bogdanovi¢
i Stankovic, 2011). An operational
and effective program of controlling
rodents is necessary in every segment
of the production chain. Food business
operators are responsible for the control
of pests and they have to establish,
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implement and maintain a permanent
procedure. Rodent suppresion can be
successful only by using an integrated
approach, ie, the joint application of
preventive, mechanical, physical and
chemical measures will yield the desired
results, while any deviation will result
in the creation of favorable conditions
for the retention and reproduction of
rodents (Jankovi¢ et al., 2013, Krajcar,
2011;)

Deratization of larger facilities should
be carried out according to the plan and
program that is being developed for each
facility separately. When designing a
plan, it is necessary to take into account
and take into account all the specifics
of the object (location, construction,
technological and production
characteristics) and to provide for
the coverage of all the surfaces of the
building as well as the environment of
the building (Krajcar, 2011). Requests
and measures for combating harmful
rodents in the slaughterhouse are:

1. Object inspection - in order to create
a plan and a program of deratization, it
is necessary to thoroughly inspect the
object and the immediate environment
to determine the actual condition. Apart
from looking for traces of rodents (active
holes, feces, traces of gnawing), all
critical sites that are suitable for entering
and retaining rodents in or around the
facility should be registered. The survey
is conducted by deratization contractors
with the cooperation of employees
and users of the facility.

2. Construction measures - are

undertaken with the aim of preventing
the entry, retention, feeding and
reproduction of rodents in or around an
object.

The construction measures include:

— proper and high quality foundation of
facilities,

— installation of protective nets on
ventilation and other openings,

— installation of correct siphons and
barriers in the sewerage system, etc.

Procedures and measures to prevent
the entrance of the crown in the building
(RAT-PROOF-SISTEM) are proposed by
the deratization contractor (in written
form) and are carried out by the owner
of the facility.

3. Hygienic measures - procedures for
timely and hygienically correct removal
and disposal of waste, so that rodents
can not use them for food, shelter or
habitat. These measures play a major
role in organized suppression, as they
reduce the ability to choose food, and
thus make the exposed bait boxes more
acceptable and vice versa.

4. Employees should be informed about
the issue of health safety related to the
occurrence of rodents, the need torespect
the instructions shoul be emphasized,
as well as the importance of up-to-date
reporting of the rodents occurrence and
ineffective control measures.

The contractor who will perform
the control of rodents should have the
authority to carry out activities issued
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by the competent ministries and a copy
of the register of the Court Register
for performing activities. Rodenticides
must be approved for intended use,
label instructions must be followed,
including requirements relating to the
removal of food or equipment overlay
prior to the application. All hazardous
chemicals must be stored in accordance
with the Ordinance on permits for the
performance of traffic, ie permits for the
use of particularly hazardous chemicals
“Official Gazette of RS”, No. 94/2010)
Rodent exterminaton- If it is a minor
number or cases where rodenticides
pose a risk of contamination, depending
on whether there are mice or rats
present in the facility, traps or glue
(placed in deratization boxes ) can
be used. If the number of rodents
is high, it is recommended to carry
out the deratization using baits with
rodenticides, and it is necessary to make
a precise plan for placing the boxes with
the poisoned bait.

— positions of baits and traps in the
facility (production plants),

— positions of traps in the immediate
environment

— positioning of traps in the sewer
system.

Installation, control and replacement
of bait are carried out exclusively
by trained workers of the authorized
contractor. The bait must not be placed
in rooms where the food is exposed /
unpacked, and the dead rodents should
be removed quickly and safely.

For the purpose of successful pest
control, it is necessary to determine
the schedule for the implementation of
regular controls. The checklist helps to
ensure checking of all areas, provides the
possibility of recording the appearance
of rodents as well as taken measures.

At certain time intervalsitisnecessary
to check:

— possible ways of entering

— possible sources of food, water and
shelter for rodents,

— signs of the appearance of rodents,
including faeces or nests, and

— baits at checkpoints and rodenticide
efficacy.

The most common mistakes in the
implementation of pest control are due
to:

— insufficient knowledge of the terrain
that is covered

— insufficient coverage of the whole
field of interest and skipping facilities,

— processing only objects, and not the
surrounding environment,

— the wrong choice of the formulation
of the bait and the incorrect exposure
of the bait,

— exposure of insufficient quantities of
bait and a lack of pest control boxes,

Mistakes during the implementation
of pest control can be corrected only if
during the implementation and after the
completed action there is an internal
and professional supervision of the
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deratization (Krajcar, 2011; Jankovic¢
et al.,, 2013). In that case most of the
detected errors can be easily removed
during the action. All other mistakes

detected in the final analysis are
eliminated by repeating measures in the
facility or in objects where failures are
detected.

CONCLUSION

The number of people suffering
from foodborne diseases is constantly
increasing. Therefore, in factories where
food is produced every day, more and
more requirements are established
in order to achieve and maintain the
hygienic conditions for obtaining a
safe product. Hazard Analysis System
and Critical Control Points HACCP has
been identified as the most effective
standardized approach to reducing food
safety risks. Disinfection, deratization

and disinsection are part of the
prerequisite programs of the unique
HACCP system in food production. These
measures involve complex and carefully
planned comprehensive procedures
for the destruction of microorganisms,
insects and rodents and must be carried
out continuously. If these measures are
not implemented programmatically, its
expected effects are reduced, and their
significance is impaired.
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Kratak sadrzaj: Rezistencijana antibiotike predstavlja rastuc¢i problem koji je Svetska
zdravstvena organizacija proglasila jednom od najvec¢ih pretnji za globalno zdravlje
ljudi. Lanac hrane jedan je od najvaznijih puteva prenos$enja i Sirenja rezistencije
na antibiotike izmedu populacije rezistentnih i populacije osetljivih komensalnih
i/ili patogenih mikroorganizama. Rezistencija na antibiotike moze biti urodena, ili
stecena putem mutacija ili lateralnog transfera gena. Sa aspekta Sirenja rezistencije
znacajna je samo rezistencija stecena lateralnim transferom gena. Postoje brojne
metode za detekciju i odredivanje prirode rezistencije na antibiotike kod bakterija
izolovanih iz hrane. Neophodno je da metode budu standardizovane i da obezbeduju
konzistentnost i doslednost dobijenih rezultata. Za detekciju fenotipske rezistencije
kod bakterija izolovanih iz hrane koriste se metode kojima se odreduje minimalna
inhibitorna koncentracija antibiotika. U njih spadaju metod mikrodilucije, metod
dilucije u agaru i E-testovi. Kvalitativne i semikvantitativne metode koje se Cesto
koriste kod klinickih izolata, nisu prigodne za ispitivanje rezistencije na antibiotike
kod mikroorganizama izolovanih iz hrane. Kod mikroorganizama kod kojih se
utvrdi prisustvo fenotipske rezistencije na antibiotike, odreduje se prisustvo gena za
rezistenciju. Mikroorganizmi kod kojih se dokaze prisustvo genetskih determinanti
koje su povezane sa stecenom rezistencijom na antibiotike, predstavljaju rizik za
diseminaciju rezistencije i medu osetljivom populacijom. Mikroorganizmi koji imaju
komercijalnu upotrebu, ne bi trebalo da poseduju genetske determinante prenosive
rezistencije na antibiotike.

Klju¢ne reci: rezistencija na antibiotike, minimalna inhibitorna koncentracija,
genetske determinante rezistencije
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UvoD
Pocetak antibiotske ere 1940- termickog tretmana, ¢ime je omogucen

ih oznac¢io je pravu revoluciju u
medicini, zahvaljuju¢i kojoj su, do tada
smrtonosne bakterijske infekcije postale
izle¢ive. Ubrzo nakon pocetka le¢enja uz
pomo¢ antibiotika, pojavili su se i prvi
mikroorganizmi koji su rezistentni na
njih. Danas, rezistencija na antibiotike
predstavlja jedan od najve¢ih problema
covecanstva. (World Health Organization,
WHO , 2011).

U mnogim zemljama godiSnja
upotreba antibiotika u veterinarskoj
medicini viSestruko premasuje upotrebu
antibiotika u humanoj medicini. Kao
posledica metafilakse i profilakse u
veterinarskoj medicini, ¢ak i zdrave

zivotinje kontinuirano su izlozene
velikim koli¢inama antibiotika.
Mikroorganizmi koji vode poreklo

od Zivotinja na taj su nacin izlozeni
selektivnom pritisku, koji dovodi do
prezivljavanja samo onih bakterija koje su
rezistentne na antibiotike. (WHO, 2011).
Hrana Zivotinjskog porekla omogucava
direktan kontakt izmedu mikroflore
digestivnog trakta ljudi i Zzivotinja i
predstavlja jedan od najvaznijih puteva
Sirenja rezistencije izmedu populacija
ljudi i zivotinja. Sa aspekta bezbednosti
hrane, nisu znacajni samo rezistentni
patogeni  mikroorganizmi, ve¢ i
komensalni mikroorganizmi koji mogu
da sluze kao rezervoar gena rezistencije
na antibiotike. (European Food Safety
Authority EFSA, 2008a). Proizvodi
dobijeni od sirovog mesa i mleka posebno
su inkriminisani zahvaljujuc¢i izostanku

opstanak velikog broja mikroorganizama
u njima (Mathur and Singh, 2005).

Rezistencija na antibiotike moze biti
urodena ili stecena. Urodena rezistencija
predstavlja naslednu odliku vrste ili roda
i nema znacajnu ulogu u diseminaciji
rezistencije medu populacijama
mikroorganizama. SteCena rezistencija
na antibiotike specificna je samo za
pojedine sojeve u okviru inace osetljive
vrste ili roda i moZe nastati usled
mutacija na postoje¢im genima ili usled
sticanja novih gena putem lateralnog
transfera (Ammor i sar., 2007). Urodena
rezistencija i rezistencija na antibiotike
koja je nastala kao posledica mutacija
nisu od znacaja kod nepatogenih vrsta
mikroorganizama, jer nemaju ulogu u
Sirenju rezistencije. Rezistencija stecena
lateralnim transferom gena nosi najveci
rizik za Sirenje genetskih determinanti
rezistencije na osetljive mikroorganizme
(Devirgiliis i sar. 2011).

Pracenje rezistencije kod patogenih
i komensalnih mikroorganizama kroz
lanac hrane je od izuzetnog znacaja za
razumevanje 1 predvidanje nastanka
i Sirenja, kao i planiranja adekvatnih
mera u sprecavanju dalje diseminacije
rezistencije na antibiotike. U cilju
uspesnog monitoringa rezistencije kod
bakterijaizolovanihiz hrane, odredivanja
njene prirode i procene mogucénosti
prenosana osetljive bakterije, neophodno
je primenjivanje odgovaraju¢ih metoda
ispitivanja rezistencije na antibiotike.
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METODE ZA ISPITIVANJE REZISTENCIJE NA ANTIBIOTIKE

Pri ispitivanju prisustva rezistencije
kod mikroorganizama izolovanih iz
hrane, koriste se fenotipske i genotipske
metode. Prvo se utvrduje fenotipska
rezistencija i to uz pomo¢ neke od
kvalitativnih ili kvantitativnih metoda.
Ukoliko se kod izolata dokaze prisustvo
fenotipske rezistencije za koju postoji
sumnja da je posledica lateralnog
transfera gena, potrebno je utvrditi
prisustvo gena koji kodiraju rezistenciju.

Kvalitativnhe metode
rezistencije na antibiotike

detekcije

Disk-difuziona metoda predstavlja
najcesce koris¢enu kvalitativnu
metodu za odredivanje rezistencije
kod mikroorganizama. Disk-difuziona
metoda za ispitivanje rezistencije na
antibiotike izvodi se tako $to se na
povrsinu Petri plo¢a sa odgovaraju¢om
hranljivom podlogom nanosi inokulum
koji sadrzi priblizno 1-2x108® log CFU/
mL ispitujuceg mikroorganizma, a zatim
se na nju stavljaju papirni diskovi koji su
impregnirani fiksnom koncentracijom
antibiotika. Rezultati se o€itavaju posle
16—24h, merenjem zone inhibicije rasta
ispitivanog mikroorganizma (Jorgensen
and Ferraro, 2009). 1ako je disk-difuziona
metoda najcesSce koris¢ena kod klini¢kih
izolata, jer je jeftina, jednostavna
i dobro standardizovana, ona nije
pogodna za odredivanje rezistencije kod
mikroorganizama izolovanih iz hrane,
jer ne postoji mogucnost kvantifikacije
rezultata, vec¢ seizolati na osnovuveli¢ine
zona inhibicije mogu da klasifikuju samo

kao osetljivi ili rezistentni (EFSA, 2012).

Kvantitativne metode za
odredivanje minimalnih inhibitornih
koncentracija antibiotika

Zaispitivanjerezistencijekodbakterija
izolovanih iz hrane, preporucuju se
kvantitativne metode koje se baziraju
na odredivanju minimalnih inhibitornih
koncentracija  antibiotika  (Minimal
Inhibitory = Concentration - MIC)
(EFSA, 2008a; EFSA, 2007; EFSA, 2012).
Minimalna inhibitorna koncentracija
predstavlja  najnizu  koncentraciju
antibiotika koja ima moguc¢nost da
inhibira rast mikroorganizma pri
tatno definisanim uslovima (Wiegand
i sar., 2008). Postoji viSe metoda za
odredivanje MIC vrednosti, poput
metoda dilucije u agaru, metoda dilucije
u bujonu, upotreba E-testova i u novije
vreme automatizovanih instrumentalnih
sistema (Jorgensen and Ferraro, 2009).

Kod metode dilucije u agaru,
odredena  koncentracija  antibiotika
dodaje se direktno u agar, a zatim se
na njegovu povrsinu zasejava ispitivani
mikroorganizam. Rezultati se oc€itavaju
na osnovu prisustva ili odsustva rasta
mikroorganizma na povrSini agara
posle zavrSene inkubacije (Wiegand
i sar., 2008). Kod metoda dilucije u
bujonu koriste se te¢ne podloge sa
dodatkom antibiotika u tatno odredenoj
koncentraciji za odredivanje prisustva
rezistencije. Metod makrodilucije se
izvodi u epruvetama, a zapremine
bujona u koga su dodati ispitujuci
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mikroorganizam i antibiotik treba da
budu vece od 2 mL. Makrodiluciona
metoda prva je metoda koja je razvijena
za odredivanje MIC vrednosti, ali se
danas prakti¢no viSe uopste ne koristi, jer
je zahtevnija i skuplja od mikrodilucione
metode (Jorgensen and Ferraro, 2009).

Mikrodilucionametodazaodredivanje
MIC vrednosti podrazumeva upotrebu
mikrotitracionih ploc¢a, pri cemu ukupna
zapremina u bunarcicu ploce ne prelazi
zapreminu od 500 pL (Wiegand i sar.,
2008). Standardne mikrotitracione
ploc¢e imaju velicinu 8x12 bunarcica,
pa se na jednoj plo¢i moze ispitivati
8 antibiotika u 12 Kkoncentracija,
ili 12 antibiotika u 8 koncentracija.
Koncentracije antibiotika koje se nalaze
u epruveti ili mikrotitracionoj ploc¢i su
obicno u nizu dvostrukih razredenja
(npr 1, 2, 4, 8 itd pg antibiotika/mL
podloge). Mikrodilucione ploce mogu
da se prave direktno u laboratoriji koja
ispituje rezistenciju na antibiotike, ali su
dostupne i komercijalne ploce u ¢ijim se
bunarci¢ima nalazi dehidrirani antibiotik
u  odgovaraju¢im  koncentracijama.
Koncentracije antibiotika koje se
unose u bunarcice mikrotitracionih
ploca propisane su standardom ili
odgovaraju¢im vodi¢em (Jorgensen and
Ferraro, 2009).

Rezultati kod makrodilucione metode
se tumace na osnovu zamucenja bujona,
a kod mikrodilucione metode na osnovu
prisustva ili odsustva sedimenta u
mikrotitracionom bunarci¢u. Najmanja
koncentracija antibiotika pri kojoj nema
vidljivog zamucenja, odnosno stvaranja

taloga, predstavlja MIC vrednost za
ispitivani izolat (Jorgensen and Ferraro,
2009).

