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L. Aymop

Hwme u npesume: Aparana JakoBbeBuh

Harym u mecto pohemwa: 29.10.1986. roqune, Jaroguna, Peny6smka Cpouja

Canamime 3anocieme: acucTeHT, MHCTUTYT 32 OHOJIOTHjY M €KOJIOTHjy
IIpupoano-maremarnuku pakynarer, Yausep3urer y Kparyjesny

11. Jokmopcka oucepmauja

Hacnos: MuTpacnenunjcka BapujabMIHOCT MPUMAPHOT U CEKYHAAPHOT MeTa00J1M3Ma HyTPUTHUBHO
JeNpUBUPAHUX KiaujaHana Bpcre Ocimum basilicum L. (Lamiaceae)

Bbpoj crpanwuma: 175

Bpoj cimka: 20 canka, 31 Tadena, 36 rpaduxona

Bbpoj 6ubmmorpadckux mogaraka: 258

VYcranoa u MecTo T¢ je pan uzpahen: Ilpupoano-marematuuku gakynrer, Yuusep3uter y KparyjeBuy

Hayuna o6xact (YAK): ®u3uonoruja onpaka (581.1)

Mentop: IIpod. ap Mapuna Tony3osuh, Banpeanu npodgecop Ilpupoano-maremarnukor paxyJirera
Yuusep3urera y KparyjeBuy

II1. Oyena u 0d6pana

Jatym nipujaBe Teme: 26.04.2017. roqune

Bpoj onnyke u naTym npuxBaTtama TeMe JokTopcke nucepranyje: 1V-01-704/5 12.07.2017. ronune

Komucuja 3a onieHy HaydHe 3aCHOBAaHOCTH TEME U HCITyHEHOCTH YCIIOBa KaHINIATA:
1. JIp Mapuna Tony3oBuh, Baupenuu npodecop [IpupogHo-matemarnakor pakynrera Y HUBEP3UTETA Y

Kparyjepuy, yxa Hay4ana obmact: Mopdosoruja, putoxemuja U CUCTEMaTHKa OHJbaKa;

2. Jp bubana Bojosuh, nouent [IpuponHo-mMaTemarnukor dakynrera Y HuBep3urera y Kparyjesiy, yxa
HaydHa oOmact: ®usnosoruja oupaka (MpeaceTHuK KOMUCH]E);

3. Jp Tujana liBeruh Autnh, Banpennu npodecop brosnomkor gakynrera YHuBep3urera y beorpany,
yKa Hay4Ha oOnacT: ®HU3noJIoTHja U MOJIeKyJIapHa Ouosioruja ouspaxa.

Komucuja 3a oueHy u 010paHy JOKTOPCKE TUCEpTalHje:

1. Ap Tujana LiBeruh Autuh, Banpennu npodgecop bronomkor dakynrera YHuBep3urera y beorpany,
y)ka HaydHa oOnact: @u3noyiornja 1 MoJieKyJiapHa OuoJioTHja Oribaka;

2. Jp bubana Bojosuh, nouent [TpuponHo-mMaTemarnukor dakynrera Y HuBep3urera y Kparyjesiy, yxa
HayuHa oOnact: du3nosnoruja ouspaka (MpenceJHUK KOMUCH]E);

3. Jp Muaaun Crankosuh, nouent IIpuponno-maremaruukor dakynrera YHusepsurera y Kparyjesiy,
yka Hay4Ha obnact: Mopdoioruja, cucreMaTnka 1 GpuiioreHuja oOusbaxa.

JatyMm onbOpaHe JOKTOPCKE THUCEPTaIje:




ExcniepuMeHTaTHH J€0 JOKTOpPCKE IHCEpTalyje CHpOBEIeH je V
JlaGopatopuju 3a ¢usnonorujy Omwpaka MHcTHTyTa 3a OMOJOTHjy U
exonornjy IIpupogHo-mMaTemaTtHukor ¢akynarera YHUBEp3UTETa Y
Kparyjesiy, kao u y JlemaptMaHy 3a XeMHjy, OHMOXeMH]y U 3aIlITHTY
KHUBOTHE cpeanHe YHuBep3ureta y Hoom Cany. 3axBaibyjemM ce
MeHTOpKu mpod. ap Mapuau Tomy3oBuh Ha W3y3eTHO] OTBOPEHOCTH,
cyrectjaMa M CMEpHHIIaMa TOKOM H3pajie AOKTOpcKe aucepranuje. Ha
capaJlbu y CBaKOIHEBHOM paly, HCKDEHHMM CaBeTHMa M CyrecTHjama
MMOCeOHY 3aXBaJHOCT AyryjeM jom. np bmbpamm bojoBuh. Bemmky
3aXBaJHOCT AyryjeM gou. np Munany CrankoBuhy 3a momoh ox mpBHX
nabopaTopHjCKuX, mMa a0 maHammux maHa. [Ipod. ap Twjamm I{Betmh
AnTtrh ce 3axBajbyjeM Ha KOPHUCHHUM CaBETHMa U CyrecTdjama KOjH Cy
JONPUHENN KBAJUTETY OBE IOKTOPCKE AucepTanyje. 3aXBajHOCT AyTyjeM
U MuHHCTapCTBY MNpOCBETEe, HAayKe W TEXHOJOIIKOT pa3Boja Ha
CTHUIICHIUPakby TOKOM IpBE TPU FOAMHE JOKTOPCKUX cTyauja. HensmepHo
XBaja MOjOj TOPOAWIIM W MOJUM TIpHjaTeJbuMa Ha Oe3rpaHuIHOj
TIOJPIIIIIH.

Hparana JakoBsseBuh
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JIMCTA CKPAREHHULA

'02 — cuHIIET KHCEOHHUK

302 — TPUILIET KUCEOHHK

3-PGA — tpudochormuuepruHcka KuceanHa

4CL — 4-kymMapoui KOeH3UM A-urasa

A-POX — ackopbat mepokcuaasa

Arg — apruHuH

AsA — ackopOnHCKa KHCeTHHA

ATP — anenos3us 3-¢pocdar

BSA — (eng. bovine serum albumin) roBehu cepym anoyMun
C4H — uunamat 4-xuapoxcunasa

CAT — karanaza

CATI, CAT2, CAT3 — uzodopme Katanase

CoA — xoeH3uMm A

Cu/Zn-SOD — 6akap/IMHK CYyNepOKCHI ANCMYTa3a

Cys — nucTens

DAHP - 3-ne30kcu-D-xenTyno3o-7-hochar

DAP — puxunpokcuareton gocgar

DHA — nexunpoackopOar

DHAR — nexunpoackop6ar peaykrasa

DPPH — 1,1-1udeHnn-2-IuKpriIxuapasui

DUS Tect — (eng. Distinctiveness, Uniformity and Stability test) Tect 0cob6eHOCTH, YHUPOPMHOCTH U CTAOUITHOCTH
E4-P — epurpo3a 4-ocoar

EDTA — erunenauaMuHoTeTpacupheTHa KHCeINHA
EPSP — 5-enonmupysuninkumMat-3-docgar

ETC — enexTpoH-TpaHCIIOPTHU JIaHAL]

& — MOJIApHU €KCTUIM]CKH KOS(HIHjEeHT

Fe-SOD — reoxhe cynepokcun numyrasa

F6-P — ¢pykro3za 6-ocdar

GAE — exBHBaJeHT rajiHe KHCEIHHE

GAP — rimunepannexun 3-gpocdar

Glu — riryramun

GLU1, GLU2 — (eng. glucosidase genes) reHu 3a riIyKo3uaasy
GP — (eng. germination percentage) IpolieHaT KiHjarma
G-POX — reajakon nmepoxcuaasa

GR - royratuoH penykrasa

GS — rryraMHHCKa CUHTeTa3a

GSH — penykoBaHU IIyTaTHOH

GSSG — riryraMuH-OKCOTITyTapaT-aMIHOTpaHCcepasa
GSSG — ryratnon aucyndun

H>02 — BOJOHUK-TIEpOKCHT

HATS — (eng. high affinity transport system) TpaHCTIOPTHH CHCTEM BHUCOKOT aMHHUTETA
His — xuctuouu

HNOs — a3oTHa KucenuHa

HPPR — 4-xunpoxcu-peHuImupyBaT peayKrasa

kDa — kuiionanTox

KNO3 — xanmujym HATpaAr

LATS — (eng. low affinity transport system) TpaHCHOPTHH CUCTEM HUCKOT apuHHUTETA
Leu — neynun

Lys — nmu3un

MDA — MaJloHIHaIIEeX T

MDHA — monoauxuapoackopbat

MDHAR — moHOIEXHApOackopOaT pemykrasa

Met — METHOHUH



Mn-SOD — maHraH cynepokcus AUCMyTa3a

mRNK — (eng. messenger RNK) unpopmanmona RNK

MTG — (eng. mean time to germination) cpeqibe BpeMe Kidjama
NADPH — HUKOTHHAMU]I aJICHAH TUHYKJICOTH pochaT

NaOCl — HaTpHjyM XHIIOXJIOPUT

NBT — (eng. nitro-blue tetrazolium) HUTPO TIABO TETPA3OIHjyM XIOPHL
NH4" — amoHHjyMOB joH

NH4NO3 — aMOHHjyM HUTpAT

NIA, NII — (eng. nitrate reductase genes) TeHH 3a HUTPAaTHY peIyKTa3y
NOs™ — HUTpaTHH jOH

NRT1 — (eng. nitrate transporter gene 1) HUTpaTHU TpaHCHIOPTEp TeH 1
NRT2 — (eng. nitrate transporter gene 2) HUTpaTHH TPAHCIIOPTEP T'eH 2
02" — cynepoKcu aHjoH-paIuKa

PAL — ¢eHnnanannH aMOHHUjyM JHa3a

PALL, PAL2, PAL3, PAL4 — (eng. phenylalanine ammonia lyase genes) TeHn 3a (eHUIATaHUH aMOHH]yM JIHa3y
PEP — docdoenonmupysar

PET — OTOCHHTETHYKH €IeKTPOH-TPAHCIIOPTHH JIAHAL]

Phe — dpennnananun

pHPP — 4-xunpokcu-deHunmupysar

Pi — docdar

P-POX — nuporanon nepoxcuaasa

PSI — potocucrem [

PSII — dorocucrem II

PVP — nonuBHHUINIUPOIUIUH

RAS — cunTa3za py3smapuHCKe KUCETHHE

RG — (eng. rate of germination) Gp3uHa KIHjama

RNS — peakTtuBHe BpcTe a3oTa

ROS — peakTuBHE BpCTE KUCEOHUKA

rpm — (eng. rotations per minute) poTalyje o MUHYTY

Rubisco — pubyso3a 1,5-6ucdocdar kapbokcuaaza/okcurenasa

RubP — pubynosa 1,5-6uchocdar

RUE — exBuBaseHT pyruHa

SOD — cynepokcua aucmyTasa

SRM — (eng. selected reactions monitoring) npaheme ogadpanor ¢pparmeHTa
TAL — TvpOo3uH aMOHHjyM JHa3a

TAT — tupo3uH amuHO-TpaHCchepas3a

TCA — uuknyn TpukapOOHCKHUX KHCEIUHA

TK — TpanckeTonasza

TPT — tprosodocharau TpaHcIOKaTOPH

Trp — Tpuntodan

Tyr — Tuposun

U — yHuopMHOCT KiIHjamba

UPOV — Mehynaponna YHnja 3a 3aITUTy HOBUX OMJBHUX COPTH

MS — Murashige Skoog menujym

UQ — yOuKBHHOH

Val — Banuu

W-W — nukiyc Boga-Bosa

XOD — kcaHTHH-OKCHIa3a

Xul 5-P — kcunynosa 5-gocdar

OH: — XxuapoKcun-paaukat
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n3Boj

Ocimum basilicum L. (6ocurpak) je mely Hajuemrhe KyATHBUCAHUM OWJBHUM BpCTaMa, Ipe cBera 300T
HYTPUTHBHUX M (PapMaKOJIOIIKUX CBojcTaBa. /lyroromunima KyliTHBaldja ¥ KOHBEHIIMOHATHA YIIOTpeOa
OBE BPCTE JIOBEJIH CY JIO 3HAYajHUX BapUPamha y MOTJieay KBAHTUTATUBHO-KBATUTATUBHUX KapaKTEPUCTHKA
pa3IMYUTUX TEHOTUIIOBA, I1a KBAJIHUTET COPTH OOCWIbKA Bapupa, HE caMo 300T TEHETHYKH YCIOBJHEHUX
pasnuka, Beh u 300r (hakTopa crnospanime cpeauHe. HajpakHmju mporecu pacTema U pa3Brha Onibaka y
TECHOj Cy Be3aHH ca KOJIMYMHOM JOCTYITHHX HYTpHjeHATa, HapOUWUTO IPH HAjpaHUJUM CTYIHEBAMA.
MelytumM, y Tiporiecy KyJITHBAIHje, BHIIE MaXmbe ce MocBehyje MPOIyKTHUBHOCTH, a2 Mamkbe JOCTYITHOCTH
HyTpHjeHATA U F/bUX0BOj YIOTPEOU o7 cTpaHe OmbKke. PazymeBame feoBama HyTPUTHBHAX (aKTopa Kpo3
WCIIHTUBAKE OJrOBOpa Pa3lIMYUTHX TCHOTHUIIOBA HA HCTE YCIIOBE CTpeca MOXKE JaTh YBHJ[ y CTEleH
MHTPACHEIN|CKUX pPa3InKa YHYTPAIIHET, (PU3NOJIONIKOT OATOBOpA jJYBEHWIHMX OWJBHUX OpraHH3aMa.
[IpeameT cIpoBENEHUX WCTpaKMBama Cy Pa3IMYUTH TeHOTHNOBH Oocuibka (Ocimum basilicum L. var.
basilicum L., Ocimum basilicum L. var. minimum L., Ocimum basilicum L. var. purpurascens Benth. u
Ocimum X citriodorum Vis. (pamunmja Lamiaceae)). CnpoBeneHa ucTpaxkuBama nmana cy cienehe
nuJbeBe: yBoheme omabpaHuMX TEHOTHIOBA Y in Vitro ycioBe M ¢opMmupame cucreMa 3a mpaheme
(U3HUONIOIIKUX U OMOXEMHUjCKUX TNPOMEHAa TOKOM pacTema M pa3Buha Kpo3 YCIOCTaBIbamkEe KYJITYpe
KJIMjaHalla;, yTBphuBame JenoBama KOJIWYMHE JIOCTYITHUX HyTpUjeHaTa W (opMe IOCTYIMHOI a30Ta Ha
KapakTepUCTUKE KIWjakha M TpUMapHd Merabonm3am oja0paHMX TEHOTHIIOBA; YyTBphUBame
MHTPACIEIN]CKUX Pa3JinKa y (PU3UOJIOIIKKM OJIrOBOPUMA Ha OKCUJIATUBHU CTPEC M3a3BaH HYTPUTHBHOM
JETPUBAIjOM; HCIUTHBAkEC IyTeBa CHHTE3C¢ CEKYHIApHHX MeTaboluTa M CTeleHa II0BE3aHOCTU
MPUMAPHOT U CEKYHJIAPHOT MeTabom3Ma OOCHIbKA Yy YCIIOBUMa HYTPUTHBHE JCTpUBAIHje; oapehruBame
WHTpAacenyjcke BapujaOMITHOCTH Y KOJIWYMHU YKYITHUX (DEHOJIHUX jelnberba, KOMMUYMHH (IIaBOHOMIA U
VKYITHO] aHTHOKCHJIATHMBHO] AaKTHBHOCTU YCJeJ CTpeca W3a3BaHOr HYTPUTHBHOM JICTIPHBAIN]OM;
yTBphUBame KBaTUTATUBHUX pa3iuka y TMPOAYKIHjH HAj3aCTYIUbCHHjUX OMOAKTHUBHUX jCIUICHA Y
OMJFHOM MaTepHjary KBaHTH(DHUKAITHjOM 01abpaHuX CEKYHIAPHUX METa00JINTa U JehUHUCAHE TIPCIIH3HIX
HYTPUTHBHHX 3aXTeBa TI0jeJIMHAYHUX TEHOTHIOBA. [IpBU J€0 eKCIIepUMEHTAIHUX HUCTPKUBAmA je
rmoapazyMeBao yBoheme omabpaHuWX TpencTaBHWKA OOCHIbKA y in Vitro yCIIOBE, a HaKOH Tora |
YCIIOCTaBJbAE KYJITYpe KiHjaHalla Kao cucTeMa 3a mnpaheme (GU3HOIONIKAX oroBopa O6ocuibka. [Ipyra
rpyla eKkcliepuMeHaTa o0yxBaTalla je UCTIHTHBAKE YTUIaja KBAHTHTATUBHOT W KBaJIMTATHBHOT CacTaBa
MUHepallHe UCXpaHe Ha (U3HOJIONIKE OJrOBOpE KIIMjaHalla Pa3InIUTUX TEHOTUIIOBA OOCUIbKA Y in Vitro
ycroBuMa. TpeTMaHu cy YKJbYYHMBaJ M DPAa3lIUuUTE KOHIICHTpAIMjeé MHHEPaIHUX elieMeHata (HHCKe,

YMEPCHEC U BHUCOKC KOH]_ICHTpaL[I/IjG) ca KNO; kao ri1aBHUM HU3BOPOM a30Ta, Ka0 U PpPa3JIuvInuTe



KOHIIEHTpaluje MuHepanHux enemenata, anu ca KNO3; u NH4NO; kao uzBopuma azora. Kao pesynrar
WCTpaXKUBamkha YCICIIHO CYy Pa3BUjEHU IPOTOKOIM W TOY3JIaHO je YCIOCTaBJbeHA in Vitro KyJaTypa
KIMjaHana 3a 4eTupu reHoruna Oocuibka: Ocimum basilicum var. basilicum, Ocimum basilicum var.
minimum, Ocimum basilicum var. purpurascens u Ocimum X citriodorum. YTBpl)eHO je 1a MPHUCYCTBO
aMoHHWjayHe (opMe a30Ta yMamyje CIIOCOOHOCT CEMEHa Jia KJIHMjajy KOJ CBUX UCIIMTUBAHUX TCHOTHIIOBA,
P Y€MY Cy HyTPUTHBHH 3aXTEBHU y TOTJIEAY KIIMjamkba ceEMeHa TeHOTUIICKY crieruduanu. McnutrBamem
00MMa TpUMapHUX METabOIMUKIX TIpolieca Kpo3 YTBphuBame KOHIICHTPaIHja CTPYKTYPHAX KOMIIOHCHTH,
nO0OHjeHH Cy Pe3yNITaTH KOjU YKa3yjy Ha MoTpeOy TeHOTHIICKY HHINBHUIyAIH30BaHE MUHEPATHE UCXPAaHE Y
UJbY TOCTH3aFha MaKCUMAIIHUX pe3ysiTaTa y MPOAYKTHBHOCTH WM EKCIUIOATAIldji €KOHOMCKH Ba)KHHX
OWJPHUX TIPEACTABHUKA. AHAIM3UPAkEM aKTHBHOCTH E€H3MMCKHX KOMIIOHEHTH OJI0paMOeHOT
AHTHOKCUIATHBHOT CHICTeMa HaBEJCHNX TCHOTUIIOBA JOOHjEHU CYy PE3yITAaTH KOjU YKa3yjy Ha IOCTOjambe
WHTPACIEIN]CKUX Pa3InKa Y aKTUBHOCTH €H3WMa M FbUXO0BOj KOPENAIHji MPH CTPECHUM YCIIOBHUMA, TIPH
geMy je ucxpaHa 0a3upaHa Ha aMOHHjYMOBHM jOHHMa JOAaTHH cTpecHU (akTop. JlogaTHo, pa3nmke Cy
YOUJPMBE M Y OJHOCY Ha MCITUTHBAaHE OMJHHE JEJIOBE MCTOT TeHOTHMa. [10[3eMHI OpraHi MCTIMTUBAHUX
T€HOTHUIIOBA UCIIOJBHIIH CY, Y YCIOBUMA YMEPEHOT HYTPUTUBHOT CTPECa, BUCOKY KOHIICHTPAIHU]Y (heHOTHUX
jeIumbemha, Ka0 W BUCOKY AaHTUOKCUAATMBHY AaKTHBHOCT Yy Tnopehemy ca HaJ3eMHHM JCIIOBHUMA.
HcnutuBamke aKTUBHOCTH (PCHWJIAIAHWH aMOHHMjyM JiMa3e, KJbYYHOI €H3MMa Ha mpenasy usmely
MPUMApPHOT M CEKyHIapHOT MeTaboym3Ma, TpeJCTaBhba 3HAuYajaH JONPUHOC pacBeT/haBamby IyTEBa
CUHTE3€ CEKyHJIApHHUX MeTaboyuTa. Y yCIOBUMA in Vitro, KOjU Cy Je(PHHUCAHU y OBOM UCTPAKUBAKY 32
CBaK{ O] UCIIUTUBAHUX T€HOTHUIIOBA, Y KPAaTKOM BPEMEHCKOM HHTEPBAY KBaHTH(PUKOBAHA j& 3HAYAjHO
BHCOKa KOHIICHTpAIlMja Py3MapuHCKE U KO(EUHCKE KUCEIMHE — ()EHOJTHUX KHCEIMHA Ca CBE 3HAYAjHU]OM
ynotpebom. [lokazaHo je na je KynTypa KidjaHala MmorojaH CUCTEM KOjH Y KOHTPOJIMCAHUM YCJIIOBUMA
oMoryhaBa Kako Ipoy4aBame KOMIUIEKCHHX KapaKTePHCTUKA jYBCHHIIHOT MEPHOA, TAKO U MPOYyYaBambe
paHuX (HU3UOJIOMIKIX OATOBOpa OMJBPHUX OpraHW3aMa Ha JeIoBame NojenrHadHux ¢akropa. JlomatHo, in
vitro KyATypa KiIHjaHama OOcCHJbKa oMoryhaBa MpOIyKITHjy MeTaOoHuTa y BUCOKMM KOHIIEHTpAIHjama.
MexaHn3MH TIpeBa3wIaXema MPOJOHTHPAHOT HYTPUTHUBHOT CTpeca TOKOM jyBeHWJIHE (a3e KimjaHamna
Ocimum basilicum var. basilicum, Ocimum basilicum var. minimum, Ocimum basilicum var. purpurascens
u Ocimum X citriodorum cy TeHoTuricku crenuduaan. KonTponrcanu ycioBru U AehuHUCAHN (HaKTOPH
pacrema u pa3Buha, y3 oicycTBO (pIyKTyanuja aOMOTHYKHX M OMOTHYKHUX (haKTOpa CIIOJhAIlEhe CPEIIHE

oMoryhaBajy najba mpoy4aBama OBUX T€HOTHIIOBA Y KyIATYPH in Vitro.



SUMMARY

Ocimum basilicum L. (sweet basil, basil) is among the most commonly cultivated plant species due to its
nutritive and pharmacological properties. Long-term cultivation together with the commercial use of the
species has led to significant variations in terms of quantitative and qualitative characteristics of different
genotypes and, therefore, the quality of varieties fluctuates, not only due to genetically conditioned
differences but also due to environmental factors. The most significant processes of a plant growth and
development are closely related to the amount of available nutrients, particularly at the earliest stages.
However, in cultivation processes, more attention is given to plant productivity and less to nutrient
availability and their use by plants. Understanding of the effects of mineral nutrition through the study of
responses of different genotypes to the same stress conditions can give an insight into the level of
intraspecific differences in physiological responses of juvenile plants. The subjects of the conducted
research are different basil genotypes (Ocimum basilicum L. var. basilicum L., Ocimum basilicum L. var.
minimum, Ocimum basilicum L. var. purpurascens Benth. and Ocimum X citriodorum Vis. (family
Lamiaceae)). The aims of study were: introduction of selected genotypes under in vitro conditions and
establishment of the monitoring system for evaluation of physiological and biochemical changes during the
plant growth and development through the seedling culture forming; evaluation of the effects of nutrient
availability and nitrogen forms on germination characteristics and primary metabolism; determination of
intraspecific variations in oxidative-stress responses due to nutrient deprivation; examination of pathways
for the synthesis of secondary metabolites and the degree of connectivity between primary and secondary
basil metabolisms in conditions of nutrient deprivation; determination of intraspecific variability in the
amount of total phenolic compounds, flavonoid concentration and total antioxidant activity due to nutrient-
induced stress; determination of qualitative differences in the production of the most common bioactive
compounds in the plant material through the quantification of selected secondary metabolites; clear
definition of nutritive requirements of individual genotypes. The first part of the research involved the
introduction of selected basil genotypes under in vitro conditions and the development of the seedling
culture as a system for monitoring of physiological responses of basil. The second part of the experiments
was conducted to test the influence of the quantitative and qualitative composition of mineral nutrition on
the physiological response of various basil genotypes under in vitro conditions. The treatments included
different concentrations of mineral elements (low, medium and high concentrations) with KNOj as the main
source of nitrogen, as well as different concentrations of mineral elements, but with KNO3; and NH4NO;s as

a nitrogen source.



As a result of the research the protocols were successfully developed, and the in vitro culture of seedlings
was reliably developed for four basil genotypes: Ocimum basilicum var. basilicum, Ocimum basilicum var.
minimum, Ocimum basilicum var. purpurascens and Ocimum X citriodorum. It was found that the presence
of an ammonium form of nitrogen reduces the ability of the seeds to germinate with all examined genotypes,
the nutritional requirements in terms of seed germination being genotype-specific. Firstly, the results,
obtained by examining the extent of primary metabolic processes through the determination of the
concentration of structural components, indicate the need for genotype-individualized mineral nutrition to
achieve maximum results in productivity and exploitation of this economically important plant species.
Secondly, the results, obtained by analyzing the enzymatic components’ activities of the examined
genotypes’ immune antioxidative system, indicate the existence of intraspecific differences in correlation
of enzyme activities under stress conditions, the nutrition based on ammonium ions being an additional
stress factor. In addition, the differences are noticeable in relation to the examined plant parts of the same
genotype. Underground parts of the examined genotypes, in conditions of moderate nutritive stress,
demonstrated high concentrations of phenolic compounds, as well as high antioxidant activity compared to
above-ground parts. The testing of phenylalanine ammonium lyase activity, a key enzyme between primary
and secondary metabolism, represents a significant contribution to the illumination of pathways for the
synthesis of secondary metabolites. Under in vitro conditions, defined in this study for each of the genotypes
examined, a high concentration of rosmarinic acid and caffeic acid (phenolic acids with increasingly
significant uses) was quantified in a short time. It has been shown that the seedling culture is a suitable
system which, in controlled conditions, allows a study of complex characteristics of the juvenile period, as
well as a study of the early physiological responses of plant organisms to the effects of individual factors.
Additionally, the in vitro culture of basil seedlings allows the production of significant metabolites in high
concentrations. Mechanisms of overcoming prolonged nutritive stress during the juvenile stage of the
seedlings of Ocimum basilicum var. basilicum, Ocimum basilicum var. minimum, Ocimum basilicum var.
purpurascens and Ocimum X citriodorum are genotype-specific. Controlled conditions and defined growth
and development factors, with the absence of fluctuations in the abiotic and biotic factors of the

environment, will enable further studies of these genotypes in different in vitro cultures.
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YBOJ|

1. TaxcoHomcke u MopdoJionIKe KapakTepucTuke poaa Ocimum L.

Pon Ocimum L. (6ocmibak) jemaH je oj HajeKCIDIOATHCAHWjHX PoJoBa (amuivje ycHaTHIA
(Lamiaceae). OCHOBHE KapaKTepHUCUTKE CBUX IPEACTABHUKA OBE (DaMIIIHje jecy YETBOPOYTaoHO cTabJIo,
HACIPaMHO TTOCTaBJHEHHU JINCTOBH Ca JOCTA JKJIE3IaHUX JIaKa W U3Pa3uTO 3UTOMOP(HU IIBETOBU ca JIBE
paszmuaute ycHe. Poxg Ocimum L. mpunaga nondamunnju Nepetoideae Kojy OUIHKYje IPUCYCTBO U3PA3UTO
apOMaTHYHUX SCCHIIN]jATHUX YJba. 3ajEHO ca JPYTUM €KOHOMCKH 3Ha4ajHUM NpeCcTaBHUIIUMA (PaMUIIHje
yCHaTHIa, Kao WITO Cy BpcTe poaoBa Rosmarinus, Thymus w Salvia, pox Ocimum Tnpumajga TuieMeHy
Ocimeae 4nja je ocCHOBHa MOP(OJIOLIKA KapaKTEPUCTHKA MPHUCYCTBO MPAITHUKA ITOJIOKEHUX MPEKO J0He
ycHe kpynutie (Paton u cap., 1999).

TakxcoHoMcku, poJ je ipBu IyT onucad 1753. rogune ox crpane Jlunea (Carl von Linné) xoju je y
okBHpY poaa Ocimum yOpojao meT BpcTa, allv ce 01 Tafa Kiacu(HKaiyja OBOT PoJia BULIECTPYKO MEHaa.
Llopu benram (George Bentham) 1832. rogune poxy Ocimum noaaje oko 40 BpcTa U TpyIuIle UX Y TpU
cekuuje: Ocimum (Ocymodon Benth.), Hierocymum Benth. u Gymnocymum Benth., npu yemy cy 4iaHoBu
cexuuje Ocimum Ha 0OCHOBY Mopdooruje yammie 1848. ronune rpynucanu y Tpu noacekuuje: Ocimum,
Gratissima n Hiantia. Pushpangadan (1974) je ayrop mH(ppareHepudke KiacupUKammje IpeMa Kojoj ce
pasnuKyjy aBe rpyme: Basilicum rpyna (3eJbacTe jeTHOTOIUIIHE, PETKO BUIIETOIHUIHE OUIbKE ca IPHUM,
SIUTICOUTHUM, jaKo MYIIMHO3HHM CEMEHMMa M OCHOBHUM OpojeM xpomo3oma x = 12) u Sanctum Tpymna
(YKJBydyje BUIIETOAMIIEE )KOyHACTe (popMe ca JTonTacTuM, OpaoH ceMeHnMa, 0e3 MITH ca jaKo MaJio CITy3d
1 OCHOBHHM OpojeMm xpomosoMa x = 8). [Ipema oBoMm aytopy, Basilicum Tpymna caapXul jeIHHO CEKIIH]Y
Ocimum ca noacexijoM Ocimum 3ajeTHO ca HajpacpOoCTpameHUjUM TakcoHuMa (var. basilicum, var.
difforme, var. purpurascens i JpyTH), TOK Cy CBH OCTAJIH TIPEICTABHUIIN CBpCTaHU y Sanctum rpymy. Jlanac
ce oBaKaB B Kilacu(HKaIje Hajuenthe KOPUCTH y HaydHO-TIOMyJIapHOj TuTepaTtypu. Mehyrum, ocHOBHHI
mpoOjieM ca OBakBMM BHJIOM HH(pareHepuuke KiIacudpuKammje je HeyckimaheHocT ca cranmapamMma
Wntepnanmonannor Koxa borannuke Homenknarype (Paton u cap., 1999; Carovié-Stanko u cap., 2011).

Hanac je y okBupy poaa Ocimum cBpcTaHo OKO 150 jeZHOrOOWIIIBUX M BUIICTOAUIIBUX BpCTa
3eJhacTuX OMsbaka, pehe k0yma, ayTOXTOHUX Yy TPOIICKMM U CYNTPOIICKUM JiesioBuMa Asuje, Appuke u

ueHTpaimHuM Aenosuma Jyxxae Amepuke (Labra u cap., 2004). HajOpojHuje cy jeqHOTOAUIIbE 3€JbacTe
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OuJbKe KOJ KOjUX OJCYCTBYj€ PU30M U IPUCYTaH je MOBPIIMHCKH KOPEHOB CUCTEM, a pele mpencTaBHALM
uMajy 4BpcTy kOyHacTy rpaly. Kapakrepuiry nx pasrpaHare 4eTBOpOYraoHe CTaOJbHKE Ha KOjuMa Cy
HacIpaMHO pacropel)eHH JTHCTOBU Ha JYraykuM OpLIKama, jajolMKor OOJIMKa, paBHOT WM Ha3yOJbeHOT
obona u 3ammibeHd Ha BpXy (Cnuka 1). L{BeToBH ce Hanma3ze Ha KpaTKOj LIBETHO] APIILU U CIOXKEHU y

MPLUIJBEHOBE OPraHU3yjy LBACTH Ha BPXY CTaOJbHKE.

Crnuka 1. I'paha n3manka, 1iBeta u mioja npeactaBHuka poaa Ocimum L.

Tunu4Ha cinoxeHa nBact bocusbka rpaleHa je o HacpamMHO MOCTaBJBEHUX IIMMO3HUX IIBACTH KOje
OpraHu3yjy IITHT Ha BPXy cTabspuke. CBaku MpIubeH je rpaheH Hajuenthe U3 HEKOIMKO I[BETOBA KOJH CY
ca OpakTejaMa, a KOJl HeKHX MpE/ICTaBHUKA OpakTeje MOTY M M30cTaTh. Yamuia je suromopdHa, jajacrta,
JIBOYCHATA, 3eJIeHe 00je, ca jJako HCTaKHYTHM HEPBHMA ¥ TI0JIeJbEHA j€ Y TIET peXXimb-eBa. [ opma ycHa Jarmiie
je HezesbeHa B TpaleHa je U3 jeTHOT OKPYIIIACTOT pekmba. Jlomba yCHa JaluIle je HEITo AyXa H U3IeJheHa
Ha YeTUPH JIaHIeTacTa pexrmba. OOMK U BeIMUMHA PEXKIHEBAa MOTY BapUpATH, a Yalllvdlla HAKOH MepruoJia
IBeTama paspacta. Kpynuia je m3pa3uto 3uromopdHa u ca KpyHIIHOM II€BH KOja je 3aTBOpEHa Y JaITHITH.
I'opma ycHa je mmpoka, kpaha u iejbeHa je y 4UeTUpH pexxmba. Jloma ycHa je nyka u ucnyirdeHa. [Ipanrmanmm
JIeXKe Ha Tom0j ycHH. IlmomoBu cy jajacte m mpke opammite (Filip, 2014). ¥V miomoBuMa ce pa3Bujajy

CeMeHa KOja Cy YIJIaBHOM H3Pa3uTO MYIIMHO3HA.
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KynrtuBanuja teparneyTcku BaXKHUX MPeAcTaBHUKA poja Ocimum rII00aaHoO je UHTCH3UBUPaHa, TIpe
cBera 300T BUXOBOT' (hapMaleyTCKOT ¥ HYTPUTUBHOT 3HAa4aja, Ka0 ¥ IIMPOKOT OICEera MPUIIAroJbUBOCTH
Pa3IMYUTHM THUIIOBMMA 3€MJBHINTA U KIUMATCKUM yCJIOBUMA. Jlyrorojuiinma TpaguinoHallHa yrnoTpebda
MpeJICTABHUKA OBOT TAKCOHA, 32jE/IHO Ca IUPOKOM JTUCTPUOYIIH]OM, CEIISKIINjOM U YKPIITAKEM, 3HATHO j&
JonpuHena BapujaduiaHocTu Mel)y kopuiheHnM copTaMa Koje ¢y jako OpojHe, IpU YeMy HX y3rajuBadd
YTJIaBHOM MOTY pa3iIMKOBAaTH Ha OCHOBY BEeIMYMHE W 00je JUCTOBaA (3eJieHa JI0 TaMHO JpyOndacta), 0oje
nBera (Oema, IpBeHa, JbyOWYacTa), KA0 M OCTAIMX KapaKTEPHUCTHUKA TOMYyT OOJMKa HM3JaHKa, BHCHHE,
repuosa 1Betama u apome (Carovié-Stanko u cap., 2010). MehyTum, KpuTeprjyMu 3a KapakTepH3aIdjy
TaKCOHA Y OKBHPY pona Ocimum NajIeKo Cy CIOKEeHHjH. KapakTepucThke Koje NMajy BHINEICIICHH]CKY
ynotpely y TaKCOHOMCKO] Kiacu(puKaIiju mpeacraBauka poga Ocimim 300T WHTECH3UBHE KYyJITHBAIIH]E,
TTOJIMTUTONIMj€ M MHTPACHEIH]CKe XUOpHIAN3aIlyje MOKa3yjy BUCOK CTEIIEH BapHjaOMITHOCTH, YKIbYTy]jyhu
KapaKTepHUCTHKE MTOMyYT 00je, 00IMKa 1 BEIMYUHE IBETA, JTUCTA U CTAOJBHUKE, PETTPOTYKTUBHO ITOHAIIAKE U
xemujcku cactaB (Patel u cap., 2016).

HajHoBHje TakCOHOMCKE CTymWje ce, y IWJbYy IocTH3ama 00Jbe WHTpa- M HHTEPCIICIH]jCKE
knacudukanuje, 3acHUBajy Ha Ppa3IMYUTAM IPHUCTYNIUMa, YyKbYydyjyhu reorpadcko mopekio,
Mop(dosiornjy, KapuoTHI W XEMHJCKH cactaB. Ha ocHOBY reorpadckor mopekia, OOCHJbaK ce
XEMOTaKCOHOMCKHU MOX€ KJIaCHU(PUKOBATH Y 4 XEMOTHIIA: PEYHHOH (ETMITaTCKM) XEMOTHII YHja je TJIaBHa
KOMITOHEHTa METHJI-KaBUKOJ (0ko 80%); €BpOICKH XEMOTHUI Ca HAjKBAIUTETHHjOM apOMOM H BHCOKUM
caapkajem nuHanona (ox 35 o 50%) u Metui-kaBukona (o1 15 10 25%); TpoIcKu XeMOTHI YHja je TIIaBHa
KOMIIOHEHTa METWI-IIMHAMaT; JaBa (€yreHOJIHHM) XEMOTHI ca BUCOKUM cajpikajem eyreHona (Hiltunen,
2003; Beatovi¢, 2013; Filip, 2014).

Grayer u cap. (1996) cy npunukoM npoyvaBama cajpikaja €TapcKor yJba Pa3IMuyUTHX BapHjeTeTa
0OCHJbKa YCTAHOBIUIY JIa XeMOTHIT Jie(hUHUIIIE KOMIIOHEHTA Koje uMa Buiie o1 20% oJ yKyIHOT capikaja
eTapckor yipa. lIpumMeHOM oBakBOT crcTemMa KiacH(UKalWje MOTY Ce€ Pa3UKOBATH JIMHAIION, METHII-
KaBUKOJ, €YT'e€HOJI, METII-CYTCHOJI M TePaHUOJ THI y OKBUPY TakcoHa Ocimum basilicum. Tlpema 0Boj
TpyIu ayTopa TakcoH Ocimum X citriodorum TIpUIaia TePaHUON U HEpal TUITY.

Nmaxk, xnacudukaiyja 6azupana Ha XeMOTHITIOBAMA UMa CBOj€ HEIOCTATKe, y3uMajyhu y o03up aa
jellaH TaKCOH MO’Ke O00yXBaTaTH JIBE WJIM BHINIE KOMITOHEHTH KOje Cy TOTOBO IOJjEIHAKO 3aCTyILUbCHE.
JonmaTHo, TMOKa3aHO je Ja KBaHTUTATHBHO-KBAIMTATHBHH Ca/p)Kaj] €TapCKUX yJba OOCHIbKa Bapupa y
3aBUCHOCTH O] MHOTOOpOjHUX abmormukux ¢akropa (Daneshian u cap., 2009). 3Hadajan Hampeaak je
Hauumb-EH y Torieny kiacudukaryje 6ocupka ymorpedom DNK ananmmsa koje omoryhasajy GrmoreHeTcke
¥ TAaKCOHOMCKE CTyAMje W HACHTH(PUKAIN]Y copTH ynopelyjyhu reHoTunoBe He3aBHUCHO 01 (heHOTHIIOBA

(Labra u cap., 2004).
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Canovi¢-Stanko u cap. (2010) cy y cTyauju koja je oOyxBaruna 28 Hajmupe ynorpeOspbaBaHUX
TakcoHa OOcHJbKa, YKJbYuyjyhu pasnmuuumrte BpCTe, BapujeTeTe M COpTe, MOKYyLIalu Ja pa3jacHe
¢uoreHeTcKe Be3e y OKBUPY TakCOHa, KOMOMHY]yhu Opoj XpoMo30Ma, BEJIMYKMHY FeHOMa U MOJIEKyJlapHe
MapKep aHajiu3e. YOUeH je BHCOK HMBO T'€HETHYKOT AMBEP3UTETa, MPH YEMY CY MCIUTHBAHH TAKCOHH
cBpcTaHu y nBe cekuuje — Ocimum u Sanctum. Cexuyja Ocimum ykibydyje nse knane — Ocimum basilicum
kirany (Cnmka 2) caunmbeHy of TeTparmionna (2n = 4x = 48) ca Bpcrtama Ocimum basilicum n Ocimum
minimum (BepoBaTHO BapujeTeT Bpcte Ocimum basilicum) u Ocimum americanum Kiany (XeKCaruIOUIN
ca 2n = 6x = 72) xojy caunmaBajy Bpcre Ocimum americanum u Ocimum africanum. Ilonoxaj Ocimum
basilicum var. purpurascens Bapupa y 3aBHCHOCTH O]l Teorpadckor mopekia y3opaka. Sanctum cexiyja
YKJbYUYj€ IBE BPCTE KOje KapaKTepHIlle MaJId TEHOM U Maju O6poj xpomozoMa - Ocimum gratissimum u
Ocimum tenuiflorum (Cnuka 2). Kmacudukanuja takcona Ocimum 3acHOBaHa Ha paxy Canovi¢-Stanko u

cap. (2010) xopunrheHa je y 0BOM HCTpakUBamby.
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Cnuka 2. TakCOHOMCKH TI0JIOXKa] Pa3IMYUTUX BPCTa U BapujeTeTa 60CHIbKa y 3aBUCHOCTH O] BEIMYHHE FeHOMa 1 Opoja
xpomo3oMa (npema Carovic¢-Stanko u cap., 2010)
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2. Omnmre KapakTepuCTHKe H3aA0pPAHUX TAKCOHA

2.1. Ocimum basilicum L. var. minimum L.

CutHonmucau tun O6ocwibka (Ocimum basilicum L. var. minimum L.) je TakCOH ca joml yBek
HEJIOBOJHLHO pa3jalllieHUM paHroM. PaHujoM kiacupukaimjoMm je oBa copta O0cuibKa cMaTpaHa rmoce0HOM
BpctoM Ocimum minimum, yrIIABHOM 300T IIOCTOjama jacCHUX MOPQOJIOIIKAX pa3linka y OJJHOCY Ha BPCTY
Ocimum basilicum. Vieira u cap. (2003) cy MoneKkymapHUM MapKep aHaliu3ama YTBPIWIH CIUYHOCT
Ocimum minimum ca Ocimum basilicum n cyrepucanu na Ocimum minimum He TpeOa cMaTpaTh 3ace0HOM
BpctoM, Beh Bapujeretom Ocimum basilicum. OBo je motBpheHo u oj ctpane Canovi¢-Stanko u cap.
(2010). Ayropu cmatpajy J1a je y MUTamy TAaKCOH Y PaHTy BapHjeTeTa jep CaJpKu UCTH Opoj XpoMOo30Ma,
HE TIOCTOj U 3HaUajHa pa3iivKa y caJpikajy reHeTHIKOT MaTepHjaia y oqHocy Ha Ocimum basilicum v TakcoH
j€ caMo JIeTMMUYHO PENPOAYKTHBHO M30JI0BAH.

Ha ocHoBy cBera HaBenenor, Ocimum basilicum L. var. minimum L. ce MOXe yBPCTHTH Y KIIamy
Ocimum basilicum n cexunjy Ocimum. Mop¢oJOIIKH, CHTHOINCHHE O0cHIbaK je Mely HajH kUM popmama
Oocwmbka 1 goctrke BucuHy o1 30 1o 40 cm. Ox 16 no 18 nznanaka (6e3 Tpuxoma) GopMHUpajy OKpYyIiIacT,
KOMIIaKTaH, Hu3ak x0yH mwmpuHe 40 1o 50 cm (Cnuka 3a). Ha uznanky ce pasBujajy KapaKTEPHUCTUIHO
CUTHH, 3€JICHH JINCTOBH, JIAHIIETACTOT 00JIHKa, c11ado cjajHu, IeTMMUYHO Ha3yOJbeHH. JIncToBH cy mupuHe
1o 1 cm u myxune ox 1.50 no 2.50 cm. Ha monpeyHom npeceky JucT uma ,,V* oomuk. [{BeToBu ca 6enom
KPYHHIIOM M 3€JICHOM 4aruioM (0e3 TpuxoMa) Ha BpXy crabJsbrke 00pasyjy nsactu (Cinuka 30), a unrasa

OmbKa ce raju u 'y aekoparusae cBpxe (Beatovi¢, 2013).

Cnuxa 3. Xabutyc Ocimum basilicum L. var. minimum L.
a) u37aHak 0) neo MBacTH
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[punoc cBexe xepoe je ox 250 o 300 rpama mo OwbLH, a cyBe 01 25 10 65 rpaMa 1o OUJbIH, PU
yeMy Cy eTapcka yJba 3acTyiubeHa U 10 1%. [IpomeHTyanHO Cy Haj3acTyIUbEHUjU MOHOTEPICHH W
CECKBHUTEPIICHH, a XEMOTHIICKH KiacupukoBano, Ocimum basilicum var. minimum TpUNIafa JIMHAIOIN
xemotuny 6ocusbka (Telci u cap., 2009). ¥ mmpoj ynotpedu o oBOT OOCHIbKa KOPUCTE C€, IIPe CBera,
Marepuje MOpPEeKJIOM M3 JIMCTOBA M TO Kao JUTECTUBHH CTHMYJIATOPU Ca KapMHUHATHBHHM,
AHTUIHPETHIKUM, JUYPETUYKUM W aHTHPEYMATCKMM aKTUBHOCTHMA, M U Kao W3BOpU (DEHOIHUX
jenumemna, ykibyuyjyhu ¢naBoHoune u (iaaBoHe, ca BUCOKOM aHTHOKCHJATHBHOM, aHTHUYJIIEPHOM U

aHTUMHUKpoOHOM akTHBHOMY (Grayer u cap., 2004; de Sousa u cap., 2005; Telci u cap., 2009).

2.2. Ocimum basilicum L. var. basilicum L.

Takcon Ocimum basilicum L. var. basilicum L. je Haj3acTynibennja popma OoCHIbKA KOja ce Ha
OCHOBY MOJIEKYJIApHUX MapKepa, Opoja XpoMo30Ma | caJipaja TeHeTHIKor Matepujana (2n = 4x = 48)
Moxe cBpcratu y kiany Ocimum basilicum, cexumja Ocimum (Carovié-Stanko u cap. 2010). Oaj
BapHjeTeT yKJbydyje ABe copte — ,,Genovese™ u ,,Sweet Basil®.

Ocimum basilicum L. var. basilicum L. cv. Genovese noctmxke BUCHHY 10 80 cm ¥ MPOCEUHO OKO
15 u3nanaka (6e3 Tpuxoma) hopmupajy ycrpasas x0yH mupune ox 40 1o 60 cm (Cnuka 4a). Ha nmucHuM
JplLIKamMa AyruM 1o 3 cm GopMHpajy ce JTUCTOBH AyTu oA 9 1o 12 cm, mupoku o 5 1o 7 cm, 3eleHH,
OKpYTJIH, CPEele CjajHU, Cpelhe Ha3zyOJheHOCTH, Ha TONMPEYHOM NpeceKy ucrmymdeHd. J(uxasujanne
nBactu (Cnuka 40) myxune ox 5 1o 20 cm dopmupajy ce o Oenux 3uroMoppHHUX IBETOBa ca Oenom

KPYHHUIIOM U 4amuiioM 6e3 tpuxoma (Beatovic, 2013).

Cmuxka 4. Xaburyc Ocimum basilicum var. basilicum cv. Genovese
a) U3aHaK 0) €0 IBacTH
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Jenna jenunka moske npoaykoBat o1 200 no 300 rpama cexe, u o1 40 1o 60 rpama cyBe xepoe
Yy K0joj je erapcko yibe 3acTymibeHo ca oko 0.95%. Ertapcko ysbe je Hajboraruje MOHOTEpICHHMA U
CecKBUTEpIieHHMMa, Mel)y KojuMma je JOMHMHAHTaH JIMHAJION, Ta Ce OBa COpTa OOCHIbKA XEeMOTaKCOHOMCKHU
KiIacupuKyje y OKBUpPY IMHaNON xemotuna Oocmibka (Grayer, 1996; Beatovi¢, 2013). Pesynaratu
NPETXOAHUX HCTPAKUBAKbA MIOKA3y]jy 3HAa4ajaH HUBO OMOJIOIIKAX aKTUBHOCTU MaTepHja T00HjEHUX U3 OBE
copte Oocmibka. [lokazano je martepuje mopekioMm w3 Ocimum basilicum var. basilicum cv. Genovese
Moceyjy aHTUMHKPOOHY M aHTHOKCUIATHBHY aKTUBHOCT, KA0 M aHTUIPOIH(EPATHBHO, IPOANIONTOTHYKO,
IUTOTOKCUYHO M aHTHKAHIIEPOTeHO JICjCTBO, y3 3HaUajHEe KOHICHTpaIje PeHOMHNX jeanumberma (Carovic-

Stanko u cap., 2010; Nguyen u cap., 2010; Imen u cap., 2012; Beatovi¢ u cap., 2015).

2.3.  Ocimum basilicum L. var. purpurascens Benth.

Knacudukanuja takcona Ocimum basilicum L. var. purpurascens Benth. jom yBek ce He MOXe
jacHo neuHHUCATH, jep aHAIM3UpaHe KapaKTePUCTHKE BApHpPajy y 3aBUCHOCTH Oj reorpa)cKor mopekiia
y3opaka. HajBepoBatHuje je na oBaj TakcoH mpumana knagu Ocimum basilicum, cexuuju Ocimum W
npencraiba xubpun usmely Ocimum basilicum v Ocimum forskolei (Grayer, 1996; Carovi¢-Stanko u cap.,
2010; Filip, 2014). Hajmmupe ynorpebdspaBane copte cy ,,Dark Opal u ,,Purple Ruffles®.

Ocimum basilicum L. var. purpurascens Benth. cv. Dark Opal (tamHO JpyOMuacTu OOCHIBAK) je
TETPAIIONIHY TakCcoH (2n = 4x = 48) ca uznanuma Brcure 10 60 cm koju hopMupajy HHTEpMEarjapHH
’KOYH TaMHO JbyOHnuacte 6oje (Cnuka 5a). Crabspuke cy ca TpuxoMuMma. Ha nmucHUM npiiikama, IyruM oKo

3 c¢m, pa3Bujajy ce TAMHO JbYOMUYACTH JIUCTOBH IyTH OJ 5 10 § cm ¥ MIUPOKHU 011 3 10 5 cm.

Crnuka 5. Xaburyc Ocimum basilicum var. purpurascens cv. Dark Opal
a) M3aHaK 0) €0 BacTH
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JluctoBu cy jajacror obOnwmka, Hajuernthe jako cjajHM, Ha3yOJbCHH, Ha IOMPEYHOM IPECEKY
yny0sbeHH. 3UroMop(hHH LBETOBH CYy Ca CBETIOPYKUYACTHM YAUTMYHUM M TAMHOJbYOHMYACTHM KPYHHYHUM
muctuhnma (Criuka 56).

