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1.
CaxeTak

VOBOj MoOHoOTpadHju MPUKA3aH je aHUC Kao JICKOBUTA U apoMaTHIHA OWJbKa,
KOja ce IMUPOM CBETa KOPUCTH Ka0 TPAJUIIMOHAIHH JIeK KoJ| mopemeheHor
Bapema, 32 CMUPEHE U Kao TPUPOJHU ecTporeH. CaBpeMEeHUM HayYHHUM METO-
JlaMa TIoTBpheHa ¢y MHOTOOpojHa O1aroTBOpHa JIejCTBa aHUCA, TE j€ OH YeCTO
kopumtheHa OWJbKa W Y MOACPHO] METUITMHU, Ka0 U Y MpexpaMOeHO] MHIyC-
TPHjH, TOCEOHO Y IPOM3BOMLH ATKOXOJHUX THha.

Y moHorpaduju cy mare aetajbHe HHpopMaruje o MOp(OIOITKUM KapakTe-
pructukama Oribke U tuiofa. Kako ce koj oBe OHMIbKE TIPETEIKHO KOPHUCTH TUIOJ,
KOjH je OoraT eTapcKuM yJheM, oceOHa Makmkba je TocBeheHa ’heTOBOM XeMH]C-
KOM cacTaBy, kKao U (pakToprMa Koju yTUYy Ha mera. JIOMHHAHTHA UCTIapJbHBa
KOMITOHEHTA €TapCKOT yJiba j& mpanc-aHEeTON KOj! YCIIOBJhaBa IpHjaTaH, apoMa-
THYaH MUPHC.

Momnorpaduja ce 6aBU W aHATM30M arpoOCKOJIONIKAX yCIIOBa yCIIEBamba OBE
Owbke, U ¢GeHosomKkuM (azama, ald U MMoTpedaMa 3a TOIUIOTOM, BJIaroM M
ocyHUYaHONThy TOKOM pa3BOjHOT ITUKITyCa.

AyTopKka NeTaJbHO OITHCYje Tajehe aHuca, IpH YeMy je HapoduTa IMaKiba
nmocBeheHa mromopeny, oopann 3eMJbHIITa U )yOpemy Kako y KOHBESHITHOHAI-
HOM TaKO ¥ Y OPTaHCKOM CHUCTeMy parapema. [1omTo ce aHuc pasMHOXKaBa ¥c-
KJBYYUBO TUPEKTHOM CETBOM, aHAIM3UPAHH Cy BpPEME CETBE, CETBEHA HOpPMa
¥ KBAJIMTET CEMEHCKOT Marepujaja (€Hepryja KiMjamkba W YKYITHa KJIHjaBOCT).
Hera yceBa u sxeTBa, PUHOC | MPepajia U KaJaKyJalyja MpOu3BOImhe OBE OHIbKE
Takohe cy TeMa MoHOTpadwuje.

Y moHOTpaduju je MpUKa3aH U 3BE3TACTH aHUC, KOjH pacTe Kao 3UM3EJICHO
npBo y Kunn, a 9uju Ccy TUIOMOBU BPJIO KapaKTEPUCTHIHOT OOJIMKA, W Takohe
Ooratu mparnc-aHETONIOM, T€ CE€ YeCTO KOPHUCTE HA HCTH HAYMH Kao U aHUC.

VY pamy cy mpuKa3zaHU ayTOPCKH pe3yiTaTH, kKao W pe3ynratd Beher Opoja
HCTpakuBava KOjH Cy MPOydaBalii OBy OMJBKY, TaKO JIa OBa MOHOTpaduja mpe-
CTaBJba CUHTE3Y JIOCAJAIIHIX Ca3Hamka O aHUCY, U CAMHM THM j€ 3HaJYajaH JIH-
TepaTypHHU M3BOD 3a Jpyre HAyYHHKE, Ka0 M 32 OHE KOjH JKelie Jla Ca3Hajy BHUIIIC
0 OBOj TEMH.

K JbYUHE PEUH: 1. Pimpinella anisum L. 5. penonomke ¢aze
2. Mopouorke 6. YCIIOBH yCIIEBamba
KapaKTePUCTHUKE 7. rajeme
3. eTapcKo yjbe 8. bonectu
4. ynorpeba 9. lllicium verum Hock.
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2.
yBoa

on Pimpinella o6yxBara oko 150 BpcTa koje ¢y pacnpocTpamere y EBporu,

Asuju n Adpurn. MelhytuMm, omx KOMepIHjaaHOT 3Hadaja jeé camo aHHUC
(Pimpinella anisum L.), KOju je TOPEKIOM ca BIHCKOT MCTOKa M HUCTOYHOT
MenutepaHa, e je rajeH U KopuirheH of] TaBHIHA.

Y TpaguImoHanHOj KHHECKO] M MHAM]CKO] METUITHHH OMO je To3HAT Kao
KapMHHATHB ¥ €KCIIEKTOPAHT, OK Cy Ta ApalJpaHN KOPUCTWIN y KyXHBH. Y
IpeBHOM ErmmTy aHmWC ce CIIOMHIbE Kao cacTojak OcBekaBajyher HamuTKa 3a
CcTOMadHe TpodJieMe, a y aHTH4IKOj [ pukoj Kao 3a4rH 3a YCOJhEHY XpaHy U KO-
Oacurie. AHHC Cy ymoTpebspaBani U PUMIbaHU M TO 3a apOMAaTH30Bamke BHHA,
3a4MbaBabe MEIa M CTIpaBJbahe Komavya. Y CpeImeM BeKy, aHUC j€ MPOIIHPEH
o EBpor u Amepurum [35].

VY neprony poMaHTH3Ma, KaHIMpaHE CEMEHKE aHUCa Cy Ce KOPHUCTHUIIE 3a OC-
BeXKaBame JIaxa, Kao W 3a CIpaBJbame mapdema. JlaHac ce eTapcko yjpe aHuca
nmonaje xBakahuMm ryMaMa, BoIMIlaMa 3a UCIIUpamke yeTa, a Takohe je uect cac-
TOjaK MHOTHX TIO3HATHX Hapdema Koju UMajy TOILTY, CIIaTKACTy HOTY.

Pakmje m jmKepw ca MOJATKOM IUIO0OBA OBE OWMJBKE MOCTANH Cy IIPero-
3HATJbMBA HAIMOHAHA TTMha MHOTHX 3eMaba MEIUTEpaHCKe permje. ,,Apak™
je kapakrepuctndan 3a Wpaxk, Jopman, JInban, M3paen u Cupwnjy, ,,Raki 3a
Typcky, ,,Ouzo* 3a I'puky, ,,Mactuka“ 3a Makemonujy, ,,Pastis* 3a @paniycky,
»Sambuca® 3a Uramnjy, ,,Janezevac* 3a CnoBenujy, a ,,Aaucopada‘‘ 3a Cpoujy.

ITopen Tora, aHuC ce KOPUCTH 3a APOMATH3IOBAHE BUHA, OJT KOjUX Cy CUTYPHO
HAjIIO3HATH]H ,, Vermouth mopexiom u3 Uranuje, u ,,bepmer™ u3 Cpbuje, Tad-
HHje U3 QPYIIKOTOPCKUX BUHOTpana. JlecepT Takohe kapakTepucTHYaH 3a OBO
nonpydje je ,,Kyrod*, xoju mopen octanux 3adnHa campku U aHuc. [Lmomosu
aHuca ce I01ajy MeAemhaluma, ajld U KeKciMa Kao IITo je ,,Speculaas®.

Haj3nauajauju npomnssohau annca je Typcka y Kojoj ce oBa OMJbKa Taju Ha
oko 21.000 xekTapa, ca TOTUIITEH-OM MPOu3BOaKHoM ceMeHa ox 11.000 Tona. 3a-
tiM ciene Wumuja, Mekcuko, Ernmar, Kuna, [llmanuja, Utanuja, Hemauka,
Opanmycka, Cupuja, byrapcka u Tynuc [48].

Y Hamoj 3eMJbH aHUC CE Taji Ha CBeTa HEKOJIMKO XeKTapa, ¥ TO YITIaBHOM Ha
okyhHuIlamMa u OamraMa, nako MMa OJJTHIHE YCIIOBe 3a ycreBame. [lopen raje-
Hor anuca, y Cpouju ce Mory Hahm u caMoHUKIIe Bpere: Oeapenuka (Pimpinella
saxifraga L.) n Benuka Oeapenuka (Pimpinella major (L.) Huds.). Mehytum,
OHE MMa]y 3Ha9ajHO JPYTadfju XEMHjCKH cacTaB M YIIoTpeOy.



3.
Mopdonornja aHmca

OBOM IIOTJIaBJbY JAT j€ JieTaJbaH ONKC OWJbKe W IUIO/Ia aHWCa ca CITUKaMa.

[Topen Tora, mar je mpuka3 mecT MOP(MOIOMIKAX KapaKTEPUCTHKA (BHCH-
Ha OnJbaka, Opoj MITHTOBA IO OMJBITH, TPEUYHUK IITHTOBA, OPOj CEMEHA Y IIITH-
Ty, Maca 1000 cemeHa U TUMEH3Hje CEMeHa), Koje cMO Tparwin TokoM 2011, u
2012. roguHE Ha TPH OIVIAHA MTOJha Y BojBoawHmM.

3.1. Mopdoaomku onuc OUbKe

Anuc (Pimpinella anisum L.) (2n=20) jegHoromuIma je 3espacTa OWIbKA,
ca TaHKUM U BpeTeHacTuM KopeHoM nyxkuHe 20—30 cm. Crabio je ycnpasHO,
30-70 cm BHCOKO, BaJbKACTOT OOJIMKA, IIYTJbE, Y TOPEHEM JIENTy pa3rpaHaro, 00-
pacio KpaTKUM MEKUM JUTaduuiiama.

VY uctpaxxuBamuMa Koja CMO M3Benu TOKoM e roauHe (2011/12) Ha Tpm
nokanuteta y Bojonunu (Mowmopun, Benuku Paguanu u OcrojuheBo) u mpu
NPUMEHH LIECT pa3InIuTuX BpcTa hyopusa (konTpona, Cragon, BactoFil B—10,
Royal Ofert dbuoxymyc, mucremak u xemujcko NPK hyopuso), Bucuna Ousbaxa
ce kperana oz 39,88 no 54,46 cm.

»MOoKe ce KoHCTaTroBaTy Aa cy y Toky 2012. roqune 3abenexene 3a 1,41 cm
HIKe Omibke y mopehemy ca 2011. romuHOM ITO je Onjla CTaTUCTHYKY 3HAYAj-
Ha pasznuka. Ha nokanurety OctojuheBo 3abesexene cy 3HauajHO HIKE OMIbKe
(41,05 cm) y ogaocy Ha Benuke Pagunne (47,77 cm) u Momopus (52,27 cm).
Taxohe je u pasnuka y Bucuam usMely Ouspaka rajeHux y Pagumanmva u Mo-
HIOpUHY Omila cTaTUCTHYKM 3HadajHa™ [2, cTp. 96]. Y mpoceky 3a obe roauHe
UCTpaXMBamba Ha CBA TPHU JIOKAJIMTETa HajBUIIIEe OMIBbKE Cy 3a0eexeHe Py MpH-
MeHH THcTemaka (47,68 cm), a HajHke Ha KOHTponu (46,33 cm). Pasnuka y
BrcuHM o1 1,35 cm Huje Onia cTaTHCTHYKY 3HavyajHa (Tabena 1).

UctpaxkuBamuma y Typckoj yCTaHOBJBEHO j€ J]a c€ BUCHHA OMJbaka KpeTaa
on 35,90 o 39,26 cm y 3aBucHocTH of ryctuHe ycera [100], ogHocHO on 44,7
1o 50,2 cm y 3aBucHOCTH of ronynamuje [48]. McrpaxkuBaun y Mahapckoj y1-
BPIWIIH Cy J1a JeUUIUT BoJe Y a3aMa n3ayKrBarba CTada U MOYeTKa [[BETama
penykyje BucuHy Omsbaka 3a 45% [115].

3nauajHo nosehame BucuHe Omibaka (3a 50-90%) mocTike ce ¥ MPUMEHOM
perynaropa pacta u a3otHux hyopusa [110]. Takohe, Benvku yTuiiaj Ha BUCHHY
Ouspaka MMa M IpUMEHa jacepa. HanMe mpenceTBeHUM TpeTHpameM CeMeHa
He—Ne nacepom noctmxe ce noBehame BucHHe Onsbaka 3a oko 70% [36].



Tadena 1. IIpuka3 BucuHe On/baka aHuca, Opoja IITHUTOBA MO OM/BLM, MPEYHUKA
IITUTOBAa M Opoja ceMeHa y INTHUTOBMMA Y JBOTOAMINI-EM HCTPAKUBABY Y
Bojeogunn.

Bucuna Bpoj IIpeunux Bpoj

Owbaka  INTHUTOBA [ITHTA ceMeHa y
(cm) 10 OUJIBIH (cm) HITUTY
Tomana (A) 2011 47,74 17,29 6,27 106,08
2012 46,33 16,40 6,44 115,71
Toxamrer Mouopun 52,27 18,67 6,45 108,21
(B) Benuku Pagunium 47,77 16,98 6,54 121,33
OcrojuheBo 41,05 14,90 6,07 103,15
KonTpona 46,33 15,58 6,16 105,90
TpMemeHo Cnaeon . 47,25 16,38 6,34 108,84
hyGpuBo BactonlB-l() 46,59 16,92 6,31 110,03
©) Royal Ofert 46,97 17,08 6,45 111,29
I'mucremax 47,68 17,46 6,43 111,82
NPK 47,37 17,67 6,43 117,49
3navajHocT F—TecTa 3a cBaku M3BOP BapHjaiuje
A 0,81 H3 H3 7,38
B 1,00 1,69 0,30 9,04

C H3 H3 H3 H3

AB H3 H3 H3 H3

AC H3 H3 H3 H3

BC H3 H3 H3 H3

ABC H3 H3 H3 H3

H3 — HUje 3Ha4ajHO

Pesynratu uctpaxxuama JApyrux aytopa ykasyjy Jia ce BUCHHA OnJbaka 3Ha-
gajuo moBehaBa npu mpumenu mmctemaka (10 t/ha), mox docdocomydmmme
OakTepuje HHCY ITOKa3aje CTaTUCTHYKHM 3HadajaH edekaT Ha BUCHHY OHMIbaka,
nako je mocturHyto nosehame 3a 3,5% npu nHOKymamuju cemena ca Bacillus
circulans, omHOCHO 3a 7% Tipy IPUMEHHU OBE OaKTepHje y IBa HaBpaTa (MHOKY-
Jarja ceMeHa + mpckame y pa3u m3ayxuBama crtaoma) [31].

,,KOIl JINCTOBA je 3acTyIJbeHa XeTepodmmja. Tpu J0ma JUCTa Cy OKpyIya-
CTOT OOJIMKA, TeCTEPacTO Ha3yOJheHH, Ha JYTadKUM JINCHUM JpInKama (CITHKa
1A). Cpenme numthe je TpojHO nmeibeHO (cimka 1B), Takohe jako Ha3yOIbEHO.
Kako ymcToBH may mnpeMa BpXy Npeia3e y CHUTHHje, TOTOBO KOHYACTO JIeJheHe
nmcke (cimka 1B)* [2, cTp. 6].

IBacr je cinoxen mrut (cnuke 2A u 2b), koju ce cacroju ox 10 mo 15 mpu-
MapHHUX 3paka — mrutrha (cnmka 2B). L{BeToBu cy nmeronenHu, oene 60je, mped-
HHKa OKO 3 mm. [[BETOBH Cy CHMETPHYHH, IO 000y MITHUTA OOWIHO KPYITHUJU
OJl CPEIUIIHIX, CaCTOje Ce O MeT KPyHUYHHX JcTrha KOju Cy TIOBHjeHH Ka
BpXy (cmuka 2I).
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Cumka 1. JIucroBu anuca: A) 1omu JuCT, B) 1ncToBH ca cpenuunmer jaea cradJa,
B) BpmiHU JHCTOBH
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Cauka 2. IIBacT M uBeT aHuca: A) OW/bke aHUca y uBeTy, B) mTUT aHmca,
B) mrutuh anuca, I') uBet anuca

Hamm ormenu cy mokasanu jga jeaHa Omspka Moxe qa obpasyje ox 13,5 mo
20,5 mrruroBa. Omieny ApyTrux ayropa ykasyjy Ha To J1a OuJbKe aHrca o0pasyjy
on 3,8 mo 17,6 mrrutoBa mmo Omsenm [115, 100, 73].

U3 tabene 1 Mmoxe ce BUAETH 1a Cy OMibKke y TOKy cymrauje 2012. o6pa3oBa-
ne 3a 5% mamwu O6poj mruToBa y nopehemy ca 2011. romuroM, mTO HUjE OUIIO
CTaTUCTUYKH 3Ha4ajHO. CTaTUCTHYKY 3HAYajHA Pa3lIMKa Ce jaBJba caMmo u3Mmelhy
nokanuteTta — y OcrojuheBy cy Onibke 0OpazoBasie 3Ha9ajHO Mamke IIITHTOBA Y
nopehemwy ca npyra aBa Jokanutera. Pasznnka y 6pojy oOpa3oBaHHX IITHTOBA
o OMJBLIM TIPH MPUMEHH pa3NuIuTHX hyOpuBa 3a 00e ToquHE UCTPAXKHUBAKHA Y
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npoceky 6una je 2,09 mro Huje OuIo cTaTHCTHYKU 3HayajHo. MehyTum, mo-
CTOje MmoJaly O TOMe Aa Ha Opoj IITUTOBA 10 OMJBLIM 3HAYAjHO YTHYE PUMEHa
mmcTemaka 1 Gocpoconyounnux Gakrepuja [31].

[Ipeunuk mruTa ce y HallUM OrjieAuMa Kperao ox 5,76 mo 6,98 cm, u Ha
HETa je 3HAYajHO YTUIA0 CaMo JIOKAINTET, JIOK je Opoj ceMeHa y IITHTY BapH-
pao on 97 no 132, u Ha wera cy nope JOKAIUTEeTa 3Ha4ajHO YTULAU U YCIIOBH
roauHe (Tabena 1).

3.2. Mop¢oaomku onuc nioxa

[Tnox (koju mpeACTaBiba U CEME) jecTe IMU30KapIl CUBO3elieHe 0o0je, KpyI-
KacTor o0NMKa, MPU BpXy HemTo cyxeH (ciuka 3). CacTaBibeH je O JiBa ILJI0-
nuha (MepuKapria) Koju ce He pa3/Bajajy CIIOHTaHO Ha JiBa jeja.

Ciauka 3. Iliox anuca

VY ucrpaxxuBamHMa Koja CMO M3BEIH TOKOM jBe roauHe, maca 1000 cemena
ce kpetana ox 3,39 no 5,08 g. 13 tabene 2 Mmoxe ce BUaeTH na cy Ha macy 1000
CeMCEHa 3Ha4ajHO YTHIIAIH YCJIOBH TOJMHE U JIOKAJIHUTET. JACHO j€ YOUJBHBO JIa je
y Toky cymHHje (2012) rogune maca 1000 cemena Onia 3Ha4ajHO Mamba y 10-
pehemy ca knmumarcku noBossHHjoM (2011) roqurom. Ha nokanmutery Bemuku
Panunim 3abenexena je HajMama Maca 1000 cemena (3,90 g) koja je Ouna cra-
TUCTUYKH 3HAYajHO Mara O]l Mace Ha ocTaja JiBa JIOKAJUTETa, JIOK je Ha JIoKa-
murety OcrojuheBo 3a0enekeHa CTaTUCTHYKH 3Ha4ajHO HajBeha maca 1000 ce-
MeHa (4,56 g). Mako npuMemeHo HyOprBo HUje CTaTHCTUYKY 3HAYajHO YTHIIAIO
Ha Macy 1000 cemeHa, y mpoceky orena HajBehia BpeqHOCT OBOT mapameTpa je
3abenesxena mpu npuMenu BactoFil B—10.

JyxuHa ceMeHa aHuca je OOMYHO O 3 JI0 5 mm, JOK je ImMpuHa o 2 10
3 mm [102]. ¥V HamieM IBOTOMUIITELEM HCTPAKHUBAKY JAYKHHA CEMCHA aHHCA
je 6ma oko 3,3 mm, J0K je mpoceyHa mupuHa u3Hocuna 1,77 mm (tabena 2).
Mosxke ce pehin 1a Ha TUMEH3Hjy ceMeHa HUje YTHIIA0 HHUjelaH Ol HCITMTHBaHUX
¢axropa.
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Tadena 2. Ilpuka3 mace 1000 cemeHa u AMMEH3Hja ceMeHa aHUCA Y IBOTOAMIIHEM
ucTpa:kuBamy y BojBognnu.

JlumeH3uje ceMeHa

Eii::HLO((;()) Bucuna [Iupuna
(mm) (mm)
2011 4,41 3,33 1,78
Tomma (A) 5415 3.91 3.26 1,76
Momopun 4,03 3,31 1,75
Jlokamurer Benmuku 3.90
(B) Paguanm ’ 3,27 1,76
OctojulieBo 4,56 3,34 1,80
Kontpona 4,15 34 1,78
Cnason 4,12 3,2 1,78
IIpumemeno BactoFil B-10 421 33 1,76
hyopuso (C)  Royal Ofert 4,15 3.3 1,78
I'mucremax 4,16 32 1,75
NPK 4,17 3,5 1,78
3uavajuoct F—Tecrta 3a cBaku U3BOP BapHjaimje
A 0,05 H3 H3
B 0,07 H3 H3
C H3 H3 H3
AB 0,13 H3 H3
AC H3 H3 H3
BC 0,16 H3 H3
ABC 0,23 H3 H3

H3 — HUje 3Ha4ajHo

Ha cnunm 4 npukasann cy MHUKPOCKOIICKH IIperapaTH MONPEYHOr Impeceka
wiona (Anisi fructus) (cnuke 4A u 4b) u npamika anuca (Anisi pulvis) (cmuke
4B, 41" u 4]1). Ha npenapaTtima mompevHor mpeceka Iioia MoXe ¢e YOUUTH Ja
YHYTPAIIBOCT CEMEHa YNHH eHaociepM. henuje eHnocnepma uMajy Majo 3a-
nebipane MmeMOpaHe, a y TyMeHy ce Hanasze (hparMeHTH eHaocIepMa ca Karnnma
MAacHOT yJba, aJi€ypOHCKa 3pHIa BeluyuHe 8—12 um ca jeqHuM mo0ouaoM U
1-2 pozere kamujym-okcanara [43]. [lepukaprir (oMoTay ceMeHa) jecTe BHIIeC-
JI0jaH, M CacTOj| Ce U3 YETHUPH Jela: er3oKkapma (CroJballkbi OMOTad ), Me30Kap-
na (CpemuIIkBd OMOTad), eHJoKapna (YHyTpalllhh OMOTad) U TecTe (ceMeHa
onHa). Ha erzokapmy ce moxe youutu zaa cy henuje enmaepmuca mpogyxeHe
y KpaTke OpagaBudacTe J1ake. Y TKUBY ME30KapIia ce Haja3e KaHajd ca eTap-
CKMM yJheM, KOjUX MMa J[Ba ca YHyTpalllikhe cTpaHe M Behn Opoj ca crosbalime
ctpane (oxo 30). Ernokapn je rpahen on jemHor pena henrja TaHKUX 3UA0Ba, a
TECTa je TaHKa, CaMO Y KOMHCYpPH C€ CacToju OJf HEeKOJIHMKo penoBa hemuja. Ha
MIEPHUKAPITY j€ YOUBHBO U TET c1ab0 NCTaKHYTHX pedapa, UCIOA KOjHX Ce Haja-
3€ IpoBOIHH cHonuhu.
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RN CF Tape
yikew (vittae)
«— cr3okapn (exocap)
«——— Me30Kapi (mesocarp)
<«—— enyiokapn (endocarp)
<4—————— ceMeHa onHa (testa)

‘ KaHAJL Ca CTapCKuM
yibeM (vittae)

’,tumlmua (trichoma)

enjocnepm
(endosperm)

pebpa (ribs)

/"“f\

Canka 4. MUKpPOCKOINICKHM MpenapaTru: A) NMONpeyHH mpecek mioaa anmca [89],
b) rpaha nepuxapna [89], B) Anisi pulvis (yBehame 100x) [88], I') Anisi pulvis
— OpagaBuuacra niaaka (yBehame 400x) [88], 1) Anisi pulvis — pparmentn
NMepHKapna ca KaHaJuMa ca eTapcKuM y/beM (yBehame 400x) [88].
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[Tynep mnona anuca (Anisi pulvis) cmehe je 60je. MUKPOCKOTICKOM aHAJIA30M
Moryhe je yountu cienehe enemenre: jeqaohenujcke OpagaBuvacTe MEXaHUUKe
Juiake, parMeHTe enuaepMuca ca cromaMa U ajakaMa, parMmeHTe eHIocmep-
Ma ca KaluMa MacHOT yJba, ()parMeHTe MepuKapia ca KaHaJluMa KOju CaJipiKe
€TapcKo yJbe U (parMeHTH NeTUMHYHO OApBeHeor eHgokapma. [loHekan ce
MOT'Y YOUHTH (pparMeHTH Tpaxeja M Tpaxeuaa U BeoMa CUTHE JPy3e KaJlujyM
okcayara [88].
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4,
XemMujckm cactaB ryioga aHuca

Kao npora y ¢apMmareyTckoj HHAYCTPH|H, alk M Kao 3a4uH y mpexpamobe-
HOj WHIYCTPHjH, O aHHCA CE¢ KOPUCTH HUCKJBYUIHBO TUIOAN (Anisi fructus).
HctpaxxuBama cy mokasana fa oH caapxu 1,5-6% erapckor yipa, 8—11% mac-
HOT yJba, 4% yribeHux xuapara u 18% mportenna [85]. 3Ha4ajHy KOMTUYIHHY
eTapcKor yJba caapxu u xepoba (1,2—1,35%) [37].