E-testovi predstavljaju tanke plasticne
trake na cijoj je poledini antibiotik
nanesen u rastu¢im koncentracijama.
Na gornjem delu trake, nalazi se skala sa
brojevima koji oznacavaju koncentracije
antibiotika. E-testovi stavljaju se na
povrSinu odgovarajuceg agara koji
je prethodno inokulisan ispituju¢im
mikroorganizmom. MIC vrednosti sa
E-testa ocCitavaju se na mestu preseka
trake sa zonom inhibicije rasta. E-testovi
sujednostavniilakizaizvodenje, alise jo$
uvek ne koriste u rutinskom ispitivanju
izolata iz hrane, jer je cena ovakvih
ispitivanja veoma visoka (Jorgensen and
Ferraro, 2009).

U novije vreme razvijene su
poluautomatizovane i automatizovane
metode za determinaciju MIC vrednosti,
poput MicroScan WalkAway (Siemens
Healthcare Diagnostics), BD Phoenix
Automated Microbiology Diagnostics
(BD Diagnostics), Vitek 2 System
(bioMerieux) i Sensititre Aris 2X (Trek
Diagnostic Systems). Automatizovane
metode omogucuju brzo dobijanje i
standardizovano ocitavanje rezultata, ali
njihova upotreba je jo$ uvek ogranicena

na Kklinicke izolate (Jorgensen and
Ferraro, 2009).

Specifi¢nosti ispitivanja
rezistencije mna antibiotike kod

mikroorganizama izolovanih iz hrane

Mikroorganizmi izolovani iz hrane
razlikuju se od Kklinickih izolata, pa
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metode pracenja rezistencije kod njih
imaju svoje specifi¢nosti i razlikuju se
od metoda koje se primenjuju u klinickoj
praksi.

Odredivanje rezistencije kod nekog
soja mikroorganizma izolovanog iz
hrane zasniva se na mikrobioloSkim
(epidemioloskim)grani¢nimvrednostima
MIC, za razliku od klini¢kih izolata kod
kojih se odredivanje rezistencije zasniva
na klinickim grani¢nim vrednostima
(EFSA, 2008a). Mikrobioloske grani¢ne
vrednosti postavljaju se u odnosu na
distribuciju MIC vrednosti u populaciji
bakterija, a sojevi ¢ije MIC vrednosti
znacajno odstupaju od distribucije
MIC vrednosti unutar date vrste ili
roda, oznacavaju se kao mikrobioloski
rezistentni. Mikroorganizmi koji su
mikrobiolo$ki osetljivi nisu nosioci gena
koji kodiraju stecenu rezistenciju, bilo
da je ona posledica mutacije ili je nastala
lateralnim transferom gena.

Zarazlikuodmikrobioloskih grani¢nih
vrednosti, klinicke grani¢ne vrednosti
imaju za cilj da se ispitaju moguénosti
lecenja bakterijske infekcije uz pomoc
nekog antibiotika, pri ¢emu se uzimaju
u obzir i klinicke studije efikasnosti,

doziranje antibiotika, njegova
farmakodinamika i farmakokinetika.
Klinicke 1 mikrobioloSke grani¢ne

vrednosti MIC, mogu, ali i ne moraju
da budu iste za neki antibiotik. Pri
ocitavanju rezultata kod mikrobioloskih
grani¢nih ~ vrednosti, postoje samo
kategorije rezistencije i osetljivosti kod
mikroorganizama, ali ne i intermedijerne
osetljivosti/rezistencije (Silley, 2012).

Programi monitoringa rezistencije
kod bakterija izolovanih iz hrane kao
minimalni uslov postavljaju pracenje
rezistencije kod rodova Salmonella i
Campylobacter (WHO, 2011). Pored
ova dva roda u monitoring su najcesce
ukljucene i Escherichia coli kao indikator
Gram negativne komensalne mikroflore
i Enterococcus spp. kao indikator Gram
pozitivne komensalne mikroflore
(Founou 1 sar., 2016; WHO 2011).
Prema preporukama Evropske agencije
za bezbednost hrane (European Food
Safety Authority — EFSA) ispitivanje
MIC vrednosti kod Salmonella spp,
Campylobacter spp, Enterococcus spp. i E.
coli treba da se radi prema uputstvima
izdatim od strane Evropskog komiteta
za ispitivanje antimikrobne osetljivosti
(European Comittee on Antimicrobial
Susceptibility Testing — EUCAST, 2017),
ali samo kvantitativnim metodama
za odredivanje vrednosti MIC, jer je
disk-difuziona metoda oznacena kao
neadekvatna (EFSA, 2008b; EFSA, 2007).
NajceSce koriScena hranljiva podloga
koja se koristi pri ispitivanju rezistencije
na antibiotike kod mikroorganizama
izolovanihizhraneje Miler-Hinton bujon.
Ipak, on nije adekvatan za ispitivanje
rezistencije kod kampilobakterija, zbog
njihove zahtevnosti u pogledu hranljivih
materija, pa se u tom slucaju koristi
Miler-Hinton bujon sa modifikovanom
koncentracijom katjona i dodatkom 2,5%
konjske krvi (McDermott i sar., 2005).

Prema preporukama EFSA, svi
mikroorganizmi koji se namerno dodaju
u hranu, najceS¢e kao starter kulture
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ili probiotici, ne smeju da budu nosioci
genetskih determinanti rezistencije koje
su stecene lateralnim transferom gena
(EFSA, 2012). S obzirom na to da su u
pitanju mikroorganizmi koji nemaju
klinicki znacaj, metode ispitivanja MIC
vrednosti nisu predvidene u vodi¢ima
EUCAST-a. Narociti problem kod
ispitivanja antimikrobne rezistencije kod
bakterija mle¢ne kiseline predstavljao je
odabiradekvatnehranljive podlogezarast
bakterija u mikrotitracionim plo¢ama,
jer se uobicajeno koris¢eni bujoni Miler-
Hinton i Iso-Sensitest nisu pokazali kao
adekvatni za sve pripadnike ove grupe
mikroorganizama (Huys i sar., 2002).
Nedavno je izdat ISO standard (ISO
10932, 2010) kojim je definisan nacin

ispitivanja antimikrobne rezistencije
kod bifidobakterija i bakterija mlecne
kiseline, osim enterokoka. Medijum koji
se koristi za rast mikroorganizama u
mikrotitracionim ploama je LSM bujon
(Lactic Acid Bacteria Susceptibility
Medium — LSM) koji se sastoji od 90%
Iso Sensitest bujona sa dodatkom 10%
MRS bujona (de Man, Rogosa, Sharpe
— MRS). Za ispitivanje rezistencije kod
Bifidobacterium spp. LSM bujonu dodaje
se i cistein (International Standardization
Organization ISO 10932, 2010).

U Tabeli 1 prikazani su osnovni
skupovi antibiotika na koje treba ispitati
rezistenciju  kod  mikroorganizama
izolovanih iz hrane, prema preporukama
EFSA.

Tabela 1 - Standardan set antibiotika za ispitivanje rezistencije kod
mikroorganizama iz hrane (EFSA 2007; EFSA 2008b; EFSA 2012)

Mikroorganizam

Antibiotici

Salmonella spp, E. Coli

Cefotaksim, nalidiksinska kiselina,
ciprofloksacin, ampicilin, tetraciklin,
hloramfenikol, gentamicin,
streptomicin, trimetoprim, sulfonamidi

Campylobacter jejuni i
Campylobacter coli

Eritromicin, ciprofloksacin, tetraciklin,
streptomicin, gentamicin

Enterococcus faecalis 1 Enterococcus
faecium

Streptomicin, gentamicin,
hloramfenikol, ampicilin, vankomicin,
eritromicin, kvinpristin/dalfopristin,
tetraciklin, linezolid

Bakterije mle¢ne kiseline 1
Bifidobacterium spp.

Ampicilin, vankomicin, gentamicin,
kanamicin, streptomicin,
eritromicin, klindamicin, tetraciklin i
hloramfenikol*
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*

Ukoliko se u hranu dodaje i
Enterococcus faecium osim predvidenog
skupa antibiotika, treba ispitati i
rezistenciju na tilozin.

Utvrdivanje prisustva gena za
rezistenciju na antibiotike

Ukoliko je MIC vrednost za neki soj
mikroorganizma iznad postavljenih
grani¢nih vrednosti, neophodno je dalje
ispitivanje prirode rezistencije, kako bi
se utvrdilo da li je rezistencija urodena
ili stecena.

Urodena rezistencija je specifi¢nost
vrste ili roda i tac¢na identifikacija
taksonomske pripadnosti ispitivanog
soja predstavlja osnovni preduslov za
utvrdivanje genetske baze rezistencije
(EFSA, 2008a). Genetska baza
rezistencije utvrduje se molekularno-
bioloSkim metodama od kojih je najc¢esce
koriS¢ena PCR tehnika. Pretrazivanjem
literature, moze se do¢i do podataka koji
su neophodni za dizajniranje prajmera,
podataka o genima za rezistenciju

lokalizaciji i mogu¢nostima prenosa na
druge bakterije. Postoje i baze podataka
0 genima za rezistenciju na antibiotike
koje su dostupne na internetu, u
kojima se mogu pretrazivati dosad
opisani geni prema antibiotiku ili vrsti
i rodu mikroorganizma, poput ARDB
(Antibiotic Resistance Database) baze
podataka (ARDB, 2017).

lako je PCR najcesce koriS¢ena
metoda za dokazivanje gena rezistencije,
ona zahteva izolaciju bakterija i njihove
DNK i zavisna je od kulturelnih tehnika
i njihovih ograni¢enja pri izolaciji
bakterija, zbog Cega se za ispitivanje
rezistencije unapreduju i razvijaju
najsavremenije, kulturalno nezavisne
tehnike  poput  metagenomike i
sekvencioniranja celog genoma (Founou
i sar., 2016). Ove metode omogucuju
detekciju 1 ispitivanje celokupnog
bakterijskog genoma, identifikaciju
novih genetskih osobina i identifikaciju
nepoznatih genetskih elemenata, Sto
upotrebom PCR metoda nije moguce

najces¢e prisutnim kod ispitivanog (Allen, 2014; Thanner, 2016).
mikroorganizma, kao i o njihovoj
ZAKLJUCAK

Veliki znacaj pracenja rezistencije
na antibiotike kroz lanac hrane sve
vie se prepoznaje u celom svetu.
Programi pracenja rezistencije kod
mikroorganizama izolovanih iz hrane
konstantno se razvijaju i unapreduju.
Stalan napredak u metodama koje

se primenjuju kod izolata iz hrane
neophodan je kako bi se dobili relevantni
rezultatikojisupotrebnidaserezistencija
na antibiotike predvida, prati i kako bi se
na vreme primenile mere u sprecavanju
njenog Sirenja.
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Abstract: Resistance to antibiotics is a growing problem that the World Health
Organization has declared one of the biggest threats to global health. The food
chain is one of the most important ways of transmitting and spreading resistance
to antibiotics between the population of resistant and populated by sensitive
commensal and / or pathogenic microorganisms. Resistance to antibiotics can be
inborn, or acquired by mutation or lateral gene transfer. From the aspect of the
spread of resistance, only resistance acquired by the lateral transfer of the gene
is significant. There are numerous methods for detecting and determining the
nature of antibiotic resistance in bacteria isolated from food. The methods must
be standardized and ensure the consistency of the obtained results. Methods for
determining the minimum inhibitory concentration of antibiotics are used to detect
phenotypic resistance in bacteria isolated from food. They include a microdilution
method, an agar dilution method, and an E-test. Qualitative and semi-quantitative
methods commonly used in clinical isolates are not suitable for antibiotic resistance
testing in food-isolated microorganisms. In the case of microorganisms with
detected presence of phenotypic resistance to antibiotics, the presence of the
resistance gene is determined. Microorganisms evidenced by the presence of genetic
determinants associated with acquired resistance to antibiotics represent a risk of
resistance dissemination among the susceptible populations. Commercially used
microorganisms should not possess genetic determinants of transferable antibiotic
resistance.

Key words: antibiotic resistance, minimum inhibitory concentration, genetic
determinants of resistance
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INTRODUCTION

The beginning of the antibiotic era
in the 1940s marked the true revolution
in medicine, thanks to which lethal
bacterial infections became curable.
Soon after the emergence of antibiotic
treatment, the first microorganisms that
were resistant to them appeared. Today,
antibiotic resistance is one of the biggest
problems of mankind. (World Health
Organization, WHO, 2011). In many
countries, the annual use of antibiotics
in veterinary medicine is far superior
to the use of antibiotics in human
medicine. As a result of metaphylaxis
and prophylaxis in veterinary medicine,
even healthy animals are continually
exposed to large amounts of antibiotics.
Microorganisms derived from animals
are thus subjected to selective pressure,
which leads to the survival of only
antibiotic-resistant bacteria. (WHO,
2011). Food of animal origin allows
direct contact between the microflora
of the digestive tract of humans and
animals and is one of the most important
ways of spreading resistance between
populations of humans and animals.
From the aspect of food safety, beside
resistant pathogenic microorganisms,
commensal microorganisms that can
serve as a reservoir for antibiotic
resistance gene, are also important.
(European Food Safety Authority
EFSA, 2008). The products obtained

from raw meat and milk are especially
incriminated due to the absence of
thermal treatment, enabling the survival
of a large number of microorganisms
in them (Mathur and Singh, 2005).
Resistance to antibiotics can be inborn
or acquired. Inborn resistance is an
inherent feature of the species or
genus and has no significant role in the
dissemination of resistance among the
populations of microorganisms. The
acquired resistance to antibiotics is
specific only to certain strains within a
generally susceptible species or genus
and can be caused by mutations on
existing genes or by acquisition of new
genes by lateral transfer (Ammor et al.,
2007). Inborn resistance and antibiotic
resistance resulting from mutations
are not important in non-pathogenic
microbial species because they have no
role in spreading resistance. Resistance
obtained by lateral gene transfer carries
the greatest risk for the spread of genetic
determinants of resistance to susceptible
microorganisms (Devirgiliis et al., 2011).
Tracing resistance to pathogenic and
commensurate microorganisms through
thefood chainis oftheutmostimportance
for understanding and predicting the
emergence and spread, as well as for
planning adequate measures to prevent
further dissemination of resistance to
antibiotics. In order to successfully
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monitor resistance to bacteria isolated
from food, to determine its nature and
to evaluate the ability to transfer to
susceptible bacteria, it is necessary

to apply the appropriate methods of
antibiotic resistance testing.

METHODS FOR TESTING RESISTANCE TO ANTIBIOTICS

In examining the presence of
resistance in microorganisms isolated
from food, the phenotypic and genotypic
methods are used. First, phenotypic
resistance is determined using a
qualitative or quantitative method. If
evidence of phenotypic resistance, which
could be a consequence of lateral gene
transfer , is found in the isolates then it
is necessary to determine the presence
of genes which encode resistance.

Qualitative methods for detection
of resistance to antibiotics

Disk diffusion method is the
most frequently wused qualitative
method for determining resistance
in microorganisms. A disk diffusion
method is performed by applying an
inoculum containing approximately 1-2
x 108 log CFU / mL of the examining
microorganism to the surface of the
Petri dish with the appropriate nutrient
medium, and a filter-paper disk,
impregnated with the compound to be
tested, is then placed on it. The results
are read after 16-24h by measuring
the growth inhibition zone of the
examined microorganism (Jorgensen
and Ferraro, 2009). Although the disc
diffusion method is most often used one
in clinical isolates because it is cheap,
simple and well-standardized, it is not
suitable for determining resistance to

microorganisms isolated from food
because there is no possibility of
quantification of the results. Isolates
based on the size of zone inhibition
can only be classified as susceptible or
resistant (EFSA, 2012).

Quantitative methods for the
determination of minimal inhibitory
concentrations of antibiotics

Quantitative methods based on the
determination of minimal inhibitory
concentration are recommended for
testing resistance to bacteria isolated
from food. (Minimal Inhibitory
Concentration — MIC) (EFSA, 2008;
EFSA, 2007; EFSA, 2012) The minimum
inhibitory concentration is the lowest
antibiotic concentration that has the
ability to inhibit microorganism growth
under precisely defined conditions
(Wiegand et al., 2008). There are
several methods for determining MIC
values, such as agar dilution method,
broth dilution method, E-tests, and
more recently automated instrumental
systems (Jorgensen and Ferraro, 2009).