Tamuo jpyOnvacta 0oja yntaBe OMIbKE MOPEKJIOM je O[] aHTOLWjaHHHA KOjH Cy Y JIMCTOBHUMA U
[[BETOBUMA JIOKAJHM30BAHU Yy EMUACPMAIHOM CIIOjy, JOK Cy Yy cralily ¥ LBETHOj JIOXKH, IOPE[
eNMACPMAITHHX, 3aCTYIUBCHNA U Y YHYTPAIlIlbUM CJOjeBHMa. Y eNuAepMHCy JIHcTa cy, 300r moTpede 3a
HrckoM pH Bpexnomrhy, Tokani30BaHN y BaKyoOJIH, a MOTY ce Hahu 1 y BakyosaMa HeXJIe31aHUX TPUXoMa
(Cinka 6). Mako ynpaBo JpyOuvacta 00ja U MPUCYCTBO aHTOIMjaHUHA TIoBehaBajy ynoTpeOHy BpeaHOCT
OBE cOpTe, HecTaOMIIHOCT BapujeTeTa purpurascens y KOJWYMHHU AaHTOIMjaHWHA jelaH je O TJaBHUX
npo0JieMa IPUINKOM KyITHBanyje. ['eHr 0AroBOpHM 3a CHHTE3Y aHTOIMjaHWHA CY U3Y3€THO HECTaOMIIHY,
TaKO JIa U BETETATUBHO MPOTArHpaHy U3JJaHIIM MOTY U3TYOHUTH JbyOndacty 00jy. Jlenurmenranuja je Ko
copte Dark Opal npahena yHupopMHUM T'yOUTKOM aHTOIMjaHHHA KPO3 YHTAB M3JIaHAK, TOK CE KOJ| COpTe

Purple Ruffles ryourak nurmenara jaBipa y 1mojequHaqyHuM JeoBruMa uznanka (Phippen u Simon, 2000).

Cnuka 6. Jlokauuja antonujannia y enugepmanauM henujama crabna (E), y henujama usetne noxe (P) u
BaKyoJiaMa HexJie3ganux tpuxoma (V) (mpema Phippen u Simon, 2000)

IMpunoc cBexe xepbe oBor reHoruna 6ocuibka je of 110 go 200 rpama mo 6wmibly, a cyBe of 15 no
30 rpama no OwblM, NpH YeMy je y XxepOm 3actymsbeHo 1o 0.95% erapckor yimma. Meby xemujckum
jenvmbemuMa 'y XepOu Cy Haj3acTyIUb€HHjH MOHOTEPIICHH W ceckBuUTepneHu, a copta Dark Opal
XEMOTaKCOHOMCKH TIpWIaJia JIMHANIOoN XeMotuny Oocuibka (Beatovi¢, 2013). UuraBa Ouibka je, mopen
aHTOIMjaHWHa, Oorata W MHOTOOPOjHHM (EHOIHHM jeJMICHhIMa Koja TO0Ka3zyjy 3HadajaH HHUBO
OMOJIOIIKNX aKTHBHOCTH, YKJbY4yjyhM ¥ aHTHOKCHAATHBHY, HIHUTOTOKCHYHY, aHTUIPOIH(EpPaTHBHY,
aHTHKaHIEPOreHy U npoanontorcky akTuBHOCT (Nguyen u u Niemeyer, 2008; Flanigan u Niemeyer, 2014;

Elansary u Mahmoud, 2015).




Jlpacana Jaxosmwesuh Jloxmopcka oucepmayuja

2.4. Ocimum x citriodorum Vis.

Jlumyn Gocwibak, Ocimum X citriodorum Vis. (cunoHumu Ocimum X americanum, Ocimum
africanum) ce cMarpa npupogHuM xudpunom msmely Ocimum basilicum w Ocimum americanum (Paton u
Putievsky, 1996; Vieira u cap., 2003). OBa kapakrepuctudHa ¢opma OOCHIbKA Ca jaKOM apOMOM HAIUK
JTUMYHY Kapakrepuiie ce BehnM reHoMoMm u BehnM HUBOOM rmionauje (2n = 6x = 72), ma ce cBpcTaBa y
knany Ocimum americanum, cexunjy Ocimum (Carovi¢-Stanko u cap., 2010).

Ocimum x citriodorum noctmxe BucuHy o 30 mo 50 cm, a 8 mo 10 m3manaka Gopmupajy xOyH
mupuHe ox 35 mo 50 cm (Camka 7a). Ha mmcnoj npumm myxwsae no 3 cm (opmupajy ce 3eleHH,
JIAHIIETACTH, CPEhe CjajHn JIUCTOBH, muprHe ox 2.50 1o 3.50 cm u gyxwune ox 4 mo 6 cm. JluctoBu cy
cpenme Ha3yOJbEHOCTH 1 Ha TIOTIPEYHOM TIpeceKy ca ,,V* obmukom. benngactu 1iBeToBu popmupajy nBactu
KOje JAOCTIKY IykuHy U 10 25 cm (Cnuka 70). M3y3eB nBeTOBa, OCTaNM 3€JhacTH AEIOBH HM3/IaHAKA CY
npexpuBeHn Tpuxomuma. [Ipuroc cBexe xepoe je ox 80 1o 160 rpama mo 6msbiu, a cyse o 15 mo 25 rpama
10 OMJbLY, IIPU YEMY CY €TapcKa yJba 3acTymsbeHa ca oko 0.90%.

[IponeHTyanHO je Haj3aCTyIUbEHH]H MOHOTEPIICH LIUTPAJl, 8 XeMOTHUIICKH KJIaCH(PUKOBAHO TAKCOH
Ocimum X citriodorum mnpunana nuTpamHOM (TepeHual/Hepan) xemoTuily Oocuibka (Beatovié, 2013;
Grayer, 1996).

[Topen ecennmjaiHuX yJba, OBaj TEHOTHIT OOCHIBKA CaapKu U (peHOTHA jeIubeba KOja TIOKazyjy ’
3HauajaH HUBO AaHTUOAKTEPHUjCKE, AHTHOKCUIATHBHE, aHTHU(YHTalHe, OuoxepOuIuaHe, Kao U
uHcekTuinaine akrupHocTy (Dudai u cap., 1999; Grayer u cap., 2004; Carovic¢-Stanko u cap., 2010; Tang

u cap., 2013; Zabka u cap., 2014).

Cnuka 7. Xabutyc Ocimum X citriodorum Vis.
a) u31aHak 0) J1eo BacTH
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3. AKTHBaNuja M peryjianuja npuMapHOr MeTa00/JIM3Ma TOKOM KJIHjamba ceMeHa

VY cemeHy cy, y BUAY pe3epBH, YCKIaIUILITEHa XETEPOTeHa jeANBbEHha KOja YKIbYUY]y pa3InuuTe
yIJbeHE XUIpaTe, NoJUMepe CKpoba, MPOTEeHHE U JIMIKJE, a Ko MMOCIeIUIa KapaKTEPUCTHKA came OUIbKe
U CTama KUBOTHE cpeauHe. Pa3Boj cemeHa je JUHaMUYaH MPOLEC KOjUM KOOPIMHHUPA]y TPH pa3iIUdIHTe
CTPYKTYpPHE KOMIIOHEHTE CeMeHa — eMOPHOH, XpaHJBHBO TKHBO M ceMemaua (Sreenivasulu, 2017; Gupta u
cap., 2017).

Hajuermhe nedunncame nporeca Kirjama CEMEHA Sensu stricto OMHOCH Ce Ha CBe Tpolece Koju
BOJIE Ka MpoOHjamy ceMemade | I0jaBU paguKylie, Tj. KOpEeHKa, P YeMy ISIOKYITHH MPOIieC KIIHjama
yKJbydyje nBe (aze — panHy a3y Koja oOyxBaTa HajpaHHjH OITOBOP CEMEHAa Ha TPHUCYCTBO BOIE H
MOMOUITHjy ceMeHa, U ApyTy, KacHy a3y, Koja oOyxBaTa cBe MpoIlece HAKOH UMOMOWIHjEe 10 TOjaBe
pamukyie. Pa3Boj ceMeHa ce 3aBpIliaBa IMpOIECOM JCCHKAIlje ¥ Y TIOTCHIINjalTHO KIIMjajyhuM ceMeHnMa
mRNK, npoterHy, pa3nuuuTH TPajJMBHA €IEMEHTH, KA0 M Pa3IMYUTH TPAHCKPUITH, CKIAJUIITE CE 3a
MEePUOJ] 0J1 HEKOJIIMKO MeCeId JI0 BHIIE TOJWHA, Y 3aBHCHOCTH O]l OMJbHE BPCTE W YCJIOBA CIOJhAIIhHE
cpeauHe. Mako ce oBaj meproi cMaTpa MEpHOIOM y KOMe cy MeTabonu3aM U CBH helnjcKu mpouecHu y
Mupyjyhoj ¢asu, oapeheHn eH3MMH Cy aKTUBHM YaK W y JECMKOBAaHHUM CEMEHHMMA. 3acTYIJbEHOCT
yckimaauinteHux Metabonuukux ensuma, mRNK u onpehenux merabonura y JECHKOBaHUM CEMEHHMA
cBeIOYd O (yHAAMEHTAJIHO] YJIO3U aKTHBalje METa0OIMUYKUX Mpolleca Y HajpaHujuM ¢azaMa Kiujama
cemena (Angelovici u cap., 2009; Rosental u cap., 2014).

Wnnnujanna, npsa (asa y KiMjamky ceMeHa, T3B. IperepMUHalNja, MOYNbe OP3UM U TaCHBHUM
yCBajakbeM BOJIE W3 CHOJBAIIKBE cpeauHe (MMOMOMIMjOM), INTO JOBOAW JO HH3a JMHAMUYKUX,
Oouoxemujckux aorahaja, ykibyuyjyhu akTuBauujy eH3uMa W pasrpaimby, YHOTpeOy M TPaHCIIOKAIHjy
opranckux marepuja. MmOmOumnuja koja HacTyma TOKOM TpBe (ase KiMjamba CEMEHA je HCKJbYYHBO
(bM3UYKM TIpoItec Koju, mopea Op3or ycBajama BOJE, KapaKTepHIle W OTHYIITamke racoBa M IPOMEHa
temriepatype. [lacuBHo, yOp3aHo ycBajame Boje npaheno je lag dazom y ancopmiyju Boae u mopehanom
cuate3oM ATP-a, HakOH Yera ce amcoprmigja Boae MoHOBO yoOp3aBa. IloBehany amcopriujy Bome mpaTu
WHTEH3WBHO yCBajar-€¢ KUCCOHHUKA M ocliobahame yribeH-THOKCHIA, Tj. HHTEH3UBUPAKE MIpoIieca Arcama
KOjH YKJbYUyj€ TIMKOJIN3Y U P-okcumarijy macHuX kumcennHa (Van Dongen u cap., 2011; Weitbrecht u
cap., 2011; Macovei u cap., 2017).

[TupyBaT ka0 MPOAYKT TIIMKOJIN3E, 33j€THO ca IPYTHUM m3BopuMa areTi koeHsuma A (CoA), Mopa
OUTH YKJbYYCH y NUKIyC TpukapOoHckux kucenwHa (TCA mukiyc) y MATOXOHApHjaMa, Kako O ce y
MTOTIYHOCTH HCKOPHUCTHO €HEPreTCKN MOTeHNHjall. Mako cy y 0BOj (ha3u MUTOXOHJIpHj€ CcaMO ACITUMHUIHO

pas3BHUjeHe, OBe opraHesie nMajy MOryhHOCT OKCHAALMje Pa3InuuTHX cyrncTpara (YKbydyjyhu CyKuuHart u
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NADPH) u nponykiuje ATP-a. Oqmax HakoH 3amodyere UMOHOUIIM]je, 1A CBE 0 MpoOujama pajuKyJie,
MOBPIIMHA MUTOXOHJPUjAIHUX KPUCTU pacTe, Ma je oMoryhieHa MHTEH3UBUpPAaHA pecnupalyja y IpBUM
caTuma uMOuouIje, kao u npoxaykuuja ATP-a mocpencreom TCA nuknyca. OBaj nepuon npaheH je jomn
W JerpajanujoM YyCKIaJWIITEHHX MPOTeHHA U HHXOBOM de novo CHHTE30M, AETPaAallldjoM pe3epBU
YIIbEHUX XUpaTa, NpeBohemeM TPHALMITIMIIEPOIa Y TIIHIEPOI U MacHE KHCEIMHE, UHTCH3UBUPAHUM
TITMOKCHJIATHUM IMKITyCOM ¥ TIOBUIICHOM aKTHBHOIINY €H3MMa YKJbYUeHHX y OoBe mporiece. OcuM Tora,
HEOIIXOHO j€ W MOCTH3amke aJeKBAaTHOT PeloKC-cTaTyca y hemrjama kako OW ce yjeqHadmina aKTHBHOCT
TCA nukiryca ¥ MUTOXOH/IPH]jaTHOT €JIEKTPOH-TPAaHCIIOPTHOT JIaHTia. Pane daze y kiujamy kpymujairHe cy
3a BHjaOMIIHOCT ceMeHa jep o0yxBarajy KJbydHe joraljaje Kojuma ceMe Ipesia3d W3 CTamkha MHPOBarma y
cTalbe pacta eMmOpmoHa. JlaJjbuM TOKOM TIporieca IHCamka TOKOM HWMOHMOHITHje, peaKTHUBaIM)a
MHTOXOHIPHjATHOT €JIEKTPOH-TPAHCIIOPTHOT JIaHIa MoBoau 1o moBehane mpoxykiuje ROS, tako ma je
nyamHa ¢yakija ROS (M ka0 CHTHATHAX W Ka0 IITETHUX MOJIEKYJIA) MPUCYTHA TOKOM YUTABOT KHMBOTA
omwnke. Tpajame nMOMOHUITMje M mMoYeTak Apyre (ase 3aBuce 04 OMJbHE BpPCTe W (DaKTOpa CIIOJHAIILE
CpeIMHE Yy K0joj ce ceMe Hala3wio A0 KoHTakta ca BogoM (Van Dongen u cap., 2011; Rosental u cap.,
2014; Kumar u cap., 2015; Macovei u cap., 2017).

VY npyroj ¢as3u ce HacTaBJbajy METAOOIMYKH MIPOLIECH 3aI0UETH Y NPBOj (hasu, IpH YeMy ce MOTy
YOUHTH 3HauajHe PU3HONIOIIKE pasiuke. Pasnuke ce o1HOCe MPBEHCTBEHO HA HUBO KUCEOHHUKA M KOJTHYHHY
riIyKo3e U QpykTo3e y henujama, amu U y 3aCTYIJBCHOCTH TJIUKOJUTHYKHX €H3MMa YHja je aKTHBHOCT
WHIyKOBaHa y 0BOj ¢a3u kimjama. Kako Om yOp3aje pasrpaamy NpPOTEHHA, NpOTea3e ce MOHOBO
CHHTETHIY, [IpH YeMy Aerpajalyja mpoTenHa obezoelyje aMmruHoKuCcenHe 3a de novo CHHTE3y IPOTEHHA.
['muokcunaTHY HMUKITYC M -OKCHIAIja MAaCHUX KHCEIMHA OJIBHjajy C€ YIJIABHOM Y CIICIH]jaIn30BaHUM
CEeMEHHUM MEPOKCH30MHIMa — ITHOKCH30MHUMA. Y JIECHKOBAaHUM, HEMMOMOOBaHUM CEMEHHMMa OBE OpraHese
3aCTYIUbCHE Cy y HEpa3BUjeHOM OOJIMKY, /1a OM y KacHHjuM ¢a3zama KIHjamka aKkyMyJHpale eCeHIIN)aTHe
CH3MME TMIMOKCHJIATHOT IHKIyca, MallaT CHHTAa3y W M3OIMTPAT JHa3y. JeJIWHCTBEHW IWJb CBHX OBHX
MeTa0OJIMYKHX TTPOoIieca jecTe MPOAYKIIHja EHEPTH]e U TPaIUBHIX eJIeMEeHATa HEOIXOAHIX 3a MOpdoJIomke
MIpoMeHe Koje Tparte Kiujame. [la Ou cemMe Kirjaao paguKyia ce Mopa M3IyKUTH B TTPOOUTH ceMemady,
IIpU Y€MYy Ce€ 3HauajHa perylialrja OBOT CTYIha KiIHjamka OJIBHja Ha HUBOY €HAOCIIEPMa KOjH OKPYXKYje
pamuKyiTy ¥ Ha HUBOY XHUIPOIUTHYKUX eH3mMa henwjckor 3uma. Mexanndaku oTrop henmmja eHmocmepma
JIOJTaTHO je CMarmkeH MOoCpeacTBOM xuapokcmi-paaukaia (OH-) koju cMamyje uBpcTuHy hemwjckor 3uma
(Miiller u cap., 2009; Iglesias-Fernandez u cap., 2011).

Bpemencku okBHp Tpajama Ipolieca Kiinjama (01 MOMEHTAa ITACUBHOT YCBajamha BOJIE JI0 pa3Tpaambe
ceMemaue M 1ojaBe paguKyJie) TCHETHIKH j€ YCIIOBJbEH, aJIM Y MHOTOME 3aBHCH U O] (haKTOpa CIOJbAIIhHEe

cpeaune. Knmjame ceMeHa U mocieIM4HO U3y KUBamke PaJuKyJie U XUIIOKOTWIA Cy Mel)y Haj3Ha4YajHUjUM
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(hazama KUBOTHOT LMKITyca OMJbKE, alli Cy yjeqHo U ¢a3e y KojuMma je OusbKa HajoceT/bHBHja Ha (pakTope
crioJpalmbe cpenuHe. Mako cy JecnkoBaHa CeMeHa YriIaBHOM OTIIOpHA Ha CTPECHE YCJIOBE CIOJbAIHHE
cpeauHe, kivjajyha ceMeHa, Kao ¥ KIMjaHIM OMJbaka HUCY, IIa CXOJHO TOME M 3aXTeBajy oaOpamOeHe
CTpaTeruje 3a CyouaBame ca aOMOTHYKHM U OMOTHYKHM CTPECOM KaKo OM ce OCUTypasio MIPeXHBIbABAILE.
OxroBop Ha OBakBE YCIIOBE 3aBUCH O] TUIIa U MHTCH3UTETa CTpeca, ajiu M OWJbHE BPCTE€ M T'€HOTHUIA
(Macovei u cap., 2017). KoMmrmieTna repMuHanmja 3axTeBa MPOTEKITH]Y Ol pEaKTHBHHUX BPCTa KHCEOHUKA

KOj€ ce TIPOaYyKyjy TokoM oBor mporieca (Espanany u cap., 2016).

4. Achnnaunja HECOPraHCKUX KOMIIOHEHTH M KOHTPOJA IIPpUMapHor MeTadoaIu3Ma

[IpomykTHBHOCT OWMJbaKa 3aBHCH OJ arcopOoBama M KOHBEP3HjE CONapHE SHEPrHje y IMpoIecy
(doTocuHTE3E U MOCIeMUIHOT yrpaliBama pelyKOBaHOT YIJhbeHHWKa Y TPOIIECe HEOMXOJHE 3a PACTCHE U
pemnponykitijy (Attaran u cap., 2014). @yHmaMeHTaTHH TPOIIECH TOKOM KOjUX OMJbKE aCHMUITY]y YTIbEHUK
W a30T y KOMIIOHEHTE HEOIXOJHE 3a pacTerme W pa3Bulie YCIOBIbEHH CY CEICKTHBHOM ITapTHIN]OM
opraHckux wmerabonuta usMmely opranena, henmja, TkuBa M opraHa. JWBep3UTET NPOIYKOBAHUX
MeTaboJnTa, Ka0 U MyTeBa TOKOM KOjUX c€ MeTabonuTH yrpalyjy y pa3nuuyure KOMIEKCe je IUPOK, IpU
YeMy Cy M CaMHd IyTeBU CHUHTE3€ M yrpaljuBama MapTULUHOHHCAHU WM3Mel)y opraHena, hemwuja, TKMBa U

oprana (Tegeder u Weber, 2000).

4.1. Acumunayuja yzwenuka

Xmopornactu ¢y jenuHa Mecta (POTOCUHTETUYKE aCHMUJIAINNje YTJbEHUKA U JIOMUHAHTHA MECTa
acummianuje asora. Heoprancku CO, ce mpeBoaM y OPraHCKU YIJbCHHK Y CTPOMH XJIOpOIUIACTa Y
penykTuBHOM TIeHTO30-(hochaTtHoMm (KamsunoBoMm) muxirycy. Akmnentop CO, je pubymoza 1,5-6uchocdar
(RubP) koja y3 momoh Rubisco emsmma (pmbomaza 1,5-Omcdocdar kapOOKcHIaza/oKCUreHasa) rpaau
naTepmenrjapao Cs jenumeme Koje ce yop3o Xuaponm3yje Ha JBa MoJiekKyna 3-(GpocqoriauiepuHCcKe
kucemnnae (3-PGA). 3-PGA je npBu cTaOWIHN WHTEPMEAMjapHU MPOAYKT (PUKCAIHje YIJhbeHHUKAa 1 OnBa
penykoBan y rimtepanaexun 3-hocdar (GAP). Kapbokcunaryja jemaor monekyna RubP u pemykimja qBa
Monekyna 3-PGA 3axrteBajy yrpomak nBa monekyna ATP u nBa monexkyma NADPH, ipu wemy ce GAP
BPJIO JIAKO MOYKE KOHBEPTOBATH y auxuuapokcuareTon 3-pocdar (DAP). IleT ox mect HacTaaux TpHO30-
docdara ymaze y mporece pereHeparyje akIenTopa peayKTHBHOT IeHT030-pocdaTHOT IUKITyca, JOK
Tpro30-hochatn KOju HUCY HEONMXOMHH 3a TPOIEC percHepanvje WiId OWBajy 3aapKaHH y CTPOMH

XJIOPOIUTACTa WM TPAHCIOLMPAaHU y IIMUTOCOI MOCPEICTBOM TpHo3o-hocdatHux TpaHcimokaropa (TPT).
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TPT cy xoTpaHCHOpTEpH KOjU M3HOCE M3 XJOPOIUIacTa TPHO3€ Y pa3MeHy 3a jeaaH HeopraHcku gocdar
(Pi), anu mpunukom Tpancnopra He npuxatajy ¢ochoenonnupysat (PEP), mentozo-¢ocharte wmm
XeKkco30-¢poctate, MTO je 3HA4YajHO 300r OAp)KaBamba XOMEOCTa3e IUacTUAMjalHuX Qocdara y CTpoMHU
XJIOPOIUTACTa, TIOLITO Cy OHM HeonxoIHH 3a cuHte3y ATP-a Tokom cBetne ¢aze dpotocunrese (Neuhaus u
Wagner, 2000; Tegeder u Weber, 2006; Linka u Weber, 2010).

Tpuozo-hocharn HacTany acUMIIANAjOM VTJbCHHKA y PEAYKTHBHOM TIeHTO3HO-(hochaTHOM
UKIIYCY TIPEACTaBJbajy TJIAaBHE IPEKypcope 3a CBe Ipyre OMOCHHTETHYKE peakidje Koj Ownsbaka.
buocunTe3a ckpoba m OMOCHMHTE3a caxapo3e Cy METa0OJIMYKH TPOIEeCH y KojuMma ce Tpruo3o-pocharn
rnckopumhaBajy, Ipu 4eMy je HEOIXOJHA perynanuja Mojeie yribeHuKa m3Mel)y OBHX KOHKYPEHTHHX
IyTeBa y 3aBUCHOCTH O]l MEeTabOIMIKHUX MoTpeba Ombke. brocnHTe3a ckpoba M caxapo3e Kao TIaBHUX
pesepBHuX mehepa moBe3aHa je ca HEPEOYKIIMOHOM IPHPOJOM OBHX MOJIEKYJa, INTO IPEJCTaBlba
MIPEAHOCT NPWINKOM TPAaHCIIOPTa W JaJber CKIaAuITema oBuX Monekyina (Lemoine, 2000; Tegeder m
Weber, 2006).

HNako ce majBeha konwuYWHA ACHMIJIOBAHOT YIJhEHHMKA HWCKOPHUCTH 3a OMOCHHTE3y CKpoba u
caxapo3se, IOCTOj¥ 3Ha4yajHa oTpeda 3a OBUM €JIeMEHTOM Kao MPEKypCOPOM 3a BEJIUKH Opoj MPpUMapHUX H
CeKYHAApHUX MeTaOOJMYKMX MyTeBa. PeayKoBaHM YIJbEHHMK MOKE OWTH IUPEKTHO YKIOWEH W3
pereneparuBHe ¢asze Kansunopor nuxiyca (aip. y ¢popmu eputpose 4-dpocdara (E4-P) koju ce ykipyuyje
y MyT IIMKUMCKE KHCEIHMHE) WIM OMBa TPAaHCIOLMPAaH y LUTOCON Kao Tpuo3o-pocdar koju he Outu
KOHBEPTOBAH y MPEKYPCOpe 32 MUTOXOHAPHjalTHO ANCAkE WIN YKIbYUEH Y CHHTE3Y OPTaHCKUX KUCEHHA,
aMHHOKKcennHa uTA. CBe oBe OMOCHMHTETHYKE Peaklyje W METaOOIMYKH MPOLECH CUHTE3E Pa3IHYUTUX
MpOJAyKaTa PeryirucaHy Cy Ha HUBOY TPAHCKPHIILHje, TpaHCIalyje, TOCT-TPAHCIaluOHEe U aJOCTePHUKe
KOHTpOJIE aKTUBHOCTH €H3MMa, cyOhesujcke KOMIapTMEHTAlje U IUCTPUOyLHje criequ)UIHNX MyTeBa
nu3Mely pa3nunuuTix TKuBa. JlonaTHo, pakTopu crosballmbe cpeauHe (TeMIlepaTypa, CBETIOCT, HyTPUTUBHH
CTaTyc, AOCTYIHOCT BOJE WTJ.) 3HAYajHO YTHUY Ha PETYJalljy CBUX OBHX IpOIEca TOKOM pacTermha W
paseuha 6mspaka (Tegeder m Weber, 2006).

HeanexBaTHa KoMMImHA HyTpHjeHaTa BP0 OpP30 JOBOAM 110 (HU3HOJIOITKOT OATOBOPA KOJH Ce, TIpe
CBera, 3aCHMBA Ha O/Bajamy Beher mporeHTa OmoMace Ha KopeHOB cucteM. OBaj aganTHBHU OITOBOD
nocjeuIa je MeTaboMMYKUX MPOMeHa y cTalily M TpaHCIopTa YrJbEHUX XHJpaTa JIo KOpeHa, Tako Jia
nucOanane y HyTPUTHBHOM CTaTyCy MOCJIESIUYHO JIOBOJHU JI0 BUCOKE KOHIICHTpAIHj€ YIIbeHHX XUApaTa y
KOpeHy, 10 moBehaHor ogHOCa ¥ MacH crabia u KopeHa u mopeMehaja y (hOTOCHHTETHYKHM TIpoIiecuMa

(Hermans u cap., 2006).
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4.2. Acumunayuja azoma

Kao KOHCTUTYEeHT aMUHOKHCEINHA U HYKJICHMHCKHX KHCEJIUHA, a30T je €CCeHIMjalHa KOMIIOHeHTA
OwbHUX henrja Ha CTPYKTYPHOM, T€HETHYKOM U METa0OJUYKOM HHBOY U YKJBYYCH j€ Y MHOTE IpoIece
pacTema u pazBuha. Y 3eMJBHIITY Ce HeOpraHcke (popMe a30Ta MpoAyKYjy O/l CTpaHE MUKpPOOpraHu3ama u
MpeICTaBIbajy Mame o/ 5% yKkymHoT a3oTa. Heoprancku a3oT je y 3eMJBHINTY AOCTYIAH Y Ba 00JIMKa, Kao
NO;™ (autpatHn) joH 1 ka0 NH4" (amonujyMoB) jon. 1 mope Tora mIro ce, 3a pasiuKy O aMOHH]YMOBUX
jOHa KOjH ce amcopOyjy 3a KOJIOMAHE YECTHIIC 36MJBHINTA, HUTPATHU jOHH BEOMa JIaKO CIIHPAjy y ITy0OJbe
CJI0jeBE 3eMJBHINTA U IITO j€ 32 IbUXOBY PEIYKIIH]Y MTOTPEOHO 3HATHO BHUIIE CHEPTHje HETO 3a JUPCKTHY
aTICOPIIIIN]jy aMOHH]jaKa, 3a BehnHy Onsbaka HUTPATHH jOHHU CY TJIABHH M3BOPH a30Ta. Kako KoHIICHTpaIdja
HUATPATHHUX jOHA Y 3eMJBHINTY Bapupa y mupokom oncery (ox 10 uM go 100 uM), HelleryMHHO3HE OMIBKE
ce MOpajy amanTHUpaTH Ha TMPOCTOPHY M BPEMEHCKY (IIYKTyalldjy ITOCTYITHOCTH OBOT E€CEHITH)jaHOT
enemenTta (Miller, 2007; Christophe u cap., 2011).

Tokom BereraTuBHEe (paze, MEPUCTEMCKOM TKHBY W OpPTaHMMa KOjU C€ Pa3BHjajy moTpeOHe Cy
BEJIMKE KOJIMYMHE a30Ta 33 CUHTE3Y U CKIQIMIITCHE aMUHO KHCEIMHA KOj€ CE MHKOPIIOPUPA]y y IPOTCHHE.
[Iporecom ocMo3e, HUTpATHH M aMOHHMjYMOBH jOHH, 3ajeIHO Ca BOJOM M MHUHEPAJIHUM MaTepHjama,
TUYHIY]y U3 3emipuinTa y hemuje kopeHa. Y KOpPeHy ce anoriacToM M CUMIUIACTOM TPAHCIIOPTY]jY IO
eHioepMaiHuX hemnuja koje oKpyKyjy KCUIieM u (Iioem, ofakiie ce, 30or npucycrsa KacmapujeBux tpaka,
JOHH aKTUBHHMM TPAHCIIOPTOM TPaHCIOUUPajy 10 KcuineMckux Tpaxenaa (Enstone u cap., 2002).

MornekynapHa OCHOBA MpUIaro)eHOCTH OMJbaka Ha Bapupame JOCTYITHE KOJUYMHE a30Ta 3aCHUBA
Ce Ha MPHUCYCTBY HHUTPATHUX U aMOHHUjYMOBHX TpaHCHIOpTEepa 4uju apUHHUTETH Bapupajy. Kama je
3eMJBHIITHA KOHIIGHTpalyja a3oTa ucnoj | mM, mpeJoMHHAaHTaH je TPAHCIOPTHU CHUCTEM BHUCOKOT
adbunurera (high affinity transport system — HATS), 1ok je 3a KOHIEHTpamuje a3ora u3Ham 1 mM
MIPEIOMHUHAHTAH TPAHCOPTHU CHCTEM HUCKOT apuuuteta (low affinity transport system — LATS). 'maBna
kommoneHTa HATS cy mmazmMameMOpaHCKH IPOTENHH eNUAEPMHICA, KOPTEKCa M €HI0/IEPMICa KOPEeHa urja
je cuHTe3a perynucana ox ctpane NRT?2 reacke dpamunmje. Jleo LATS cy nporennu (duja je CHHTE3a MO
koHTposioM NRT1 rercke pammnmje, Koja je Takolhe ykibydeHa y peryiaiujy pa3Boja KopeHa u TPaHCTIOPTY
ayKCWHA) KOJH CY JIOIIMPaHU Yy eMHIESPMHUCY, KOPTEKCY U €HIOoAepMY BPITHUX neoBa kopera. M1 HATS u
LATS npenoce HuTpaTte y KOHTpaHCIopTy ca nmpotonnma (Little m cap., 2005; Hermans u cap., 2006;
Remans u cap., 2006; Christophe u cap., 2011; Bai u cap., 2013).

Kama jemrom yhe y hemmjy (y KoTpaHCHOpTy ca TPOTOHMMA), HUTPATHU jOH j€ TOIOXKAH

penykumju. Penykuuja HUTpaTa ce yBeK 00aBjba y ABa CTYIHa — HajIpe OO0 HUTPHUTA, a HAKOH TOra 10
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aMOHHjYMOBHUX jOHA ITIOMONY HUTpaTHE W HUTPUTHE peAykTasze. Pelykuuja HUTpaTa je, y 3aBUCHOCTH O
OusbHE BpCTE, IOCTYITHE KOJIMYMHE HUTpaTa U MOTpeOHEe eHepruje, TKUBHO crenrn(uiHa. ACUMHUIOBAHH
HUTPATU MOTY CE PEIyKOBATH Y KOPEHY WX C€ YCBajamhe BPIIH Y ITOJI36MHUM OpPraHUMa, a Jiajba peayKiuja
W CHHTE3a OPTaHCKUX jeIUibera ce 00aBiba y muctoBuMa (Schjoerring u cap., 2002). HurpaTtHa penykrasza
kopuctn NADH kao noHOp enekTpoHa y Mpolecy pelyKlHje HUTpaTa, P YeMy ce Ipolec OABHja y
nuToruiazMu. Hacranm HUTPUTH ce majbe pemyKyjy moMohy HHUTPUTHE pemyKTaze Koja je JIOKaTIM30BaHa
WCKJBYYMBO y TniacTuamMa (y XjoporuiactTuMa henmwja nwcra n y henwjama xopena). Y JHCTOBHMA,
€JIEKTPOHHU 3a PeAyKIH]y Cy MOPEKIOM OJ peAyKOBaHOT (epeloKcHHa n3 (POTOCHHTETHYKOT eeKTPOH-
tpaucnoptHor nanma (PET) (pegykiija HUTpHUTA je anTepHATUBHU ITyT 32 eylekTpore PET-a), mok ce hemmje
KopeHa ® henmwje mcTa y yclIOBHMa Mpaka eleKTpoHmMa cHaOmeBajy om NADH mnopexiom u3
pecrpaTopHOT MeTaboam3Ma (Stitt, 1999).

300r CBOje BHCOKE TOKCHYHOCTH YaK W IPH HHUCKUM KOHIICHTpalHjaMa, Kao W EBEHTYaITHOT
pemehema mporieca pecnupanyje, aMOHH]YMOBH jOHH C€ MOpPajy HEOMIOKHO M y mTO KpaheM poky
ACHMUJIOBATH Yy HETOKCHYHE OPraHCKEe KOMIIOHEHTe. ACHMMIIAIlHja aMOHHjyMa OIBHMja ce y hemmjama
kopeHa. NH4" joHu, HacTamu WM PeAyKIMjOM HHUTPUTA WM JUPEKTHO ACHMHJIAIIAjOM aMOHHjyMa,
HEOoJI0kKHO ce acummityjy o crpane GS-GOGAT cucreMa (CHCTEM IIyTaMUHCKA CUHTETa3a U TTyTaMHH-
OKcorryTapaT-aMuHoTpancepasza) u (opMupajy TIIYTAMHHCKY KHCETWHY (TJyTaMaT) W TIIyTaMuH.
AxtuBHOCT enzuMa GS-GOGAT cucrema perynucana je TeHUMa 3aJyKeHUM 3a CUHTE3y TUIACTHIHHUX U
UTOIIa3MaTCKUX TiyramuH-cuHTeTaza 1 GOGAT. Acumunanuja je npaheHa v CHHTE30M OpPraHCKHX
KHCENIMHA, TIpe CBera o-KeTOrNyTapHe KHcelnuHe (Koja ciyu kao akuentop amonmjyma y GOGAT
cHCTeMY) U MajlaTa KOoju cripevaBa ankaiusauujy. [lopen Tora, 3HauajHo je noBehaHa TpaHCKPHIIIHja TeHa
NIA u NII koju koaupajy NpOTEHHE YKJbYYCHE Yy CHUHTE3y OBHX aMHUHOKHCEIWHA, Ka0 M aKTUBHOCT
onroBapajyhux enzuma (Raab u Terry, 1995; Stitt, 1999; Schjoerring u cap., 2002).

I'myTamunacka kucennHa (Koja y M3BECHO] KOJMYMHA YBEK MOCTOjH V OMJBHMM henmjama) mpuma
NH4" jon u nipenasu y rimyramuH y3 momoh ATP u ensuma GS. GOGAT HakoH Tora KaTajau3yje Ipeia3zak
aMUHO-TPYIIE ca TITyTaMUHa Ha 0-KETOTJTyTapHYy KHCEINHY, TP Y€MYy HACTajy JBa MOJIEKYJIa TITyTAMHUHCKE
kucennae. Hacrana riryraMrHCKa KcenrHa ce esioM Bpaha, a IemoM CIIy XU 3a H3Tpajiby jeqnmbenha Koja
caapxxe a3or. OBe aBe peakiyje, Koje ce jorn o3Hadarajy u kao GS/GOGAT mukiyc, cy maHac OIIITe
npuxBaheHe kKao TMpUMapHUA IyT acHMMJaIMje azora kox Omibaka. Kom Bummx Ommaka GOGAT je
3acTymubeH y naBe pazmmuute m3opopme — NADH 3asucaa GOGAT (NADH-GOGAT) u depenokcun
3aBucHa GOGAT (Fd-GOGAT). NADH-GOGAT je, npe cBera, akTuBHa Y He(POTOCHHTETHIKOM TKUBY H

MJIaIM opraHuMa Koju pacty. Excrnpecnja reHa 3agyxenux 3a cuaresy Fd-GOGAT (GLU1 u GLU2)
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TkuBHO je cnermduuna. GLU1 renu cy 1oOMUHAaHTHU y JaucToBUMA, 0K ce GLU2 reHu excripuMupajy y
kopeny (Lam u cap., 1996; Oliveira u cap., 1997; Temple u cap., 1998; Stitt, 1999).

MeljycoOHE YCIIOBJHEHOCTH HUTPATHOT M YIJbCHHMYHOT MeTa0oiu3Ma 10 cajia Cy BHIIECTPYKO
norBphene. Heoprancku a3oT je HeOnxoaH 3a uCKopuIthaBamke YIJbCHUX XUApaTa 3a MPolece pacTema U
¢doTtocuHTE3€E, NOK YribeHUK 00e30elyje, mopen eHepruje, U CKeJeT KOju MpyKa MOTIOPY aCHMWIIALN]H
HeOopraHcKor a3ora W cuHTe3m mporenHa (Fritz m cap., 2006). JlomaTHo, mHTEepaknuja n3Mehy oma nBa
MeTaboIM3Ma OJT IPECYTHOT je 3Havaja 3a Mo0oJbIIamke TOJIepaHIije Ha cTpecHe yeioBe (Reguera u cap.,
2013; Jian u cap., 2017). 1 oxcumatuBHH meHTO30-hochaTtan myT u KamBwHOB IUKITyC 00€30ehyjy
YIJbEHUYHE CKeneTe v hopMu eputpose 4-pocdara Koju, 3ajeqHo ca pochoeHONIPYBaTOM MTOPEKIOM U3
TIIUKOIIN3E, TIOCTaje MPEKypcop 3a (EHWIPONAHOMIHH MeTadoJn3aM IOCPEJICTBOM ITyTa IMUKUMCKE

kucenune (Caretto u cap., 2015).

5. Cumnresa MNPOTEHHA U YT HIMKUMCKE KHCCJINHE

Kox Ousbaka xmoporiactd cy JOMHHAHTHA MecTa yHyTaphelujcke CHHTe3e aMUHOKUCETHHA.
Awmunokucenune Val, Arg, His, Leu, Trp, Met, Phe, Cys, Lys u Glu ce uCK/by4HBO CHHTETHIITY Y CTPOMU
OBHX IJIACTHAA, JOK CE€ OCTajle aMHUHOKHCEINHE MOTY CHHTETHCATH Y MUTOXOHAPHjaMa WIH Y HUTOCOIY.
WckibyunBa niy TOMMHAHTHA JIOKAJIM3alldja OMOCHHTETHYKHX TyTEBa CHHTE3¢ aMUHOKHUCEIMHA Y CTPOMU
IUTACTHJIA 3aXTE€BA CUCTEM KOjU YHOCH TNPEKypcope W KoakTope KOjU YyYeCTBYjy Yy NMyTE€BUMa CHHTE3E
AMHHOKHCEIHMHA, ajli U CHUCTEM 32 H3BO3 aMUHOKHCENWHa (KOje Cy HEONXOJHE APYruM hesujcKuM
KOMIIapTMEHTHMa Kako OM ce CHHTeTHCAIM MPOTEHMHH) WJIM aMUHOrpyna (Kako JIOHOpa 3a Apyre
OMoCHHTETHYKE IyTeBe). ApoMaTtnuHe amuHOKKcenuHe henunananus (Phe), tuposun (Tyr) u Tpunrodan
(Trp) npeacraBsbajy HeHTpaIHE MOJIEKyJie OMIBHOT MeTaboIM3Ma jep, U MOope Tora IITO Cy €CeHLUjalHe
KOMITOHEHTE Yy M3TPaJbHl NPOTeHHA, 3HAYajHU Cy MPEKypcopr OMJBHHX XOpPMOHA M IIMPOKOT CIEKTpa
apOMaTHYHUX CEKYHIApHHUX MeTaboimTa ca OpojHuM OnonomkuM ¢yrakirjama. Cuaresa Phe, Tyr u Trp
OJlIBHja C€ MPEKO T3B. MyTa MUKAMCKE KucenuHe. [IyT MHIKUMCKe KHCEIHHE je JIOKAIMjCKH OTpaHHYeH
WCKJBYYHMBO Ha CTPOMY IutacTuaa. KomIuiekcHa, HHTpalenyIapHa, TUIaCTHANjaTHa JIOKAIHja ITHKAMCKOT
MyTa je MOCIeAm X TOAMHA MHTEH3WBHO MPOYyYaBaHa U YTBPHEHO je Aa reHH YKIbYUECHH Y MYT ITUKUMCKE
KHCEJIMHE HajBepOBATHH]E BOJIC TTOPEKIIO HE O 3aj€JHIYKOT ITHjaHO0AKTEePH]CKOT IPOKAPHUOTCKOT TIpeTKa,
Beh ox HajMame Tpu pa3nmuuuTa W3BOpa, IpH YeMmy je (rrorennja nmpaheHa KOMIUIEKCHAM TyOWITIMa H
nonaBameM QyHKIHja y Buine kopaka (Tegeder w Weber, 2006; Vogt, 2010).

[Tyt mmmkumcke kucenwre (Crnuka 8) 3amounme KoHAeH3anujoM dochoeroampysata (PEP)

(Cnuka 8;) u epurpose 4-poctara (E4-P) (Cnuka 8), mpu uemy Hacraje 3-me3okcu-D-xentyno3o-7-
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¢docpat (DAHP) (Cnuka 83) u Heoprancku docdat y3 momoh ensuma DAHP cunraze (DAHPS). Hako je
PEP mnopekioM u3 rivkonmse, XJoporiacTuMa (3a pasiiuKy oj JPYTHX IUIACTHIA) HEeJ0CTajy €HOJa3e U
¢docdormiepomyrase, Tako a Tpuo3o-pocdaru He Mory outu kouBeproBanu y PEP y crpomu mnactuna,
Beh 3axTeBajy TpaHcmopTHH cucteM 3a ynasak PEP y mmactupmjanny crpomy. E4-P yrnaBHOM OuBa
MOBYYEH U3 MEHT030-(hoCchaTHOT IUKITyca U MPOJIYKYje Ce, 3ajeHO ca KCmrysno3o S-pocdarom (Xul5-P)
ox ppykrozo 6-hocdara (F6-P) 1 GAP y peBep3nOMIHOj] peakinju Kojy Karamusyje Tpanckeronasa (TK).
Tpanckeroiasa je 3HaUajHa rpaHAYHA Tauka 003upoM jaa je F6-P mpexypcop 3a cunTesy ckpobda, GAP Moxke
OWUTH TpaHCIONUpPaH y UTocol, a E4-P Moxxe OMTH Wi IpeKypcop 3a My T MIUKAMCKE KHCEJIMHE UITH MOXKe
CIyXuTH 3a Tmponaykiujy Xul5-P. Mako je DAHPS 3HavajHa TpaHnYHa Tadyka y Tpenasy HpUMapHOT
MeTaboM3Ma y MTMKUMCKH ITyT, jOIT YBEK HHje TIOTBPHEHO 11a TN 0Baj €H3MM CIIYXKHU Kao TJIABHH PETYJIaATOP
(dhykca m3mel)y mpuMapHOT U CEKYHIApHOT MeTa0OoJM3Ma, WK j€ FheTOBa aKTUBHOCT IPEBACXOIHO BE3aHa
3a KOMITETUITHjCKO mipey3uMame PEP m3 rmukonmse m E4-P w3 mentoso-docdarHor mukmyca. Hakon
cunateze DAHP, nakHamHo 3aTBapame MpCTeHa, Aexuaparanuja u peaykidja (Cinuka 84 5, 5) J0BOIE 10
nponayknyje mukuMata (Cmka 87). [lIukumaT ce mocpecTBOM IMMKUMAT KHHA3¢e KOHBEPTYj€ Y IMUKAMAT
3-dochar (Cnuxa 8s) koju ce mpeBomu y S-enonmupyBmimrkumart-3-gocpar (EPSP) (Criuka 89)
nocpenctsoM EPSP cuntase. Kpajmu kopak mukuMckor myTa je npaheH enuMuHanujoM dochaTae Tpyme
n3 EPSP mocpencTBoM xopu3mar cuHTase npu yemy Hactaje xopusmat (Ciuka 8;9), oJakiie ce myTeBu
CHHTE3€ apOMaTUYHHX aMHHOKUCennHa pa3nBajajy (Ciuka 8;; ;2) (Wildermuth u cap., 2001; Tegeder u
Veber, 2006; Garcion u cap., 2008; Tzin u Galili, 2010; Fraser u Chapple, 2011; Galili u cap., 2016).
[IpBu kopak y cuHTe3m amuHOKucenuHe (enwnanannH (Phe) karanuzoBaH je eH3UMOM
XOpU3MaT MyTa3a KOjU KOHBEpTyje Xopu3mar y mnpedenar. TpaHcamMuHANMjOM HacTaje aporeHar, a
VKIalkhalkheM XUIAPOKCUIIHE M KapOOKCWJIHE TpyIe IMOCPEICTBOM apoOTreHAT JEXHIPOTreHa3e Hacraje
(enmnananuH. HeokcunatueHa AeamuHaIyja (eHWIATAHUHA JI0 (rans-lIMHAMATa | IPOTOK YIJbCHHUKA O]
NIMKHMCKOT TyTa JI0 Pa3IMYUTUX rpaHa (EHUIIPONAHOUTHOT METa00IN3Ma KaTATM30BaHU CY OJ CTpaHe
dhennnananna amoHujyM mmaze — PAL ensum (Tzin u Galili, 2010; Fraser u Chapple, 2011). Ananorsao
OBOj XEMH]CKOj peaKIlfju, KOHBEPTOBAE, Tj. IEAMHUHAIIN]ja THPO3WHA, KaTaTN30BaHa j& 0J1 CTPaHE THPO3HH
amonmjym nmaze (TAL), mpu ueMy JgeaMHHAITjOM HacTaje p-KyMapHHCKa KUCENIMHA, a €H3UM je 3HadajaH

Yy CHHTE3H JINTHUHA TIpH m3Trpaamu hemwjckor 3uma (Ganapathy u cap., 2016; Maeda, 2016).
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Crnuka 8. [Tyt mmknmcke kucenuHe (mpema Knaggs, 2003)

Tupo3un

dennaianua

1) dpochoenonmupysart 2) eputposa 4-docdar 3) 3-ne3okcu-D-xentynoszo-7-pocdar (DAHP) 4-6) npouecu penykimje u
nexuaparanyje 7) mmkumat 8) mmmkumat 3-pocdat 9) S-enonnupysuninnkumar-3-docedar (EPSP) 10) xopuzmar 11, 12)

pasZiBajarme IyTeBa CHHTE3€ apOMaTHYHUX aMHHOKHCEIMHA
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5.1. ®enunnponanouonu memadonuzam

OeHMMMPONaHOUTHNA MeTabonm3aM je 3a OWJbKE HEONMXOJaH METAa0OJWYKHA YT KOJUM ce
CHUHTETHIITY TPaJIIBHE KOMIIOHEHTE HEOITXO/IHE 32 BACKYJIAPHU HHTETPUTET U CTPYKTYPHY TOAPIIKY, AT 1
CTapPTHO MECTO TMPOIYKITHje MHOTHX 3HAYajHUX METaboNHTa YKIBYYCHHX Y OIOpaHy Ol aOMOTHYIKUAX H
OMOTHYKHX (haKTOpa CIIOJBAIIHE CPEIUHE.

Ensum dhennnananma amorunjym nuasza (PAL) kaTanu3yje npBu KOpak y (HeHMITPOITAHOUTHOM
MeTaboIM3My Y KoMe (heHUJIAIaHWH TIOJIeKEe TIeaMHHAIIN] |, TIPYU Y€MYy HACTaje frans-IIAMETHA KACeTnHa
n amoHHjyM. Excrnpecuja reHa oaroBopHux 3a akTHBHOCT PAL eH3uMa KOHTpoiMcaHa je Pa3BOjHO U
MPOCTOPHO, a Pa3JIUKe Y aKTUBHOCTH CE€ TOJAaTHO MOTY jaBUTH U yciiell OMOTHYKUX U a0HOTHYKUX CTPECHHUX
¢dakropa (Vogt, 2010; Fraser u Chapple, 2011).

HNaxo je xon Arabidopsis sp. yrBpheHo npucyctso PAL1, PAL2, PAL3 u PAL4 rena, 3a koje
Ce MOKa3alio Jla Cy TKUBHO M pa3BojHO crenuduunu, cmarpa ce ga PAL1 u PAL2 komupajy rinaBHe
¢ynkuuje PAL ensuma. Kox Tonone (Populus sp.) o yKyITHO 9 OTKpUBEHHX I'eHa, jeJ]aH TeH je OATOBOpaH
3a popMupame JIMTHUHA, IPYTH 32 (hopMUpame KOHACH30BaHUX TaHUHA, a Tpelin ce IoBe3yje ca LIBETambeM,
Maja (QyHKOHja OBOT Te€Ha HHUje IOBOJbHO pasjammeHa. Kon mpencraBHuka Qamunuje Solanaceae
MPETHOCTaBJba ce MpUcycTBO OKo 20 moreHuujanaux PAL reHa, amu je 3a camo jeqaH TeH yTBpheHa
eKCTpecHja y CBUM TKHBHUMA. M mope1 HeJI0BOJbHE Pa3jallmheHOCTH TEHETHIKOT MEXaHU3Ma KOjH ce Hala3u
Yy OCHOBH OBOI' MeXaHHM3Ma peryjaiyje TeHCKE EKCIpEecHje, CBECTpaHa W MPWIATO/JbUBA KOHTPOJIA
IpeycMepaBama MpoayKaTa MTUKAMCKOT TIyTa Y CHHTE3y CeKYHIapHHX MeTabonuTa Moryha je jeauHo y3
aZIeKBaTHO oJiBHjame mporeca porocunarese (Vogt, 2010; Fraser m Chapple, 2011).