Etapcko yiwe anuca (Anisi aethroleum) jecte ouctpa 6€300jHa TETHOCT HITH
0e300jHa KpHCTaJTHA Maca, CJIaTKOT yKyca M MPHjaTHOT apOMaTHYHOT MHPHCA.
JlokaM30BaHoO je y MU30TeHUM YJhaHUM KaHAJINMa y TUI0I0OBHMA, CTalITy U KO-
peny. ETapcko yibe je KOMIUIEKCHA cMellla Pa3TnIuTHX KOMIIOHEHATA KOje caip-
Ke€ CECKBUTEpIICHE, PEHOTHA jeANhCha U aJTKeHE, MeljyTHM, TOTOBO CBE CTY/IHje
yKa3yjy Jia je JOMAHaHTHA KOMIIOHEHTa mpaHc-aneToll. ETapcko yibe anuca 04-
BpcHe Ha TeMrteparypu u3mehy 15 u 20 °C. OBakBo MoHaIIame yiba YIIPaBO je&
YCIIOBJBEHO TIPUCYCTBOM BeJMKe KonmmuuHe mparc-anetona (80-90%), umja je
Tayka ToIJbema Ha 22,5 °C.

MacHho yibe aauca (Oleum anisi) cacToju ce yIIIaBHOM Ol MOHOHE3aCHheHMX
W30MEPHUX MACHHX KUCENHHA ca 18 yrihbeHHKOBUX aTtoma, Mel)y kojuMa JoMu-
HUpa onenHcka kucenuna (yuc 9-18:1) ca 74,55%, 3aTim ciiean meTpocerTnHCKa
kucennHa (yuc 6-18:1) ca 6,76%, N0k cy Apyre KHCEeTuHe 3aCTyIJheHE Y KOJIH-
yuHH uenof 5% (BaKIeHCKa, TAIMATOIEHHCKA, JIMHOITHA, CTEAPHHCKA, EMKO3e-
HOMHCKA, apaxuI0HCKa U OexeHcka kucennHa) [32, 51]. Ctpykrypae dhopmyme
IIBE Haj3Ha4YajHHjE MacCHE KUCEINHE TIPUKa3aHe Cy Ha CIIHIHA 5.

4.1. Cagpikaj eTapcKor yjba aHuca

Pesynraru Hamux ucrpaxuBama u3eaeHux TokoM 2011. u 2012. ronune Ha
TpH JOKanuTeTa y BojBoanHM, MOKa3yjy /1a ce CaApikaj eTapcKor yjba y MII0A0-
BUMa aHuca kpetao ox 3,07 no 4,75% (tabena 3). Takohe ce MOXxe 3aKJbYUUTH
Jia cy OMJbKE BHIIIE €TApCKOT yJba aKyMYNHpajie y TOKY BEreTalloOHOT eproaa
2011. romune (3,93%) y nmopehewy ca cymnujom 2012. rogunom (3,52%).
buspke rajene y OctojuheBy akymynupane cy HajMame eTapckor yiba (3,78 u
3,23%), a Ousbke rajene y Benmukum Panuaima HajButie (4,08 u 3,79%). Kaga
je y muTamy npuMemneHo hyopuBo, moxe ce pehu na je mpu hyopemwy ca Royal
Ofert 610XyMycOM Y TIpOCeKy 3a 00e TOAMHE UCTPAKUBamba CaJpKaj €TapCKOr
yiba 6uo HajBehn (3,90%).
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Ta6ena 3. Caapxaj etapckor y/ba y miogosuma anuca (%) rajenor 2011. u 2012.
roMHEe HA TPH NCIUTHBAHA JIOKAJHUTETA MPH MPAMEHH Pa3IMINTHX BpcTa hyopusa

2011 2012
M P 0O X M P O X
Kontpona 383 386 3,72 3,80 353 3,66 3,22 347
Cnaeon 4,04 4,00 337 380 358 358 337 3,51

BactoFil B-10 3,80 4,08 3,79 389 342 363 322 3,42
Royal Ofert 3,96 475 3,78 4,16 3,72 4,04 3,13 3,63
Dmcremak 3,88 3,68 4,05 3,87 334 377 307 339
NPK 396 4,13 397 4,02 3,64 403 336 3,68
Tpocek 391 4,08 378 393 354 379 323 352

M-Mowopun, P-Benuxu Paounyu, O-Ocmojuheso, X-npocex

[To3nato je 1a MHOroOpOjHH YMHHOLM YTUYY Ha KOJIMYMHY €TapCKOT yJba y
II010BUMa, Mel)y KojuMa cy TeHOTHII, CTa/INjyM 3pENIOCTH, TEXHOJIOTHja Tajema,
cacTaB 3eMJBHILTA M Pa3MKe y KIMMATCKUM YMHHMOLMMA KOje CE jaBjbajy Ha
pa3TYUTHM reorpadckuM JokaauTeTuma [69].

Beh je cmomenyTo na je Typcka najsehu mpomsBohau anuca Ha cBety. OBa
OmbKa ce BehnHoM raju y mpoBuHIMjamMa bynpyp, Jennzmu, AdroH, AHTammja
u bypca. UcnutuBamem 29 y3opaka cakymJbeHUX ca Pa3IMYUTUX HPOU3BOIHUX
MOpy4ja, YCTAaHOBJBEHO j€ J1a c€ Ca/ipiKaj eTapCKOT yiba y IJIogoBrUMa Kpehe o1
1,3 o 3,7%. Pa3nuka o 2,4% je Beoma 3HauajHa [19]. Bapupame y cagpxajy
€TapCKOT yJba Y 3aBUCHOCTH OJ IIOIYJIallMje YCTAHOBIIHU CYy U APYT'H ayTOpH Y
0BOj 3eMJbU. Bapupame y OKBUpY €KOTHIIA U3 PA3TUUUTHX PETHOHA KPETaJo ce
on 1,85 10 2,38%. Ilpu ToMe je ycTaHOBJBEHO Aa €KOTUI U3 IpoBUHLHje JleHus-
JIM aKyMYJIMpa HajBUILE eTapcKor yJba (y npoceky 2,35%), 1OK OHaj u3 MPOBUH-
uuje Bypayp Hajmame (y nmpoceky 1,75%) [96]. Koa nmomynauuje xoja ce raju y
pejony lomxucap (Golhisar) HajMamu capkaj eTapcKor yjba y TUIOOBUMA je
2,49 %, wrTo je 3HauajHO Mame y nopehemy ca ocranum pernonnma (Tefenni,
Karamanli u Yesilova) y xojuma ce caapxaj etapckor ysba kpehe on 2,71%, no
2,74%, oqnocHo 2,80% [48].

Haia uctpaskuBama Takohe ykasyjy Ha TO a IOpe[ JIOKAJUTETa U BPEMEH-
CKH YCJIOBH TOKOM IOIMHE 3HA4ajHO YTHUY Ha BapUpPamkeE y CaapiKajy eTapcKor
yiba. Hanme, ycTaHoBIbEHO je 11a je MHOTO Beha KOJIM4KHa eTapcKor yJba y IIo-
JOBUMa aKyMyJIUpaHa y TOKY TOAMHE Ca YMEPEHUM BPEIHOCTHMA MaJaBUHA U
TemMmeparypa y nopehemy ca CynrHoM ¥ TOTLTHjOM TOTUHOM [5].

Paznuke y KoTUUMHY €TapcKoOr yjba y IUI0JOBUMA jaBJbajy C€ U Y 3aBUCHOCTH
07l BpPEMEHa CETBE. YCTAaHOBJBEHO j€ Ja KOJMMYMHA €TapCKOr yjba Y IUIONOBHMA
Bapupa ox 2,09 no 3,11%, npu yemy ce Beha konu4auHa eTapckor yiba popMupa
MIpH paHHjUM POKOBHMa ceTBe [48].

CerBena HopMa Taxole yTude Ha oBaj mapamerap. Ha o ykasyjy nBe cty-
muje. Y jenHoj je yTBpheHo /a cajpikaj eTapcKor yJjba y TUIOJOBHMA BapHpa o
2,66 1o 2,74%, npu yeMy HUje yTBpl)eHa HeKa PaBUIHOCT O 3aBUCHOCTH Calp-
’Kaja eTapcKor yJba ca I'yCTHHOM yceBa. Mel)yTum, IpuHOC €TapcKor yJba IO
JEIVHUIN TTOBPIIMHE 3HAa4ajHO ce moBehaBa ca moBehameM ceTBeHe HOpME O]
5 kg/ha cemena no 15 kg/ha, nok ce npu mpumenn 20 kg/ha cemena cmamyje
[100]. Y npyrom BcTpaknBamy je YCTAHOBJHEHO JIa CE CaAPKaj ETAPCKOT yIba Y
mionosuMma kpehe oz 3,69—4,10%, u na je HajBehu npu rycTuHM OMbaka ox 25
o MeTpy kBagpaTtHoM. U y 0Boj CTyauju ce jaBiba moBehame MpruHOCa €TapCKOT
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yJba 0 XeKkTapy ca nosehameM ryctune ycesa [39]. Pasior je Taj mwto ,,ipuHOC
€TapCKOT yJba MO XEKTapy IUPEKTHO 3aBHCH OJl IPUHOCA IUIOA O XEKTapy U
cajip>kaja eTapckor yiba y ogosuma’ [2, crp. 146].

VYTBpheHo je Aa u HaBoIHbaBamke UMa 3HAUAjHOT YTHLAja HA KOJIUYHHY eTap-
CKOT yJba y IiofoBuMa. Haume, y ormenuma ca HaBomaBameM y Mpany ycra-
HOBJBEHO j€ Jla HeJloCTaTaK BOAE y MEepuoAy nopacrta ctalia u LBeTama pery-
Kyje MIPOU3BOAY erapcKor ysba y miofosuma [115]. MelijHM UCTpaKUBamba
JIPYTHX HayqHHKA y TOj 3eMJbM yKa3yjy Ha TO Jia calpkKaj CTapCKOr yJba pacte
ca Iy»XKMHOM Tpajama cTpeca U3a3BaHor CylIOM. bubke Koje cy Ouie usnoxene
CYLIH y Tpajamy Ol LIecT JaHa akymyiaupaie cy 2,12% erapckor yiba. [lpu
CTpecy oA JeceT AaHa OMibKe cy akymynupane 2,76% erapckor yjba, a CTpec
on 14 nana noseo je 110 aKyMylnanuje Hajsehe KonnanHe €TapCKOT yIba — 2,93%
[17]. OBa cryamja je y CYNPOTHOCTH Ca PE3yNTaTuMa KOje CMO MU JOOHIN Ha
aucy. Mehytum, y ctynuju ca _]C,Z[HOFO,Z[I/ILH}LI/IM KHMOM (Carum carvi L.), y
JBOTOUILIM UCTPAXKUBAKBUMa YTBPEHO je J1a Cy y CYILIHOj M TOIUINjOj TOIH-
HU OMJbKE aKyMyJupaje BUIIE eTapcKor yiba [8].

HcnutuBameMm yTHLaja IpuMemeHOr yOpuBa Ha caapikaj eTapcKor yJjba y
IoaoBUMa aHuca 6aBuo ce Behu Opoj aytopa. Y uctpaxusamuma y Mpany yc-
TaHOBJBEHO je /2 MPUMEHA Pa3THIUTHX BPCTa hyOpuBa He yTHUE CTATUCTUUKH
3HAYajHO Ha cajpiKaj eTapCKOr yjba y MiogoBuMa. [IpumMena mucTemaka y Ko-
nruuHM o7 5 t/ha mokasana ce kao HeeduKacHa, Tj. TpH TIPUMEHH OBOT hyOpuBa
Oownbke cy akymyaupaie 3,69% erapckor y7ba, HITO je Mame Hero y KOHTPO-
mu (3,78%). IlpumeHoM crajmaka caipkaj €Tapckor yJba y IIoAoBUMa OHo j je
3,92%, a npu npumenu NPK hy6pusa 4,10% [39]. UcTpaxuBamuma y HaIIO]
3eMJBH je YCTaHOBJbEHO Aa npuMeHa xemujckor NPK hyOpusa y xommuunau on
400 kg/ha 3nauajHo moBehasa canpikaj etapckor yipa (3,41%) y nopehemy ca
KOHTpOJIOM (2,66%) [53].

[Tpumenom opranckux hyOpusa u 6nodepruinzaropa Koju ce KOpUcTe y op-
T'aHCKO]j MOJbONPUBPEIH, yCTAaHOBJHEHO je 1a ce pu npumenu 10 t/ha rmucremaka
nobuja HajBehM caapikaj eTapckor yiba y IiogoBuMa anuca (4,21%). [Ipumena
MuKpoOHonomkux hyopusa Ha 6a3u Oakrepuje Bacillus circulans xoja momaxe
TpaHchopmManujy Gocdopa 1 HaCTaHaK XOPMOHA pacTa Takohe 3HauajHo noseha-
Ba caJipKaj eTapckor yiba y rionosuma. OBo hyOpuBo HajOoJbE Aeiyje aKko ce
MPUMEHH JIBa ITyTa, U TO MHOKYJIAILKjOM CEMEHa IIpe CETBE U NMpCKambeM Onsbaka
y ¢asu nopacta y cradno [30]. Ja je npumena pocdonmuzupajyhux dakrepuja y
0B0j (pazu HajepukacHUja MOTBPYYjy U HUCTpaKMBama Ipyrux ayropa [114].

Bpeme y koMe ce U3BOAM JKeTBa Takole 3Ha4ajHO yTUUE HA CapikKaj ETapCKOT
yJba y INIOAOBUMA. Y MYHO] 3pEIOCTH caJpKaj €TapcKor yJba onajaa y nopehemy
ca JKeTBOM y PaHUjUM CTaIujyMHUMa, JIOK je Y CTaaujyMy BOLUTaHE 3pPEJIOCTH,
KaJa IpuMapHH LITUTOBH 100Hjajy OpaoH 00jy (JINCTOBH Cy jOII YBEK 3€JICHH),
Ca/Ipkaj eTapcKor yjba y IionoBuMa Hajeehu (4,60%) [74].

Canprkaj eTapckor yjba YMHOTOME 3aBHUCH U Of MeTona ekcrpakuuje. [Ipu-
menoM cynepkputuune CO, excrpakuuja gobuja ce 7,5% eTapckor yiba, 10K
Ce U3 UCTHUX y30paka Xujpojectumianujom nqobuja camo 3,1% [108]. Uctpaxku-
Bamba MOKa3yjy U Jja ce MIPUMEHOM MHKPOTAIaCHO aCUCTUpaHEe JIeCTHialuuje 3
caMJIEBEHHUX II0JI0Ba aHuca 1oouja 3% eTapcKor yjba KOJIMKO U IPUMEHOM XH-
nponaectunanyje [66].
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4.2. XeMHjCKH CACTAB €TAPCKOTI Y/ba AHUCA

Etapcko ysbe aHMCa je KOMIUIGKCHAa CMeEIlla KOMIIOHEHara Koje Mpumagajy
KJacu (eHONNpOIleHa, MOHOTEPIIEHA U CECKBHUTEpIieHa (cnuka 5). Y Hammm
y30pIFMa eTapCcKoT yJba aHUuCa yTBPH)EHO je MPHUCYCTBO YKYITHO 15 KOMIOHEH-
TH, 0] KOjuX je jenHa HeuaeHTtuurkoBana. GC/FID xpomarorpam jemHor mpo-
CEYHOT y30pKa MpHKa3aH je Ha CIUIU 6. XeMHUjCKH cacTaB €TapcKor yiba II0-
JI0Ba aHKCa HUje Ce 3HauajHO Pa3IMKOBA0 Ha HUBOY NPUMEH-EHOT jyOprBa HUTH
JIOKAJIUTETA, JOK Cy pa3iiMKe MOCTojajie Ha HUBOY UCIIUTHBAHE TOANHE, OCUM Y
CIIy4ajy yuc-aHeTona u f-papHesana (tadena 4).

— MacHe kucenune (Fatty acids)

o} /\/\/\/\/\I\/\/\i
OH N OH

oneuHcka kucenuxa (Oleic acid) netpocenuHcka kucenuHa (Petroselinic acid)

®enunnnponexn (Phenylpropenes)

JI O~ O

yuc-aHeton (cis-anethole) mpaHc-aHeton (trans-anethole) metunkasukon (methyl-chavicol)

j )~ ﬁéf
§_<O O\ .

mpaHxc-nceyaousoeyreHun 2-metunbyrupar enokcu-nceyaonsoeyrenun 2-metunbytupar
trans-pseudoisoeugenyl 2-methylbutirate epoxy-pseudoisoeugenyl 2-methylbutirate

CecksutepneHu (Sesquiterpenes)
Aumknmynm (Acyclic)
X ™ P~

mpaHc- B -papHezaH (trans- B -farnesane)

MoHouuKAnYHU (Monocyclic)

\ g ) P
o \/
B -enemet (B-elemene) a-3uHrubepen (a-zingiberene) B -6ucabonen (B -bisabolene)

BuumkaunyHm (Bicyclic)

o B D R

a-xumaxaneH S-xumaxaneH y-XumaxaneH mpaHc-mypona-4(14),5-guen
(a-himachalene) (B-himachalene) (y-himachalene) (trans-muurola-4(14),5-dien)

Cauka 5. KoMIoHeHTe MacHOT H €TAPCKOT yJba AaHHCA
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Response_ Signal: Anis 2 less 02.DFID1A.ch

1400000

1200000

1000000

800000

600000

400000

200000
15.61416.553 _ 18.436 21.856 26687 42090

T T T T T T T T T UVABAR) T T T T T T T T T T T T T T T
Time 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00 33.00 34.00 35.00 36.00 37.00 38.00 39.00 40.00 41.00 42.00

Ciauka 6. GC/FID xpomaTorpam eTapckor y/ba aHuca

DeHOJMPOoNeHn Cy Haj3aCTyIUbEHHUja Kiaca jeANbCHha Y €TapCKOM YIbY
anmca (92,95-98,91%). On oBe kiace jenumema UISHTH(PUKOBAHU CYy yuc- U
MpaHC-aHEeTOJ M METHUIIKABHUKOJ (€CTparoi), 3aTHM, MpaHC-TICEyION30€yTeHII
2-MeTHIOYTHPAT M enoKCU-TICEYION30€yTEHIT 2-MeTIIIOyTHpar. tbuxose dop-
MyJe cy TpuKa3zaHe Ha ciuim 5. MHade, oBe ABE MOCIeqmhe KOMIIOHEHTE Cy Ka-
pakTepucTU4HE 3a pon Pimpinella v ipencraBibajy hutoxeMujcke mapkepe [71].

PesynTarn Hammx ncTpakuBama yKasyjy Ha TO /1a €TapcKo yJbe aHnca cajp-
xu ox 91,90-98,72% mpanc-anerona. Komunna mpanc-anerona 6uia je Mama
y TpBOj romuHu ucTpaxuBama (93,20%), y mopehemy ca APyroMm TOITUHOM
(96,35%). Crpec moxxe 3Ha49ajHO 12 moBeha akymynaiujy ¢peHmImponeHa, a Kao
Hajuemhn y3pony ce HaBOje: Hamaj rmaroreHa, ¥YB 3pademe, HemocTaTak xpa-
HUBAa, BUCOKE Temreparype u xepourtumau [103]. [IpeTtmocTaBka je 1a je y Harem
HCTpaXkHBamy cyma mpaheHa BUCOKHUM TemriepaTypama TokoM 2012. romuHe
YCIIOBWIIa aKyMyJanjy Behe KOMHInHe mpaHCc-aHeToNa y ETapCKOM YJby aHHCA.

Wzomep mpanc-anerona, METHIKaBUKOJ, 3aCTYIUbEH je OMO Y KOIMHMYHHH
o 0,19 mo 0,79%, a yuc-aneron ca camo 0,05-0,10%. [TocToje HaBomM 1A je
yuc-aHEeTON TOKCHYAaH CacTOjaK eTapCcKOT yJba, T€ M3 TOT pasjiora HeroBa KOH-
neHTpanyja tpeda ga Oyae y rpannmama 0,2-0,5% [102]. o cana aHuje 3abemne-
YKEHO TPOBamkE¢ aHUCOM KOJI JbyIHu. MelhyTuM, yTBpheHo je na je cpema CMpTHA
no3a (LD, ) 3a mpanc-aneron 900 mg/kg, 0K je 3a yuc-aHETON 3HAYAJHO Mamba
u m3HocH 93 mg/kg [117]. CuMnToMu aKyTHOT TPOBamka aHETOJIOM CE OTJIeNajy
y: CMameHO] TTOKPETJHPHBOCTH, IMOopeMeheHo] KoOpANHANMjH TTOKpeTa, moBeha-
HOM ToHycy mummha u penpecuju [118].

Tpeba nmaTu y BUAY J1a Kana ce mparc-aneton u3noku UV CBEeTIy WIN KH-
CeJI0j CpeduHM, ToJia3u 10 (hopMHpama yuc-aHeToIa KOjU MOpe]] Tora IITo je
TOKCHYaH, MOCEayje W HempujaTaH MUpHUC U YKyc [24]. Ctora, IpUIuKOM 4y-
Bamba €TAPCKOT yJba MOpa CE€ BOIWTH padyHa O TOME Ja He Oy/e M3JI0KEHO CyH-
4Y€BOj CBETIIOCTH.

Tpanc-niceynon3oeyreHun 2-MeTWIOYTHpaT KOju ce HaBOmd Kao (huToxe-
MHJCKH MapKep y eTapckoM yJby aHuca OO je 3aCTyIUbeHUJU Y MPBOj TONWHU
uctpaxusama (0,95%) y nopehemy ca 1pyrom, CyIrH1jOM ¥ TOITUTH]OM TOJUHOM
(0,66%). Enokcu-ticeynon30eyreHun 2-MeTHIOyTHpaT, APYTH (PUTOXEMH]jCKH
Mapkep, OMo je MPUCYTaH caMO y MPBOj TOTUHN UCITUTHBAbA.

Jpyra xiaca jequmena Mo 3aCTyIJLeHOCTH Y €TapCKOM yJbY aHHCa Cy CecK-
BUTepPNeHU. Y HAIIMM UCTPaXUBAmbUMa OMIIN Cy MPUCYTHH Y Behoj KOMHIHUHU
y y3opruma u3 2011. (mo 3,64%) y mopehemy ca y3opruma u3 2012. romm-
He (10 2,51%). On oBe Kki1ace jequmema O Cy IPUCYTHU: jelaH alluKINIHU
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CeCKBUTEpNEH (mpanc-f-hapHe3eH), MOHOIMKINYHY (f-eJeMeH, a-3uHrnoe-

peH, f-Oucabonen) 1 OUIMKINYHHA CECKBUTEPEHH (0, f U y-XUMaxalleH, mpaHc-

mypona-4(14),5-muen). CTpykTypHe GopMylie jeumbemha U3 OBE Kilace MpUKa-

3aHC CYy Ha CJIMIU 5.

Tabesa 4. 3acTyN/beHOCT KOMIIOHEHTH €TAPCKOr yJ/ba aHuca (%) y 3aBUCHOCTH 0]

0,05%)

roIMHe, JJOKAJHUTEeTa U NpuMemeHor hyopusa (LSD

€H €H €H €H €H €H €H €H €H €H €H €H €H €H €H odgv
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Tab6eia 5. Kopenanuje KoMIoHeHaTa eTapCKOr yJba aHHCA
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* Kopenayuja je snauajna na nugoy 00 0,05%

On MoHoTepneHa OMO je IPUCYTaH CaMO MOHOTEPICHCKU KETOH MpaHc-Iu-
XUIPOKAPBOH U TO caMo y Toky 2012. rogune, y MajoM NpoLEeHTY (y IpOCeKy

0,28%).
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CraBsbameM y KOpemnalujy CBUX KOMIIOHEHaTa €TapCKOT yjba aHHCa, MOXKE
ce 3aKJbYUHTH Ja j€ Mpanc-aHeToN Kao Haj3acTyIIJbHIja KOMIIOHEHTAa Y CTaTuC-
TUYKY 3HAYajHUM HETAaTHMBHHMM KOpelalujama ca CBUM KOMIIOHEHTaMa OCHM
ca yuc-TUXUAPOKApPBOHOM Ca KOjUM je y MO3UTHUBHO] Kopenauuju (1=0,72)
(tabena 5). I apyru ayropu HaBone cIM4Hy mpaBwiHOCT. Haume, yrBpheno
je na ca moBehameM KOHLEHTpauuje mpauc-aHeToja onaja KOHLEHTpauuja
y-xumaxanena [103].