In the agar dilution method, a
certain concentration of antibiotics is
added directly to the agar, and then the
examined microorganism is deposited
on its surface. Results are based on the
presence or absence of microorganism
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growth on agar surface after incubation
(Wiegand et al., 2008). For the broth
dilution method, a liquid medium is
used with the addition of antibiotics at
a precisely determined concentration to
determine the presence of resistance. The
method of macrodilution is performed
in the tubes, and the brothvolume
into which the microorganism and the
antibiotic are added should be greater
than 2 mL. Although the macrodilution
method is the first method developed to
determine the MIC value it is no longer
in use because it is more demanding and
more expensive than the microdilution
method (Jorgensen and Ferraro, 2009).

The microdilution method for
determining the MIC values involves
the use of microtitration plates, with
the total volume in the well plate not
exceeding 500 pL (Wiegand et al., 2008).
Microtitration plates have standard
8 x 12 well configuration allowing 8
antibiotics in 12 concentrations, or
12 antibiotics in 8 concentrations to
be tested.Antibiotic concentrations in
the tubes or microtitration plates are
usually in a series of double dilutions
(e.g., 1, 2, 4, 8, etc. pg antibiotics / mL
substrate) Microdilution plates can
be made directly in a laboratory, but
commercial plates with wells containing
dehydrated antibiotics at appropriate
concentrations are also available.
Concentrations of antibiotics that are
put into microtitration plate wells are
prescribed by standards or appropriate
guidelines (Jorgensen and Ferraro,
2009).

The results of the macrodilution
method are interpreted on the basis
of the broth cloudiness and in the
microdilution method they are based
on the presence or absence of the
sediment in the microtitration well. The
smallest concentration of antibiotics in
which there is no visible cloudiness or
sediment formation is the MIC value
for the examined isolate (Jorgensen and
Ferraro, 2009).

E-tests are thin plastic strips on the
back of which antibiotics are applied in
growing concentrations. On the other
side, there is a scaling with numbers
that indicate antibiotic concentrations.
E-tests are placed on the surface of a
suitable agar previously inoculated with
the examining microorganism. MIC
values are read as the point where the
growth inhibition ellipse intersects the
MIC scale on the strip. E-tests are simple
and easy to perform, but they are not
used in routine tests of food isolates
since the price of such tests is very high
(Jorgensen and Ferraro, 2009).

Recently, semi-automated
and automated methods for the
determination of MIC values have been
developed, such as MicroScan WalkAway
(Siemens  Healthcare  Diagnostics),
BD Phoenix Automated Microbiology
Diagnostics (BD Diagnostics), Vitek
2 System (bioMerieux) and Sensititre
Aris 2X (Trek Diagnostic Systems)
Automated methods allow rapid and
standardized reading of results, but their
use is still limited to clinical isolates
(Jorgensen and Ferraro, 2009).
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Specificity of resistance testing
on antibiotics in microorganisms
isolated from food

Microorganisms isolated from food
are different from clinical isolates, so the
resistance monitoring methods differ
from the methods applied in clinical
practice. Determination of resistance
of a strain isolated from food is based
on microbiological (epidemiological)
MIC limit values, unlike clinical isolates
for which resistance determination is
based on clinical limit values (EFSA,
2008a). Microbiological limit values
are set in relation to the distribution of
MIC values in the bacterial population,
and strains whose MIC values differ
significantly from the distribution
of MIC values within that species or
genus are labeled as microbiologically
resistant. Microorganisms that are
microbiologically susceptible are not
genetic carriers which encode the
acquired resistance, whether it is a
consequence of mutation or is caused by
lateral gene transfer.

In contrast to microbiological
limit values, clinical limit values are
aimed at examining the possibilities
of treating a bacterial infection with
an antibiotic, taking into account
clinical studies of efficacy, antibiotic
dosing, pharmacodynamics and
pharmacokinetics. When reading the
results with microbiological limit values,
there are only categories of resistance
and susceptibility in microorganisms,
but not intermediate sensitivity /
resistance (Silley, 2012).

Resistance  monitoring programs
for bacteria isolated from food set
monitoring of resistance in Salmonella
and Campylobacter as a minimum
condition (WHO, 2011). In addition to
these two genotypes, Escherichia coli
was most commonly included as a marker
of Gram negative commensal microflora
and Enterococcus spp. as a marker of
Gram positive commensal microflora
(Founou et al., 2016; WHO 2011).
According to the recommendations of the
European Food Safety Authority (EFSA),
testing of MIC values in Salmonella spp,
Campylobacter spp, Enterococcus spp.
and E. coli should be done according
to instructions issued by the European
Comittee on Antimicrobial Susceptibility
Testing (EUCAST, 2017), but only using
quantitative methods for determining
MIC values, since the disk diffusion
method is marked as inadequate
(EFSA, 2008b; EFSA, 2007). The most
commonly used medium for antibiotic
resistance testing is Miler-Hinton Broth.
However, it is not adequate for testing
Campylobacter susceptibility because
of their nutritional requirements. In
this case Cation-Adjusted Mueller
Hinton Broth (CAMHB) supplemented
with 2-5% lysed horse blood is used.
(McDermott et al., 2005).

According to EFSA recommendations,
all microorganisms deliberately added to
food, most commonly as a culture starter
or probiotics, should not be the carriers
of genetic determinants of resistance
acquired by lateral gene transfer (EFSA,
2012). Since microorganisms are not
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clinically relevant, the methods for
testing MIC values are not given in
the EUCAST guidelines. The problem
of antimicrobial resistance testing in
lactic acid bacteria was to select an
adequate nutrient medium for bacterial
growth in microtiter plates, as the
commonly used Miller-Hinton and
Iso-Sensitest broths did not prove to
be adequate for all members of this
group of microorganisms (Huys et al. ,
2002) Recently, the ISO standard (ISO
10932, 2010) was issued, which defines
the method for testing antimicrobial
resistance in bifidobacteria and lactic

acid bacteria, except enterococcus. The
medium used to grow microorganisms
in microtitration plates is a Lactic
Acid Bacteria Susceptibility Medium
(LSM) consisting of 90% Iso- Sensitest
Broth with addition of 10% MRS Broth
(de Man, Rogosa, Sharpe - MRS). For
testing resistance of Bifidobacterium
spp. LSM, the cysteine (International
Standardization  Organization  ISO
10932, 2010) is also added.

Table 1 shows the basic antibiotic
groups to investigate the resistance
of microorganisms isolated from food
according to EFSA recommendations

Table 1 - Standard antibiotics (EFSA 2007, EFSA 2008b, EFSA 2012)

Microorganism

Antibiotics

Salmonella spp, E. coli

Cefotoxime, nalidic acid,
ciprofloxacin, ampicillin, tetracycline,
chloramphenicol, gentamicin,
streptomycin, trimethoprim,
sulfonamides

Campylobacter jejuni and
Campylobacter coli

Erythromycin, ciprofloxacin,
tetracycline, streptomycin, gentamicin

Enterococcus faecalis and Enterococcus
faecium

Streptomycin, gentamicin,
chloramphenicol, ampicillin,
vancomycin, erythromycin, kvinpristin
/ dalfopristin, tetracycline, linezolid

Lactic acid bacteria and
Bifidobacterium spp.

Ampicillin, vancomycin, gentamicin,
kanamycin, streptomycin,
erythromycin, clindamycin, tetracycline
and chloramphenicol

*If Enterococcus faecium is added to the food in addition to these antibiotics, the

resistance to tylosin should also be tested
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Determination of antibiotic

resistance gene

If the MIC value for some strain is
above the set limit values, it is necessary
to further investigate the nature of the
resistance to determine whether it is
inborn or acquired.

Inborn resistance is the specificity
of the species or genus and accurate
identification of the taxonomic
affiliation of the strain tested is a basic
precondition for determining the genetic
basis of resistance (EFSA, 2008a). The
genetic basis of resistance is determined
by molecular-biological methods,and
the most commonly used is PCR
technique. All the data necessary for the
design of primers, the data on resistance
genes most commonly present in the
examined microorganism, as well as data
on their localization and transferability

can be found in literature. There are also
databases , such as the ARDB (Antibiotic
Resistance Database) database (ARDB,
2017), on antibiotic resistance genes
available on the Internet.

Although PCR is the most commonly
used method for proving the resistance
gene, it requires the isolation of bacteria
and their DNA and depends on the culture
techniques and their limitations in
bacterial isolation,that is why advanced,
culture- independent techniques, such as
meta-genomics and sequencing of whole
genome are being improved. (Founou
et al., 2016) These methods enable
the detection and testing of the whole
bacterial genome, the identification of
new genetic traits and the identification
of unknown genetic elements, which is
not possible with PCR methods .(Allen,
2014; Thanner, 2016).

CONCLUSION

The great importance of monitoring
antibiotic resistance through the food
chain is becoming more and more
recognized throughout the world.
Resistance monitoring programs for
microorganisms isolated from food
are constantly being developed and

improved. Continuous advances in
methods applied to food isolates are
necessary in order to obtain the relevant
results that are required for antibiotic
resistance to be predicted, monitored
and to prevent its spread in time.
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Kratak sadrzaj: PonasSanje je najbrzi nacin adaptacije zivotinje na promene koje
se deSavaju u njenom organizmu ili u zivotnom okruzenju. To je vidljiva osobina
zivotinja. Zbog toga, veterinari mogu da koriste znanje o ponasanju zivotinja u
mnogim granama veterinarske prakse i veterinarske nauke. Poznavanje ponasanja
zivotinja moze biti od pomo¢i u dijagnostici u veterinarskoj praksi. Osim toga, znanje
0 ponasanju Zivotinja moZe se primeniti u svim postupcima postupanja sa Zivotinjama
kao i pri njihovom obuzdavanju, prilikom klini¢ckog pregleda Zivotinja, u procesima
ucenja i obuke zivotinja, u usmeravanju kretanja zivotinja, hranjenju, reprodukciji
i mnogim drugim aktivnostima. Smestajni sistemi i sve vrste obogacivanja uslova
Zivota su proizvodi primenjene nauke o ponasanju zivotinja. Veterinari moraju znati
kako da sprece poremecaje u ponasanju i patoloske oblike ponasanja Zivotinja, ali
i kako da ih lece. Takode, oni treba da znaju kako da primene znanje o ponasanju
zivotinja za dobrobit zivotinja. Dalje, nauka o ponasanju zivotinja moze se primeniti
u kontroli divljaci i Steto€ina na humaniji nacin, kao i u o¢uvanju vrsta. Postoje
mnogi drugi primeri primene znanja o ponasanju Zivotinja u veterinarskoj praksi, a
koji su izneti u ovom radu.

Kljucne reci: zivotinja, ponasanje, primena, veterinarska praksa

UuvoD

Veterinari dolaze u kontakt sa upotrebnim kategorijama zivotinja. Oni
razli¢itim vrstama Zivotinja i razli¢itim spreCavaju pojavu bolesti i povreda i

* Rad je prezentovan na 22. GodiSnjem savjetovanju doktora veterinarske medicine
Republike Srpske/BiH sa medunarodnim uce$¢em, Tesli¢ 2017. godine
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lece Zivotinje koje sluze za proizvodnju
hrane i prirodnih vlakana (farmske
zivotinje), sluzbene/radne Zivotinje i
Zivotinje koje se transportuju. Veteri-
nari pregledaju Zivotinje prispele na
klanice i one koje se nalaze u sto¢nim
depoima klanica, Zivotinje koje coveku
sluze za drustvo, zabavu i razonodu
ili one koje covek gaji u kuénim
kolekcijama, kao $to su akvarijumske
ribice, gmizavci, vodozemci, pa cak i
insekti (,hobisti“). Veterinari brinu
i o dobrobiti i zdravlju Zivotinja koje
se drze u zooloskim vrtovima, u
naucnim instucijama i u pogonima za
proizvodnju bioloskih preparata i lekova
ili u obrazovnim institucijama. Brinu i
o0 zdravlju napustenih ku¢nih ljubimaca
kao i o zivotinjama u prihvatiliStima i
pansionima, o divljim Zivotinjama na
prirodnim staniStima, a u novije vremeio

Zivotinjama koje se koriste u zooterapiji,
odnosno animoterapiji (Fine, 2010).
Takode, veterinari su Cesto u situaciji da
predlazu odluke o kraju Zivota Zivotinja
(Knesl i sar., 2017). Ono zarad Cega se
mnogi vlasnici zivotinja zabrinu i posete
veterinara jeste promena ponasanja
zivotinja. Upravo ta promena ponasanja
Zivotinja inicijalni je okida¢ za prvi
kontakt klijenta i veterinara. U 21. veku,
kada je uveliko utemeljena posebna
oblast veterinarske medicine, koja se
zove bihevioristika Zivotinja (americka
terminologija), etologija  (evropska
terminologija) ili ,primenjena nauka o
ponasanju zivotinja“, od veterinara se
zahteva da je dobro poznaju i primenjuju
u svakodnevnoj praksi. Njena primena
je od neprocenjivog znacaja za ugled,
konkurentnost i odrZivost veterinarske
struke (Loftus, 2014).

STA JE TO PONASANJE ZIVOTINJA?

Postoje razlicite definicije ponasanja
zivotinja. PonaSanje je fizioloSka
funkcija organizma, koja je za razliku od
ostalih funkcija jasno uocljiva, odnosno
vidljiva. To je svaka aktivnost Zivotinje
ukljucujudi i fazu mirovanja i sna. Za
razliku od ostalih fizioloskih funkcija,
ponasanje moZe da se procenjuje
golim okom. Kao i sve ostale fizioloSke
funkcije, tako i ponasanje Zivotinja ima
svoju ulogu, ali ima i svoj uzrok i svoj
povod, kao i cilj.

Ponasanje je najbrzi nacin reagovanja
i prilagodavanja zivotinje na promene u
zivotnomokruzenjuiunutarorganizma,a
zato i najbrzi nacin o¢uvanja homeostaze

i celovitosti organizma. Na kraju, cilj
ponasanja je postizanje osecanja fizicke i
termicke udobnosti, prijatnosti, fizickog
i emocionalnog zadovoljstva zZivotinje.

Uzrok ponaSanjaje uvek neka potreba,
odnosno nagon Zivotinje. Aktivirani
nagoni prouzrokuju odredene emocije,
a emocije rezultiraju odredenim oblikom
ponasanja zivotinja. Nagoni su pokretaci
devet osnovnih oblika ponasanja
Zivotinja, a to su: reaktivnost, odmor
i san, kretanje, higijensko ponasanje
(obuhvata higijenu koze i pokrivaca koze,
higijenu staniSta, higijenu mladunaca,
defeciranje i uriniranje, termoregulaciju
i protezanje), hranidbeno, teritorijalno,
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istrazivacko (ukljucuje igru), socijalno
(ukljucujekomunikaciju)ireproduktivno
ponasanje (ponasanje u toku polnog
nagona, ljubavna predigra, kopulacija,
ponasanje u toku graviditeta kod Zenki,
partus kod Zenki, roditeljsko ponasanje,
odnosno nega mladunaca). Nagoni kod
Zivotinja ne mogu da se potisnu. Oni su
urodeni i Zivotinje su uvek motivisane da
ih zadovolje. Na¢inom drZanja, Zivotinja
moze jedino da se spre¢i da zadovolji
nagon na prirodan nacin, zapravo
primenom neke od fizioloskih strategija.
Onemogucavanjem Zivotinje da zadovolji
svoje urodene potrebe na prirodan nacin
nastaju oskudevanja, a njihova posledica
su frustracije. Posledica dugotrajnih
frustracija je promena ponasanja
Zivotinje u pravcu razvoja poremecaja
i patoloskih oblika ponasanja. Nagoni
ne mogu da se programiraju niti da
se reprogramiraju. Oni su geneticki
nefleksibilni i zajedni¢ki su za sve
Zivotinje.

Povod ponasanjasuuvek stimulusikoji
se uglavnom nalaze u spoljasnjoj sredini,
ali mogu da poticu i iz samog organizma.