PAL en3um mpumana cyrnephaMuiInji aMHHOKHCETMHCKAX aMOHHU]YM JIna3a/aMHUHOMYTasa |
KOJl IMUKOTWJICHOHWUX OMJbaka IPEeBACXOIHO je 3aAyXKeH 3a neaMuHaIdjy (enmnmatanwmHa, nok PAL
MOPEKJIOM OJ] KBacala U HEeKUX MOHOKOTHJIA, Tope] (eHUIalaHnHa, BPIU JeaMUHAIIU]Y U THPO3HHA. Y
npupoau ce PAL jaBiba Kao TeTpaMepHU €H3UM MOJEKYICKe TexknHe oko 275-330 kDa, mpu gemy ce
MPETIOCTaBJba Jia je 300r BHIIECTPYKHX TETpaMepHHUX (HOpPMH ca, JOHEKIEe Pa3IHIUTOM MOJIEKYJICKOM
MacoM, U30€JIEKTPUYHOM TauKoM U apUHHUTETOM mpema cynctpary, PAL xereporerpamep. CTpyKTypHO,
PAL je xenmuKc THII IPOTEHHA ca IBa CTPYKTypHA CETMEHTA. JeaH CTpYKTYPHHU CerMeHT yuBpiuhyje eH3uM
W WHTepearyje ca IpyruM henujcKMM KOMIIOHEHTaMa (OBaj CErMEHT je O3HaueH Kao N-TepMHHAIHO
NPOIIUPEHE), JOK APYTH CErMEHT (03HaYeH Kao CIeUU(PUYHN 3aIITUTHH JOMEH) KOHTPOJIHIIE aKTUBHOCT

eH3MMa orpaHnyaBajyhu npuctyn cyncrpary (Zhang u Liu, 2015).
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3a moueTHe Kopake Koje karanusyje PAL, unnamar 4-xunpokcunasa (C4-H) u 4-xymapoun
CoA-nuraza (4CL) cy Heomnxo/iHe KOMIIOHEHTE U YMHE OCHOBY JlaJhel CHHTETUCAamha MeTabonmTa. Hactamu
MeTaboauT p-kymapoui CoA mpesacTaBiba Haj3HAYajHUjy TPAHUYHY TauKy OMOCHHTE3€ (PEeHIINPONaHon1a
KOJI OMJbaka, jep ce KOHBEPTYje y pa3iUuuTe apoMaTHUYHE KOMIIOHCHTE, jeJHUM MMEHOM O3HA4YEeHE Kao
nonugenonu (Cnuxa 9).

Ha oBaj naumn Hacraje oko 8 000 apoMaTHIHUX METa0OJINTA KOjU Cy CBPCTAaHHU y PA3IHMINATE
roakiace (WM Kiace) yKIbyayjyhu kymapuse, (hJaBoHOUIE, aHTOIHjaHUHE, CTUIIOCHE, JINTHUHE, (DEHOTHE
kucenuae u aAp. AKTuBHOCT PAL je mHIyKOBaHa TOKOM IIpolieca pacTema M pas3Bmha, ali 1 MHOTUM
croJbalmiM (DakToprMa Kao IITo Cy Hamaj matoreHa, UV 3paueme, HEAOCTaTaK HyTpHjeHATa U APYTH
MIPOIIECH Y KOjMa apoMaTHYHE KOMITOHEHTe mTHUTe OrbHY oprarm3aM (Jakovljevi¢ u cap., 2017b; Baque
u cap., 2010).

Kontporma PAL akTHBHOCTH O/BHja C€ MOCPEACTBOM HEKOJIMKO MEXaHW3aMma YKJbydyjyhu
WHXHOWIN]Y TPOAYKTOM, TPAHCKPUIIMOHY W TPAaHCIAIMOHY peryialujy, HOCTTPaHCIAHOHY
WHAaKTHBAITH]y, CYOIIeNTyJIapHy KOMIApTMEHTAIH]Y, &JIA 1 METa0OJINIKY peTyJIallijy OBPaTHOM CIIPETOM.
PasymeBame MexaHnW3aMa KOjU KOHTPOJIUINY BPCTY W KOJMUYUHY (PCHOIHUX jeIUE-EHha CUHTETU30BAHUX
MOJT Pa3JIMYUTUM YCIIOBUMA U Jlajbe MPEIICTaBba MPHOPUTET y UcTpaxuBamuma (Lattanzio u cap., 2009;

Zhang u Liu, 2015).
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21



Jlpacana Jaxosmwesuh Joxmopcka ducepmayuja

6. CuHTe3a M yKiIamamhe PeaKTHBHAX BPCTA KHCEOHHUKA y PAMAPHOM MeTa0o0Ju3My

dortocuHTe3a je muHaMH4YaH W (hIeKCHOMIaH TPOIEC KOjU ce OABHja y XJIOPOIUIACTAMA —
OpraHejama ca BIHCOKO OPTaHH30BaHUM CHCTEMOM THIIAKOWIHUX MeMOpaHa Koje caJip’Ke CBE CTPYKTypHe
KOMIIOHeHTe (poTocuHTeTHYKOT amaparta. [lom yTumajem CcBeTIOCTH, (OTOCHHTETHYKH EJIEKTPOH-
tpancnoptau yanal (PET) nmpenocu enexrpone ox Boae 1o NADP cTBapajyhu MpoTOHCKH TpajiijeHT KOju
omoryhasa cunate’y ATP. Behu neo enexTponHa mpaTw JWHEapHU, HEIUKIMYHU TPAHCIOPT OJl BOZAE /IO
dotocucrema II (PSII), muroxpomckor komruiekca bg/f n dhotocucrema 1 (PSI) mo NADP, noBoaehu no
ctBapatba NADPH u ATP. Mamu Opoj eleKTpoHa ce yKJbydyje Y IUKIUYHH TPAHCIIOPT y KOME je
¢daBopuzoBana cunteza ATP naqg NADPH. Kuceonuk, koju ce reHepuine y XJ0poIiacTUMa TOKOM OBOT
nporieca, MOXKe MPUXBATUTH EJIEKTPOHE KOjH Ipoja3e Kpo3 (OTOCHCTEME, IITO PE3YNTHpa HACTAHKOM
peaktuBHUX BpcTa kuceonuka (ROS). Ha Ttaj naumn, peakumonu ueHtpu PSI m PSII y tunakomanma
xnoporutacta, kao 1 PET, HeonxoxHu 3a mpouec (GoTocHHTE3e, YHMHE XJIOPOIUIACTE INIABHUM H3BOpUMA
peaktuBHUX Bpcta kuceonuka (Gill u Tuteja, 2010; Foyer u Shigeoka, 2011).

Jenna ox ocHoBHUX KapakTepuctuka PSII je ma jako mommexe omrehemnMa o cTpaHe
cBeTiocTH. HemoBosbHa amcunanyja CBETJIOCHE €HEpPruje TOKOM (OTOCHHTE3e MOXKE JIOBECTH JI0
GopmMupama TpHILIET cTama XJIopoduia, Tj. peakuuonor nentpa (*P6807). Xnopoduiu y oBOM TpuILieT
CTamby MOTY pearoBaTd ca TpUILIETOM KuceoHuka (*02), MITO 3a MOCIEAMI)y UMa CTBAPAE-E CHHIJIET
kuceonuka ('0y) y peakuMoHOM LEHTpy oBOr (orocucreMa. OBa OCET/HMBOCT IIPOTEHHA PEAKIHOHOT
meHTpa P680 y3pokyje meroBo oOHaB/hamkbe Ha CcBakumx 30 MUHYTa, YaK W TMPH CBETIOCTH HHUCKOT
nHaTeH3uTeTa. Omrehema 1 00HABJBama CE JICMIABajy IPH TOTOBO CBUM WHTEH3WTETHMA CBETIIOCTH, a
mamutrpame PET dyHKIHje ce pemana caMo YKOJHKO je omTehemhe peakiinoHoT IIEHTpa HHTSH3UBHH] € O]
Moryher oOHaBJbarba, MPU 4eMy J0J1a3H 10 (HOTOMHXUOMITH]e caMor Tmporeca JOTOCHHTE3e, Ca M3y3eTHO
wretHuM epextuma u Ha PSI, kao u Ha unTaB GorocuHTeTHuKH anapar. JKusotHu Bek 'O, je 0k0 3 ps u 3a
TO BpeMe OBa PEaKTHBHA KHCEOHHWYKA BPCTa je crocoOHa aa y hemmjama mpehe mucTaHIry O HEKOIHKO
croruaa HanomeTapa (Gill u Tuteja, 2010; Foyer m Shigeoka, 2011).

Edwuxkacna 3amrura PET noapa3symeBa cMamuBame IPOAYKIHje CHHTICT-Kiceonnka y PSII,
aJIu U yKIIambamke cynepokcua-aHjoH panukana (O;) u Bogonuk-nepokcuna (H.Oz) nopeknom ox PSI.

O, je yMepeHO peakTHBHA BPCTa KUCEOHUKA Ca >KUBOTHUM BEKOM 0OJ1 2 110 4 1S, 32 pa3juKy Of
H>O5 unju je xuBoTHU Bek U 10 1 ms. DyHKIMOHUCAKE UKIMYHOT TPAHCIIOPTa EIEKTPOHA Ce cMaTpa
jeoIHMM Ol HauWHa MPOTEKIHje O]l PEaKTUBHHX BpCTa KHUCEOHHKA, MMOILITO CE EHEPreTCKHu OMIaHC

xJioporutacta oap:kasa npoaykiujom ATP koja je paBopuzoBana y oganocy Ha NADPH. ®ortopenykuuja
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MOJIEKYJIa KHCEOHHKA 10 CYIIEPOKCH aHjOH-paJuKaia, na mociennqno u 10 H>O Ha akuenTopckoj cTpanu
PSI otkpusena je 1951. ronune on crpane Musiepa v IPBH je KOpPaK y CEpUjU peakliyja Koje ce 03HauaBajy
kao W-W mmkiyc, Tj. yuxayc eooa-eoda (Asada, 1999; Asada, 2006; Foyer u Shigeoka, 2011). [Tpoayxkiuja

ROS u muxona IocjacandHa GJ'II/IMI/IHa]_II/Ija TOKOM (bOTOCI/IHTGTI/I'{KOF nporneca npruKasaHy Cy Ha CJ'H/ILII/I 10.

CO, |<’;<:<: NADPH NADP* el
NAD(P)H MAD H,0
0,
NDH R 9
] OKCH/Ia3e ] z
cTpoMa Lm0 5 &, @@
P A
) — ) (O Q)

JIyMEeH

Cuka 10. TTpoaykuuja peakTHBHUX BPCTa KHCEOHHKA M BbUXOBA €JIMMHUHALIMja TOKOM Iporieca
¢dorocunTtese (nmpema Asada, 2006)

Cymnepokcuz aHjoH-paiuKal ce 0l CTpaHe eH3uMa cynepokcua nucmyrase (SOD) mpeBoau y
H>0; u O», HakoH uvera ce H>O> penykyje 10 H,O u ackopbara (AsA) on cTpaHe eH3uMa ackopoOat
nepokcugaze (A-POX). A-POX kopuct AsA kao criennpuuHI T0HOP eNeKTpoHa U BpIu peaykuujy H.Oo
1o H>O y3 nucroBpeMeny reHepanujy Moroaexuapoackopbata (MDHA). Hactanu MDHA OuBa penykoBan
1o AsA wu ox ctpane depenokcuna i NADPH y3 momoh xnopomnactne MDHA-penykrasze. AsA u

GSH cy mely Haj0osbe npoyueHnM OubHUM aHTHOKcHAaHTUMa (Asada, 2006).
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®opmupame H.O, on ctpane PET y xnopormactiuma TokoM ¢oTtocuaTese Cs Onsbaka H3HOCH
oko 4 umm?s’!, camo JeaMMUYHO NPUOIMKHO KOIMYUHHI KOja Ce MPOU3BEJIE KA0 PE3YITAT INIMOKCHIATHOT
nukinyca y ¢oropectmparopaom nyry (10 um m? s1). Mehyrum, H,O; je 3Hauajan MHXHOHTOD
(hOTOCHHTETHYKOT MpOoLIECa, jep YaK 1 IPU HUCKOj KOHIIEHTPAINj 1 MOKE H3a3BaTH HHXUOULIU]Y QHKcaluje
CO2 1 o 50%. 3ato je Oamanc m3mely mpoaykuuje u enuMuHanuje ROS y xjopomnmactuma ctporo
KoHTponmcaH mporec. [lojauana xmoporiacTHa aHTHOKCHIATHBHA 3allITHTA CE IMOKa3ala Kao jedaH Off
HajOOJBPMX CHCTEMa 3allThTe Omhbaka of abwotmukor crpeca. EdwukacHujum yrmamamemM ROS
(hOTOCHHTETHYKN TIPOIIEC je& Marmke OCETJFMB Ha MpoMeHe crosbamimke cpenune (Foyer m Noctor, 2003;
Asada, 2006; Gill u Tuteja, 2010; Foyer u Shigeoka, 2011).

W nopen koHTHHYHpaHE XJIOpoIriacTHe mpoaykije, ROS cy Hem30eXHM MTPOITYKTH B IPYTHUX
henmjckux KoMmapTMeHaTa ca BHCOKOM METAa0OJMYKOM aKTHUBHOIINY WM Ca WHTEH3WBHHM IPOTOKOM
enekTpoHa. Ha cBetiiocTH, mopes XJIopomiacTa, IepoKCU30MH Cy TIaBHe opraHene koje reHepumry ROS,
JOK y OJICYCTBY CBETJIOCTH, OJ IEJIOKYMHOT KHCEOHHKa KOju je armcopboBaH, ox 1 mo 5% ce y
MuTOXOHApHjamMa TmipeBoan y ROS. 'hemmjcko okpykeme MUTOXOHApHja OmpbHHX henmwja je
KapaKTepUCTUYHO 300T POTOCHHTE3E KOja JOBOIM JI0 CTBapama CpeJuHe 6orate KHCEOHUKOM U YIJbEHUM
xunparuMa. PecrniupatopHu enekTpoH-TpaHcmoptHu JaHal, MutoxoHapuja (ETC) canpxu cepujy
MeMOpaHckux nporenHckux komiekca (komruiekcu CI, CII, CII, CIV) koju, 3ajeqHo ca yOMKBHHOHOM
(UQ) u mpoTrenHOM IUTOXPOMOM ¢, KaTanu3yjy npeHoc enektpona ca NADH u cykumnata mo O»
¢dopmupajyhu H>O. Iportok enekrpona oq NADH u cykiunara Ha O, IOBE3aH je ca TPAHCIIOKAIH]OM
NPOTOHA y MehyMeMOpaHCKHU IPOCTOP, IPH YEMY C€ YCIIOCTaBJba €JIEKTPOXEMHU)CKH IPaJHjEHT HEONX0IaH
3a cuntesy ATP. Komnekcn CI u CIII no3natu cy mzBopu Oz ,4ak U MPU HOPMAIHUM PECIUPATOPHUM
ycnoBuma. Hacramu O momiexe mucmytammju 10 H>O, onm crpane SOD. H,O, moxke pearoBatu ca
penykosanuM Fe** u Cu' ipu uemy HacTaje BUCOKO PEaaKTHBHH U M3y3€THO TOKCHYAH XHUIPOKCHII-PAIUKAT
(OH") xoju Moxe pgoBecTH 10 (GoOpMHpama IUTOTOKCHYHUX JUNUAHUX QJIIEXHaa, alKeHa W
XUApOKCHanKkeHa (4-Xxuapokcu-2-HoHeHan W ManoHmuanaexun (MDA)). OBu mpoayKTH HW3a3uBajy
omrehema pearyjyhu ca mpoTemHUMa, JPYTHM JUITHANMA ¥ HYKJIEHHCKUM KucenmnHaMa. [Tomohy cuctema
3a TUCHTIAIM]Y €HEepTHje MUTOXOHIApHje OMJbHMX henrja MOTY KOHTPOJIHCATH TEHEPHUCAHC PEaKTHBHUX
KHCEOHWYKHX BPCTa, 1A MMajy W U3y3€THO BAXHY YJIOTY y aJanTaluju Onjbaka Ha YCIOBE OKCHAATHBHOT
ctpeca Ha hemmjckom HuBOY (Gill u Tuteja, 2010).

Kao 1 MUTOXOHIIpHj€ B XJIOPOIIACTH, U TIEPOKCH3OMH MPOoIyKyjy Oz paaMKan KOju HacTaje
Kao TOCIeua HUXOBOT HOpPMAaJTHOT MeTabonmm3Ma. Y OBHM OpraHenaMa cy 10 caxa yTBpheHe nBe
JIOKaIyje Ha KojuMa Jojia3u 10 reHepucama O U TO Yy MaTPHUKCY MEPOKCH30Ma (TIe KCAHTHH-OKCHIa3a

(XOD) xatanu3yje oKcuAalyjy KCaHTHHA U XUIIOKCAaHTHHA 10 Mokpahne (ypuHcke) kucenune) u'y ETC
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MemOpanu nepokcuzoma. [Topen Oy, y nmepokcuzomuma ce renepuite u HO, npuinkom goTtopecnupanje
u f-oxcupanyje Mmacaux kucenuna (Gill m Tuteja, 2010). HomatHo, ROS ce reHepuiiie 1 mocpeacTBOM pajia
pH-3aBHuCHHX mepokcuaasa, okcuaaza heiamjckor 3uaa U MOJIMaMHUH OKCHZA3a KOje YIJIaBHOM T'eHEpHIIY
H,0,. TokoM crpeca jumokcureHase hemujckor suma mory mpoaykosatu O, OH:, H,O» u 'O,.
[TnazmamemOpancke NADPH-3aBicHe okcureHase, TOKOM TpaHCIIOpTa eekTpoHa o uutoconne NADPH
1m0 O, mpoaykyjy O Koju ce Wiu CIOHTaHo, win mocpenctsoM SOD, mucmytupa go H»O,. Taxobe,
3a0enexeHa je MpOoAYKIMja peaKTHBHUX BPCTa KHCEOHHWKA W O] CTPaHe €HAOIUIa3MATUYHOT PETUKYITyMa
(Das u Roychoudhury, 2014).

AHTHOKCHIIATUBHHA CHCTEeM He ykiama y mormyHoctd ROS. HajsepoBaTHmje je ma ce
KOOPIHMHAIIN]OM TIpolieca Mpoaykiyje u enumuHarmje ROS y hemwjckoj cpenuan omoryhaBajy amekBaTHe
CUTHAJIHE peaknuje oI0paMOEHOT CHCTeMa TOKOM CTpeca, YKJbydyjyhu akTwBaiijy €H3uMa W TEeHCKY
excrpecHjy (Asada, 2006; Foyer u Noctor, 2003; Gill u Tuteja, 2010; Foyer u Shigeoka, 2011). PeaktuBHe
BpCTE€ KHCEOHWKAa HACTajy HE CaMO TOKOM KOOPIWHUCAHUX METAa0ONWIKUX IyTeBa y hemujckum
KoMImapTMeHTuMa (YKJBydyjyhu XJiopormiacTe, MUTOXOHIIpHjE, MMEPOKCH30ME, NENMjCKU 3WI, aloIlIacT,
miasMamMeMOpaHy YW CHIOIUIA3MATUYHHU PETUKYJIyM), Beh U Kao pe3yiarar aOMOTHYKUX U OMOTHYKUX
¢akTopa crpeca. Ha Taj HaumH je exBuinOpujyMm m3mel)y mpoayKiMje W yKiIamama PeakTHBHHUX BPCTa
KHCEOHHUKa YIpO’KeH MHOTOOPOjHUM (akTopuMma cTpeca IMOMYT CaJMHUTETa, YATPABHOJIIETHOT 3padyea,
eKCTPEMHUX TeMIlepaTypa, AeNpHBaldje HYTpUjeHTHMa, HamaJoM maroreHa, xepouuuanma utia. OBO
HapyllaBame PaBHOTEKE N3a3MBa OKCHIATUBHH CTPEC, Tj. CTame Koje MpaTu 3HavajaH aucbananc usmely
npoaykiuje ROS u anTnokcunatuBre oadpane. [losehame nHTpaLenynapHe KOHIEHTPALH]€ PEaKTUBHUX
BpCTa MOKE JOBECTH 0 3HayajHUX oluTehema yribeHuX Xuapara, HyKJIEHHCKUX KHCEIWHA, OKCHIAIN]e
NpoTeMHa W JUMNHMIHE NEepOKCHAALMje, IITO Ha Kpajy pe3yiThpa OKCHIAATUBHUM cTpecoM. Kako Ou ce
3alITUTHIIE OJf OBUX TOKCHYHHMX HHTEPMEAWjapHUX Npoxaykara, OujpHe henwje M HHUXOBE OpraHene
YKJBYUY]y 0n0paMOeHH cucTeM dHje Kommonente Mory outn emsumcke (SOD, CAT, A POX, GPOX ..)u
He-€H3MMCKE KOje YKJbYUYyj]y acKOpOMHCKY KHCENHWHY, TOKodepoise, kapoTeHouae, peHoTHEe KUCETMHE,

dbnaBonownme u apyre (Gill u Tuteja, 2010; Sen, 2012).
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6.1. En3umcke KOMnOHeHme AHMUOKCUOAMUGHE 3auimume

Cynepokcun nucmyTtasa (SOD) npunaga pamunuju meranoenzuma. OBaj CBEIPUCYTHH €H3UM
aepoOHMX OpraHM3aMa jelJaH jeé Of HajeUKacHUjUX CH3MMa YWja jeé OCHOBHA YJIOTa CIpeYaBambe
¢dopmupama OH- npeko Xadep-Beucose peaknuje. Y mponecy nucmyranuje O, KaTaln30BaHe OJ] CTpaHe
SOD y4ecTByjy IBa MOJIEKyJa OBE peaKTUBHE KHCEOHIYHE BpcTe. Jeman monekyn Oz penykyje ce mo H,O»,
a mpyru momekyn O okcuayje ce mo O,. Ha ocHoBy Tmma metamHor kodakropa, SOD ce Moxke
kracudukoBaté Ha Tpu (popme: Oakap/muHK cymepokcuna aucmyTaza (Cu/Zn-SOD) mokanm3oBaHa y
IIATOCOJTY, TIEPOKCU30MUMA 1 XJIOPOIUIACTHMA; MaHTaH cynepokcu qucmyTtasza (Mn-SOD) mokann3oBana
y MUTOXOHpHWjama, W TBOXhe cymepokcun mucmyraza (Fe-SOD) mokanm3oBaHa y XJIOPOILIACTHMA.
Crenmduana peryannja akTHBHOCTH TI0jeIMHAYHUX (DOPMH YV TECHO] je Be3H ca (pakTopruMa cTpeca U uMa
KJBYUYHY YJIOTY Y TIpeKHBJbaBamky HenoBoJbHHX ycioBa (Gill u Tuteja, 2010; Das u Roychoudhury, 2014).
[IpoTrekTHBHA yioTa OBOT €H3MMa Koj OOCHIbKa 3a0elexeHa je y Cay4ajy cTpeca W3a3BaHOT TEHIKUM
MeTaanuMa, BHCOKOM KOHIICHTpAITHjoM Oopa, HICKAM TeMIlepaTypamMa, HyTprujeHTuMa u conmnMma (Rai u cap.,

2004; Wongsheree u cap., 2009; Landi u cap., 2013; Jakovljevi¢ u cap., 2017a; Jakovljevi¢ u cap., 2017b).

Karanaze (CAT) cy TeTpaMepHH XeM-IPOTEUHU KOjU Katanu3yjy aucmyranujy H.O» mo H.O
u O,. Kapakrepumy ce Bucokum adunuterom npema H»O; u HajBuIIOM cTOmoM aucMmyTauuje (jedaH
mosiexys CAT moke KouBepToBaTh 0KO 6 X 10° Monekyna H,O; 3a jenan munyt). Kako cy riasua mecra
npoaykiuje HO;, mepokcu3oMu TOKOM OKCHIAIMje MaCHUX KHCelnHa, (oTopecupanyje 1 MeTadonu3Ma
nypuHa, CAT je 1oMUHaHTHO aKkTUBaH y niepokcuzomuma. Mehyrtum, CAT morxke OUTH aKTUBAH U y IPYTUM
henujckuM KOMIapTMEHTUMA, IIPU YeMy cy H30(opMe OBOT €H3MMa He3aBHCHO peryiucane. M3odopme
CATI u CAT2 cy, ocuM y IEpOKCU30MHMA, JIOKAIM30BaHE U Y LIUTOCONY, MpH ueMy je uzodopma CAT]
aKTHBHA Y TIOJICHY ¥ CeMEeHUMa, 10K je CAT2 NOMUHAHTHO aKTHBHA Y (POTOCHHTETHIKOM TKHBY, AJIH MOXKE
OWTH aKTUBHA U y KOpeHy U cemeHnMa. CA T3 n3odopma je Tokaan3oBaHa y MUTOXOHIPH]jaMa BaCKyJIapHOT
tkuBa u guctoBa (Gill u Tuteja, 2010; Das u Roychoudhury, 2014). AHTHOKCHIaTHBHA yJIOTa KaTangase y
ycloBMMa CTpeca Ko OocCuibKa €BHISHTHpaHa je MPHINKOM CTPECHHX YCIIOBAa WHAYKOBAHMX
HYTPHjCHTHMA, COJIMMa, TEIIKHUM MeTaimMa, BogHoMm aeduruty (Rai u cap., 2004; Wongsheree u cap.,
2009; Heidari u Golpayegani, 2012; Landi u cap., 2013; Jakovljevi¢ u cap., 2017a; Jakovljevi¢ u cap.,
2017b).

Ackopbat nepokcunaze (A POX) cy okcumopemykTasze Koje mpunaaajy Kracu I mepokcumasza

(unTpanenynapHe nepokcuaase). OcHoBHa (yHKIMja OBMX eH3MMa je ykinamame HoO, y AsA-GSH
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LUKITYCY, IPY Y€MY c€ KOPUCTH ASA Kao JOHOD elleKTpoHa. Y OusbHUM hienrjama yTBpleHo je mprcycTBO
Hekonnko u3zodopmu A POX — y nutocony (cA POX), y crpomu (sA POX) u tunakounHoj MemOpaHu
xnoporutacta (tA POX), y rmrmokcuzomuma u nepokcuzomuma (mA POX) u mutoxonapujama (mitA POX).
Knacudukanuja je u3BplIeHa Ha OCHOBY JIOKaJIM3al{je W MPUCYCTBA PAa3IUUUTHX AMHHOKHCEIHHA
(Shigeoka i sar., 2002). Kako uma Behu apunutet 3a H>O2 071 KaTanasza u 1pyrux nepoxkcuiasa, cMaTpa ce
7a UMa KpyLUjajHy YJIOTy y YKJIamamy OBE PEaKTHBHE BPCTE, allil je 00pa3all aKkTHBHOCTH YCJIOBJbEH
TaKCOHOMCKOM TIPHUTIAAHOIINY OMJFHOT OpraHu3Ma M (aKTOpHMa KOjH JOBOJE 0 OKCHAATHBHOT CTpeca

(Gill u Tuteja, 2010; Das u Roychoudhury, 2014).

Kiraca Il mepokcumasa (MynTHTeHCKa (haMriija TepoKCHIa3a) o0yxBaTra XeM-CH3UME 9Hje
n3odopme Mory Bapupatéd y Bumie ox 50% aMHHOKHCENWHCKMX CeKBEHIH. OBe OKCHIOpeIyKTa3e
KaTaJIM3yjy OKCHJAIW]y Pa3IMIMTUX TIPYyla OPraHCKUX KOMIIOHEHTH, NP 4YeMy KOPUCTE apoMaTH4HA
jemnumema Kao goHope enmekrpoHa U H,O, kao kpajiu akmenTop elekTpoHa (TBajakon mepokcumasze (G
POX) xopucte rBajakon, mok mmporanon mepokcumaze (P POX) kopucre muporanon Kao IOHOpPE
enekrpona). OBH €H3WMH Cy, MOpE 3aIlTUTE Off OKCUIAATUBHOT OllTehiekha KOjy OCTBapyjy YKIamameM
H,0,, ykibyueHu y MHOTE METa0OJIMYKE MPOIECce Kao MITO Cy KaTaboJin3aM ayKCHHA, OMOCHHTE3a JIMTHUHA
MOCPEACTBOM OKCHAIMje IIMMETHUX AJKOXOJa IPe HUXOBE MOJIMMEpH3allfje y JHWTHUH U CyOepuH,
onOpaHne o mpenatopa UTl. JIokanu30BaHU Cy MHTpaAIeTyJapHO (Y UTOCOINY M BaKyoJH) U y hemujckom
3y ¥ eKcTpalenyiapHoM npoctopy. Kako ce rmaBHe yHKIMje mepokcuaa3a Be3aHux 3a hemujcku 3un
OJBHjajy Y amoriacty, u3o(opMe OBUX €H3UMa MpeAcTaBibajy 3HauajaH perynaropHu ¢akrop hemujcke
enoHranyje u pacrta. [lomyT octanux eH3MMCKUX KOMIIOHEHTH O70paMOEHOT CUCTeMa, U aKTUBHOCT OBUX
€H3MMa je IPOCTOPHO U BPEMEHCKH Pa3INunTa, a JI0JIaTHO j€ YCIIOBJbeHA U (JaKTOPUMA CIIOJhAIIEE CPSIUHE
(Quiroga i sar., 2000; Gill u Tuteja, 2010; Kukavica u cap., 2013; Das u Roychoudhury, 2014).

[IpoTekTBHA ynora aHTUOKCHAATHBHHUX €H3MMa W3 TpyIe MepoKcHIa3a KoJ OOCHIbKa je
BUIIECTPYKO TOTBpHEHa, W TO y CIIyd4ajy CTpeca W3a3BaHOr JCPUIIMTOM WIM BHUIIKOM MUHEPATHHX
eJIeMeHaTa, Pa3IMduTHM W3BOPHUMA COHOT CTpeca, BOJAHOM JeduuuTy u TemkuM metanuma (Rai u cap.,
2004; Tarchoune u cap., 2010; Tarchoune u cap., 2012a; Tarchoune u cap., 2012b; Heidari u Golpayegani,
2012; Landi m cap., 2013; Jakovljevi¢ u cap., 2017a; Jakovljevi¢ u cap., 2017b).

Momnonexuapoackop6ar pemykraza (MDHAR), nexmmpoackopbar pemykraza (DHAR) m
rryTaTHOH peaykrasa (GR) Takohe cy KOMIIOHEHTe €H3UMCKE 3aIlITUTE KOje, Y KOOPIHHAIIN]H Ca OCTAINM

€H3UMHUMa, MIPY’Ka]y 3alITUTY O]l OKCUIATUBHUX omTehema.
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6.2. He-en3umcke KOMROHEHME AHMUOKCUOAMUBHE 3aUmUme

Ilopen eH3uMCcKe aHTHOKCHIATHBHE 3alliTUTE, NpOIEC YKiIamamkma pPEaKTHUBHHUX BpCTa
KHCEOHHUKa 00aBJba CE U MOCPEACTBOM HE-CH3MMCKHUX KOMIIOHEHTH OMJBHOT 010paMOeHOT cuctemMa. Y He-
SH3MMCKEe KOMIIOHEHTe oJ0paHe OJl OKCHIATHBHOI cTpeca yOpajajy ce acKopOMHCKa KHCEJHHA,

KapOTEHOW/ !, TPOJIHH, ()eHOJHE CYTCTaHIle, mehepu 1 moIrnaMuHN.

Kaporenonnn cy aumocoiayOmiIHa HM3O0NPEHOWIHA jeIUbEha YHje Cy OHWONIOIKE yioTre U
aKTUBHOCTH ojpeheHe jemuHCTBEHOM XeMHjCKOM CTpYKTypoMm. Oko 600 pa3nmnmuuTux KapoTeHOWa je
3aCTYIJBEHO KOJT BUIINX OMJbaka. ¥ OCHOBH BehwmHe kKapoTeHoua je ckeneT o 40 yribeHHKOBHX aToMa (ca
KO YTOBaHHUM JBOCTPYKHM B€3aMa) Ha YHjUM KpajeBUMa C€ MOTY HAJIa3WUTH ITUKIINIHE KPajihe TPYIIE Koje
MOTY OWTH CyTICTHTyHCaHe (QYHKITMOHATHAM TpylamMa Koje caapyke kKuceoHnk. OCHOBHE (YHKITHjE€ OBUX
MMATMEHATA jeCy ariCOPIITHja CBETIIOCTH TajdacHuX ayxuHa 400-550 nm u mpeHoc mo xnopodrmia (momohna
yiora y amncopOoBamy CBETJIOCTH), Ka0 W 3amTHTa OMBHUX henmja yKiIamameM CIO0OMHUX paauKaia
(anTHokcumatuBHa (yHkIMja). OOpasall 3acTyIUbEHOCTH KOHYTOBaHHMX JBOCTPYKHX Be3a oxapelhyje
CIIOCOOHOCT KapOTECHOM 1A 3a aliCOPOOBAHE CBETIIOCTH U YTUYE HA BbUXOBY aHTUOKCUAATUBHY aKTUBHOCT.
AHTHOKCHJIATUBHA aKTUBHOCT KapOTEHOWJA 3aCHHMBAa CE HA HHXOBOj CIIOCOOHOCTH HEyTpaU3allvje
CUHIJIET KHCEOHHMKA W XUJApOKCwi-paaukana. CuHTe3a OBUX OWBHMX IUTMEHATa j¢ HHIYKOBaHA
Pa3NIUYUTUM CTpecopuMa yKJbyudyjyhn conm, 3paueme u Hemocratak HyTpujenata (Stahl m Sies, 2003;
Polesskaya u cap., 2004; Polesskaya u cap., 2006; McElroy u Kopsell, 2009; Gill u Tuteja, 2010; Nisar u
cap., 2015; Hou u cap., 2016).

CexyHIOapHH MeTa0ONUTH CBpCTaBajy ce Mel)y Haj3Ha4yajHUje HE-€H3UMCKE KOMIIOHEHTE
onopambeHor cuctema omsbaka. OBH MOJIEKYJI Kao MPOIYKTH CEKYHIApPHOT MeTabonm3Ma Onbaka Majy
3HAYajHy YJIOTY Y OTOBOPY Ha aOMOTHYKE M OMoTHUKe (PakTOpe cTpeca.

lenepanHo, oBa jequmema Cy JIGPUBATH  HM30NPEHOWIHUX, (EHHINPONAHOUIHUX,
QJIKAJIOWIHUX HJIH ITyTeBa MACHHUX KHCEJIMHA. BrJbHU nonudeHonu U3 rpyre TeprieHon1a CHHTETHINY Ce 13
peKypcopa u3oneHTeHmwI-mudocdara. AaKaaonayd HACTajy YTIIaBHOM O] aMUHOKHCEINHA, JTIOK Cy OMJbHA
(heHOITHA je/IMH-Eha UK MTPOTYKTH IyTa IMKUMCKE KUCEITUHE WITH MEBAJIOHCKE KucesnHe. [1yT muKkuMcke
KHCEJIMHE TPEeIOMUHAHTAH je KOJ BUIMUX OWJhaka y OJHOCY Ha ITyT MEBAJIOHCKE KHCEIHWHE, KOjU je
3HAYajHHUjH 3a CHHTE3Y OaKTepHjCcKux MerabonuTa U MeradbonuTa ripuBa (Manach u cap., 2004; Mandal

cap., 2010).
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Mebhy cekyHIapHUM MeETa0ONMTUMa HEKONMKO XHJbaZa MOJIEKylla C€ KapakTepHIle
NOJIU(QEHOTHOM CTPYKTYPOM, Tj. QpOMaTHYHHM IPCTEHOM Ca HEKOJHMKO XMAPOKCHIIHUX rpyna. Hajmmpe
ynotpebsraBaHa kiacudukanuja GeHOIHUX jeHbemka je Ha OCHOBY Opoja aToMa yrjbeHUKa Y OCHOBHOM
Monekyickom ckenety (Robards, 1999; Stankovi¢, 2012). Ilpema oBoj kiacupuKanuju pasjiukyjy ce

cieneha (eHONHA jeubemba;

jemuHcTBeHH, TIpocTH heHomHn (Ce)

tdhenonne xkucemuue (Ce-C)

dhernncupherre kucenune (Cq-C»)
dherummpornenn, Kymapuau, XpoMoHH (Ce-Cs)
HapTrxuHOHM (C6-Cs)

kcaaToHHU (Cs-C;-Co)

ctunbenn, anTpaxuHOHH (Co-C2-Co)
daasoronau (Ce-C3-Co)

suranHy ((Cs-Cs)2)

oudaasononau ((Cs-C3-Co)2)

YV V. V V V V V V VYV V

®naBononau (Cnuka 11) cy cekyHaapHu MeTaOOJUTH JIOLUPAHU Y BakyosaMa OmsbHUX henuja
W TpelcTaBibajy  AepuBaTe  2-peHMI-OCH3WI-Y-TIMPOHA  YMjU  OMOCHHTETHYKH IyT  (Oeo
(eHUIIPONaHOUIHOT METab0IM3Ma) MTOYNE-E KOHACH3AIM]OM jeHoT p-kKymapomws CoA MojeKyna ca Tpu
Monekyida majgoHun CoA y3 HactaHak xankoHa (4,2,4,6-terpaxunpokcuxankoH). Cnenehm kopak y
CHHTE3H (DIaBOHOMAA je U30MepH3alfja XalKoHa y (IaBaHOH, a 0J1 OBOT KOpaKa CHHTETUYKH IIyT C€ rpaHa
Ha HEKOJHMKO pa3IMYMTHX Kiaca QuaBoHOWIa, YKIbY4yjyhu aypeoHe, OUXUIpOXajKoHe, M30()IaBOHE,
(dbnaBone, hy1aBoHOJIE, TEYKOAHTOITH] aHUIWHE, aHTOIIHjaHIHE, TTPOAaHTOIHjaHuArHE U 1p. (Mierziak u cap.,

2014).

Cnuxka 11. Omra crpykrypHa Gopmyna ¢praBoHOHIA
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OBako Hactanu (pIaBOHOMAW MpoJiase Aajbe MoauduUKaluje Koje cy npaheHe mpoMeHaMa y
PacTBOPJPUBOCTH, PEAKTHBHOCTH M CTaOWIIHOCTH. 300T Pa3HOBPCHOCTH y XEMHJCKOj CTPYKTYPH Koja je
MOCJIeIUNA XeTePOreHOCTH CYIICTUTYeHaTa, (praBOHOUAM MOKa3yjy BeJIMKH Opoj 3Ha4ajHuX (PyHKIHUja KOJ
Ousbaka MOMYT 3aIUTUTE OJ] TATOTeHa, KIIKjamba MOJICHOBOT 3pHa, 3aIITUTE O YATpajbyOHyacTor 3padyea,
aHTUOKcHIAaTUBHE (QyHKIMje WTHA. AHTHOKCHIATHBHA yiora ()IaBOHOMIA 3aCHHBA CE€ Ha CIIOCOOHOCTH
HeyTpanu3anuje cIo00AHMX paJukada, Npu dYeMy ce chpedaBa omreheme henmmja m omoryhasa
npuirarohaBame OMIbaka pa3IMIUTAM yciaoBuMa cpenuHe. OBa aHTHOKCHAATHBHA yJioTa ()IaBOHOMIA Y
KOpeanuju je ca OpojeM U ToJIokKajeM XHIPOKCHUITHUX Tpyma Be3anux 3a ¢enoau npcteH (Gill u Tuteja,

2010; Stankovi¢, 2012; Mierziak u cap., 2014).

Oenonue kucenmnae ce yrpahyjy y hemmjcku 3un OnsbHEX henmja kao oxroop Ha (akxTope
cTpeca; (peHUINPOITaHOUIHAM yTeM CHHTETHUINY C€ JepUBATH IUMETHE W OSH30€Be KHCEIUHE KOju ce
ectepudukyjy u yrpahyjy y hemmjcku 3ma. JecTmBe OMJbHE BPCTE YIJIABHOM CaapiKe Maidy KOJUIHHY
nepuBaTa  OcH30eBe  KucenwHe (TaJiHa, CHPWHTHHCKA, BAHWIMHCKA, p-XHIPOKCHOCH30€Ba,
MPOTOKATEXUHCKA KUCEIIMHA H JIPYTe), KAaKo CI00O0HUX, TAKO U €CTEPUPUKOBAHUX (HOPMH, IITO je YjeIHO
Y TJIABHU PA3JIOT HEJIOBOJHHOT MPOYYaBamkha OBUX CEKYHJapHUX MeTabomuTa. JlepuBaTtu IMMETHE KUCEINHE
Cy 3HATHO 3aCTyIUbEHHjH O] AepHuBaTa OcH30€Be KHUCETUHE. XUAPOKCHUIMMETHA KUCEJIHHA U IEPUBATH
XUIPOKCULIMMETHE KHCEIMHE jecy CBeNpuUCyTHEe (peHONHe KOMIIOHEHTE 4YHja Cy [poydaBama
WHTCH3UBUPAHA, IIPe cBera 300r 3HaYajHUX OMOJIONIKMX aKTMBHOCTH KOja OBa jeJMbCHha MoKasyjy. Mehy
Haj3HauajHUjUM WIaHOBUMa (aMHIIHje XUAPOKCUIIMMETHUX KUCENNHA je 1 KodernHcka kucenuna (Manach,
2004; Stankovi¢, 2012; Gaglione u cap.,2013).

Kodenncka kucenuna (Crnuka 12), 1j. 3,4-auxuapolMMeTHa KUCEJINHA, j€ Haj3acTYIUbCHU]a
Melhy XUIPOKCUIIMMETHUM AeprBaTuMa ()eHOTHIX KUCEeIMHA U TpeicTaBiba uaMely 75% u 100% yxynHor
cajJprKaja XUAPOKCUIIMMETHUX KUCcenuHa. Y OmJbHUM henrjama Moke OWTH TTPUCYTHA KaKO Y CII000THOM,

TaKo U y eCTepu(hUKOBAHOM OOJIHKY.

HO

HO
O

Cnuxka 12. CtpykTypHa opmyna KopenHCKe KUCETHHE
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[TorBpheno je ga KopewHCKAa KUCENTMHA, KaKO y CIOOOIHOM, TakO M y ecTepru(pHUKOBaHOM
00JINKyY, TIOKa3yje aHTH1ja0eTCcKa, aHTHKaHLepOreHa, aHTUBHpaliHa U aHTuaenpecuBHa cBojcta (Takeda
u cap., 2002; Chung u cap., 2004; Okutan u cap., 2005; Giilgin, 2006; Wang u cap., 2009; Sato u cap.,
2011). Mebhy Haj3HauajHuje nepuBaTe KOo(eWHCKe KuCeNMHE yOpajajy ce XJoporeHa, KadrapuHCKa U

(hepynHMHCKa KHCEIHHA.

Pysmapuncka kucenmmna (Cnuka 13) je ectap kodenncke kucenune (3,4-THXUAPOKCHIINMETHA
KHCENnHA) U 3,4-TuXuaIpokcudeHnIMIIeuHe KuceauHe. [IpBu My T je n30710BaHa U CTPYKTYPHO OIHCaHAa OJT
ctpare Scarpati m Orientere (1958) u3 Bpcre Rosmarinus officinalis L.. Kox mipencraBHuKa Gamunmja
Lamiaceae n Boraginaceae py3amMapHuHCKa KHCEIIMHA j€ jeflaH 011 Hajuyenrhe 3acTyIJbeHNX ecTapa KOheHHCKe
kucenuse. [Ipexypcopu 3a cuHTE3y Cy aMMHOKHCEIMHE (DeHUIAIaHUH U THUPO3UH, ajli Ce IPETIOCTaBIba
MTOCTOjarh-¢ HEKOJMKO PAa3IMUNTHX IyTeBa CHHTE3¢e py3MapuHcke kucenude (Landmann u cap., 2011).

IIpema Petersen m cap. (1993) mpBu Kopak CHHTETHYKOT ItyTa mpaheH je KOHBEP3HjOM
(dhennnanaanaa y 4-kymaponn CoA. OBa peaknyja je KaTaau3oBaHa 07 CTpaHe (eHHATAHWH aMOHH]jYM
mmnaze (PAL), frans-unnamar 4-xuapoxcuiaze (C4H) u 4-kymapat-CoA nuraze (4CL). ¥V apyroj ,,rpann‘
OBOT CHHTETHYKOI Tpoueca Qopmupa ce 4-xunpokcudenwimupysar (pHPP) mocpenctBom
nupuaokcangocaT-3aBucHe THpo3uH amuHo-TpaHcdepase (TAT) u3 tuposzuna. Gopmupanu pHPP ce
nomohy 4-xuapokcupenwinupyBar penykraze (HPPR) penykyje mo 4-xuapoxcudeHwnakrata ys3
kopumtherse NADH nin NADPH. Crnenuduuna xunpokcuuuMeTHa TpaHcdepasa (CHHTa3a py3MapuHCKe
kucenune (RAS)), Bpun Tpancdep 4-kymapoun nena u3 4- kymapous Co-A no anudparunane OH- rpyme 4-
XHOpOoKcH (eHmnanakrata y3 ocinobahame CoA u oOpazoBame 4-kKymapomn-4-XxuAapoKcu(eHUIUIaKTaTa.
IBa cnuuyHa eH3uMa, 4-kymapowi-4'-xuapokcudeHwuiakTaT 3-XuApokcunaza u - 4-kymapoun-4'-
XuApoKcU(peHWIaKTaT 3'-XUIpOKCHIa3a Membajy 4-KyMaponin-4-XxuApoKCH(PEeHUITaKTaT, a py3MapHHCKa
KHCEJINHA, Ka0o Kpajihu IPOAYKT, HACTaje A¢jCTBOM KadenI-4-XuapoKCUPEHMIUIAKTAT 3-XUAPOKCIIIa3e |

4-xymapowmn-3,4-muxuapokcudeHmiakrar-3-xuapokcunase (Petersen u cap., 2009; Peri¢, 2014).

O

HO

HO

Cmuxa 13. CtpykTypHa opMmyna py3maprHCKe Kucennne (mpeysero u3 Peri¢, 2014)
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Py3mapuHCcKka KucenrHa rokasyje 3Ha4ajHe OMOJIONIKE aKTUBHOCTH, TIOITYT aHTHOKCUIATUBHE,
anTuuH(IaMaTopHe, HePONPOTEKTUBHE, UTOTOKCHYHE, aHTUMHKPOOHE, anTuaneprujcke u ap. (Erkan u
cap., 2008; Domitrovi¢ u cap., 2014; Zhu u cap., 2014; Adomako-Bonsu u cap., 2017; Chaowuttikul u cap.,
2018), ma je 300r IIMPOKOT CIEKTpa OMOAaKTUBHOCTU cBe Behu wHTepec 3a ynorpeOy oBe (EeHONHE
kucenune. JlogaTHO, UCTpakMBama IMOCISABUX TOJMHA YKa3yjy Ha 3HAYajHO BHUINW HUBO MPOAYKIIHjC
py3MapHuHCKe KHCelnHe y yeinoBuMa in vitro (Petersen, 2013).

CrocoOHOCT HeyTpanm3alje CIO00THUX pajauKana, Tj. AHTHOKCHIATUBHU KaIlaluTeT
CEeKyHIapHHUX METa0O0JINTa, Y BE3U j& ca IbUXOBOM XEMHjCKOM CTPYKTYPOM, IIPH Y€MYy je YTBpheHo na cy
MOJIMMEPHHU TOJIM(PEHOIN CHAXXHUJH aHTUOKCUIAHCH y OJHOCY Ha MPOCTe, MOHOMepHe QeHomne. Buimn
CTEIeH MoyimMepur3anuje omoryhaBa 00by CIIOCOOHOCT HEYTpalM3aIlHje PEaKTUBHUX BPCTa KHCEOHHUKA,
MHXUOWpA JTUMHIHY IePOKCUIAIN]y B oMoTryhaBa 00Jpy peayknnjy Metana (Moure u cap., 2001).

Kao m Behwna mpencraBamka ¢amunmje Lamiaceae m Bpcre poma Ocimum KapaKTepHIIE
MIPUCYCTBO 3Ha4YajHE KOJIMYMHE CEKYHIApPHUX METa00IuTa U3 rpyle (QEHOTHUX jequmbema. [IpeTxomanm
HCTpaXMBamUMa je MOTBpheHa BHCOKA KOHIICHTpaIMja (EHOJHUX jeNUI-CHha KOA Pa3IHdUTHX COPTH
Oocmwbka. Mel)y Haj3acTy/beHUjUM (EHOJIHUM KHCEIMHaMa Cy, TIpe CBera, py3MapHHCKa U KO(heHHCKa, a
3aTUM U KapTapuHCKA U LUXOpHA KHCEIHMHA, TP YeMy Cy HaBeleHe ()eHONHE KUCEJHHE 3aCTyIJbeHE Y
BHCOKMM KOHIIGHTpaIjaMa M 3HA4ajHO JONPUHOCE AHTHOKCHJIATHBHHM KapakTepuctukama. Ocum
(eHOMHUX jenumbeba U3 Kiace PeHOTHUX KHCeNNHa, IpeACTaBHUKE poja Ocimum KapakTepulle 1 BUCOKa
KOHIIEHTpalHja CeKyHAapHUX MeTabonauTa U3 Kiace (puaBOHOMIA, IPU YeMy CYy KOJ COPTH JbyOM4YacTor
Oocmbka (pIaBOHOMAU M3 TPYIle aHTOLMjaHUHA 3aCTYIUbEHH Y BUCOKMM KOHLeHTpauujama (Javanmardi u
cap., 2002; Lee u Scagel, 2009; Kwee u Niemeyer, 2011; Flanigan u Niemeyer, 2014; Ghasemzadeh u cap.,
2016).
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7. IlpmMeHa KyJaType TKMBa y Npoy4aBamy 00CH/bKa

BuibHe BpCTE Cy KOHCTAHTHO M3JIOKEHE PA3NMYMTUM (DakTopumMa crpeca momyT noehanor
CaJIMHUTETA, cylie, nopemehaja y MHHEpaIIHO] UCXpaHU, PaJyjalyjy, TAaTOTCHUMA, TSIIKUM METaJnuMa U
np. [Ipumapam oaroBop OMJbaka Ha HajpaHHje HETaTHBHE yTHIIAje OBHX (haKTopa CTpeca oryiena ce y
XUTNEPIPOAYKIIMjH PEaKTHBHUX BpCTAa KHCEOHWKA, TaKO Ja CIOCOOHOCT Omipaka nma TmpeBazmhy
OKCHJIATUBHH CTPEC 3aBHCH YTJIaBHOM OJl €(HUKACHOCTH E€H3UMCKHX W HE-CH3HMMCKUX KOMIIOHEHTH
AHTUOKCHJIATUBHOT cucTeMa. MeljyTuM, aHTHOKCHIATHBHY KalaluTeT U ToJepaHirja Ha (hakTope crpeca
3HAYajHO Bapupajy Mehy paznmmauTuM OMJFHHUM BpcTama, Kao M Mehy pa3auduTuM TeHOTHITOBHMA MCTHX
OWpHUX BpcTa. McnuTuBame oaroBopa Omibaka Ha (hakTope CTpeca JOIATHO je OTeKAHO U TEPEHCKUM
yCJI0BHMa, UMajyhu y BUTy KOMITIEKC €KOJIOMKUX (DakTopa KOju Ieinyjy Ha OrsbHH opranu3am (Mir u cap.,
2015; Kalisz u cap., 2016; Bacha u cap., 2017).