VY roTOBO CBUM HCTpaKMBamblUMa YCTAaHOBJBEHO j€ Ja Cy ABE IJIaBHE KOMIIO-
HEHTE €TapCKOr yJba aHUCA MPAHC-aHETONl U METUIIKaBUKOI. huxoBa konnunna
Bapupa y 3aBUCHOCTHU O JIOKAJIMTETa rajema Tj. nomyiauuje. Ha uetupu jioka-
mutera y Typckoj, caapxaj mpanc-anerona je Bapupao ox 96,57 no 97,24%,
JIOK Cy BapHjauuje y cagpxajy MeTuikaBukona oz 1,89 mo 3,18% [96].

UcnutuBameM y3opaka aHuca u3 11 eBpOICKMX 3eMajba YCTAaHOBJHEHO j€
Jla je Haj3acTyIUbeHHUja KOMIIOHEHTa mpaHc-aHeton ca 76,9-93,7%. Hajseha
KOHIIEHTpalHuja OBOT (eHoNMporeHa ouna je y yzopuuma u3 ['puke, Mahapcke,
kotcke, JIutBanuje, Utanuje nu Hemauke (>90%). Erapcko yibe cemena aHu-
ca 3 Ecronuje Ouno je 6oraro ca y-xumaxaiaeHoM (8,2%) u mpawuc-niceyno-
uzoeyreHui 2-metuwilytuparom (6,4%), 10k cy y3opuu u3 dpanirycke UManu
HajBehy konmmuuny anucanaexuna (5,4%) y nopehemy ca octaiuMm y30pLumMa y
KojuMa ce caaprKaj OBe KOMIIOHEeHTe kpeTao 110 3,1% [71].

Ucnutuama y Hemaukoj koja cy oOyxBaruia 15 y3opaka Takolhe cy mokasa-
na n1a je on 20 Pa3IUYUTHX KOMIOHEHATA KOJIMKO je yTBpI)eHo Y €TapcKoM yiby
HAj3aCTyIUbEHU]H MPAaHC-aHEeTO KOjU UCTIOJbaBa 3HaanHy Bapujalujy y 3aBU-
CHOCTH O]l y30pKa ajii U of] ycioBa roauHe. Takole je 3a0enexeHo U 3HaYajHO
BapHUpame y-XuMaxajieHa U MeTuikaBukona [103].

UctpaxuBameM [1Ba BapujeTeTa aHHCa ca Pa3IMYUTUX MPOU3BOJHHUX MOA-
py4ja y banrnazgenty, Takohe je ycraHOBJbeHa BeNTMKa BapHjalnja y XeMHUjCKOM
cacTaBy, LITO MOTBplyje UNIEHHUITY A2 je pa3sinKa MOClIeAna Pa3InuuTHX reo-
rpad)CKUX U EKOJIOLIKUX YCIIOBa. Y 00a y30pKa aHHCa U3 OBE 3eMJbE JOMHHAHT-
Ha KOMIIOHEHTa je yuc-aHeton u 1o ca 69,40% y mokpajunu laka (Dhaka) u
85,32% y nokpajunu borpa (Bogra). Y y3opuuma u3 Jlake nopen yuc-anerona
yrBphenu cy u mumoneH (13,27%) u denxon (11,41%) [69].

UctpaxuBamuma y Typckoj y 29 y3opaka aHuca ca JeBeT pa3iIuuuTHX Ipo-
W3BOJHMX MOIPYYja, HACHTU(HHUKOBAHO je o1 11 10 23 KOMIIOHEHTE y eTapcKoM
yiby. Takohje je ycTaHOBIbEHO M 3HA4ajHO BapHpame caapikaja mpaHc-aHeTona
n3mel)y y3opaka u 1o ox 78,63 10 95,21% [19].

MehyTim, OCTOje U XEMOTHIIOBH KOJ| KOJUX /MpPaHC-aHETON HUje JOMUHAHT-
Ha KOMIIOHEHTa y €TapcKoM yJby. McnutuBameM ceMeHa anuca u3 Mapoka u
JeMeHa ycTaHOBJBEHO je /1@ je JOMHHAHTHA KOMIIOHEHTa Y €TapCKOM YJbY Me-
TUJIKABUKOI (4-aJuiiaHUCOI) ca 3acTyiubeHomhy of 76,70%, onnocHo 85,28%
y 3aBUCHOCTH OJ1 JIoKaiuTeTa. OcTalie KOMIOHEHTe Cy Ouiie: JMMOHEH ca 9,75%
y y3opiuma u3 Mapoxka, u 5,53% y y3opuuma u3 Jemena, kao u (peHxoH ca
6,16%, ognocuo 4,12% [14].
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5.
Ynorpeb6a aHnca

AHHC ce 4ecTo ynorpebsbaBa y HapOAHO] MEIUIMHM, a Takohe je u odu-
IIjajTHa apora y MHOTHM (apMakorejama. dapmakoonika yrmoTpeda aHu-
ca je BpJIO pa3HOBPCHA, a MOpe]| TOra, OBa OWJbKa Ce YeCTO KOPUCTHU U 3a apo-
MaTH3allljy aJTKOXOJHUX MHha, moce0HO y 3eMbaMa MEANTEPAHCKOT TTOIpyYja,
aJTM ¥ Kao JI0JaTaK CIATKHUIINMA M IPYTUM jeluMa. AHUC Ce KOPUCTH U Y BeTe-
pPWHH, Ka0 U 'y OPTAHCKOj TOJBOTIPUBpEnH [6].

5.1. ®apmakos01IKa ynorpeda anuca

BpojHuM ncTpakuBamUMa IIKPOM CBETA je YCTAaHOBJHEHO Aa aHHC JAeTyje Ha
CHCTEM OpraHa 3a Bapeme, Ka0 M Ha PECIIUPATOPHU U HEPBHHU CHCTEM. AHHC je
MO3HAT M Kao OMJbKa ca eCTPOreHuM aejcTBoM. Jlenyje 1 aHTuMH(IaMaTOpHO,
aHTHKAHIIEPOTEHO, Ka0 M aHTUMUKPOOHO [3].

,)IejCTBO Ha CUCTEM OpraHa 3a Bapeme

VY Hamoj HapoAHO] MEAWLMHN aHHUC CE MPENopyvyje Kao CPenCTBO NPOTUB
HaZuMama, 3a No0oJbIIake MPOOaBe U 3a peryiancame Bapema. VcTpaxuBamy-
Ma in Vitro Ha eKCIIEPUMEHTAJIHUM JKMBOTHH-AMa W KIMHUYKHM OIJiefuMa Ha
JbyauMa yTBpheHo je aa ruion aHuca eukacHO Aenyje Ha MPaXmEmhe LpeBa
KO XpOHMYHE ONCTUNANHje, a GPUTOTEPAINjCKH MPOU3BOAN Oa3UpaHu Ha aHH-
cy Mory Outu edukacHa u Oe30eqHa anTepHaTUBHA Tepanuja 3a ONCTHUIALM]Y
[95, 76]. Hajuemhu Melanu 4ajeBu ca aHUCOM KOjH C€ KOPHUCTE 3a JICUSHE Op-
rasa 3a Bapeme npema TynakoBy [97] jecy 4aj mpoOTHB racoBa U HaAUMama y
OpraHuMa 3a Bapeme 1 4aj MPOTUB 3aTBOPA.

Yaj npomue eacosa u Hadumarba y opeanuma 3a éaperve: Hanpasumu cme-
wy 00 no 20 g anuca, mopaua, Kuma, MajKkure oywuye u Kamuiuye, u 00
moea no mpu cynene xawuxe nonapumu ca 0,5 | kvyuane 6ode, nokionu-
MU U OCe Mpu cama Modxice ce nUmu nocie jeid.

Yaj npomue 3ameopa: nmanpasumu cmeuy o0 no 20 g auuca, mopaua,
clamKoe Kopena, cysux w/msuea u kope kpyuute. /lée cynene kauiuke ose
mewasune nonapumu ca 0,3 | kwyuane 600e, ROKIONUMU, OCMABUMU MPU
cama u 00jeOHOM NONUMU.
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VY upaHCKO] HApPOIHO] MEIUIMHU aHHC CE KOPUCTH 3a OCBEKaBambe Aaxa U
ucnupame ycra. HaydnuM ekcriepiMeHTOM je MOTBphEeHO Ja aHUC CTUMYIIUIIE
CeKpelyjy IJbYBaYHUX KJIE3/1a Tj. CaJlMBalyjy, ITO A0BoaM 10 noBehama pH
BPEIHOCTH y YCTHMA, ajld M MEXaHWYKOT MCIUpamba yCHE LUIYIUbHHE, YHME Ce
OTKIIamama 3yOHu 1iak. [lopen Tora, aHuc nocemyje aHTHOAKTEPH]jCKO JI€jCTBO,
mTo je epukacHo MpoTHB OakTepuje Streptococcus mutans Koja JOMPUHOCU Ha-
CTaHKy Kapujeca [16], anu genyje u Ha Apyre OakTepuje U3 ycHe nymbe [26].

Penent 3a KOHIIEHTpAT 3a UCHMpamE ycTa Ha 0a3u aHUCa KOjH Ce JIAKO MOXKeE
HampaBuTU U y KyhHuM ycnoBuma naje Kuranosuh [58].

Excmpakm 3a uchuparee ycma u kpajuuxa: Hanpasumu cmeuty 00 no 5 g
auuca, yumema, kapanguiuha u npononuca, u 000PO YCUMHUMU Y ABAHY.
To cmasumu y ¢nawty, dooamu 4 g emapckoe ywa wane u 11 75% anxoxo-
aa. Dnawy 4epcmo 3ameopumu U OCMasumu 0a CIMoju Ha MAMHOM MeChy
10-15 oana y3 ceaxoonesno myhkarwe. Hakon 060z nepuoda meyHocm
npoyeoumu Kpo3 GUILECIOfHY 2a3y 00K He nocmane bucmpa. Ynompebwa-
seamu 10—15 kanu onesno 3a ucnuparve ycma, a 30—50 xanu 3a epemwarve
KOO ynane KpajHuxa.

ExcrpaxT miiofoBa aHuca 3Ha4ajHO HHXHOUpa omTeheme Ciry30KoKe JKemyna
y3pOKOBaHE HEKPOTHYHMM areHcuma. lIpeTrnocTasiba ce Ja aHUC 3HAYAjHO pe-
IYKyj€ CEeKpeltjy JKeTyaauHe KUCEIMHE U allMANTET, TE Ha Taj] HAYKH 3ayCTaBJba
cTBapame ynmepanuja [15]. Yajna MemnraBuHa Koja ce KOPUCTH 3a JISUCHE XPo-
HUYHOT 3alajherha JKeMyIa je Kao mTo cienn [116].

Yaj 3a neuerve XpoHuuHO2 2aCMPUMUCA: HANPAGUMY YajHy Meuasuny o0
10 KAQWUKy n100a aHuca, KOpena 6odonuje, mucma scaigpuje, xepoe neiuna
u nooyouye, nonapumu ca 1 | kwvyuane 6ode, nokionumu u ocmasumu 0d
cmoju 06a cama. IIpoyeoumu u numu y moxy dauna. Yaj numu 10 oana.

HcTpaxxkrnBamyuMa je yCTAaHOBJBEHO Aa €KCTPAKT IJI0/Ia aHUCA IITUTH jeTPY O
HEKPOTHYHOT /IejCTBa CIIOOOAHMX peauKaia, Kao U a JOBOAM A0 3HAYajHOT I0-
MpaBJbamka JECTPYKTUBHIX POMEHa Ha jeTpu [25, 45]. Takohe, anuc mocemyje
Y aHTHUjabeTHIKY akTHUBHOCT [62, 81, 84].

I[ejCTBO Ha CUCTEM OpraHa 3a 1ucame

ExcniepuMeHTHMa je yCTaHOBJbEH OpPOHXOAMJIATOPHU e(eKaT eKCTpakTa U
€TapCcKOr yJba aHHMCA KOjH je MOCIeNULa MHXUOHWLHUje MYCKapUHCKUX peler-
TOpa, KA0 U aHTUXOJIMHEPrHyka akTUBHOCT. C 003UpOM Ha TO Ja aHUC Jelyje
AHTUUH(IAMATOPHO U OPOHXOAMUIATOPHO, HErOBa IPUMEHA Ma ONpaBlama y
Jieuey NpodieMa pecrupaTopHOT TPAKTa YKIbYUyjyhn v OpOHXUjaIHY acTMy
[22, 92]. Kako HaBomu TymakoB, y HaIll0j HApOIHO] MEAUIIMHU aHUC CE€ KOPUCTH
y 4ajHUM MeEIIaBUHAMa 33 CMHPUBAbhE KalllJba U UCKAIUbaBAbE CITy3H, Kao 1 32
cMupHBame actMme [97].

Yaj 3a nakuie uckaubasare ocywiene cayy uz navha: Hanpagumu 4ajuy
Mewasuny 00 no 25 g anuca, Mopaia, Ciamroz Kopena u majopana. Jeony
cynemy kauuxy oge mewiagune nperumu ca 0,2 | xwyuane 6ode, nokionu-
mu u nocie 08a cama npoyeoumu U NONUMU NOCJLe jead Monao 4aj.
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Yaj 3a cmupusarve Kaulba U UCKAULDABATLE CIV3U: HANPAGUTNU YAJHY Me-
Wasury 00 no 5 g auuca, Mopaya, UCIAHOCKoZ Juulaja u yeema noobenda,
no 10 g nane u geponuxe u no 20 g aucma noobena u kopena benoz ciesa.
Jeony cyneny xawuxy ose mewagune nperumu ca 0,2 | kvyuane 6ode, no-
KIORUMU U nocie 08a cama npoyeoumu u NONUmu nocjie jenda mondo udj.

Yaj npomue acmme: nanpagumu 4ajuy meuwiaguny oo no 20 g anuca u yge-
ma noobera u 60 g nucma noobera. Tpu cynene Kawuxe oge MeulaguHe
xkyeamu 10 munyma y 0,5 | 6ode, ocmasumu yeny ok u cympaoan numu
ymMecmo gooe.

JejcTBO HA penpPOAYKTUBHH CUCTEM

AHnwuC je OMIbKa KOja ce BEKOBIMa KOPUCTH Kao ectporeHu areHc [12]. HaBoau
ce Jja OMJbHE Karcyse Koje caapike eKCTPaKT aHhca CMambyjy BpeMe KpBapema U
MEHCTpyaHe 00JIOBE KOJI )K€Ha ca CHMIITTOMHMA IIpUMapHe TucMeHopeje [56], a
UCTO TaKo JIeNyjy e(pHUKaCcHO U 32 CMabHBaHKE BATYHTa KOJI )KEHa Y TOCTMEHOTIa-
y3u [70]. [ImomoBu anmca Takohe menmyjy mpeBEHTHBHO Ha OCTEOIIOPO3Y M3a3Ba-
Hy HEJOCTaTKOM ecTporeHa [46]. Y MHOTMM HapOJHUM MEIWIIMHAMa aHHC Ce
ybOpaja y OMJbKe KOje YTUYy IMO3UTHBHO Ha JIy4eHe MJIeKa, [1a TaKO U y HaIIo]
HapoaHOj MeauIuHu [97].

Yaj 3a jaue nyuerve maexa: HaNpasumu Yajuy Mewasuny oo no 25 g anuca,
Mopaya, mupohuje u majopana. Tpu cynene xawiuxe oge meuiagune Ky-
samu 10 munyma y 0,5 | 6ode, ocmasumu yeny Hoh u cympadan numu
ymMecmo gooe.

JejcTBO HA HEPBHU cUCTEM

Y upaHCKOj HApOHOj MEIUITMHN aHUC C€ KOPHCTH 32 JIeUeHhe MHOTUX HEYpO-
somkux oonectu [77, 55]. UcTpakuBamuMa je yCTaHOBJLEHO J1a aHUC MOCEAYje
AHTHKOHBYJI3aHTHY aKTUBHOCT, J]a 3HAa4ajHO MPOyKaBa nepuoja uzmely emnme-
NTHYKUX Halaaa ¥ peayKyje lUXOBY jaulHy U Tpajambe.

VY Hamoj HapoJHOj MEUIIMHU CIIOMHUILE ce J1a 15 KaIu eTapcKor yJba aHuca
n3a3uBajy cal ox 12 caru [97], 10K ce y cTapuM OOTaHWYKHUM KEbHUramMa HaBOJIH
Jla je aHuc 1o0ap 3a neiy koja 6omnyjy ox dpaca [104].

VY Hpaky, r1e ce oBa OMJbKAa YECTO KOPHCTH Y HApOIHO] MEAMIIMHU, €KCIIe-
PUMEHTHMA je JTIOKa3aHO Jla aHUC TOCEAyje 3HauajHy aHaJIreTHUKYy aKTHBHOCT
[101], koja je ciuuny MopduHy U acnupuny [94]. McrpaxuBamuma je ycra-
HOBJBEHO JIa CE€ SKCTPAKT aHHCa MOXKE KOPHCTHTH W 3a JieueHmhe MHUTPEHe ca
aypoM [44].

AHTHOKCUAATHBHA AKTHBHOCT

Bonenu u amkoXoHU eKCTPaKTH TUIOA0BA aHUCA MTOKA3yjy jaKy aHTHOKCHIA-
THBHY aKTHBHOCT IITO je MOTBpEHO aHTHOKCHAATUBHUM TECTOBHMA Kao LITO
cy: crmocoOHocT xBarama ciobonuux DPPH paamkana, cynepokcu aHjoHa U
BOJIOHUK TIEPOKCHUA, KA0 M CIIOCOOHOCT XeInpama joHa reoxkha. AHTHOKCH A~
THBHA aKTHBHOCT nopehjeHa je ca cuHTeTHUKUM anTrnokcunancuma (BHA, BHT
u a-Tokodepoi) [42].
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AHTHOKCHIATUBHA aKTUBHOCT BOJCHOT M AJKOXOJIHOI €KCTPaKTa IJI0A0Ba
aHuca je TeCTHpaHa MOJAEJIOM MHXUOHIHMje MepoKcUuaanuje JTUNno3omMa 1 Jiu-
HOJICMHCKE KHCEIMHE PU YeMy je yTBpheHa 100pa aHTHOKCHIATUBHA aKTHB-
HOCT KOja yKasyje Ha MOryNHOCT MpUMEHE eKCTpaKaTra Kao aHTHOKCHUIaHCca Y
XpaHu 00raroj MacTuMma, T€ C€ MOXKE KOPHCTUTH 3a CTaOMIM3alHjy MacHHX
yipa [13, 107].

Excrpakr miopa aHuca mokasyje aHTUOKCHUAATHBHY aKTUBHOCT MPOTUB a3-
OT-MOHOKcH[a, cynepokcua u DPPH paaukana Ha Taj HauuMH WTO PEeAyKYje HU-
XOB HIOTCHLUjall U CMamyje BUXOBY KOHIeHpTanyjy. [Ilpumena rogosa aHuca
y KOJIMYMHH Of1 5 g THEBHO MOXKE CE KOPUCTUTH Kao JoAaTaK Teparuju KoJ ma-
uyjenata obonenux of mehepHe 0oJecTH paau cMambemha OKCUAATHBHOT CTpeca
Koju mparu oBy Oonect [80, 81].

AHTHMH(IAMATOPHO U AHTUKAHLEPOT'€HO /1ejCTBO

ETapcko yibe Bpcta u3 poaa Pimpinella uma nmo3utuBaH edexar Ha IpeBeH-
LUjy MHOTUX OOJIECTH, HAPOUUTO 3anajbembcKux nponeca [93]. ExkcnepumenTH-
Ma je yTBph)eHO J1a eKCTPaKT aHUCa MITUTH EPUTPOLIUTE OJl BOZOHUK-IIEPOKCHAA
KOjU TIOCcpeayje y MPOoLecy XeMOoNu3e a Takohe mokasyje U aHTUMH(IaMaTopHy
aktuBHOCT [50].

ETanomHu ekcTpakT aHuca Moceyje U HUTOCTaTUIKy aKTHBHOCT Ha henwmje
KaHIepa npocrarte. TpeTMaH ca aHHCOM MMa aHTHUIPOTU(EPaTUBHO I€jCTBO U
armonTOTUYHU edeKaT Ha KaHleporeHe hemnuje, Te ce cTora MOXe CBPCTaTH Y
XpaHy 3a MIPEeBEHIH]jY U JIeueHkhe KaHiepa [54].

AHTHMI/lKPOﬁHa AKTHUBHOCT

Excrpakr aHmca moceayje MIMPOK CIIEKTap AEjCTBA W Ha TPaM-TIO3UTHBHE
W Ha TpaM-HeraTuBHe OakTepuje. Bennku aHTHOAKTEpHjCKM MOTEHIWjal OBE
OuJbKe, HAPOUUTO aKO CE MMajy y BUAY TPOILKOBU MPOHU3BOAE, TOCTYITHOCT U
e(UKACHOCT, JOBOJH JI0 3aKJbY4Ka J]a CE aHUC MOXKE KOPUCTHTH Kao CUPOBHHA
y ¢uToTepanuju, kao epukacHa u jeQTHHA alTepHATUBA CHHTETHYKUM aHTHOH-
oturuMma [20, 9].

KoMOunHanujom erapckor yJjba aHHca ca €TapCKuUM YJbeM Apyrux Ouspaka
yTBpleHa je MHXHOUTOpPHA aKTUBHOCT KoJ BehWHEe MCIIMTHUBAHHUX MaTOTEHUX
OakTepuja. AAMTHBHA MM CHHEPTeTCKa aKTUBHOCT (PUTOXEMUKAIH]ja U3 erap-
CKOT yJba MOKa3ajla ce Kao BeoMa 3HayajHa 3a TPEeTUpambe I/IH(peKuHJa jep 3a
Pa3iuKy O]l CHHTETHYKMX aHTUOMOTHKA HA BUX OaKTEepHje HE pa3BHUjajy pes-
ucteHtHoct [10].

Iopen OpojHux Oakrepwja, aHHC Aedyje aHTU(QYHTATHO W Ha TIJbUBUILY
Candida albicans [42, 68], anmu u Ha apyre ribuBHLE [63, 61, 72, 111]. Takohe,
YCTaHOBJBEHO je /1a aHWC Jelyje U aHTUBHpAIHO, Ha Herpes simplex virus, 1u-
TOMETaJ0 BUPYC U BHPYC MOpOMIJIa IITO OBY OMJBKY CBpCTaBa y (yHKIIHOHAJ-
HYy XpaHy NPOTHB OBUX WH(EKTUBHUX Ooinectu [67]. EkcTpakT aHHCca MOXe ce
YCIICITHO KOPUCTUTH 3a JICUCHE JU3CHTEPHje KOjy u3a3uBa ameba Entamoeba
histolytica [79].
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5.2. Ynorpe0a anuca y gpyre cBpxe

AHUC ce KOPUCTHU U Yy BETEPHHAPCKO] MEIULIMHMY, TIE MY je yrnoTpeba ciIn4Ha
Kao y XyMaHoj Meaunay 1 ¢papmanuju. [lopen Tora, ycTaHOBJBEHO j€ H 1a IMa
MOTEHIINjATHO BEOMa IIUPOKY ymoTpeOy y KHUBUHAPCTBY KA0 MPUPOAHU aHTH-
OMOTHK, IMYHOCTUMYJIAHT U 3a MoBehame KOHBEP3Hje XpaHe. AHUC UMa [T03U-
THBaH yTHII3] U HA pube, Kao U Ha IMIese, 10K CE MHCEKTHUIIMIHA, OaKTePHUITIIHA
Y BUPOLMIHA aKTUBHOCT aHHCA MOXKE IPUMEHHUTH Y OPTaHCKOj MTOJbONPUBPEIH.

Ynorpeba y BeTepMHH U CTOYAPCTBY

JlenoBame aHuca AATOT y OOJIHMKY TOILIOT Yaja MoMake U KoJl JoMahuX KUBO-
TUBba, Cy30ujajyhn Haxumame u cMupyjyhu rpueBe. AHHCOBO ceMe CMPBIJBEHO
y mpax Jaje ce qomahuM >KUBOTHIbaMa Koj ynane riyha [104]. Yibane noraue
KOj€ 0CTajy HAKOH JCCTHJIAIM]€ €TAPCKOT YJba aHUCA UMAjy MHOTO OelaHYeBUHA
U MacTH, T€ CE Jajy Kao BpJIO jaka CTOYHA XpaHa, HApOYMTO My3apaMa aa Oou
JlaBajie BuIe mieka [97].