Po svojoj prirodi, stimulusi mogu da
budu bioticki i abioti¢ki. Zato ponasanje
jasno pokazuje kako se zZivotinja ophodi i
kako reaguje u odnosu na druge Zivotinje
iste vrste, razlicitih vrsta, na ¢oveka ili na
predmete, materijale i pojave u Zivotnom
okruzenju.

Kod svih Zivotinja postoje i visoko
specifi¢niobliciponasanjakarakteristi¢ni
za vrstu. Zato je obaveza Coveka da,
zivotinjama koje drZi u zatocCeniStvu,
obezbedi sve wuslove neophodne za
ispoljavanje visoko specificnih oblika
ponasanja.

Posledica ponasanja je uvek neka
emocija, osecanje, odnosno iskustvo
zZivotinje. Povezujuci posledice ponasanja
sa obavljenim aktivnostima, koje su
ucCestvovale u ispoljavanju ponasanja,
Zivotinje uce.

Za veterinare je bitno da poznaju
emocije zivotinja. Emocije nisu uocljive
kao S$to je to ponaSanje. PonaSanje je
indikator emocija (Beausoleil i sar.,
2016).

PRIMENA ZNANJA O PONASANJU ZIVOTINJA U VETERINARSKOJ
PRAKSI

Pred kraj proSlog veka istaknuto je
da obrazovanje iz veterinarske medicine
zahteva da bihejvioristika ili etologija
(primenjena nauka o ponaSanju
Zivotinja) u veterinarskom kurikulumu
bude zastupljena slicno kao anatomija
i fiziologija (Sambraus, 1998). Nemacki
naucnik (Sambraus, 1998) je istakao
znacaj etologije. U mnogim zemljama
Evropske unije ovakvo obrazovanje je

zazivelo, dok je u zemljama balkanskog
regiona izostalo.

Znanje o0 ponaSanju Zzivotinja
primenjivo je u svim oblastima
veterinarske struke u kojima

veterinari dolaze u direktan kontakt
sa zivotinjama. Prvo, primenjivo je u
nacinu prilazenja i obuzdavanja svih
upotrebnih kategorija Zivotinja. Ovde
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se znanje iz bihejvioristike primenjuje
radi eliminisanja ili minimalizovanja
primene fizicke sile u ovim aktivnostima
i radi njihovog humanizovanja.
Takode, hvatanje, odnosno sakupljanje
nezbrinutih ~ Zivotinja na  javnim
povrSinama sve viSe zahteva da se
napuste grubi i neestetski nacini i da se
primene nacini bez fizicke sile. Znanje
0 ponaSanju Zivotinja primenjuje se
i radi bezbednosti rada i smanjivanja
povreda veterinara, pomocnog osoblja,
drugih zivotinja ili same Zivotinje sa
kojom je veterinar, vlasnik ili radnik u
kontaktu. Danas se zahteva da veterinar
dobro poznaje bihejvioristiku Zivotinja,
odnosno ponasanje koje one izraZavaju
,govorom tela“ ili grimasama (Di
Giminianii sar., 2016). Ove ,namere" su
posledica odredenih emocija, a njihov
rezultat ¢e biti odredeni oblik ponasanja
Zivotinja. Govor telaigrimase neophodno
je poznavatiiu dijagnosticke svrhe, kako
bi se Zivotinja oslobodila neprijatnih
emocionalnih stanja prouzrokovanih
bolestima ili povredama, a posebno
bola (Di Giminiani i sar., 2016). Takode
ih je neophodno poznavati i prilikom
obucavanja, odnosno vaspitavanja i
treninga Zivotinja (Hasegawa i sar.,
2014), kako bi se blagovremeno uocilo $ta
Zivotinja uci lako, tesko, $ta je zbunjuje,
plasi, privlac¢i, motiviSe, a Sta odbija
prilikom savladavanja novih vestina.
Neprijatno emocionalno iskustvo kao
$to je bol, gotovo uvek je povezano sa
smanjenjem bihejvioralnih aktivnosti
(Viscardi i sar., 2017).

Znanja 0 ponaSanju Zzivotinja
primenjiva su i u oblasti veterinarske

preventive kod svih  upotrebnih
kategorija  Zivotinja.  Projektovanje
i uredenje smeStajnog prostora za

zivotinje treba da bude u skladu sa
oblicima ponasSanja karakteristicnim za
vrstu zivotinje (Balcombe, 2006). Zato i
nije iznenadenje $to u danasnje vreme
legislativa obavezuje na smestaj Zivotinja
u ,naturalizovanom“ okruzenju kao S$to
je, na primer, slucaj kod nosilja kojima
je u kaveznom sistemu drzanja potrebno
obezbediti materijal za penjanje,
skrivanje, ceprkanje i ,perusanje“ (Costa
isar., 2012).

Poznavanje ponasanja Dbitan je
»dijagnosticki alat” u rukama veterinara.
Kod pojedinih bolesti, zivotinja prestaje
da ispoljava odredene oblike ponasanja
ili ih svodi na minimum ili ih ispoljava
na neki drugi nacin, u neko drugo vreme
i na nekom drugom mestu u poredenju
sa uobicajenim. Ovo sve moze da ukaze
na prisustvo bolesti akutnog toka, a cilj
promene ponasanja u pravcu smanjenja
njegovog intenziteta je upravo Cuvanje
energije, preko potrebne za ,borbu“
organizma sa uzrokom bolesti i
ubrzanjem ozdravljenja. U hroni¢cnom
toku bolesti, odredeni fizioloski oblici
ponasanja ispoljavaju se na drugaciji
nacin od uobicajenog, a sve u pokusaju
zivotinje da dostigne stanje udobnosti,
prijatnosti, sigurnosti i zadovoljstva.
Takode, poznavanje ponasanja
omogucava veterinarima da kod zivotinja
blagovremeno prepoznaju  prisustvo
neprijatnih telesnih i emocionalnih
iskustava kao $to su anksioznost, strah,
stres, konflikti, frustracije, dosada,
patnja i druga. U suprotnom, mogu da se
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razviju primarni poremecaji i patoloski napusStanja, poklanjanja, prepustanja

oblici ponasanja (Kiley-Worthington,
1977:Mench, 1998). Sekundarni
poremecaji i patoloski oblici ponaSanja
su uvek sastavni deo simptomatologije
poremecaja funkcije nekog drugog
organa ili organskog sistema.

Postupak ocene dobrobiti Zivotinja
zasnovan je na vrednovanju direktnih
i indirektnih pokazatelja, od kojih je
ponasanje Zivotinja direktan pokazatelj
(Fraser, 2009), pri ¢emu se u obzir uzima
ispoljenost fizioloskih oblika ponasanja,
prisustvo poremecaja i patoloskih oblika
ponasanja, ponasanje prema Zivotinjama
u okruzenju i ponasanje Zivotinja prema
ljudima.

Na kraju, znanje o ponasanju moze
da se primeni ne samo u oceni dobrobiti
vec¢ i u obezbedenju dobrobiti zivotinja i
predstavljajedan od glavnih mehanizama
njenog obezbedenja. Dovoljno je
poznavati S$ta Zivotinja oseta i ¢emu
Zivotinja teZi, odnosno $ta joj je potrebno
na osnovu njenog ponasanja i obezbediti
joj to S$to joj nedostaje ili cemu tezi, pa
da je dobrobit ve¢ zadovoljena (Dawkins,
2004).

Brojni su primeri koji pokazuju
kako se sve danas u sklopu savremene
veterinarske prakse primenjuje znanje
0 ponasanju Zivotinja. Veterinari koji
poznaju ponasanje Zzivotinja bolji su
klini¢ari i u mogucnosti su da uticu na
oc¢uvanje veze vlasnik-zivotinja, $to je
od posebnog znacaja za Zivotinje koje se
koriste kao ku¢ni ljubimci. Poremecaji
i patoloski oblici ponaSanja kuénih
ljubimaca c¢esto su uzrok njihovog

prihvatiliStima, a ponekad i preuranjene
eutanazije. Upravo zato je blagovremena
dijagnostika i tretman poremecaja i
patoloskih oblika ponasanja, klju¢na
za ocuvanje veze koja postoji izmedu
vlasnika i ku¢nih ljubimaca (Seibert and
Landsberg, 2008; Sherman and Serpel,
2008).

Bihejvioristi mogu da rade u klini¢koj
praksi, ali mogu da rade i u oblastima
koje pokriva primenjena veterinarska
nauka. Tako u klinickoj praksi mogu da
rade sa kuc¢nim ljubimcima, sportskim
zivotinjama, farmskim Zivotinjama,
zivotinjama u zoolo$kim vrtovima i
oglednim zivotinjama. U klini¢koj praksi,
zadatak bihejviorista je da sprece pojavu
poremecaja i patoloskih oblika ponasanja
Zivotinja, da na vreme prepoznaju pojavu
ovih poremecajaida znaju daih tretiraju.
Ukoliko veterinari nisu u moguc¢nosti da
sami tretiraju poremecaje i patoloske
oblike ponaSanja, njihova duZnost je
da upute klijente kod stru¢njaka koji
ovo znaju. Svakako, medikamentozni
tretman poremecaja i patoloskih
oblika ponasSanja Zivotinja, odnosno
psihofarmakoterapija, i dalje je u rukama
veterinara. Psihofarmakoterapija
se jedino ne sprovodi kod farmskih
zivotinja koje sluZe za proizvodnju hrane
za ljude. Medutim, kod svih nabrojanih
upotrebnih kategorija zivotinja,
veterinari mogu da rade na preveniranju
poremecajaipatoloskih oblikaponasanja.
Jedan od nacina je ,obogacivanje uslova
zivota“ Zivotinja. Obogacivanje uslova
zivota sprovodi se kod svih upotrebnih
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kategorija Zivotinja. Ovo je strategija
koja podrazumeva umetanje takvih
materijala, supstrata, predmeta i pojava
u Zivotni prostor Zzivotinja, a koje ih
motiviSu na ispoljavanje boljih ili losijih
oblika ponasanja za vrstu, ali i na ostale
bihejvioralne aktivnosti. Obogac¢ivanje
uslova zivota moze biti strukturno,
hranidbeno, manipulativno, senzorno
(vizuelno, auditorno, gustatorno,
taktilno) i socijalno (Young, 2003).

Bihejvioristika je primenjena
nauka. Zato veterinari mogu da rade
na poslovima koji se odnose i na

humanu kontrolu Stetocina (Clapperton,
2006;Meerburg i sar., 2008), divljih
zivotinja ili na biokonzervaciju (Berger-
Tal i sar., 2016;Caro, 2016;Merrick and
Koprowski, 2017) i na pronalaZenje novih
lekova (Hanell and Marklund, 2014). U
novije vreme, bihejvioristika i etologija
dobijaju sve viSe mna tehnoloSkom
znacaju i drugacije se zovu ,bihejvioralni
inZenjering". Medutim, primarno
mesto bihejvioristike i etologije ostace
obezbedenje dobrobiti Zivotinja i coveka
(Marchant-Forde, 2015).

ZAKLJUCAK

Poznavanje ponasanja Zivotinja i
primena u svakodnevnom radu garantuju
ugled i odrzivost veterinarske struke.

Primena znanja o ponasanju zivotinja
u predklinickoj i klinickoj praksi moze da
se primeni i u veterinarskoj preventivi,
u osmis$ljavanju i izgradnji smestajnih
sistema za razlicite upotrebne kategorije

Zivotinja, u svim postupcima sa
zivotinjama kao i u oceni i obezbedenju
dobrobiti Zivotinja.

Neophodno je da kod nas
bihejvioristika ili etologija Zivotinja bude
dio kurikuluma u obrazovanju doktora
veterinarske medicine, kao $to je to u
zapadnim zemljama.
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Abstract: Behavior is the fastest way of animal adaptation to changes that occur in its
organism or in its habitat. This is a visible feature of animals. Therefore, veterinarians
can use knowledge about animal behavior in many branches of veterinary practice and
veterinary science. Knowledge of animal behavior can also be helpful in diagnostics
in veterinary practice. In addition, knowledge of animal behavior can be applied in
all animal treatment procedures, as well as in their restraint, animal examination,
animal learning and training, animal tracking, feeding, reproduction and many other
activities. Accommodation systems and all kinds of enrichment of living conditions
are part of applied animal behavior science. Veterinarians must know how to prevent
behavioral disorders and pathological forms of animal behavior, but also how to
treat them. They also need to know how to apply knowledge about animal behavior
to protect animal welfare. Applied animal behavior science can be applied to control
game animals and pests in a more humane way as well as in conservation of species.
There are many other examples of application of animal behavioral knowledge in
veterinary practice, as it is presented in this paper.

Key words: animal, behavior, application, veterinary practice

INTRODUCTION

Veterinarians come in contact with and they treat animals used for the
different animal species and different production of food and natural fibers
categories of animal use. They prevent (farm animals), official / working
the occurrence of illnesses and injuries animals and animals being transported.

*

The paper was presented at the 22nd Annual Consultation of the Doctor of Veterinary
Medicine of Republika Srpska / B&H with international participation, Teslic in 2017
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Veterinarians examine animals that have
arrived at slaughterhouses and those
found in cattle depots, animals used
for fun, entertainment and recreation,
or those kept by people in private
collections such as freshwater aquarium
fish, reptiles, amphibians, and even
insects (“ hobbyists “). Veterinarians
also take care of welfare and health of
the animals which are kept in zoos, in
scientificinstitutions and in plants for the
production of biological preparations and
medicines or in educational institutions.
They also treat abandoned pets, as well
as animals in shelters, wildlife in natural
habitats, and more recently animals used
in zootherapy and animotherapy (Fine,
2010). Also, veterinarians are often in a
position to propose decisions about the

end of life of animals (Knesl et al., 2017).
A change in behavior of animals is the
reason why many owners get worried
and visit a veteranian. This change in
animal behavior is the initial trigger for
the first contact between a client and a
veterinarian. In the 21st century, when
a special area of veterinary medicine,
called animal behaviorism (American
terminology), ethology  (European
terminology), or “Applied Animal
Behavior Science” is widely established,
a veterinarian is required to know it well
and apply it in everyday practice. Its
application is of undeniable significance
for the reputation, competitiveness
and sustainability of the veterinary
profession (Loftus, 2014).

WHAT IS ANIMAL BEHAVIOR?

There are different definitions
of animal behavior. Behavior is the
physiological function of an organism,
which, unlike other functions, is clearly
visible. It is every activity of the animal,
including phases in which animals
are inactive or sleeping. Unlike other
physiological functions, behavior can
be estimated by the naked eye. Like all
other physiological functions, animal
behavior has its role, but it also has its
cause and reason as well as its goal.

Behavior is the fastest way of animals’
responding and adjusting to changes
in the living environment and within
the body, and therefore it's the fastest
way of preserving the homeostasis and
the integrity of the organism. The goal

of behavior is to achieve the feeling
of physical and thermal comfort,
pleasantness, physical and emotional
satisfaction of the animal.

The cause of behavior is always
a necessity, that is an instinct of an
animal. Activated instincts cause
certain emotions, and emotions result
in a certain form of animal behavior.
Instincts are driving forces of the nine
basic forms of animal behavior, such as:
reactivity, rest and sleep, movement,
hygienic behavior (includes hygiene
of skin and skin covering, hygiene of
habitats, hygiene of cubs, defecation
and urination, thermoregulation and
stretching), feeding, investigative and
territorial behaviour (including game),
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social (including communication) and reproductive behavior (behavior including

sexual instinct, foreplay, copulation,
pregnancy behavior in females, partus,
parental behavior, or nursing). Animal
instincts can not be suppressed. They
are innate and animals are always
motivated to satisfy them. By the way in
which it is kept, an animal can only be
prevented from satisfying the instinct in
a natural way, that is by applying some
of the physiological strategies. Disabling
animals to meet their innate needs in
a natural way causes scarceness which
leads to frustration. The result of long-
term frustration is the behavioral change
in the direction of the development of
disorders and pathological behaviors.
Instincts cannot be programmed or
reprogrammed. They are genetically
inflexible and are common to all animals.

The cause of behavior is always
the stimulus that is mostly found in
the outer environment, but it can also
come from the body itself. By their
very nature, stimuli can be biotic and

abiotic. Consequently, behavior clearly
shows how an animal responds to other
animals of the same species, different
species, people or objects, materials, and
phenomena in its living environment.