AcentrnyHa KyiITypa OMJBHOT TKHBA (KyJATypa OMJbHUX henrja, TKHBa U OpraHa) WIH KyJITypa
Owbaka in vifro MoApa3yMeBa rajemhe U yMHOXKaBame henuja, TKMBa U OpraHa Ha YBPCTOM WJIM TEYHOM
MEIMjyMy y CTCpWIHMM U KOHTPOJIMCAHUM yCIOBMMA. 300r TOTHUIIOTEHTHOCTH, OJHOCHO
TUTYPHUIIOTEHTHOCTH OWJbHUX henuja, KynTypa TKHBa e MOXKE IPUMEHHUTH TOTOBO 33 CBaKy OUJBHY BPCTY,
KaKo 3a MacOBHY NPOHM3BOJIlbY TaKO W 3a OUyBame IepMIuia3zMe, NoOujame YHH(POPMHHUX IMOTOMAKa,
npoy4aBame (QHU3MOJIIOMKUX M OMOXEMHUjCKMX mpoleca Koja Owibaka uth. Takohe, 30or moryhHoctn
Mpoy4yaBama BEIUKOr Opoja y30paka Ha MaJOM IMPOCTOPY M Yy KPAaTKOM BPEMEHCKOM WHTEPBALY, Y3
MOTITYHY KOHTPOIY YCJIOBA CPEIUHE, in Vifro KyITypa TKHBa CE IMOCJCIHUX TOJMHA YIOTpeOshaBa U 3a
npoyuaBate ROS xomeocrasze kon Omsbaka. Ha oBaj HaumH je omoryheHo mpaheme jeqMHCTBEHOT U
KOMJICKCHOT OJIrOBOpa OWMJEHOT OpraHM3Ma Ha TMOjeIMHAYHE CpeauHCKe (dakrope. Paznuuutu tunosw in
Vitro TeXHWKa MOTY C€ KOPHCTHTH HE camo 3a Ipaheme peakija OMJBHOT OpraHu3Ma Ha aOMOTHYIKU H
OomoTHukH cTpec, Beh u 3a cTBapame in vitro Moaeln cuctema 3a npaheme MopdOIOIKUX, PU3NOIOMIKHAX |
OMOXEMH]CKUX MMPOMEHA M IPUMAPHOT M CEKyHIapHOT METa0oM3Ma KaKo y KyJATYpH KJTHjaHala, Tako U 'y
KYJITYpH Kajyca, MUKPOIPOIaranyju, KyJITypyd YuTaBe OWJbKEe, aKCHIIAPHUX W3J[aHAKa W JPYTUX MeToJa
(Sen, 2012).

Kaxo je yrBpheHo m1a mocToju Kopemnaigja u3melyy ToepaHitije Ha CTpec U aHTHOKCHIATHBHOT
OJIrOBOpa OMJbKE, 3HAYajHA MIPUMEHA in Vitro KyJIType TKUBA j€ U CEJICKIIHja OroBapajyhux ToJepaHTHUX
TeHOTHITOBA TIpahemeM oAroBopa Omibaka Ha (akTope cTpeca. Kao MeTonm KopucTH ce KapaKTeph3aimja
TOJIEPAHTHOCTH HAa OCHOBY OJFOBOpa AHTHOKCHJATUBHOT OJ0paMOCHOr CHCTEMa JICTCKTOBAHEM

AKTUBHOCTU eH3UMCKuX aHTHokcupanaca (SOD, CAT, pasnuuuTe rpyne mepokcupaza W Jp.) U He-
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SH3MMCKHX aHTHOKCHAaHaca (OMyT KapoTeHouaa u (PeHONHUX KHCEeNMHA) U APYTHX MapKepa cTpeca Kao
wro cy koHueHnTpanuje H.O, u MDA (Sen, 2012; Dias u cap., 2018).

Kyntypa xinjaHana u aHTHOKCHIATUBHHU OATOBOp KiIMjaHala KOpUIIheHH Cy Kao METo[ 3a
CeJNIeKI1jy TOJIEPAaHTHUX FeHOTUIOBa Bpcta Paulownia imperialis and Paulownia fortunei (Ayala-Astorga
u Alcaraz-Melendez, 2010), Olea europaea (Valderrama u cap., 2006), Solanum tuberosum (Srinieng u
cap., 2015), Ocimum basilicum (Jakovljevi¢ u cap., 2017a).

Hajpehm Opoj wmcrpakmBama TmpeacTaBHWKa poma Ocimum YCMEPEH je, Tpe cBera, Ha
KBAaHTHTATHBHE M KBAJIWTATUBHE PAa3lUKe COPTH Y TIOTVIEAY KBAHTHUTETA ETAPCKUX YJba WU
WICHTH(QHUKOBAHa XEMOTUIIOBA HA OCHOBY KBJIMTATUBHUX KapaKTEPUCTHKA eTapckuX yJba (Grayer u cap.,
1996; Lee u cap., 2005; Politeo u cap., 2007; Hussain u cap., 2016), mpu 4emMy IIOCTOj€ 3HaYajHA BapHpamba
y moOHjeHuM pe3yiTaTHMa, NMPBEHCTBEHO 300T TOpeKiia y3opaka, yclioBa KyJITHBamuje W (akTopa
crioJpallitbe cpenuHe. Takohe, IPEeTXOJHUM HUCTPAKUBABUMA Yy KOHTPOJIHCAHUM YCIOBHMA YTBpHEHO je
MPUCYCTBO PAaNIMYUTHX (DEHOJHUX KUCEIHHA W BHUCOKAa aHTHOKCHJIATHBHA akTHBHOCT. MelhyTim, oBe
CTyIWje Cy CHpoBelleHe KopulihiemeM KOHBEHIMOHATHUX OWJBHUX 3acajia, y CTaKJICHUIIMMAa WU Y
XMIPOTIOHMYHHX CUCTEeMa. 3a CKPHHUHT U JeTajbHa MPOoyvaBamka BEJIHKOT Opoja TeHOTUIIOBA KOjU TIOCTOje
y okBUpY poaa Ocimum ynotpeda KOHBEHIIMOHAIHUX 3aca/ia je OOMMHA TEXHHMKA KOja 3aXTeBa BHCOKa
¢uHaHCHjCcKa yiarama. 3aTo je 3a HCIIUTUBAKE NpeACTaBHUKA ponta Ocimum HEONXOAHO YCHOCTABIbAE
crcTeMa KOjHM Ce MOKE yIpaBJbaTH Ha MambHM IpocTopuMa (Srivastava u cap., 2014). 1 nopen tora mro
cy KoMepuujanHo Mehy Hajimmpe yrnorpedsbaBaHuM BpcTama, IpeAcTaBHULM poaa Ocimum HEAOBOJEHO CY
ucnuTHBaHu in vitro. [lomanu Koju mocroje o in vitro KynTypu OOCWUIbKa OJHOCE Ce, Mpe CBera, Ha
MUKpPONpOTAaranyjy pa3iduuTHM THUIIOBHUMa ekivlaHata Ha Murashige Skoog (MS) moanosu (Pattnaik u
Chand, 1996; Sahoo u cap., 1997; Singh u Sehgal, 1999; Dode u cap., 2003; Siddique u Anis, 2008; Shilpa
u cap., 2010) u xynrypy kanyca (Hakkim u cap., 2007). Srivastava u cap. (2014) u Bhuvaneshwari u cap.
(2016) yka3yjy Ha TO Aa Ce€ y in vitro yCIOBUMa MOXe NOOWTH 3HaYajHO Beha KOJIMYMHA CEKyHIApHUX

MeTaboIMTa OPEKIIOM 13 60CHIbKA.
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IUJbEBU UCTPAKUBAIbA

[Ipermenom pesynrata HUCTpaKWBakba WHTPACHEIH]CKe BapHjaOWIHOCTH Oocwibka —  Ocimum
basilicum L. yTBpheHo je ma ce aHamm3e MPBEHCTBEHO OJHOCE HA MOP(OJIONTKE 1 aHATOMCKE pa3JIuKe, Kao
U pa3JIuKe y TMOTJIeAY XeMHjCKUX M OHOJIOmKuX ocoOmHa xepoe. Hajpehn Opoj nctpaknBama yecMepeH je
Ha KBAaHTUTATHUBHE W KBAJIMTATHBHE Pa3JIKe Y TOTJIely KBAaHTHTETa €TAPCKUX yJba WU HICHTU(PUKOBAbA
XEMOTHIIOBA HA OCHOBY KBAJMTATHBHUX KapaKTEPUCTHKA €TAPCKUX yiba. VHTpacmenujcke pasiuke y
(hM3UOJIOMIKIM OATOBOPHUMA Ha (DaKTOpEe cTpeca TOKOM jyBEHIUTHE (aze >KMBOTHHUX IHUKIYCa Pa3IMIUTHX
TeHOTUIIOBA OOCHIbKA JI0 cajla HHUCY IIpOoyvaBaHe.

Umajyhn y BHOy 4MIbEHHIy [a CTPECHH YCJOBM CIOJbAIllbe CpPEeIMHE H3a3MBajy HajpaHuje
OJITOBOPE joIl y MpBUM (pa3zama pacTema 1 pa3Buha Ombaka, UCIIUTUBAKE (PU3UOJIONIKAX U OMOXEMU)CKUX
OJIFOBOpPA KJIMjaHAlld Pa3IMYUTUX CYOCHEIMjCKHX TaKCOHA Ha MCTE YCJIOBE CTpeca MOXKE JaTh YBUI Y
CTCTICH WHTPACICLHUjCKAX PAa3JIMKa YHYTPAIIHkEr, (QU3UOJONIKOT OATOBOPAa jYBCHWIHHX OWJBHHX
opranuzama. JlogaTHO, OBakBa ca3Hama OMOryhaBajy W yTBphUBame CTEleHa YCIOBJHEHOCTH OWJBHOT
MeTabonM3Ma Ha KacHHjUM CTYNEBEBHMAa pacTelka M pa3Buha ca HajpaHUjUM TpeBasHIaKCHUMa
HETIOBOJbHUX YCIIOBA.

Ha OCHOBY TOra, HOCTaBJbCHU CY CJ'IG,Z[GhI/I MUJbCBU UCTpAXMBahaA:

e VBoheme reHorunioBa Ocimum basilicum L. var. minimum L., Ocimum basilicum L. var.
basilicum L., Ocimum basilicum L. var. purpurascens Benth. u Ocimum x citriodorum Vis.

y in Vitro yCIOBE,

e @opmupame cuctema 3a npaheme (QU3MOMOMKUX W OHMOXEMH]CKHX MPOMEHa TOKOM

pacTCma u pa3BI/Iha KpO3 YyCIIOCTaBJbalbe KYJITYpE KJ'II/IjaHaLIa O,Z[a6paHI/IX T'CHOTHUIIOBA,

e VYTBphuBame JeroBama KOJIMIWHE JOCTYITHUX HyTpHjeHaTa u (hopMe TOCTYITHOT a30Ta Ha

KapaKTepHUCTHKE KIIMjaha | MIPUMapHA MeTa0oIn3aM oabpaHuX TeHOTHIIOBA OOCHIBKA;

° yTBphI/IBaH:C I/IHTpaCHCHI/IjCKI/IX pas3jivKa y (1)I/I3I/IOJ'IOH.IKI/IM OATOBOpHUMA Ha OKCHUJATUBHU

CTpCC n3a3BaH HYTPUTUBHOM Z[erI/IBaI_II/Ij oM,
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e lcnutuBame IyTeBa CHHTE3€ CEKYHJApPHUX METa0OJUTa M CTEICHA IOBE3aHOCTU
MpUMapHOT ¥ CEeKyHAapHOr MeTabomm3Ma OOCHMJbKAa Yy YCIOBMMAa HYTPHUTHUBHE

TETIpUBAITHje;

e OpnpehuBame WHTpACICNHjCKE BApHUjaOMIHOCTH Y KOJWYHUHU YKYTHUX (HEHOIHHX
jenumbemha, KOMMYUHE (DIIaBOHOMIA W YKYITHO] aHTHOKCHIATHBHOj AKTUBHOCTH YCIIEI

CTpeca U3a3BaHOT HYTPUTUBHOM JICTIPUBAIN]OM;
e VYTBphHBame KBAIUTATHBHHUX pPa3iiiKa y MPOIYKIHMjU Haj3aCTYIUbCHUJUX OMOAKTHBHUX
jemumema vy OMJBHOM MarepHjalry KBaHTH(PHUKANMHjOM OJa0paHUX CEeKYHIApHHX

MeTa0o0InTa;

o JleduHncame Npenu3HNX HYTPUTHBHUX 3aXTeBa I10jeAMHAYHUX T€HOTHIIOBA.
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MATEPUJAJ U METOJOJIOI'NJA UCTPAYKUBAIBA

ExcniepuMeHTaIHN €0 MCTpakuBama peanmn3oBaH je y Jlabopartopuju 3a ¢usnonorujy omspaka
HHucTrTyTa 32 OMosorujy u exkonorujy Ilpupoaro-maTemMaTHakor gakynrera YHuBep3uTeTa y Kparyjesiry.
Jleo ekcnepuMeHaTa KOjU j€ 3aXTeBao acelTU4He YycloBe peanu3oBaH je y JlaGoparopuju 3a
Mukpobuonorujy Wucturyra 3a Omosornjy u exornorujy IIpupogHo-matemaTHukor —¢akyiarera

VYuusep3urera y Kparyjesiy.

1. Hnentnduxanuja OWLHOT MaTepujajia

Kao momasam marepujan KopuiTheHa Ccy CeMeHa KOMEPIHjalHO HajeKCIDIOATHCAHUJUX COPTH
0ocusbka y CpOuju, 03HAYCHUX Ka0 CUTHOJIMCHHU OOCHIbAK, JbyOM4acTH OOCHIbAK, JIMMYHCKH OOCHUIbaK U
kpymHoymcHu Genovese Oocuibak (mpousBohaun ,,Cemecemena“, beorpag u ,,HC ceme”, UacTuTyT 3a
patapcTBo 1 noBprapctBo, HoBu Can). Unentudrkanyja HaBe1eHHX COpTH U3BpIeHa je y JlabopaTopuju
3a (uznonorujy Ouspaka, y orjely ca 3eMJBHLITEM Kao CyIcTpaToM, U To npumeHoMm DUS Tecrta (eng.
Distinctiveness, Uniformity and Stability test). llpumMeHOM OBOr TECTa OCOOCHOCTH, YHU(POPMHOCTH M
cTabunHoCTH Moryhe je yTBpIUTH pas3iinke n3Mel)y reHOTHIIOBa, IPU YeMy ce MACHTU(HUKAIMja BPILX Ha
OCHOBY KBQJIMTATUBHUX W KBAaHTUTAaTUBHUX OCOOMHA M (HEHOTHIICKMX Mapkepa (KapaKTepHCTHKE
cTa0JbHKe, JINCTa M LBACTH) y ckiany ca oapendama UPOV-a (MehyHaponna YHuja 3a 3aITUTYy HOBUX

OousbHUX copty, 2003).

Hapenennm aHanmsupameM HACHTHPUKOBAHU Cy cienaehn TeHOTHTIOBH:

CUTHOJIMCHH Oocuibak — Ocimum basilicum L. var. minimum L.

Jpyomdactu 6ocmwibak — Ocimum basilicum L. var. purpurascens Benth. (copta Dark Opal)

TUMYHCKH Oocmibak — Ocimum X citriodorum Vis.

YV V V V

KpynHOJIUCHU 60cuibak — Ocimum basilicum L. var. basilicum L. (copta Genovese).

CeMena HaBCACHUX I'CHOTHUIIOBA 0ocuibKa KopnmheHa CYy y JaJbUM HUCTpaKMBambUMaA.
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2. Jlu3ajH ekcniepuMeHaTa

I Ycnen HeOBOJBHE KOJIMYMHE TOJaTaka O ONTHMATHUM YCIIOBUMA 32 YCIIOCTABJbAE N
Vitro KyAType TKUBa KOJ u3abpaHuUX mpencraBHuKa poja Ocimum, Ka0 HU O HYTPUTHUBHHM 3aXTCBHMa
MOjeIMHAYHAX TEHOTHIIOBA, TIPBH JE€O CeKCIEpPHMEHaTa je IIoJIpa3yMmMeBao YBOheme HaBEICHUX
npeJcTaBHUKA OOCUIbKA Y in Vitro yCioBe, a HAKOH TOTa M YCIIOCTaBJbakhe KYJITYpe KIUjaHala Kao MoJiel
cucTeMa 3a npaheme (U3NOIONIKOT OATOBOPA JYBEHIIHUX CTaaujyMa 0ocribKa. Kako je camuHuTeT jenan
01 HQJUHTESH3UBHUJUX a0HOTHUYKHX (haKTopa, Ca jaCHUM W M3Pa3UTHM YTHIQjeM U Ha MOPQOJIONIIKE U Ha
(dbu3uosomke MpoMeHe KoJl Omipaka, ceMeHa reHotuna Ocimum basilicum var. minimum aceuTHYHO Cy
3acejaHa Ha CTaHIAPIHH XPaHJBUBHU MeaujyM Murashige n Skoog (1962) y3 momarak HaTpHjyM XJIopuaa y
koHneHTparjama ox 10, 20 u 30 mM. Kiujanmu rajean Ha Murashige u Skoog (MS) memmnjymy 6e3
HATPHjyM XJIOpHAa CMaTpaHH Cy KOHTPOJIOM. 3a CBE TPETMaHE aCENITUIHO, Y JIJAMHHAPHO] KOMOPH, 3aCejaHo
je 1-2 cemena ma 10 ml momyore, y enpyBerama 3anpemuse 25 ml. CenMor, 4eTpHAeCTOT, BaIeCETIIPBOT
W JIBaJIECETOCMOr JlaHA OJI 3acejaBama BpPIICHO je¢ Y30pKOBame MaTepujana. HemocpeaHo HakoH
y30pKOBamka MEpPEHa je CBexa Maca KiMjaHala, Jy)KMHA W3JIaHaka, Jy)KWHA KOpPEeHa, HM3BpIICHA je
EKCTpaKIMja €H3UMa M MEpPEeHa je aKTHUBHOCT CH3MMa CYNEPOKCH]l JHUCMyTa3e, Karajia3e, I'Bajakoi
MEPOKCHIA3e ¥ MUPOrajio MePOKCHIa3e, KaKO Y H3/IaHIUMa TaKO U Y KOPEHY.

OBaj TUI eKCIIEPUMEHTA MPEICTaBIba CBAYalUjy KyJIType KiirjaHaia 00CHIbKa Kao IMOTEHIIN)THO
MOTOJHOT MOJIENl CHUCTeMa 3a JETeKIM])y paHuX (DU3MOJIOIIKMX OJArOBOPA jYBEHHJIHUX OWJbaka Ha

KOHTHYHHUpaHE U AYTOTpajHe cTpecHe (akTope.

11 Jpyra rpyna excriepuMeHaTa oOyxBaTajla jé MCIUTHBAKE YTHIAja KBAHTUTATUBHOT U
KBaJINTATHBHOT CACTaBa MUHEPAIHE HCXPaHe Ha (PU3UOJIOIIKE OJITOBOPE PA3THYNTHX TEHOTHITOBA OOCUIbKA
y jyBeHWIHHM (azama, y in vitro ycioBuMa. TpeTMaHu Cy YKJbBYYMBAIN Pa3InIUTe KOHIICHTpAIIH]je
MuHepaTHHX eneMeHara ca KNO; kao rtaBHUM H3BOpPOM a3zoTa (TpeTMaHu la, 2a u 3a) u pa3mudauTe
KOHIICHTpaIMje MUHEpaTHUX eneMenHarta, ainu ca KNOs 1 NH4sNO; xao u3Bopuma azora (tpetmanu 1b, 2b
u 3b). 3a cBa dyernpu reHotuna O0ocwibka (Ocimum basilicum var. minimum, Ocimum basilicum var.
basilicum cv. Genovese, Ocimum basilicum var. purpurascens cv. Dark Opal u Ocimum x citriodorum)
onpehuBaHe Cy KapakTEepHCTHKE KIIHjama, MepeHa je KOHIeHTparuja (OTOCHHTETHIKHAX ITUTMEHATa,
KOHIICHTpAIMja YKYITHUX CONYOMIIHMX TPOTEHHA, aKTUBHOCT aHTHOKCHIATHBHHUX €H3UMa (CYNEpOKCHI
JMCMyTa3a, Karajasza, ackopOaT IepoKCHIasa, T'Bajakoyl TIepOKCHa3a, IMHUPOTajoN NepOKCHaasa),

aKTHUBHOCT €H3MMa (peHUIIaIaHuH aMOHH]jYM JiMa3e, oJpehuBaH je caapikaj yKymHUX (HEHOIHUX jenbemba,
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KOJIMYHHA (bHaBOHOI/I,Z[a, KBaHTI/I(l)I/IKaLII/Ija (1)GHOJ'IHI/IX KHCCJIMHA, Ka0 MW YKyIIHa aHTHOKCHJATHBHA

AKTUBHOCT y U3JJaHIIMMAa U KOPCHY.

3. Invitro xyaTypa KINjaHana

3a ycmocTaBibame in Vvitro KyiaType KiMjaHama OOCHIbKa Hajupe je OWiIo MmoTpeOHO YTBPIAWUTH
HajepUKaCHUjU HAYMH MMOBPITMHCKE CTEPHIIN3AIHje CeMEHa 0OCIIbKa KOjH, TIOpe ] YCIEITHOT YKIIamkhama
MOBPIIMHCKE MHUKpOQIIope ceMeHa, oMoryhaBa W OyropoyHO OApKaBame KIMjaHAlla y acelNTHIHUM
ycioBumMa. [lomTo je jemaH oX MOCTaBJbEHUX IUJbEBA OMO M MCIIMTHBAKE WHTPACIICIH]CKAX Pa3jINKa Y
HajpaHHjUM OATOBOPHMA jYBEHIUTHUX (ha3a TEHOTHIIOBA KPO3 €BHICHTHPARKE KapaKTePUCTHKA KIIHjamba in
vitro, y3 UCTOBpEMEHO yTBphuBame cactaBa Memaujyma koju he o6e30emnt HajepuKacHUjEe KiIHjambe,
MTOBPIIMHCKA CTEPIIIM3aNMja CEMEHa je HY)KHO Mopajia Ja o0yXBaTH caMO OHAj IMOCTYIAK XEMH]jCKOT
TpeTUpama CEMEHA KOjM HU Ha KOjH HAYMH HE IITKOAW KIIMjalkhy UCITUTUBAHUX CEMCHA.

Kaxo y nmpeTxomuum in vitro ucTpaxuBamuMa 00CHIbKa He TIOCTOj € TIOIAIT KOjH yKa3yjy Ha edekar
CpeICcTaBa 3a MOBPIIMHCKY CTEPWIM3AIM]y HA KapaKTEPUCTHKE KiMjama, MpeIUMHHApPHA HCIUTHUBAMKA
noJpasymMeBaja Ccy NPUMEHY HEKOJIHMKO XEMHjCKMX CpelCTaBa 3a MOBPLIMHCKY CTepwin3auujy (y
Pa3NUYUTOM OJHOCY M y PAa3IUUMTO] KOHLIEHTPALUj 1) U yopehuBame KapakTepUCTHKA KIHjama y in Vitro
yclIoBMMa ca BpeOHOCTHMA Koje cy JaoOujeHe 3a HeTpeTupaHa ceMeHa (CTaHOapAHOM METOAOM
HaknMjaBama, y llerpu-xkyTtujama Ha uiirep nanupy v 'y BEpMUKYJIHUTY).

VYTBpheHo je na HajedUKacHUjH METOA MOBPIIMHCKE CTEPUIIM3ALU]e YKIbYUYje Hajlpe TpeTUparhe
cemena 0.07% ¢yHruauaom umja je akTuBHa MaTepuja THodanaT-metun (I'anenuka-dpurodapmanyja),
3atuM 70% eraHonoM u Ha Kkpajy 4% pactBopom HaTpujyMm-xunoxjopura (NaOCl), y3 BHIIECTpyKO
UCTIMPambe CeMEHa y CTEPUITHOj AECTHIIOBAHO] BOJH.

OBakaB BHJ TIOBPIIUHCKE CTepHIIHM3aIije ehUKacHO yKiIama MOBPITUHCKY MHUKPOQIOPY CeMeHa
0ocuipka, omoryhaBa AyropodHO OJIp)KaBame aCEeNTHYHHX yciioBa (Tpeko 95% HeKOHTaMHHHpaHHUX
KJIMjaHaIla) ¥ He JTIOBOAM JI0 3HAYajHUX pa3jinka y KapaKTepHCTHKaMa Kihjara y OJHOCY Ha HETpETHpaHa
CeMeHa Koja Cy WCKIMjaBaHa WM Ha (UITEp Manupy WIM y BEpMUKYIUTY. VICTH TOCTyIak ce MmoKa3ao

YCHEIIHUM 32 CBE HCITUTHBAHE TEHOTHUIIOBE M KOPHIITNEH je Y JaJbeM paiy.

AcenTHYHO 3acejaBarme CEMEHa BPIIIECHO j€ Y JJAMHHAPHO] KOMOPH Ca BEPTHUKAIHUM CTPYjarbeM
Bazayxa W (uiaTepmMa KOju TpedrmihaBajy BasmyX, y3 Kopulheme cTepuiaHor mpubopa 3a pan. Cse
XpaHJBUBE TIOJJIOTE CTEpHIIMCaHE Cy y ayTOKIaBy y Tpajamy ox 20 min Ha Temmeparypu ox 121 °C.

Marepujan ox1 CTakia ¥ MHCTPYMEHTH KOpHLIheHH 32 MaHUITYJIallljy CEMEHUMAa CTEPUIIMCAHU CY Y CYBOM
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crepuuzaropy 90 min Ha remneparypu o 160 °C. Ca cemeHa cy MOBPILIMHCKY CTEPUIIMCaHa HEMOCPEAHO
npe NOoCcTaBJbamba Ha MeaAnjyM. [loBpIMHCKa cTepuin3anija ceMeHa BpIlieHa je mortanameM ceMeHa y 70%
pacTtBop eTaHoda y Tpajamy ox 20 o 30 cekyHIH, HAaKOH 4era Cy CeMeHa HEKOJIMKO ITyTa HMCIpaHa
CTEPHJIHOM JAECTHJIOBaHOM BoxoM. lajba cTepuiu3almja BpIleHa je moTanambeM ceMeHa y 4% pacTBop
HaTpujyM xunoxioputa (NaOCI) 15-20 min. Hakon ucnmpama cTepuIHOM IECTHIOBAHOM BOJIOM, CEMEHa
Cy aceNTUYHO 3acejaHa Ha oAroBapajyhu memamjym.

YcnoBu 3a KiIHMjalkbe CeMEHa M OApXKaBame KYNType KIHMjaHama Ipernu3Ho Cy NeHHHUCAHU
moipa3yMeBaiu cy: temreparypy 25 + 2 °C; Bnaxnoct Ba3ayxa 60-70%; cBETIOCT — yCIIOBH AYTOT aHa

(16/8 h cBerno/mMpak). Kao m3Bop CBETIIOCTH KOpHUITheHe Cy QUIyopeclieHTHE 11eBH ,, Tecma‘ [TaHueso.

3.1. Cacmae xpansusux meoujyma

3a MOYEeTHO YCIOCTaBJbalke KYNAType KimjaHara kopumrheH je ctanmapaaun Murashige m Skoog
(MS) Memujym (1962) ca MuHEpaTHUM MaKpo- W MHKPOHYTPHjCHTHMA, BUTAMUHAMAa W OPTaHCKAM
nonanuma. Cacras kopuinheHor meaujyma npukasan je y Tabemu 1. V MS meaujym je nopex 30 g L
caxapose u 7 g L' arapa momar w Hatpujym xjopun y KoHuenrpamujama ox 10, 20 u 30 mM L.
Henocpenno npe crepunuszanuje pH BpeqHoCT Menujyma je nojeiieHa Ha 5.7-5.8 jenununa.

3a gpyry rpymy ekcnepuMeHata QopMmupaHe cy chenuduyHe Momjiore ca pasinduTHM
KOHIIEHTpal{jaMa MUHEpPaTHUX MakKpo- M MHUKpOelieMeHaTa, KOMIUIEKCMMa TBOXDa, BUTaMHHUMa M
OpPraHCKMM JojauuMa. JeHa oIl cepWja IMoJpa3yMmeBaja j€ pasiIMyuTe KOHLEHTpaluje HaBeICHUX
eJleMeHaTa ca HUTpaTUMa Kao OCHOBHMM H3BOpPOM a3oTa (TpeTMmaHwu ,,a, Tabene 2-4). Y apyroj cepuju
eKCIepUMeHaTa KOHLEHTpalWje HaBEJEHHX eJeMEHaTa Cy OcTale HelMpoMeHmeHe, alu je KopuiheHa
KoMOWHaIyja HUTpaTa ¥ aMOHHWjaKa Kao U3BOpa a3oTa (TpeTMmaHnu ,,b*, Tabene 5-7).

3a cBaku 0J] TP€TMaHa y MeaujyM je nogaro 7 g L' arapa u pH Bpeanoct Meanjyma je nopemena
Ha 5.7-5.8 jenmrHMWIIa HETIOCPEIHO TIPe CTepUiIN3aldje. JeMMHCTBEHN MPHUKa3 CBUX MEIHjyMa KOpHUITheHUX

3a IpyTy TPyIy eKCIIeprMeHaTa JIaT je y MPHIIOTY.
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Tabena 1. Cacras xparmspuBe nomiore mo Murashige u Skoog-y (1962)

Maxpoenemenmu mg L!
KNOs 1900
NH4NO3 1650
CaCl, x 2H,O 440
MgSO, x 7TH,O0 370
KH;PO4 170
MUKpoenemenmu mg L!
MnSOs x 4H,0O 223
ZnS04 x 7TH,O 8.6
KJ 0.83
H;Bos 6.20
NaxMoOsx 2H,O 0.25
CuSO4 x 5H,O 0.025
CoCl, x 6H,O 0.025
KOMNJIeKCU 2680icha mg L
Na,EDTA 74.5
FeSO4 x 7H,0 55.7
GUMAMUHU mg L!
BUTaMUH B 0.1
BuTaMuH Bs 0.5
HHUKOTHUHCKA KHUCEITUHA 0.5
OpP2aHCKU 000ayu gL!
Ka3enH-XHIPOJIN3AT 2
MHO-UHO3UTOJ 0.1
caxaposa 30
arap 7
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Tabena 2. Cacras TpeTmaHa la

Maxpoenemenmu mM L!
KNOs 6.18
CaCl, x 2H,O 0.25
MgSO, x 7TH,0 0.25
KH2PO4 0.25
MUKpOenemMeHmu uM Lt
MnSO4x 4H,0 15
ZnS04 x TH,O 10
KJ 1.25
HsBos 12.5
Na:MoOsx 2H,0 0.25
CuSO0s x 5SH,O 0.025
CoCl, x 6H,0O 0.025
KOMNIeKCU 280dicha mM L
Na;EDTA 0.025
FeSO4 x 7H,O 0.025
BUMAMUHU mg L!
BUTaMHH B 0.1
BUTaMHH Bg 0.5
HUKOTHHCKA KHCEIMHA 0.5
OpP2aHCKU 000ayu gL!
Ka3eHH-XUPOJIA3AT 2
MHUO-UHO3UTOI 0.1
caxaposa 7.5
arap 7

42



Jlpacana Jaxosmwesuh

Hoxmopcka oucepmayuja

Tabena 3. CacraB TpeTmaHa 2a

Maxpoenemenmu mM L!
KNOs 12.36
CaCl, - 2H,O 0.5
MgSO4 - TH,O 0.5
NaH,PO4 0.5
MUKpOenemMeHmu uM Lt
MnSO4x 4H,0 30
ZnS04 x TH,O 20
KJ 2.5
H;Bos 25
Na:MoOsx 2H,0 0.5
CuSO0s x 5SH,O 0.05
CoCl, x 6H,0O 0.05
KOMNIeKCU 280dicha mM L
Na;EDTA 0.05
FeSO,4 x 7TH,O 0.05
BUMAMUHU mg L!
BUTaMHH B 0.1
BUTaMHH Bg 0.5
HUKOTHHCKA KHCEIMHA 0.5
OpP2aHCKU 000ayu gL!
Ka3eHH-XUPOJIA3AT 2
MHUO-UHO3UTOI 0.1
caxaposa 15
arap 7
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Tab6ena 4. Cacras TpermaHa 3a

Maxpoenemenmu mM L!
KNOs 24.7
CaCl, x 2H,O 1
MgSO4 x 7TH20 1
NaH,PO4 1
MUKpOenemMeHmu uM Lt
MnSO4x 4H,0 60
ZnS04 x TH,O 40
KJ 5
H;Bos 50
Na:MoOs - 2H,0 1
CuSO;s - 5H,O 0.1
CoCl; - 6H.O 0.1
KOMNIeKCU 280dicha mM L
Na;EDTA 0.1
FeSO,4 x 7TH,O 0.1
BUMAMUHU mg L!
BUTaMHH B 0.1
BUTaMHH Bg 0.5
HUKOTHHCKA KHCEIMHA 0.5
OpP2aHCKU 000ayu gL!
Ka3eHH-XUPOJIA3AT 2
MHUO-UHO3UTOI 0.1
caxaposa 30
arap 7
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TabGena 5. Cacras TpermaHna 1b

Maxpoenemenmu mM L!
KNOs 4.7
NH4NO:; 5.15
CaCl, x 2H,O 0.25
MgSO, x 7TH,O 0.25
KH2PO4 0.25
MUKpOenemMeHmu uM Lt
MnSO, - 4H,0 15
ZnS0Os - TH,O 10
KJ 1.25
H;Bos 12.5
Na:MoOsx 2H,0 0.25
CuSO4 x 5H20 0.025
CoCl, x 6H,O 0.025
Komniaekcu 280icha mM L!
Na;EDTA 0.025
FeSO4 x 7H,O 0.025
BUMAMUHU mg L!
BUTaMUH B 0.1
BuTaMUH Bg 0.5
HUKOTHHCKA KHCEIHHA 0.5
OpP2aHCKU 000ayu gL!
Ka3eHH-XUPOJIA3AT 2
MHUO-UHO3UTOI 0.1
caxaposa 7.5
arap 7
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Tab6ena 6. Cacras Tpermana 2b

Maxpoenemenmu mM L!
KNOs 9.4
NH4NO:; 10.3
CaCl, x 2H,O 0.5
MgSOs4 x 7H,O 0.5
KH,PO4 0.5
MUKpOenemMeHmu uM Lt
MnSO4x 4H,0 30
ZnS04 x 7TH,O 20
KJ 2.5
H;Bos 25
Na:MoOsx 2H,0 0.5
CuSO4 x 5H20 0.05
CoCl, x 6H,O 0.05
Komniaekcu 280icha mM L!
Na;EDTA 0.05
FeSO4 x 7H,0O 0.05
BUMAMUHU mg L!
BUTaMUH B 0.1
BuTaMUH Bg 0.5
HUKOTHHCKA KHCEIHHA 0.5
OpP2aHCKU 000ayu gL!
Ka3eHH-XUPOJIA3AT 2
MHUO-UHO3UTOI 0.1
caxaposa 15
arap 7
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Tab6ena 7. Cacras Tpermana 3b

Maxpoenemenmu mM L!
KNOs 18.8
NH4NO:; 20.6
CaCl, x 2H,O 1
MgSOs4 x 7H,O 1
KH,PO4 1
MUKpOenemMeHmu uM Lt
MnSO4x 4H,0 60
ZnS04 x 7TH,O 40
KJ 5
H;Bos 50
Na:MoOsx 2H,0 1
CuSO0s x 5SH,O 0.1
CoCl, x 6H,O 0.1
Komniaekcu 280icha mM L!
Na;EDTA 0.1
FeSO4 x 7H,0O 0.1
BUMAMUHU mg L!
BUTaMUH B 0.1
BuTaMUH Bg 0.5
HUKOTHHCKA KHCEIHHA 0.5
opeamcKu 0odayu gL!
Ka3eMH-XUIPOJIN3aT 2000
MHUO-UHO3UTOI 0.1
caxaposa 30
arap 7
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4. HcnutnBame KapaKTEePHCTHKA KIHjamba

CeMeHa CBakor oj KOpPUINNCHHX TEHOTHIIOBA OOCHJbKAa CMaTpaHa Cy MPOKIUjaJIMM HAKOH
nmpoOujama CeMemhade M I0jaBe PaJUKyJie JAYXKHHE HajMamke 2 mm. 3a CBaKM TPETMaH aceNTUYHO je
3acejano Hajmame 200 cemeHa, a pe3ynTaTH Cy JOOWjeHHM HAKOH TPU TOHABJbamka. EBUICHTHpAHE
MIPOKJTHjaJINX CEMEHA j€ BPIIICHO CBAKOT JIaHa CBE JOK YKyIaH Opoj MPOKIHjaInX ceMeHa HHje OO0 cTajaH.

[Iponienar ykymHo npokimjanux cemena (GP — germination percentage), cpenme BpeMe Kivjama
(MTG — mean time to germinate), o6p3una (RG — rate of germination) n yaudopmuoct kinujama (U)

m3pavyHatu cy npema Espanany u cap. (2016) u Fernandez u cap. (2015) Ha ocHOBY cneaehux jeqHadnHa:

YKynaH nponeHaT IpOKIHjaanx ceMeHa

Sn,
GP=——x100
n "

1, = yKynaH Opoj IpOKJIHjajIiXx ceMeHa

n = yKymaH 0poj 3acejaHuX ceMeHa

Cpenme BpeMe Kinjama

MTG = ™% ti/
xn

n;= 0p0j HOBOIIPOKJIMjaJINX CEMEHA Y HHTEPBAITY i

{;= BpeMe o]l I0YeTKa EKCIIEPIMEHTA JI0 BpEMEHCKOT HHTepBaa i (y JaHNMa)

bp3uHa kimnjama

RG = 2/,

G= mpoucHar HpOKJ'II/Ij aJInxX CEMEHa yjeI[HOI[HeBHI/IM HUHTCPBAJINMa

t = yKylaH HepHoA KJI1jama ceMeHa.

YunbopMHOCT KiIHjamka

U = GP/MTG
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5. CnekrpodoToMeTpHjcka KBaHTH(UKANNja KOHIEHTpanuje (POTOCMHTeTHYKNX MUTMeHaTa

3a oppehuBame KoHUeHTpauuje (HOTOCHHTETHUKHX NHIMEHaTa KopumiheH je cBeX OWJbHH
Mmatepujai. [lpunpema OuspHOT TKMBa U3BpILIeHA je mpeMa Bojovi¢ u Stojanovi¢ (2005), npu yuemy je 0.5 g
CBEXKHUX JIUCTOBa XOMOTeHH30BaHO y3 moxarak 10 mL 80% aumetona. Manepar je npoduntpupan Kpo3
¢dbunrep manmmp Whatman No. 1 1 npebaden y TaMHe enpyBeTe, HAKOH Yera je IeHTpu(yrupan 5 MUHyTa
pu O6p3uHM 00pTaja ox 2500 rpm. HemocpemHo HakoH eHTpUGyTHpamka 3a CyliepHaTanTe je oapehnBana
arcopOaHIia Ha TajacHUM AyxkuHama A = 470 nm, A = 646 nm u A = 663 nm.

Konnentparuje ¢gorocunterruknx nurmenara (xiopodwmr a (Chl a), xmopodun 6 (Chl b) u

ykymHU KaporeHouau (Cx + ¢)) m3padyHare cy npema ciaeaehum dbopmymnama (Wellburn, 1994):

Chl a—= 12.21 X A663 *2.81 X A646
Chl b = 20.13 X A646 — 5.03 X A663
Cx +c¢=(1000 x A470— 3.27 x Chl @ — 104 x Chl 5)/198

BpemnocTu cy m3padyHare U H3paxkeHe y OJHOCY Ha CBEXY Macy y3opaka (mg g'! SM).

6. Excrpaknmja u cnekTpodoroMeTpHjcka KBaHTH(GHKANMja YKYITHAX COJTYONTHUX NMPOTEHHA

CBexH y30pLH HCITUTHBAHUX T€HOTHIIOBA CYy Ha JeAy OJBOj€HH Ha KOPEHE U M3/IaHKE, HAKOH Yera
Cy XOMOI'€HU30BaHU Ha JIe[ly y3 AOoAaTaKk xjaaHor mydepa 3a ekcrpakuujy (Mishra u cap., 2013). [Tydep
3a eKkcTpakuujy je cazmpxkao 50 mM nHarpujym-kanujym-pochatHor mydepa, 1 mM EDTA, 2%
nonusuHmIUponuanHa (PVP) n 0.1% Triton X-100. XoMorenn3oBanu y30pLu cy NpoQUIATPUPaHH U
npebauenu y eneHaop¢ Tyde HakoH yera cy nentpudyrupanu 20-30 munyta Ha 4 °C npu Op3uHHN 00pTaja
oxn 12 000 rpm. lentpudyrupamem je u3ABOjeH OBU CJI0j (TAJOT O]l OpraHeyia v helujcKuxX 3u0Ba) U
CyIepHAaTaHT y KOME Cy Ce HaJa3wiH MpoTenHHU. V3qBOjeHHN cylepHaTaHT je Ha Jedy npebdadyeH y HOBeE
energopd tyode u ayBan Ha — 80 °C g0 ymotpebe.

KonmeHnTparmja ykymHuX CONyOWIHUX TpoTenHa ojpehena je meromom mo Lowry-jy (1951).
Merona ce 3acHUBa Ha Mepemy adcopOaHIle Koja MMOTHIE OJ] 1Ba 000jeHa KOMIUTIEKCa M TO OMypPEeTCKOT H
pexnykoBaHor (hochomonndaeHCcK-GochoBoIhPaMOBCKOT KOMIUIEKCA, TPU YeMy TPUIUKOM IIperacka y
pPEIyKOBaHO CTamke MEHA]y KyTy 00jy y IuIaBy. MHTEH3UTET pa3BHjeHe IIaBe 00je ce MOXKEe OYUTATH Ha

TaJlacHOj Iy>KWHH A = 750 nm ¥ TpOTTOpIHOHANAH j¢ KOHIICHTPAITHj! IPOTEHHA.
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Peakmmona cmenra je mopex yzopaka nporenHa cagpxana 1 2% Na,COs y 0.1N NaOH u cmenry
2% K, Na-traprapata u 1% CuSO4 x SH>0. Y3opuu cy nunkyoupanu 10 MuHyTa Ha COOHOj TEeMIIEpaTypH,
HaKoOH dyera je y cBaku y3opak noparo mo 0.6 mL Folin-Ciocalteu pearenca. [locne nnky6aumje on 30
MUHYTa BPIICHO je OUYUTaBame arcopOaniy. McTi nocTynak je moHOBJBEH 3a CTaHAAPIHI PAcTBOP roeler
cepyM anOymuna (BSA) u koHCcTpyucana je kanuOpanuoHa KpuBa. Ha ocHOBY kanuOpalnoHe KpUBE U
BPEIHOCTH M3MEpPEHUX aIrcopOaHId, U3padyHaTa je KOHIICHTpAIldja YKYITHUX COJTYOHITHHX IPOTEHHA H

u3paKeHa npeMa CBEXO0j Macu OusbHOT Matepujana (mg g SM).
7. HcnutuBame eH3MMCKHX KOMIIOHEHTH 00paMOeHOr cucTeMa
7.1. Keanmughuxayuja akmusnocmu cynepoxkcuo oucmymase

3a  ompehwBame  akTHBHOCTH  cymepokcun — amcemyrtaze  (SOD)  kopumhena — je
criekTpodoroMeTprjcka Meroaa mpema Beauchamp u Fridovich (1971). MeTona ce 3acHiBa Ha KanaruTeTy
MMPOTEUHCKOT eKCTpakTa ja mHxubOupa doroxemujcky penykiujy NBT (eng. nitro-blue tetrazolium) no

¢opmazana (Ciuka 14), mro je npaheHno 60jemeM peakiuoHe CMeIlIe y TUIaBo.

g VN Midy.
@

CHSO (\:II'Z:H;.l

CH40 OCH, —_—

Cruxka 14. Penykimja NBT (nitro-blue tetrazolium) u hopmupame popmasana

Peakmmona cmemra je mopen 50 mM watpujym-pocdaraor mydepa (pH 7.8) cagpkana u 1mM
NBT, 13 mM I-metionin-a, 0.01 M EDTA, 0.2 mM putodnasura u 0.1 mL mpoTeHHCKOT e€KCTpakTa.
Kontponnu y3opak je npunpeman MmemameM peakiuone cmemre u 0.1 mL mydepa. 3a cBaku Tperman
NpUnpeMJbeHa ¢y 10 TpH y30pKa. Peakiinja je MHULMpaHa U3TarabeM PeaklMOHE CMEIIEe OCBETIbEHY OJ
20 W y tpajamy oxn 10 munyTa. Anicopbanna je ogpehusana na A = 560 nm.

Jenna SOD jemmnuna (U) mnpexnctaBiba KOMMUMHY eH3uMa koja wuHxuOupa 50% NBT
(oTopenyKiuje U U3paKeHa je WM Y OJHOCY Ha CBEKY Macy ouibHor TkuBa (U mg!' SM) win y oaHocy Ha

KOHIIEHTPAIM]y yKYIHuX conyOuinux nporeuda (U mg™! proteina).
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7.2. Keanmugukayuja akmuenocmu Kamanasze

Pasrpanma BoioHUK-TIepOKCcH A TTocpecTBOM eH3uMa katanaze (CAT) Bpmu ce npema cienehoj

JjeqHaYNHH:

KaTaJia3a

2H202 — 2H20 + 02

Mepeme aktuBHOcTH CAT BpmieHo je cnekrpodoromerpujckoM metogoM mpema Goth (1991).
Metosa ce 3acHHMBa Ha MEpemYy KOJMYKMHE HepasrpalleHOr BOJOHHUK-TIEPOKCHIA KOjU Yy PEakuuju ca
aMOHH]jyM-MonOaaToM (opmupa cTabrinaH KOMIUIEKC ca MAKCHMYMOM arcopIiyje Ha TalnacHOj AyKUHH
A =405 nm. Y y30pak MpOTENHCKOT eKCTpakTa moaar je 60 mM Hatpujym-kanujym-bochatau mydep (pH
7.4) u 65 uM mL! H,0, (y dpocharnom nydepy). Hakon unkybamuje ox 60 cexynam Ha 37 °C peakunja je
3aycraBibeHa momaBameM 1 mL 32.4 mM amonmjym-mommbaata ((NHs)sMo7024 x 4H,0), npu gemy ce
dhopmupa KyTo 000jeHH KOMIUIEKC MOINO1aTa ¥ BOJTOHUK-TICPOKCHIA.

Jemna CAT jemmnuma (U) mpeacraB/ba KOJHYWHY €H3MMa KOju pasrpaau 1 umol BOgOHHK-
repokcuaa 3a 60 cekyHau 1moj HaBeneHUM yciioBuMa. AKTUBHOCT CAT m3pakeHa je Wiu y OIHOCY Ha

cBexy Macy omibHOr TkMBa (U mg™! SM) mim y 0qHOCY Ha KOHLIEHTPALK]y YKYIHUX CONyOMIHUX IIPOTEMHA

(U mg! proteina).
7.3. Keanmudghuxayuja akmuenocmu ackopoam nepoxcuoaze

Ackopbat nepokcuaaza (A POX) peaykyje H.O» no Bozme, a kKao JOHOp €JICKTPOHA KOPUCTH

acKOpPOMHCKY KHCEJIMHY Koja ce OKCHAYje A0 Aexuapoackopouncke kucenune (Cnuka 15).

il e]
I

2

Cimka 15. PeZ[yKIII/Ija BOJOHUK-IIEPOKCUIA U OKCI/IZ[aIII/Ija aCKOp6I/IHCKe KHCCJIIMHE N0 nexnz{poacxop&/mcxe KHCEJIIMHE
NOCPEACTBOM aCKOpGaT NEepoKCuaase
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KBantudukanuja aktuBHocTH A POX y NpOTEMHCKUM €KCTPaKTUMa CBEKET OMJBHOT MaTepujajia
BplLeHa je cnekTpodoTomerpujckoM MeTonoM (Jia u cap., 2013). Peakuuona cmemia je cagpxkana 50 mM
¢dochatau nydep (pH 7), 0.5 mM ackopbuncky kucenuny u 0.1 mM BogoHHK-iepokcun. Peakuuja je
WHHULIMPaHa J0JaBambeM MPOTEHHCKOT eKCTPaKTa, a MPOMeHa arcopOanile je npaheHa Ha TaqacHoO] Ty KUHU
A =290 nm ToKOM jemHor MuHyTa. Cpelame BpeIHOCTH IMPOMEHa arcopOaHLy Ccy JeJbeHEe ca MOJApHUM
eKCTHIMjCKIAM Koe(HIHjeHToM 3a ackopouHcKy KucemuHy (€77 = 2.8 mM™! ecm™). Mepema cy BpimeHa y
TpH TIOHABJbAA.

Jemna A POX jegmanma (U) mpeacTaB/ba KOJIWYWHY €H3MMa Koju pasrpamu 1 umol BogoHMK-
MIePOKCHIA Y JEAMHHIIN BpEMEHa T10 jeIMHUNIA OMJFHOT MaTepHjalia y HaBedeHHM yciioBuMa. Criennduana
aktuBHOCT A POX je m3pakeHa y OJHOCY Ha KOHLEHTPALM]y yKymHHX conyOmmnux nporenHa (U mg!

proteina).
7.4. Keanmugpuxayuja axmusenocmu 2eajaxon nepoxcuoaze

I'Bajakon mepokcugaza (G POX) penykyje BOJOHHUK-TIEPOKCHI AO BOAE IMPU Y€MYy KOPUCTH
apOMAaTHYHO jeIU-CHHE TBAjaKOJl Kao TOHOP €NEKTPOHA. AKTUBHOIINY IBajakoil MIEPOKCUIA3e, IBajaKoIl ce
OKCHJyj€ OTIYLITAamhEeM €IEeKTPOHa W TOM NPHIMKOM Mpena3u y TeTparBajakoil. CiocoOHOCT penyKuuje
BOJIOHUK-TIEPOKCHAA OJ CTpaHe I'Bajakoll Mepokcuaase u GopMupame TeTparasajakoyia NpUKa3aHH Cy Ha

Cnuru 16.

OCH, OCH,

OCH,4 0—0
OH
4 + 4H0 — + H0
0—0

OCH, OCH,

Cmuxka 16. Penykiuja BoJOHHK-TIEPOKCHIA X OKCHAAIM]a TBajaKoiIa Y TeTparsajakot
MOCPEICTBOM I'Bajakoi epOKCHa3e

Keantudukamuja aktuBaoctd G POX BpmieHa je criekTpooTOMETPHjCKOM METOIOM TipeMa Jia u
cap. (2013). Peakimona cmema je cagpxana 100 mM docdarau mydep (pH 7), 15 mM reajakon u 0.05%

BOJOHUK-IICPOKCUI. PeaKI_[I/IjajC HUHULIMPpaHa 10JaBatbeM NPOTCUHCKOI EKCTPAKTa, a IPOMCHA ancop6aHue
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ycJiell HacTaHKa TeTparBajakojia npaheHa je Ha TamacHOj OyxuHH A = 470 nm, TOKOM jeIHOT MHUHYTA.
Cpenme BpeZHOCTH MpPOMEHa arcopOaHy Cy JeJbeHEe ca MOJAPHUM EKCTHIHjCKUM KOe(HUIMjeHTOM 3a
tetparBajakon (€7 = 26.6 mM' cm™). Mepema cy BpleHa y TpH HOHABIbAK:A.