[TnomoBH aHKCa MOTY J1a C€ KOPUCTE M Y )KUBHHAPCTBY, Y UCXPAHH jallaHCKe
Mpernenuie 1 Koka HOCUJba, IPH Y€MY MMajy MO3UTHBaH e)eKar Ha UMYHUTET
NTHUIIA, AJIK U TIO3UTHBHE 0COOMHE Ha YHOC U KOHBEP3H]jy XpaHe, moseharme Mace
jaja u cMamemke HUBOA XoJIecTepoa y xkyMmaniy [21, 65, 28, 49].

Honarak anuca y ucxpaHy Opojiepa nopehaBa JHEBHM HpUpacT Mace, Ta-
kohe u moBehaBa KOHBEp3HUjy XpaHe, TaKo Ja Ce aHHC MOXE YBPCTHTH y HPH-
pomHe ctuMynarope pacta kop sxuuHe [29, 87]. [lopen Tora, mogaTkoM aHuca
y ucxpany Opojiepa nosehasa ce oTIIOpHOCT Ha HHPEKTUBHY OoiiecT Oyp3e u
OpoHxuTHC, a Takohe ce moBehaBa U ykymaH Opoj Jieykouura, JTuMpouuTa u
MOHOIIMTA, T€ C€ CMaTpa Ja je JoJaTaK aHhuCca UCXpaHu e(uKacHa 3aMeHa 3a
anTuoOuortuke [11, 112].

[Tynep cemena aHuca UMa MO3UTUBHY YJOry y noBehamy mapamerapa pacra
Y UIMYHOJIOIIKMX 0COOMHA W KOJI IIapaHa, IITO je MOCIIeANIa XEMH]CKOT CacTaBa
aHuca, KOju Caap Ky aHeTOoJI, HHXHOUTOpE THPO3WHA3E U IIMKUMHUHCKY KHCEIH-
HY, KOjU yCIIOpaBajy Mpojop MaToreHuX areHaca y Tejio puoe u ofpxapajy puoy
y 3/paBOM CTamy CTUMYyAuInyhu meH numyHnurer [18].

ExcnepumenTumMa je yTBpheHO 1a je eTapcko yibe aHuca BpJo e(UKACHO y
cy30ujamy OakTepujcke O0JIECTH MUesa MO3HATE Kao TPYJICK MUCITULET JIera,
kojy u3asuBa Paenibacillus larvae. Ilpu ynorpebu erapckor yjba oBe OUIbKE
HUCY YTBp)EHH TOKCUKOJIOIIKY PU3UIIM U IPYTH HETATUBHH €()EKTH KAO IITO je
PE3UCTEHTHOCT KOja Ce Pa3BHja KOJI CHHTETHYKUX aHTHOMOoTHKA [40].

Ynorpeda y opraickoj no/bonpuBpenu

Etapcko yspe aHmMca mMa BHCOKOE()HKACHO MHCEKTHULUAHO U PEIEICHTHO
nejcTBo Ha koMmapiie [78, 38]. MHcekTuIaHa U OBHUIIM/HA aKTUBHOCT €Tapc-
KOT yJba aHWCa yTBpljeHa KOJ| CKIQJWIIHUX WITeTounHa: Tribolium confusum,
Sitophilus orizae u Ephestia kuehniella [98, 99], kao u xon Lycoriella ingenue,
HITETOYMHE KOja je HApOYHWTO 3HAa4YajHA y MPOHM3BOAKY IJbKBa [75]. CMatpa ce
Jla MTHXHUOUTOPU THPO3HMHA3€ U3 €TAPCKOT yJba aHWCA MMAjy KJbYUHY VIOTY Y
KOHTPOJIM MHCeKara [64].

Etapcko yipe anuca nHxubupa pact ripuBa: Alternaria alternata, Penicilium
italicum, P. digitatum wu Botrytis cinerea, ITO MOX€ Jla C€ UCKOPUCTH 3a TIPO-
W3BOJIIbY EKOJIOMIKK Oe30emMHuX OWolMga y TEXHONOTHjU Tpepane Boha u
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noBpha [1]. Takohe, erapcko yJbe anuca y konueHTpanuju og 3000 ppm y mot-
MYHOCTH MHXMOMpa HMKC Bupyc kpomnupa (PVX), mMozanuHu BHpycC AyBaHa
(TMV) u Bupyc npcrenacte neraBoctu nysana (TRSV), Te Ou y ckopujoj Oy-
nyhHOCTH MOTITM OMTH CHHTETHCAHH Npernapard Ha 06a3u aHuca kKao e(huKacHU
MIPUPOJIHU BUpoLuan [86].

Ynorpebda y npexpaM0eH0j HHAYCTPUjU

AHHC ce 300T CBOT apOMATUYHOT U MPHjaTHOT YKyca yrmoTpebsbaBa 3a U3paay
O60oMOOHa, TyMa 3a JKBakame, JUKepa, apoMaTHYHuX muha, a eTapcko yibe ce
4eCTo Haja3u Meljy KOMIIOHEHTaMa 3a u3paay MmacTH 3a 3y0e U ocBexaBajyhux
TOHHKA 3a HCTIMPAHE YCTa U OCBEXkKaBame Aaxa. KoprcTu ce v 3a apoMaTu3aiujy
JICKOBA, MMOCEOHO eujux [58].

Jukep 00 anuca: 50 g 30pod.wenux niooosa anuca cmasumu y gaauy u
npenumu ca 0,6 1 70% anxoxona. Ocmasumu da oocmoju 6—8 Oana, y3
c8aKoOHesHO MyhKare, HAKOH Mo2a NPOYeOUmu Kpo3 UULECTOJHY 2a3y U
oodamu oxnahen wehepnu cupyn xoju ce npunpema 00 400 g wehepa u
0,5 [ sooe.
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6.

®eHonouwke Ppase

N arpoeKoJIOLLKM YCNI0OBIN
ycneBara aHUCa

i J OBOM TIOTJIaBJbY OMHCaHe cy (eHojomKe (aze aHnca, Kao U 3aXTeBH KOjH
Ce OJIHOCE Ha BIIAYKHOCT, TEMIIEPATYPy U CBETIOCT TOKOM BETETAIMOHOT
Teprojia Kao ¥ TOKOM TIOjequHuX (peHOoTomKuxX (aza.

6.1. ®enoiomke ¢aze anuca

[Ipema nmuTeparypHuM nofanuMa, BEreTallioHu nepuos anuca tpaje 120-150
naHa [57]. Pa3Boj Ouspaka aHHCa IPATHIIN CMO CBAaKOAHEBHO, IITO j€ IPUKA3aHO
Ha ¢y 7. Y TOKY BEreTaloHOI epHo/ia YCTAaHOBHIIN CMO T (PEHOIOLIKIX
¢aza u To cy:

1. HuIame,

2. popmuparme JTUCHE PO3eTe,

3. mopacT UBETOHOCHOT cTabmna,

4. uBeTame u

5. popMupame MmiI010Ba U ca3peBarbe.

]
- 8
HULAEbe
germination rnopact LBCTAHC (opMupame II00BA H Ca3peBambe
bopmupame useronocuor flowering fruit formation and maturation
JIMCHE po3eTe crabna

Jormation of leaf stem elongation
rosette

Cauka 7. ®a3e pa3Boja anuca

Ha ocHOBy ekxcrniepriMeHara n3BeAeHUX TOKOM JiBe roaune (2011/12) Ha Tpu
noxanutera (MomopuH, Benuku Paguanm u OctojuheBo), HUCY yTBpheHe pasz-
JIUKE y Ty>KUHH BET€TAllMOHOT TIepro/ia aHuca Kao HU y TPajamby M0jeTuHATHIX
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(henonomkux ¢asa y 3aBHCHOCTH 0f] IpuMemkeHuX hyopusa (koHTpona, Crasor,
BactoFil B-10, Royal Ofert dbuoxymyc, rmucremak 1 NPK). Paznuke cy mo-
CTOjajiec Ha HUBOY JIOKAJIIMTETA U UCITUTHBAHUX ToauHa. M3 rpadukona 1 moxe
Ce BHUJICTH JIa j¢ BEreTallMOHU TIepuoj aHuca tpajao o 112 no 145 nauna, u na je
2011. Tpajao myxe (y mpoceky 138 nana) y onHocy Ha 2012. ronuny (116 nana).

MovuopwuH |||||||||

2012

]
Benuku PagvHum : H||||||||||||||||||| :
|

Octoiueso | I

I
Mowops JIATI
I

Benuvkn PaguHum

WUcnutusaHa roguHa

2011

[T
N O O O A
Ocrejeco T

T

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Bpoj nana

| BC-H mH-IC @G- mURon sonx]

I'paduxon 1. Tpajamwe denonomxux ¢asza anuca y 2011. u 2012. ronmHu Ha cBa
Tpu ucnutTuBaHa JokaautTera (C — cerBa, H — nuname, [IC — nopacT yBeToHOCHOT
crabuaa, Il — uBeramwe, ®II — popmMupame u cazpeBame MJI010Ba, K — keTBa).

[Ipema ynOeHn4Koj IMTEpaTypH, Off CETBE A0 HUIlama mpohe 17-25 mana
[57, 34]. ¥ ucrpaxxuBamuMa Koja cMo u3Benu TokoM 2011/12. rogune, nepuon
HUIIamka je Tpajao ox 14 no 36 nana. HunamewM ce o3HauaBa 1ojaBa KOTHIIEIOHA
W3HaJ1 NOBPIIMHE 3eMJbe. AHHC KJIMja ca [Ba JIaHLleTacTa TaHKa KOTHJIeJOHa ca
3200Jb€HUM BPXOM. XHITOKOTHUII j€ KpaTak, cpeme nedeo.

Haxkon oBor nepuoaa, ciean nepuo GopMuparma JIMCHE pO3eTe, KOjH ce 3a-
BpIlIaBa ca MOPACTOM LBETOHOCHOT cTabna. OBO je HajayKu MEepHoXx U Tpaje
35-40 pana. Y HameMm HCTpaKuBamwy (hopMHpame JIMCHE PO3eTe je Tpajaso
oxn 25 no 47 nana. OBae je 61O jako M3pakeH YTHLA] BPEMEHCKUX yCJIoBa Ha
Tpajame oBe (asze. Tokom 2011. rogune hopMuparme JTUCHE PO3ETE je Tpajasio y
npoceky 31 man, a 2012. mpoceuHo Tpajame oBe ¢ase je ouno 46 gana. [Ipomy-
XKeTak oBe (aze ce Moxe 00jacHUTH BehoM KOJIMYMHOM Ma/IaBUHA Y IPBOM AETy
Bereranuje TokoMm 2012. ronune.

On nmopacTa LBETOHOCHOT cTabna 10 MoYeTKa IBEeTamba, aHUCY je Tpebaio o
12 no yak 33 nana, o je Takole OMII0 yCIOBJEEHO BPEMEHCKUM NpHIUKaMa. Y
Toky 2012. oBaj nepuox je Ouo 3HatHO Kpahu (y mpoceky 15 nana) y nopehemy
ca 2011. ronrHOM Kaja je aHHCY O] mopacTa IBETOHOCHOT cTabna 70 [BeTama
Tpebano 32 nana. Hanme, ckpaheme oBor neproaa y 2012. roauHu ycloBJbEHO
j€ BHCOKHUM TemIieparypama npaheHnM HeAOCTaTKOM MaJaBHHa.

Ca oBomM (heHoOImIKOM (ha30M ce 3aBpliIaBa BEreTaTHBHU Pa3Boj. Tpajame Be-
TeTaTUBHOT MEPHOJIA je y MPOCEKy N3HOCHIIO 65,5% o1 yKYIHOT BEereTanuoHoT
nepuona. OBo ce moayaapa ca MCTpaXHBambMMa Ha KOpHjaHIpY, TIe je ycTa-
HOBJbEHO J]a BereTaTuBHE (asze Tpajy Buie o 50% o yKyImHOT BEereTanuoHOT
nepuona [23].
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I'enepatuBHa (pasza pa3Boja MOUUILE Ca [IBETABEM, KOj€ j€ y HAILIUM OIVIeMa
Tpajano of 13 no 24 nana. U y ciyuajy oBe ¢enomnouike ¢ase, ycaoBU roIuHE
Cy 3Ha4ajHO YTHLIAJH Ha IeHy AyKuHY. L[BeTame je y mpoceky Tpajano 17 nana
y Toky 2012. ronune, 1ok je y 2011. Tpajano y mpoceky nert aaHa gyxe. [Ipema
JUTEpaTypu OBaj mepuon tpaje 2025 nana.

CazpeBame je y HallleM UCTpakuBamy Tpajaiio ox 18 mo 29 nana, a mpema
nojauuMa U3 Jureparype, oaj nepuox tpaje 25-30 nana. Y Toky 2012. rogu-
He, cyla je yOp3ajia IpoLec ca3peBama, Ia je OH NpoceyHo Tpajao 21 maH, y
nopehemy ca 2011. kana je Tpajao Henesby JaHa IyKe.

6.2. YTunaj BpeMeHCKHX YCJIOBA
Ha (peHoOJIOIIKE (pa3e aHKMCA

Kao mrTo je Beh HarameHo, Ha Tpajame (heHOIOMKuX (haza HajBUIIIE CY YTH-
L[aJI BPEMEHCKH yCJIOBU TOKOM roauHe. [IBe ronuHe y KojuMa je U3BEeICHO HC-
TpaxkuBame Me)ycoOHO cy ce 3Ha4ajHO pa3IHKOBaJIe.

Kosnuunna magaBuna y 2011. roquan Onna je Hemro Buma (183,3 mm),
nok je 2012. 6una cymamja y mopehemy ca mperxomaoM roguaoM (165,0 mm).
Konnuuza u pacniopes nagaBuHa TOKOM 00€ UCIIUTHBAHE TOAKHE, Ka0 U BHIIIE-
TOIUINE-H NTPOCEK NalaBUHA PUKA3aHU Cy Ha rpadMKOHY 2, U TpH TOME CY KO-
puiIheHy nojany ca HajOIMKUX METEOPONIOIIKUX CTAaHULA, YHja j€ YIa/beHOCT
Mama o7 30 km o ekcriepruMeHTaNHNX napiiena (3a JokanuteT MomopuH — MC
Hogwu Cag, 3a Benuke Paguamne — MC Cpemcka Mutposwuia, u 3a OctojuheBo
— MC Kukunna). Moxe ce pehn na cy y Toky 2011. roqusae magaBiHe M0 CBHM
¢denonomkum (azama Omie paBHOMEpHO pacmopehene, mok cy y Toky 2012.
TOIMHE YIJIABHOM OWie CKOHIICHTPHUCAHE Y TIEPHOLY O CETBE [0 [opacTa IBe-
TOHOCHOT cTaba, KaJa je rmano oko 77% nagaBruHa of] yKyIHE KOJIMYUHE y TOKY
BETreTaIlMoHOT Tieprona. Y mepuofdy IBetama y 2011. roguan mamo je 34 mm
kuie, a y 2012. camo 20,7 mm, mro je moBeno a0 ckpahema OBe TeHepaTUBHE
¢aze y ToKy Ipyre ronuHe UcTpakuBama. [lopen Tora, HerocraTak nagaBuHa y
JpYyTOj TOIMHM MCTPaXXMBamka jaBHO c€ U y Mepuony Gopmupama 1 ca3peBama
IUIOJIOBA, LITO j€, MOpE] BULIMX CPEAmUX AHEBHUX TEMIEparypa, y3pOKOBajIo
ckpaheme oBUX QeHONOmKHX (a3a.

Cpeame 1HeBHe TeMIlepaType TOKOM 00¢ HCIMTHBaHE TOAMHE HA CBA TPH
JIOKaIuTeTa OMiIe Cy 3Ha4ajHO BUIIIE O] BUIIETOAUIIHET poceka (TpadukoH 3).
[Tpu Tome ce moxe pehn na je 2012. 6ma Tormmja y nopehemy ca 2011. rogn-
HoM. Tpebano Ou HarmacuT fAa je y TOKy Apyre TOAMHE HCTPakKMBamba Bere-
TAIOHKU NepHOA Tpajao kpahe, alu Oa Cy cpelme JHEBHE TeMIlepaType Onie
BuIe y nmpoceky 3a 1,3 °C. Bumre cpenme qHEBHE TemMIieparype Morjie Ou OuTi
y3pOK ckpahema BereTalMoHor epruoAa aHuca y Apyroj TOAMHU HCTPaKUBabA.
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I'paduxon 2. Kosmunna nagaBuHa (Inm) TOKOM BereTaliioOHOT IepHoAa (anpHi—
centem0ap) y 2011. u 2012. roaunn Kao ¥ BUIIeroAMmIKbU npocek (1971-2012)

HA CBa TPHM MCNHUTUBaHA JokauTeTa (Peny6auyuKu XuJapoMeTeoposIoIIKH 3aBOj
Cpouje)
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I'padpukon 3. Cpenme nHeBHe Temmeparype (°C) TOKOM BereTalMOHOI NEPUOAA
(anpuii—centem0ap) y 2011. m 2012. rogMHM Kao W BHMIIETOAUIIBLHM MNPOCEK
(1971-2012) Ha cBa TpW HCOUTHBaHA JokajguTera (Pemydamyku Xuapomereo-
poaouku 3aBoa Cpouje)
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VY Toky 00e ronuHe UCTpaXMBamba M Ha CBa TPU JIOKAIUTETA CyMa €(EKTHB-
HUX TeMIlepaTypa y TOKy BereTalMoHOr Iepruoja anuca omia je npexo 2000 °C
(rpacdukoH 4). Moxe ce koHcTaroBaTH 1a je y Toky 2011. roqune 6uina HemTO
Beha (2505 °C) y nopehemy ca 2012. ronunom (2278 °C). OBo noTBphyje unmbe-
HUILY Ja j€ aHUC TOILI0JhYOUBa OMJbKA.

2011

3000

2500
§ 2000
o 1500
S 1000
500 - =
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
OaHu
g oSorin =itz \/Radinci gy Ostojicevo
2012
3000
2500
°G 2000 =
o 1500
S 1000
500 -
0 T

80 90 100 110 120 130 140 150

J1ETT]

| gz MoSorin ==f==/.Radinci = Ostojicevo |

I'padpuxon 4. Cyma epexruBaux tremneparypa (GDD) y Toky ¢enonomknx ¢asza
anucay 2011. u 2012. rogunu Ha cBa TPH UCMIMTHUBAHA JIOKAJTUTETA

OcyHuaBame AUPEKTHO 3aBUCH OJ] 00JaYHOCTH, KOja MaK MpaTH KpeTame pe-
natuBHE BIaKHOCTH. OCyHYaBamke TOKOM BEreTallMOHOT MEepHoAa y TOKY 00e
TOIUHE UCTPaKUBaka Ha CBA TPU MCIIUTHBAHA JOKAINTETa IPUKA3aHo je Y Tpa-
¢uxony 5. Y obe roguHe UCIMTHBAKA, OCYHYABAE je OMIIO BUIIE OJ] BUILETO-
JUIIET IPOCeKa 3a BETeTalMOHU Nepro (IPOCEeYHa BPEIHOCT OCYHYaBamka 32
cBa Tpu JokanuteTa je 1443 h). [Ipu Tome ce MoXke KOHCTATOBAaTH J1a j€ OCyHYa-
Bame Ouno Behe y Toky 2012. ronune (1710 h) y mopehemy ca 2011. roqunom
(1660 h).

VYTHuaj ocyH4YaBama Ha Tpajambe BEreTalnoHOr epHoia aHHCa U TIOjeANHUX
¢denonomkux (asza mpukazan je Ha rpadukoHy 6. Kao mro ce moxe Buaetu
U3 TPUKa3aHor rpaduKoHa, Y TOKY BETreTallMOHOT MEpUoa aHuca OUIIo je Mmo-
TpebHo Buie of 1000 cynyanux catu 3a ¢opMupame npuHoca. Mamu Opoj
cyH4YaHHX caru Omo je Tokom 2012. (y mpoceky 1074) y mopehemy ca 2011.
ronuHoM (y mpoceky 1145). Mawu Opoj cyHuanux cati Tokom 2011. mocie-
auna je ckpahema BereTalunoHOr neproaa npalieHor HeJoCTaTKOM NaJaBUHA U
BHCOKHM TeMIlepaTypama.
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I'padukon 5. OcynuaBame (h) TokoM BereTanmoHoOr nepuoaa (anpui—cenremoap)
y 2011. u 2012. roguHu Kao ¥ BULIerogummbu npocek (1971-2012) na ca Tpu
HMCIUTHBAHA JokaauTera (Penydanuku xuapomereopoJioumiku 3apox Cpouje)
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7.
TexHonornja npomssogme
aHuca

HHC UMa MOBOJFHE arpoeKOJIOIIKE YCIIOBE 3a YCIIEBame y HAIl0j 3€MJBH.

OBo TIOTTIaBJbE j€ TOJEIHEHO y HEKOIMKO IeTMHA KOje Cy 3Ha4dajHe 3a TeX-
HOJIOTH]jy IpOoU3BOAmE annca: (1) 3acHuBame yceBa, rie je oopahena npobiaema-
THKa n300pa 3eMJBHIITA U IIpeTyceBa, OCHOBHE 00paze u hyopeme, kao u ceme
M ceTBa, (2) Hera yceBa, TJe je mope Mepa Here oOpaleHa moceOHa makmka Ha
Oorectn u mTeTounHe u (3) keTBa. Y OBOM IOCIEIH-EM IT0]] TIOTTIaBJbY JaTe Cy
nH(pOpMaInmje 0 MPUHOCY U TIPepaaH, Kao KajJKylalja mpou3Boame. Ha crumm
8 mpuKazaHM Cy JeTajbH U3 MPOU3BOILE AaHUCA Y TIOJBCKUM YCIOBHMA.

Cimnka 8. [IpousBoama aHuca y noJbCKMM ycjioBuMa: A) yceB aHuca y ¢pasu 4-5
aucroBa, bB) yceB anuca y ¢asu nopacra uBeroHocHor cradja, B) yceB anuca y
¢a3u nynor userama, I') yce annca y ¢pasu ¢popmMupama miogosa
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7.1. 3acHuBam-€ yceBa aHuca

3empumme. llpema nomahoj nurepaTypu, aHUC HEMa BEJIMKUX 3aXTE€Ba MITO
ce THYE 3eMJBUIIITA, AJTK Ce cMarpa Jia My AyOOKa M Ole/JHA 3eMJBHUILTA TTOBOJb-
He QU3NYKEe CTPYKType HajBHILE oAroBapajy. Takohe ce MoXe yCIenHo rajutu
U Ha KPEYHOM U PAaCTPECUTOM 3eMJBHINTY OOraTuM XpaHUBHMA, Ha KOjuUMa je
pH BpenHoct u3mely 6,5 u 7,2. Temrka 1 NIMHOBUTA 3eMJBHINTA KOja CY Y3 TO U
HEMpOIyCT/bHBA HUCY MOTO/HA 32 I'ajehe 0BE KYJITYpe.

Ilpedyces. Anuc ce 0OUYHO Taju y Mofopeay nocie hyOpeHux okonaBu-
Ha, ajJli ¥ NOCJIe )XuTapuna. 300T mojase 3ajeJHUUYKUX O0JICCTH U IITETOYHHA
aHuc He Tpeba cejatu mocie Ousbaka U3 dhamunuje Apiaceae. Ha ucto mecro
aHKUC MOXKe JONM TeK HAaKOH 3 TOMHE, a HCTO BaXKU M 3a OCTasie OUJbKE U3 OBE
dbamunmje.

Ocnosna o6pada. Pa3nuauty TUIIOBY 3eMJBHILTA 3aXTEBA]y Pa3InUUT HAUYNH
obpane. Ilpenopyka momahux cTpydmaka je Ja ce OCHOBHa 00paja u3BelIe y
jeCeH, M Jla ce 3eMJBHIITE OCTaBHU y OTBOPCHUM Opaziama TOKOM 3uMe. PaHo y
nponehe O6u Tpebdano 3arBopuTu Opasae ApJbayoM M U3PABHATH TOBPIIHHY.

Bybpemwe. Hexu aytopu mpemiaxy Ja ce ca OpameM y OCHOBHOj oOpamu
semubninTa yHece u 200-250 kg/ha cynepdocdara, jep dochop yruue Ha mo-
Behambe caJipikaja eTapcKor yiba y miojgoBumMa anuca [33]. pyru nak npeanaxy
yHoc 300400 kg/ha NPK hyOpusa y dhopmymanuju 15:15:15 [91].

Ceme u cemea. Anuc ce ceje pano y nposehe Ha nyounu on 2—3 cm. OOU4HO
ce ceje Ha MehypenHoM pactojamy o1 40 cm, npu yemy je nmorpedHo oko 10 kg
cemeHa 3a xekrap. [Ipumemyje ce u ceTBa Ha Mehypennu pazmak 25-30 cm, npu
4yemy je 3a xekrtap nmotpedHo 13—15 kg cemena. ¥ o0a citydaja nmoxesbaH 0poj
Owbaka je oko 50—60 1o ay’>KHOM MeTpYy.