There are also highly specific forms
of behavior that are typical for certain
species. That is why a man who keeps
animals in captivity has to provide all
necessary conditions for the expression
of highly specific forms of behavior.

The consequence of behavior is
always some kind of emotion, feeling, or
experience of an animal. Animalslearn by
associating the consequences of behavior
with the activities that have taken
part in the manifestation of behavior.
It is important for veterinarians to
understand animal emotions. Emotions
are not as noticeableas as behavior.
Behavior is an indicator of emotions
(Beausoleil et al., 2016).

APPLICATION OF KNOWLEDGE ABOUT ANIMAL BEHAVIOR IN
VETERINARY PRACTICE

Towards the end of the last century
it was pointed out that behavioralism
or ethology (applied animal behavior
science) should be represented in
veterinary medicine curriculum similarly
to anatomy and physiology (Sambraus,
1998). The German scientist (Sambraus,
1998) emphasized the importance of
ethology. In many countries of the
European Union, curriculum reform
has come to life, while that still hasn't

happened in the countries of the Balkan
region.

Knowledge about animal behavior
is applicable in all areas of veterinary
profession in which veterinarians come
into direct contact with animals. First, it
is applicable in the way of approaching
and restraining in all categories of
animal use. In these cases knowledge
of behavioralism is applied to eliminate
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or minimize the application of physical
force in these activities and in their
humanization. Also, harsh and non-
aesthetic methods of catching stray
animals in public places should be
replaced with methods without physical
force. Knowledge about animal behavior
is also applied for the safety of work and
the reduction of injuries to veterinarians,
staff, other animals or the animal with
which the veterinarian, owner or worker
is in contact. Today, a veterinarian is
required to understand animal behavior
that is, the behavior expressed by “body
language” or grimaces (Di Giminianii
sar., 2016). These “intentions” are
the result of certain emotions, and
their result will be a specific form of
animal behavior. It is also necessary
to know body language and grimaces
for diagnostic purposes in order to free
the animal from unpleasant emotional
conditions caused by illnesses or injuries,
especially the pain (Di Giminiani et al.,
2016). It is also necessary to know them
during training of animals (Hasegawa
et al.,, 2014) in order to see what is
easy or difficult for animals to learn,
what they find confusing, frightening,
attractive, motivational, and what
keeps them from gaining new skills.
An unpleasant emotional experience
such as pain is almost always associated
with a reduction in behavioral activity
(Viscardi et al., 2017).

Knowledge about animal behavior is
also applicable in the field of veterinary
prevention in all categories of animals
use. The design of animal fascilities

should be in accordance with the
behavioral forms typical for certain
animal species (Balcombe, 2006).
Therefore, it is not a surprise that
today’s legislation requires animals to be
housed in a “naturalized” environment,
as is the case of laying hens, for example,
a cage should be equipped with things
for climbing, hiding, poking about and
plucking. (Costa et al, 2012).

Behavioral knowledge is an important
“diagnostic tool” in the hands of a
veterinarian. In certain animal diseases,
the animal ceases to manifest certain
forms of behavior or minimizes them
or exposes them in some other way, at
some other time, and in some other place
compared to the usual. This can all point
to the presence of acute disease, and
the goal of changing behavior is simply
saving the energy which organism needs
to “fight” with the cause of the disease
and to accelerate the healing. In the
chronic course of the disease, certain
physiological forms of behavior are
manifested in a different way than the
usual one, in the attempt of an animal
to reach the state of comfort, comfort,
safety and satisfaction. Also, knowledge
of animal behavior allows veterinarians
to timely diagnose unpleasant physical
and emotional experiences such as
anxiety, fear, stress, conflict, frustration,
boredom, suffering, etc. Otherwise,
primary disorders and pathological
behaviors may develop (Kiley-
Worthington, 1977; Mench, 1998).
Secondary disorders and pathological
behaviors are always an integral part of
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the symptomatology of another organ or
organ system dysfunction.

Animal welfare assessment is based
on the evaluation of direct and indirect
indicators, of which animal behavior
is a direct indicator (Fraser, 2009),
taking into account manifestation of
physiological behavior patterns, the
presence of disorders and pathological
forms of behavior, behavior towards
animals in the environment, and animal
behavior towards humans.

Behavioral knowledge can be
applied not only in the assessment of
animal well-being but also in ensuring
animal welfare and it is one of the
main mechanisms of its provision. It is
enough to know what an animal needs,
on the basis of its behavior and to ensure
what it is missing, and the well-being is
already achieved (Dawkins, 2004).

Today, there are numerous examples
that show in what ways knowledge about
animal behaviour is applied in veterinary
medicine. Veterinarians who know the
behavior of animals are better clinicians
and are able to influence the preservation
of the owner-animal relationship, which
is of particular importance to animals
used as pets. Disorders and pathological
forms of pets’ behavior are often the cause
of their abandonment, sheltering, and
sometimes premature euthanasia. That
is why timely diagnosis and treatment
of disorders and pathological forms of
behavior is crucial for maintaining the
relationship between owners and pets
(Seibert and Landsberg, 2008; Sherman
and Serpel, 2008).

Behaviorists can work in clinical
practice, but they can also work in areas
covered by applied veterinary science. In
clinical practice they can work with pets,
animals in sports, farm animals, animals
in zoos and experimental animals. In
clinical practice, the task of behaviorists
is to prevent the occurrence of disorders
and pathological forms of animal
behavior, to recognize the occurrence of
these disorders in time and to know how
to treat them. If veterinarians are not
able to treat disorders and pathological
behaviors themselves, their duty is to
guide their clients to experts who know
this. Certainly, the medication treatment
of disorders and pathological behaviors
of animals, or psychopharmacotherapy
is still in the hands of veterinarians.
Psychopharmacotherapy isn't applied to
farm animals used in food production.
However, in all listed animal categories
of use, veterinarians can work on
prevention of disorders and pathological
behaviors. One way is to “enrich living
conditions” of animals. Enrichment of
living conditions is carried out in all
categories of animal use. This strategy
involves placing materials, substrates
and objects into the living space of
animals that motivate animals to show
better or worse behavior for their species,
but also other behavioral activities.
Enrichment of living conditions can be
structural, nutritional, manipulative,
sensory (visual, auditory, gustatory,
tactile) and social (Young, 2003).

Behaviorism is
Therefore,

applied science.
veterinarians can work
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in pest control (Clapperton, 2006;
Meerburg et al, 2008), wildlife
control or bioconversion (Berger-Tal
et al., 2016; Caro, 2016; Merrick and
Koprowski, 2017) and in the search
for new drugs (Hanell and Marklund,
2014). In recent times, behaviourism

and ethology are becoming more and
more technologically important and are
referred to as “behavioral engineering”.
However, ensuring animal welfare will
stay the primary task of behaviourism
and ethology.

CONCLUSION

Knowledge of animal behavior and its
application in everyday work guarantee
the reputation and sustainability of the
veterinary profession.

The application of animal behavior
knowledge in pre-clinical and clinical
practice can also be applied in veterinary
prevention, in designing and building

accommodation systems for different
categories of animal use, in all animal
procedures as well as in assessing and
providing animal welfare.

It is necessary to include behaviorism
or ethology in veterinary medicine
curriculum in our county, as it is the
case in Western countries.
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Kratak sadrzaj: Fazanerije predstavljaju proizvodne objekte poluzatvorenog tipa sa
nekoliko proizvodnih celina koje su ciklicno povezane i u kojima se gaje jedinke
razli¢itih starosnih kategorija. Proizvodne celine c¢ine volijera za mati¢no jato,
prostorija za skladistenje jaja, inkubatorska stanica, prostorije za odgoj mladih fazana
ivolijere saispustima gde se vr$i odgoj fazana do momenta ispusStanja u loviste. Vodeci
racuna o prethodno navedenom, a u cilju postizanja dobrih proizvodnih rezultata,
sa dobijanjem jedinki dobrog zdravstvenog statusa, za uspesnu farmsku proizvodnju
fazanske divljaci, neophodno je kontinuirano sprovodenje biosigurnosnih mera u
svim fazama tehnoloSkog postupka proizvodnje. Jedna od klju¢nih biosigurnosnih
mera, koja se mora kontinuirano sprovoditi u farmskim objektima, jeste dezinfekcija.
U radu je pracen efekat sprovedene dezinfekcije u razli¢itim fazama proizvodnje, na
razli¢itim povr$inama, primenom rastvora preparata na bazi persirc¢etne kiseline i
para formaldehida. Pra¢enjem mikrobioloskog statusa povr$ina u okviru proizvodnih
celina ustanovljena je redukcija ukupnog broja bakterija, gljivica i plesni u manjem
ili ve¢em obimu u zavisnosti od mesta uzorkovanja i vrste proizvodne celine.
Klju¢éne reci: fazanerija, dezinfekcija, persir¢etna kiselina, formaldehid,
mikrobiolo$ki status

* Radje prezentovan na 22. Godi$njem savjetovanju doktora veterinarske medicine Republike
Srpske/BiH sa medunarodnim uc¢e$¢em, Tesli¢ 2017. godine
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bazi persir¢etne kiseline i formaldehida

UvoD

Ocuvanje  brojnosti  fazana u
prirodi, atraktivnost lova fazana, kako
poligonskog tako i lova u otvorenim
lovistima, uslovio je potrebu povecanja
obima proizvodnje na fazanerijama.
UspesSnost farmske proizvodnje
fazana uslovljena je poStovanjem
odredenih ~ tehnoloskih ~ normativa
i kontinuiranim sprovodjenjem
neophodnih biosigurnosnih mera u
skladu sa biosigurnosnim protokolom,
u cilju dobijanja vitalnih jedinki dobrog

zdravstvenog statusa. (Anon, 2012Z;
Dbordevic, 2009)
Fazanerije predstavljaju specificne

farmske objektekoji se sastoje od nekoliko
proizvodnih celina, gde se wunutar
farmskog objekta vrs$i istovremeni uzgoj
jedinki razli¢itih starosnih kategorija.
Sa aspekta zdravstvenog rizika po
jedinke, ovakav nac¢in farmskog uzgoja
fazana predstavlja veliki zdravstveni
rizik, jer se unutar jednog ekonomskog
dvorista nalazi viSe starosnih kategorija,
$to uslovljava potrebu kontinuiranog
sprovodenja biosigurnosnih mera koje
se definiSu biosigurnosnim protokolom,
uz stalno pracenje zdravstvenog statusa
jedinki u razli¢itim fazama proizvodnje
(Pavlovi¢, Floristean, 2004). Ispitivanje
efekata sprovedene dezinfekcije vrseno
je u slede¢im proizvodnim celinama:
volijera za mati¢no jato, prostorija za
skladistenje jaja, inkubatorska stanica,
prostorije za odgoj mladih fazana,
volijere sa ispustima gde se vr$i odgoj
fazana (2-6 mnedelja) i volijera sa
ispustima za odgoj fazana od 6 nedelja

starosti do momenta ispuStanja u loviste.

Pored redovnog odrzavanja higijene
objekata i opreme, dezinfekciji se pridaje
veliki znacaj, jer predstavlja najbolji
vid redukcije mikroorganizama koji
se odrzavaju u ovim objektima (Ili¢ et
al.,2008; Matkovi¢, Matkovi¢, 2006). U
tabeli 1. smo prikazali najcesc¢e koris¢ene
dezinficijense u farmskim objektima za
uzgoj zivine, kao i njihova dezinfekciona
svojstva. Vecina dezinficijensa koji
su navedeni u tabeli 1. ispoljava
baktericidno, fungicidno i virulicidno
dejstvo, Sto ih ¢ini efikasnim za primenu
u  specificnim  uslovima  farmske
proizvodnje fazana. Literaturni podaci
o primeni dezinficijensa u farmskom
uzgoju fazana su dosta skromni.

Ispitivanje efikasnosti navedenih
dezinfekcionih sredstava najlakse i
najefikasnije se proverava uzimanjem
briseva sa tretiranih povrSina pre i
nakon sprovedene dezinfekcije. Na
samu efikasnost sprovedene dezinfekcije
znatno utice, pored izbora adekvatnog
dezinfekcionog sredstva, i priprema
kojom se odstranjuju  necistoce
organskog 1 neorganskog porekla, a
koje, ukoliko se ne uklone, za posledicu
imaju umanjenje efekata primenjenih
dezinfekcionih sredstava.

Prilikom sprovodenja dezinfekcije
mora se voditi ratuna o tome da
mikroorganizmi  vremenom  postaju
otporni na primenjena dezinfekciona
sredstva, narocito ako se ona primenjuju
nekontrolisano i uz neadekvatno
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doziranje, kao i usled neadekvatnog
postupanja sa njima.

U radu iznosimo analizu efekata
dva dezinfekciona preparata (na bazi

persircetne kiseline i formaldehida)
na razli¢itim povrSinama u razli¢itim
fazama proizvodnje fazana u farmskim
uslovima.

MATERIJAL I METODE RADA

Nakon zavrSetka i pre pocetka
novog  proizvodnog  ciklusa, svi
objekti — proizvodne celine i oprema
u njima su, shodno definisanom
biosigurnosnom protokolu, mehanicki
ocisceni koris¢enjem standardne
opreme (metle, cetke i sl.) od vidljivih
necistoca i oprani toplom vodom (do
56°C). Nakon zavrSenog mehanickog
¢iS¢enja i sanitarog pranja svih objekata,
sprovedeno je krecenje svih proizvodnih
celina, dok su podovi tretirani 2%
vodenim  rastvorom  dezinficijensa
na bazi persircetne kiseline pomocu
motorne prskalice, oprema (hranilice,
pojilice, baterije, kasete za jaja) je
dezinfikovana potapanjem u 2% vodeni
rastvor dezinficijensa na bazi persircetne
kiseline. Zemljane povrs$ine u volijerama
tretirane su 3% vodenim rastvorom
dezinficijensa na bazi persircetne
kiseline koriS¢enjem motorne prskalice.
Dezinfekcija inkubatora i valjaonika
nakon CiS¢enja i pranja radena je
formalinskim parama (na 1 m® prostora
koriS¢eno je 60 ml formaldehida i 40
gr hipermangana). Kartonske kutije
za transport jaja (kartonke) i slama-
prostirka dezinfikovane su formalinskim
parama. Radena je fumigacija slame pre
unosenja u objekat za drzanje mati¢nog
jata i objekat za uzgoj kod fazancica 2—6
nedelja starosti. Formalinske pare su

ostavljane da deluju 30 minuta, a zatim
su prostorije, inkubatori, valjaonici,
skladiSta za kartonke, kao i prostorije u
kojima je radena fumigacija slame dobro
provetravane.

Utvrdivanje mikrobioloskog statusa
vr$eno je na povrSinama u proizvodnim
celinama i to na zidovima i podovima,
na opremi (hranilice, pojilice, kasete
za jaja, baterije), na kartonkama za
jaja i u prostoriji za skladiStenje jaja, u
unutrasnjosti inkubatora i valjaonika,
zatim sa zemljanih povrSina volijera
i prostirke. Svi uzorci su uzimani
metodom slucajnog izbora i sa svake
povrSine je uzimano po 5 briseva. Za
utvrdivanje mikrobiolo$kog statusa su
uzimani brisevi sa navedenih povrSina
koris¢enjem komercijalnih  sterilnih
briseva koji su prethodno nakvaseni
sterilnim fizioloSkim rastvorom. Pomocu
plasti¢nog $ablona (10x10cm) uzimani
su brisevi uvek sa iste povrsine, koja je
odabrana metodom slucajnog izbora, pre
i 30 minuta nakon uradene dezinfekcije.
Brisevi zemljanih povr§ina unutar
ispusta volijjera su uzimani pomocu
nazuvica koje su stavljane na obucu
prilikom ulaska u volijeru i skidane pre
izlaska iz iste. Uzorkovanje zemljista
iz volijera je vrSeno sa 5cm dubine radi
detekcije prisustva anaeroba.
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Provera  mikrobioloSkog  statusa
proizvodnog objekta maticnog jata
uradena je pre pocCetka pronosenja jaja.
Brisevi su uzeti sa povrSina hranilica,
pojilica, zidova i1 poda objekta za
smestaj maticnog jata, kao i zemljista u
volijeri pomoc¢u nazuvica, po prethodno
definisanoj proceduri. Pre i nakon
sprovedene fumigacije uzeto je po 5
uzoraka slame u cilju provere njenog
bakterioloskog i mikoloskog statusa.
Iz prostorije za skladiStenje jaja uzeti
su brisevi sa povrSina zida i poda
unutrasnjosti objekta i brisevi sa kaseta
i kartonki za jaja. Iz inkubatorske
stanice uzeti su brisevi sa povrSina zida
i poda prostorije u kojoj su smesteni
inkubatori, kao i brisevi unutrasnjosti
svakog inkubatora i kaseta za jaja. Iz
prostorije u kojoj su smesteni valjaonici
uzeti su brisevi sa povrSina zida i poda
prostorije u kojoj su smesteni valjaonici,
sa unutrad$njosti svakog valjaonika,
kao i sa kaseta za jaja unutar svakog
valjaonika.