Jenna G POX jemumnnna (U) mpeactaBba KOJMYUHY €H3UMa Koju pasrpaad 1 pmol BOZOHHK-
MEPOKCHA Y jeANHULIM BPEMEHa 110 jeJMHUIM OMJbHOT MaTepHjajia y HaBeIleHUM YCIIOBUMa. AKTUBHOCT G
POX je m3paxkeHa wim y omHocy Ha cBexy Macy OwsbHor TkmBa (U mg! SM) wiam y ommocy Ha

KOHIIEHTPalMjy YKynHuX coayounaux nporenna (U mg! proteina).
7.5.  Keanmuguxauuja akmugnHocmu nupozanon nepoxKcuodase

Pemyxinja BOMOHMK-TIEPOKCHIA IO BOJIE MIOCPEICTBOM €H3MMa Tuporaion nepokcugase (P POX)
BpIIIM c€ y3 MOMON Muporajojia Kao JOHOpa eleKTpoHa. Iluporanon ce y oBOj peakmmju OKCHIYje IO
myprryporanuaa. CrocoOHOCT peayKIHje BOMOHHK-TIEPOKCHIA OJ CTpaHe MHUPOTANION TEPOKCHIA3e H

dhopmupame mypIryporajinaa mpukazanu ¢y Ha Crwmm 17.

OH OH QO 4y
OH

HO
+ O, —— OQ +2H,0
OH HO

Cruxka 17. Penykiyja BOIOHHUK-TIEPOKCHAA M OKCHIAIM]ja MUPOTajoia 10 MypnyporaarHa
MOCPEICTBOM MHPOTajio NepoKcuaase

AxtuBHOocT P POX 1 Hactajame mypryporajinHa AeTeKTYjy ce Ha TaJlaCHO] Ty HHHU A = 420 nm u
npaheHu cy miaBo-jbyondactuM OojemeM peakiuone cmemie (Kukavica u cap., 2013). Peakipona cmema
je campxkana 0.1 mM docdarau mydep (pH 7), 20 mM nuporanon u 3.3 mM BopoHUK-TIepokcu. Peaknuja
je 3amodera J0AaBamkeM NPOTEMHCKOT €KCTpaKTa HaKOH dera je mpahieHa mpomeHa arcopOaHIle TOKOM
jenHor MuHyTa. Mepemwa Cy BpllleHa Y TpU MOHaBJbama. Cpeama BpeIHOCT ancopOaHIM IeJbeHa je ca
MOJIApHUM €KCTHHIINjCKUM KoedujenToM 3a mypryporanus (€77 =12 mM™' cm™).

Jemna P POX jemmnuma (U) mpeacTaB/ba KOJMWYMHY €H3WMa KOju pasrpaam 1 pumol BOJOHHK-
TIePOKCHIA V jeNIHMHUANIA BpeMeHa TI0 jeAMHHUIN OMJFHOT MaTepHjalia y HaBEIEHUM YCIOBHUMAa. AKTHBHOCT
ensuma P POX je u3paxkeHa WM y OQHOCY Ha cBexy macy omibHor TkuBa (U mg™! SM) uinm y ogHOCy Ha

KOHIIEHTPalMjy YKynHuX coinyounaux nporenna (U mg! proteina).
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8. Ekcrpaknmja u onpehnBame akTHBHOCTH eHWIAJAHUH aMOHMjYM JiMa3e

denunananud amoHujym nuasza (PAL) katanusyje qeaMiUHall]y aMUHOKHCENMHE (DeHUTIaHUH Y

trans-IMMETHY KHCENHHY IpHu uyeMy ce ociobaha amonujym (Cnuka 18).

H H H

COO-  paL N c0o0-

"-.,"I e + N H3
H,N* H

Cnuka 18. [leamuHanyja aMuHoOKHcennHe GeHnnanannd nocpeactsoM PAL eH3uMa u HacTajame
trans-uEMeTHEe KHCelHe y3 ocnobal)ame aMoHUjyMa

Kaxo 6m ce onpenmra aktuBHOCT PAL kopumrhen je cBexk OmsbHEM MaTepujan. Ha nemy cy Hajmpe
0JIBOjCHHM KOPEHHU W M3IAHITH, T1a CYy MTOCEOHO XOMOTCHH30BaHH y IpeTxoaHo oxiahernoM 50 mM Tris-HCl
nydepy (pH 8.8) y3 momatak 10% nonusunmwinmuponunona (PVP) u 0.1 mM EDTA (He u Gao, 2008).
X0oMOreHn30BaHO TKMBO je mpoduirpupano kpo3 Whatman No. 1 ¢unrep nanup, npedadeHo y xyiaaHe
enenaopgd tyoe, ma nentpudyrupano 20 munyta Ha 4 °C npu Op3unu ox 12 000 rpm. Lientpudyrupamem
je M3IIBOjeH JOWH CII0j (TaJor oX opraHena u hellMjcKuxX 31u70Ba) U CyNEepHATAHT ca MPOTEHMHUMA KOjH je
kopumiheH y gajbeMm pany. CynepHaTaHT je 0/BOjeH y XiagHe eneHnopd TyOe y dysaH Ha — 80 °C mo
ynotpe0e.

OnpehuBame aktuBHOCTH PAL BpHIeHO je CEeKTpOQOTOMETPHjCKOM METOAOM Y3 mpaheme
nopacrta arncopOanue yciea GopMupama frans-quMeTHe KUCeTMHE Ha TajlacHOj Ay>KUHH A = 290 nm TOKOM
jennor muHyTa. Peakumona cmema cagpxana je 50 mM Tris-HCI (pH 8.8) u 20 mM L-denunananus, a
peakIuja je MHAIMpaHa Io1aBamkeM MPOTEHHCKOT ekcTpakTa. CMera je maKyOnpana 30 muayTa Ha 30 °C,
a peakiyja je 3aycraBibeHa qogaBameM 0.5 mL 10% tpuxmopcupherne kucenmmue (TCA).

Jenna PAL jenuauma (U) npencraBiba KOTUYHHY eH3UMa Koju opmupa 1 pumol trans-iumeTHe
KHceNnnHe 3 GheHnIaannaa mo Muayty, Ha 30 °C 1o jenuannm OvspHOT MaTepujaia (Baque u cap., 2010).
Mepeme je BpIICHO Y TpH MOHaBJbamba. AKTHBHOCT PAL je m3paxkeHa y oHOCY Ha CBEXY Macy OHJLHOT

marepujana (U mg! SM).
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9. KBaHTMTATHBHA aHAJIM3a CEKYHAAPHUX MeTa00JIMTA

9.1. Y3opkoeawe u npunpema duvHoz mamepujana

JyBeHWIIHN OWJBHU JEJIOBH aHAIM3HPAHUX TEHOTHUIIOBa poxa Ocimum y30pKOBaHU cy HakoH 30
JIaHa of in Vitro 3acejaBamba. Y30pKOBaHH OWJHPHH MaTepHjasl je TPHUIPEMJBCH 3a TIPOIEC CYyIICHa
0JIBajar-e€M M3MIaHaKa OJ1 KopeHa. bUJbHN MaTepHjai je CyIllieH Ha TAMHOM U IPOMajHOM MECTY, Ha COOHO]
TEMIIEPATypH | TIPH BIAKHOCTH Ba3ayxa o 55-60%. HakoH cymiema, kKoje je Tpajasio 7 JaHa, CyBU OMJbHU
MaTepHjal je YCUTH-CH U CITAKOBaH y TAIMpPHE Kece JI0 MpoIleca eKCTPAKITH]e.

On OuJpHOT MaTepHjajia TPUNIPEMIBEH jeé MeTaHOJNHH HHGY3yM oaMmepaBameM 100 mg cysor
OmspHOT MaTepHjaia u monaBameM 100 mL metanona. Cmerna je, y3 Memiame, ocTaBJbeHa 24 cata. Hakon
24 cara cmemna je npoduiaTprupana kpo3 Whatman No. 1 ¢unrep manup u nporiec je moHOBJbeH ca jorr 100
mL pactBapaua. Hakon 48 catm mocTymak ¢GuiTpupama jeé MOHOBJBEH W (DHITPAT je CjeAWbeH ca
¢unTpaTOM 100MjEHUM MPETXOAHUM MOCTYIIKOM.

OBako noOujenn MHQY3YM je oAMax HAaKOH NpHUIpeMe KOpHUIIheH 3a yTBphuBame KOJHMYMHE
YKYITHUX (DEHOJIHUX jeIUbCHha, KOHICHTpalHje (DIaBOHOM A, KA0 U 32 MEPEH-E YKYITHE aHTUOKCUIATUBHE

AKTUBHOCTH.

9.2. Oopelhusarse Konuuune yKynHux (heHoIHUX jeourserva

Komnmunna ykynmHux (eHOTHHMX jeaumema oipehuBaHa je CHEKTpO(HOTOMETPHUjCKOM METOIIOM
(Singleton u cap., 1999) y3 xopumheme Folin-Ciocalteu pearenca. Merona ce 3acHuBa Ha oapehuBamy
penykyjyher kamanurera (heHOIHHUX jeIUBbCHA KOJH Cy PACTBOPEHU y HHDY3YMY, TIPH YEMY THCOCOBAHEM
(heHOTHUX jeTUbEha HacTaje MPOTOH U GeHOKCHIHM aHjoH Koju peaykyje Folin-Ciocalteu pearenc 1o jona
KOju 00ju peaKIMoHy CMEIITy Y TIIaBo.

Peaknmona cmemra je cagpxana metanonau nHpy3yM, 10% Folin-Ciocalteu pearenc (pactBopeH y
Boan) u 7.5% NaHCOs;. Y3opum cy makyOupann 15 muHyTa Ha Temnepatypu on 45 °C HakoH yera je
onpehuBanHa ancopOaHIla Ha TalacHO] Ty>KHHH A = 765 nm. Mepeme je BpIIeHo Y TpH MoHaBJkama. Mctu
MOCTYTIAK j€ U3BPILEH 32 CTaHIAP{HA PACTBOP T'aJTHE KHUCEJIHHE P YeMy je KOHCTPYUCaHa KanOpamnuoHa
kpuBa. KoHrenTpanyja ykymaux GeHOIHUX jeIUhEha N3padyHaTa je Ha OCHOBY BPEIHOCTH aricOpOaHIIH
3a y30pKe U KaIMOpalMoOHe KPHUBE 3a TAIHY KACEINHY, a U3PaKEeHA je K0 eKBHBAJICHT TAJIHE KHCEIHHE T10

MuMrpamy cysor omsbHor Marepujana (GAE mg™! SM).
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9.3. Oopehusare Konuuune haasonouoa

Konnunna ¢naBononna je onpehusana ciekrpodoromerpujckom metoaom (Quettier-Deleu u cap.,
2000) y3 kopumtheme AlCls. OBa MeTosa ce 3aCHHBa Ha peakyju (pIaBoHOWAA U MeTaja, IPHU YeMy HacTajy
MeTaJIOKOMIUIeKCH. [Ipomec HacTaHKa METAaIOKOMIUIEKCa Y peakiijy (hraBoOHOWAA U MeTana NpUKa3aH je

ga Cimnou 19.

AICl;
it

O—Glu—Ram O0—Glu—Ram

Cmuxka 19. Hacrajame MeTaJIOKOMIUIEKCa Y peakiyji (raBoHOMIa U MeTasa

Peakimona cmema je caapkana MmeTtaHonHu WHQY3ym u 2% pactBop AlCl; y meraHomy.
KonTponHu y3opak je nobujeH memamem meraHona u 2% pactBopa AlCls y meranony. Y3opiwu cy
WHKYOHMpaHH jeJ]aH caT Ha COOHOj TeMIIEPaTypH HAKOH Yera je BPIIEHO OUHTaBambe aricopOaHIy Ha TaJIacHO]
oy kuHU A = 415 nm. Mepeme je BpIIeHO y TpH MMOHaBJbama. VICTH MoCTynak je W3BpIleH 3a CTaHAapAHU
pacTBOp PyTHHA, IPH YeMY je KOHCTpYyHCcaHa KanuOparona kpusa. KonmrmunHa (rraBoHOW1a M3pavyHaTa je
Ha OCHOBY BPEJHOCTH aricopOaHIIM 3a Y30pKe H KaIUOpaIoOHe KPUBE 32 PYTHH Kao CTaHAap/l, a U3pakeHa

j€ Kao eKBUBAJIEHT PyTHHA 110 MIJIATPaMy cyBor OmsbHOr Mateprjana (RUE mg™! SM).

10. UcnuTBame YKYIIHEC aHTUOKCUIATUBHEC aKTHBHOCTH

YKymmHa ~ aHTHOKCHIATHMBHA  aKTHBHOCT  METAHONHMX  WHpY3ymMa  onpehmBana  je
CIIEKTPOPOTOMETPHjCKOM METOIOM KOja C€ 3aCHHBA Ha Mepemy cTenena Heyrpanmsaiije DPPH panukana
(Takao m cap., 1994, ca momudukammjama npema Kumarasamy u cap., 2007). DPPH pamuxan (1,1-
I eHmI-2-MUKPUIXUAPA3UIT) je KPUCTAIHU JbyOMYacTd Mpax KOjU y peaklHju ca aHTHOKCHIATHBHUM
jenumemnMa OuBa penykoBad 1o 1,1-mudennn-2-(2,4,6-rpunntpodenmn)-xunpasuna (Cnuka 20) npu

yeMmy JoyOmuacta Ooja ctanmapaHor pactBopa DPPH panmkama mpenasu y xyTy 300r ¢opmupama
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Hepaaukajicke (opme. MHTeH3UTET ryOUTKa JhyOMuacte 60je MPOMOpLUHOHANIAH j€ aHTUOKCUAATUBHOM

KananureTy MCTAaHOJIHOT I/IH(i)y3yMa.

N—N NO, + R — N—N NO,

Crnmka 20. Peaknuja npenacka pagukaicke 1,1-audeHmI-2-muKpuixuapasut GopMe y HepaauKaicKy Gopmy
1,1-mudenmn-2-(2,4,6-rpuHUTpOdEHIII)-XUAPA3UHA

[TouetHa peakioHa cMemia camapkana je 1 mL meranomHor nH(y3yma u 1 mL pactBopa DPPH
panukana (80 pg mL™!). 3a cBaku y30pak, o4eB 01 KOHLIEHTpANKje MeTaHOMHOT uH(y3yma ox 1 mg mL!
IpUIpEeMIbEHA je ceprja pa30akema y KoHenTpamujama o 500, 250, 125, 62.5, 31.25, 15.62, 7.81, 3.90,
1.99 u 0.97 pg mL"". Tlpunpemibenn y3opuu cy unkyoupanu 30 MuHyTa Ha COOHO] TEMIIEPATYPH, HAKOH
yera je cnekrpodoroMmeTpujcku oapehuBana amcopbaHia Ha TanacHoj AyXuHH A = 517 nm. Cpeama
BpPEIHOCT arcopOaHIM Jo0MjeHa je MepemeM y TpH IMOHaB/bama. Ha OCHOBY pasnuka y ancopOaHiu
y30paKa MEeTaHOJIHUX MH(Y3yMa H KOHTPOJIHHX y30paka (y3opaka 0e3 pacTBOpa METaHOIHUX WHPY3yMa)
onpeheH je mpoueHar mHxuOuuuje. Ha ocHoBy yTBpheHumx mpoueHata MHXHOuIMje mpu oxapelheHoj
KOHILIGHTpALHjH, 32 CBaKU y30paK U CBaku WHQY3yMm, noMohy jeHaunHe JHUHEapHe perpecuje oapehena je

MaceHa KOHIIEHTpalyja Mpu Kojoj je peaykoBano 50% paaukana, oqHocHO yTBpheHa je ICso BpemHocT.

11. KpaJuTaTHBHA aHAJM32 CEKYHAAPHUX MeTa00JINTA

MeTaHOJHH eKCTPAaKTH M3JIaHaKa U KopeHa 3a MoTpede KBATUTATHBHUAX aHAN3a pa30iiaKeHu cy
CMEIIOM METaHOJa U JIeCTHIIOBaHe BoJie y ofHocy 1:1. Caapikaj py3MapuHCKe U KOPEHHCKE KHCEIUHE Y
y3opauma oapehen je LC-DAD-MS/MS meromom nomohy Agilent 1200 series TeqHor Xpomarorpada
KymioBaHor ca Agilent series 6410A ESI-QqQ-MS/MS (Agilent Technologies) xoHTponmcanor
MassHunter ver. B.06.00. mporpamom, o moaudukoBanoj metoau Or¢i¢ u cap., (2014).

HmekTorano je 5 UL y3opka. PazaBajame je m3Bpmreno Ha Zorbax Eclipse XDB-C18 komonwu (50
mm X 4.6 mm, 1.8 um, Agilent Technologies) Tepmoctatupanoj na 50 °C. KomnoHenre cy emyupaHe
MobmTHOM hazom Ha 6a3zu 0.05% BojgeHoOr pacTBOpa MpaBibe kKucenuHe (A) u metanouna (B), mpu npoToky
ox 1.0 mL min™!, y rpagujenTHoM moxy: 0 min 30% B, 6 min 70% B, 9 min 100% B, 12 min 100% B, y3

oIpXaBame cactaBa (Bpeme peexBuinOpauuje) 3 min. 3a moTrpede eBeHTyal HE MOTBPAE WACHTHTETA

57



Jlpacana Jaxosmwesuh Joxmopcka ducepmayuja

npahen je UV/VIS curnan y oncery o A = 190 1o A = 700 nm. Enyar je 0e3 nesbema ToKa npociehen na
ESI joncku u3Bop unju cy napamerpu Ounu: nputrcak Hedynajzepa 50 psi, TemiepaTypa 1 IpOTOK raca 3a
cymeme (N2) 350 °C u 10 L min™!, manon na xammnapu 4000 V, HeraTMBHHM HOJIAPHUTET. JeAUEEmHA Cy

npahena quHaMuKOM y SRM (eng. selected reactions monitoring) Mony, y3 ONTUMHU30BaHE TIapaMeTpe JaTe

y Tabenu 8.
Tab6ena 8. OntTumuzoBann nmapamerpu SRM onpehuBama
jSi1%: 8928 Mw tr [min] Vi m/z m/z Vel
npeKypcopa  NPOAyKTa
py3MapHHCKa 180 1.18 100 179 135 10
KHCeJIMHA
Kopenncka 360 2.53 120 359 161 14
KHCEeJIMHA

CexBeHIMjamHUM pasz0naxkemeM 1:1 mpumpeMibeHa je cephja CTaHTApPIHUX PacTBOpPa y OICETy
konuenrpanmja ox 1.53 pg mL™! mo 25.0 ug mL"!. Konuenrpanuje anamura onpehuBane cy METOIOM
€KCTEepHOT CcTaHAap/a, kopuctehn kamnopanroHe KpUBE Y y>KEM OIICeTy, MpmiaroheHoj KOHIEHTPAHjH Y
Y30pKy. 3a cBa jenumbema kopurhenn cy SRM curnamm. Xpomatorpamu ¢y oopahusanu y MassHunter
Workstation Qualitative Analysis codTepy, ver. B.06.00 (Agilent Technologies), mokx cy kanubparmone

KpHBe KOHCTPYHCAHE W KOHIIEHTpaIlje ounTaBaHe y nmporpamy Microsoft Excel.

12. CratucTnuka odpaja nmogaraka

CBaku o] TOjeIMHAYHHX EKclepuMeHata je pahen y Tpuiumkary. Pesynartatu noOujenn
kopumhemseM SPSS codTBepckor makera 3a craTHCTHUKy oOpany moxatka (SPSS for Windows, version
20, SPSS Inc., Chicago, IL, USA), u3zpaxkeHu cy kKao cpeiba BPEAHOCT TPH MMOHABJbakha + CTaHAAp/IHA
rpelika, U MpencTaB/beHH cy TabenapHO W rpaduukd. [IpuKyIubeHH mojanu Cy aHaJU3HUpaHH IIyTeM
ANOVA Ttecra, ca mparom 3HaudajHoctu p < 0.05. 3a yrBphuBame mocrojama pasnuka usmelhy

nojequHayHuX TpetMmana kopuithed je Tukey post-hoc Tect ca nparom 3nauajnoctu p < 0.05.
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PE3YJITATU HCTPA’KUBAIbA

I Edexar nposoHrupaHor coHor crpeca Ha (usHoJiomike W OHOXeMHjCKe

KapakTepucTUKe KiaujaHaua Ocimum basilicum var. minimum y in vitro ycjioBuma

1. EdexaTt npoJIOHTHPaHOT COHOT cTpeca HAa pacTeme u pasBuhe kiaujanana Ocimum basilicum var.

minimum

YTBphuBame 00MMa JeoBamka MPOJOHTHPAHOT CTPECa H3a3BAHOT PA3IMUYUTUM KOHIICHTpaIIHjaMa
Hatpujym xsopuna (10, 20 u 30 mM) Ha TpoayKTUBHOCT Kiujanana Ocimum basilicum var. minimum
TOKOM jyBeHWIHE (haze, y PBUX 28 maHa pacTema U pa3Buha y KyATYpH in vitro, BPIICHO j€ HEICJHHUM
MEpemheM CBEXKE Mace KOMIUIETHHMX KIMjaHala, 3aTHM MepemeM JY)KHHE M3JJaHaka W JIy>)KUHEe KOpeHa.
OnabpaHe KOHIIEHTpaIHMje HATPUjyM XJIOpHIa Kao CTpecHOT (akropa TIpeacTaBbalie Cy OHE
KOHIICHTpaIFje 3a Koje c€ y NPeTUMHUHAPHUM HCTPKHBAmMMa ITOKA3aJio Ja MPEICTaBihaj)y HajHIKE
KOHIICHTpAITHj€ COJIH ¥ KOjIMa ceMeHa O0CHIbKa HEOMETaHO KITHjajy, IPH 9eMY Y CaMOM TIPOIIeCy KIIHjamba

HE M0CTOj€ 3HAYajHe pa3iiKe Y OAHOCY Ha KOHTPOJIHU MEAH)jyM, Tj. MeIujyM 0e3 HaTpujyM XJIOpHIa.

PesynTatu noOujeHn MepemeM CBexe Mace KilMjaHala npukazanu cy y Tabemn 9.

Tabena 9. Crexxa maca (g) knmujanaua Ocimum basilicum var. minimum TajeHIX y MeIUjyMHUMa ca Pa3IndUTUM
KOHIIEHTpaljaMa HaTPHjyM XJIOpHAA TOKOM HPBOT Mecela y KyJITypH in Vitro

KOHTpOJIa 10 mM 20 mM 30 mM
7 23.140.002 19.7 +0.01 20.87 +0.01 20.08 + 0.01
14 56.12 +0.06 36.82 +0.03* 37.12 +£0.03* 43.62 +0.63*
21 77.21 +£0.05 45.66 + 0.07* 64.16 + 0.05 59.11+0.37
28 125.56 +0.02 105.85 + 0.02 118.78 + 0.08 112.45 +£0.12

PesynTatu cy npeacTaBbeHH Kao cpelba BpEAHOCT TPH He3aBHCHA Meperba + cTaHJapAHa rpemka. 3se3auna (*) o3HauaBa
CTaTHCTUYKY 3HauajHy pasnuky (p < 0.05) y oqHOCY Ha BpEJHOCTH y KOHTPOJIN
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3a cBaku of KOpUIINEHUX TPeTMaHa JA0OHjeHE Cy HUKE BPEIHOCTU CBEXe Mace y nopehemy ca
BPEJIHOCTHMA JIOOUjEHUM Y KOHTPOJIU 32 UCTH BPEMEHCKH TIEPUOJT Y30PKOBama. Y MPBOj ceAMUIM pa3prha
HajHWKE BPEIHOCTHU 32 CBEXKY Macy Cy €BHJICHTUpaHe y Menujymy ca 10 mM HaTpujym XJIOpHUIIOM, TIpU
4YeMy HUCY YTBpl)CHE CTATUCTHYKU 3HA4YajHE pasiiuke u3Mely KOHTpoJie U ocTaiux TpermaHa. M y apyroj
HEJICJbH CY HAjHUKE BPEHOCTH U3MEPEHE Y UCTOM MEHjyMy, Meh)yTHM, BpeTHOCTH 3a CBE TPU KOpHIITheHe
KOHIICHTpAIje Cy CTATHCTHYKU 3HAYajHO HIDKE Y OJHOCY Ha KoHTposry. Tokom tpehe Henesbe in vitro
paseuha Ocimum basilicum var. minimum CTATUCTHYKH 3HAYajaH MHXHOUTOPHU €(eKaT OCTBAPHO je
HATPHjyM-XJIOPHU Y KoHIIeHTpanuju ox 10 mM, nok 28. naHa HaKOH KiHjamka U MOpPe]] HIKUX BPETHOCTH
M3MEPEHHX y CBUM TpETMaHuMa y mopel)emy ca KOHTPOJIOM, HUje yTBpheHa CTaTHCTHIKH 3HaYajHA pa3InKa
Y CBEXO0j MacH KJIMjaHara.

YmopehuBameMm pesynrata mOOWjeHHMX MepemHMa TOKOM UYCTHPH HENEhe YOUCHO je na ce
Haj3HavajHUjU eheKaT COHOT CTpeca Ha CBeXXy Macy kinujanamna Ocimum basilicum var. minimum ocTBapyje
y IpyToj HEAEJBH in Vitro pacTema U pa3Buha, y3 MOCTOjamke CTATUCTHYKH 3HAUAJHUX Pas3iInKa y CBAaKOM O]
TpeTMaHa y mopehemy ca KOHTPOJIOM, Kao M TOKOM Tpehe Hemesbe, amm MpH HAjHUXKO] KOHIICHTPAIIH]jH

cTpecopa.

PesynTtatu nobujeHn MepemeM AyKuMHE u3naHaka KnujaHaua Ocimum basilicum var. minimum
npukaszanu cy y Tabenu 10.

JlobujeHe BpeIHOCTH yKa3yjy Ha [O3HO-3aBUCHHM eQeKaT HaTpHjyM-XJOpHIa, NpU UYeMy je
HETaTHUBHU YTUIa] Ha M3IyXUBambe HAJA3EMHUX OpraHa CTATUCTUYKH HAj3HAYAJHUJH TNPH HajBUIIAM
KOHIIeHTpanujama cou. Takole, 28. nana y cBUM TpeTMaHnMa yTBpleHa je CTATUCTUYKH 3HaYajHa pa3iiuKa

y Oy’)KMHU H3JlaHaKa y nopehemy ca KOHTPOJIOM.

Tabena 10. dyxuna n3ganaka (mm) kaujanana Ocimum basilicum var. minimum TajeHUX y MEIHjyMHIMa ca Pa3InIuTHM
KOHIIEHTpaljaMa HaTPHjyM XJIOpHAA TOKOM 28 naHa y KyJITYpH in Vitro

KOHTpOJIa 10 mM 20 mM 30 mM
7 20.52+0.73 16.78 +0.57 15.85 +0.63 12.01 +0.54
14 3046+ 1.71 27.55+191 23.09 + 1.96 18.45 + 1.44*
21 32.08 + 1.46 27.64 + 1.69% 28.64 +1.87 22.03 £2.23*
28 4439 +2.11 30.85 + 4.00* 34.39 +2.32% 29.91 + 1.24%

PesynTatu cy npeacTaBbeHN Kao cpelba BpeAHOCT TPH He3aBHCHA Meperba + CTaHJapAHa rpemika. 3se3auna (*) o3HauaBa
CTaTHCTUYKY 3HaUajHy pasnuky (p < 0.05) y oqHOCY Ha BpEJHOCTH y KOHTPOJIN
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PesynTatu noOujenn MepemeM AyKuHE KOpeHa KilijaHala nprukazanu cy y Tabemn 11.
VYTBpheHo je na je Ha U3AYKUBamke KOpeHa HETaTHUBaH e(eKaT COIM OCTBApEeH TeK 28. naHa, 10K je

y OCTaJluM TpeTMaHUMa CTUMYJIMCAHO HM3IYyXHBame KOpeHa y mopehemy ca KOHTPOJIOM, NPH YeMy Cy

HajBUILIE BPEIHOCTH JOOHjEHE 3a yMEpEHe J103€ HATPH]jyM-XJIOPHIA.

Tabena 11. lyxxuna kopena (mm) knujanana Ocimim basilicum var. minimum rajeHAX Ha MEIUjyMHAMa ca Pa3IndIUTUM
KOHIIEHTpaljaMa HaTPHjyM XJIOpHAa TOKOM HPBOT Mecela y KyJITypH in Vitro

KOHTpoJIa 10 mM 20 mM 30 mM
7 28.83+ 1.96 31.19 £3.23 36.79 + 2.59% 33.49 + 1.88*
14 40.10 = 0.53 42.14£5.19 4237 +5.61 43.99 £527
21 4221 +3.63 50.45 + 5.94% 51.42 +2.35% 4748 £3.81*
28 60.28 + 3.55 51.68 + 1.29% 58.17 £2.07 55.16 +3.37*

PesynTatu cy npeacTaBbeHN Kao cpelba BpeAHOCT TPH HE3aBHCHA Meperba + CcTaHJapAHa rpemka. 3se3auna (*) o3HauaBa
CTaTUCTUYKHU 3HauajHy pasnuky (p < 0.05) y oxHOCY Ha BpeIHOCTU Yy KOHTPOJIH
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2. ®Du3MOJOLIKH OATroBOp KiaujaHauna Ocimum basilicum var. minimum Ha COHHM cTpec

OU3HONOMKY OArOBOP Ha CTpeC HW3a3BaH COJMMAa YTBpHUBAH je MeEpemeM aKTHBHOCTH
AHTHOKCUJIATUBHUX CH3MMA y U3JIaHIIMMa U KopeHuMa kiujanana Ocimum basilicum var. minimum TOKOM
YeTHPH HeJleJhe pacTema U pa3Buha y in vitro yciaoBuMa.

VY u3maHIMMa KJMjaHalla rajeHuX Ha MEJIMjyMHMa ca Pa3lIiuuTHM KOHIIEHTpalyjaMma HaTpHjyM-
XJIOpU/Ia yOUeHa je CTATHCTUYKM 3HadajHA Pa3iiMKa y aKTHBHOCTH CYNEPOKCHI AMCMYyTa3e TOKOM IpBE
YeTUPU HeJleJbe pacTera v pa3suha y in vitro ycnosuma (I'padukon 1). Y npeuM gannma passuhia n3ganaka
JeTeKTOBaHA je moBehaHa aKTMBHOCT CYNEpOKCHI IMCMYyTa3e Yy OIHOCY Ha KOHTPOIY W pPasiHKa y
AKTUBHOCTH j€ CTAaTUCTHYKH 3HAaYajHA NP HAjHIDKO] KOHIICHTPAIMjH HATPHjyM XJopuaa. MakcumalHa
aKTUBHOCT eH3uMa 3abenexeHa je 14. u 21. gana, Kako y KOHTPOJIH, Tako U y TpetManuma ca 10 u 20 mM
HATPHUjyM XJOpHAA M BPETHOCTH Cy BHIIE Yy OIHOCY Ha KOHTpoiy. Hakon mosehama akTHBHOCTH
CyTepOKCH] AucMyTaze TokoM 14. u 21. naHa, CTATHCTUYKH 3HA4YajaH MMaj y aKTHBHOCTH OBOT €H3WMa Y
uzganuuma Ocimum basilicum var. minimum 3a0enexet je 21. u 28. 1aHa Npy HajBUIIO] KOHIEHTPALW)jU
HaTpujyM xiopuaa (30 mM), npu yemy cy BpeaHOCTH u3Mepene 21. nana npu KoHueHTpauuju ox 30 mM

HIDKE O] BPETHOCTH KOje Cy OOHjeHe UCTOT JJaHa 32 KOHTPOJIHY TPYIly U3aHaKa.
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I'padukon 1. AKTHBHOCT CyIIEpOKCH QUCMYTa3e y n3faHuuma knujanaua Ocimum basilicum var. minimum rajeHuX Ha
MeMjyMUMa ca Pa3IMduTOM KOHIICHTPALM]jOM HaTPHjyM XJIOpH/a TOKOM IPBOT Mecela y KYNTypH in vitro. Pesyaratu cy
NPEJCTAB/bEHN KA0 CPeJiiba BPEIHOCT TP Mepera + CTaHAapAHa rpenika. 3se3auma (¥) o3HayaBa CTATUCTUYKY 3HAYajHY

pasimuky (p < 0.05) y oxHOCY Ha BPEIHOCTH Y KOHTPOJIH
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Jpyraunju TpeHa y aKTUBHOCTH CYIIEPOKCH]I TUCMYTa3€ MOXKE CE€ YOUHUTH Y MOJ3EMHUM OpraHuMa
Ocimum basilicum var. minimum, Kako y OJHOCY Ha BPEMEHCKH MEPHOJI Y30pKOBamba, TaKO U Yy OJHOCY Ha
KOHLIEHTpAILUjy caMor cTpecopa y MeaujyMmy. Pe3ynTatu Mepema akTHBHOCTH CYNEPOKCHA JUCMYyTas3e y
MOJ3eMHHUM OpraHuMa KiMjaHaua npukasanu cy Ha ['padukony 2.

Kao ny cinydajy u3nanaka, eBUICHTUPAH j€ IOPACT y aKTUBHOCTH CYIIEPOKCH AUCMYTa3e Y IPBUM
JTaHUMa pacTema W pa3Buha KopeHa y mopehemy ca KOHTPOJIOM, MPH YeMy je MOopacT aKTHBHOCTH OBOT
€H3MMa CTAaTUCTUYKH 3Ha4ajaH y KOHIeTparnujaMa HaTpujyM xsopuaa o 10 u 20 mM. Melytum, npu oBum
KOHIIEHTpAal1jaMa HaTPHjyM XJIOPHJIa, CYIIEPOKCH AUCMYTa3a II0Ka3yje BUIIN HUBO AKTUBHOCTH y KOPEHY

y nopehemy ca u31aHKOM.
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I'padukon 2. AKTUBHOCT CYIIEPOKCHU]I TUCMYTa3e y KopeHy knujanaua Ocimum basilicum var. minimum rajeHuX Ha MeAHjyMuMa

ca pa3IMIUTOM KOHIIEHTPAIMjOM HATPHjyM XJIOPHAA TOKOM IIPBOT Mecela y KyJITypH in Vitro.
Pesynratu cy npeacTaB/beHH Kao Cpeliba BPEJHOCT TPU Mepema + cTaHAap/Ha rpenika. 3se3auua (*) o3HauaBa CTaTUCTHYKH
3HauajHy pasznmuky (p < 0.05) y ogHOCY Ha BpEJHOCTH y KOHTPOJIN

BpemeHcku nopacTt y akTHBHOCTH CYHNEPOKCH] AUCMYTa3e HHje KOHCTaHTaH M HE IIpaTu pas3suhe

KJIMjaHala TomTo je 28. maHa y MoA3EMHIM OpTaHnMa KJTijaHara 3a0eeKeH IpacTUIaH Maj y akTHBHOCTH
OBOT €H3MMa, KaK0 y KOHTpOoJI Tako 1 Meaujymuma ca 10, 20 u 30 mM HaTpujym xiopuza.

[Ipn HajBUIIO] KOHIEHTpanuju HaTpHjyM xuopuaa (30 mM) yodaBa ce CTaTUCTHYKH 3HAYAjHO

BUIIIa aKTUBHOCT CYIEPOKCH] AMCMYTa3e TOKOM 28. maHa y OJHOCY Ha KOHTPOIy, MpU YeMy Cy OBa

BPEIHOCT, Ka0 ¥ BpeAHOCT U3MepeHa 21. naHa, HUKe 0] OHUX Koje cy noOujere TokoM 7. u 14. nana npu

WCTO]j KOHIICHTPAIVjH HATPU]jYM XJIOPH/IA.
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Pesyntatn Mepema aKTUBHOCTH KaTanasze y kinujanuuma Ocimum basilicum var. minimum
MOKa3aly Cy Ja je aKTUBHOCT OBOI €H3MMa WMHAYKOBaHA CTPECOM, Kao M Jia Cy CTelmeH W obOpasan
AKTHUBHOCTHU PA3IMYUTH Y 3aBUCHOCTH OJ1 HICIIMTHBAHOT TKHUBa. Pe3yntatu Mepema akTHBHOCTH KaTanase y
Ha/I3eMHUM OpraHuMa KJMjaHalla npukaszaHu cy Ha ['paduxony 3.

JloOujeHn pe3ynTaTd ykasyjy Ha TO Ja je y M3ZaHIUMa MPUCYTHA JTO3HO-3aBHCHA aKTHBHOCT
KaTaJjiaze, Ipy YeMy je ca TIopacToM KOHIICHTpAIIHj€ HATPH]jyM-XJIopHraa 3a0eIeKeH U TTOpacT Y aKTHBHOCTH
oBor eHzuMa. CTAaTUCTHUYKW 3HAYajHO BHUIIM HUBO AKTUBHOCTH KaTayiae 3abenekeH je mpu HajBehoj

KOHIICHTpAaI’ju HaTpujyM xiopuaa (30 mM).
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I'paduxon 3. AKTHBHOCT Kataiase y H3IaHuMma kindjanaua Ocimum basilicum var. minimum rajeHuX Ha MEIWjyMHUMa ca
Pa3IMYUTOM KOHI[EHTPALI]OM HAaTPHjyM XJIOpHIa TOKOM IIPBOT Mecela Y KyJITypH in Vitro.

PesynTatu cy npeacTaBbeHH Kao cpelba BPEAHOCT TPH Meperha + cTaHJapAHa Ipelika. 3Be3auma (*) o3HauaBa CTaTUCTUYKU
3HauajHy pasznmuky (p < 0.05) y ogHOCY Ha BPEJHOCTH y KOHTPOJIN

Bpemenckn mocmarpaHo, aKTUBHOCT KaTasiaze HHUje MpaTWia y HOTIYHOCTH pacTeme M pa3Buhe
n3naHaka. YeTpHaecTor JaHa €BHICHTHPAH je MOpacT y €H3MMCKO] aKTHBHOCTH y OJHOCY Ha Mepema
W3BpILEHA CEAMOT AaHa. YjeIHO je €H3UM U HajaKTUBHU]U YETPHAECTOT J1aHa Ipy HajBehoj KoHLEeHTpauuju
HaTpujyM xsopuza (30 mM). Mehytum, TokoMm Tpehe Heesbe MPOTOHTHPAHOT COHOT CTPeca €BUACHTUPAH
je maj y akTUBHOCTH KaTajnase y CBakoM oJ KopuliheHnx Meanjyma (YKJbydyjyhu 1 KOHTpOIy) IpH YeMy
Cy BPeIHOCTH OHJie TPOCTPYKO HIXKE Yy OJHOCY Ha BpegHOCTH AoOujeHe 14. naHa. OBaj maj y akTHBHOCTH
karanase 21. mana pactema u paszBuha npahen je moHoBHUM noBehameM aKTUBHOCTH TOKOM 28. JaHa in

Vitro KynType.
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Pesynratu Mepema akTUBHOCTM KaTaias3e y MOJ3EMHUM OpraHMMa KiIMjaHala MMpHKa3aHu Cy Ha
I'paduxony 4.

Wsmepena aktuBHOCT Katanasze y kopeny Ocimum basilicum var. minimum, CIMYHO aKTUBHOCTHU Y
W3JaHuuMa, OWja je JO3HO-3aBHCHA, NPU YeMy je YOueH IOopacT y aKTUBHOCTH OBOT €H3MMa IpHU
KOHIIEHTpanujaMa HaTpujyM xjopuaa ox 10, 20 u 30 mM y oxmHocy Ha KoHTpoxiy. HajBuma aktuBHOCT
KaTajiaze u3MepeHa je y Menujymy ca HajBehoM KOHIIEHTpaIyjoM HaTpujyM-xiopuaa (30 mM) u nmpahena
je BpemHOIIhy HW3MEpPEHO] MPH YMEPEeHO] KOHIEeHpamuju oBor crpecopa (20 mM). JlomaTHOo, HHBO
aKTMBHOCTH KaTajase y MOJ3eMHUM OpraHMMa KJIHMjaHala HIKa je Y OJHOCY Ha BPETHOCTH JOOHjeHe 3a
aKTUBHOCT OBOT €H3WMa y HaJ3eMHHM OpraHMMa KJIHjaHala IpHW HCTUM KOHIIGHTpalWjaMa HATPUjyM

XJIOpHIa.
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I'padukon 4. AKTHBHOCT Kartasiase y KopeHy kinujanana Ocimum basilicum var. minimum TajeHUX Ha MEJHjyMHUMa ca
Pa3IMYUTOM KOHIIEHTPALI]OM HAaTPHjyM XJIOpHa TOKOM IIPBOT Mecela Y KyJITypH in Vitro.
Pesynraty cy npeacTaBbeHn Kao Cpesiba BPEAHOCT TP Mepera + CTaHAapAHa rpenika. 3se3auma (¥) o3HayaBa CTaTHCTUYKH
3HauajHy pasznmuky (p < 0.05) y ogHOCY Ha BPEJHOCTH y KOHTPOJIN

ToxoM mpBe 4eTHpH Heaeshe pacTera W pa3Buha KOpeHa y in Vifro KynTypHu, TOCMaTpaHoO Y
BPEMEHCKOM OKBHPY, YOUEH j€ MOpacT y aKTUBHOCTH KaTajase, PH 9eMy je, Y OJHOCY Ha KOHTPOIY, IPH
KoHIIeHTparju o1 10 mM HaTpujyM XJIoprja aKTUBHOCT CTATUCTUYKH 3HAYAjHO MOBHUINCHA 28. AaHa, y
KoHUeHTpanuju o1 20 mM eH3uM je aktuBHHjH 21. u 28. naHa, JOK je IpH HajBeli0] KOHLIEHTPALUjU COJIN
AKTUBHOCT KaTalla3e CTaTHCTUYKU 3Ha4yajHO moBuineHa 14., 21. m 28. naHa y OAHOCY Ha BpPETHOCTH

HU3MCPCHC Y KOHTPOJHU TOKOM UCTOI' BDEMCHCKOTI TI€pHo/Ja.
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AKTHBHOCT €H3UMa MTUPOTaIoN NEPOKCHUIa3e Y U3IaHIIUMa U Kopeny kiujanana Ocimum basilicum
var. minimum TIOKa3ajia je JO3HY W BPEMEHCKY 3aBHUCHOCT y OJHOCY Ha CTPEC W3a3BaH Pa3IMIUTUM
KOHIICHTpaIljaMa HATPUjyM XJopuzaa. Pe3yiaratn Mepema aKTHBHOCTH MHPOTaloN IEPOKCHIA3E Y
HaJ3€MHUM JIJIOBUMa KJIMjaHalla npuka3anu cy Ha ['padukony 5.

[MocmatpaHo y 0JIHOCY Ha NMPUMEHCHY KOHIICHTPAIU]y HATPUjYM XJIOPH[IA, TEHEPAITHO CE MOXKE
YOYHTH MaJ] Y aKTUBHOCTH MUPOTANOJN EPOKCHIa3e y U3AAHIUMA, jep CY U3MEpPEeHe BPEJHOCTH HIDKE Y
nopehemy ca BpemHocTHMa y KOHTpoiu. CTaTHCTHYKK 3HAYajHO BUIIM HUBO AKTHBHOCTH MHPOTAIION
TepoKcHaa3e 3abenexeH je y meamjymy ca 10 mM Hatpujym xmopuaoM 14. manma, amu u 21. maHa y
Memujymy ca 30 mM Hatpujym xmopumom. Y meaujymy ca 20 mM  cBe W3MepeHe BPEOHOCTH Cy
CTATUCTUYKH 3HAYajHO HIDKE Yy OJHOCY Ha KOHTPOIY, JOK CY y HajBHINO] KOHIEHTpamwju ox 30 mM

HaTPHjyM XJIOPHUAA BPETHOCTH CTATUCTUIKH 3Ha4ajHO HIDKE 14. u 28. maHa.
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I'padukon 5. AKTHBHOCT IHPOTAJION IEPOKCHAa3e y H3naHuMa kiarjanana Ocimum basilicum var. minimum TajeHHX Ha
MeMjyMUMa ca Pa3IMIuTOM KOHIICHTPALM]jOM HATPHjyM XJIOpH/a TOKOM MPBOT Mecela y KyITYpH in Vitro.
PesynTatu cy npeacTaBbeHH Kao cpelba BPEAHOCT TPH Meperha + cTaHJap/AHa Ipelika. 3Be3auna (*) o3HauaBa CTaTUCTUYKU
3Ha4ajHy pasnuky (p < 0.05) y ogHOCY Ha BpeIHOCTH Y KOHTPOJIH

be3 063upa Ha HUBO aKTHBHOCTH Y OJHOCY Ha NMPUMEHCHY KOHIICHTPAIH]y CTpecopa, Kako y
KOHTPOJIH, TAaKO U Y MEIUjyMHUMa ca Pa3INduTHM KOHIICHTpAIlHjaMa HaTPHjyM XJIOpH/IA, YOUEH je IopacT

Y aKTUBHOCTH OBOT €H3MMa y HaJ[3€MHHUM JIETIOBHMa KITHjaHalla TOKOM YeTHPH HeJleJhe IbIXOBOT Tajerha Yy

KYITYpH in vitro.
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Kao u y Ha3eMHIM OpraHnMa KJujaHala v y moJ3eMHUM OpraHuMa je youeHa J03Ha U BpeMEHCKa
3aBUCHOCT Y aKTUBHOCTH THPOTAJION NIEpOKCHaa3e TOKOM 28 maHa in vitro pacterma u passuha. Pesynratu
Mepema aKTHBHOCTH MHPOTAioN TMEepOKCHAa3e y TOA3EMHHM OpraHMMa KiHMjaHala MpHKa3aHu Cy Ha
I'paduxony 6.

Paspuhe knujanaria Ocimum basilicum var. minimum npaheHO je MOPacTOM y aKTUBHOCTHU
MUPOTAION TIEPOKCHIA3e, A je U TIope]] HUCKE aKTHBHOCTH OBOT €H3MMa TOKOM IIPBE HeJleJbe 3a0eNeKeH
ITaJbH TIOpacT y aKTUBHOCTH OBOT e€H3MMa TokoM 28 mana. IIpm mopehemy ca KOHTpoIOM youeHO je ma

BpPEIHOCTH Bapypajy y 3aBUCHOCTH O] KOHIICHTPAIIH]j€ HATPH]YM XJIOPHIA ¥ MEAHjyMY.
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I'paduxon 6. AKTHBHOCT IIMPOTAJIOJ IIepOKcUIa3e y KopeHy kiujanana Ocimum basilicum var. minimum TajeHUX Ha
Me/IjyMHMa ca Pa3iIMYUTOM KOHIIEHTPALMjOM HaTPHjyM XJIOpHAA TOKOM IIPBOT Mecela y KyJITYPH in Vitro.
Pesynraru cy npeacTaB/beHH Kao Cpeliha BPEJHOCT TPU Mepera + CTaHAapHa rpenika. 3se3auna (*) o3HauaBa CTaTUCTHUKH
3HauajHy pasznuky (p < 0.05) y oaHOCY Ha BPEJHOCTH Yy KOHTPOJIU

Hucka KoHIEHTpaIyja HATPHjyM-XJIOpHAa WHXHOHWpana jeé HaBEACHH €H3UM, Ia Cy y OBOM
MEJIMjyMy €BUJICHTUPAaHE HUKE BPEJHOCTH MTUPOTAIION MEPOKCHIAa3e 3a CBa YETHPH Mepema y nopehemy
ca KOHTposioM. MehyTum, oBe pa3iiike y aKTUBHOCTH HHUCY CTATUCTHYKH 3HadajHE. Y Meaujymy ca 20 mM
HaTPHjyM XJIOPUIOM, TIOPEIl HMKUX aKTUBHOCTH TPBE TPH Hereshe (0e3 CTaTHCTHYIKe 3HA4ajHOCTH), 28.
JlaHa je U3MepeHa HEKOJMKO ITyTa BUINIA aKTUBHOCT eH3uMa y Topehemy ca kKouTposioM. OBo je yjeaHo u
JEIIMHU TPETMaH Yy KOME j€ aKTHBHOCT ITUPOTAJIOJ MIEPOKCHIA3e CTATUCTUYKH 3HAYAJHO PA3IHIKNTA Y OJHOCY
Ha KOHTpouy. JlogaTHO, M3MepeHa BPEJHOCT je BUIIA y OJHOCY HA MAaKCHMAIHE BPEJHOCTH MHUPOTAIION

TIepOKCHAA3e y U3MaHIIMMa CTPECUpaHnX KiaujaHara Ocimum basilicum var. minimum.
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Pesynratu n0o0ujeHM MepemeM aKTHBHOCTH TI'BajaKkoJl IEPOKCHIAa3e Yy HaJ3eMHHM OpraHuMa
knujanata Ocimum basilicum var. minimum nipuka3anu cy Ha ['padukony 7.

VY m3panuuma Ocimum basilicum var. minimum ca pacTembeM U pa3BuhieM KiMjaHala JOUUIo je U
JI0 IOpacTa y akTHBHOCTH OBOT €H3HMMa, [P ueMy je 28. naHa usmepeHa 4-5 myra BHIla aKTHBHOCT I'BajaKoJl
MEPOKCHIa3e Yy OJHOCY Ha MPETXOJHE BPEMEHCKE MEPHOJIE MEperha, KAKO y KOHTPOJIH, TAKO M Y OCTAIUM

TpeTMaHNMa.
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I'pacuxon 7. AKTHBHOCT I'Bajakol IepoKcUIa3e y M3JaHIuMa kinjanana Ocimum basilicum var. minimum TajeHHX Ha
Me/IMjyMUMa ca Pa3IM4uTOM KOHICHTPALMjOM HAaTPHjyM XJIOPHAA TOKOM MPBOT Mecena y KyaTypH in vitro.
Pe3y.]'ITaTPI Cy NpEACTaBJbEHU Kao Cpe€itba BPEAHOCT TPU MEPCHa + CTaHJapJHa I'pClika. 3Be3)11/1ua (*) O3HadyaBa CTaTUCTUYKHU
3HauajHy pasznuky (p < 0.05) y oaHOCY Ha BPEJHOCTH Yy KOHTPOJIU
VY menujymy ca 10 mM HaTpujyM XJOpPHIOM pa3iiMKe Yy aKTUBHOCTH I'Bajakoj MEPOKCUAA3E CY
CTaTUCTHYKH 3Ha4YajHEe y OJHOCY Ha KOHTPOJY y CBUM y30pLMMa u3y3eB 14. mana. 3a pasiuwKy oJf OBOT
Meadjyma, y Mmenujymy ca 20 mM HaTpujyM XJIOPHIOM caMo 7. AaHa HUje yTBpeHa CTaTUCTHYKHY 3HAa4YajHa
pasnuka, 0K cy ce BpegHocTu u3Mmepene 14., 21. u 28. maHa CTaTUCTHYKH 3HAYajHO Pa3IUKOBAJE y
nopehemy ca KOHTposoM. Y MeIWjyMy ca HajBUILIOM KOHIEHTpalujoM HaTtpujyM xjopuga (30 mM)
pe3yiaTaTH CBAaKOT O]l TPETMAaHa IIOKAa3aJd Cy CTaTHCTUYKU 3HAYajHE pa3jIMKe y aKTUBHOCTU I'BajaKoll
repokcuaase y nopehemy ca konrposom. crmnTuBaHn €H3UM je OMO HajaKTUBHUjH 28. maHa MPU HUCKO]
KOHIIeHTparuju HaTpujyM xyopuaa (10 mM), y3 CTaTHCTHYKH 3Ha4dajHE pa3mke y mopehemy ca

KOHTPOJIOM.
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Bpemencka W J03HO-3aBMCHA AKTUBHOCT TBajaKoJI TMEPOKCHIA3e MOXKE C€ YOUUTH M KOJ
MOJI3eMHUX opraHa kiujaHana Ocimum basilicum var. minimum TajeHUX y YCJIOBHMa CTpeca M3a3BaHOT
comuma. Pesynaratm mepema aKTUBHOCTH TBajakojd IMEPOKCHIA3e y IMOA3CMHHM OpraHMMa KJIWjaHara
npuKaszanu cy Ha ['padpuxony 8.