Ha 6u ce mocTurio mro Opxe U MOTIMYHHUje HULakhe OUibaka, CEME 3a CETBY
MOXKE C€ MPETXOHO CTPATU(PUKOBATH IITO CE€ MOCTIIKE MOTANAKEM Y 3arpejany
Boxy ox 18 °C. Ceme ce np»ku y Boau 0K He HaOyOpH, a 3aTuM ra Tpeda u3Ba-
JUTH U CTaBUTH y TOMUIIUIE Ha Temrieparypu of 1822 °C u ocTaBUTH Tako Ja
cToju 2—3 naHa.

ExcriepuMeHTHMA je YCTaHOBJBCHO J1a j€ ONTHMAITHA TeMIIepaTypa 3a KIIjame
cemena anuca usmehy 20 u 25 °C [90].

VY ucTpaxkuBamUMa Koja CMO M3BEJIM TOKOM OBE JIBE TOJMHE, OILIA CMO JI0
3aKJbyUKa JIa je ceMe aHuca JoOHjeHo o1 Ousbaka rajeHux TokoM ymepene 2011.
nmaio 00Jby EHEPTHUjy Kilnjarmba U YKYIHY KJIHjaBocT, kao u Macy 1000 cemena n
cajpKaj eTapcKor yjba y nopehemwy ca cymHom 2012, ronuaoM. bosbu KBaIMTET
CEMEHCKOI' Marepujaa je mocienuna Ay>Ker nepruoaa GopMupama mionoBa u
CHHTE3€ €TapCKOT yJba Y KIIMMATCKUM yCIIOBUMA KOjU BHIIE IOTOY]jy OMIbLH, a
koju cy Omim Tokom 2011. rogune [5].
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7.3. Hera yceBa anuca

Mexanuuke mepe neze.'Y NI0YETKY aHHC Ce BPIIO CIIOPO pa3BHja, ma KOpOBU
npencTaBibajy 030miban mpodiem. Hera yceBa ce cacToju y OKONaBamwy HIIH
MehypenHoj KynTUBauyju 1 TO 1Ba 10 TPH MyTa y LUJbY Cy30HMjama KOPOBCKUX
ombaka. OOMYHO ce MPBU MYT OKOIaBa Kaja OuJbke uMajy 4—5 JinctoBa (BUCHHA
5-6 c¢cm), a apyru nyT y (a3u mopacta 1BeToHOCHOT cradna (oko 20—30 maHa
MOCJIe TIPBOT OKOMaBama).

Ilpuxparwusamwe. Tlopen MEeXaHHIKHX Mepa HEre MOXE C€ M3BECTH U TIPH-
XpamHBamke, U TO Y jeTHOM WM JiBa HaBpara. [IpenopydeHa KOJMHYMHA MUHE-
paiHoT hyOpusa 3a mpuxpany je oko 120—150 kg/ha azora.

VY ucrpakuBamuMa Koja cMo u3Benu TokoMm 2011. rogune ca OGmodepTriu-
3aropuma Ha 6asu Bacillus sp. (Bacillus subtilis FZB24 n RhizoVital 42L) yc-
TaHOBHJIM CMO J1a ce TIpuHOC kKpeTao ox 480 mo 563 kg/ha. Ilpumukom npume-
He nipeniapara Bacillus subtilis FZB24 3a0enexeHe Cy CTaTUCTUYKH 3HA4YajHE
pasnuke y MpuHOCY u3Mely KOHTpoie W BapHjaHTe TIe je IPUMEHCHO TPETH-
pame ceMeHa IMpe CETBe + TPETHpame ca PacTBOPOM CIIOpa KOHIICHTpAIHje
4 ml/100 | maxon 10 Hemespa kama cy Omsbke Omiie y dazu aucHe posere (5—6
nucToBa). VcTa mpaBMITHOCT 3a0eNekeHa je M MPUIMKOM IIPUMEHE Mpernapara
RhizoVital 42 L, c THM 51a Cy ce OBJIE jaBHJIC BUCOKO CTaTUCTHYKH 3HAYajHE pa3-
nrke u3Mel)y KOHTpOJIe U CBHX OCTAJIUX TpeTMaHa [4].

Bonecmu. On OonecTy Ha aHKCY jaBJbajy ce: IIaMmewada (Plasmopara nivea
syn. P. petroselini, P. umbelliferarum), pha (Puccinia pimpinellae) n neraBoct
muitha (Passalora malkoffii syn. Cercospora malkoffii).

o [lnamemaua (Plasmopara nivea (Unger) Schr.)

Bonect ce ucnospaBa Ha omeM Uiy IPBO y BHIY HEMPABHIHO KPYKHUX,
W3AYKEHHX KYTOMPKUX M MPKO 000jeHHX mera. 3aTHM, TKHUBO Yy OKBHPY OBHX
rera OMBa HEKPOTHUPAHO, MOLPHU U cacymyje ce. Ilere ce mel)ycoOHO crajajy.
[Mocnenuua je MOTIYHO WM ACTMMHUYHO Cyllewme Aomer aumha. Ca Hainyja
cacyIlIeHHX JeJI0Ba JINCTOBA pa3BHja ce OOMIIHA CHEeXHOOeNIa HaBllaka Kojy ca-
YHHABajy KOHUANO(POpE U KOHUIH]E apa3uTa.

CumnroMu 0oJecTH Ha CpelbeM M TOpHeM JIHIIhy 3HAaTHO ce Pas3luKyjy
0]l OHUX Ha JomeM. He youaBajy ce KapakTepuCTHYHE KyTOMpKE Iere Kao Ha
JomeM nuinhy, Beh mena moBpIIMHA CIOKEHHUX JIMCTHha MOUPHU U cacyllyje
ce. [Tocneauna je ckopo yBeK MOTITYHO MPOMNAAake CPelber U Topmer Juiha.
Ca nanuyja, a pehe u ca smna cnoxenux nuctuha, mapasut oodpasyje OOHIHY
CKpaMy y BHIY OenuvacTor narepja.

CuMnTOMH Ha MeTeJbKaMma Ce jaBJbajy Y BHAY MPKOLPHUX Iera, U3ayKeHOT
obnuka. [lere Mory ma 3axBate cTabio U rpaHe y BUAYy IpcTeHa Ha Behoj qyxu-
HU. Y TOM clly4ajy 0Ja3H J0 Cyllemha YNTaBe OMIbKE WU I10jeIUHHUX IpaHa.

JyX neTesbKU U NeTeJbUulla [BACTH [apa3uT Takohe o6pa3yje CHEeXHOOeITy
HaBiaky. Mcrnon mwe TKMBO TaMHH M CYIIHU Ce, TaKo Ja TMOjeAHHH LBETOBU U
1eJe BacTu MOTIyHO omnazaajy. [InoxoBu Takohe moramue u cacymyjy ce, a Ha
BUXOBOj TOBPIINHY, Ka0 U Ha OCTAJIUM JIeJIOBUMa, M0jaBjbyje ce Oennuacra
ckpama [59].

o Pha (Puccinia pimpinellae (F. Straus) Mart.)

Pha je najzacTymibenuja OGomect anuca y Erunty, roe noBoaw Oo 3Havaj-

HUX IyOWTaka y MpPHHOCY Iuiofa M erapckor yiba [113]. CumnTomu ce mpBo
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1ojaBJbyjy Kao maje xyhkacte Taukuie Ha Hajauyjy JucrtoBa. OBe TauKHULE ce
BpemeHoM mnosehaBajy u Gopmupajy cBemIOOpaoH Iere ca XyTHM OPEOJIOM.
Kacnuje nngexnuje ce mmpe Ha ctabno u wtutoBe. CHMOTOMHU Cy HajyOUJbH-
BUjU y TIEPHONY 1IBeTama Ousbaka. [lycTymne ce MOry jaBUTH W Ha JIMLY JIUCTA.
VYenen jake nngeknyje Moxe 10hu u 10 KOBpHamka JUCTOBA U IbHXOBOT IIPEBpE-
MEHOT ogymupama [83].

o leraBoct anuca (Passalora malkoffii (Bubak) U. Braun.)

[IpBu cumnToMu 3apase ce jaBjbajy Ha OazamHoM Juiihy y BUAY LHIUHA-
PUYHUX CBETIOOpAOH Tauaka ca TaMHUM upTuuaMa. KacHuje, 1eo JucT 10-
ouja cmehy 6ojy, a cuMITOMU ce muUpe U Ha TOpwe auinhe u mrTuToBe. WMH-
¢unupaHu 1IBETOBU aHuca A00Hjajy OpaoHupHY 00jy, Kao U ceMe, KOjuM ce
rJbuBa mupu [82].

Hnucexmu. VIHCEKTH He Y3pOKY]y 3Ha4ajHHU]€ MITETE Ha aHUCY. [ 'ycennie paz-
TUUATUX Jentupa omrehyjy numrhe, nok rycenune Depressaria depresella na-
najajy mrutoBe. Y Typckoj je kao mrerounHa uneHtudukosan Carterus dama
(Coleoptera: Carabidae) [60].

7.4. ’KeTBa aHHCa

Kemea. AHuc ca3peBa MPUIUYHO HeyjenHaquo [punukom oxppehuBama
MOMEHTA JKETBE Tpeba UMATH Y BUAY Y KOjy CBPXY hie ce KOPHCTHTH ILIONOBH.
V1BpheHo je na 3eneHn MIONOBH MMajy BHUILE €TapCKOT yJba Of 3PENuX, ajlH
TaKBO ceMe HeMa KJIMjaBOCT, a M HaW3IIe] jé CMeKYpaHO, Te I'yOU TProBauKy
BPEIHOCT M HE MOJKE C€ KOPUCTUTH Kao 3a4MH.

3a ceMEeHCKHU MaTepHjall )KeTBa ce U3BOAU y (haszu MyHe 3pesoCTH, a 3a IO,
KaJla IpaHe MOCTaHy JXyhkacre, a MI0J0BU CUBOMPKH. JKeTBa y jyTapmum ca-
THMa, JIOK jOIII IMa poce, CIpeuaBa OCHIIamke ceMeHa. Ha MamuM moBprimHama
aHNC Ce XKame PyYHO, ylamkeM Onsbaka U TPEeIIeHheM CeMeHa U3 IITUTOBA, JIOK
ce Ha BehuM TOBpIIMHAMa KeBa 00aBsba )XKUTHUM KoMOajHOM. [Ipn Mexannzo-
BaHO] )KETBH TpeOa BOAUTH padyHa O TOME Jia C€ MOIECH BEIIMYMHA CUTA U jauu-
Ha BETPa Ha KOMOajHY, jep je CeMe BeOMa CHTHO H JIAKO.

Ilpunoc. TlpuHoc je nocTa MPOMEHJBUB M 3aBUCH O]l MHOTHX (hakTopa.
[Ipema yiibeHNYKO] IUTEpATypH y HAIO] 3eMJbH Ce IPUHOC O0MYHO Kpehe on
600 mo 1000 kg/ha [57, 91]. Ha ocHOBy mperenane nureparype, yTBpheHo
je ma ce mpuHoc kpehe y 3HaTHO mmpuM TrpaHuniama, of 314,5 kg/ha, no wax
2973,2 kg/ha [52, 31].

,»Y HalllUM ABOTOJMIIBUM HCTPAXUBAaUMa IPUHOC ceMeHa je OMo y mpoce-
Ky ornienna 1551,2 kg/ha, v Ha mera cy CTaTUCTUYKY 3HAYajHO YTULANHN JIOKAJIH-
TET U pUMekeHo hyopuso™ [2, ctp. 108].

Ilpepaoa. Haxon Bpmma0e, YKOIUKO j€ KeTBa U3BpIIIeHA Ipe ¢ase MyHe 3pe-
JIOCTH, TIOOBH CE JOCYIIY]y MPUPOAHHUM (Y XJIALOBHHH Ha IIPOMAjHOM MECTY)
HJIM BEIITa4KUM ITyTeM (Ha Temneparypu 1o 40 °C), a satum 1opalyyjy u nakyjy.
Hopana cemena oOyxBara unmiheme Koje IopasymMeBa OfBajare HeducToha
Koje MOTy OWTH opraHcke W HeopraHcke. JlopaljeHo ceme ce makyje y BHIIec-
JI0jHE HATpOH Bpehie.

IImom aHMCa ce MOYKe TIpepaTuTH U ISCTUIIAITNjOM Kako On ce Jo0miIo erap-
cKo yJbe. JlecTuianuja ce M3BOAM BOJCHOM I1apOM, a IIOJ] aHKCa Ce TIPETXOIHO
MeJbe Kako Ou ce moBehao yumHak.
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Ha mpunoc erapckor ysba Mo XeKTapy y HalleM HCTPa)XKMBamby 3HA4ajHO CY
YTHLAIU YCIIOBH roauHe. Y TOKy moBoJsHHje 2011. roguHe ca jeaHor xeKkrapa
yceBa aHuca Ao0ujeHo je mpoceuno 64 kg/ha erapckor yiba, JOK je y TOIUIHjOj U
cymnujoj 2012. nobujeHo 3a 20% mame etapckor yiba. Kaga je y nutamy npu-
MEHa pa3NUuuTHX BpcTa hyOpuBa, HajBehu nprHOC eTapcKor yiba MO jeIUHULN
noBpiinHe no0ujen je npu npumenu xemujckor NPK hyopusa (67 kg/ha), a
3atuM Royal Ofert Guoxymyca (62 kg/ha).

[IpuHoc eTapckor yiba 3aBHCH Of CTaaujyMa 3peioctH, u kpehe ce on 14,35
1o 38,77 /ha npu yemy Tpeba HarmacuTH Aa ce HajBehin MpUHOC eTapCcKor yiba
Mo XeKTapy Ao0uja Kaia cy NPUMapHH IITHTOBU MOTIYHO 3pPENH, a JUCTOBU
MOYEJIH 13 JKyTe, a HajMawbH y IyHoj 3peoctH (12 gana kacuuje) [73]. Ilpunoc
€TapCKOT yJba MO jeANHUIIM TOBPLIMHE 3Ha4ajHO 3aBUCH OJ] CETBEHE HOPME, IPU
yemy ce kpehe ox 98 no 151 1/ha [100].

Kankynayuja npouseoomwe. KankynaunjoMm mpou3BOAKE aHUCA MOXKE CE 3a-
KJbYUUTH Ja ce HajBehu Mpuxon Of IUIoJa aHuca MPH KOMEPLHUjalHO] OTKYII-
Hoj uenn ox 270 din/kg octBapyje mpu mpumeHu xemujckor NPK hyOpusa
(384.910 din/ha), a on opranckux npu npuMeHu Ouodeprunuzaropa BactoFil
B—10 (350.640 din/ha) u Crason (324.560 din/ha), moToM Ha KOHTpPOJIH
(301.510 din/ha), mox je HajMamu NpU MpPUMEHH IMcTewaka U Royal Ofert
ounoxymyca. MelhyTumM, ako ©UMaMoO y BUAY /1@ OPTaHCKH MPOU3BeACHE OUIbKe
noctxy oko 20% Behy neny, npuMeHa ouoQepTuiIn3aTopa je y moTmyHOCTH
WCIUTaTHBA 32 0Baj BUJI IPOU3BOILE [7].

Kaga je y nutamy erapcko yijbe aHHca MOXe ce pehu aa je meroa npous-
BO/Itba Marh€ NCIIATHBA O] IPOU3BOILE MJ10Aa. [Ipy Mpou3BOAY €TAPCKOT yJba
HajBeha nobut mpu komepuujainHoj oTKynHoj ueHu of 5.000 din/kg ce octsa-
pyje npu npumenu xemujckor NPK hyopusa (234.280 din/ha). [Ipumena Royal
Ofert buoxymyca 1 TIIMCTEeHaKa HHje €eKOHOMCKHU WCIIaTHBA, YaK UMa HeraTu-
BaH OwJaHc, TOK mpuMeHa ouodeprunnsaropa nosehasa noour 3a 8,5-14,5%
y nopehemy ca koutpoinom (176.180 din/ha). Kako oprancku npousBonu uMajy
cBe Behy Tpaxiby, HAPOYHUTO y MPpeXpaMOeHOj HHIYCTPUjU, OPTaHCKU IPOU3BE-
JICHO €TapcKO yJbe aHhca OM MOIJIO MMATH BEJMKH ITOTEHIM]aN 3a IPUXO[, IIPH
yeMy Kao HajuciuiaTuBHja Takohe purypupa npumena ouodepruinzaropa.
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8.
3Be3aacT aHUC
(Hlicium verum Hook.)

33e3ﬂacm anuc (/licium verum Hook.) o maBHMHA je mo3HaTa BpcTa. Y Kunm,
OJIaKJIe je TTOPEKJIOM OBa OMJbKa, KOPHCTHITH Cy je yak 100 rogmna mnmpe HoBe
epe. Y EBpomu je mocrana mo3Hata y XVI Beky 3axBasbyjyhu €HITIECKOM MO-
permiosry Kapenmuiry. Muave, oBa Owibka nipunana Gamunuju Magnoliaceae
¥ pacTe Kao 3UM3ENICHO IPBO WK >KOyH. MMa BeoMa y3ak apeain rajema, Koju
obyxBara jyxHu neo Kune n Bujernam [41]. Ilopen Tora, moBoJbHE yCIIOBE 3a
pact uma u Ha Jamajiu, Jlaocy n OwimnmuHIMA.

Y 0BOM TIOTTIaBJBY /AT j€ MpHKa3 MOP(OJIONIKAX KapaKTEPUCTHKA 3BE3/IACTOT
aHuca, XeMHjCKH cacTaB M yrnorpeba. Takole, nare cy mHpOpMaIdje u o ycio-
BHIMa yCIIEBama U T'ajecmy.

8.1. MopdoJioruja 38e31acTOr aHUCA

3Be3nacTu aHUC pacTe Kao ApPBO BUCHHE 8—15 m, a cTabno je y mpeyHHKy
oxo 25 cm. Kopa npBerta je OnenoseneHa, TMCTOBH Cy IPOCTH, OBAJIHHU, Ayrad-
ku 10-15 cm, u mmpoku 2,5-5,5 cm, HausmMeHYHO pacniopehenu (cmuka 9A).
LlBeToBH cy MoOjeAMHAYHH, Y IPEYHUKY 1,5—4 cm, cBeTIIOpo3e A0 IPBEHH, JBO-
monHU (cnuka 9b). LBetoBu ce GopMupajy akCHIIapHO WM CyOTEpPMHHAIHO.
Kancyna nnona uma obnuk 3Be3ze ca ocaM Kpaka, Koja y IpeyHUKY 0OMYHO NMa
2,5 1o 4,5 cm. HakoH ca3peBama oBa Karcyla mocraje JpBeHacra, opaoH 0oje.
VY cBakoMm Kkpaky ce Hajna3u ceme. Ceme je cjajHoOpaon 60je, 7-10 mm gyradko,
4—6 mm mpoxo u 2,5-3 mm nebspuHe (cnuka 9B).

Beowma cniuna Bpcra je jarmancku 3Be3nactu anuc (/llicium anisatum L.) amu
OH HHjE jeCTHUB jep CaJp>KU HEYPOTOKCHHE (aHHCATUH W HEOAHHMCATHH), KOjU
M3a31Bajy 030MJbHE HEYPOJIOIIKE M TaCTPOMHTECTHHANIHE MPoOieMe Kao ILITO
Cy KOHByN3Hje, Aujapeja u nospahame. Ctora ce mpenaparu ol oBe OUIJbKE HE
MIPUMEYjy UHTEPHO, Beh HCKIbYUHMBO €KCTEPHO 3a JICUeHE HEKUX KOXKHUX 00-
necty u peyme. [1aBHa pasiuka je y u3rieqy yaypa oBe IBe Bpcte; [ verum uma
ocaMm KpakoBa, 10k I. anisatum oduaHo uma ox 10 1o 13. [Topen Tora, oa npyra
BpCTa MMa ¥ HENpHjaTaH MUPUC.
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Canka 9. 3Be3nacTu aHuc: A) JUCTOBH 3Be3nactor anuca [119], B) uBeroBu
3Be3gacror anmca [120], B) HeoTBopeHe KamcyJje 3Be3gacTtor anmca [121],
I') kancyna u ceme 3Be3gacTor anuca [122]

8.2. Xemujcku cacTraB u ynorpeda 3se31acTor aHuca

Cysga karcyna 1urona wiy gaypa (6e3 cemena) caapxu 8—10% erapckor yiba,
oko 20% MacHOT yJba U Apyre MaTepyje Kao LITO Cy OJIEOPE3UHE, TAHUHH, MEK-
TUHU U city3. CeMe uMa Mame eTapckor yiba (2,5-5,0%) amm cagpxu MHOTO
BHUIIle MacHOT yJba (0ko 55%). JlucToBM Takohe camgpike eTapcko yibe, alld y
MasioM npoueHTy (oko 0,5%).

CacraB erapckor yiba [llicium verum je TOTOBO WAEHTWYaH ca Pimpinella
anisum. YIeo mpanc-aHeToNa y eTapCcKoM yJby 3BE3/acTOr aHuca ce kpehe of
85 10 95%. OcTtane KOMIIOHEHTE Cy: O-TIHHEH, JIUMOH, f-QelaHapeH, o-TepIu-
Heol, ¢hapHecon u cadpon [27].

AHanM30M 3BE3/IaCTOT aHWCa KOjU ce Moke Hahul Ha HaIlleM TPKHUIITY, ye-
TAaHOBJBEHO je na ceme caapxu 4,27% erapckor yiba ca 15 KOMIOHEHTH KOJC
cy mpukazaHe y Tabemu 6. Kao mTo ce MoXe BHIETH, Haj3aCTyIUbEHUJU je
mparc-a"eTon ca 94,9%, 3aTum ciene JUMOHEH ca 2,7% W METHUIIKaBUKOJ ca
1,3%, Dok cy ocTasie KOMIIOHEHTE Oujie MpUCyTHE ca Mame o 1%.
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Tabena 6. Komnonenre €TApPCKOI' Y/ba CeMEHa 3Be€3aCTOI aHUuCa

Penan

. Komonenra PT. PU. %
0poj
1 o-mimHEH 5.834 935 0,2
2 p-nuHEH 7.050 975 Tpar
3 a-henanapeH 7.910 1008 Tpar
4 §-3-kapeH 8.094 1013 0,2
5 p-uuMeH 8.582 1027 0,1
6 JIMMOHEH 8.719 1031 2,7
7 nuHAIoN 11.404 1103 0,1
8 a-TepriuHeon 15.315 1192 Tpar
9 MeTHJIKaBUKOI 15.616 1200 1,3
10 yuc-aneron 18.067 1255 0,2
11 p-anucanmexup 18.288 1258 Tpar
12 mpanc-aneron 19.591 1291 94,9
13 o-xomaeH 23.523 1380 Tpar
14 mpanc-kapuoduicH 25413 1424 0,1
15 mpanc-o-6epramoren 26.119 1440 0,1
16 mpanc-f-bapuesen 27.078 1448 Tpar
17 mpanc-MeTUIN30€yreHoa 28.742 1503 Tpar
15 doenunynux 35.959 1683 0,1
MoHoTepneHcKr YIribOBOIOHULU 3,2
MoHoTeprneHCKH anKoXoJIu 0,1
DEeHUIIPONEHU 96,4
CecKBUTEpIEHU 0,3

mpae — 3acmynmenocm komnonenme maroa 00 0,1%; P.T. — pemenyuono epeme; PU. — pemen-
YUOHU UHOEKC

MacHo yibe unHe oneuHcka (63,24%), muronenncka (24,40%), creapuHcka
(7,93%) n mupuctuncka (4,43%) kucenuna [41]. OBo MacHO yJbe MOXeE Jia ce
KOPHCTH Y HCXPaHH, Ka0 U Y KO3METUYKO] HHAYCTPHjH 32 CIIPABJbahe CalyHa U
mmapgema.

3Be31acTH aHUC MMa JyT'y HCTOPH]Y YNoTpede y a3ujCKUM 3eMJbama, Hapo-
yuto y Kunu. Y oBom genmy cBeta ox miopoBa anuca (Anisi stellati fructus)
CrpaBjba C€ TPAAUIIMOHAIHU Yaj 3a JIeUCHhe HEpBO3C W HECaHHIe, JIOK Ce
€TapCKo yibe (Anisi stellati aethroleum) KopucTH TIPOTHB 00JIOBa y CTOMAaKy M
noBpahama. Takolje, 3Be3nacTu aHHC ce KOPHCTH Kao 3a4WH 3a jella of Meca
U moBpha, 3a MpUnpeMy Jecepra, NenruBa U HamuTaka. Y Ty CBpXy Hajuerrhe
ce KopHucTH MJeBeHH rion. [lyaep oj miona uMa KapakTepUCTHYHY IPBEHKA-
cTtoOpaoH 00jy W jeaH je oj IeT OCHOBHUX 3adMHa TPaJAWIIMOHATHE a3MjCKe
Kyxumbe (nopexa kapangpuinha, numera, budbepa u Mopaua).