U objektima za uzgoj fazanci¢a do
2 nedelje starosti uzeti su brisevi sa
povrsina zidova i poda prostorije i sa
povrSina praznih baterija. U objektima
za smestaj fazancica 2—6 nedelja starosti,
kao i u objektima od 6 nedelja starosti do
ispustanja u loviste uzeti su brisevi sa
povrsina zidova, hranilica i pojilica, kao i
zemljista u volijeri pomocu nazuvica, po
prethodno definisanoj proceduri.

Nakonuzorkovanja brisevi su stavljani
u rucni frizider i transportovani do
laboratorije. U laboratorijskim uslovima
vrieno je utvrdivanje brojnosti bakterija,

ispitivane su kulturalne osobine i
vrSena je detekcija enterobakterija,
salmonela, anaeroba, gljivica i plesni.
Obrada briseva je radena tako $to su oni
homogenizovani nekoliko minuta u 10ml
slanog rastvora uz dodatak 1% peptona
odakle su pravljena razredenja. Ukupan
broj bakterija je raden u seriji razredenja
od 1:10 do 1:10 000 000 na podlozi za
ukupan broj bakterija.

Detekcija enterobakterija radena
je na hranljivom agaru sa dodatkom
5% ovcije krvi, Briliant zeleni laktoza
Zzu¢nom bujonu, Endo agaru i McConkey
agaru za enterobakterije.

Potencijalno prisustvo salmonela je
radeno na podlogama za preobogacenje —
puferisana peptonska voda (Bio Merieux,
Francuska)iinkubirane su 18-24hna 37°
C. Zatim je 0,2 ml prebaceno na podlogu
za selektivno obogacenje Rappaport
Vasilliadis (HiMedia) na 41,5°C i Selenit
cistein bujon na 37°C u toku 18-24h.
Nakon inkubacije 0,1ml te¢ne kulture
je zasejana na XLD, McConkey agaru
i Brilijant zelenom agaru (HimMedia).
Podloge su potom inkubirane na 37°C u
trajanju od 24h nakon ¢ega su pregledane
na prisustvo kolonija koje odgovaraju
Salmonella spp. ldentifikacija bakterija
radena je ispitivanjem kulturalnih,
makro i mikro-morfoloskih osobina
i biohemijskih aktivnosti primenom
standardnih i komercijalnih testova.
Za potvrdu identifikacije koriS¢en je
BBL Crystal sistem (Becton Dickinson,
USA). Utvrdivanje prisustva anaerobnih
bakterija radeno je na Tarozzi bujonu i
Zeissler agaru tako $to su uzorci zemlje
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(1gr uzorka u 9 ml fizioloskog rastvora) Anaerobes ID Kit (Becton Dickinson,
zasejani u razredenju od 1 : 100 —1: 1 USA).

000 000 na sulfitnom agaru (HiMedia).
Konatna identifikacija  anaerobnih
bakterija radena je sa BBL Crystal

Ukupan broj i determinacija gljivica
i plesni radena je na Sabouraud agaru u
seriji razredenja od 1:10 do 1:10 000 000.

REZULTATI I DISKUSIJA

U tabelama 1. i 2. prikazana su mesta kao i prosecan broj i vrste bakterija,
uzorkovanja unutar proizvodnih celina gljivica i plesni pre i nakon sprovedene
i oprema, sa kojih su uzimani brisevi dezinfekcije.
po prethodno definisanoj proceduri,

Tabela 1. Rezultati bakterioloSke pretrage

Prosec¢an broj bakterija pre Prosecan broj bakterija

Mesto uzimanja uzoraka . .. . .
J dezinfekcije posle dezinfekcije

Objekat za smeStaj mati¢nog jata:

Zid objekata 3x10°saprofiti 4x10° saprofiti
Pod objekta 2x108 saprofiti 3x10* saprofiti
Hranilice 5x107 saprofiti 4x103 saprofiti
Pojilice 3x10° saprofiti 0
Prostirka mali broj, saprofiti 0

Zemljiste voliijere 3x10°koliforma, saprofiti 3x10° saprofiti

Prostorija za skladiStenje jaja:

Zid objekta 7x10° saprofiti 2x10! saprofiti
Pod objekta 4x10° saprofiti 3x10?saprofiti
Kaseta za jaja 3x10° koliformi, saprofiti 1x10% saprofiti

Kartoni za jaja

7x10°koliformi, saprofiti

3x103koliformi, saprofiti

Jaja 1x10° saprofiti 0
Inkubatorska stanica:

Zid objekta 2x10° saprofiti 1x10% saprofiti
Pod objekta 3x10°saprofiti 2x10? saprofiti
Unutrasnjost inkubatora 4x10° saprofiti 0

Kasete za jaja 3x10° koliformi, saprofiti 0
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Valjaonici:

Zid objekta 3x10° saprofiti 4x10' saprofiti
Pod objekta 2x10° saprofiti 4x10? saprofiti
Unutras$njost valjaonika 5x10? saprofiti 0

Kasete za jaja 2x10*saprofiti 0

Objekat za smeStaj fazancica do 2 nedelje starosti:

Zid objekta 6x10° saprofiti 3x103 saprofiti
Pod objekta 4x107 saprofiti 4x103 saprofiti
Povrsine praznih baterija 2x10* saprofiti 1x10? saprofiti
Objekat za smestaj fazancica 2—6 nedelja starosti

Zid objekta 2x10° saprofiti 4x103 saprofiti
Pod objekta 3x107 saprofiti 2x10*saprofiti
Hranilice 5x107koliformi, saprofiti 2x10* saprofiti
Pojilice 3x10°saprofiti 0

Zemljani pod volijere

3x10°koliformi , saprofiti

4x103 saprofiti

Objekat za smestaj fazancica starijih od 6 nedelja:

Zid objekta
Pod objekta
Hranilice
Pojilice

Zemljani pod volijere

7x10° saprofiti
2x10° saprofiti
3x107 saprofiti
3x10*saprofiti
4x10¢koliformi, saprofiti

3x10? saprofiti
3x10*saprofiti
6x10* saprofiti
2x10% saprofiti
3x103 saprofiti

Tokom eksperimenta od koliformnih Nakon sprovedene dezinfekcije, na
bakterija izolovane su Escherichia coli, brisevima

utvrdeno  prisustvo

Klebsiella spp. i Enterococcus spp., a
od saprofitskih najveé¢i broj su Ccinile
razli¢ite vrste Bacillus spp., Micrococcus
spp. i -hemoliti¢nih Streptococcus spp.

Na osnovu dobijenih rezultata koji
su prikazani u tabeli 1. uocava se da
je doSlo do smanjenja broja bakterija
na svim uzetim brisevima nakon
sprovedene dezinfekcije preparatima na
bazi persirc¢etne kiseline i formaldehida.

koliformnih bakterija, osim kod briseva
skinutih sa kartonki za jaja, gde je i
ukupanbrojbakterijainakondezinfekcije
ostao i dalje visok. Navedena pojava se
objasnjava loSom praksom u prethodnom
periodu, gde je primenjivana viSekratna
upotreba kartonki za jaja. U skladu sa
dobijenim rezultatima, u biosigurnosnom
protokolu je zabranjena viSekratna
primena kartonki za jaja.
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Saprofitne bakterije koje su izolovane
iz briseva nakon sprovedene dezinfekcije
bile su uglavnom pripadnici roda Bacillus.
Navedeni rezultati se objaSnjavaju
pojavom da pripadnici roda Bacillus u
nepovoljnim uslovima sredine formiraju
spore koje su znatno otpornije na
delovanje primenjenog dezinfekcionog
sredstva od vegetativnih oblika. U
skladu sa navedenim, neophodno je
kontinuirano  sprovoditi  higijenske

Tabela 2. Rezultati mikoloske pretrage

mere, sa kontinuiranim sprovodenjem
dezinfekcije u cilju smanjenja broja
mikroorganizama, ¢ime se smanjuje rizik
od pojave potencijalnih patogena.

PovrSine na kojima je bilo moguce
kvalitetno sprovesti mere mehanic¢kog
CiS¢enja 1 sanitarnog pranja su nakon
sprovedene dezinfekcije dale najbolje
rezultate i na njima nije utvrdeno
prisustvo bakterija ili je ono utvrdeno
sporadi¢no.

Mesto uzimanja

uzoraka dezinfekcije

Prosecan broj gljivica 1 plesni pre

Prosecan broj gljivica
posle dezinfekcije

Objekat za smeStaj mati¢nog jata:

Zid objekta 2x10°Mucor spp. Aspergillus spp. 4x10%4spergillus spp.
Pod objekta 3x107A4spergillus spp. 3x10%4spergillus spp.
Hranilice 4x10°Mucor spp. Aspergillus spp. 2x10°Aspergillus spp.
Pojilice 2x10°*Mucor spp. Aspergillus spp. >1004spergillus spp.
Prostirka 7x108Mucor spp. Aspergillus spp. 4x10%4spergillus spp.
Zemljani pod voliijere  5x10*Mucor spp. Aspergillus spp. 4x10%4spergillus spp.
Prostorija za skladiStenje jaja:

Zid objekta >100Mucor spp. 0

Pod objekta >100Mucor spp. Aspergillus spp. 0

Kaseta za jaja

8x107 Penicillium spp.

6x10° Penicillium spp.Aspergillus spp. 0

Kartoni za jaja Mucor spp. Aspergillus spp. 5x10%4spergillus spp.
Jaja 3x10°Mucor spp. Aspergillus spp. 0

Inkubatorska stanica:

Zid objekta >100Mucor spp. 0

Pod objekta >100Mucor spp. Aspergillus spp. 0
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Eiig:fggzm >100Mucor spp. 0

Kasete za jaja 5x10*Penicillium spp. Aspergillus spp. 0

Valjaonici:

Zid objekta >100Mucor spp. 0

Pod objekta >100Mucor spp. Aspergillus spp. 0

g;ﬁ:;?lsirl?;y >100Mucor spp. 0

Kasete za jaja 2x10°Mucor spp. 0

Objekat za smeStaj fazanci¢a do 2 nedelje starosti:

Zid objekta 4x10*Mucor spp. Aspergillus spp. >100 Mucor spp.

Pod objekta 4x10°A4spergillus spp. >100 Aspergillus spp.
E;t‘;i?:e praznih 2x10°Aspergillus spp. 0

Objekat za smeStaj fazancic¢a 2—6 nedelja starosti:

Zid objekta 5x10°Mucor spp. Aspergillus spp. 2x10%4spergillus spp.
Pod objekta 5x10"Mucor spp. Aspergillus spp. 4x10%4spergillus spp.
Hranilice 1x10°Mucor spp. Aspergillus spp. Tx10%*4spergillus spp.
Pojilice 4x10°Mucor spp. Aspergillus spp. 0

Zemljani pod volijere  5x10*Mucor spp. Aspergillus spp. 3x10°Aspergillus spp.
Objekat za smestaj fazancica starijih od 6 nedelja:

Zid objekta 3x10°Mucor spp. Aspergillus spp. 2x10% Aspergillus spp.
Pod objekta 3x108Mucor spp. Aspergillus spp. 6x10%*4spergillus spp.
Hranilice 4x10°Mucor spp. Aspergillus spp. 1x10°Aspergillus spp.
Pojilice 2x10*Mucor spp. Aspergillus spp. 0

Zemljani pod volijere 1x108Mucor spp. Aspergillus spp. 3x10%Aspergillus spp.

1z tabele 2. moze se videti da je nakon sprovedene dezinfekcije uocen znacajan
pad broja plesni. Nalaz malog broja gljivica i plesni pre dezinfekcije u inkubatoru i
valjaoniku moze se objasniti samim materijalom od kojeg su naprevljeni, a koji po
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svojim karakteristikama, uz adekvatno
odrzavanje nisu pogodni za rast gljivica
i plesni.

Povrsine zidova i podova u objektima
u kojima je smeSteno mati¢no jato
su shodno tehnoloSkom postupku
proizvodnje stvarale odredene probleme
u realizaciji mehanickog ciScenja i
sanitarnog pranja pre sprovodenja
samog postupka dezinfekcije, usled
prisustva zivotinja. Dodatni problem
uocen je u koriS¢enju hranilica
sagradenih od drvenih materijala i
nesprovodenju svakodnevnog pranja
i dezinfekcije hranilica i pojlica. U
toku kontrole, nakon sprovedene
dezinfekcije, ustanovljeno je i dalje

prisustvo znacajnog broja plesni iz roda
Aspergillus, dok je iz briseva uzetih nakon
dezinfekcije utvrdeno pretezno prisustvo
vrste Aspergillus flavus, uz znacajno
smanjenje prisustva ostalih pripadnika
ovog roda, Sto se izmedu ostalog moze
objasniti vecom otpornoS¢u spora
Aspergillus spp. 1 prethodno definisanim
problemima. Uvodenjem svakodnevnog
pranja i dezinfekcje pojilica postignuti
su zadovoljavajuci rezultati u redukciji
mikroorganizama, a problem prisustva
istth i nakon sprovedene dezinfekcije
na drvenim hranilicama mora biti
reSen isklju¢ivanjem drvenih hranilica
iz upotrebe i primenom hranilica od
materijala koji se lako mogu prati i
dezinfikovati.

ZAKLJUCAK

Analizom mikrobiolo$kog statusa pre i
nakon sprovedene dezinfekcije, mozemo
zakljuciti da primena dezinficijenasa
na bazi persircetne kiseline pokazuje
zadovoljavajuce efekte na povrSinama
koje su zbog svojih karakteristika
mogle biti adekvatno pripremljene za
dezinfekciju primenom mehanickog
CiS¢enja 1 sanitarnog pranja. Na
povrSinama na kojima nije bilo moguce
sprovesti adekvatno €iS¢enje i sanitarno
pranje, kao S$to su drvene hranilice,
rezultati sprovedene dezinfekcije nisu
bili zadovoljavajuci. 1z ovog razloga je
neophodno koristiti hranilice i pojilice
koje su napravljene od materijala koji se
lako mogu prati i dezinfikovati, ¢ime se
omogucava kontinuirano sprovodenje
dezinfekcije kao biosigurnosne mere.

Uoceni problem povecanog broja m.o.
na kartonkama za jaja moze se reSiti
jednokratnim kori$¢enjem kartonki za
jaja, uz njihovu predhodnu dezinfekciju,
po prethodno definisanoj proceduri,
koriS¢enjem formalinskih para, uz
sprovodenje svih mera zaStite lica koja
sprovode dezinfekciju.