Y cBakoM 0jf NMPUMEHEGHUX TPETMaHA, YKJbY4yjyhu M KOHTpPOJIy, €BHJCHTHPAH j€ IMOpacT y
AKTUBHOCTH KOPEHCKE TBajaKoJI TEePOKCHAa3e TOKOM YEeTHpPW HeNeJhe pacTema W pa3Buha y in vitro
KYATYpH, TIpU 4eMy Cy BpemHOCTH m3MepeHe 28. maHa Owie 3HadajHo Behe y mopehemy ca octaimm
TperMaHnMa. VcToBpeMeHO, HajBHIIle M3MEPEHE BPETHOCTH 3a KOPEHCKE TBajaKoiI-TIepoKcHa3e Omie cy

BHIIIE ¥ OJJHOCY Ha BPEIHOCTH OBOT €H3MMa KOje Cy U3MEpEeHe y M3IaHI[uMa.
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I'pacduxon 8. AKTHBHOCT I'BajakolI Mepokcuiase y KopeHy kinujanana Ocimum basilicum var. minimum TajeHUX Ha MeHjyMHAMa
ca pa3IM4YUTOM KOHIIEHTPALMjOM HATPHjyM XJIOPHAA TOKOM HPBOT Mecelia y KyJITypH in Vitro.
Pesynraty cy npencTaB/beHH Kao Cpeliiha BPEJHOCT TPU Mepera + CTaHAapHa rpenika. 3se3auna (*) o3HauaBa CTaTUCTHUKH
3Ha4ajHy pazauky (p < 0.05) y oqHOCY Ha BpeAHOCTH Y KOHTPOIU

[TocMaTpaHo y pa3IMduTOM BPEMEHCKOM IEpUoay, Y Meaujymy ca 10 mM HaTpujyM XJIOpHIIOM
M3MepeHe Cy HE3HATHO HW)KE BPETHOCTH I'BajaKols MEPOKCHIA3e y OJHOCY HAa KOHTPOJY 3a CBa YETHUPU
Mepema, MejyTuM, HUCY YTBpheHe CTaTHCTHYKY 3HavajHe pazinke uaMely oBuUxX pesynrarta. Y ciydajy
Memrjyma ca 20 mM HaTpHjyM XJIOPHIIOM, 28. TaHa CTATUCTHYKH 3HAYajHO PacTe akKTHBHOCT OBOT €H3MMA,
JIOK y TIPETXOIHAM MepehUMa HUCY YTBpeHe CTATHCTHYKY 3HAYajHE PA3NIUKe Y AKTUBHOCTH Y OJIHOCY Ha
KoHTpoy. Takohe, y Memujymy ca 30 mM HaTpujym XJopuaom, 28. maHa pa3inka y aKTUBHOCTH j€
CTAaTUCTUYKH 3HAYajHA, aJIv IPH HAjBUIIIO] KOHIIEHTPAIIH] U COJIM aKTHBHOCT T'BajaKoJI IEpOKCcHaa3e Oma je

3HATHO HUXKa y nopehemy ca KOHTPOIIOM.
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1T @uU3HO0JIOIKHA OAr0BOP KJHjaHAlA Pa3jJUYUTHX TeHOTHNOBA 0OOCH/bKA HA

NPOJIOHTUPAHU HYTPUTHBHU CTpec

1. Ocimum basilicum var. minimum

1.1. KapakrepucTuke Kinjama

Edexru paznuuuror pexuma ucxpane ca KNO3 kao rmaBHUM U3BOPOM a30Ta, WM KOMOMHAIIH]OM
KNOs u NH4NOs3 Ha kapakTepucTuKe Kiujama reHotuna Ocimum basilicum var. minimum UCIUTUBAHH CY
MepemeM cpeamer BpeMeHa kinjama (MTG), Op3une knujama (RG), ykynHor npouenrta knujama (GP),
Kao 1 yaugopmuoctu knujama (U). Pesyntatu mepema npukazanu cy y Tabenu 12.

Hajsehn mnponenat knmjama (GP = 84.78%) 3abenexxeH je mpu TpeTMaHy ca HajBehom
KOHIIGHTpAllMjoM HYTpWjeHaTa W HUTpaTHUMa Kao TJIaBHUM HM3BOPOM a30Ta M HIKAa KOHLIEHTpaluja
HYTpHjeHaTa HHje y3pOKOBala CTATUCTUYKH 3Ha4YajHE pasiuKe y YKyITHOM Kiujamy. Kinujame je 3HadajHo
YIPOKEHO KajJa Cy CeMeHa Kildjajia y TpeTMaHy ca BUCOKOM KOHLEHTPALWjOM HYTpHjeHaTa y3 MPUCYCTBO
amonmjyma (GP = 70.53%). Beha xoHueHTpanuja HyTpujeHaTa yop3aBa npouec Kiujamka U yTBphEeHo je na
ceMeHa KiIHjajy y HajkpaheM BpPEeMEHCKOM pPOKYy IIpH BHCOKMM KOHIICHTpaIljamMa HyTpHjeHaTa 0e3
amormujyma (MTG = 2.95). loctynHOCT HyTpHjeHaTa HUje 3HAYajHO yTHIIAJa HAa Op3uHY KiIWjamka CeMEHa
Ocimum basilicum var. minimum. 3Ha4ajHe pa3IWKe TOCTOje W3Mely TpeTmMaHa ca HUTpaTHMa H

aMOHH]yMOM, TIpH 4eMy je Op3uHa KiIujama HIbKa Y IPUCYCTBY aMOHH]jyMOBHX joHa (RG = 39.95).

Tab6ena 12. Kapakrepuctuke kinjama ceMena renotuna Ocimum basilicum var. minimum npyu pa3IMIuTIM
KOHI[EHTpanfjaMa HyTpHjeHaTa U pa3IHIuTHM H3BOpHMa a30Ta

GP MTG RG U
1a 83.52 £0.59a 428 £0.35a 58.69 +0.83a 19.51 £0.12b
2a 83.72 £ 0.46a 3.78 £ 0.09ab 58.17+1.81a 22.15+0.09b
3a 84.78 £ 0.64a 2.95 £ 0.08b 57.59 £1.79a 28.74 £ 0.15a
1b 74.72 + 0.63¢ 4.63 £0.89a 39.59+0.97b 16.14 £ 0.14b
2b 72.22 £0.97bc 4.67+041a 4543+ 1.11b 15.46 £ 0.07b
3b 70.53 +1.03b 3.94 +0.17ab 47.81 +0.75b 17.90 £ 0.05b

Pesynraty cy npecTaBbeHH Kao Cpeiiba BPEAHOCT TPU Mepera + CTaHJapAHa Tpelika. Pa3nmuuunrta ciioBa 03HauaBajy 3HaYajHEe

pazmuke (p < 0.05) u3mehy Tpermana Ha ocHoBy Tukey Tecta
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Pesynrtatn nobujeHu 3a yHn(opMHO KiIMjamke ceMeHa yKa3yjy lla aMOHHjYMOBE COJIM UMajy HETraTUBHH
edexar Ha Tpolec KIHjama; ceMeHa ¢y YHUpOpMHHUje knujana y Tpermannma ca KNOsz kao riaBHUM

M3BOPOM a30Ta U BUCOKOM KOHIIeHTpanujom HyTpHujeHara (U = 28.74).

1.2. Konnentpanmja (poTOCHHTETHYKHX MMATMeHaTa

Pesynratu noOujeHn mepemeM KOHICHTpaluje (OTOCHHTETUYKHX MUTrMEHaTa Kao MoKas3aresba
cTama npoueca (OTOCHHTE3E y YCIOBUMA Pa3IMIUTOr CHAOIeBamba HyTpHjeHTHMa TOKOM 28 naHa in vitro
pacTema M pa3Buha ykazand Cy Ha 3HavajaH edekaT Kako KOHIICHTpAIlhje, TAKO W THUIAa HyTpHjeHaTa Ha
npuMapHe nporiece kimjanamna Ocimum basilicum var. minimum. Pe3ynratu cy npukazaau y Tabenn 13.

Jlo6ujene BpeqHOCTH 3a KOHIEHTpalMjy xaopoduia a cy y omcery ox 0.265 no 1.135 mg g'! SM,
a HajBeha KOHIIEHTpallja U3MEpEHa je TIPH TPETMaHy 3a ¥ 3Ha4ajHO C€ PA3NIMKYje 07 OCTATNX BPETHOCTH.
Konuenrpauumja xnopopuna 6 je y omcery spemnoctu on 0.135 mo 0.517 mg g' SM. Hajseha
KOHIICHTpaIlja jé W3MepeHa IMPH TPETMaHy 3a M CTAaTHUCTHYKH CEe 3HA4YajHO Pa3NIMKyje OF OCTalluX
BpenHocTH. OHOC (POTOCHMHTETHYKHUX MUTMEHATA j€ CTATUCTHYKH 3HAYAjHO PA3IMIUT IIPH TPpETMaHy 3b.

KoHnmeHnTparja kapoTeHOWa 3HAYajHO Bapupa y OTHOCY Ha THIT KOPHUIINEHOT TpeTMaHa.
Pesynratn moOujerm MepemeM KOHIIGHTpallfje KapoTeHoWa mpukazaHu cy y Tabemm 13. M3mepene
BpeaHocTu ¢y y orcery ox 0.037 o 0.125 mg g' SM. Hajseha koHIEeHTpaluja KapOTEHOKM A H3MEPEHA j€
npu 3b TpeTmaHy 1 npaheHa je KOHLIEHTPALKjOM U3MEPEHOM TIpH TpeTMaHy 3a, Npu 4eMy Huje yTBpheHa

CTaTUCTHUYKH 3Haqaj Ha pas3jimKa I/IBMCI’)y OBa JiBa TpC€TMaHa.

Ta6ena 13. Konuenrpanuja xnopoduna a, xjaopoduina 6, oxHoc xuopoduia a/6 u KoHUeHTpalmja Kaporenouaa (mg g! SM) y
CBOXHM JHCTOBMMA Kinjanaua Ocimum basilicum var. minimum Tpy pa3InIUTHM KOHILEHTpaLKjaMa HyTPHjeHaTa H Pa3IndIuTUM
H3BOpHMa a30Ta

xJjopoduia a xJjopoduia 6 xJjopoduna a/o KapoOTeHOMAHU
la 0.369 £ 0.001¢ 0.179 + 0.002b 2.05+0.01b 0.055+£0.001a
2a 0.385+£0.003cd 0.188 £ 0.007b 2.05+0.09b 0.050 £0.001a
3a 1.135+£0.001a 0.517 £0.003a 2.19+£0.015b 0.120 £0.001b
1b 0.265+0.015f 0.135 +0.005b 1.97 +0.445b 0.041 +£0.002a
2b 0.311+0.013¢ 0.141+0.017b 2.23+0.175b 0.037+0.01a
3b 0.627 +£0.02b 0.148 +0.042b 4.65+0.18a 0.125+0.01b

Pesynraty cy npecTaB/beHH Kao Cpeiiba BPEAHOCT TPU Mepera + CTaHJapAHa Tpelika. Pa3nuuunrta ciioBa 03HauaBajy 3HaYajHEe

pazmuke (p < 0.05) nsmehy Tpermana Ha ocHoBy Tukey Tecta
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Hucka xoHLIeHTpanyja MUHEpaTHUX eJIeMEeHaTa JI0Befia j€ 0 BUIIECTPYKOT Maja y KOHIICHTPaljH
KapoOTeHOMIa, jep je Y CBUM ocTajuM TpetMaHuMa (1a, 2a, 1b u 2b) koHueHTpauyja kapoTeHONIHU 2-3 myTa
HIKa y nopehemy ca 3a u 3b TpeTMaHuMA.

Hyrpurtusna nenpusanuja (1a, 2a, 1b u 2b TpetmManm), ajau 1 BUCOKA KOHLIEHTpAllMja HyTpH]jeHATa
ca 20.6 mM NH4NO; (tperman 3b) pesyiarupanu cy MagoM Yy KOHLIEHTpaUMju MOjeAMHAYHUX
(hOTOCHHTETUYKUX MTUTMEHATA, &K U Y YKYITHO] KOJIMYWHY IMUTMeHaTa. BpeTHOCTH 32 KOJMYHHY YKYITHOT
xyopodwuia mpencraBbern ¢y Ha ['padukony 9.

AHanmu3upameM HHTCH3UTETa (POTOCHHTETHUKOT IIPoIieca MOCPENCTBOM BPEIHOCTH TOOMjSHIX 3a
KOJMYHMHY YKYIHOT XJIOpo(ria MOXKe Ce YBHACTH J1a HAajIIOBOJGHHUJHU CAacTaB MEAHMjyMa 3a PacTCHe H
paszsuhe Ocimum basilicum var. minimum yKJbydyje BUCOKY KOHIICHTPAIIM]y MHHEpATHUX eJIeMeHaTa ca
24.7 mM KNOs kao n3BopoM a3ora, 63 IprCcycTBa aMOHH]YMOBHUX jOHA.

Yxipyuyjyhu u mogatke modujeHe 3a KOHIIEHTPAIH]y XJIopoduia ¢, KOHIIEHTPaIjy XJiopodmuia o,
Kao M TIOCMATpameM OJIHOCa OBa JiBa (DOTOCHHTETHYKA MUTMEHTa, YOUCHO je Jia BUCOKA KOHICHTpAIUja
HyTpujerara ca 24.7 mM KNOs kao TJIaBHEM H3BOPOM a30Ta (TpeTMaH 3a) 3Ha4ajHO M BHIIECTPYKO
MpeBa3uiIa3y CBE JIpyre TPETMaHe ca HEKOJIMKO ITyTa BHIIMM BpeIHOCTHMA. [l0aTHO je W CTaTUCTHYKH
yTBpheHa pas3iuKa Kako y TUIY, TAKO M Y KOHLEHTPALWju MUHEPAITHUX eIeMeHaTa, jep cy ce pe3yJTaTh u
CTaTUCTHYKHU 3HAYajHO Pa3zIMKOBAIN NpH Hopehermy KOHLEHTpauuje HyTpujeHata u GopMe JOCTYIHOT

a3oTa.
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I'paduxon 9. Konmunna yxymHor xiaopoduiia y cBexnM nucroBuma knujanana Ocimum basilicum var. minimum y 3aBUCHOCTH
0]1 KOJIMYMHE ¥ TUIA HyTpHjeHaTta. Pe3ynTaTu cy nmpencTaB/beHH Kao Cpe/iiba BPEJHOCT TPU Meperba + CTaHIapiHa IpellkKa.
Pasnmunta cinoBa o3HauaBajy 3HavajHe pasnuke (p < 0.05) n3melhy Tpermana Ha ocHoBY Tukey Tecta

S

[\S]

[

72



Jlpacana Jaxosmwesuh Joxmopcka ducepmayuja

1.3. KoHuenTpanmja yKymHMX cOJIyOMJTHMX MPOTEHHA

Pesyntatn noOujeHn MepemeM KOHLEHTpaudje YKYNMHHX CONyOWIHMX NpOTEeMHa KIWjaHana
Ocimum basilicum var. minimum npuka3anu cy y Tabenu 14.

VY u3naHumMa HaBeJCHOT FeHOTUIIA U3MEPEHa KOHIEHTPALKja IPOTEUHA j€ Y OTICEry BPeIHOCTH O
1.56 1o 7.51 mg g'! SM. Hajseha koHIEHTpaMja je U3MEpEHa IPH TPETMaHy 3a, CTATUCTHYKHU CE 3Ha49ajHO
pasvKyje Ol OCTAIMX TPETMaHa M BHINECTPYKO IMPEBA3WIA3M OCTaJie BPEAHOCTH NOOWjeHE MEpEeHeM
KOHIIEHTpaIl¥je MpoTernHa y u3AannnMa. JlogatHo, 3HATHO HIDKE BPEAHOCTH H3MEPEHE CY ITPH aMOHHj aYHO]
WCXpaHHU y Tmopehermy ca HUTpAaTHUM TpeTMaHuMma. Pacteme u pa3Buhe y TpeTMaHHMa ca pa3induTOM
KOHIICHTPAITHjOM MUHEPAITHUX eJIeMEHATa 1 KOMOMHOBAHOM a30THOM UCXPaHOM HHj€ TOBEJIO 10 3HAYajHUX
pasiKa y KOHIIEHTPAIHUj| IPOTEHHA ¥ Haa3eMHuM opraauMa Ocimum basilicum var. minimum.

N3mepena KoHIEHTpanHja YKyIMHAX CONYOWITHHUX MPOTEHHA y TIOA3EMHUM OpPTaHHMa je y OICETy
Bpeanoctu on 11.18 no 18.37 mg g! SM. Hajseha koHeHTpanyja NpoTeHHa U3MEPEHA j€ Y KOPEHHMa
rajeHuM TIpH TpeTMaHy 3a, a HajMama npu TpeTMaHy 1b. Y ekcTpakTuMa KopeHa HHUCY YTBpheHe
CTaTUCTUYKH 3HAYajHE Pa3zMKe Y CHHTE3H NPOTEHHA Y 3aBHCHOCTH O] KOHIIEHTpalHje MHHEPATHUX
eJIeMeHaTa, allid Cy pa3iuKe CTATUCTUYKH 3HAYajHE KaJa Cy y IUTamby pa3inyure popMe JOCTYIHOT a30Ta.
3a tpermane koju cy ykbyunBamu KNOs; m NH4NO; yrBphena je craTUCTHUKM 3HAuYajHO HIDKa
KOHIIEHTpalHja MpoTerHa y ogqHocy Ha TpetMane 6e3 NHsNOs. [logatHo, yTBpheHO je mocTojame 3HauajHe
pas3nuKe y KOJTUYMHH NIPOTEMHA KOjU C€ CUHTETHINY Y HAJA3EMHUM Y OIHOCY Ha moja3eMHe oprane Ocimum

basilicum var. minimum, a CHHT€3a OBUX TPalMBHUX jeJMHUIIA j€ BUILIECTPYKO MHTEH3UBUPAHa Y KOPEHY.

TaGena 14. Konuenrpanuja ykynuux conyounnux nporerna (mg g”! SM) y usnaniuma v KOpeHy KinjaHara
Ocimum basilicum var. minimum y 3aBUCHOCTH OJ1 KOJIMYMHE U TUTIA HyTpHjeHaTa

H3/IaHAK KOpeH
la 3.03+£0.05b 16.12 +0.83a
2a 4.53+£0.02b 1746 £ 1.81a
3a 7.51+£0.07a 18.37+1.79a
1b 1.87+0.18c 11.18 £0.97b
2b 2.51+0.14c 13.88 £ 1.11b
3b 1.56 £0.07¢c 14.14 £0.75b

Pesynratu cy npecTaBbeHH Kao Cpeiiba BPEAHOCT TPH He3aBUCHA Meperba + CTaHAapAHa Tpelka. Pa3nmuyunTa cioBa 03Ha4aBajy
3HauajHe pazmuke (p < 0.05) m3mely Tpermana na ocroBy Tukey Tecra
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Jlpacana Jaxosmwesuh Joxmopcka ducepmayuja

1.4. AKTHBHOCT €H3UMCKHX KOMIIOHEHTH 010paMOeHOr cucTemMa
1.4.1. Axkmusenocm cynepokcuo oucmymase

CrocoOHOCT HeyTpanu3anuje CynepoKCHI-aHjOH paJuKaia MepeHa Kpo3 aKTHUBHOCT CYIIEPOKCHT
IUCMyTa3e y M3JaHIMMa M KOpPeHMMa KiHMjaHala ykKasyje Ha 3HadajHe pa3jiifKe Yy aKTHBHOCTH OBOT
AHTUOKCUIATHBHOT €H3UMA Y pa3nuauTuM opranuma Ocimum basilicum var. minimum. JlogaTHo, pa3jiuke
Cy CTaTHCTHYKH 3HA4YajHE W Yy OJHOCY Ha THII MHHEpaIHe HcxXpaHe. Pe3ynratu Mepema mpuka3aHu cy Ha
I'paduxony 10.

VY ycnoBuma y kojuMa je KNO; xopumrheH kao TIaBHE U3BOp a30Ta (TpETMaHH ,,a*), HyTPUTHBHA
JernpuBaiyja (TpeTManu la u 2a) moBena je 10 6Jaror mopacrta y akTUBHOCTH CYTEPOKCHI TUCMYyTa3e y
W3JIAHIMMa, alld OBaj IOpPACT AKTUBHOCTU HHjE€ CTATUCTHYKM 3HA4ajaH. VIcTH TpeHJ y HaBEJACHUM
TpEeTMaHUMA YOUCH je U y KopeHy. MeljyTuM, nako je HaBeJCHH TPEH]I MOpacTa aKTUBHOCTH CYIIEPOKCH]T
qucMyTase yTBpheH M KOJ HW3JaHaKka TajeHuX y TPEeTMaHMMa ca KOMOWHOBAaHOM a30THOM HCXPaHOM,
EBUJICHTUPAHA j¢ BUIICCTPYKO yBehaHa akTUBHOCT cymepokcuna aucmyrtasze y npucyctsy NHuNO; npu
YeMy Cy MaKCHUMallHE BPEIHOCTH U3MEPEHE Y HYTPHTHUBHO JICTIPUBHPAHUM H3AaHIuMa ca 1b Tpermana

(rpetman ca 4.7 mM KNOs u 5.15 mM NH4NO3). CynpoTan TpeHA NPUMETaH je Y KOpeHHMa Py UCTUM

TpeTMaHuMa.
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I'paduxon 10. AKTUBHOCT CYMEPOKCH TUCMYTa3e Y U3aHINMa U KopeHy kinujaHaua Ocimum basilicum var. minimum y
3aBUCHOCTH O/ KOJIMYMHE W TUIIA HyTpHjeHarta. Pe3ynrtaru cy npeacTaB-eHH Kao cpeliba BPEIHOCT TPU Mepemba + CTaHxapaAHa
rpeuika. Manum cioBuma (a, b, c...) o3Hauene cy 3Ha4ajHe pasnuke (p < 0.05) nuzmely usnanaka; Benukum cinosuma (A, B, C...)

o3HaueHe cy 3HauajHe pasmuke (p < 0.05) m3mehy kopena na ocHoBy Tukey Tecta
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Jlpacana Jaxosmwesuh Joxmopcka ducepmayuja

1.4.2. Akmuenocm Kamanasze

Pesynratn moOuWjeHH MepemeM aKTHBHOCTH KaTaiaze y KiujaHumma Ocimum basilicum var.
minimum nipuka3anu ¢y Ha ['paduxony 11.

AHanmu3upameM pe3yaTaTa 1o0HjeHHX 3a KaTala3Hy akKTUBHOCT YOUCHO je J1a OBaj €H3UM y KOpEeHY
Ocimum basilicum var. minimum He MOKa3yje HU IO3HY CHEUU(PUYHOCT, a HU HyTPUTUBHY 3aBHUCHOCT,
MOIITO HHje KOHCTAaTOBaHA CTATUCTHYKH 3HAYajHA WHIYKOBAHOCT AaKTHUBHOCTH HH Y jEIHOM OJ
xopumhenux TperMana. Mi3sMepeHa akTHBHOCT y CBAKOM O TpeTMaHa Ouna je amka o 2 U mg™! nmporenna,
Ta e MOKE 3aKJbYUUTH JIa KOPSHCKH KaTajla3HU CUCTEM aHTHOKCHJIATHBHE 3aIITHTE HHUjE y KOPEJaIiju ca
KOMIIOHEHTaMa MuHepanHe ucxpane. Ca Jpyre cTpaHe, y M3/IaHIMMA je KaTalla3a WHIAYKOBaHA U HHUBO
AKTUBHOCTH j€ Y BE3H U Ca KOJIMYMHOM JIOCTYITHUX HYTpHjeHaTa, uMajyhul y BUIly Ja je IpU TpEeTMaHuMa
la, 2a u 3a 3a0enexxeH MOpPacT y aKTUBHOCTH KaTaja3e ca IMOpPacTOM KOHIICHTPAIMje MUHEPATHHX
enemeHnata. OcUM IITO je Y BE3U ca KOHIIEHTPAIMjOM MHUHEPATHUX €JIeMEHAaTa, KaTajlla3Ha aKTUBHOCT y
m3nanimma Ocimum basilicum var. minimum y Be3u je ¥ ca (pOpMOM a30THE HcxpaHe. Y TBpHEHO je a ce
MIpU TPETMAaHUMa Y KOjUMa Cy TIPHCYTHH aMOHH]jYMOBH jOHM aKTHBHOCT KaTaja3e 3HauajHO MmoBehama y
OIHOCY Ha TPETMaHE ca MCXPaHOM 0a3upaHOM Ha HUTpUTHMA. MeljyTuM, y eKcTpakThuMa J0O0HjeHUM U3
M3MaHaka TMpu TpeTManuMma 1b w 3b Huje yTBpl)eHa CTATUCTHMYKH 3HAYajHA pa3IMKa y KaTala3zHoj

AKTHUBHOCTH.
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I'paduxon 11. AKTHBHOCT KaTanase y U3JaHIMA U KopeHy kinjanana Ocimum basilicum var. minimum y 3aBUCHOCTH OJL
KOJIMYMHE U TUNA HyTpHjeHaTta. Pe3ynTaTu cy nmpencTaB/beHH Kao Cpelilba BPEIHOCT TPU Meperha + CTaHaap/Ha rpelka. Manium
cioBuMa (a, b, c...) o3HaueHe cy 3HauajHe pasnuke (p < 0.05) n3melhy u3nanaka; BenukuM crosuma (A, B, C...) o3Hauene cy
3HauajHe pasznuke (p < 0.05) u3mehy kopena Ha ocHoBY Tukey Tecta
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Jlpacana Jaxosmwesuh Jloxmopcka oucepmayuja

1.4.3. Axkmuenocm ackopbam nepokcuoasze

Pesynratu nmoOujeHu MepemeM aKTUBHOCTH acKopOaT MepoKcHiase y JeJOBHMa KiHMjaHala
Ocimum basilicum var. minimum npuka3anu cy Ha ['padukony 12.

Pe3ynTaTtu ykasyjy a ce CTAaTHCTHUYKH 3Ha4YajHA pas3inka HajIpe MOXKE YOUHUTH Y OJTHOCY Ha hopMy
a30THE WCXpaHe. Yclen IpUCycTBA aMOHH]YMOBHUX jOHA aKTUBHOCT ackopbar mepokcuaase ce moehana,
MIpH Y€MY je y OBHM TpPETMaHMMa EBHICHTHpaHa HETaTHBHA KOpeNialdja y aKTUBHOCTH OBOT €H3WMa y
3aBHCHOCTH OJ] KOJIMYWHE AOCTYIHHUX HyTpHjeHTa. VicT TpeH I je 3a0enexeH U y U3JaHluMa U y KOpeHy,
IIPH Y€MY j€ OBaj €H3UM HAjaKTUBHHjH Y HYTPUTHBHO JEMPUBHPAHUM H3AAHIINMA TajeHUM y MPUCYCTBY
aMOHMjyMOBHX joHa (1b TpeTMaH), a HajHIKA aKTUBHOCT je TIpH 3b TpeT™Many. YjemaHo, MPIWINKOM IPUMEHE
KOMOWHOBaHE a30THE MCXpaHE TOKOM in Vitro pa3Buha OBOT T€HOTHIIA, TIPU TpeTMaHnMa 2b u 3b Buie
BPEIHOCTH Cy m3MepeHe y KopeHy. CynmpoTHH TpeHI je 3a0eleXeH Mpu TpeTMaHuMa OasmpaHnM Ha
HUTpaTHO] UCXpaHH; ca moBehaBameM KOHIICHTpAIlMje MHHEpATHUX elleMeHaTa rmoBehaBa ce aKTHBHOCT
ackopOart nepokcujaze. OBaj €H3MM j€ TI0Ka3a0 BHUITH HUBO aKTHBHOCTH Y KOPEHY Y OJTHOCY Ha W3JaHKE,
a1 HUCY yTBplEHE CTATUCTHYKH 3HAYajHE Pa3IMKE Y aKTUBHOCTU KOPEHCKHUX acKopOaT MepoKCcuaasza y
OJIHOCY Ha KOHIICHTpAIlMje MUHEPATHUX eJeMeHara. Y W3JaHIMMa je yTBp)eHa CTaTUCTHYKU 3HAYajHa

pas3nuKa y akTHBHOCTH OBOT €H3MMa IpH 1a TpeTMmaHny y nopehemy ca 3a TpeTMaHOM.
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I'paduxon 12. AKTHBHOCT ackopOaT MepoKcHaase y u3AaHUUMa 1 KopeHy kinujanaua Ocimum basilicum var. minimum y
3aBUCHOCTH O/ KOJIMYMHE U TUIIA HyTpHjeHata. Pe3ynrTaru cy nmpeacTaBbeHH Kao cpelba BPEIHOCT TPU Meperba + CTaHxapaAHa
rpeuika. Manum crioBuma (a, b, c...) o3Hauene cy 3Ha4ajHe pasnuke (p < 0.05) nuzmely usnanaka; Benukum ciosuma (A, B, C...)

o3HaueHe cy 3Ha4ajHe pa3nuke (p < 0.05) n3mely kopena Ha ocHoBY Tukey Tecra.
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Jlpacana Jaxosmwesuh Jloxmopcka oucepmayuja

1.4.4. Axkmuenocm z2eajaxon nepokcuoasze

Pesynratu nmoOujeHn MepemeM aKTHMBHOCTH T'Bajakojl MEPOKCHIA3e Y Pa3IMYUTUM OpraHuMa
knujanatia Ocimum basilicum var. minimum tnpukaszanu cy Ha ['padukony 13. 3HavajHe pasnmuke y
AKTUBHOCTH HaBEJCHOI €H3MMa YOUeHEe Cy W y OJHOCY Ha KOHIIEHTpAIHjy HyTpHjeHaTa W y OJHOCY Ha
dhopmy azora.

Y TpeTMaHUMa ca HUTPATHOM (POPMOM a30THE HUCXpaHe (TPETMaHH ,,a") YOUCHO je 1a je aKTHBHOCT
T'BajakoJl Mepokcuaa3e 3HavajHo yBehana mpu tpermany 3a (24.7 mM KNOs) y mopehemy ca 2a u la
TperMannMa. OBa pa3nMka y aKkTUBHOCTH j€ W CTaTHCTHUYKHM 3HavajHa. McTm TpeHI y aKTUBHOCTH
HaBEJICHOT €H3MMa je 3a0eNie)keH M y KOpeHy, MPH YeMy Cy M3MEpeHe BPEIHOCTH HIDKE Y OJHOCY Ha
M3IaHKe. 3HATHO BHUIIA aKTUBHOCT €H3WMa I'BajaKoJl MEPOKCHIIA3E je eBUACHTHpaHA TP KOMOMHOBAHO]
a30THO] WcxpaHu, Tj. y Meaujymuma ca NHsNOs (Tpetmanm ,,b%), Kako y W3IaHIIIMa, TaKO ¥ Y KOPEHY.
[IpucycTBO aMOHHjYMOBHX jOHa W HYTPUTHBHA JeIpHBAIlja WHIYKOBAJIE CY AKTHBHOCT TBajaKoOJI
nepokcuase, na je ca nopehameM KOHIEHTpAI]e MUHEPATHUX eJIeMeHaTa 3a0€JIeKEH 11a]] Y aKTHBHOCTH
oBOT eH3uMa. MehyTum, 3a pa3nuky oj TpeTMaHa 6a3upaHuX Ha HUTPATHOj] (OPMH a30Ta T'lie je TBajaKo

NEepoKCcHIa3a aKTUBHHUja Y U3AaHIMMa, Ipu TpeTManuMa 1b, 2b u 3b reajakon nepokcugasa je akTUBHUja

y KOpEHY.
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I'paduxon 13. AKTHBHOCT I'Bajakol MEepoOKCcHaa3e y U3LaHIMa U KopeHy kinjanaua Ocimum basilicum var. minimum y
3aBUCHOCTH O/ KOJIMYMHE U TUIIA HyTpHjeHata. Pe3ynraru cy npeacTaBbeHH Kao cpeliba BPETHOCT TPH Meperba + CTaHxapAHa
rpeuika. Manum crioBuma (a, b, c...) o3Hauene cy 3Ha4ajHe pasnuke (p < 0.05) uzmely usnanaka; Benukum ciosuma (A, B, C...)

o3HaueHe cy 3HauajHe pasmuke (p < 0.05) m3mehy kopena na ocHoBy Tukey Tecta
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Jlpacana Jaxosmwesuh Jloxmopcka oucepmayuja

1.4.5. Axkmuenocm nupozanon nepoxcuoaze

Pesyntatn noOujeHn MepemeM aKTHBHOCTH HHPOTalioi MEpOKCHIa3e y JeJoBUMa KIMjaHana
Ocimum basilicum var. minimum nupukazanu cy Ha ['paduxony 14. Tpermanu ca pazIMIUTOM
KOHIIEHTPAIMjOM W Pa3NUYUTHM THUIIOM HYTpHjE€HATa JOBENH Cy J0 NMPOMEHA Y aKTHBHOCTH MHPOTAON
MepoKCcHas3e, ajal OCTBApeHH e(heKTH Cy Pa3IUINTH U Y 3aBUCHOCTH OJ] HCTIMTUBAHUX OWJBHUX OpraHa.

[Ipu cBakoM 0o IPUMEHEHNX TPETMaHa aKTUBHOCT MHPOTAJION MEPOKCHIA3e pacTe ca MopacToM
KOHIICHTpaIije HyTpHjeHata. Mehytum, pesynratu cy mokasaid Ja IOAJIora ca aMOHHjYMOBHM jOHHMa
3HAYajHO WHAYKYje aKTHBHOCT OBOT IUPOTAIII TIEpPOKCHIaze. Y eKCTpaKTHUMa JOOHjEHUM W3 HaJI3eMHHUX
oprana knuja"ara Ocimum basilicum var. minimum TajeHOT Ha TPEeTMaHUMa ca KOMOWHOBAaHOM a30THOM
HCXpaHOM (,,b* TpeTMaHM) H3MEPEHA j€ HEKOJUKO ITyTa Behy akTHBHOCT IMUPOTaIoi MHPOKCHIA3E Y OJTHOCY
Ha u3JlaHKe rajane Ha TperManuMa ca KNO; kao TTaBHUM H3BOPOM a30Ta M MCTOM KOHIIEHTPAITH]OM
MUHEpPATHIUX eJleMeHaTa.

CymnpoTHO M3JaHLIMMa, Y KOpPEeHy Cy ca moBehaBambeM KOHIEHTpalljeé MHUHEPAJIHUX elieMeHaTa
n3MepeHe HUKE aKTUBHOCTH pirogalol mepokcunasze (tpermanu 2b u 3b). CTaTUCTHYKY 3HAYAjHO CHIKEHA
AKTHUBHOCT KOPEHCKE MUPOTasofl Mepokcuaase 3adenexena je npu TpeTMaHuMa la u 2a, Kako y 0JHOCY Ha

3a TpeT™MaH, Tako 1 Ha cBe TperMane ca NH4NOs.
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I'pacdukon 14. AKTUBHOCT MHPOTaioi NEPOKCHIA3e Y U3AaHIUMa 1 KopeHy kinujaHaua Ocimum basilicum var. minimum y
3aBUCHOCTH O/ KOJIMYMHE U TUIIA HyTpHjeHata. Pe3ynrTaru cy nmpeacTaBbeHH Kao cpelba BPEIHOCT TPU Meperba + CTaHxapaAHa
rpeuika. Manum crioBuma (a, b, c...) o3Hauene cy 3Ha4ajHe pasnuke (p < 0.05) nuzmely usnanaka; Benukum ciosuma (A, B, C...)

o3HaueHe cy 3HauajHe pasmuke (p < 0.05) m3mehy kopena na ocHoBy Tukey Tecta
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1.5. AKTHBHOCT eHHJIATAHUH AMOHHjYM JIHa3e

Pesyntatu nobujeHr MepemeM aKTHBHOCTH (eHMIadaHud aMoHujyM nnaze (PAL) y knujanumnma
Ocimum basilicum var. minimum npukazanu cy Ha I'padukony 15. YoueHo je ma mocroje pasimke y
AKTHBHOCTH HAaBEJICHOT €H3MMAa, IPe CBera y OJHOCY Ha HMCIHUTHUBAHH Jie0 OWMIbKE, aJld U Y OJIHOCY Ha
KOHIICHTPAIVjy MUHEPAITHUX elleMeHaTa y KOPUIITNEeHUM TpeTMaHUMa.

Y m3mannmMa KiidjaHaria rajeHuM y TpeTMaHuMa ca HUTPaTHOM (DOpMOM a30Ta HajBUIIIA aKTHBHOCT
€H3MMa M3MepeHa j€ TIPU YMEPEHO] KOHIIEHTPAIINji MUHEPATHUX eJieMeHaTa U OBa BPEIHOCT j€ 3HAYajHO
pasinvmTa y OJTHOCY Ha OCTalIe TPETMaHe, KaKo ca HUTPATHOM, TaKO U ca aMUHHjaqHOM (POPMOM HCXpaHe.
W y m3manmmMa je HakOH IpHMEHE ,,b* TpeTMaHa HajBHINIa aKTUBHOCT (eHWIAJaHUH aMOHH]jYM JTHa3e
eBUJICHTUPAaHA TIPH yMepeHo] ucxpanu (2b Tperman), mpu deMy HyCy yTBpheHE CTaTHUTHUKH 3HAYajHE
pasnuke m3mehy oBor u 3a u 3b TpeTMaHa, aly ce aKTUBHOCT €H3MMa CTATUCTHUYKHU 3HAYAjHO Pas3NIuKyje y
nopehemy ca Tpermanmma la, 2a u 1b. YTBpheHo je ma je y moazeMHUM NeJoBUM KivjaHatna Ocimum
basilicum var. minimum (eHUIaTaHUH aMOHHjYM JINa3a akTUBHHja y opehemy ca u3naHIuMa HaBeAeHOT
reHotuna. MelyTuM, kaia cy y nuTamby OBU OWJBHHM OpraHu, HHCY yTBpljEeHE CTAaTHCTUYKH 3HAYajHE
pasnuke u3mehy ¢popme a3oTHe ucxpaHe. HaBeneHn eH3UM je y MOJ3eMHHM OpraHuMa HajMambe aKTHBaH

NIpY YMEPEHOj, a HajBHILE [IPU UCXPaHH Koja CaJp>Ku BHCOKE KOHIICHTPAIMje MUHEPAJIHUX eJIeMeHaTa.
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I'padukon 15. AKTHBHOCT (peHMIATaHUH aMOHHUjYM JIa3e y U3AaHIHMa U KOpeHy kiujanaua Ocimum basilicum var. minimum y
3aBHCHOCTH 0J] KOJIMYHUHE ¥ TUIIAa HyTpHjeHaTa. Pe3ynTaTu cy npeicTaB/beHH Kao CPeiba BPEIHOCT TPU Meperha + CTaHaapHa
rpemika. Manmum cioBuma (a, b, c...) o3HaueHe cy 3HauajHe pasnuke (p < 0.05) n3mely usnanaka; BenukuM ciosuma (A, B, C...)
o3HaueHe cy 3HayajHe pasnuke (p < 0.05) m3mel)y kopena na ocHoBy Tukey Tecta
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1.6. He-eH3uMcKke KOMIIOHEeHTe 010paMOeHOr cHcTeMa

1.6.1. Konuuuna yKynnux ¢peHonnux jeourberna

Konmmumaa ykymHHX (EHOTHUX jeInmbemha KBAaHTH(PUKOBAHA je Yy HM3MAHINMA M KOpEeHHUMA
xkimjanamna Ocimum basilicum var. minimum, a TOOWjeHH pe3yNTaTH cy npukazanu y Tabemn 15. Jlobujene
BPEIHOCTH Cy M3paKeHE KPO3 EKBUBAJIEHT TaJIHE KHUCEIINHE.

V HamzeMHMM opraHuma Jo0ujeHe BpemHocTu cy y omcery ox 30.47 mo 47.41 GAE mg' SM.
Hajpeha kommumnaa yKynmHUX (QEHOTHUX jeIU-CHha W3MepeHa je mpu 1b TpeTMmaHy, JOK je HajHIDKA
n3MepeHa npu 3a TpetMany. JomatHo, m3mel)y OBUX BPETHOCTH ITOCTOjH CTATHCTUIKY 3HAYAjHA pa3JIhKa.
Hajpeha xommumHa yKynmHHX (EHOJTHUX jeAMberha U3MEpeHa Mpu TpeTMaHy 1b mpahena je m3MepeHOM
KOJMYMHOM OBHMX MeTabonuTa rpu 2a (46.98 GAE mg™! SM) u 1a (43.57 GAE mg'! SM) tpermanuma, mpu
geMy n3Mel)y OBHX BPETHOCTH HHje YTBpl)eHa CTaTUCTUIKY 3HA4YajHA Pa3JIHKa.

Y xopeny Ocimum basilicum var. minimum CUHTE3a OBE Tpyle HE-CH3MMCKHX KOMIIOHCHTH
o10paMOeHOr cHCTeMa BUIIECTPYKO je yBehana u y omcery je Bpeanoctu on 90.68 mo 184.76 GAE mg'!
SM. Hajseha u ctaTUCTHYKM 3HAYajHO pa3iMYUTa KOJMYMHA YKYTHUX (EHOIHUX jeHibemha yTBpheHa je
npu TperMmany 2a u npahieHa je BpeaHOCTHMa M3MepeHuM npu Tpetmany 3b (173.94 GAE mg' SM).
Hajumwka konuuuHa yKynHuX (GeHonHux jemumerma (90.68 GAE mg! SM) esunenrtupana je mnpu 3a

TPETMAaHy U CTaTUCTUYKU je 3Haqaj HO pa3jiuTa y OJHOCY Ha OCTaJIC TPCTMAHC.

Tabena 15. Komunna ykynmHuX (heHOIHUX jeUbeha, KONNIUHA (pIIaBOHONA U YKYITHA aHTHOKCHJATUBHA aKTHBHOCT
y U3aHIUMa U KopeHy kiaujanana Ocimum basilicum var. minimum y 3aBUCHOCTH Of KOJMYHHE U THIIA HYTPHjeHaTa

KOJIMYHMHA YKYMHUX ()eHOTHHX
jennmema
(GAE mg' SM)

KOJIMYHHA (p1aBoHOHIA
(RUE mg™! SM)

YKYIIHA AHTHOKCHIATHBHA
aktusuoct (ICso, pg mLY)

TpeT™MaH H3JaHaK KOpeH H3JaHAK KOpeH H3IaHAK KOpeH
la 43.57 +0.84a 108.75 £ 0.84¢ 23.60+0.21a 6.49 +0.24b 85924 +1.14a 3593 +0.47a
2a 46.98 +0.53a 184.76 + 1.65a 22.90 +0.36b 7.46 £ 0.41a 309.33 +1.07b 22.36 +0.79b
3a 30.47 +1.19b 90.68 + 0.89f 14.08 £0.29¢ 6.91+0.17ab 174.85 +1.38¢ 34.36 + 0.66a
1b 4741 +0.80a 157.29 £0.25¢ 22.49+0.21c 6.70 +£0.21ab 805.42 +2.23a 27.91 +0.68b
2b 36.03 +0.45abc  110.04 = 1.66d 14.80 +0.17d 6.84 +0.24b 174.85 +1.38¢ 48.16 £0.81a
3b 42.85+0.88a 173.94 + 0.66b 23.88 +0.12a 6.85 +0.38ab 977.49 +2.87a 28.01 +0.86b

Pesyntaty cy npecTaB/beHH Kao Cpeiba BPEAHOCT TPU Mepera + CTaHJapAHa Tpelika. Pa3nmuuunrta ciioBa 03HauaBajy 3HaYajHEe

pazmuke (p < 0.05) u3mehy Tpermana Ha ocHoBy Tukey Tecta
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1.6.2. Konuuuna ¢pnasonouoa

Konunuuna ¢aBoHouaa y uznanuuma u kopeny Ocimum basilicum var. minimum u3paxeHa Kpo3
CKBHMBAJICHT PyTHWHA, Bapupa y 3aBHUCHOCTH OJ] OpraHa W Tumna HyTpujeHarta. JloOujeHu pe3ynaratu cy
npukazanu y Tabenu 15.

Konmawaa oBe rpymie peHOTHNX jeaumbeha y H3IaHIIMa je y orcery BpeaHoctu o 14.08 go 23.88
RUE mg!' SM. Hajsume Bpeanoctu (23.88 RUE mg™! SM) 3abenexene Cy y M3AaHIMMa IPU TPETMaHy 3b
u npaheHe cy BpeIHOCTUMA M3MEPEHHMM y M3aaHnuMa ca la tpermana (23.60 RUE mg™!' SM). Hajumxke
BPEIHOCTH KomunHe (hraBoHOMIA u3MepeHe cy npu 3a tpermany (14.08 RUE mg! SM) u 2b tpermany
(14.80 RUE mg! SM). TonatHo, u3meljy oBHX TpeTMaHa je yTBpheHa cTaTHCTHYKM 3Ha4ajHa pasnuka. Y
MO3EMHMM OpraHUMa jeé HW3MepeHa HIDKa KOJMMYMHA (DIIaBOHOWAA Y OAHOCY Ha HA/J3eMHE OpraHe, a
BPEIHOCTH Cy y omcery ox 6.49 no 7.46 RUE mg! SM. V3 nocrojame CTaTHCTUYKH 3HAYajHE Pa3IIMKE,

HajBHIIIC BPEAHOCTH Cy H3MEPEHE MPH 2a, a HajHIDKE NP 1a TpeTMaHy.

1.7. YKynHa aHTHOKCUIATHUBHA AKTUBHOCT

Pesynratu noOuMjeHM MepemeM YKYIHE AHTHOKCHIATHBHE aKTHBHOCTH Pa3IMYUTHX JEJI0BA
knujanara Ocimum basilicum var. minimum nipukazanu cy y Tabenu 15. Y uznaniuma cy nodujene ICso
BPEIHOCTH Y oncery o1 977.49 no 174.85 ug mL™'. Hajsehy cnoco6noct neyrpanusanuje DPPH pamukana
MOKa3ajiu Cy y30pIHd JIOOMjeHU W3 M3JlaHaKa rajeHuX Ha 3a TPeTMaHy, Kao W M3JlaHaka rajeHux Ha 2b
tpermany (ICso = 178.38 pg mL™'). U3mel)y oBux BpemHOCTH Huje YTBpheHa CTATUCTHUKM 3HAYAjHA
pasnuka. HajHuka BpeTHOCT yKYITHE aHTUOKCUIATUBHE aKTMBHOCTH M3MEpEHA je y y30pIMMa M3JlaHaKa
rajeHux Ha 3b TpeTMaHy u npahieHa je BperHOCTHMa 100MjeHNUM 3a u3naHke rajene Ha la (ICso = 859.24 pg
mL") u 1b tpermany (ICsp = 805.42 pg mL™'). Takohe, msmely oBux BpeaHOCTH HHje yTBpheHa
CTaTUCTUYKH 3HAYajHA Pa3IuKa.

VY mom3emanM opranuMma kiujanana Ocimum basilicum var. minimum 3a0enexeHa je 3Ha4ajHO
Beha yKyIlHa aHTHOKCHJIATHBHA aKTUBHOCT y Tiopeljery ca HaJ3eMHUM OpraHnMa. Y KOpPeHy Cy U3MepeHe
ICso BpennocTn y omncery on 48.16 mo 22.36 pug mL'. Hajsehy cnoco6roctn neyrpammsanuje DPPH
pamukaia ToKa3aldu Cy y30pIM KopeHa KiHjaHalla TajeHnX Ha 2a TpeTMaHy, ajld M KOPEHW KiIWjaHala
rajernx Ha 1b tpermany (ICso = 27.91 ug mL™"). U3meljy BpequoCcTH ca 0BUX TpeTMaHa, Kao HHU u3Mel)y
oBux 1 BpeaHoctu ca tpermana 3b (ICso = 28.01 pg mL!") nuje yrBphena cTaTucTuuKy 3HaYajHa pasjinuKa

Yy YKYITHO] aHTHOKCHIATHBHO] aKTUBHOCTH. Hajmamy cmocobnocT HeyTrpanusanuje DPPH pagukama (ICso
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=48.16 pg mL") mokasanu cy y3opuu kopena knujanauna Ocimum basilicum var. minimum rajesor Ha 2b
TpeTMaHy W OBa BPEIHOCT je CTATHCTHUYKH 3HAYAJHO PA3IMUUTA y OJHOCY Ha OCTaje TPETMAaHE.

MebhyTtum, ¥ mopea 3HAYajHE pasiMKe y OJHOCY Ha Apyre TpeTMaHe, Yak M HajHMXKa yKYITHA
AHTHOKCHJATHBHA aKTUBHOCT KOPEHA BHUIECTPYKO MpEMaIilyje CroCOOHOCT HEyTpaau3aiuje cIo00HUX

paaukajia 'y OgHOCY Ha Haj BUIITY aHTUOKCUAATUBHY AaKTUBHOCT U3JIaHAKA.

1.8. Konnentpanuja py3mapuncke u KogenHCKe KHceJIMHe

KeanTudukanumja ogadbpannx (GpeHOTHUX KUCEIMHA Y METAHOIHHM EKCTPAaKTUMa JOOHWjeHUX U3
m3nanaka u kopeHa Ocimum basilicum var. minimum TajeHUX in Vitro TPAMEHOM Pa3IHYATHX TPETMaHa
mBpireHa je HPLC metronom (eng. high-performance liquid chromatography).

Pesynratn Mepema KOHIICHTpalHje py3MapHHCKE KHCEIWHE TMpukazaHu cy y Tabemm 16. Y
HaJ3eMHHAM OpraHMMa KiMjaHana no0ujeHe BpegHoctH cy y omcery ox 3.01 mo 21.0 mg g!'. Hajseha
KOJIMYHMHA Py3MapHHCKE KUCETNHE KBAaHTH(HUKOBAHA j€ Y eKCTpAaKTHMa M3/IaHaKa rajeHnX Ha TpeTMaHy 3a.
HonaTtHo, n3Mel)y OBOT U OCTaJIMX TPpeTMaHa YTBpheHa je CTAaTUCTHYKY 3HaYajHA Pa3lIKa Y KOHIICHTPALUjU
py3MapuHCKe KrcenuHe. HajHuka KOHIIGHTpaldja je M3MepeHa y eKCTpaKkTUMa H3aHaKa rajeHuX Ha
Tpermany la, mpu demy je, Takohe, u3mel)y OBOT U OCTamuX TpeTMaHa yO4Ye€Ha CTATUCTHYKU 3HAYAjHA
pasnuka. M3mely ocranux TperMaHa HHCY yTBpEHE CTATHCTUYKU 3HA4YajHE pa3ivKe y KOHIICHTPAIU)jU

PY3MAapHUHCKE KUCCIIMHC Y U3JaHIINMaA.