BpojauM uctpakuBamuMa MOTBplEHO je Ja 3BE3MacCTH aHWC MMa aHTUMHU-
kpoOHe [47] u anTHOKCHAaTUBHE ocobOuHe [109]. Takohe, menyje u Kao WH-
cektunun [106]. Kao u y cnyuajy anuca (Pimpinella anisum), cmatpa ce na je
mpanc-aHeToJl KOMITIOHEHTA KOja YCJIOBJbaBa OBa JI€jCTBA.

Wnak, Haj3HauajHUja ynoTpeba 3BE37acTOr aHuca y (papmaieyTckoj UHIyC-
TPHjH je 32 U30JIAIHU]Y IMUKUMHUHCKE KUCEITUHE, KOja & KOPUCTH 3a TPOU3BOILY
neka Tamiflu® (ocenmramuBup docdar). OBaj ek Koju cHama y rpyrny HHXHOH-
TOpa HEypaMHHHUa3e ynoTpedsbaBa ce 3a jeuewme Bupyca rpuna HSN1 (13B.
ntuyju rpun) [105].
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8.3. Ycii0BM ycnieBama M rajeme 3B€31aCTOT AaHUCA

Kao mrTo je Beh HanloMeHyTO, 3B€3/1aCTH aHHUC je OMJbKa ca BeoMa YCKUM ape-
aJyioM ycrneBama. Pacte Ha moHe0JbY ca TPOIICKOM M CYNTPOIICKOM KJIMMOM, H
TO Ha HaAMOpCKUM BucuHama u3Haa 2000 metapa. OOUYHO ce Hama3u y 1ia-
HUHCKO] PEeTHjH jykHHje o 25° ceBepHe reorpadceke mupune. [Ipoceuna ro-
IUIBa TEMIepaTypa y OBOM peruony je oko 19 °C, a remneparype y Hajxsiaf-
HUjuM Meceruma Hucy ucnon 10 °C, nok je mpocedHa rofullkba KOJTUYUHA
nagaBuHa u3Haa 1300 mm, a penaTuBHA BIaKHOCT je u3Haa 78%. 3emsbuiire
Ha KojeM HajOoJbe ycrieBa je no0po JapeHupaHo, ci1abo Kuceiao ayOuHe of
120 cm wunu BuIIIE.

3Be371aCTH aHUC Ce Pa3MHOKaBa MCKJbYYHBO ceMeHOM. [lomro ceme Beoma
Op30 TyOU KITMjaBOCT, ceje ce 0AMax, Haj00Jbe TPH JlaHa HAKOH JKETBE, Y A00PO
MPUIIPEMJBCHHUM Jiejama, Ha pa3Maky of 3 10 4 cm. Kana Ousbuuiie hopmupajy
4eTHpH JIUCTA, pecal)yjy ce Ha pa3mak of 25 cm, e pacTy HapeHe TPU roIu-
He. Hakon Tor nepuona, OuibKe ce caie Ha pa3Maky o 5 m, ca oko 400 mpBeta
1o Xekrapy. Miazio qpBo 3B€3/1aCTOT aHKCa OOMYHO MPBU YT IIBETA TEK HAKOH
JIeCeT rO1Ha.

[[Berame je BeoMma HeoOuuHO. [locToje Tpu ce30He IBeTama 3BE3/1aCTOT aHU-
ca. [IpBo 11BeTame y rOMHY je 0] MapTa J0 Kpaja anpwia. MehyTum, 11BeTOBU
Cy CTepWJIHH U HE pa3BHjajy ce y miogoBe. Jpyro nserame je of jyja 10 aBryc-
Ta, 1 OOUYHO TpPaje caMo JIBE JI0 TPHU Henesbe. [|[BeTOBU Cy MHOTO KPYITHUJU O
MPETXOAHUX U O] lbUX CE Pa3BHjajy TI0A0BU. MehyTiM, HEKH O TI0JI0BA ITpe-
BPEMEHO Ca3peBajy y nmepuomy o HoBeMOpa jo janyapa. Tpehu kpyr nserama
MOYMHHE 0JI]MaX HAKOH JIPYTOT, HEKaJl YaK KCTOBpeMeHO. MeljyTuMm, OBH IIBETOBU
Cy BeoMa Malli ¥ pa3Bujajy ce y IUIOIOBE O]l aBrycTa J0 okToOpa. OBHU IIBETOBU
Jlajy BeOMa BUCOK IPUHOC, a OBa JKeTBa Jiaje oko 80% yKyIHOT IpUHOCA.

Kaxo ce kBanuteT 3Be31acTor anuca oapelyje Ha OCHOBY KOJMUHHE €TapCKOT
yJba, a MOIITO je HajBeha KonnuuHa 3a0elIe)KeHa Y MEPUOLY MPE MyHE 3PEIIOCTH,
OepOa ce BpIIM Kajia IIIOJ MOYHE J1a Merha 00jy U3 3eJICHe Y )KyTOOPAaoH, U Tie-
pHKapm jour HHje oTBopeH (ciuka 9I).

BepOy obamipajy nena, koja ce memwy Ha napeehe, u ompaciau koju 6epOy
o0aBspajy ca 3eMJbe KopullhemeM IpBeHHX Kyka. [ToHekan ce 6epba oOaBiba
U TpememeM. [1ogoBu ce cakybajy y miiarHeHe Bpehe nim mieTeHe Kopiie, a
Cylle ce Ha cyHIy 3—4 aaHa, IOK He JOOHUjy KapaKTepUCTUYHY I[PBEHKAacTOOpa-
oH 00jy, KaJia IepuKapm myua, u ociobahja ce kapakTeprcTuuHa apoma. Tana ce
IUIOIOBH CKJIamajy ca CyHIa M 4hcTe ce (OTKIIamha UM Ce MeTesbKa, JTUCTOBH U
Jpyre mpuMece U BpIIH ce knacudukanuja. [IpBy kiacy 4nHe TUIOJOBU Mped-
HuKa 2,5 cm (MuH 85%), a IpyTy Kjacy YMHE CIOMJBEHM IUIOJOBU U IIOOBU
MamCr MpCUYHMKaA. HHOZ[OBI/I YCKIIAJUIITCHU Ha CYBOM U XJIaJHOM MECTY MOry
Jla ce 4yBajy 3—5 rojuHa.

[IpuHoc je y mpBuM rogrHama Hu3ak, oonuHo 0,5 mo 1 kg cBexer miona no
IpBeTy, U noBehasa ce ca crapouthy. [Ipunoc je Hajehu Hakon 20 roguHa, u U3-
Hocu oko 30 kg cBexer miona o apeety [41]. Onx 45 kg cBexer miona noo6uja
ce oxo 1 kg cyBor, a o oko 10 kg cBexer miojga oxo 1 kg eTapckor yiba.
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9.

UHpeKkc nojmoBa

arpoeKoJIOIIKH YCJIOBH ycneBama 31

Anisi aethroleum 17
Anisi fructus 14, 17
Anisi pulvis 14, 15, 16

aHTHHH(JIAMATOPHO AejcTBO 25, 26, 28

AHTHKAHLIEPOTeHo aejcTBo 25, 28
AHTHMHUKPOOHA aKTHBHOCT 25, 28

AHTHOKCHAATHBHA aKTHBHOCT 27, 28

ooJsecTn 41
OpagaBuuacra giaaka 14, 15
opoj
—cemeHa y mruty 10, 13
— IITHTOBA IO 0MybIM 9, 10, 13

BHCHHA OM/baka 9, 10

rajeme 40
GC/FID 20, 21

JuMeH3Huje cemena 13, 14
hyopemwe 40

eHjaocnepm 14
enoKcu-Tcey1on30eyreHn1
2-meTuadyTupar 21
eTapcko ybe 17, 20
skeTBa 42

3emubuInTe 40

Illicium verum Hock. 44
48

KaJIKyJaluja npoussoame 43
KAHAJH €A eTAPCKHUM yJbeM 14

maca 1000 cemena 13

MAacHO yJbe 17

Mepukapm 13

METHJIKAaBHUKOJ 21, 24
MHKPOTAJIACHO ACHCTHPAHA
aecTuaanuja 19

MoOHoTepneHnu 20, 23
MOp(oIoLIKe KapaKTepucTUKe 9

Hera ycena 41
HepBHU cucteM 25, 27

O0JIEMHCKA KHCeJIHHa 17
Oleum anisi 17
OCHOBHa o0pana 40

Passalora malkoffii 41, 42
nepukapn 14, 15, 16
NMeTPOCeTNHCKA KHuceanHa 17
Pimpinella anisum L. 8, 9
Pimpinella major (L.) Huds. 8
Pimpinella saxifraga L. 8
Plasmopara nivea 41
npeYyHuK mrutosa 10, 13
npenyces 40

npepaaa 42

npuxpamuBame 41

npuHoc 42

Puccinia pimpinellae 41



PenpoayKTHBHU cucTteM 27

ceckBuTepnenu 20, 22
ceTBa 40
CHCTeM OpraHa
—3a aucame 26
—3a Bapeme 25
cynepkpuruyna CO, ekcrpakuuja 19

mpanc-adetoa 17,21, 24
mpanc-1nceya0u3oeyreHu1
2-meTnadyrupar 21

ynorpeda
— Yy oprasckoj noJonpuspenu 29
— Y BeTepHHH U CTOYAPCTBY 29
YCJI0BH ycneBama 47

(enonomke gaze 31, 33
(¢enonnponenn 21
(puToxemmjcku mapkepu 21

xepoa 17
xujapoaecTuiaanuja 19
xpomarorpam 20, 21

yuc-aneroa 20, 21, 24

mu3okapn 13
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1.
Abstract

his monograph deals with anise as a medicinal and aromatic plant. It has an

extensive application in traditional medicine as a remedy for indigestion,
as a sedative and as natural estrogen. By using a modern scientific method its
benefits are confirmed. Anise is a plant often used in medicine too, as well as in
food industry, especially in beverage industry.

In this monograph, we get familiar with morphological characteristics of
anise plant and fruit. The fruit, which is the main part of the plant, is rich in
essential oil. Special attention was paid to its chemical composition, as well as
the factors that influence it. The dominant volatile component is trans-anethole
that gives off the pleasant, aromatic odour.

This monograph deals with the analysis of agro-ecological growing conditions
for the plant, the phenological stages and the need for heat, humidity and light
throughout the development cycle.

This author describes in detail the growing practices for anise, in which the
emphasis is on crop rotation, tillage and fertilization in both conventional and
organic cropping system. Since anise reproduces exclusively by direct sowing,
the time of sowing, sowing rate as well as the quality of seed (germination
energy and total germination) is analyzed. Cultivation technique, harvest, yield
and postharvest processing are also a subject, as well as the calculation of
production costs.

The monograph presents star anise as well, which grows as an evergreen
tree in China, whose fruit has a very characteristic shape and is also rich in
trans-anethole and often used in the same way as anise.

The monograph presents the author’s results in addition to the results of a
number of researchers who have studied all aspects of the plant, so it provides a
synthesis of the current knowledge of anise and is an important literary source
for other scientists, but also those who want to learn more about this plant.

Key words: 1. Pimpinella anisum L. 6. environmental
2. morphological conditions
characteristics 7. growing
3. essential oil 8. diseases
4. uses 9. lllicium verum Hock.
5. phenological stages
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2.
Introduction

enus Pimpinella includes about 150 species that are widespread in Europe,

Asia and Africa. However, only anise (Pimpinella anisum L.) has the
commercial importance, it is originally from the Middle East and the eastern
Mediterranean, where it has been grown and used since the ancient times.

In traditional Chinese and Indian medicine, it was known as a carminative
and expectorant, while the Arabs used it in the cusine. In ancient Egypt, anise
was mentioned as an ingredient in a drink for stomach problems, while in
ancient Greece as a condiment for salted foods and sausages. Anis was used
by the Romans for flavouring wine, honey and as for cake seasoning. In the
Middle Ages, anise expanded to Europe and America [35]. During the period of
romanticism, candied anise seeds were used as a breath freshener, but also for
making perfumes.

Today, the essential oil of anise is added to chewing gum, mouthwash, and is
also a common ingredient in many famous perfumes which have a warm sweetish
note. Spirits and liqueurs where fruits of this plant were added have become
a recognizable national drink in many countries of the Mediterranean region.
“Arak” is characteristic for Iraq, Jordan, Lebanon, Israel and Syria, “Raki” for
Turkey, “Ouzo” for Greece, “Mastika” for Macedonia, “Pastis” for France,
“Sambuca” for Italy, “Janezevac” for Slovenia, and “Anisovaca” for Serbia.

In addition, anise is used for flavouring wines and some of the most famous
are certainly “Vermouth” originating from Italy and “Bermet” from Serbia,
namely the Fruska Gora vineyards. A desert that also finds its place in this
area is a cake called “Kuglof” that, among other spices, contains anise as well.
The fruits of anise are added to gingerbread and cookies from which the most
popular is surely “Speculaas”.

The most important producer of anise is Turkey where the plant is grown on
about 21.000 ha, with an annual production of seed 11.000 tons. It is followed
by India, Mexico, Egypt, China, Spain, Italy, Germany, France, Syria, Bulgaria
and Tunisia [48].

In our country, anise is grown on small areas, mainly in the gardens and
yards, even though the growing conditions are excellent.

In Serbia, in addition to the cultivated anise, wild species can be found as well:
burnet saxifrage (Pimpinella saxifraga L.) and great burnet (Pimpinella major
(L.) Huds.). However, they have a significantly different chemical composition
and usage.
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3.
Morphology of anise

his chapter provides a detailed description of the anise plant and the fruit

with pictures. In addition, there is an overview of five morphological traits
(plant height, number of umbels per plant, umbel diameter, the number of seeds
in an umbel and a thousand seed mass), which were followed up in 2011 and
2012, on the three experimental fields in Vojvodina.

3.1. Morphological description of the plant

Anise (Pimpinella anisum L.) (2n = 20) is a herbaceous plant with tap root
system length 20—30 cm. The stem is erect, 30—70 cm high, cylindrical, hollow,
branched in the upper part, covered with short soft hairs.

The studies that were carried out during two years (2011/12) at three
localities in Vojvodina Provance (Mosorin, Veliki Radinci and Ostoji¢evo) with
the implementation of six different types of fertilizer (control, Slavol, BactoFil
B—10, Royal Ofert biohumus, vermicompost and chemical NPK fertilizer).
Plant height ranged from 39.88 cm to 54.46 cm. “It may be noted that in 2012,
plants shorter by 1.41 cm were recorded in comparison to 2011, which was a
statistically significant difference. Significantly shorter plants (41.05 cm) were
found at the locality Ostojicevo compared to Veliki Radinci (47.77 cm) and
Mosorin (52.27 cm). The difference in height between plants grown in Veliki
Radinci and MoSorin was also statistically significant” [2, pg 96]. On average
for both years and all three localities, the tallest plants were recorded when
vermicimpost was applied (47.68 cm), and the shortest in the control (46.33
cm). Height difference of 1.35 cm was not statistically significant (Table 1).

Research in Turkey revealed that the plant height ranged from 35.90 to
39.26 cm, depending on crop density [100], and from 44.7 to 50.2 cm, depending
on the population [48]. Researchers in Hungary found that water deficit in stages
of stem elongation and early flowering reduces plant height by 45% [115].

A significant increase in plant height (50-90%) can be achieved by applying a
growth regulator and a fertilizer [110]. Also, the application of a laser has a great
influence on the plant. By treating the seed in the presowing stage with He—Ne
laser, the height of the plants increases for about 70% [36].

The research results indicate that the application of vermicompost (10 t/ha)
significantly increases the plant height, while phosphate solubilizing bacterium
showed no statistically significant effect on the plant height, although an increase
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of'3.5% was achieved in seed inoculation with Bacillus circulans or 7% with the
application of these bacteria on two occasions (seed inoculation and spray stage
stem elongation) [31].

Table 1. Plant height, number of umbels per plant, umbel diameter and number of
seeds in umbel in two years investigation conducted in Vojvodina Provance.

Plant Number Umbel Number
height  of umbels diameter  of seeds

(cm) per plant (cm) in umbel
Year (A) 2011 47.74 17.29 6.27 106.08
2012 46.33 16.40 6.44 115.71
MosSorin 52.27 18.67 6.45 108.21
Locality (B) Veliki Radinci 47.77 16.98 6.54 121.33
Ostoji¢evo 41.05 14.90 6.07 103.15
Control 46.33 15.58 6.16 105.90
Slavol 47.25 16.38 6.34 108.84
Fertilizes BactoFil B-10 46.59 16.92 6.31 110.03
© Royal Ofert 46.97 17.08 6.45 111.29
Vermicompost 47.68 17.46 6.43 111.82
NPK 47.37 17.67 6.43 117.49
Significance of F—test for each source of variation
A 0.81 ns ns 7.38
B 1.00 1.69 0.30 9.04

C ns ns ns ns

AB ns ns ns ns

AC ns ns ns ns

BC ns ns ns ns

ABC ns ns ns ns

ns — not significant

“Heterofily (diversifolious) of anise is very visible. Three lower leaves are
oval shaped, notched serrated, on long petioles (Picture 1A). The leaf from the
central part of the stem is triple handed, also very jagged (Picture 1b). Leaves
closer to the top become smaller, almost filament (Picture 1B)” [2, pg 6].

Picture 1. Anise leaves: A) lower leaf, b) leaf the central part of the stem, B) apical
leaf (see page 11)

Inflorescence is a complex umbel (Pictures 2A and 25), which consists of 10
to 15 umbelletus (Picture 2B). The flowers are five-part white with a diameter
of about 3 mm. The flowers are symmetrical and on the outer parts of the umbel
are usually larger than the central ones, they consist of five petals which are bent
upward (Picture 2I).

Picture 2. Anise umbel and umbelletus: A) Flowering anise plants, b) Anise umbel,
B) Anise umbelletus, I') Anise flower (see page 12)

Our experiments show that a plant can form from 13.5 to 20.5 umbels.
Experiments done by other authors indicate that the anise plant formed from 3.8
to 17.6 umbels per plant [115, 100, 73].
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From Table 1 it can be seen that, during the dry season of 2012, the plants
formed fewer umbels by 5% when compared to 2011. This was not statistically
significant. A statistically significant difference occurred between the localities
— in Ostoji¢evo plants formed significantly fewer umbels when compared to
the other two localities. The difference in the number of formed umbels per
plant with the application of different fertilizers for both years on average was
2.09, which was not statistically significant. However, there is evidence that the
number of umbels per plant was significantly influenced by the application of
vermicompost and phosphate solubilizing bacterium [31].

Umbel diameter in our experiments ranged from 5.76 to 6.98 cm, and it was
significantly affected only by the locality, while the number of fruits in the
umbel varied from 97 to 132 and it was significantly influenced by the weather
conditions as well as the locality (Table 1).

3.2. Morphological description of the fruit

The fruit (also called seed) is shizocarp gray-green color, pear-shaped, slightly
narrowed at the top (Picture 3). It is composed of two parts (mericarps) which
do not separate spontaneously.

Picture 3. Anise fruit (see page 13)

In the two-year research that we have conducted, 1000 seed mass ranged
from 3.39 to 5.08 g. It can be seen from Table 2 that the thousand seed mass
was significantly influenced by the locality and weather conditions. Clearly, it
is evident that during the dry season (2012) 1000 seed mass was significantly
lower compared to the year with favorable climate conditions (2011). The lowest
1000 seed mass (3.8979 g) was recorded at the locality of the Veliki Radinci,
which was significantly lower than that of the other two localities. The highest
1000 seed mass (4.5624 g) was recorded at the locality Ostoji¢evo. Although
the applied fertilizer did not significantly affect the 1000 seed mass, on average,
the highest value of this parameter was observed when applying BactoFil B—10.

Anise seed length is typically 3 to 5 mm, while the width is 2 to 3 mm [102].
In our two-year study of anise seed, the length was about 3.3 mm, while the
average width was 1.77 mm (Table 2). It can be said that none of the investigated
factors had any effect on the dimension of the seed.

In Picture 4 the microscopic cross section of the anise fruit (Anisi fructus)
(Pictures 4A and 4b) and anise powder (Anisi pulvis) is shown (Pictures 4B,
4T" and 4]1) are shown. That the interior of the seed makes endosperm can be
seen on the cross-section of the fruit. Endosperm cells have a slightly thickened
membrane, oleoplasma is in lumen, and there are aleurone grain size 8—12 pm
with a globoid and 1-2 rosettes of calcium oxalate [43]. Pericarp (seed coat) is
multi-layered and consists of four parts: exocarp (outer layer), mesocarp (middle
layer), endocarp (inner layer) and testa (tegument). It can be seen on the exocarp
that the cells of the epidermis extend into trichomes (short hair). The essential
oil ducts (vittae) are in the mesocarp tissue, there are two on the inner side, and
a larger number on the outer side (around 30). Endocarp is composed of one
row of cells with thin walls, and the testa is fine, but the commissure consists
of several rows of cells. Five poorly prominent ribs are visible on the pericarp
under which there are conductive bundles.
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Picture 4. Drug microscopy of anise: A) The cross-section of the fruit of anise [89],
B) Texture of pericarp [89], B) Anisi pulvis (enlargement 100x) [88], I') Anisi pulvis
— trichome (enlargement 400x) [88], 1) Anisi pulvis — pericarp fragments with
essential oil cannals (enlargement 400x) [88] (see page 15)

Anise seed powder (4nisi pulvis) is brown. Microscopic analysis enables
the observation of the following elements: single-cell mechanical trichomes,
fragments of epidermis with stomata and hairs, fragments of endosperm with
drops of fatty oil, fragments of the pericarp with channels that contain essential oil
as well as fragments of partially lignificated endocarp. Sometimes fragments of
tracheas and very small rosette aggregate of calcium oxalate can be spotted [88].
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4,
Chemical composition
of anise

Mainly the fruit (4nisi fructus) is used as a pharmaceutical drug, as well as a
spice in food industry. Studies have shown that the fruit contains 1.5-6%
essential oil, 8—11% fatty oil, 4% carbohydrates and 18% protein [85]. It has
been found that the green plant (i.e. herb) contains a significant amount of the
essential oil (1.2-1.35%) [37].

Anise essential oil (4Anisi aethroleum) is a thin colorless liquid or crystal mass,
sweet in taste and with aromatic fragrance. It is localized in shizogenic canals
in fruits, stem and root. Essential oil is a highly complex mixture of different
compounds like sesquiterpenes, phenolic compounds and alkenes, but almost
all studies point out that the main component is ¢trans-anethole. Anise essential
oil crystallizes at a temperature between 15 and 20 °C. This characteristic of the
oil is conditioned by the presence of large amounts of ¢trans-anethole (80-90%),
whose melting point is 22.5 °C

Anise fatty oil (Oleum anisi) consists mainly of isomeric monounsaturated
fatty acids with 18 carbon atoms, including oleic acid which dominates (cis
9-18:1) with 74.55%, than petroselinic acid (cis 6-18:1) with 6.76%, while other
acids are present in an amount of less than 5% (vaccenic, palmitoleic, linoleic,
stearinic, eicosenoic, arachidonic and behenic acid) [32, 51]. Structural formulas
of two most significant fatty acids are shown in picture 5.

4.1. Essential oil content

The results of our research performed during 2011 and 2012 at three localities
show that the essential oil content in anise fruits ranged from 3.07 to 4.75%
(Table 3). It can also be concluded that plants accumulated more essential oil
during the growing season of 2011 (3.93%) compared to the drier 2012 (3.52%).
Plants grown in Ostoji¢evo have accumulated the least essential oil (3.78 and
3.23%), and plants grown in Veliki Radinci the most (4.08 and 3.79%). In the
case of fertilizers, it can be said that, on average, the use of Royal Ofert biohumus
gave the highest essential oil content (3.90%) in the two-year research.

It is known that many factors affect the amount of essential oil in fruits. These
include genotype, stage of maturity, technology of cultivation, soil type and
differences in climatic factors which occur at different geographical locations [69].

As noted above, Turkey is the largest producer of anise in the world. Plants
are mainly grown in the provinces Burdur, Denizli, Afyon, Antalya and Bursa.
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By examining 29 samples collected from different production areas, it was
found that the essential oil content in the fruit ranges from 1.3 to 3.7%. The
difference of 2.4% is very significant [19]. The variation in the essential oil
content depending on the population was determined by other authors in this
country as well. Variations within ecotypes from different regions ranged from
1.85 to 2.38%. It was found that the ecotype from Denizli province accumulates
the most essential oil (an average of 2.35%), while that of the Burdur province
the least (an average of 1.75%) [96]. In a population that is grown in the region
Golhisar, the amount of the essential oil of the fruits is the smallest (2.49%),
which was significantly less compared with other regions (Tefenni, Karamanli
and Yesilova), where the essential oil content ranges from 2.71% to 2.74%, or
2.80% [48].