Primenjena dezinfekciona sredstva na
bazi persiré¢etne kiseline i formaldehida
ispoljila su zadovoljavajuce efekte,
a uvazavajui cCinjenicu da se radi o
biocidnim proizvodima sa prihvatljivom
cenom i jednostavnim  nacinom
aplikacije, oni se mogu preporuciti
za prakticnu primenu u dezinfekciji
fazanerija na povrSinama koje su
prethodno adekvatno pripremljene.
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Abstract: Pheasant farms represent semi-closed production facilities with several
production units that are cyclically connected and are used for growing pheasants
of different age categories. Production units consist of an aviary for parent stock,
egg storage room, incubation station, facilities for raising young pheasants and open
aviaries where pheasants are raised till their release on hunting areas. Continuous
implementation of biosafety measures at all stages of the technological process of
production is necesarry in order to achieve good production results ; that is raising
healthy pheasants. Disinfection is one of the most important biosigurative measures
which must be continually implemented in farm facilities. In this paper, the effect
of disinfection with peracetic acid and paraformaldehyde based solutions has been
monitored at different stages of production, and on different surfaces. Monitoring
of the microbiological status of the area within the production facillity resulted in
reduction of the total number of bacteria, fungi and mold in a smaller or greater
extent depending on the place of sampling and type of a production unit.
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INTRODUCTION

Preservation of the number of
pheasants in nature and attractiveness
of pheasant hunting necessitated the
need to increase production volumes
on pheasant farms. Uspe$nost farmske
proizvodnje  fazana uslovljena je
postovanjem odredenih tehnoloskih
normativaikontinuiranimsprovodjenjem
neophodnih biosigurnosnih mere u
skladu sa biosigurnosnim protokolom,
u cilju dobijanja vitalnih jedinki
dobrog zdravstvenog statusa. (Anon,
2012; Dordevi¢, 2009) Pheasant farms
represent specific farm facilities,
which consist of several production
units, where a simultaneous breeding
of pheasants of different age group is
carried out. When it comes to health
risk, this type of farms represent a great
health risk because there are several age
classes within a single commercial yard,
which requires the need for continuous
implementation of biosafety measures
defined by the biosafety protocol, with
constant monitoring of the health status
of individuals at different stages of
production (Pavlovi¢, Floristean, 2004).
Testing of the effect of disinfection was
carried out in the following production
units: aviary for parental stock, egg
storage room, incubation station,
facilities for raising young pheasants |,
open aviaries for keeping 2-6 weeks old
pheasants as well as open aviaries for
keeping pheasant from 6 weeks of age to
the moment of releasing them into the
hunting area.

Inaddition to theregular maintenance
of hygiene of facilities and equipment,
disinfection is of great importance
because it represents the best way of
reducing the microorganisms in these
facilities (Ili¢c et al., 2008; Matkovic,
Matkovié, 2006)

InTable 1we show the most commonly
used disinfectants in facilities in poultry
farming as well as their disinfection
properties. Most disinfectants listed in
Table 1 exhibit bactericidal, fungicidal
and virulicidal effects, which makes
them effective for application in specific
conditions of pheasants farms. In
literature, there is no much information
about use of disinfectants on farms.

The efficacy of these disinfectants
is most easily and effectively checked
by taking swabs from treated surfaces
before and after disinfection. The
effectiveness of the disinfection is
significantly influenced by the selection
of an adequate disinfectant and
preparation that removes impurities of
organic and inorganic origin, which, if
not removed, result in the reduction of
the effects of the applied disinfectants.

If disinfectants are  applied
uncontrollably or in inadequate doses
microorganisms over time become
resistant to applied disinfectant agents.

The paper analyzes the effects of two
disinfectants (persacetic acid based and
formaldehyde based ones) on different
surfacesin different stages of production.
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MATERIAL AND METHODS OF WORK

Upon completion and before the start
of a new production cycle, all facilities-
production units and equipment were
mechanically cleaned from visible
impurities and washed with warm water
(up to 560C) using standard equipment
(brooms, brushes, etc.) in accordance
with the defined biosafety protocol.
After the mechanical cleaning and
sanitary washing of all facilities had been
completed, all production units were
painted, while the floors were treated
with 2% aqueous disinfectant solution
based on peracetic acid using motor
sprayer, while equipment (feeders,
water troughs, batteries, egg crates )was
disinfected by immersion in 2 % aqueous
solution of peracetic acid disinfectant.

Ground surfaces in aviaries were
treated with a 3% aqueous solution of
peracetic acid based disinfectant using
a motor sprayer. After cleaning and
washing, disinfection of the incubators
and the hetchers was done with formalin
vapor (60 ml of formaldehyde and 40 g
of Potassium permanganate were used
per 1 m3 of space). Carton boxes for
transporting eggs (cardboards) and straw
mats were disinfected with formalin
vapor. Straw had been fumigated before
it was put in the aviary for parent stock
and the aviary for breeding 2-6 weeks old
pheasants. Formal vapors were left for 30
minutes, after which rooms, incubators,
hatchers, cardboard storages, and rooms
in which straw was fumigated were well-
ventilated.

Determination of microbiological
status was carried out on surfaces
in production areas , that is on walls
and floors, equipment (feeders, water
troughs, egg crates, batteries), egg
cartons and eggs storage facilities,
incubators and hatchers, interior of
incubators and mats. All the samples
were taken randomly and 5 swabs were
taken from each surface. In order to
determine the microbiological status,
swabs from the surfaces were taken using
commercial sterile swabs presoaked
with sterile saline. Using a plastic
template (10x10cm), the swabs were
taken from the same surface selected
randomly 30 minutes before and after
the disinfection. The swabs from ground
surfaces were taken by using shoe covers
thatwere put on when entering the aviary
and taken off before leaving it. Sampling
of the soil from the aviary was carried
with sampling depth of 5 cm to detect
the presence of anaerobes. Checking the
microbiological status of the production
site. was done before the eggs were
hatched. The swabs were taken from
the surfaces of feeders, water roughs,
walls and floor of the aviary as well as
the from the ground in the aviaries using
shoe covers according to the previously
defined procedure. Before and after the
fumigation was carried out, 5 samples of
straw were taken in order to check the
bacteriological and mycological status.
From the egg storage rooms, swabs were
taken from the surfaces of the wall ,the
floor, egg crates and egg cartons. Swabs
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from the surface of the wall and floor
of the facility in which incubators were
placed were also taken, as well as the
swabs of each incubator and egg crates.
Likewise, swabs from the surface of the
wall and floor of the facility in which
hatchers were placed were taken, as well
as the swabs of each hatcher and each
egg crate in a hatcher.

In the aviaries for breeding pheasants
up to 2 weeks of age, swabs were taken
from the walls and the floor, as well as
from the surfaces of empty batteries
using shoe covers in accordance
with  previously defined procedure.
Swabs were also taken from the walls,
feeders,water troughs and soil in the
aviaries for breeding pheasants that are
2-6 weeks of age, as well as in the aviaries
in which 6 weeks old pheasants are kept
till being released into the hunting area

After sampling, the swabs were
placed in a hand-held refrigerator and
transported to the laboratory. In the
laboratory conditions, bacterial counts
were determined, cultural characteristics
were examined and the detection of
enterobacteria, salmonella, anaerobic,
fungi and mold was performed. Swab
processing was done by homogenizing
them for several minutes in a 10ml saline
solution with the addition of 1% peptone
from which dilutions were made.

The total number of bacteria was
made in the dilution series from 1:10
to 1:10 000 000 in the medium for total
number of bacteria.

Detection of enterobacteria was done

by using a nutritent agar with 5% sheep
blood, brilliant green bile lactose broth,
endo agar and McConkey agar.

The potential presence of salmonella
was carried out in pre-enrichment
medium - buffered pepton water (Bio
Merieux, France) and incubated for 18-
24hat370C. Then 0.2 mlwas transferred
to selective enrichment medium
Rappaport Vasilliadis (HiMedia) at 41,
50 C and Selenite cysteine broth at 370
C during 18-24h. After incubation, 0.1
ml of liquid culture was seeded on XLD,
McConkey agar and Brilliant green agar
(HimMedia). The substrates were then
incubated at 370C for 24h after which
they were examined for the presence of
colonies corresponding to Salmonella
spp. Identification of bacteria was done
by testing cultural, macro and micro-
morphological  characteristics  and
biochemical activities by standard and
commercial tests. BBL Crystal System
(Becton Dickinson, USA) was used to
confirm identification.

Determination of the presence of
anaerobic bacteria was done on the
Tarozzi broth and Zeissler agar by
seeding soil samples(1gr sample in 9 ml
of saline) in a dilution of 1: 100 - 1: 1 000
000 on a sulphite agar (HiMedia) The
final identification of anaerobic bacteria
was done with the BBL Crystal Anaerobes
ID Kit (Becton Dickinson, USA). The
total number and determination of fungi
and mold was done on Sabouraud agar in
a dilution series of 1:10 to 1:10 000 000.
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RESULTS AND DISCUSSION were taken according to the previously
defined procedure, as well as the average
number and type of bacteria, fungi and

mold before and after disinfection.

Tables 1 and 2 show the sampling
points within the production units
and equipment from which swabs

Table 1. Results of bacteriological tests

Place of sampling Average number of bacteria

before disinfection

Average number of bacteria
after disinfection

Facility for parent stock

Wall 3x10°¢saprophytes 4x103 saprophytes
Floor 2x108 saprophytes 3x10*saprophytes
Feeders 5x107 saprophytes 4x103 saprophytes
Water troughs 3x10° saprophytes 0
Mat small number,, saprophytes 0

Ground of the aviary 3x10° coliform, saprophytes 3x10° saprophytes

Room for egg storage:

Wall 7x10’ saprophytes 2x10! saprophytes
Floor 4x10° saprophytes 3x10? saprophytes
Egg crate 3x10° coliform, saprophytes 1x10? saprophytes
Egg cartons 7x103 coliform, saprophytes 3x10° coliform, saprophytes
Eggs 1x10° saprophytes 0

Incubation station:

Wall 2x10° saprophytes 1x10? saprophytes
Floor 3x10°¢saprophytes 2x10? saprophytes
Interior of the incubator 4x10° saprophytes 0

Egg crates 3x10° coliform, saprophytes 0

Hatchers

Wall 3x10° saprophytes 4x10' saprophytes
Floor 2x10° saprophytes 4x10? saprophytes
Interior of hatchers 5x10*saprophytes 0

Egg crates 2x10*saprophytes 0

Facility for 2 weeks old pheasants
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Wall 6x10° saprophytes 3x10° saprophytes
Floor 4x107 saprophytes 4x10° saprophytes
Surfaces of empty batteries 2x10*saprophytes 1x10? saprophytes
Facility for 2 - 6 weeks old pheasants

Wall 2x10° saprophytes 4x10° saprophytes
Floor 3x107 saprophytes 2x10*saprophytes
Feeders 5x107 coliform, saprophytes 2x10*saprophytes
Water troughs 3x10°saprophytes 0

Earthen floor in the aviary 3x10° coliform , saprophytes 4x103 saprophytes

Facility for pheasants older than 6 weeks

Wall 7x10° saprophytes 3x10? saprophytes
Floor 2x10° saprophytes 3x10*saprophytes
Feeders 3x107 saprophytes 6x10*saprophytes
Water troughs 3x10*saprophytes 2x10? saprophytes
Earthen floor in the aviary 4x10° coliform, saprophytes 3x103% saprophytes

During the experiment , when it
comes to the species of coliform bacteria
Escherichia coli, Klebsiella spp. and
Enterococcus spp., were isolated, while
most of the saprophytes were different
types of Bacillus spp., Micrococcus spp.
and -hemolytic Streptococcus spp.

On the basis of the results obtained
in Table 1, it is noted that there has been
a decrease in the number of bacteria
on all swabs after disinfection with
persistent acid and formaldehyde based
preparations. After the disinfection
carried out on swabs, the presence
of coliform bacteria has not been
established, except for swabs taken
from egg cartons, where the total
number of bacteria remained high after
disinfection. This is explained by poor

practice in the previous period, where
reusable use of egg cartons was applied.

Saprophytic bacteria that were
isolated from the swabs after the
disinfection were mainly members of
the genus Bacillus. These results are
explained by the fact that members
of the genus Bacillus, in adverse
environmental conditions, form spores
that are significantly more resistant to
the activity of the applied disinfectant
than vegetative forms. Because of this it
is necessary to continuously implement
hygienic measures, with continuous
disinfection in order to reduce the
number of microorganisms, thereby
reducing the risk of emergence of
potential pathogens.
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The areas where it was possible to not determine the presence of bacteria
carry out quality mechanical cleaning or it was determined sporadically.
and sanitary washing measures after the
disinfection gave the best results and did

Table 2. Results of mycological testing

Prosecan broj

Prosecan broj gljivica i plesni pre aliivica posle

Place of sampling dezinfekcije

dezinfekcije
Facility for parent flock
Wall 2x10°Mucor spp. Aspergillus spp. 4x10%4spergillus spp.
Floor 3x107Aspergillus spp. 3x10°Aspergillus spp.
Feeders 4x10°Mucor spp. Aspergillus spp. 2x10%4spergillus spp.
Water troughs 2x10*°Mucor spp. Aspergillus spp. >100A4spergillus spp.
Mat 7x108Mucor spp. Aspergillus spp. 4x10°Aspergillus spp.
fjglrljn floor in the 5x10*Mucor spp. Aspergillus spp. 4x10°Aspergillus spp.
Facility for egg storage
Wall >100Mucor spp. 0
Floor >100Mucor spp. Aspergillus spp. 0
Egg crates 6x10° Penicillium spp.Aspergillus spp. 0
Egg cartons ij[(:co(jfgchslzgggfus sop. 5x10%4spergillus spp.
Eggs 3x10°Mucor spp. Aspergillus spp. 0
Incubation station:
Wall >100Mucor spp. 0
Floor >100Mucor spp. Aspergillus spp. 0
gtr:::irliz}[.o(;f the >100Mucor spp. 0
Egg crates 5x10*Penicillium spp. Aspergillus spp. 0
Hatchers

Wall >100Mucor spp. 0
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Floor >100Mucor spp. Aspergillus spp. 0
Interior of hatcher >100Mucor spp. 0
Egg crates 2x10°Mucor spp. 0

Facility for 2 weeks old pheasants

Wall 4x10*Mucor spp. Aspergillus spp. >100 Mucor spp.
Floor 4x10°Aspergillus spp. >100 Aspergillus spp.
E:;i(i::: ity 2x103Aspergillus spp. 0

Facility for 2-4 weeks old pheasants

Wall 5x10°Mucor spp. Aspergillus spp. 2x10%Aspergillus spp.
Floor 5x10"Mucor spp. Aspergillus spp. 4x10°Aspergillus spp.
Feeders 1x108Mucor spp. Aspergillus spp. Tx10?Aspergillus spp.
Water troughs 4x10°Mucor spp. Aspergillus spp. 0

fjg?jn BT 5x10*Mucor spp. Aspergillus spp. 3x10%A4spergillus spp.
Facility for pheasants older than 6 weeks

Wall 3x10°Mucor spp. Aspergillus spp. 2x103 Aspergillus spp.
Floor 3x10*Mucor spp. Aspergillus spp. 6x10%4spergillus spp.
Feeders 4x10°Mucor spp. Aspergillus spp. 1x10°Aspergillus spp.
Water troughs 2x10*Mucor spp. Aspergillus spp. 0

Eji:?jn floor in the 1x108Mucor spp. Aspergillus spp. 3x10*Aspergillus spp.

In Table 2 it can be seen that after
the disinfection, a significant drop in
the number of mold was detected. The
finding of a small number of fungi and
mold before disinfection in the incubator
and the hatchers can be explained by the
material of which they are made as with
proper maintenance it is not suitable for
the growth of fungi and mold.

The surfaces of walls and floors in
the facility where the parent flock was

located created certain problems in the
realization of mechanical cleaning and
sanitary washing before the disinfection
procedure,duetothepresenceofanimals.
An additional problem was the feeders
built of wooden materials and the fact
that washing and disinfection of feeders
and water troughs weren’t conducted on
daily basis. During the control after the
disinfection, there was still a significant
presence of Aspergillus mold, while the
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swabs taken after disinfection revealed
the predominant presence of Aspergillus
flavus which can be explained by greater
resistance of Aspergillus spp. spores
and by previously defined problems.
With the introduction of daily washing
and disinfection of feeders and water
troughs, satisfactory results have

been achieved in the reduction of
microorganisms.The problem with the
presence of microorganisms on feeders
after disinfection has to be solved by
replacing wooden feeders with those
made from materials that can be easily
disinfected and washed.