Tabena 16. KonnenTpanuja py3maprHCKe 1 KOQEHHCKe KUCEINHE Y H3IaHIIMa ¥ KOpeHy KIIMjaHana
Ocimum basilicum var. minimum y 3aBUCHOCTH OJ KOJIMYUHE U TUIIa HyTpHjeHaTa

PY3MapHHCKa KHCEJIUHA KO(l)el/IHCKa KHCeJIMHA
(mgg™) (mgg™)
TpETMaH H3JaHaAK KOpeH H3JaHaAK KOpeH
1a 3.01+0.2¢ 182+09b 0476 +0.03c  1.12+0.08a
2a 10.6 + 0.5b 38.8+2.0a 1.10 £0.08a 1.45+0.1a
3a 21.0+1.1a 31.6+1.6a  0464+0.03c 0481 +0.03b
1b 8.08 + 0.4b 215+1.1b  0.534+0.04c  1.21+0.09
2b 8.79 +0.5b 199+1.0b  0.375+0.03c  0.416+0.03b
3b 6.17 +0.3b 246+13b  0.699+0.05b  0.296+0.02¢

Pesynraru cy npencTaB/beHH Kao Cpelliba BPEJHOCT TPU Meperha + CTaHAap/Ha rpenika. PasmnunTa cioBa o3HadaBajy 3Ha4ajHe
pasnuxke (p < 0.05) usmelhy Tpermana Ha ocHOBY Tukey Tecrta
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VY kopeHy je m3MmepeHa Beha KoJIMYMHA Py3MapHHCKE KHCENIMHE Yy mopehemy ca mzganuuma (y
orcery BpeaHoctu o1 18.2 1o 38.8 mg g'). HajBumie py3sMapuHCKe KUCEMHE j€ IETEKTOBAHO Y KOPEHY
KIIMjaHala rajeHuX Mpyd YMEpeHOj KOHLEHTpalWju HyTpHjeHaTa ca HUTPaTHOM (OpPMOM a3oTa (TpeTMaH
2a), a npaheHa je KOTMYMHOM U3MEPEHOM IPUMEHOM TPEeTMaHa ca BUCOKOM KOHLIEHTPALKjOM HyTpHjeHAaTa,
Tj. TpeT™an 3a (31.6 mg g!). Vismel)y BpeJHOCTH ca OBUX TPETMaHa HUCY YTBPHEHE CTATHCTHYKY 3HAYA]HE
pasnuke. Hajarmka KoHIleHTpammja 3a0elie)keHa je y KOpeHOBHMMA TajeHHM Ha TpeTMmaHy la. JlomatHo,
m3Mely BpemHOCTH ca TpeTMaHa la m kopumheHuX TpeTMaHa ca MPUCYTHUM aMOHH]jYMOBUM joHHUMA (,,b*

TPEeTMaHN) HEMa CTATUCTHUYKH 3HAYajHUX PasiMKa y KOHIIEHTPAIWj! Py3MapHHCKE KHCEIHHE.

Pesynratn mepema KOHIEHTpanuje KO(EHHCKE KHCEIMHE y W3JaHiuMa M KopeHy Ocimum
basilicum var. minimum nipukaszanu cy y Tabemn 16. M3aMepena KoHIEHTpanyja oBe GeHOIHE KHCEIHHE Y
usgannuMma je y omcery spexsoctu ox 0.375 no 1.10 mg g'. Hajseha xoHumeHTpamuja m3mepeHa je y
eKCTpaKTHMa W3JaHaKa KIMjaHalla TajeHuX Ha TPEeTMaHy ca YMEpPEHOM KOHIICHTPAIMjoM HYTpHjeHATa H
HUATpaTHOM (hopMoM azora (2a TpeTMaH) U m3Mel)y OBOT M OCTajanxX TpeTMaHa yTBpheHa je CTaTHCTHIKH
3Ha4ajHa pasnuka. HajHmka BpeAHOCT KOEHHCKE KUCETHHE N3MEPEHa j€ Y eKCTPAKTHMa M3/1aHaKa IajeHUX
MIpY yMEPEHO] KOHLEHTPALUj U HyTpHjeHaTa, ajli y IPUCYCTBY aMOHH]YMOBHUX joHa (2b TpeTman), mpu uemy
HUje yTBpheHa CTaTUCTUUKH 3HavajHa pa3iuka u3mely oBor u la, 3a, 1b u 2b Tpermana.

Kana cy y nuramy noJ3emMHu €I0BY KIIMjaHala, U3MepeHe KOHLEHTpalyje KohenHcKe KHCeInHe
cy y omcery BpemHoctd on 0.296 mo 1.45 mg g'. Hajseha xonuunna KO(EHUHCKE KHCEIUHE
KBaHTH(HUKOBaHAa je Y EKCTpaKkTHMMa KOpeHa KiIMjaHalla TajeHnX Ha 2a TpeTMaHy, ajld BHCOKa
KOHIeHTpalMja je eBugentupana u npu 1b (1.21 mg g') u la (1.12 mg g') tpermanuma. Usmehy
BPEIHOCTH Ca OBHX TPETMaHa HUCY YTBpleHe CTaTUCTUYKH 3HavajHe pa3nuke. Hajamxke BpegHoctu (0.296
mg g') eBuseHTUpaHE Cy Y OJ3EMHUM OpraHuMa OUsbaka rajeHux Ha 3b TpeTMaHy, Py YeMY CE BPEIHOCT
ca OBOT TPeTMaHa CTATHCTHYKH 3HAYajHO Pa3NIMKYyje O BPEIHOCTH ca OCTaIHNX TpeTMaHa. Kao u y ciydajy
py3MapuHCKe KHCEMHE, W KOHIICHTpalldja KopermHCKe KHWCelnHe je Beha y Moa3eMHHUM y OIHOCY Ha

HaJ3eMHE JIeJI0BE KIIMjaHaIa.
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2. Ocimum basilicum var. basilicum cv. Genovese

2.1. KapakTepHncTuke KiIHjamba

Kapakrepuctuke knujama cemena Ocimum basilicum var. basilicum cv. Genovese 1O yTHIIajeM
pazmuauTor pexknMa ucxpane, ca KNOs; kao Ti1aBHIM H3BOpPOM azora win y komouaamuju ca NHsNOs,
WCIINTHBAHE Cy MEPEHEM CpeImber BpeMeHa Kiujama (MTG), 6p3une kimjama (RG), yKymHOT TIporieHTa
xmjama (GP), kao n yaudopmaoctn ximjama (U). Jobujern pesynratu cy npukaszann y Tabemn 17.
Pesyntatin moOujeHn MCIIUTHBAK-EM KapaKTEPHCTHKA KIIHjama yKazyjy Ha 3HadajaH eexaT MHHEpaTHE
rucxpane Ha pa3Boj Ocimum basilicum var. basilicum cv. Genovese TOkoM npBe Henesbe. Hajehn nporenar
kujama (GP = 89.36%) 3abenexxeH je mpu TpeTMaHy ca BUCOKOM KOHIIEHTpaIijoM HyTpujeHata u 20.4
mM KNO; (tpetman 3a), anu je CTaTHCTHYKHM 3HadajHa pasnuka yTBphena msmely TpeTmana ca
MHHHAMAJTHOM KOHIICHTpaIjoM HyTpujeHata U 6.14 mM KNOs (tae je yjemHo 3a0erexeH W HajMambHu
MPOIEHAT MPOKJINjalInX CEMEHA) M OCTANX TpeTMaHa. TpeTMaH 3a je yjeIHO U TpeTMaH y KOMe Cy CeMeHa
Ocimum basilicum var. basilicum cv. Genovese noka3ana Hajpehu crenen yaudopmHor kiujama (U =
34.37), kao u HajBumy cTony Knujama (RG = 73.06). Melhytum, HajOpke KIHMjame ce MOCTHXKE IMPH
YMEpeHO] KOHIEHTpaluju HyTpujeHata u 0e3 amonujaka (MTG mpu Tpetmany 2a uzHocu 2.49), 1ok je
CTaTHCTUYKH 3HAYajHO CIIOpHUje KIIHMjamke 3a0EIeKEHO NPU BUCOKMM KOHIICHTpAalldjaMa HyTpHUjeHaTa y3

NpUCcycTBO aMoHHjaka (2b u 3b TpeT™MaHm).

Tabena 17. Kapakrepuctuke knujama ceMeHa renorumna Ocimum basilicum var. basilicum cv. Genovese Ipu pa3IHIUTHM
KOHIIEHTpalljaMa HyTpHjeHaTa 1 Pa3IM4IuTUM U3BOPHUMA a30Ta

GP MTG RG U
1a 78.72 + 1.24b 2.54+0.07b 61.40 = 0.69a 30.99 + 1.12bc
2a 88.89 £ 0.89a 2.49 +0.06b 68.89 +£0.78a 3570+ 1.01a
3a 89.36 £ 1.31a 2.60£0.11b 73.06 £0.74a 34.37 +£0.99ab
1b 87.50 £ 1.31ab 2.64 £0.31b 66.96 = 1.18a 33.14 +0.48ab
2b 85.11 + 1.46ab 2.78 £0.16a 63.52+0.87a 30.62 +0.89¢
3b 78.82 +1.26b 2.86 £012a 57.75+0.61a 27.52+1.02¢

Pesynraru cy npencTaBibeHH Kao Cpeliha BPEIHOCT TPU HE3aBHCHA Meperha + CTaHAap/IHa rperka. Pasnudnra cioBa o3HauaBajy
3HauvajHe pasznuke (p < 0.05) u3mehy Tpetmana Ha ocHoBy Tukey Tecta
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2.2. Konuentpanuja (p0TOCHHTETHYKHX MUTMeHaTa

Pesynratu noOWjeHUM WCIUTHBAKEM KapaKTEpUCTHKA Ipoleca (OTOCHMHTE3e MEpPEeHeM
KOHIICHTpaIHje POTOCUHTETHYKUX IMUTMeHaTa rnpukasanu cy y Tabenu 18. Konnenrpanuja xinopoduia a
je y ocnery Bpeanoctr ox 0.4183 1o 1.004 mg g'! SM. Hajsuua koHneHTpanuja xaopoduia a u3MepeHa
je mpm TpeTrmaHy 2a M npaheHa je KOHIIEHTpalMjoM M3MepeHoM mpu Tpetmany la (0.976 mg g! SM).
N3mehy oBuX BpeTHOCTH HHUj€ YTBpleHA CTATHCTUYKH 3HaYajHa pa3inka. MelyTuM, CTaTUCTUIKHY 3HAYajaH
maj y KOHIEHTPANHju XJIopoduiaa a yIBpheH je Mpu TpeTMaHy 3a, ajld ¥ CBUM JIPYTUM TpPeTMaHHMa y
kojuma je mpucytad NH4sNO;. M3Mmepena koHIeHTpanrja xjopoduia 6 je y orncery Bpeasocta ox 0.219 mo
0.548 mg g'! SM. Hctu tpenn 3abenexen je u y ciaydajy xmopoduna 6, Tj. Hajseha KOHLEHTpauja 0BOr
(hOTOCHHTETHYKOT TUTMEHTA U3MEPEHA je TIpu TpeTMany 2a. Hajoosen ogHOC Xmopoduia a u xmopoduna
0 je mpu TpeTMaHnMa la u 2a u u3Mely OBHX TpeTMaHa HUje yTBpheHa CTaTHCTHUYKH 3HAYajHA Pa3iIuKa.

Kao n y cimydajy xmopodwia, 1 pe3yiaTaTi J001jeHN MEPEHheM KOHIICHTpaIije OTOCHHTETHIKIX
MUTMEHATa W3 TpyIe KapoOTCHOWIA MOKa3allu Cy Jla BUCOKE KOHIICHTpAllWje HyTpUjeHaTa MHXUOWPAjy
cuHTe3y oBuX (hoTocuHTeTHukuX nurmenara (Tabema 18). M3mepeHa KoHIIGHTpalyja KapoTEHOUIA j€ Y
orcery Bpeanocty o 0.024 10 0.166 mg g”! SM. HajBuiia KoHIIEHTpaIHja KAPOTEHOK 12 U3MEPEHA j€ TIPH
TpeTMaHy ca aMoHHjakoM (1b) mTO MOXXe yKa3WBaTH HA WHIYKOBaHY CHHTE3y OBUX NPOTCKTAHATA Y

MPUCYCTBY aMOHH]j YMOBHUX jOHA Kao (akTopa cTpeca Ha (OTOCHHTETHYKE MPOLiece OBOT TEHOTHIIA.

TaGena 18. Konuenrpanuja xnopoduna a, xjaopoduna 6, oxHoc xuopoduna a/6 u KoHueHTpalumja kKaporernouaa (mg g! SM) y
CBEXXHUM JHCTOBUMA KiujaHaua Ocimum basilicum var. basilicum cv. Genovese IpH pa3INUUTUM KOHIIEHTpalMjaMa HyTpyjeHara
W pa3IMIUTHM H3BOPHMA a30Ta

xJopopua a xJjopopuna 6 xJaopopua a/o KapoTeHOUAHN
1a 0.976 +0.01a 0.480 + 0.04c 2.03+0.001a 0.103+0.01b
2a 1.004 £0.01a 0.548 £0.01a 1.83+£0.01a 0.085 + 0.02bc
3a 0.117+0.01e 0.076 £ 0.01f 1.54 + 0.06b 0.024 +0.003¢
1b 0.893£0.01b 0.458 £0.01d 1.95+0.01a 0.166 £ 0.028a
2b 0.788 £ 0.01c 0.512+0.01b 1.55+£0.04b 0.059 + 0.002bc
3b 0.418 +0.02d 0.219+0.01e 1.91 £0.02a 0.074 + 0.002bc

Pesyntaty cy npecTaB/beHH Kao CPeiiba BPEAHOCT TPU Mepera + CTaHJapAHa Tpelika. Pa3nmuuunra ciioBa 03HauaBajy 3HaYajHe

pazmuke (p < 0.05) nsmehy Tpermana Ha ocHoBy Tukey Tecta
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Ha I'paduxony 16 npuka3zaHo je Bapupame Y KOHIEHTPaji YKYITHOT XJI0poduia Kao mocieanna
pasauuuTe MUHEPAJIHE UCXPAaHe TOKOM MPBUX MECEI] JIaHa in Vitro pactema u passuha Ocimum basilicum
var. basilicum cv. Genovese. Pesynratu cy ykaszanu Ja BUCOKE KOHIEHTpaluje HyTpHjeHaTa, Kako ca
HUTpaTHMa, TaKo M ca aMOHMjyYMOBHM jOHHMa Kao TJIABHHUM HM3BOpHMa a30Ta, JAENyjy CTPEeCHO Ha
¢byHnnaMeHTanHe Mmerabonuuke mnpouece knujaHaua Ocimum basilicum var. basilicum cv. Genovese.
CraTHCTHYKM TTOCMAaTPaHo, Y CBAKOM OJf MCIIUTHBAHWX TpeTtMaHa Ocimum basilicum var. basilicum cv.
Genovese y KyATypH in Vitro TPOAYKYje pa3lInuuTe KOHILEHTpalHje (OTOCHHTETHUYKHX ITMTMEHATa.
Mehytum, yowsHBa je MaKCHMalHA TPOAYKTUBHOCT IPHMEHOM TpeTMaHa HIDKE KOHIICHTpAIWje
HyTpHjeHaTa, Ka0 ¥ BUIIECTPYKHU MaJl y KOHIEHTPALUjH YKYITHUX XJIOPO(HIa y TPETMaHUMa Ca BUCOKOM
KOHIeHTpaIyjoM HyTpujeHata (3a u 3b).

Ha ocHOBy OBHX pe3ynTata MOXe C€ 3aKJbyYHTH Ja BHCOKE KOHIEHTpAILMje MHWHEpaTHHX
eJeMeHaTa HeTaTUBHO JIeyjy Ha mpuMapHy npoaykuujy Ocimum basilicum var. basilicum cv. Genovese

cTBapajyhu ycioBe cTpeca KOju HHXHOMPA]y CHHTEe3y (POTOCHHTETUYKUX MTUTMEHATA.
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I'paduxon 16. Koanunna ykynHOT XJI0podmIa y CBeXHUM JHCTOBUMa KirjaHana Ocimum basilicum var. basilicum cv. Genovese
Y 3aBHCHOCTH O]l KOJIMUMHE U TUIIAa HyTpHjeHata. Pe3ynTaTu cy npeicTaB/beHH Kao Cpeliiba BPEIHOCT TPU Mepema + CTaHaapHa
rpemika. Pasnmmanra cioBa o3HauaBajy 3HauajHe pasnuke (p < 0.05) nsmelhy Tpermana Ha ocHOBY Tukey Tecta
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Jlpacana Jaxosmwesuh Joxmopcka ducepmayuja

2.3. KoHueHTpanyja yKymHUX cOJTyOHJIHUX MPOTEeHHA

CuHTe3a OCHOBHHX I'PaJIMBHUX €JIEMEHATA U3 TPYIe IPOTEHHA Y AUPEKTHO] j€ BE3U ca KOJIMYMHOM
nocTynHor a3ota. Ca Ipyre cTpaHe, HHXMOMpame CHHTE3e IPOTenHA 1 IIOpe] BUCOKE KOHLIEHTpalyje a30Ta
JMPEKTHO MOXE YKa3WBAaTH Ha CTPECHE YCIOBE CpEeIWHE M HapyllaBame IMpoleca MPHMAapHOT
MeTtabonm3ma. Bpemnoctn noOrjeHe MepemeM KOHIIEHTpaIlHje MPOoTenHa TIpuKaszane ¢y y Tabemn 19.

Y wznantuma Ocimum basilicum var. basilicum cv. Genovese H3MepeHa KOHIICHTPAIHja YKYITHUX
CoMyOMIIHMX TpOTenHa je y omcery ox 1.92 no 5.65 mg g'! SM, 1ok je y kopeny y oncery ox 4.39 no 8.26
mg g! SM. V Haj3eMHUM U TOI3€MHMM OPraHMMa KOHILEHTpAlja NPOTEUHA je Y AMPEKTHO] BE3M ca
KOHIICHTPAIMjOM MHWHEPaJHUX elieMeHaTa u (opMoM a3ota. JloJaTHO, NEIOBH KIIMjaHalla MOKa3alu Cy
PaIUYHTH TPEH]T Y CUHTE3U MPOTeHHA. Y M3/IaHIIMMA I'ajeHUM Ha HUTPATHUM TPeTMaHUMa KOHIIEHTpalHja
MIPOTEHWHA CE CTATUCTHYKH 3Ha4ajHO moBehaBa ca moBehameM KOHIIEHTpaIFje HyTpHjeHaTa, I1a je 1 HajBeha
KOHIICHTpaIlfja IpOoTenHa H3MEpeHa Mpu TpeTMaHy 3a (TpetMan ca 24.6 mM KNO3).

AMoOHMjauHa HCXpaHa HE JIOBOJAM JO 3HAYAJHUjUX TNPOMEHA y KOHIICHTpAaIMju TPOTCHHA Y
HaJ3E€MHUM OpraHuMa M TpU OBHUM TpPETMaHMMa HUCY YTBphEHE CTAaTUCTHYKH 3HAYajHE Pa3IUKE Y
KOHIICHTPAIMj¥ TIPOTEMHA Y OJIHOCY Ha KOHIICHTpAIM]y MUHEpaTHUX MaTepuja. MehyTum, 3a pa3nuky on
M3JlaHaKa, MaKCUMaJHa KOHIICHTpallMja POTeHHA Y KOpeHy 3a0elnekxeHa je npu 1b TperMmaHy, 10K ce ca
noBehameM KoHUeHTpauuje HyTpujeHata U1 NHsNO; CTaTUCTHKM 3HAYajHO CMamyje M KOHLEHTpaluja

YKYITHHX COJTyOMTHUX MPOTEHHA.

TaGena 19. Konuenrpanuja ykynuux conyounnux nporensa (mg g'! SM) y uznannuma u kopeny kiujanana Ocimum basilicum
var. basilicum cv. Genovese y 3aBUCHOCTH OJ] KOJTMYMHE U THIIAa HyTpHjeHaTa

H3aHAK KOpeH
la 1.92 +£0.05¢ 5.57 £0.30d
2a 3.67 +0.08b 5.75+0.13cd
3a 5.65+0.26a 6.50 = 0.28cb
1b 3.29 +0.03db 8.26 £0.20a
2b 3.32+0.1d 7.33 £0.22b
3b 3.48 +0.07db 4.39 £ 0.23¢

Pesynratu cy npecTaBbeHH Kao Cpeiiba BPEAHOCT TPH He3aBUCHA Meperba + CTaHAapAHa Tpelka. Pa3nmuyunTa cioBa 03Ha4aBajy
3HauajHe pasmuke (p < 0.05) m3melhy Tpermana na ocroBy Tukey Tecra
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Jlpacana Jaxosmwesuh Jloxmopcka oucepmayuja

2.4. KpanTu(ukanyuja akTUBHOCTH €H3MMCKHX KOMIIOHEHTH 0A0paMOeHor cucreMa

2.4.1. Akmuenocm cynepokcuo oucmymase

Pesynratu nobOujeHH MepemeM aKTHBHOCTH CYIEPOKCH][ JUCMyTa3e y W3JaHIMMa M KOPEHY
knujanata Ocimum basilicum var. basilicum cv. Genovese npuka3anu cy Ha ['paduxony 17.

Bucoka xourentpaiija Hyrpujenata ca KNOs; kao r1aBHUM H3BOPOM a3oTa JOBesa je 0
CTATUCTHYKH 3HAYAJHOT MaJla Y aKTUBHOCTH CYMEPOKCUI JUCMYTa3e KAKO Y M3aHIINMa, TAKO U Y KOPEHY,
Npy Y4eMy je CH3MM aKTHBHHUjU y u3aaHImMa. Kako je HajHmka aKTHBHOCT CYMEPOKCHI AUCMYTa3e y
u3aHIMa 3a0eNexeHa Mpy 3a TpeTMaHy, a HajBUIIa TP 1a TpeTMaHy, MOXKE Ce 3aKJbYUHTH J1a CTPEC KOjU
n3a3uBa BuIak HyrpujeHara ca KNOj; kao riiaBHOM a30THOM (OPMOM TOBOM 10 HHXHOUPAha aKTHBHOCTH
CYMEPOKCHT TUCMyTa3e. J[pyraunju TpeH ] y aKTHBHOCTH OBOT €H3UMa YTBpleH je y U3JaHIuMa rajeHuM y
npucyctBy NH4sNOs r/ie je mpuMeTaH mopacT y akTHBHOCTH ¢a MOPacTOM KOHIIEHTpallyje HyTpHujeHarta. Y
KOPEHY je CTATHCTHYKM 3HAYajHO HIDKH HHUBO aKTUBHOCTH OBOT eH3uMa mpu 2b u 3b TpeTManuma y
nopehemy ca octanum TpeTManuMa. M3mely BpemHOCTH ca OBa Ba TpeTMaHa HHje yTBpheHa CTaTHCTHIKH
3HaYajHA Pa3liMKa y aKTUBHOCTH KOPEHCKE CYNMEPOKCHI JUCcMyTase. YjelHO, PU OBHM TpPEeTMaHHUMa je

KOPEHCKa CYIEPOKCHU]T IMCMYTa3a HajMame aKTUBHA Y Mopelemy ca ocTaluM TpeTMaHuMa.
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I'pacdukon 17. AKTUBHOCT CYyNepOKCH AUCMYTa3e y U3MaHIMMa U KopeHy Kiujanaua Ocimum basilicum var. basilicum cv.
Genovese y 3aBUCHOCTH 0] KOJIMIMHE U THIIA HyTpHjeHaTa. Pe3ynraTn cy npencTaBibeHn Kao Cpe/iiba BPEIHOCT TPH Mepemha +
cTaHaapaHa rpemka. Manum cioBuMa (a, b, c...) o3HadeHe cy 3Hadajue pasnuke (p < 0.05) uzmely u3nanaka; BeTMKAM CIIOBUMA
(A, B, C...) o3nauene cy 3HauajHe paziuke (p < 0.05) mmely xoperosa na ocaoBy Tukey Tecra
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Jlpacana Jaxosmwesuh Jloxmopcka oucepmayuja

2.4.2. Akmuenocm xkamanasze

CriocoOHOCT yKJIamama BHUCOKOPEAKTHBHOI BOJOHHMK-TIEPOKCHIA HWCIHTHBAHA MEPCHEM
AKTUBHOCTH KaTalla3e yKasyje Ha pas3iuKe y aKTUBHOCTH OBOI' €H3UMa y 3aBUCHOCTH O] UCITUTHBAHOT
OwbHOT opraHa. Pesynratm Mepema akTHBHOCTH Karaja3e y HQJ3€MHHM M TOJ[3EMHUM OpraHMMa
knujanara Ocimum basilicum var. basilicum cv. Genovese npuka3anu cy Ha ['paduxony 18.

Pasnuke y akTHMBHOCTH HaBEACHOT €H3MMa yTBpHEHE Cy Kako y OJTHOCY Ha THUIl MHUHEPAITHE
HCXpaHe, TAKO U Y OJIHOCY Ha HCITUTUBAHN OWJHHU OpTraH. BUCOK CTENEeH CIIMYHOCTH YOUCH j€ Y AKTUBHOCTH
Karajase W CylepoKCHJI JUMyTa3e y M3JaHIFMa HCITUTUBAHOT TeHoTuna. Karanasa je HajakTHBHHja TIpH
la TpeTMaHy W yTBpheHa je CTATHCTUYKK 3HAYajHA pa3liiKa y aKTHBHOCTH KaTalla3e MpU OBOM Y OJTHOCY
Ha ocTaje TpetMane. Takole je youeH ¥ CTaTHCTHYKHW 3HAauajaH Majl y aKTHBHOCTH KaTajia3e ca MopacToM
KOHIICHTpaIlje HUTpaTHUX TperMaHa. CympoTaH TpeHI je 3a0eleXeH y aKTHBHOCTH Karajasze y
TpeTMaHuMa y KojuMa je mpucyrad NH4NO;, mpu yemy HHCY yTBph)eHE CTAaTUCTHYKY 3HAYAjHE PA3IHKE Y
M3MEPEeHNM akTUBHOCTHMA. Kao m y ciywajy renotuna Ocimum basilicum var. minimum, aKTHBHOCT
KaTajlaze He TOKa3yje CTATHCTHYKH 3HAUdjHE pa3uKe y KopeHmMa kimjanama Ocimum basilicum var.
basilicum cv. Genovese M U3MepPEHE BPETHOCTH CY HEKOJIMKO ITyTa HUXKE Y OJTHOCY Ha BPEJHOCTH U3MEPEHE

Yy u3gaHiiiMa UCTOr reHoTHUIIA.
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I'paduxon 18. AKTHBHOCT KaTanase y U3aHIUMa U KopeHy kiujanata Ocimum basilicum var. basilicum cv. Genovese y
3aBUCHOCTH O/ KOJIMYMHE U TUIIA HyTpHjeHata. Pe3ynraru cy npeacTaBbeHH Kao cpelba BPEIHOCT TPH Meperba + CTaHxapAHa
rpeuika. Manum crioBuma (a, b, c...) o3Hauene cy 3Ha4ajHe pasnuke (p < 0.05) nuzmely usnanaka; Benukum ciosuma (A, B, C...)

o3HaueHe cy 3HayajHe pasnuke (p < 0.05) m3mel)y kopenosa Ha ocHoBy Tukey Tecta
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Jlpacana Jaxosmwesuh Jloxmopcka oucepmayuja

2.4.3. Akmuenocm ackopbam nepoxcuoaze

Pesynratu Mepema akTHBHOCTH acKopOaT repokcuiase npukasanu cy Ha ['paduxony 19.

VYTBpheHo je ma ackopOaT mepokcuaasa Mmokasyje pasiuuuT HUBO aKTUBHOCTH y 3aBHCHOCTH OJ
THIIA UCXPAaHE, AJIM ¥ UCIIUTHBAHOT OWJHHOT OpraHa. 3a pas3lIuKy O]l CYNepOKCHJI JIUCMyTa3e U Karaiase,
Yyja aKTUBHOCT j¢ BWINIA y W3MAaHIMIMa, ackopOar mepokcumaza y xmmjannuma Ocimum basilicum var.
basilicum cv. Genovese je TeHepaTHO aKTUBHHU]a Y KOpPeHY. Y M3IaHIIIMa je TPEeH aKTUBHOCTH ackopoar
nepokcugase y crabiy y Kopenaluju ca akTUBHOCTHMA CYNEPOKCHIl AUCMyTa3e W Karanasze. Hajsuima
aKTHBHOCT €H3MMa 3a0eJe)keHa je TIpu TpeTMaHy la, a HajHKa Ipu TpeTMany 3a. Msmely cBux TpermMana
ca HATpaTHOM (GopMOM azoTa (,,a* TpeTMaHW) YyTBphEeHa je CTATHCTUYKH 3HadajHa pa3nuka. [IpumeHoM
TpetMana koju campke NHsNO; akTHBHOCT €H3WMa y HW3JaHIIMMa Ce CTATUCTHUYKH HHje 3HAYajHO
pas3MKoBalia y OJIHOCY Ha KOHIIEHTPAIWjy MHUHEPAIHHX eJIeMeHaTa, ajd Ce 3HA4ajHO pa3lIMuKoBaja y
OJIHOCY Ha ,,a"“ TpeTMaHe. MehyTum, mpu TpeTMaHNMa y KOjuMa y U3/JaHIliMa HHje HHYKOBaHa aKTUBHOCT
ackopOar nepokcuiase yrepheHa je puia crienuuyHa aKTUBHOCT OBOT €H3UMa y KopeHuMma. EH3uM je
HajaKTHBHUjU NP MaKCHMAJIHO] KOHUeHTpauuju HyTpujeHara u 18.8 mM KNO;3; u 20.6 mM NH4NOs3
(Tperman 3b). Takolhe, y HUTpaTHUM TpEeTMaHUMA Ca MHAYKOBAaHOM acKOpOaT MepOKCHIA30M Y M3/IaHIUMa,

HC HOCTOjC 3HaqajHe Pa3JIMKE Y KOPCHCKUM aCKOp6aT nepokcuga3ama.
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I'pacduxon 19. AkTUBHOCT ackopOaT NepokcHIas3e y H3AaHIuMa 1 KopeHy kiujanana Ocimum basilicum var. basilicum cv.
Genovese y 3aBUCHOCTH O] KOJIMYMHE U THIIA HyTpHjeHaTa. Pe3ynraTu cy NpeacTaB/beHH Kao Cpe/iiba BPeJHOCT TP Mepema +
cTaHJap/Ha rpemka. MamimM cioBuMa (a, b, c...) o3HadeHe cy 3HadajHe pasnuke (p < 0.05) usmelhy u3nanaka; BEIUKAM CIIOBUMA
(A, B, C...) o3naueHe cy 3Hauajue pazauke (p < 0.05) m3mel)y koperosa na ocuoBy Tukey Tecta
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Jlpacana Jaxosmwesuh Jloxmopcka oucepmayuja

2.4.4. Akmuenocm 2eajaxon nepoxkcuoasze

PesynTatu Mepema akTHBHOCTH I'Bajakoll MEpOKcHaa3e MpuKa3anu cy Ha [ 'padukony 20.

Paznnunty HUBOM aKTUBHOCTH T'BajaKoJl MEPOKCHIA3€e YOUSHH Cy y 3aBUCHOCTH O]l HCITUTUBAHOT
oprana kimjanana Ocimum basilicum var. basilicum cv. Genovese. Y W3IaHIIMa, V TPEeTMaHWMa ca
HCXpaHOM 0a3upaHOM Ha HUTpATHMa, H3MEPEHA je 3HAUajHO HIDKA aKTHBHOCT €H3MMa MPU MaKCHUMAaTHUM
KOHIICHTpaIjaMa HyTpujeHata (TpetMad 3a). YjemHo, yTBpheHO je W 11a je aKTUBHOCT TBajaKolI
MEepOKCHIa3e CTATUCTUYKKM 3HAYajHO HWXKA Yy OBOM TpeTMaHy y mopehemy ca ocTaluMm TpeTMaHHMA.
CynpoTHO HUTPAaTHUM TPETMAHUMA, y TPETMAaHUMa ca BUCOKOM KOHIIEHTPAIINjOM MHHEPAITHUX elIeMeHATA
y KOjuMa Cy NMPUCYTHH aMOHH]YMOBH jOHH aKTHBHOCT TBajakoJ iepokcumase je yBehana (Tpetman 3b) u
CTAaTUCTHYKHU C€ 3HAYAjHO pa3iMKoBaJa y mopehemy ca OCTaIuM TpeTMaHHMa. Y TIOJ3EMHUM JIEIOBHMA
KJIMjaHama youeH je CylpoTaH TPEH y aKTHBHOCTH T'Bajakol Mepokcumaase. HapemeHn eH3uM IoKa3ao je
CTaTUCTUYKH 3HAYAjHO HIDKY aKTUBHOCT TIpH TpeTMaHy ca 18.8 mM KNO; u 20.6 mM NH4NO; (Tpetman
3b). JoOujenn pe3ynTaTH yka3ajdu Cy Ha 3HA4ajHy KOpelalMju Y aKTUBHOCT I'BajaKosl MEPOKCHAA3e U
MUPOTaJION NEepOKCHAa3e y Haa3eMHHM opranuma knujanaua Ocimum basilicum var. basilicum cv.

Genovese.
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I'paduxon 20. AKTHBHOCT I'Bajakol MEpOKCcHaa3e y U3IaHIMa U KopeHy kiujanaua Ocimum basilicum var. basilicum cv.
Genovese y 3aBUCHOCTH 0] KOJIMYMHE U THIIA HyTpHjeHaTa. Pe3ynraTn cy npencTaBbeHN Kao Cpe/iiba BPEIHOCT TPH Mepema +
cTaHgapaHa rpemka. Manum cioBuMa (a, b, c...) o3HadeHe cy 3Hadajue pasnuke (p < 0.05) uzmely u3nanaka; BeTMKAM CIIOBUMA
(A, B, C...) o3nauene cy 3HauajHe pazmuke (p < 0.05) mmely xopenosa na ocaoBy Tukey Tecra
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Jlpacana Jaxosmwesuh Jloxmopcka oucepmayuja

2.4.5. Akmuenocm nupozanon nepoxkcuoase

Kao u y cnyuajy rBajakoi mepokcuiase, MUPOrajon NEpoKCHaa3a IMoKa3yje pasiuduT TPEHI
AKTUBHOCTH Y 3aBUCHOCTH KaKO OJ] OMJHHOT OpraHa, TaKo U O] TUIa a30THE ucxpane. Pesynratu nodujenu
MepemEeM aKTUBHOCTH TTUPOTAJION MTePOKCHAa3e puKa3anu cy Ha ['paduxony 21.

Y cBakoM oj1 KopuITheHnX TpeTMaHa IMIPOTAJIoN IIEPOKCHIA3a je Mmoka3ana Beh HUBO aKTHBHOCTH
y U3JaHIIIMa OJTHOCY Ha KopeHe kinujaHana Ocimum basilicum var. basilicum cv. Genovese. Y u3aHimma
je yTBpheHo Ja y TpeTMaHuMa ca HUTpaTHOM (opMoM a30Ta, ca nmoBehameM KOHIIEHTpaINHje HyTpHjeHaTa
omaja HUBO AKTHBHOCTH IHPOTAJION IEepOKcuaase; cynpoTHo, y TpetmManuMma ca NHiNO; m KNO;
aKTMBHOCT €H3MMa pacTe ca moBehameM KOHIICHTpaIldje MHHEpATHMX Marepuja. HajHmka aKTHBHOCT
3abenexeHa je Ipu TpeTMaHy 3a, a HajBUIIa Mpu TpeTMaHy 3b. MehytuMm, HE y jeqHOM 01 KOpHITheHUX
TpeTMaHa HHUCY YyTBpl)eHE CTATHCTHYKH 3HAYAjHE pa3iuke y To0WjeHMM BpemHocTuma. Ilnporamon
MepoKcHas3a je mokasaia Ipyraddju TPeHJ aKTUBHOCTH y TIOJ3€MHUM OpraHnMa KivjaHara. JlomaTtHo,
pasnuke wm3Mel)y TpeTMaHa Cy W CTaTUCTUYKH 3Ha4dajHe. EH3UM je HajakTUBHMjU TPU HaJHIKUM
KOHIICHTpaIijaMa HyTpUjeHaTa W HUTpaTHOM ¢opMoM a3zota (la TpeTMmaH), alli HeMa CTATUCTUYKU
3HAYajHUX pa3lInKa y pe3yaTaruMa u3mel)y OBOT M OCTalIMX TPeTMaHa, ca U3y3eTKOM TpeTMaHa ca 9.4 mM

KNOs 1 10.3 mM NH4NO; (TpetMan 2b) rae je 3a0ernexeHa HajHIKa aKTUBHOCT €H3UMaA.
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I'pacuxon 21. AKTHBHOCT NMPOTAJION HEPOKCHAA3E Y U3MaHIUMA U KopeHy kiujaHana Ocimum basilicum var. basilicum cv.
Genovese y 3aBUCHOCTH O] KOJIMYMHE U THIIA HyTPHjeHaTa. Pe3ynraTu cy NpeacTaB/beH: Kao Cpeiiba BPeJHOCT TP Mepema +
cTaHJap/Ha rpemka. MamimM cioBuMa (a, b, c...) o3HadeHe cy 3HadajHe pasnuke (p < 0.05) usmelhy u3nanaka; BEMMKAM CIIOBUMA
(A, B, C...) o3naueHe cy 3Hauajue pazauke (p < 0.05) u3mel)y koperosa na ocuoBy Tukey Tecta
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2.5. AKTHBHOCT (peHMIATaHWNH AMOHHUjyM JIHa3e

Pesynratu noOujeHM MepemeM aKTUBHOCTH (PEHHWJIAIAHWH aMOHUjyM JMa3e y H3JaHluMa U
KopeHy kiujaHana Ocimum basilicum var. basilicum cv. Genovese npukazanu cy Ha [paduxony 22.
[Topehemem moOujeHnx mojmaTaka youeHo je Aa je (heHHIalaHMH aMOHHUjyM JiMas3a MoKas3ajla pa3induTy
AKTUBHOCT Y OpraHMMa KJIMjaHalla UCTIMTUBAHOT T'eHOTHIIA, IPH Y€MY j€ aKTUBHOCT Y TUPEKTHO] BE3H ca
KOJIMYMHOM JIOCTYITHUX HYTPHjEeHATA, ajii U (hOPMOM a30Ta Koja je IpUMEHhUBAaHA TOKOM YETUPH HEJCIhC
in vitro pacTema U pa3Buha.

VY u3maHIMa je akTHBHOCT €H3UMa MOBE3aHa, Ipe CBera, ca KOHIIEHTPAIMjOM TPeTMaHa, a He ca
00JIMKOM TIPUMEHEHOT a30Ta, Ma Cy MAaKCHMallHe BPEJIHOCTH EH3MMCKE aKTHBHOCTH JIOOWjeHE IpH
TpeTManuMa 2a u 2b, 0€3 CTaTHCTHYKH 3HA4YajHUX pa3inKka u3Mely oBa nBa TpeTMaHa. EH3uM je y
M3IaHIIMMa HajMarme aKTHBAaH MPH BHCOKUM J03aMa HyTpHjeHaTa. AKTHBHOCT (DEHIJIAJAHMH aMOHH]jYM
JIHa3e U3 eKCTpaKaTa W3laHaka TajeHuX MPU TPEeTMaHy 3b je CTaTUCTUYKH 3HAYAJHO PA3IIUMINTA Y OJHOCY
Ha OCTajie TpeTMaHe. Y IOJ3€MHHUM OpraHMMa j€ HajBUINA BPEAHOCT (hCHWJIATAHWH aMOHUjYM JIHa3e
M3MEpEeHa NP MUHUMATHUM KOHIICHTpalMjaMa HyTpHjeHaTa 1 y IPUCYCTBY aMHHjyMOBUX joHa (1b), amm
HUCY YyTBpheHe 3HadajHe pa3inuke u3Mel)y HHCKMX M yMepeHHWX KOHIICHTpaldja TpeTMaHa, Kako ca
HUTPATHOM, TaKO U ca KOMOMHOBaHOM (hopMoM a3ora. Kao u y ciyuajy u3gaHaka, €H3UM je HajMambe

AKTHUBAaH IpHU BUCOKUM KOHLIeHTpaL[I/Ij aMma Hy’I‘pI/I_] €HaTa, y3 CTaTUCTUYKU 3HaqajHe Pa3IMKe y aKTUBHOCTHU.
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I'paduxon 22. AKTUBHOCT ()eHMIIAIAHIH aMOHUjYM JIMa3e y U3JaHIMMa U KopeHy ximjaHana Ocimum basilicum var. basilicum
cv. Genovese y 3aBUCHOCTH OJ] KOJIMYMHE U THIIA HyTPHjeHaTa. Pe3ynTaTu cy nmpeiCcTaB/beHH Kao Cpeliiba BPEIHOCT TPU Meperba
+ craHgapaHa rpemka. ManM cioBuMa (a, b, c...) o3HadeHe cy 3HadajHe pasnuke (p < 0.05) usmehy m3nanaka; BeIHKIM
cioBuma (A, B, C...) o3Hauene cy 3Ha4ajHe pasnuke (p < 0.05) nuzmeljy kopenosa Ha ocHoBy Tukey TecTa
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2.6. He-eH3nMCKe KOMIIOHEHTe 0A0paMOeHOT cucTeMa

2.6.1. Konuuuna yKynnux peHonnux jeourserna

BpemrnocTtn kommunHe YKYITHUX ()CHONHHX jeIUHEHha y U3MaHIMMAa B KOpeHy KiaujaHara Ocimum
basilicum var. basilicum cv. Genovese npukaszane cy y Tademu 20.

V u3nannmma, 100MjeHe BpeOHOCTH Cy y omcery o 26.63 mo 92.82 GAE mg™! SM. Hajsuma
KOJIMYHMHA YKYITHUX (PEHOJTHUX jeIN-CHha N3MEpeHa je TIpH TpeTMaHy 2b, IOk je HajMama U3MEpeHa IpH
TpetMany la. Kako je konwmumHa yKymHUX (EHOJHHX jeIUIH-EHha CTATUCTUYKU 3HAUYAJHO Pa3INunTa y
CBaKOM O] IpUMEHUBAHUX TPeTMaHa (M3y3eB 2a 1 3b TpeTMaHa), MOKe Ce 3aKJbYUHTH J1a Ha CHHTE3Yy OBHX
CEeKyHIapHHX MeETa0oJINTa y HW3JaHIMMa 3HadajaH edekaT OCTBapyjy KOHIICHTpaIldja MHHEpPaTHUX
eJeMeHaTa Y THIT a30THE NCXpaHe.

VY kopenuma knujanana Ocimum basilicum var. basilicum cv. Genovese W3MepeHa KOJIHIHUHA
YKyNHUX (DEHONHUX jeiumbema je y omcery ox 59.65 no 152.16 GAE mg' SM. V tpermanuma ca
HUTpaTUMa Kao MPUMApHUM HM3BOpUMA a30Ta Pa3iMuUTa KOHIICHTpAllMja MUHEPAIHUX €JIeMEHAaTa HUje
JI0BeNa 10 3HAYajHUX pas3iiMKa y CHHTE3H (EHONHUX jeIUberha, HOIITO je YTBpH)EHO Aa ce BpEeAHOCTH
NoOUjeHe TIPU OBUM TPETMaHMMa CTATUCTHYKH 3HAYAjHO HE pasnukyjy. MehyTtum, 3a cBaku oJ1 TpeTMaHa
KOjH je Mopes HUTPAaTHHUX CaJp’Kao M aMOHHMjyMOBE joHE, YTBplEHa je CTaTHCTHUYKM 3HayajHa pa3iuka y

KOJINYMHY YKYITHUX (PCHOJIHUX jeIUbEha, [IPY YeMy je HajBeha KoanunHa u3MepeHna npu 1b TpetMany.

Tab6ena 20. Kosrunaa ykynmHUX QeHOIHNX jeqUbeba, KONMINHA ()JIaBOHONAA U YKYITHA AaHTHOKCUIATUBHA AKTHBHOCT
y U3JaHLIUMa U KopeHy KnujaHana Ocimum basilicum var. basilicum cv. Genovese y 3aBUCHOCTH OJ] KOJIWYKHE U THIIA
HyTpHjeHaTta

KOJIMYMHA YKYIMHHUX (PEHOTHUX
jennmema
(GAE mg! SM)

KOJIMYHHA (pJ1aBoOHOHIA
(RUE mg'! SM)

YKYIHA AHTHOKCHIATHBHA
aktusHocT (ICso, pg mL")

TpeTMaH H3JaHAK KOpeH H3JaHAK KOpeH H3JaHaK KOpeH
1la 26.63 +£1.03f  77.30+0.96¢ 19.01 £0.12a 5.61+£0.27c 607.67 +£2.19a  92.64 +£0.95a
2a 60.65 + 1.00c 83.99 +1.31c¢ 14.19 £0.32b 6.59+0.21a 126.67 +1.15b  72.87£0.74b
3a 42.71 £0.75¢ 82.56 = 1.20c 8.50+0.12d 7.11£0.12ab 15432 +1.46b 5591 +£1.24b
1b 71.03+1.67b  152.16+1.44b  17.39+0.47a 6.65 £ 0.43ab 94.87 +1.52¢ 27.65 +0.65¢
2b 92.82+0.39a 108.75+0.37a  11.61+0.17¢ 6.74 £ 0.39b 63.00 + 0.56¢ 52.10+0.37b
3b 5737+0.70d  59.65+1.39d 8.24+0.17d 6.77+0.30ab  108.10£1.67b  88.27+1.31a

Pesynraty cy npecTaBbeHH Kao Cpeiiba BPEAHOCT TPU Mepera + CTaHapAHa Tpelika. Pa3nmuuunra ciioBa 03HauaBajy 3HaYajHEe
pazmuke (p < 0.05) usmehy Tpermana Ha ocHoBy Tukey Tecta
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2.6.2. Konuuuna ¢pnaeonouoa

Konnuuna ¢naBoHouna, kBaHTH(HKOBaHA Yy H3IaHIUMa W KOpeHUMa KiujaHamna Ocimum
basilicum var. basilicum cv. Genovese U U3pakeHa Kpo3 EKBUBAJICHT PYyTUHA, BaApHpa y 3aBUCHOCTH OJ1 OJT
KOHIICHTpAaIMje HyTpHjeHaTa W WCIIMTHBAHOT OpraHa kiujaHara. JloOujeHn pe3ynTatu Cy NpHKa3aHh y
Tabenu 20.

VY u3naHnmMa, u3MepeHa KOJIMYMHA OBe Tpyle (DEHOJIHUX jeHbEHha je y ONCEry BPEIHOCTH O]
8.24 1o 19.01 RUE mg! SM. Hajseha komnumna (19.01 RUE mg! SM) 3a6enexena je y u3ganumma ca la
TpeTMaHa | npahena je BpemHomhy Koja je I3MepeHa y u3fgaHuMa rajeanM Ha tpetMany 1b (17.39 RUE
mg' SM).

3a pasnuKy O KONMHYMHE YKYIMHUX (DCHONHHX jeIUbEha, KOJMYWHA (praBoHOWIA je HUXKA y
MTOA3eMHUM opraHuMa kiaujadara Ocimum basilicum var. basilicum cv. Genovese y 0JHOCY Ha BPEIHOCTH
noOWjeHe 3a HaJA3eMHE JeJIOBE HaBeleHOr reHotwma. Hajeha xomnmdamHa m3MepeHa je Tmpu TpeTMaHy 3a
(7.11 RUE mg!' SM). Hajmama konnuuna diiaBoHou1a usMepena je npu tpermany la (5.61 RUE mg™! SM)
Y CTAaTHCTUYKHU CE 3HAYajHO Pa3jIMKOBajia y OJHOCY Ha OCTalie MpUMEHkeHe TpetMmane. M3mel)y ocrammx
BPEJHOCTH TEHEPATHO HUCY YTBph)eHE CTATHCTUYKU 3HAYajHE pa3jiMKe, Ma C€ MOXE 3aKJbYyYUTH Ja Ha
KOJIMYUHY (PIIABOHOWAA KOJI HABEJCHOI TCHOTHIIA IPEBACXOJHO YTUYE KOHIICHTpPAIlMja MHUHEPATHUX

MaTepHja, 10K GopMa a30Ta HHje mpecyaan (GaKTop.

2.7. YKynHa aHTHOKCHUIATUBHA aKTUBHOCT

Pesynratu Mmepema yKyIHe aHTHOKCHIATUBHE aKTUBHOCTH U3JIaHaKa U KOpeHa kinujaHana Ocimum
basilicum var. basilicum cv. Genovese npukazanu cy y Tademn 20.

V wmspannuma cy podujene ICs) Bpeanoctu y omcery ox 607.67 mo 63.00 ug mL™!'. Hajseha
BpeaHOCT crocodHocTu Heyrpanmsanuje DPPH pamukana (ICso = 63.00 pg mL") noGujena je 3a usnanke
rajeHe Ha 2b TpeTMany, a npahena je BpeaHoNIhy M3MepeHo] y u3mannumMa rajeHnM Ha 1b tpetmany (ICso
= 94.87 ug mL") u n3mely oBux BpeanocTn HUCy yTBpheHe cTaTMCTHUKM 3Ha4ajHe pasnuke. Hajnmka
BPEIHOCT yKynHe anTHokcupatuHe aktuBHOCTH (ICso = 607.67 ug mL') msmepena je y usmaHumma
rajeHuM Ha la TpeTMaHy M CTaTHCTHYKH j€ 3HAYajHO pa3IMuuTa Y OJTHOCY Ha OCTalle TPETMAaHe.

Y noazeMHnM opranumMa knujanarna Ocimum basilicum var. basilicum cv. Genovese yTBpheHa je
00Jba CITOCOOHOCT HEYTpaM3aIrje CIIO00AHIX paauKaia, IPH 4eMy Cy U3MepEHe BPEIHOCTH Y OTICETY O

92.64 no 27.65 pg mL'. Haj6ossa cniocobrocT Heyrpanusanuje DPPH paukana yrephena je 3a y3opke
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KopeHa rajenux Ha lb tpermany (ICso=27.65 pg mL'1) U cTaTHCTUYKY je 3HAYajHO pazIHyUTa y OJHOCY
Ha ocTane Tpermane. Hajmawy cmocoOHocT Heyrpanuzanmje DPPH panukana mokasyjy KOpeHH OBOT
renoruna rajeror Ha la (ICso = 91.73 ug mL™") u 3b tpermany (ICso = 88.27 ug mL™!) u oBe BpeaHOCTH CE
CTaTUCTUYKH 3HA4YajHO HE Pa3nuKyjy mely coOom, ajau cy CTaTHCTHYKU 3HAYajHO Pa3UUUTE Y OJHOCY
BPEIHOCTH Ca OCTaUX TpeTMaHa. 3Ha4ajHOM YKYITHOM aHTHOKCHJATHBHOM aKTUBHOIINY KapaKTepuILy ce
KOpeHU OnJbaka rajaHuX Ha HUCKAM KOHIICHTpalldjaMa HyTpHjeHaTa i KOMOMHOBAHOM a30THOM HCXPaHOM

(3a TpetMan 1b ICsp = 27.65 pg mL™).