Table 3. Essential oil content in the fruit of anise (%) grown in 2011 and 2012 at
three localities investigated in the application of various types of fertilizers

2011 2012
M R O X M R O X
Control 383 386 372 3.80 353 3.66 322 347
Slavol 4.04 400 337 380 358 358 337 351

BactoFil B-10 380 4.08 3.79 3.89 342 3.63 322 342
Royal Ofert 396 475 378 416 3.72 4.04 3.13 3.63
Vermicompost 3.88 3.68 4.05 3.87 334 377 3.07 3.39
NPK 396 413 397 4.02 364 403 336 3.68
Average 391 408 3.78 393 354 379 323 352

M-Mosorin. R-Veliki Radinci. O-Ostojicevo. X-average

Our research also suggests that, in addition to the locality, the weather
conditions during the year significantly affect the variation in the content of
essential oil. More precisely, it was found that a much larger quantity of the
fruits essential oil was accumulated during the year with moderate values of
precipitation and temperature in comparison with the dry and warmer one [5].

The differences in the amount of the fruits essential oil appear depending on
the time of sowing. It has been found that the amount of the fruits essential oil
varied from 2.09 to 3.11%, with a greater amount of the essential oil from the
prior sowing [48].

Two studies show that sowing rate is also influenced by this parameter. In
one, it is found that the essential oil content in the fruit varies from 2.66% to
2.74%, with no established regularity in the dependency between the essential
oil content and crop density. However, the yield of essential oil per unit area
significantly increases with the increase of the seeding rate from 5 kg/ha to
15 kg/ha, while the application of 20 kg/ha reduced it [100]. In another study, it
was found that the essential oil content in the fruit ranges from 3.69 %to 4.10%,
and the highest at 25 plants per square meter. This study shows the increase in
the essential oil yield per hectare by increasing plant density [39]. The reason
is that “the essential oil yield per hectare depends directly on the fruit yield per
hectare and on the content of the fruits essential oil” [2, pg 146].

It has been found that irrigation has a significant impact on the quantity of
essential oil of anise fruits. Specifically, in experiments with irrigation in Iran
it was found that the lack of water during the stem elongation and flowering
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reduces the production of essential oil in fruits [ 115]. However, experiments done
by other scientists in this country show that the essential oil content increases
with the elongation of the duration of stress caused by drought. Plants that were
exposed to drought for a period of six days accumulated 2.12% essential oil.
When exposed to stress for ten days, the plants accumulated 2.76% essential
oil, stress of 14 days led to the accumulation of the largest quantities of essential
oil — 2.93% [17]. This study is in contrast with the results that we got with
anise. However, in the study with annual caraway (Carum carvi L.), during a
two-year investigation, it was found that in the dry and hot year caraway plants
accumulated more essential oil [8].

A great number of authors examined the influence of the applied fertilizer on
the essential oil content in anise fruits. In studies in Iran, it was found that the use
of different types of fertilizer does not significantly affect the essential oil content
in fruits. The application of vermicompost in the amount of 5 t/ha proved to be
inefficient, i.e. with the application of this fertilizer plants have accumulated
3.69% essential oil, which is less than in controls (3.78%). Essential oil content
in fruits was 3.92% when applying manure and when applying NPK fertilizers
it was 4.10% [39]. Research in our country found that the use of chemical NPK
fertilizers in quantities of 400 kg/ha significantly increased the essential oil
content (3.41%) compared with the control (2.66%) [53].

It was found that the application of organic manure and biofertilizers used
in organic farming gets the highest content of essential oil of anise fruits. In
particular, the application of 10 t/ha of vermicompost achieves great results
(4.21%). The application of microbiological fertilizers based on Bacillus
circulans, which helps the transformation of phosphorus and the formation of
growth hormone also significantly increases the essential oil content in fruits.
This fertilizer works best if applied twice by inoculating seeds before sowing
and spraying the plants in the phase of stem elongation [30]. That the use of
phosphate soubilizing bacteria at this stage is the most efficient is confirmed by
other authors [114].

Harvest time also significantly affects the essential oil content in fruits. The
essential oil content decreases at full maturity compared with the harvest in the
early stages, while in the waxy stage of maturity, when the primary umbels get
brown (leaves are still green) and the fruits essential oil content is the highest
(4.60%) [74].

The content of essential oil greatly depends on the method of extraction. The
application of supercritical CO, extraction gives 7.5% essential oil, while the
same samples obtained by hydrodistillation gave only 3.1% [108]. Studies show
that the application of microwave-assisted distillation of crushed anise fruits
gives 3% of essential oil, the same as the hydrodistillation [66].

73



4.2. Chemical composition of essential oil

The essential oil of anise is a complex mixture of components that belong
to the class phenylpropenes, monoterpenes and sesquiterpenes (Picture 5). Our
samples of the anise essential oil revealed the presence of 15 components, one of
which is unidentified. GC/FID chromatogram of one sample is shown in picture
6. Chemical composition of the essential oil of anise fruits was not significantly
different at the level of the applied fertilizer or locality, while differences exist at
the level of the weather conditions during investigated years, except in the case
of cis-anethole and f-farnesane (Table 4).

Picture 5. Compounds of fatty and essential oil from anise seed (see page 20)
Picture 6. GC/FID chromatogram of anise essential oil (see page 21)

Phenolpropenes are the most common class of compounds in anise essential
oil (92.95 to 98.91%). Compounds identified from this class are cis-and
trans-anethole and methylchavicol (estragole), then, trans-pseudoisoeugenyl
2-methylbutyrate and epoksi-pseudoisoeugenyl 2-methylbutyrate. Their
formulas are shown in picture 5. These last two components are characteristic
for the genus Pimpinella and represent phytochemical markers [71].

The results of our study indicate that anise essential oil contains from 91.90
to 98.72% trans-anethole. The amount of frans-anethole was lower in the
first year (93.20%) compared with the second (96.35%). Stress can increase
the accumulation of phenylpropene, and the most common causes are listed:
pathogen attack, UV radiation, lack of nutrients, high temperatures and
herbicides [103]. The assumption is that in our study drought followed by
high temperatures during 2012 caused the accumulation of large amounts of
trans-anethole in the essential oil of anise.

Isomer trans-anethole, methylchavicol, was present in an amount from 0.19
to 0.79%, and the cis-anethole with only 0.05-0.10%. There are claims that
cis-anethole is a toxic component of the essential oil and, for this reason, its
concentration should be in the range 0.2-0.5% [102]. So far, there is no record
of anise poisoning in humans. However, it was found that the medial lethal dose
(LDy,) of trans-anethole is 900 mg/kg, while the cis-anethole is significantly
lower at 93 mg/kg [117]. Symptoms of acute poisoning by anethole are reflected
in reduced mobility, disturbed coordination of movements, increased muscle
tone and depression [118].

It should be kept in mind that exposure of trans-anethole to UV light or acidic
environment leads to the formation of cis-anethole, which in addition to being
toxic has an unpleasant odor and taste [24]. For this reason, the essential oil
must not be exposed to sunlight.

Trans-pseudoisoeugenyl 2-methylbutyrate, which is referred to as a
phytochemical marker in anise essential oil, was more common in the first year
(0.95%) compared with the drier and hotter one (0.66%). Epoxy-pseudoisoeugenyl
2-methylbutyrate, another phytochemical marker, was present only in the first
year of the study.

Another class of compounds present in anise essential oil are sesquiterpenes.
In our research they were present in large quantities in the samples from 2011 (up
to 3.64%) compared with samples from 2012 (up to 2.51%). Compounds present
from this class were: one acyclic sesquiterpene (¢rans-f-farnesene), monocyclic
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(p-elemene, a-zingiberene, f-bisabolene) and bicyclic sesquiterpenes (o, f and
y-himachalene, frans-muurola-4(14),5-diene). The structural formulas of the

compounds in this class are shown in picture 5.
Table 4. Representation of the components from anise essential oil (%) depending

on the year, locality and applied fertilizer (LSD
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From monoterpenes only monoterpene ketone trans-dihydrocarvone was

present in a small percentage (average 0.28%) only during 2012.

ns — not significant



By correlating all components of anise essential oil, it can be concluded that
trans-anethole is the most prevailing component of the statistically significant
negative correlations with all components except the cis-dihydrocarvone with
which it is positively correlated (r = 0.72) (Table 5). Other authors report
similar regularity. Specifically, it was found that by increasing concentration of
trans-anethole, the concentration of y-himachalene decreases [103].

Table 5. Correlations between components of anise essential oil
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It was found in almost all studies that the two main components of anise
essential oil are trans-anethole and methylchavicol. Their amount varies
depending on the locality of cultivation, i.e. populations. At four localities in
Turkey, the content of trans-anethole varied from 96.57 to 97.24%, while the
variations in the content of methylchavicol ranged from 1.89 to 3.18% [96].

The analysis of anise samples from 11 European countries revealed that the
most common component of frans-anethole ranges from 76.9% to 93.7%. The
largest concentration of phenolpropenes was in samples from Greece, Hungary,
Scotland, Lithuania, Italy and Germany (>90%). The essential oil of anise seed
from Estonia was rich in y-himachalene (8.2%) and trans-pseudoisoeugenyl
2-methylbutyrate (6.4%), while the samples from France had the largest amount
of anisaldehyde (5.4%) compared with other samples in which the content of
this component went up to 3.1% [71].

Tests in Germany, which also involved 15 samples, showed that from
20 various components found in the essential oil, the most common was
trans-anethole, which exhibited significant variations, depending on the sample
as well as the conditions of the year. A significant variation of y-himachalene
and methylchavicol was also noted [103].

By researching two varieties of anise with various production areas in
Bangladesh, a large variation in the chemical composition was established,
which confirms the fact that the difference is a result of different geographical
and ecological conditions. In both samples of anise from this country the
dominant component was cis-anethole with 69.40% (province Dhaka) and
85.32% (province Bogra). In samples from Dake in addition to cis-anethole,
limonene (13.27%) and fenchone (11.41%) were determined [69].

Aresearch in Turkey of 29 anise samples from nine different production areas
identified from 11 to 23 components in the essential oil. A significant variation
in the content of trans-anethole between samples was also found, from 78.63 to
95.21% [19].

However, there are chemotypes in which trans-anethole is not a dominant
component. It was found that the dominant component in the essential oil in the
anise seed from Morocco and Yemen is methylchavicol (4-alilanisol) accounting
for 76.70% and 85.28%, depending on the locality. Other components were:
limonene from 9.75% in samples from Morocco 5.53% in samples from Yemen
and fenchone with 6.16% and 4.12% [14].
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5.
Anise uses

nise is often used in folk medicine and is also an official drug in different

Pharmacopoeia. Pharmacological usage of anise varies to a great extent. In
addition, this herb is often used for flavoring alcoholic beverages, particularly in
the countries of the Mediterranean area, and as an additive to sweets and other
dishes. Anise is used in veterinary medicine, but also in organic farming [6].

5.1. Pharmacological usages of anise

Numerous studies found that anise is good for the treatment of digestive
discords, but it is also has an effect on the nervous, and the respiratory system.
Anise is known as a plant with estrogenic activity, but it is also acts as an
anti-inflammatory and anticarcinogenic. Numerous studies found that anise
affects microorganisms that cause many diseases [3].

Effect on the digestive system

In our traditional medicine, anise is recommended as a carminative, to improve
and regulate the digestion. /n vitro studies done on experimental animals and
clinical trials on humans showed that the anise fruit is effective against chronic
constipation. Phytotherapeutic products based on anise can be an effective and
safe alternative treatment for constipation [95, 76]. According to Tucakov [97],
the most common herbal tea blends with anise used for the treatment of the
digestive tract are as follows.

Tisane against gas and bloating in the digestive tract: Make a mixture of
20 g each of anise, fennel, caraway, thyme and chamomile. Pour 0.5 [ of
boiling water over three tablespoons, cover, and after three hours drink
after a meal.

Tisane against constipation: Make a mixture of 20 g each of anise, fennel,
liquorice, dry prunes and glossy alder buckthorn bark. Pour 0.3 [ of boiling
water over two tablespoons of this mixture, cover and leave for three hours
and drink.

In Iranian folk medicine, anise is used as breath freshener and mouthwash.
A scientific experiment confirmed that anise stimulates the secretion of the
salivary glands i.e. salivation, which leads to an increase in the pH value in
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the mouth, but also acts as an oral cavity mechanical wash, thereby removing
plaque. Apart from this, anise possesses antibacterial activity. It is effective
against Streptococcus mutans that contributes to caries [16] and other bacteria
found in the oral cavity [26].

Kitanovi¢ [58] offers a following recipe for concentrated anise mouth rinse
which is easy to make in home conditions.

Extract used for the mouth and tonsils: Make a mixture of 5 g each of
anise, cinnamon, cloves and propolis and grind them finely in a mortar.
Put this in a bottle and add 4 g of mint essential oil and 1 ] of 75% alcohol.
Close the bottle tightly and let it stand in a dark place 10—15 days with
a daily shake. After this period, strain the liquid through a multi-layered
cheesecloth until it becomes clear. Use 10—15 drops daily as mouthwash
and 30-50 drops to gargle for the tonsillitis.

Anise fruit extract significantly inhibits gastric mucosal damage caused
by necrotic agents. It is assumed that anise significantly reduces gastric acid
secretion and acidity thus inhibiting the formation of ulcerations [15]. The
following tea blend is used for the treatment of chronic inflammation of the
stomach [116]

Tisane for the treatment of chronic gastritis: Make a herbal tea blend of
one tablespoon each of anise fruit, chicory root, sage leaf, herb wormwood,
and wall germander. Pour over 1 [ of boiling water, cover and let stand for
two hours. Strain and drink during the day. Drink the tisane for ten days.

Research has found that the anise fruit extract protects the liver from necrotic
effects of free radicals which leads to a significant improvement of the destructive
changes in the liver [25, 45]. In addition, anise possesses antidiabetic activity
[62, 81, 84].

Effect on the respiratory system

Experiments established bronchodilatory effect of anise essential oil
extract, which is a consequence of the muscarinic receptors inhibition, as
well as anticholinergenic activity. With regard to the fact that anise has
anti-inflammatory and bronchodilatory effect, its use is justified in treating
problems of the respiratory tract, including bronchial asthma [22, 92]. As
Tucakov stated, in folk medicine, anise is used in tea blends to calm the cough
and for the expectoration of mucus, as well as to calm asthma [97].

Tisane for easier expectoration of dry mucus from the lungs: Make a herbal
tea blend from the 25 g each of anise, fennel, liquorice and marjoram.
Pour 0.2 | of boiling water over one tablespoon of this mixture, cover, and
after two hours, strain and drink hot tisane after meals.

Tisane for calming the cough and for the expectoration of mucus: Make a
herbal tea blend of 5 g each of anise, fennel, Iceland lichen and coltsfoot
flower, 10 g each of mint and veronica and 20 g each of coltsfoot leaves
and marshmallow root. Pour 0.2 | of boiling water over one tablespoon
of this mixture, cover, and after two hours, strain and drink hot tisane
after meals.
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Tisane for asthma: Make a tea blend from 20 g each of anise and coltsfoot

flower and 60 g of coltsfoot leaves. Cook three tablespoons of this mixture
in half a liter of water for 10 minutes, leave overnight and drink instead of
water the next day.

Effect on the reproductive system

Anise is a herb that has been used for centuries as an estrogenic agent [12].
It is noted that the capsules containing anise plant extract reduce bleeding time
and menstrual pain in women with symptoms of primary dysmenorrhea [56],
and also act efficiently in reducing hot flashes in postmenopausal women [70].
Anise fruits also help prevent the osteoporosis caused by estrogen deficiency
[46]. In other folk medicine, as in our traditional medicine, it is among plants
that have a positive effect on the secretion of milk [97].

Tisane for stronger milk secretion: Make a herbal tea blend from the
25 g each of anise, fennel, dill and marjoram. Cook three tablespoons of
this mixture in 0.5 | of water for 10 minutes, leave overnight and drink
instead of water the next day.

The effect on the nervous system

In Iranian folk medicine, anise is used for the treatment of many neurological
diseases [77, 55]. Research has found that anise possesses anticonvulsant
activity, significantly extending the period between seizures and reducing the
volume and duration.

In our traditional medicine, it is mentioned that 15 drops of anise essential oil
induces sleep for 12 hours [97], whereas in the old botanical books it is stated
that anise is good for children who suffer from febrile seizures [104].

In Iraq, where the plant is often used in folk medicine, experiments proved
that anise possesses significant analgesic activity [101], which is similar to
morphine and aspirin [94]. It was established that anise extract can be used for
the treatment of migraine with aura [44].

The antioxidant activity

The aqueous and alcoholic extract of anise fruit exhibit potent antioxidant
activity as confirmed by different antioxidant tests such as: reducing power,
free radical scavenging, superoxide anion radical scavenging, hydrogen
peroxide scavenging and metal chelating activities. These various antioxidant
activities were compared with synthetic antioxidants such as BHA, BHT and
a-tocopherol [42].

The antioxidant activities of water and alcoholic extracts of anise seeds were
tested by linoleic acid and liposome model systems. Results indicate that the
extract could be used as an antioxidant in fat-containing food, so it can be used
for fatty oil stabilization [13, 107].

Anise fruit extract showed antioxidant activity against nitric oxide,
superoxide and DPPH radical in a way that reduces their potential and reduces
their concentration. The application of anise fruit in an amount of 5 g per day
may be used as a supplement in diabetes therapy to reduce the oxidative stress
which accompanies this disease [80, 81].
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Anti-inflammatory and anticancer effects

The essential oil of the genus Pimpinella has a positive effect on the prevention
of many diseases, especially inflammations [93]. Experiments have determined
that anise extract protects the erythrocytes from hydrogen peroxide that mediates
in hemolysis process, and also shows anti-inflammatory activity [50].

The anise ethanol extract has cytostatic activity on prostate cancer cells.
The treatment with anise has proliferative effects and anti-apoptotic effect on
cancerous cells, and therefore, can be classified as a food for the prevention and
treatment of cancer [54].

Antimicrobial activity

Anise extract possesses a broad spectrum of effects on gram-positive and
gram-negative bacteria. Due to high antibacterial potential of this plant,
especially if we take into account production costs, availability and efficiency,
it can be concluded that anise can be used as raw material in phytotherapy as an
effective and inexpensive alternative to synthetic antibiotics [20, 9].

Combining anise essential oil with other herbs it was found to have inhibitory
activity among most of the pathogenic bacteria. Additive or synergistic activity
of phytochemicals from the essential oil has proven to be very important for the
treatment of infections because, as opposed to synthetic antibiotics, the bacteria
do not develop resistance to it [10].

Anise seems to have antifungal effect on Candida albicans [42, 68] as well as
on other fungi [63, 61, 72, 111]. In addition, it was found that anise has antiviral
effect on herpes simplex virus, cytomegalovirus and measles virus, which puts
this plant into functional food used against these infectious diseases [67]. Anise
extract can be successfully used for the treatment of swine dysentery caused by
amoebae Entamoeba histolytica [79].

5.2. Other purposes of anise

Anise is used in veterinary medicine, where its use is similar to that of human
medicine and pharmacy. In addition, it has been found that it potentially has a
very wide use in poultry as a natural antibiotic, an immunostimulant and for
increasing feed conversion. Anise has a positive impact on fish and bees, while
insecticide, bactericide and virocide properties of anise can be used in organic
agriculture.

The use in veterinary and animal husbandry

The effect of anise given in the form of hot tisane helps farm animals by
relieving bloating and cramping. Anise seed powder is given to livestock with
pneumonia [104]. Oil-cakes that remain after distillation of anise essential oil
have a lot of protein and fat, and are given as highly nutritions animal food,
especially to dairy cattle that provide more milk as a result [97].

Anise fruits can be used in the diet of Japanese quails and hens, while having
a positive effect on the immune system of birds, as well as positive effect on the
input and conversion, increasing egg mass and reducing the level of cholesterol
in the yolk [21, 65, 28, 49].
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Anise supplementation in broilers increases daily mass gain and feed
conversion. Therefore, anise may be included as a natural growth promoter in
poultry [29, 87]. Furthermore, adding anise to broiler feed increases resistance
to infectious bursal disease and bronchitis. It also increases the total number
of leukocytes, monocytes and lymphocytes. It is considered that the dietary
supplement of anise is an effective substitute for antibiotics [11, 112].

Anise seed powder has a positive role in increasing the growth parameters
and immunological properties in carp as well, which is a consequence of the
chemical composition of anise. These components are anethole, tyrosinase
inhibitors and shikimic acid. These slow down the penetration of pathogenic
agents into the body of the fish and maintain it in a healthy condition by
stimulating the immune system [18].

Experiments showed that anise essential oil is very effective in combating
bacterial diseases in bees known as foulbrood, caused by Paenibacillus larvae.
When using the essential oil of this plant, there have not been any toxicological
risks and other negative effects such as resistance that develops when using
synthetic antibiotics [40].

Use in organic farming

Anise essential oil is a highly effective insecticide and has a repellent effect
on mosquitoes [78, 38]. Insecticidal and ovicidal activity of anise essential oil
on storage pests: Tribolium confusum, Sitophilus orizae and Ephestia kuehniella
[98, 99], as well as Lycoriella ingenue, a pest which is particularly important
in the production of mushrooms [75]. It is believed that tyrosinase inhibitors in
anise essential oil play a key role in insect control [64].

Anise essential oil inhibits the growth of fungi: Alfernaria alternata,
Penicilium italicum, P. digitatum and Botrytis cinerea, which can be used for the
production of environmentally friendly biocide in processed fruit and vegetables
[1]. Also, at a concentration of 3000 ppm anise essential oil completely inhibits
the potato virus X (PVX), tobacco mosaic virus (TMV) and virus ring spot
of tobacco (TRSV). There could be synthesized products based on anise as an
effective natural virocides in the near future [86].

Use in food industry

Due to its aromatic and pleasant taste, anise is used for making candy, chewing
gum, liqueurs, aromatic drinks. The essential oil is often one of the components
for making toothpaste and other products used for maintaining oral hygiene. It is
also used for medication flavoring, especially those for children [58].

Anise liqueur: pour 0.6 | of 70% alcohol over 50 g of crushed anise fruits
and place it in a bottle. Allow it to stand for 68 days with daily shaking,
then strain it through a multi-layered cheesecloth and add chilled sugar
syrup, which is made of 400 g of sugar and a 0.5 [ of water.
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6.
Phenological stages of anise
and environmental conditions

his chapter describes the phenological stages of anise and its requirements
for moisture, temperature and light during the growing season, as well as
during certain phenological stages.

6.1. Phenological stages of anise

According to literature, the vegetation period of anise is 120—150 days [57].
The development of the plants was monitored daily, which is shown in Picture 7.
During the growing season, we found five phenological stages. These are:

1. germination,

2. formation of leaf rosette,

3. stem elongation,

4. flowering, and

5. fuit formation and maturation.

Picture 7. Phenological stages of anise (see page 31)

Based on the experiments performed during two years (2011/12) carried
out at three locations (MoSorin, Veliki Radinci and Ostoji¢evo), there have not
been any differences observed in the length of anise growing seasons or in the
duration of individual phenological stages depending on the applied fertilizer
(control, Slavol, BactoFil B—10, Royal Ofert biohumus, vermicompost and
NPK). Differences existed in the locality and years. From figure 1 it can be seen
that the vegetation period of anise lasted from 112 to 145 days. It can also be
seen that in 2011 it lasted longer (an average 138 days) when compared to 2012
(116 days).

According to literature, 17-25 days passes from sowing to germination [57,
34]. In the studies that we presented during 2011/12, the germination period
lasted 14-36 days. Germination is referred to as the emergence of cotyledons
above ground. Anise sprouts have two thin lanceolate cotyledons with round
apex. Hypocotyl is short, of medium thickness.

This period is followed by a period of leaf rosette formation, which ends
with stem elongation. This is the longest period and it lasts 35—40 days. In our
study, the formation of the leaf rosette lasted from 25 to 47 days. The influence
of weather conditions on the duration of this phase was very evident. During
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2011, the leaf rosette formation lasted an average of 31 days and, in 2012, the
average duration of this phase was 46 days. The lengthening of this phase can be
explained by the higher amount of rainfall in the first part of the growing season
during 2012.

MosSorin

Veliki Radinci

2012

Ostojicevo

Year

MosSorin

Veliki Radinci

2011

Ostojicevo

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Days

| @S-G BG-SE BSEF BF-FF !FF-H|

Figure 1. Duration of phenological stages of anise during 2011 and 2012 at all three
localities (S—sowing, G—germination, SE—stem elongation, F—flowering, FF—fruit
formation and maturation, H-harvest).

From stem elongation to flowering, anise needs 12 to 33 days, which was also
influenced by the weather conditions. During 2012, this period was significantly
shorter (average 15 days) when compared to 2011, when it took 32 days. The
shortening of this period in 2012 was caused by high temperatures accompanied
by a lack of rainfall.

Juvenile development is finished with this phenological stage. The duration
of the juvenile period makes up for 65.5% of the growing season. This coincides
with coriander, where the juvenile phase is determined to last for more than 50%
of the growing season [23].