CONCLUSION

By analyzing the microbiological
status before and after disinfection,
we can conclude that the wuse of
peracetic acid based disinfectants shows
satisfactory effects on surfaces that
due to their characteristics could be
adequately prepared for disinfection
using mechanical cleaning and sanitary
washing. On surfaces where it was not
possible to carry out adequate cleaning
and sanitary washing, such as wooden
feeders, the results of the disinfection
were not satisfactory. For this reason,

it is necessary to use feeders and water
troughs made of materials that can be
easily washed and disinfected, thus
enabling continuous disinfection as a
biosafety measure. The problem of the
increased number of microorganisms on
egg cartons can be solved by one-time
use of egg cartons with their previous
disinfection according to the previously
defined procedure using formalin vapor,
while implementing all measures for
the protection of persons who conduct
disinfection.
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3eHaTa 3a npenpaBke. KoHauHa peLeH-
3Mja MO)Ke OWTH: MO3UTHUBHA, HETraTHUB-
Ha U YCJIOBHO NO3UTHUBHA. [leUHUTUBHY
OJUTYKY O IMyO/IMKaUHju PyKOIHCa JOHOCH
[JIaBHU U OATOBOPHU YPENHUK Ca pelak-
LJUOHUM OLDOPOM.

Baire pykornvce MoXeTe ClaTH IyTeM
OHJIAjH TIOILTE Ha afpecy IJIaBHOT U OJIr0-
BOpHOT ypenHuka: drago.nedic@virs-vb.
com.

Monumo cBe yBaXkeHe ayTope J1a CBOje
panoBe MULIY jaCHO, KOHLM3HO, Tpama-
THYKU WCIPABHO W A Ce MPHUIPXKaBajy
cwepehux ymyrcraBa. PamoBu koju He
WCIywaBajy cwenehe kputepujyme Hehe
outu npuxsaheHwu.

Omnurra ymyTcTBa

Tekct pykonuca Tpeda a ce mpurpe-
MH y mporpamy MS Word hupununom
Wiy natuHuoM (Serbian Cyrilic, Serbian
Latin). ®ouT Tpeba pma dyme Times New
Roman, BennuuHa donTta 12 pt ca jenHo-
CTpykuM npopenomM. CBe Mapruse noje-
CUTH HA 2,54 mm, a BeIUYHHE CTPAHULIE
Ha A4 ca 0bocTpaHUM MMOpaBHaBaKkEM Ca
yB/lauelkeM CBaKoOr macyca. TekcT paza
He Tpeda pga Oyne myu on 15 crpaHuuna
ca MpUI03uMa.

Y Texcty uzbjeraBatu ckpahenule u
HeroTpebHe cumbosne. U3bjeraBatu cTpa-
He pHjeyH, a aKko je Hy’KHO Tpeda Hx mpe-
BECTH Ha CPIICKH je3uK. JIaTHHCKe Ha3uBe
NUCaTH y UWAIUKY, a 32 Ha3UBE JIUjeKO-
Ba KOPUCTUTH TeHepUYka UMeHa. Aniapa-
TH U ypehaju ce HaBoje Mox OpPUTHMHAI-
HUM TProBauykUM UMEHHMA U Ca UMEHOM
npousBohava. bpojese Tpeba mucaTu ca
3ape3oM M Ca MUHHMMAJIHO JIBHje IenuMa-
ne. Kopuctutu MjepHe jenunune Mehy-



BetepuHapckH xkypHan Penydnuke Cpncke
BerepuHapckH xypHai Penybnuke Cprcke

261

Veterinary Journal of Republic of Srpska (bama JIyka-Banja Luka), Bon/Vol. XVIII, Bp/No.1, 260-265, 2018

YIIyTCTBO ayTOPMMA 3a MPHUITPEMAE PYKOIIHCA
Instructions for authors

HAapOOHOI CcHCTeMa jeguHHLA — SI CH-
crem. ®otorpaduje, rpaduKkoHe U Tabe-
ne tpeda yBpCTUTH y paf, anu 300r KBa-
NUTEeTa IITaMIIe je TIOBOJBHO CIaTH UX U
y nocebHomM domnmepy y3 pan. IToxemnHo
je Ia WiycTpauuje UMajy BUCOK KBATUTET.

Y3 pan Tpeda mocTaBUTH Jekyapalujy
ayTopa Koja ce MOXe MPEey3eTH ca cajra
Yyacormnuca.

Crpykrypa pana

Berepunapcku xypHan Penybnuke
Cpnke odjaBibyje camO HAay4YHO-CTpy4HE
panoBe KOjU UCIymaBajy KpUTEpHjyMe
nexnapucase y IIpaBUIHUKY O IyOyiHKo-
Bawky HAy4YHUX Nydsnukauuja Munucrap-
CTBAa Hayke W TexHosnoruje Pemnybmuke
Cprcke.

OpurvHanHu Hay4YHW pap Tpeda na
nocjenyje cinenehe pujenoBe: HacIOB-
Hy CTpaHy, KpaTak cafipXaj, yBOA, Mare-
pYjal U MeTone, pesyiaTaTre, AUCKYCH]Y,
3aK/byyak M CIHcak jurepatype. I1o mo-
Tpedu je moTpedbHO HanUCcaTH 3aXBATHULLY
Y HallOMEHY aKo je UCTPaKMBawe (PUHAH-
CUPAaHO Ca MPOjeKTa.

Hacnosna ctupana
Ha Hac/10BHOj CTpaHU HANKCATH:

* Has3WB wiaHKa — Tpeda OUTH KpaTak u
uH@opmaTuBaH; [luiie ce HUCKBYy4H-
BO BEJIMKUM CJIOBHMa. BenuunHa cio-
Ba 12 (pt). Y HaclOBy He HABOOUTH
ckpahenwurre.

* MMEHa ayTopa — HalKCaTH UCIOJ Hac-
noBa. OdaBe3HO HAIIACUTH MMyHA UMe-
Ha U Ipe3srMeHa ayrtopa. Y cymnepc-
KPUINTyMy HarJIaCUTH OpojeBe Koju 03-
HauyaBajy y (PyCHOTH UHCTUTYUHUjy Yy
KOjUMa Cy ayTOPH 3aMoCIeHU.

* KM€ W IPE3WUME KOPECIIOONEHTHOT ay-

TOpa — HABeCTH Ha JHY CTpaHHULe ca
KOHTAKTOM (umeji u/unu tenedoH) u
WHCTUTYLIUjOM TZj€E je ayTop 3aloCiieH;
Kpataax cagpicaj
Kparak cagpkaj KyuaTd Ha mocedHOj

cranuny y odumy no 250 pujeun. ITopen

HaCJIOBa pajia U UMEeHa ayTopa KpaTak ca-

Ipaj Tpeda na nocjenyje HajOUTHUje UH-

¢opmanuje u3 paga. Mcnon kpartkor ca-

OpXaja HaBeCTH 3—6 K/bYyYHHUX DHjEUH.

Kparax cagpxxaj ce muiie Ha CPICKOM U

EHIJTIECKOM JE3HKY.

Yeog
Y yBoIy pama omucaTH TeMy K0joj je
pan mnoceeheH. Harmacutu HajHOBHje

YUBEHULIE U Hay4yHe npodieme ca 00-

PpasioKeweM Luba COMCTBEHUX UCITUTH-

Baka. YBOJ He cMuje Ja Oyne OMIIUpaH.

[Mpenopyuyje ce na y yBonmy dyny Harmia-

IIEHW HAjHOBHUjU JIUTEPATyPHU IOJALH.

YBon Mopa fia onpaBsa UCTPaXKUBAKE.
Mataepujan u metioge
Marepwujan ¥ Mertone mMopajy na jac-

HO U KOHLIMU3HO OTHILY OIJefl, MaTepujasn

Y )KUBOTUHE Ha KOjUMa Cy €KCIEPUMEH-

TH W3BEJeHH, Ka0 U METOoJe Koje Cy KO-

puwhene y orneny.

Pesyniaainu
Pesynratu Tpeba a ce TNpHUKaxXy Yy

BUZly TeKkcTa, Tabena, rpadykoHa U Ofi-

pehennx wnycrpauuja. Tabene Ttpeda na

Oynmy jacHe W mperiefHe, ca 00aBe3HOM

JIETEHOOM Y KOjoj je maTo odjaurmeme

ckpahenuua u cumdona. CBaku MPUIIOT

Tpeba Ja mMa HacloB (M3Han Tadena, oni-

HOCHO UCTOA rpaMKOHa U CJIMKa) Y KOMe

Tpeda dHUTH jacHO HAa3HAUEHO IITa MPUIIOT

IpUKasyje.
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Auckycuja Kmura:

Y DUCKyCHju U3BPLIMTH KOMIApaLujy
COIICTBEHUX pe3yJsTaTa ca pesyiaTaTuma
CTpaHUX U AoMahux ayTopa KOju cy 00-
pabuBanu npodsem M TEMATHKy HCTHX
WIH CIMYHUX TEMA.

3axmyuax

Y 3ak/pyuKky ce IOHOCE KOHayHa pas-
MaTpama ayTopa Ha OCHOBY odpaheHe
TeMe.

Jluinepainypa

KopucTi ce xapBapACKU HAuWH Ha-
Bohemwa nutepatype. PedepeHue mopajy
na dyny IITO HOBHjEe W aKTyenHuje. 360r
CMamema MOryhHOCTH rpenraka MMeHa
CTpPaHUX ayTopa Ce MULIY Ha JIATUHULU
y utanuky. Kaga ce nutepaTypa HaBOOU
y TEKCTY TMHILIe ce Mpe3rume ayTopa U ro-
ouHa nybnukanuje (Hemuh, 2012). Ako
Cy W NUTawy /iBa ayTopa MUIIy Ce Ipe-
3uMeHa 00a ayTopa ¥ roguHa MmybiavKa-
uuje (Spelly and Morgan, 1998), a y ciy-
Yajy BUILIE ayTopa MOC/IHje IpBor ayTopa
nonaje ce ckpahenunua ,u cap.” (Heouh u
cap., 2011).

Y cnucky nurtepatype pedepeHue Hy-
MEpHUCATH apanckum OpojeBrMMa U CJIO-
KUTH uXx 1o a3dyyHom (hupwinma) wunum
abeuenHoMm (aTHHHULIA) peny.

Hasoge ce Ha cienehy HauMH:
Hayunn wiaHak:

Heguh ., Temuh M., bantuh M.,
[Tnasmwh b., Tajouh H., Mupunosuh M.
(2011): Management and control program
for suppression and eradikation of classical
swine fever in Serbia. Acta Vet 61:295—
307.

Temmmh M., Hepuwh . (2011): Me-
HayMenl eetiepunapcke upaxce, dakyi-
TET BeTepuHapcKke Meguuuue, beorpan.

ITornasme paga:

Alderson GLH (1991): A system to
maximize the maintenance of genetic
variability in small populations. In:
Alderson L. (Eds.) Genetic Conservation
of Domestic Livestock, CAB
International, Wallingford, str.18-29

MoHorpadmnja:

Anexcuh-Kosauesuh Cama (2005):
Jlumpomu tiaca u mauaxa. Mmagoct dupo,
beorpan

Pan unu xparak cagpxxaj us 30op-
HHKa pajoBa:

hynuh B., Tpawnosuh [., Jobpuh
C., Benes P. (2005): 3nayaj pauuoHa-
He TPUMEHe JIeKOBa y BeTepUHAPCKOj Me-
muiuHu. Proceeding of Workshop Clinica
Veterinaria Ohrid, Makenonuja, 3—7. serm-
temdap 207-9.

XBasa Ha capazmmbHu!

AJIJPECA YACOITHUCA:

JY BerepuHapckuH HHCTHTYT Pe-
nydnuke Cpucke ,Op Baco Byrosan*
bama JIyka

bpanka PaguyeBuh 18, 78000 bama
JIyka

Tenedon/daxc: +387 229-210

E-mail: drago.nedic@virs-vb.com

Web: www.virs-vb.com
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INSTRUCTIONS FOR AUTHORS

The text of the manuscript should
be prepared in MS Word Cyrillic or
Latin (Serbian Cyrilic, Serbian Latin).
Font should be Times New Roman, font
size 12 pt with single line spacing. All
margins should be set to 2.54 mm for
the page size to A4 with aligning and
each paragraph indented. Text of the
manuscript should not be longer than
15 pages with attachments (tables,
illustrations).

The text should avoid unnecessary
abbreviations and symbols. Also, authors
should avoid foreign words, and if
necessary, they should be translated into
the Serbian language. Latin names must
be written in Italic, and the for names of
the drugs must be used generic names.
Appliances and devices are listed under
the original trade name and the product
name.

Numbers should be written with a
comma and with a maximum of two
decimal places. Use the measuring unit
of the International System of Units — SI
system. Photos, charts, and tables should
be included in the text, but because of
better quality authors can send them
in a separate folder with paper. It is
desirable to have the high quality of the
illustrations. With the paper, it should
be submitted declaration, which can be
downloaded HERE.

STRUCTURE OF THE PAPER

Veterinary Journal of Republic of
Srpska publishes a scientific papers
that meet technical criteria declared in

the “Rulebook of publishing scientific
publications” of the Ministry of Science
and Technology of the Republic of
Srpska.

Original scientific paper should
have the following sections: title page,
abstract, introduction, materials and
methods, results, discussion, conclusion
and list of references. If necessary, it
can be written acknowledgments as last
section of paper if the research funded
by the project.

First page:
On the front page should be written:

e Title of the article — should be short
and informative. It must be written
exclusively in capital letters, size
12 (pt). In the title should not be
included abbreviations;

e« The author's names — should be
written under the title. Full names
of the authors should be written. In
superscript emphasize a number that
indicates in a footnote of institutions
name in which are authors employed;

« Name and surname of the
correspondent author shold be listed
on the bottom of the page with a
contact (e —mail and / or phone) and
the name of the institution where the
author is employed;

Abstract

Abstract should be written on a
separate page up to 250 words. In
addition to the title and author’s name, a
abstract should have the most important
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information from paper. It should be
listed 3-6 keywords. Abstract is written
in Serbian and English.

Introduction

In the introduction of the paper
must be described the topic that is been
devoted to investigation. Emphasize
the latest facts and scientific problems
with the explanation of aim and their
own testing. Introduction may not be
to extensive. It is recommended that in
the introduction are highlighted latest
literature data. Introduction must justify
the research.

Materials and Methods

Materials and methods need to clearly
and concisely describe the materials and
animals on which experiments were
performed, and the methods that were
used in the experiment.

Results

The results should be presented in
the form of text, tables, graphs and
illustrations. Tables should be simple
and clear, with a legend in which the
explanation of abbreviations and symbols
are noted. Each contribution should
have a title (above the table, and below
the chart and figure), which should be
clearly stated what contribution shows.

Discussion

The discussion should be carried
out comparing the results of their own
research with results of foreign and local
authors who have dealt with the problem
on the same or similar topics.

Conclusion

In conclusion, the authors should
make a final review on the topics that are
covered in paper.

References

Authors must use the Harvard
method of citation. References must be
current and topical. Because reducing
the possibility of mistakes, the names of
foreign authors are written in Latin and
Italic. In the text, refer to the author’s
name and year of publication (Nedi¢,
2012). If are ther two authors, it should
be written the surnames of both authors
and the year of publication (Spells and
Morgan, 1998), and in the case of more
then two authors, to the name of first
author must added abbreviation "et al.”
(Nedic¢ et al., 2011).

The list of references should be
numbered in Arabic numerals and
arranged alphabetically (Cyrillic and
Latin).

Use the following
arranging the references:

system for

Journal article:

Nedic D., Tesic M., Baltic M., Plavsic
B., Tajdi¢ N., Mirilovici M (2011):
Management and control program for
suppression and eradikation of classical
swine fever in Serbia . Acta Vet 61: 295-
307.

Book:
Tesic M., Nedic D. (2011):
MenadZzment  veterinarske  prakse,

Fakultet veterinarske medicine, Beograd.
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Chapter in the book:

Alderson GLH (1991): A system to
maximize the maintenance of genetic
variability in small populations. In:
Alderson L. (Eds.) Genetic Conservation
of Domestic Livestock, CAB
International, Wallingford, pp. 18-29.

Monograph:

Aleksic — Kovacevic Sanja (2005):
Limfomi pasa i macaka, Mladost Biro,
Beograd.

Abstracts and short summaries
from the proceedings:

Cupi¢ V., Trailovic D., Dobri¢ S.,
Velev R (2005): The importance of
rational use of drugs in veterinary
medicine. Proceedings of Workshop
Clinica Veterinaria Ohrid, Macedonia,
3-7. September, 207-9.

Thank you for your cooperation!

Editor- in-Chief: Prof.dr. Drago N.
Nedic (E-mail: drago.nedic@virs-vb.com
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