Generative phase of development starts with flowering, which in our
experiments lasted 13 to 24 days. The weather conditions significantly
influenced its length. Flowering lasted an average of 17 days during 2012, and
in 2011, it took an average of five days longer. According to literature, this
period lasts 20-25 days.

In our study, maturing lasted 18-29 days, whereas in data from literature,
this period lasts 25-30 days. During 2012, drought accelerated the process of
maturation, and lasted 21 days on average, while it took a week longer in 2011.
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6.2. Influence of weather conditions on phenological
stages of anise

As already noted, the duration of phenological stages is mostly affected
by weather conditions during the year. The two years in which our study was
carried out were significantly different.
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Figure 2. Amount of rainfall (mm) during vegetation period (April-September) in
2011 and 2012, as well as long term average (1971-2012) at all three investigated
localities (Republic Hydrometeorological Service of Serbia)
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Figure 3. Average daily temperatures (°C) during vegetation period (April-
September) in 2011 and 2012, as well as long term average (1971-2012) at all three
investigated localities (Republic Hydrometeorological Service of Serbia)

The amount of rainfall in 2011 was higher (183.3 mm), while 2012 was drier
in comparison to the previous year (165.0 mm). The amount and distribution of
rainfall during both years, as well as long-term average of rainfall are shown in
Figure 2. Data from the nearest meteorological station was used, whose distance
is less than 30 km from the experimental plots (for locality MoSorin — MS Novi
Sad, for Veliki Radinci — MS Sremska Mitrovica, and for Ostojicevo — MS
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Kikinda). It can be said that in 2011, the precipitation at all phenological stages
was evenly distributed. During 2012, it was mainly concentrated in the period
from sowing to stem elongation, when about 77% of the total amount of rainfall
fell during the growing season. During the flowering period, 34 mm of rain fell
in 2011, while in 2012, only 20.7 mm, leading to a shortening of the generative
phase. In addition, the lack of rainfall in the second year of study was in the
period of the formation and maturation of the fruit, which, in addition to the
higher mean daily temperature, caused a shortening of the phenological phases.

Average daily temperatures during two investigated years were
significantly higher than long time average (figure 3). It can also be said that
2012 was warmer in comparison to 2011. It should be noted that during the
second year of the research the vegetation period was shorter, but that the mean
daily temperatures were higher on average for 1.3 °C. The higher average daily
temperatures could have caused the shortening of anise vegetation period in the
second year of the study.

During both years and at all three localities, the sum of effective temperatures
during anise growing season was over 2000 °C (Figure 4). It can be stated that,
in 2011, the sum of effective temperatures was higher (2505 °C) in comparison
to 2012 (2278 °C). This confirms the fact that anise is a thermophile plant.
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Figure 4. The sum of effective temperatures (GDD) during phenological phases of
anise in 2011 and 2012 at all three localities

Insolation depends directly on cloudiness, which in turn tracks the movement
of relative humidity. Insolation during the growing season during both years at
all three localities studied is shown in figure 5. In both years, there was more
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insolation than long-term average for the growing season (the average insolation
value for all three localities is 1443 h). Insolation was higher during 2012
(1710 h) in comparison to 2011 (1660 h).
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Figure 5. Insolation (h) during vegetation period (April-September) in 2011 and
2012, as well as long term average (1971-2012) at all three investigated localities
(Republic Hydrometeorological Service of Serbia)

The influence of insolation on the duration of anise vegetation period and
some phenological phases is shown in figure 6. As it can be seen from the
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displayed graphics, during anise growing season, it took more than 1000 hours
of sunshine for the yield. There was a smaller number of sunny hours during
2012 (average 1074) when compared to 2011 (average 1145). The shortening of
the vegetation period, followed by a lack of rainfall and high temperatures is a
consequence of a smaller number of sunny hours in 2011.
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Figure 6. Insolation (h) during phenological phases of anise in 2011 and 2012 at all
three localities
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7.
Anise growing technology

Anise has favorable environmental conditions for growth in our country. This
chapter is divided into several parts which are important for the growing
technology of anise: (1) crop establishment, which deals with the selection of soil
and previous crop, primary processing and fertilizer, as well as seed and sowing,
(2) crop care, where in addition to tending repents special attention is paid to
diseases and pests, and (3) harvest. Latter subchapter provides information
about the yield, processing and calculation the cost production. Picture 8 shows
the details of the growing anise in field conditions.

Picture 8. Production of anise in field conditions: A) anise crop in the phase of 4-5
leaves, B) anise crop in the phase of stem elongation, B) anise crop in full flowering,
I') anise crop in the phase of fruit formation (see page 39).

7.1. Anise crop establishment

Soil. According to literature, anise has no great claims to the soil, but it favors
deep and good-draining soil with good physical structure. Anise can also be
successfully grown on lime and lax soil rich in nutrients, where the pH value is
between 6.5 and 7.2. Heavy and clayey soils, which are impervious in addition,
are not suitable for growing this crop.

Previous crop. Anise is usually grown in rotation after fertilized crops or
after cereals. Due to the occurrence of common diseases and pests, anise should
not be sown after the plants from the family Apiaceae. Anise can be grown at
the same place only after three years, and the same goes for the other plants in
this family.

Primary processing. Different soil types require different ways of processing.
National experts recommend that the main processing be carried out in the
autumn and that the land is left in the open furrows during the winter. Early in
spring, the furrows should be closed by using a harrow and the surface should
be leveled.

Fertilization. Some authors suggest that 200-250 kg/ha superphosphate
should be added by plowing in the primary processing of soil as phosphorus
increases the amount of essential oil in anise fruit [33]. Others suggest the intake
of 300400 kg/ha NPK fertilizer in the formulation 15:15:15 [91].

Seed and sowing. Anise is sown early in the spring at a depth of 2-3 cm. It
is usually sown at row spacing of 40 cm, while it takes about 10 kg of seed per
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hectare. Inter-row spacing of 25-30 cm is also applied, where 13—15 kg of seed
per hectare is needed. In either case, the preferred number is about 50-60 plants
per meter.

In order to achieve faster and more complete plant germination, seeds for
planting can be stratified, which is achieved by immersion in water heated to
18 °C. The seed is kept in water until it swells, then it should be removed and
placed in piles at a temperature of 18-22 °C and left to stand for 2-3 days.

Experiments found that the optimum temperature for germination of anise
seed is between 20 and 25 °C [90].

In the research that we carried out during the two years, we have come to the
conclusion that the aniseed obtained from plants grown in moderate 2011 had
better germination energy, total germination, 1000 seed mass and essential oil
content compared to the dry 2012. Better quality of the seed is a result of a long
period of fruit formation and synthesis of essential oils in climatic conditions
more favorable for the plant, which were in 2011 [5].

7.2. Anise crop care

Mechanical weeding. The initial growth of anise is very slow, and weeds are
a serious problem. Crop cultivation consists of cultivating or hoeing two to three
times in order to suppress weeds. Usually the first hoeing is when plants have
4-5 leaves (5-6 cm height), and the second in phase of stem elongation (about
20-30 days after the first hoeing).

Foliar fertilization. In addition to the mechanical weeding, foliar fertilization
can be carried in the one or two occasions. The recommended amount of mineral
fertilizer for foliar fertilization is 120—150 kg/ha of nitrogen.

In the research that we did in 2011 with biofertilizers based on Bacillus
(Bacillus subtilis FZB24 and RhizoVital 42L), we found that the yield ranged
from 480 to 563 kg/ha. When applying the mixture of Bacillus subtilis FZB24
statistically significant differences in the yield were observed between the
control and the variants, where the seed treatment was applied and spraying with
a solution in the stage of leaf rosettes (5—6 leaves). The same regularity was
observed during the application of the preparation RhizoVital 42 L, provided that
there was a statistically significant difference between the control and all other
treatments [4].

Diseases. Diseases that occur in anise: blight (Plasmopara nivea syn. P,
petroselini, P. umbelliferarum), rust (Puccinia pimpinellae), and leaf spot
(Passalora malkoffii syn. Cercospora malkoffii).

o Blight (Plasmopara nivea (Unger) Schr.)

The disease is manifested on the lower leaves first in the form of irregular
circular, elongated yellow-brown and brown spots. Then, the tissue in these
spots becomes necrotic, turns black and wilts. Spots are interconnected. The
result is a complete or partial wilting of the lower leaves. An abundant snow
white cover consisting of conidiophores and conidia parasites develops on the
back parts of the dry leaves.

Symptoms of the disease in the middle and upper leaves are significantly
different from those at the bottom. The characteristic tan spots are not observed
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like in the lower leaves, but the whole area of complex leaves turns black and
dry. The result is almost always the complete destruction of the middle and
upper leaves. The parasite establishes abundant whitish film on the lower side,
and less often on the blade of the complex ballots.

Symptoms on stalks appear in the form of elongated dark brown spots. Spots
can affect the trunk and branches to form a ring at a greater length. In this case
wilting of the whole plant or of individual branches occurs.

The parasite also forms a snow-white film along the stems and petiole
blossom. Beneath it, the tissue darkens and wilts, so that the individual flowers
and the whole inflorescence fall off completely. The fruit also darken and dry, on
their surface, as well as in other parts, there is a whitish film [59].

o Rust (Puccinia pimpinellae (F. Straus) Mart.)

Rust is the most common disease of fennel in Egypt, which leads to significant
losses in fruit and essential oil yield [113]. Symptoms first appear as small
yellowish spots on the underside of the leaves. These spots become bigger over
time to form light brown spots with a yellow halo. Later, the infection spreads
to the stem and umbels. Symptoms are most evident in the period of flowering.
Pustules may appear on blade. Wreathe and premature wilting may occur due to
severe infections [83].

o Leaf spot (Passalora malkoffii (Bubak) U. Braun.)

The first symptoms of infection occur in the basal leaves in the form of
cylindrical light brown dashes with dark dots. Later, the whole leaf becomes
brown and symptoms spread to the upper leaves and umbels. Infected flowers of
anise are brown-black, as well as the seeds, which spread the fungus [82].

Insects. Insects do not cause significant damage to anise. Caterpillars of
various butterflies damage the leaves, and caterpillars Depressaria depresella
attack umbels. In Turkey, the pest is identified as Carterus dama (Coleoptera:
Carabidae) [60].

7.3. Anise harvest

Harvest. Anise matures quite unevenly. In determining the time, the purpose
of the fruits should be kept in mind. It was found that green fruits have more
essential oil than ripe, but they do not have germination. It also looks shriveled
therefore loses commercial value and cannot be used as a spice.

The seed harvest is performed in the stage of full maturation, while the
fruit harvest is performed when the branches become yellowish and the fruits
gray-brown. The harvest is done in the morning, while there is still dew that
prevents the dispersal of seeds. On small areas, anise is harvested by hand by
plucking the plant and trashing the seeds from umbels, while in big areas the
harvest is performed by wheat combine harvester. In mechanical harvesting,
screen size and strength of the wind of the combine should be adjusted because
the seed is very small and light.

Yield. The yield varies greatly and depends on many factors. According to
the textbook literature in our country, the yield most commonly varies from
600-1000 kg/ha [57, 91]. From the literature reviewed, it was found that the
yield varies in greater boundaries from 314.5 kg/ha, to 2973.2 kg/ha [52, 31].

92



In our two years of research, seed yield was reflected in the average
1551.2 kg/ha and it was significantly influenced by the locality and applied
fertilizer [2, pg 108].

Postharvest processing. After harvest, if it is done before the stage of
full maturity, the fruits are dried naturally (in the shadow of a drafty place)
or artificially (at temperature up to 40 °C), then cleaned and packaged. Seed
cleaning includes elimination of impurities, which can be organic and inorganic.
Clean seed is packaged into multilayer paper bags.

The fruit of anise can be processed by distillation to obtain essential oil. The
distillation is carried out by the steam, where anise is previously grounded in
order to get better results.

The yield of essential oil per hectare in our study is significantly affected by
the conditions. During favorable 2011, one hectare of anise crops yielded an
average of 64 kg/ha of essential oil, while in the warmer and dry 2012, 20%
or less essential oil was obtained. When it comes to the use of different types
of fertilizers, the highest yield of essential oil per unit area was obtained by
the application of chemical fertilizer NPK (67 kg/ha), and then Royal Ofert
biohumus (62 kg/ha).

The yield of essential oil depends on the stage of maturity, ranging from 14.35
to 38.77 I/ha. It should be noted that the highest yield of essential oil per hectare
is obtained when the primary umbels ripen fully and the leaves begin to yellow.
The lowest yield is obtained in full maturity (12 days later) [73]. The yield of
essential oil per unit area considerably depends on the seeding rate, in the ranges
of 98 to 151 I/ha [100].

Calculation of production. By calculating the production of anise it can
be concluded that the highest income from the fruit of anise in commercial
asking price of 2.5 €/kg is achieved when applying the chemical NPK fertilizer
(3500 €/ha) and organic biofertilizers BactoFil B—10 (3200 €/ha) and Slavol
(3000 €/ha), then control (2700 €/ha), while the lowest profit is achieved in the
application of vermicompost and Royal Ofert biohumus. However, if we bear
in mind that organically produced plants achieve around 20% higher price, the
application of biofertilizers is entirely feasible for this type of production [7].

When it comes to anise essential oil, it can be said that its production is
less profitable than the production of fruit. In the production of essential oil,
the highest profit in the commercial asking price of 50 €/kg can be achieved
with the application of chemical fertilizer NPK (2100 €/ha). The application of
Royal Ofert granules and vermicompost is not economically viable and even
has a negative balance, while the use of biofertilizers increases profit from
8.5 to 14.5% compared with control (1600 €/ha). As organic products have
an increased demand, especially in the food industry, organic anise essential
oil could have great potential for revenue, while also figuring as the most
cost-effective application of biofertilizers.
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8.
Star anise (lllicium verum Hook.)

tar anise (/licium verum Hook.) has been a long known spice. This plant

has been used in China, where it originated, since 100 BC. In Europe, it
became known in the XVI century, thanks to the English navigator Cavendish.
This plant belongs to the Magnoliaceae family and grows as an evergreen tree
or shrub. It has a very narrow distribution area of cultivation, which covers the
southern part of China and Vietnam [41]. In addition, Jamaica, Laos and the
Philippines have favorable conditions for its growth.

This chapter provides an overview of the morphological characteristics of the
star anise, the chemical composition and use. It also provides information about
the growing conditions and cultivation.

8.1. Star anise morphology

Star anise grows like a tree, reaching a height of 8-15 m and the diameter
of about 25 cm. Bark is pale green, leaves are simple, oval, 10-15 cm long and
2.5-5.5 cm wide, arranged alternately (Picture 9A). The flowers are solitary,
1.5-4 cm in diameter, light pink to red, bisexual (Picture 95). The flowers are
formed axillary or subterminally. The capsule has the shape of a star with eight
rays, which typically have a diameter of up to 2.5 to 4.5 cm. After maturation, the
capsule becomes woody and brown. Each ray contains seeds. The seed is shiny
and brown, 7-10 mm long, 4-6 mm wide and 2.5-3 mm thick (Picture 9I').

Picture 9. Star anise: A) Leaves of star anise [119], b) Flowers of star anise [120],
B) Unopened capsules of star anise [121], I') Capsule and seed of star anise [122]
(see page 45)

The Japanese star anise (/llicium anisatum L.) is a very similar species, but it
is not edible because it contains neurotoxins (anisatin and neoanisatin) that cause
serious neurological and gastrointestinal problems such as convulsions, diarrhea
and vomiting. Thus, the compositions of this plant cannot be applied internally
but it can be applied externally for the treatment of certain skin diseases and
rheumatic diseases. The main difference in the appearance of these two types of
capsules is that /. verum has eight rays, while /. anisatum usually has10 to 13. In
addition, the latter species has an unpleasant odor.
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8.2. Star anise chemical composition and use

Dry fruit capsule (without seed) contains 8—10% essential oil, 20% fatty oil
and other substances such as oleoresin, tannins, pectin and mucilage. Seeds
have less essential oil (2.5 to 5.0%) but contain more fatty oil (about 55%). The
leaves also contain essential oil, but a small percentage (about 0.5%).

Composition of /llicium verum essential oil is almost identical to Pimpinella
anisum. The content of frans-anethole in the star anise essential oil ranges from
85-95%. Other components are: a-pinene, lemon, S-phellandrene, a-terpineol,
farnesol and safrole [27].

By analyzing star anise which can be found in Serbian market (Lay Gewiirze,
Germany) it was found that the seed contains 4.27% of essential oil with 15
components, which are shown in Table 6. As it can be seen, the most common is
trans-anethole with 94.9%, followed by limonene with 2.7% and methyl cavicol
from 1.3%, while other components were present with less than 1%

Table 6. Compounds from star anise seed essential oil

No Component R.T. R.L %
1 a-pinene 5.834 935 0.2
2 p-pinene 7.050 975 trace
3 a-phellandrene 7.910 1008 trace
4 o-3-carene 8.094 1013 0.2
5 p-cymene 8.582 1027 0.1
6 limonene 8.719 1031 2.7
7 linalool 11.404 1103 0.1
8 a-terpineol 15.315 1192 trace
9 methylchavicol 15.616 1200 1.3
10 cis-anethole 18.067 1255 0.2
11 p-anisaldehyde 18.288 1258 trace
12 trans-anethole 19.591 1291 94.9
13 a-copaene 23.523 1380 trace
14 trans-caryophyllene 25.413 1424 0.1
15 trans-a-bergamotene 26.119 1440 0.1
16 trans-p-farnesane 27.078 1448 trace
17 trans-methylisoeugenol 28.742 1503 trace
15 foeniculin 35.959 1683 0.1
Monoterpene hydrocarbons 32
Monoterpene alcohols 0.1
Phenylpropenes 96.4
Sesquiterpenes 0.3

trace — component present less than 0.1%; R.T. — retention time, R.I. — retention index

Fatty oil consists of oleic acid (63.24%), linolenic acid (24.40%), stearic
(7.93%) and myristic acid (4.43%) [41]. This fatty oil is not only used in food,
but also in the cosmetic industry for the preparation of soap and perfume.

Star anise has a long history of use in Asia, especially China. In this part of the
world, traditional tea for treatment of flurry and insomnia is made from the fruit
of star anise (Anisi stellati fructus), while essential oil (Anisi stellati aethroleum)
is used against stomach pain and vomiting. Also, star anise is used for the
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preparation of desserts, pastries and beverages, as well as seasoning for meat and
vegetables. Ground fruit is most commonly used for this purpose. Fruit powder
is of a characteristic reddish-brown color and is one of the five basic spices of
traditional Asian cuisine (in addition to cloves, cinnamon, pepper and fennel).

Numerous studies confirmed that star anise has antimicrobial [47] and
antioxidant properties [109]. It also acts as an insecticide [106]. As in the case
of aniseed (Pimpinella anisum), it is believed that the frans-anethole component
causes these effects.

However, the most significant use of star anise is in the pharmaceutical
industry for the extraction of shikimic acid, which is used for manufacturing a
medicament Tamiflu ® (oseltamivir phosphate). This remedy, which belongs to
the group of the neuraminidase inhibitors, is used for the treatment of influenza
virus H5N1 (i.e. avian influenza) [105].

8.3. Star anise habitat and cultivation

As it was mentioned above, star anise is a plant with very narrow areal of
habitat. It grows in tropical and subtropical climates at altitudes above 2000
meters. It is usually found in mountain regions, south from 25° north latitude.
Average annual temperatures in this region is around 19 °C and do not go below
10 °C in the coldest months. The average annual precipitation is above 1300 mm
and humidity is above 78%. The soil on which it thrives best is well-drained and
slightly acid on a depth of 120 cm or more.

Star anise propagates mainly by seed. Since the seed rapidly loses germination,
it must be sown immediately. The best time is three days after the harvest, in
well-prepared beds at a distance of 3—4 cm. When young plants reach the stage
of four leaves, they are replanted at a distance of 25 cm, where the plants grow
for the next three years. After this period, plants are planted at a distance of
5 m, with 400 trees per hectare. Young star anise tree usually flowers for the first
time after ten years.

Flowering is very unusual. There are three blooming seasons of star anise.
First flowering in the year is from March to the end of April. However, flowers
are sterile and do not develop into fruit. Other flowering occurs from July to
August and usually takes only two to three weeks. The flowers are much larger
than the previous ones and they develop fruit. Some fruit ripens prematurely,
from November to January. The third round of flowering begins immediately
after the second, sometimes even at the same time. These flowers are very small
and become fruit from August to October. They give a very high yield and this
harvest provides about 80% of the total yield.

As the quality of star anise is determined by the amount of essential oil,
and as the largest amount of essential oil is in the period before full maturity,
harvesting is done when the fruit begins to change color from green to
yellow-brown and when the pericarp is not open (Picture 9B).

Harvest is performed by children who climb the trees and adults who use a
wooden hook from the ground. Sometimes the harvest is done by shaking. The
fruit is collected in cloth bags or woven baskets, and dried in the sun for 3—4
days until it gets a distinctive reddish-brown color, when the pericarp cracks
and releases the characteristic aroma. Then the fruit is moved from the sun and
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cleaned (stems, leaves and other ingredients are removed and a classification
is performed). The first class consists of fruit with a diameter of 2.5 cm (min
85%), and the second class is composed of crushed fruit and fruit with a smaller
diameter. Fruit stored in a dry and cold place can be kept 3—5 years.

Yield is low in the first year, usually 0.5 to 1 kg of fresh fruit per tree, but it is
increases with aging. The yield is the highest after 20 years, about 30 kg of fresh
fruit per tree [41]. Four to five kg of fresh fruit give 1 kg of dried fruit and from
10 kg of fresh fruit, 1 kg essential oil can be obtained.
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Ap Mununa Ahumouh (pol). badbuh) pagn
y 3Balkby Hay4HOI capagHuka y VHcTHTYyTy
3a MpexpaMOeHe TEXHOJOTHje YHHBEP3HTE-
Ta y HoBom Cany. TokoM mociaeaunioMCcKux
CTyAMja Kao CTUIEHAWCTa MUHHCTapCcTBa
32 HayKy M TEXHOJIOLIKH pa3Boj PermyOmuke
Cpbuje Oma je aHTa)KOBaHA 32 IET HAYIHUX
mpojekara. Aytopka je Bume ox 50 pamosa
o0jaBbeHNX y aoMahum u mehyHapomHHM
YacoNmUCHMa, W CaolllITeHha Ha CKYIOBH-
Ma y 3eMJbM M MHOCTpaHcTBy. OOjaBmia je
moHorpadujy ,,Kopujaumap (Coriandrum
sativum L.)*“ (2014) 1 koayTopKa je ImoriaBiba
y MoHorpaduju ,,Oprancka mosyponpuBpena‘
(2008). O6nact HayyHOT U CTPYYHOT HHTEpE-
COBamba: MPOM3BO/HA JIEKOBUTOT, apOMaTHY-
HOT' 1 3a4MHCKOT Onjba y CHCTEMY OpPIaHCKe
IIOJBOIIPUBPEIE.

..., Monoepaguja oaje 3mnauajan Jdonpunoc
HAyuHuM  UCMpaXscusaruma u3z obracmu
2ajeroa u ynompebe auuca, 1eKogume, apo-
MamuyHe u 3a4uHcKe OumHe epcme. Aymopka
demamHo U cucmemamuyHo obpalyje npo-
bnemamuxy Koja ce 0OHOCU HA 08Y OUBKY. “...
.o, Y MOHOZpaguju aymopxa oaje casxcem u
uHopmamuear npukaz 00CaoauIbUx aume-
PAMYPHUX HOOAMAKA O APOMAMUYHO] U JIeKO-
BUMOJ OUBYU AHUC, A UCTNOBPEMEHO HA 8eOMA
NPUCMYNAYAaH HAYUH Yumaoye ynosHmaje ca
6o2amum eKCnepUMEeHMAaIHUM Pe3yimamuma
00 KOjux je 0owina mokom 08e 200uHe 2ajersd
u ucmpasicusara ose bumke. Mznoocenu na-
VUHU pe3yImamu Mozy 0d Umajy npakmuiHy
npumeny. ‘...

...,, Cmyouja je 00 eenuxoz 3Hauaja 3a Ha-
YUOHANHY U MehYHApOOHY aumepamypy y
oonacmu nexkosumoe ouma. C 0b3upom Ha
FoeH caopoicaj Koju Ha c6eo0yxeamar u myi-
MUOUCYUNTIUHAPAH HAYUH 0bpalyje 08y Mano
ucmpaiceny OumHy 6pcmy, MoHocpaduja
he nahu ceojy npumeny y aumepamypHom u
npakmuyHom noeiedy. Beoma je manu opoj
nybnukayuja y melyHapoOHOj numepamypu
Koje ce bage 080M OUBHOM BPCHIOM e je MO-
Hozpaguja 00 3Hayaja 3a HAYYHY U CIPYUHY
jaenocm, Kao u 3a camy npou3eo0ry 06e K)ii-
mype. ‘...
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