2.8. KoHueHTpanuja py3MapuHcKe H KO(peHHCKe KHCETnHEe

Pesynratn moOwjeHn KBaHTHGUKANHMjOM oOma0paHnx (EHONHWX KHCEIWHA y METAaHOJHHUM
eKCTpaKTHUMa W3naHaka u kopeHa Ocimum basilicum var. basilicum cv. Genovese rajeHUX in vitro Ha
pazmruntaM Meanjymuma HPLC metogom npukazanu cy y Tademm 21.

MepemeM KOHIIEHTpallHje py3MapHHCKe KUCEIUHE y HaJ3eMHUM OpraHuMa kiujaHana Ocimum
basilicum var. basilicum cv. Genovese 100HjeHe Cy BPEIHOCTH Koje ¢y y omncery ox 8.81 mo 44.2 mg g™!.
Hajseha konnunHa py3MapruHCKe KHCETHHE H3MEPEHa je Y eKCTPaKTHMa M3IaHaKa rajeHux Ha TpeTMaHy la
u u3Mel)y OBOr W ocTanmmx TpeTMaHa MOCTOjM CTATHCTHYKK 3HavajHa pasnuka. JlomaTtHo, 3HaYajHa
KOHIICHTpAIlMja OBE KHUCEIMHE CBUJCHTUPAaHA j€ M Yy TPETMaHMMa ca KOMOMHOBaHOM ()OpPMOM a30THE
ucxpane amu usMmehy oBux ,,b* TpeTMaHa HUCY yTBpljeHe CTATHCTHYKHM 3HauajHe pasnuke. HajHuka
KOHIICHTpAIMja Py3MapHHCKE KUCEMHE U3MEPEHA je Y eKCTPaKTHMa M3/IaHaKa rajeHrX Ha TpeTMaHuMa 3a
(8.81 mg g') m2a (12.3 mg g!), 6e3 craTucTHUKK 3HAYAJHUX pa3jvKa Mel)y TpeTMaHuMa.

Tabena 21. KonnenTpanuja py3mMapiHCKe 1 KOQEHHCKe KUCEIUHE Y U3AaHIIMa U KOPeHY KITHjaHana
Ocimum basilicum var. basilicum cv. Genovese y 3aBUCHOCTH OJ] KOJIMYMHE U THIIAa HyTpHjeHaTa

py3MapHHCKAa KHCEeJIHHA KO()eMHCKA KHCeJnHA

(mg g™ (mg g™
TpeTMaH HU3IaHaAK KOPEH H3JaHaAK KOPEH
1a 442+23a 270+14b  0.573+0.04a  0.507 +0.04b
2a 12.3 +0.6¢ 3414180 041240032  0.418+0.03b
3a 8.81+0.5¢ 821+04c  0215+0.02b  0.250 +0.02¢
1b 31.0+1.6b 612+32a  0401+0.03a  0.677 £0.05a
2b 28.1 +1.15b 56.6+29a  0.331+£0.02b  0.608 +0.04a
3b 33.7+1.8b 3.03+02¢c  0.280+0.02b  0.759 +0.05a

Pesynraty cy npecTaB/beHH Kao Cpeiiba BPEAHOCT TPU Mepera + CTaHJapAHa Tpelika. Pa3nmuuunra ciioBa 03HauaBajy 3HaYajHe

pazmuke (p < 0.05) u3mehy Tpermana Ha ocHoBy Tukey Tecta
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Y KopeHuMa KiMjaHana u3MepeHa je Beha KOHLEeHTpaluja py3MapuHCKe KUCETUHE Y mopehemy ca
W3/IaHIMMA, TIPU Y4eMy CY BPEIHOCTH y orcery oz 3.03 1o 61.2 mg g ~'. Hajseha konuunna py3MaprHCKe
KHCEJIMHE je U3MEPEHa Y eKCTPaKTUMa KopeHa ca 1b tpermana (61.2 mg g™') u 2b tpetmana (56.6 mg g™)
U u3Mel)y oBa JBa TpeTMaHa HUCY YTBpheHE CTATHCTHUUKM 3HadajHe pas3nuke. HajHika KOHLEHTpauuja
3aberexeHa je y KOpeHOBUMa rajeHux Ha TperManuma 3b (3.03 mg g ') u 3a (8.21 mg g'!) Ge3 crarucTuuku

3HaYajHE pasauke Mely OBUM TpeTMaHUMA.

JloOujeHe BpeTHOCTH 3a KOHIICHTPAIH]jy KOQEHHCKE KUCETUHE y U3MaHIMMa M KOPEHY KJIHjaHaIa
Ocimum basilicum var. basilicum cv. Genovese npukazane cy y Tabenu 21. KonmnenTpanuja oBe heHOIHE
KUCEIMHE Y M3[aHnuMa je y omcery Bpeanoctu ox 0.215 mo 0.573 mg g''. Hajseha konHuenrpanmja
u3MepeHa je y m3nannumMa ca la tpermana (0.573 mg g') u npahena je xKoHIeHTpanujaMa U3MEPEHUM y
usganuma ca tpetmana 2a (0.412 mg g') u 1b (0.401 mg g!). Usmehy oBux Tpermana uucy yrBphene
CTAaTUCTUYKH 3HAYajHE pasIuKe y KOHICHTpaIuju KopenHcke kucenuHe. HajHmwka BpeTHOCT KOGEHHCKE
KHCEIIMHEe W3MepeHa je y m3AaHruMma ca 3a TpeTMaHa W TIpaheHa je KOHIICHTPAIldjOM H3MEPEHOM Y
uzganuMa ca tpermana 3b (0.280 mg g), anu HUCY yTBpheHe CTATHCTUYKU 3HAUYajHE pasiuke uzmely
eKCTpaKaTa ca OBHX TPETMaHa.

Kana cy y nutamy noa3eMHu opranu, U3MepeHe KOHIEHTpalHje KOhenHCKe KHCEIUHE CY Y OTCeTy
speanoctu o1 0.250 1o 0.759 mg ¢!, Hajseha konmumnna KopeUHCKe KUCENMHE je J00MjeHa U3 eKCTpaKara
xopena ca 3b tpermanma (0.759 mg g'), anu je BHCOKa KOHLEHTpaluja OBe ()EHOJIHE KHUCEIHHE
eBHUJIEHTHPAHA U y ciy4ajy 1b tpermana (0.677 mg g') u 2b tpetmana (0.608 mg g™'), npu uemy usmely
OBHX TpeTMaHa HUCY yTBph)eHe CTaTHCTHYKU 3HavajHe pasiuke. HajHmke BpeIHOCTH €BHACHTUPAHE CY Y
xopenuma Ocimum basilicum var. basilicum cv. Genovese ca 3a Tpetmana (0.250 mg g), npu uemy ce

pe3yaTaTi JOOHjeHH 3a 0Baj TPETMaH CTaTUCTUYKH 3HAYajHO PasJMKyjy OJl pe3yJTaTa OCTalIuX TpeTMaHa.
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3. Ocimum basilicum var. purpurascens cv. Dark Opal

3.1. KapaxTtepucTuke Kjiujama

[IpBa Hemespa in vitro xmmjama ceMeHa Ocimum basilicum var. purpurascens cv. Dark Opal
npaheHa je 3Ha4ajHUM pa3jiuKaMa y KapakTepUCTHKaMa KiMjamka y OAHOCY Ha TO MPU KOjoj KOHLEHTPALUjH
MUHEpaHUX elleMeHaTa Cy CeMeHa Kidjajia, Kao M ca KOjUM OOJHMKOM JOCTYNHOT a3ora. Pesynratu
N00MjeHN HCIUTUBAKHEM KapaKTEPUCTHKA KiIMjamkha HaBeIEHOT TeHOTHIIA IIpUKa3aHu cy y Tabemu 22.

Hajsehu mnponenar npoxnujanux cemena (GP = 93.75%) 3abenexeH je mpu TpeTMaHy ca
MUHHMMAJHOM KOHLEHTPALKjOM MUHEpPAIHUX eJeMeHaTra W HUTpaTHOM (opMmoMm azoTa (la TpeTmah), a
pe3yiTaTH ykasyjy Aa ce ca noBehameM KOHIEHTpalHje MUHEpaHUX eJieMeHaTa CHIKaBa IMPOLCHAT
YKYITHO TIpoKJIdjanux ceMeHa. CeMeHa OBOT T€HOTHIA OOCHIJbKA y HajMameM Opojy Kihjajy IpH BUCOKUM
KOHIIEHTpalfjaMa HyTpHjeHaTa y3 MPUCYCTBO aMOHHUjyMOBHX joHa (3a TpetMad 3b GP = 64.91%). Osa
pas3nuKa y yKyImHO IPOKIIHjaJIiM CEMEHUMA je U CTaTHCTHYKU 3HayajHa. HajBuIM 1M HajHWKU MpoLeHaT
MIPOKJTHjaJIUX ceMeHa mpahenu cy HajehoMm u HajMamoM yEIGopMHOIThy 1ipu kimjamy (U =31.99 npu 1a
tperMmany; U = 22.46 ipu 3b Tpetmany). OBe BpETHOCTH C€ U CTATUCTHUYKH 3HA4YajHO pasznukyjy. Hajeeha
Op3mHa KiIWjama 3abenexeHa je mpu 2b tpermany (RG = 68.97) u mpahena je BpemnoctuMma npu la
tpetMany (RG = 67.86), mehyruMm HuHCY yTBpheHE CTATUCTHYKHM 3HA4YajHA pa3IHKe y T0OHjeHHM
pesynaTtatuMa 3a Op3uHy Kiujama u3Mely kopumrhenux TpeTmana. BpeMeHCKH ImocMaTpaHO, CeMEHa
Haj0osbe KIHjajy mpu TpetMany 2a (MTG = 2.73), npu yemy ¢y yTBpl)eHE CTATUCTHIKY 3HA4YajHE Pa3JINKe

Yy IPHUCYCTBY aMOHH]jYMOBHUX JOHA, TI¢ j€ EBUICHTUPAHO CIIOPH]je KITHjamkhe CEMEHa.

Tabena 22. Kapakrepuctuke kirjama cemena renotuna Ocimum basilicum var. purpurascens cv. Dark Opal npu
Pa3ITMYUTHM KOHIEHTpAlWjaMa HyTpHjeHaTa U pa3iIMIuTHM H3BOpHMa a30Ta.

GP MTG RG U
la 93.75+1.43a 2.93 £0.22ab 67.86 +1.22a 31.99 £0.54a
2a 83.33 £1.13ab 2.73 £0.25b 65.37 £ 0.83a 30.52 +0.56a
3a 78.26 + 0.95bc 2.81+0.29b 60.33 +1.28a 27.85+0.74a
1b 89.66 +1.39a 2.94+0.23a 62.39 +1.03a 30.49+0.27a
2b 79.49 £ 1.21bc 3.08 +£0.24a 68.97 £ 0.94a 25.81 £0.45b
3b 64.91 £ 1.14d 2.89 £0.19b 51.27 £0.79a 22.46 +0.99b

Pesynraru cy npencTaBibeHH Kao Cpeliha BPEIHOCT TPU HE3aBHCHA Meperha + CTaHAap/IHa rpeirka. Pasndnra cioBa o3HauaBajy
3HauajHe pasznuke (p < 0.05) uamehy Tpermana Ha ocHoBY Tukey Tecta

98



Jlpacana Jaxosmwesuh Joxmopcka ducepmayuja

3.2. Konuentpanuja (poOTOCHHTeTHYKHX MUTMeHaTa

[Mpumapna npoayktuBHocT reHotuna Ocimum basilicum var. purpurascens cv. Dark Opal,
WCIIUTHBAaHA MEPCHEM KOHIICHTpanuje (OTOCHHTETUYKHMX NHIMEHaTa, yKa3yje Ha pas3liuke y OBOM
(hM3UOJIOMIKOM acCIeKTy Yy 3aBHCHOCTH O THIa HYyTpHjeHaTa Ha KOjUMa C€ HaBEJICHH TCHOTHUII TajH.
Pe3ynraTi mobujenn MepemeM KOHIIEHTpanwje ((OTOCHHTETHYKUX MTUTMEHATa IpuKa3anu ¢y y Tabemn 23.

HW3Mepene KOHIEHTpanmje xjopoduna a ¢y y oncery speanocts ox 0.162 no 1.116 mg g! SM.
[TocMaTpaHo y ogHOCY Ha TpeTMaHe KOjH Cy Kao TVIaBHH M3BOp azoTa moceaoBamu KNOs, ca mosehamem
KOHIIEHTpAIlHje OBE HEOPraHCKe KOTIOHEHTe, Kao M ca moBehameM KOHIIEHTpAIHje OCTAINX MHHEPATHIX
MarepHja, MPOIYKTUBHOCT je CTAaTHCTHYKHM 3Ha4dajHO omanana. Hajpeha kormenrtparumja xmopodwmina a
3abenexeHa je mpu la, a HajHIKa IpH 3a TPETMaHyY M OBE BPETHOCTH C€ CTATHCTUYKH 3HAYajHO PA3IIUKY]y.
MelhytuMm, mpruMeHoM TpetMaHa y kojuma je KNO; y komOuaamuju ca NH4sNO;, mpuMmeTad je cynpoTaH
TpEH]I, 11a je Y OBOM CJIy4ajy HajBeha KoHIeHTpanuja Ximopoduia a 3abenexeHa mpu 2b u 3b TpeTMaHuMa.
Wsmel)y HaBeieHX TpeTMaHa yTBpheHa je ¥ CTATUCTUYKY 3HAYajHA Pa3jIuKa Y OJJHOCY HA KOHIICHTPAIIH]y
OBOT MurMeHTa. M3amepeHa koHeHTpanyja xiaopoduna 6 je y oncery Bpennoctd og 0.117 no 0.875 mg g -
"' SM. Uctu Tpens je 3a0eiexeH u 3a XJI0po(HII 6, OLITO j€ ¥ y CIIyYajy OBOT IIMTMEHTA HajBHIIA BPEJHOCT
3abenexena npu la tpermany (0.875 mg g! SM), a majumwka npu tpermany 3a (0.117 mg g' SM), a
noOujeHe BPEIHOCTU CY W CTATUCTHYKU 3HadajHO pasnuumre. lomatHo, msmely ,,b“ TpermaHa HHUCY
yTBph)eHe CTaTUCTUUKH 3HA4ajHE pa3jinKe Y KOHLEHTPaLUuju xiopoduia 6.

Ta6ena 23. Konuenrpanuja xiopoduna a, xjaopoduina 6, oxHoc xuopoduna a/6 u KoHUeHTpalumja Kaporernonaa (mg g! SM) y

CBOXHM JHCTOBMMA Kiujanaua Ocimum basilicum var. purpurascens cv. Dark Opal nipu pa3innuuTuM KOHIIEHTpalrjama
HyTpHjeHaTa U pa3IMIuTHM H3BOPHMa a30Ta

xJopopua a xJjopogpuna 6 xJaopopua a/o KapoTeHOUAH
1a 1.116 £0.033a 0.875+0.11a 1.295+0.13a 0.011 +0.001b
2a 0.359+£0.01de 0.222 +0.02¢ 1.625+0.12a 0.006 £ 0.001b
3a 0.162+0.01¢e 0.117+0.01c 1.4+0.13a 0.013 +0.005b
1b 0.499 +0.01d 0.405 £ 0.06b 1.66 +0.35a 0.037£0.001b
2b 0.823 +0.01c 0.476 +0.07b 1.27 £ 0.2ba 0.062 +0.003a
3b 0.925 +0.09b 0.571 +0.07b 1.77 £0.29a 0.066 + 0.004a

Pesyntaty cy npecTaB/beHH Kao CPeiiba BPEAHOCT TPU Mepera + CTaHapAHa Tpelika. Pa3nmuuunra ciioBa 03HauaBajy 3HaYajHe

pazmuke (p < 0.05) usmehy Tpermana Ha ocHoBy Tukey Tecta
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Opnnoc xmopoduiia ¢ u xyopoduiia 6 OKa3yje 3HATHO HIDKE BPEJHOCTH Y mopelermy ca ocTanum
TCHOTUIIOBUMAa KOPHUIINEHUM y OBUM HUCTpakMBambUMa, amu u3Mel)y KopuimheHWX TpeTMHaHa HUCY
yTBp)eHE CTATUCTUYKH 3HaYajHE PA3JIMKE Y OJHOCY OBUX ()OTOCUHTETUYKHUX TUTMEHATA.

@DOTOCHHTETHYKA MUTMEHTH W3 TPYIe KAapOTCHOWJA TOKa3yjy 3HATHO HIKE BPEIHOCTH Y
M3MEPEHUM KOHIICHTpaIlfjamMa y OJAHOCY Ha xjopoduie. Pesynratu noOujeHn MepemeM KOHIIEHTpaIyja
KapoTeHou A IprKaszanu cy y Tabenu 23. Msmepene Bpeanoctu ¢y y omcery og 0.006 o 0.066 mg g™! SM.
MelytuM, KOHIIEHTpaIfja OBUX NMATMEHATa CaMO JCITUMHYHO MPaTH KOHIIEHTpAIHje GOTOCHHTETHIKUX
ATMEHATa U3 TPyIe XJI0poduiia, MOMTOo je eBHISHTHPAHO CTATUCTUYKY 3Ha4YajHO yBehaHe KOHIIEHTpaIHje
KapoTeHoHIa NMpu TpeTMaHuMa 2b m 3b, T/1e HajBepoBaTHHUjE HENyjy aHTHOKCHIATHBHO YCJIEIl BUCOKHX
KOHIICHTpaIja HyTpHjeHaTta ykibyuayjyhu 1 NH4NO:s.

[MocMaTpaHo Kpo3 YKYIHY KOHIIEHTpanujy (HOTOCHHTETHYKHMX IHIMEHATa, MOTY CE YBHUJIETH
3HaYajHE pa3liiKe Koje IMOCTOje Y CHHTE3W OBUX NHWIMEHATa y OJHOCY Ha JIOCTYIMHOCT MUHEPaTHHX
eJIeMeHarta, alli, Iipe CBera, pa3iinke MocToje y OJHOCY Ha u3Bope a3oTa. KoiauuuHa ykymHor xsopoduna y
cBexxuM rctoBuMa Ocimum basilicum var. purpurascens cv. Dark Opal y onHOCY Ha MUHEpaTHY UCXpaHy

npurkasana je Ha ['paduxony 23.
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I'paduxon 23. KonnunHa yKymHOT XJI0poduia y CBeXHUM JHCTOBUMA Kinrjanaua Ocimum basilicum var. purpurascens cv. Dark
Opal y 3aBUCHOCTH 0] KOJIMYHHE U TUIA HYTpUjeHata. Pe3ynTaTu cy mpencTaB/beHH Kao Cpeba BPEAHOCT TPU Mepema +
cTaHaapaHa rpeika. Pasmuunra cioBa o3HavaBajy 3HauyajHe pasnuke (p < 0.05) u3mel)y tpermana Ha ocnoBy Tukey TecTa
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EBupeHTaH je Apyrauuju TPEHA Y CHHTE3H (POTOCHHTETHYKUX MUTMEHATA KOjH IIOCTOjH Y OJICYCTBY,
onHocHo, y npucyctBy NH4NOs. Kana xnujanuu Ocimum basilicum var. purpurascens cv. Dark Opal y

ycloBUMa in Vvitro pacty W pasBujajy ce y mpucyctBy camo KNOs, ca moehameMm KOHIEHTpaluje
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MUHEpaJHUX eJleMeHaTa CHIDKaBa ce MpUMapHa MpoAyKIHja. Y OBOM CIIydajy, IpU TpeTMaHy 3a, CHHTe3a
(hOTOCHHTETHUKHX MUT'MEHATA j€ BUIIECTPYKO CMameHa. YKOJIMKO ce pacTerhe U pa3Buhe KinjaHana oBuja
y npucyctBy NH4NOs, ca mnosehameM KOHIEHTpaluje HyTpHjeHaTa WHTCH3MBUpa Ce€ M CHHTE3a
(OTOCHHTETHUKMX MUrMeHaTa U HajBeha BpeqHOCT je 3a0enekeHa npu TpetMany 3b. Moske ce 3aKiby4nuTH
Ja TOMUHAHTHY YJOTY Y (OTOCHHTETHYKO] nponykuujy Ocimum basilicum var. purpurascens cv. Dark

Opal nma TrI a30THE UCXpaHE y OJHOCY Ha KOHIEHTPAIH]y OCTAINX MIUHEPATHUX eJIeMeHaTa.

3.3. KoHueHTpanuja yKymHuX cOJyOMJIHUX MPOTEHMHA

Pe3ynTaTi KoHIIEHTpanHje YKYITHUX CONYOMITHAX TIPOTeHHA TIpruKa3anu cy v Tabemnu 24.

Bpennoctu u3Mepene y usnanuuma cy y omncery ox 11.53 no 18.53 mg g'! SM, a y koperuma oz
9.79 o 18.61 mg g' SM. Hajseha koHuEHTpanMja yKyITHEX CONYOMIHMX NPOTENHA M3aHKA H3MEPEHA je
npu 3b Tpermany (18.53 mg ¢! SM) u npaheHa je KOHIEHTPALMjOM U3MEPEHOM NpH TpeTManumMa 2a (17.33
mg g SM) u 3a (16.22 mg g!' SM).

V noazeMHuM opraHnMa HajHuKa KoHienrpanuja (18.61 mg g'! SM) 3abenexkena je npu TpeTMany
3a u npalieHa je KOHIEHTpalKjaMa U3MepeHUM ipu TpetManuma 3b (17.53 mg g! SM) u 2b (16.45 mg g
'SM). Cunresa nmpoTerHa je jou jesan o/ 00IMKa MpUMapHe MPOLYKIKjE, MEhyTHM, HU Y M3IaHIIMMA HU
y xopeny renotuna Ocimum basilicum var. purpurascens cv. Dark Opal Huje yTBpleHa cTaTUCTHUKU
3HaYajHa pas3iiMKa y KOHLIEHTPALWju YKYIHHX COTYOMIHHUX NPOTEHHA, KAKO Y OJHOCY Ha KOHIIEHTPAIH]jy

MHHCPAJIIHUX CJIEMCHATA, TAKO U Y OJHOCY Ha TUIT a30THE UCXPAHC.

TaGena 24. Konuenrpanuja yKynuux conyounnux mporerna (mg g”! SM) y usnaniuma u KopeHuMa KinjaHana
Ocimum basilicum var. purpurascens cv. Dark Opal y 3aBUCHOCTH 0] KOMTMYHHE U THIIA HYyTpHjeHaTa

HM3JaHaAK KOpeH
la 11.93£0.83a 10.87 £0.67a
2a 17.33 £2.69a 13.70£0.17a
3a 16.22 £3.29a 18.61 £2.78a
1b 11.53+£0.33a 9.79+1.49a
2b 14.15+0.68a 16.45 £2.60a
3b 18.53 £0.67a 17.53 £2.01a

Pesynraru cy npencTaBibeHH Kao Cpeliha BPEIHOCT TPU HE3aBHCHA Meperha + CTaHAap/IHa rpeika. Pasndnra cioBa o3HauaBajy
3HauajHe pasmuke (p < 0.05) m3mely Tpermana na ocroBy Tukey Tecra
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3.4. AKTHBHOCT €H3MMCKHX KOMIIOHEHTH 010paMOeHor cucTeMa

3.4.1. Akmuenocm cynepokcuo oucmymase

Pesynrtatu noOWjeHM MepemeM aKTUBHOCTH CYNEPOKCHI JUCMYTas3e y H3JIaHIMMa U Y KOPEeHY
knujanana Ocimum basilicum var. purpurascens cv. Dark Opal npukaszanu cy Ha ['paduxony 24.

CrnenuduyHa aKTUBHOCT OBOT' €H3MMAa MOKa3yje pas3in4yuTe HUBOE, NPE CBEra Y 3aBUCHOCTH OJ
WCTIIMTUBAHMX OpraHa kiujaHana. Kaga cy y nuramy HaA3eMHU OpPraHd, €H3UM CYNEPOKCH]I JUCMYTa3a je
HajaKTHBHUjU y TpeTMaHMMa ca HHCKOM KOHIEHTpaLujoM HyTpujeHata (TperManu la u 1b). lomaTHo,
CTaTUCTHYKH 3HauYajHa pasiuka je 3a0enexeHa npu 1b TperMaHy, Kako y 0JHOCY Ha la, Tako U y OZHOCY
Ha ocrtane tpermaHe. [loBehame KOHIEHTpauuje MOCTYNHUX HyTpUjeHaTa WHXUOWpa axKTHBHOCT
CYIIEPOKCH]I TUCMYyTa3e y U3JJaHLluMa, 112 je €H3UM HajMame aKTUBaH Npu 2a, 3a u 3b Tpermannma, anu 6e3
CTaTHCTUYKH 3HAYAjHUX Pa3JIUKa.

AKTHUBHOCT CYNEpPOKCHJ AMCMyTa3ze y KOpPEHy MOKasyje UCTH TpeHn, mehytum, m3amely cBux
TpeTMaHa je yTBpheHa CTAaTHCTHYKH 3HaYajHA paszliiKyja y aKTHUBHOCTH OBOT eH3uMa. Ymopelyjyhu
noOwjeHe BpeAHOCTH 3a Pa3IMIUTe H3BOPE a30Ta MOXKe ce yBUAETH Aa je mpucyctBo NH4NOs moseno mno
noBehaHe akTHBHOCTH CYIIEPOKCHJI TUCMYTa3e y OJTHOCY Ha TpeTMaHe 0a3upaHe Ha HUTPATHUM H3BOPHMA

azoTta. JlogaTHO, €H3MM je 3HATHO aKTHBHHjH y KOPEHY Y OJJHOCY Ha U3JaHKE.
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I'padukon 24. AKTHBHOCT CYIIEPOKCHA AUCMYTa3e y U3JaHIMMa U KopeHy knujanaua Ocimum basilicum var. purpurascens cv.

Dark Opal y 3aBuCHOCTH O KOJMYHHE U THIIA HyTpHjeHaTa. PesynraTn cy npencTaBibeHN Kao Cpe/iiba BPEIHOCT TPH Mepema +

cTaHaapaHa rpemka. Manum cioBuMa (a, b, c...) o3HadeHe cy 3Hadajue pasnuke (p < 0.05) uzmely u3nanaka; BeTMKAM CIIOBUMA
(A, B, C...) o3naueHe cy 3Hauajue pazauke (p < 0.05) u3mel)y koperosa na ocuoBy Tukey Tecta
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3.4.2. Akmuenocm kamanasze

AKTHBHOCT Katanase y knujanmmuma Ocimum basilicum var. purpurascens cv. Dark Opal mokazana
j€ CTAaTHCTHYKM 3HaYajHa BapUpara y OJIHOCY Ha UCTIMTUBAHU OPTaH, alld U y OJIHOCY HAa KOHICHTPAIH]Y
MUHEpaIIHUX eJIeMeHaTa y TpeTMaHuma. Pe3ynraThm Mepema akTHBHOCTH KaTalla3e y HaJ3eMHUM U
MOJI3EMHHUM OpraHMMa HaBEJCHOT IeHOTHIIA TIpUKa3aHu cy Ha ['padukony 25.

3a pasznuky ox Ocimum basilicum var minimum u Ocimum basilicum var. basilicum cv. Genovese,
rye je 3a0eieKeH BUINM HUBO aKTHBHOCTH OBOI' €H3WUMAa Yy W3JIaHIIMMa Y3 HEWHJIYKOBaHY KOPEHCKY
aktuBHOCT, Ocimum basilicum var. purpurascens cv. Dark Opal renepaiiHo kapaKkTepuIle 3Ha4ajHAjH HUBO
aKTMBHOCTH €H3MMa KaTayaze y KopeHy. [lokazaHo je ma je karamaza HajakKTHBHH]ja y KOpeHYy IpHu la
TpeTMaHy, Kao M Ja je aKTHBHOCT OBOI' €H3MMa CTaTUCTUYKH 3Ha4ajHO MHXuMOWpaHa npu 2a u 3b
TpermanuMa. Uzmely Tpetmana 3a, 1b u 2b Hucy yTBpleHe cTaTUCTHUYKH 3Ha4YajHe pa3nuke. Takohe je n'y
n3JaHuuMa 3a0ejiekeHa HajBeha aKTMBHOCT KaTajiaze npu la, a HajMama npu 3b TpeTMmaHy, ainu je
CTaTUCTHYKH 3Ha4ajHa pa3iiiKa y akTUBHOCTU YTBpl)eHa jeInHO y n3gaHumma ca 3b TpetMmana, 10K u3mely
ocTalnMx TpeTMaHa HHje yTBpheHa CTaTUCTHYKM 3Ha4ajHa pasznuka. JlonaTHO, KOpEHCKe KaTajiase

KapaKTCPHIIIC BUIIIA HUBO dAKTUBHOCTU Y OJHOCY Ha U3JJAHKC HABCACHOI' TCHOTHIIA.
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I'pacdukoH 25. AKTUBHOCT KaTajase y U3aHIUMa U KopeHy kinujanana Ocimum basilicum var. purpurascens cv. Dark Opal y
3aBUCHOCTH OJ1 KOJIMYMHE U TUIIA HyTpHjeHata. Pe3ynrTaru cy npeacTaBseHH Kao cpelba BPEIHOCT TPU Meperba + CTaHxapaAHa
rpeuika. Manum cioBuma (a, b, c...) o3Hauene cy 3Ha4ajHe pasnuke (p < 0.05) nuzmely usnanaka; Benukum cinosuma (A, B, C...)

o3HaueHe cy 3HauajHe pasnuke (p < 0.05) m3mehy kopenosa Ha ocHoBy Tukey Tecra
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3.4.3. Akmuenocm ackopbam nepoxcuoaze

Pesynratu no0ujeHn MepemheM aKTUBHOCTH acKopOaT MepoKCcUase MpruKaszanu cy Ha ['padukony
26.

HNako 3a cymepokcun IuMCMyTa3y W KaTajlasy HUCY IIOKa3aHE Kopelaluje y aKTUBHOCTU Y
knujaniuma Ocimum basilicum var. purpurascens cv. Dark Opal, ynopehyjyhu pesynrate noGujene
MEpEeHEeM aKTUBHOCTH CYNEPOKCH] JUCMYyTa3e M ackopOaT MepoKCHia3e MOXKE Ce YBUAETH Jla OBa JBa
€H3MMa TT0Ka3yjy BHCOK HHMBO TOBE3aHOCTH y CBOjJUM aKTUBHOCTHMA. AKTHBHOCT acKopOaT MepoKCcHIase
MoKazalia je Kako JIO3HY, TaKO M 3aBHCHOCT Y OJJHOCHY Ha UCIMTHBAHW OWJBHH JICO, alld M MPUMEHECHU
HUATPOTEHHU TPETMaH. Y W3JaHIIMMa HaBEICHOT T€HOTHITA acKopOaT mepoKkcHaasa je HajakKTuBHHUja mpHu 1b
TpeTMaHy U HUBO OBE AKTUBHOCTH ITOKa3yje CTATHCTHYKHU 3HAYajHY Pa3JIMKy Y OJIHOCY Ha OCTaje TpeTMaHe.
Jlasbe, akTHBHOCT je MHIyKOBaHA W IpH TpeTMaHuMa la u 2b (u3melyy Kojux HUCY yTBpheHe CTaTUCTHIKH
3HAYajHE pa3IuKe), a HajHKa aKTUBHOCT W3MEpeHa je TpH TpeTMaHy 3b (CTaTUCTUYKK 3HAYajHO
pa3IuYIuTa y OJHOCY Ha OCTayie TpeTMaHe). MIcTh eH3uM je u y KopeHy HajaKTHUBHHjHU IpH TpeTMaHny 1b, a
W3MepeHa aKTUBHOCT je BHUINA Y OJHOCY Ha M3JaHKEe W CTATUCTUYKH Pa3lIUuuTa y OJHOCY Ha OcTale
TpeTMane. HajHmke BpemHOCTH mM3MepeHe cy npu Kopuimhemy TpeTtMmana 2b, 3b u 3a u m3mel)y oBux

BpPCAHOCTHU HUCY YTprCHC CTaTUCTUYKH 3HaqajHe Ppa3jIMKeC Y aKTUBHOCTHU HABCACHOI' CH3UMA.
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I'pacduxon 26. AKTHBHOCT ackopOaT MepoKCHuase y H3AaHIuMa u KopeHy kinujanana Ocimum basilicum var. purpurascens cv.
Dark Opal y 3aBUCHOCTH 0] KOJIMYMHE U THIIA HyTPHjeHaTa. Pe3ynraTu cy NpeacTaBbeHH Kao Cpejiba BPeJHOCT TPU Mepema +
cTaHJap/Ha rpemka. MamimM cioBuMa (a, b, c...) o3HadeHe cy 3HadajHe pasnuke (p < 0.05) usmelhy u3nanaka; BEIMKAM CIIOBUMA

(A, B, C...) o3naueHe cy 3Hauajue pazauke (p < 0.05) u3mel)y koperosa na ocuoBy Tukey Tecta
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3.4.4. Akmuenocm z2eajaxon nepoxkcuoasze

CriocoOHOCT ~HeyTpanM3aldje BOJOHUK-IIEPOKCHAA, MEpeHa Kpo3 aKTUBHOCT TIBajaKoll
MepoKcuase, ykasyje Ha 3Ha4ajHe pas3iIuKe y aKTUBHOCTH OBOT €H3MMa Y OJIHOCY Ha kopuinheHy (gopmy
azora. Pe3ynraTi Mepema ak THBHOCTH I'BajaKoJl IEPOKCH 3¢ Y Pa3IMIUTHM OpraHuMa Kinjanana Ocimum
basilicum var. purpurascens cv. Dark Opal npukazanu cy Ha ['paduxony 27.

Kanma cy y nuramy m3mganmnm, w3 J0OHjeHUX pe3yiTaTa je yOUeHO /1a Y OKBHPY TpeTMaHa y KojuMma
je KNOs; rinaBu wW3BOp a30Ta, HE IOCTOJH CTATUCTHYKH 3HAYajHA pa3jiMKka y aKTUBHOCTH T'BajaKol
repokcuaase. Mctu pesynrartu ¢y mobujeHn 3a M3AaHKe TajeHe Ha TpeTMaHMMa y KOojuMa je KopuimheHa
komOuHarnja KNO3; 1 NH4sNO;. Moske ce 3akJbyduTH J1a TBajako MepoKCHaa3a HUje jelaH OJ TIaBHUX
00/IMKa EH3UMCKHX KOMITOHEHTH of0pamOeHor cucreMa y wm3ganmuma Ocimum basilicum var.
purpurascens cv. Dark Opal. MehyTtum, y moazeMHUM OpraHMMa KiIMjaHala youeH je Qpyradnju oopasalg
aKTHUBHOCTH OBOT eH3uMa. Ca ImopacToM KOHIICHTpAITHje HyTpHjeHaTa eBUICHTUPAH j€ Al Y aKTHBHOCTH
ackopOaT MEepOKCHUIas3e, alld OBU PE3YJITATH HE MOKa3yjy CTAaTHCTUYKH 3HAa4yajHE Pa3jIuKe 3a TOJ3eMHE
JiesioBe OMsbaka rajeHnx y HUTpatHuM TperMannMa. Kazga je kopumrhena komOnHanuja KNO3 u NH4NO3
noOujeHe Cy 3HAYajHO BHUIIE BPETHOCTH Ipu lb TpeTMaHy, anu je youeH W mNaj y aKTHUBHOCTH TIpHU

TpermManuMa 2b u 3b. Pasznuke y pe3yaraTiMa 3a cBa TpU HaBeAECHA TPETMaHa jecy CTaTUCTHYKHY 3HaYajHe.
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I'pacdukon 27. AKTUBHOCT I'Bajakos MepoOKCHAa3e y U3aHIUMa U KopeHy kiaujanata Ocimum basilicum var. purpurascens cv.
Dark Opal y 3aBuCHOCTH O KOJMYHHE U THIIA HyTpHjeHaTa. Pe3ynraTn cy mpencTaBibeHN Kao Cpe/iiba BPEIHOCT TPH Mepema +
cTaHaapiaHa rpemka. Manum cioBuMa (a, b, c...) o3HadeHe cy 3Hadajue pasnuke (p < 0.05) uzmely u3nanaka; BeTMKAM CIIOBUMA

(A, B, C...) o3nauene cy 3HauajHe pazmuke (p < 0.05) m3mely xopenosa na ocaoBy Tukey Tecra
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3.4.5. Akmuenocm nupozanon nepokcuoase

Pesynratu Mepema aKTUBHOCTU MUPOTANION MEPOKCHIA3e Yy M3JaHIMMa W KOPEHY KIjaHara
Ocimum basilicum var. purpurascens cv. Dark Opal npuka3zanu cy Ha I'padukony 28.

Jlox je crrennuyHa aKTUBHOCT T'BAjaKoJI MIEPOKCHIA3E TPEBACXOIHO Be3aHa 32 KOPEH, aKTHBHOCT
MAPOTaJIo TIEPOKCHIA3E je U3pakeHHja y u3nannuma. M3y3eB tpetmana 1b, rae je m3MepeHa He3HATHO
BHIIa AaKTUBHOCT OBOI €H3WMa Yy H3JaHIMa HET0 y KOpPEHy, Y OCTaluM TpPEeTMaHUMa MHpPOTajoN
MepoKcra3a je MokKasajda BUIIM HHWBO aKTUBHOCTH Yy KOpeHy Hero y m3maHimuma. Melhyrum, msmely
TpeTMaHa HHje yTBpheHa CTAaTHCTUYKM 3HA4YajHA pa3inKa y KOPEHCKO] aKTHBHOCTH ITHPOTAIION
TIepOKCHaa3e, ca H3Y3eTKOM TpeTMana 3b y KoMe je H3MepeHa aKTHMBHOCT KOPEHCKE ITHpPOTaIoN
MepoKcHaa3e HajHIKa, M yjeHO CTATHCTUYKH 3HA4YajHO pa3iiM4WTa y OJHOCY Ha OCTaje TpeTMaHe. Y
M3IaHIIIMA j€ HajHIDKAa U3MepeHa aKTUBHOCT OBOT €H3MMa IPHU TPETMaHy 2a M CTATHUCTUYKH j& 3HA9ajHO
pasnuuuTa Yy OJHOCY Ha OcTajie TpeTMaHe. HajBuIma aKTHBHOCT NMHPOTaNoN TEPOKCHAA3e H3/aHaKa
M3MEpEHa je MPHU TpeTMaHy 3b U CTaTUCTHYKH j& 3HaYajHO pa3IyuuTa y OJHOCY Ha ocTayie TpeTMane. buio
KOjU U3BOp a30Ta Ja je y MPUMEHHUBAH, THPOTaioN NEPOKCHAa3a MOKazyje UCTH TPEH/ y aKTUBHOCTH —
HajHW)KE BPEAHOCTH CYy Y yMEPEHHM KOHIIEHTpalldjamMa HyTpHjeHaTa, JOK BHCOKE KOHICHTpAIlHje

HyTpHYjeHaTa noBehaBajy akTHBHOCT OBOT eH3uMa. /lofgaTHo, eH3uM je akTuBHHjU Y TpucycTBY NH4NOs.
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I'paduxon 28. AKTHBHOCT IMPOTANION IEPOKCHAA3e y U3IaHLMMA U KopeHy Kinjanaua Ocimum basilicum var. purpurascens cv.

Dark Opal y 3aBuCHOCTH 01 KOJMYIHHE U THIIA HyTpHjeHaTa. PesynraTn cy npencraBibeHN Kao Cpe/iiba BPEIHOCT TPH Mepema +

cTaHgapaHa rpemka. Manum cioBuMa (a, b, c...) o3HadeHe cy 3Hadajue pasnuke (p < 0.05) uzmely u3nanaka; BeTMKAM CIIOBUMA
(A, B, C...) o3nauene cy 3HauajHe pazmuke (p < 0.05) mmely xopenosa na ocaoBy Tukey Tecra
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3.5. AKTUBHOCT ()eHHJIAJTAHUH AMOHHjYM JHA3e

Pesynratn noOujeHM MepemeM aKTHBHOCTH (EHWIAJaHWH aMOHHjyM JiHa3e y KIIHjaHITIMa
renoruria Ocimum basilicum var. purpurascens cv. Dark Opal npukazanu cy Ha ['padyuxony 29.

Ha ocHoOBy noOujeHux pesynTara MOXeE ce YBHIETH Jia je aKTHBHOCT OBOT €H3UMa BapHpaya y
OMJbHUM OpraHuMa y 3aBUCHOCTH O/ KOJIMYMHE MUHEPATHUX eJIeMeHaTa, alli He ¥ (hopMe TOCTYIHOT a30Ta.
VY u3paHIMMa je akTHBHOCT (€HWJIAJAaHWH aMOHMjyM JIMa3e yCIOBJbEHA, MpEe CBera, KOHIEHTPALHjOM
HyTpHjeHaTa, NMpPH 4YeMy je €H3UM CTATUCTUYKH 3HA4YajHO aKTHBHUjU TPH BUCOKO] KOHLEHTpAlHju
HyTpHjeHaTa ca HUTpaTHOM (hopMoM a30Ta (TpeTMaH 3a) y OJHOCY Ha ocTalie TpeTMaHe. JlonaTHO, HajHIKa
aKTUBHOCT eH3uMa 3aleneXeHa je Npu HajHWKO] KOHLEHTpaUWju HyTpUjeHaTa U Yy IPHUCYCTBY
aMOHHjYMOBHX jOoHa (TpeTMaH 1b) y3 CTaTUCTHYKH 3Ha4YajHE pa3jIMKe y OJHOCY Ha OcTaje TpeTMaHe.

Ca wW3y3eTKOM TpeTMaHa ca BHCOKMM KOHLEHTpalujamMa HyTpWjeHaTa, yMepeHe M HHCKe
KOHIIEHTpaLMje MUHEPAJTHUX eJieMeHaTa JoBele cy A0 Behux akTMBHOCTH ()eHHUIIalaHUH aMOHH]jYM Jinase
y U3JaHIMMa y OHOCY Ha KOpeH. Mel)yTuM, MposoHrnpaHu HyTPUTUBHU CTPEC M BUCOKA KOHIIEHTPALIH]ja
MaKpo- ¥ MUKpOHYTpHjeHaTa (OHJI0 ca HUTPATHOM WM KOMOMHOBAHOM a30THOM (hOpMOM) JIOBeja je 10
noBehama y akTUBHOCTH (DeHUJIATAHWH aMOHH]jYM JiFa3e y KOPEHNMa, I1a j& 0Baj €H3UM HajaKTHBHHUjU Y
KopeHnMa Omspaka rajeHux mpu 3a u 3b Tpermannma. VM3mely pesynrara oBa 1Ba TpeTMaHa HUCY YOUCHE

CTaTHCTUYKH 3HAYajHE PasIIHUKE.
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I'paduxon 29. AKTHBHOCT ()eHUIAIAHIH aMOHH]jyM JIMa3e y H3AaHINMa U KopeHy kiujanana Ocimum basilicum var.
purpurascens cv. Dark Opal y 3aBHCHOCTH 0J1 KOJIMYHHE U THIIA HyTpHjeHaTa. Pe3ynTaTu cy NpeacTaBJbeH Kao Cpeba
BPEIHOCT TPU Mepema + cTaHAapAHa rpemka. Mamnm cioBuma (a, b, c...) 03HaueHe cy 3Ha4ajHe pasnuke (p < 0.05) n3mehy
u3aHaka; BenukuM ciosuma (A, B, C...) o3HadeHe cy 3Hauajue pasiuke (p < 0.05) m3mel)y kopenosa na ocuoBy Tukey Tecta
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3.6. He-eH3nMCKe KOMIIOHEHTe 0A0paMOeHOT cucTeMa

3.6.1. Konuuuna yKynnux ¢peHonnux jeourberna

Bpennocti konmyuHE YKYMHUX (DEHOJIHUX je[MIbEHha Yy HM3IaHIMMa M KOPEHUMa KIHjaHana
Ocimum basilicum var. purpurascens cv. Dark Opal npukasane cy y Tabenn 25.

V u3gannmma cy nobujeHe BpeaHocTu y omcery ox 43.28 no 107.05 GAE mg! SM. Hajseha
KOJIMYHMHA YKyITHUX (DeHOJIa U3MEpEeHa je y M3JaHIuMa rajeHnM Ha 1b TpeTMmaHy, pu 4emy je yTBphena
CTaTUCTUYKKM 3HAa4YajHa pa3nuka u3Mmel)y pesynrata oBor u ocraiux Tpermana. Hajmama KomudnHa
M3MEpPEeHa je y M3aHIiMa rajeHuM Ha 3a TpeTMaHy, IIpHd Y€MYy C€ M OBaj TPETMaH CTATHCTHYKH 3HAYajHO
pasnuKyje y mopehemy ca pesynraruma qo0HjeHIM 3a OCTalie TpeTMaHNMa.

Y KopeHy je €BHUIACHTHPAH CYNPOTHU TPEHJI Y CHHTE3W (EHOJNHUX jeduberma y mopehemy ca
M3IaHIIAMAa, TIPH YeMY j€ H3MepeHa KOJIMIHHA YKYITHUX ()eHOHUX jeIUbEha y orcery ox 82.42 no 152.59
GAE mg' SM. Hajseha u CTaTUCTUYKK 3HAYAJHO PA3IMUUTA KOJMYUHA y OJHOCY HA OCTAJIE TPETMAHE
nu3MepeHa je y KopeHuma ca 3a TperMaHa. Takohe, 1 y KOpeHuMa rajeHuM Ha 2b TpeTmaHy 3a0erexeHa je
3HAuajHa KOJMYMHA YKyNHUX (eHomHux jemumerma (143.35 GAE mg' SM), craTucTHUKM 3HAYajHO
pasnuuuTa y nopehemy ca ocrtaium Tpermanuma. Hajmama KoIMuuMHA YKYITHHX (EHOJTHUX jeHECHA Y
KOpeHHMa Ombaka ca la TpermaHa npaheHa je 1 HICKOM KOJIMYMHOM OBUX MeTabonuTa npu 1b TpetMany

(96.66 GAE mg™! SM), npu uemy Hucy yTBpleHE CTATUCTHYKH 3HAYajHE pasivKe u3Mel)y oBuX TpeTMaHa.

Tabena 25. Komunna ykynmHuX (QeHOIHUX jeMbeha, KONNIUHA (pIIaBOHONA U YKYITHA aHTHOKCHUIATUBHA aKTHBHOCT
y U3JaHIIMa U KopeHy kiujanana Ocimum basilicum var. purpurascens cv. Dark Opal y 3aBUCHOCTH 071 KOJTMYMHE U THIIA
HyTpHjeHarta

KOJIMYMHA YKYNMHHUX (PEHOTHUX
jennmema
(GAE mg! SM)

KOJIMYHUHA (lmaBonom{a
(RUE mg! SM)

YKYIIHA aHTHOKCHIATHBHA
aktusHocT (ICso, pg mL™")

TpeTMaH U3aHAK KOpeH H31aHAK KOpeH H3JaHAK Kopen
1a 79.44 +0.65cd  82.42+0.46e 10.59 + 0.44a 6.01 £0.12b 63.20 + 1.30b 60.64 +0.89a
2a 85.12+1.06c  125.26+0.85¢c  10.54+0.27a 6.59 +£0.12b 66.45 +0.69b 41.79 +0.70a
3a 4328+ 1.5le  152.59+0.38a 5.40+0.17¢ 6.07+0.11b 176.86 £ 1.60a 3524 +0.98a
1b 107.05+0.9a 96.66 + 1.22¢ 11.14 +0.38a 11.10 £ 0.29a 34,98 +0.85¢ 3420 +0.62a
2b 94.66 £0.89b  143.35+1.16b  10.36+0.12a 10.36 £ 0.03a 61.39 +1.02b 26.03 +0.44b
3b 70.04 +£0.99d  103.21 +1.53d 7.26 +£0.30b 6.19 +0.47b 81.64 +£0.76b 55.57+0.51a

Pesynraru cy npencTaB/beHH Kao Cpeliha BPEJHOCT TPU Meperha + CTaHAap/Ha rpenika. PasmnunTa cioBa o3HadaBajy 3Ha4ajHe
pasnuxke (p < 0.05) usmelhy Tpermana Ha ocHOBY Tukey Tecrta
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3.6.2. Konuuuna ¢pnasonouoa

Komnunna ¢iaBoHouna kBaHTH(UKOBaHa y W3laHUMMa W KopeHuma Ocimum basilicum var.
purpurascens cv. Dark Opal n u3paxkeHa Kpo3 €KBUBAJICHT PyTHHA BapHpa y 3aBUCHOCTH O] Jena
KJIMjaHalla v TUTa HyTpHujeHaTa. Jlooujeru pe3ynratu cy npukazanu y Tademn 25.

V mzpannuma cy modujene Bpeanoctu y oncery ox 5.40 no 11.14 RUE mg! SM, npu uemy je
YOUeH J03HO-3aBHCHH TPEHJ Y CHHTE3H, Tj. ca IMoBehameM KOHIICHTpaIldje NOCTYITHUX HYTpHjeHaTa
CHI)KaBa ce KOJIMYMHA OBHUX MeTabonmra. Hajeeha konmmumHaa m3MepeHa je y W3IaHluMa rajeHuM Ha 1b
tpermany (11.14 RUE mg™! SM) u npahena je BpeAHOCTUMA M3MEPEHHMM y U3JAHIMMA Ca TpeTMaHa la
(10.59 RUE mg! SM) u 2a (10.54 RUE mg' SM). Hajmama konuumHa (GIaBoHOMIA U3MEPEHA j€ y
u3gaHIuMa rajeEuM Ha 3a tpermany (5.40 RUE mg! SM) u 3b tpermany (7.26 RUE mg! SM) u oBu
pe3yNTaTH Cy CTATUCTUYKY 3HAYAJHO Pa3TUINTH.

VY moazeMHUM OpraHMMa Cy J0OH]jeHe BPEIHOCTH 3a KOJIUIHMHY (hi1aBoHOMAA y omcery ox 6.01 mo
11.10 RUE mg! SM. Hajseha konnuuna je u3mepena y kopenuma ca 1b tpermana u nipahena je KoM4nHOM
M3MEPEHOM y KopeHuMa ca tperMana 2b (10.36 RUE mg' SM), npu yemy Hucy yTBpheHE CTaTHCTHYKH
3HauYajHe pa3jiuKe y pesyiratima u3mel)y oBa JBa TpeTmaHa. Hajmama KOJIMYMHA CBUACHTUPAHA je Y
KOpeHHMa ca TpeTMaHa la, anu Hucy yTBpl)eHe CTaTUCTHUKH 3HavajHe pasnuke u3mely oBor u 2a, 3a u 3b

TpETMaHa.

3.7. YKynHa aHTHOKCHUIATUBHA AaKTUBHOCT

Pesynratu noOujeHn MepemeM YKYITHE aHTHOKCUAATUBHE aKTUBHOCTH Y Pa3IUYUTHM JIEIIOBUMA
ximjanana Ocimum basilicum var. purpurascens cv. Dark Opal npukazanu cy y Tademn 25.

V m3gannumMa cy 100ujeHe BpeqHOCTH y oncery of 176.86 1o 34.98 ug mL!. Haj6osby ciocoGrOCT
neyrpanuszauje DPPH panukana nokasamu cy m3nannu ca 1b tpermana (ICso = 34.98 ug mL™!). JlonaTHo,
OBa BPEIHOCT je CTATHCTHUYKH 3HAYajHO PA3IMUNTA Y OJHOCY Ha OCTalie TpeTMaHe. HajHmka BpemHOCT
VKyITHE aHTUOKCHJIATUBHE aKTMBHOCTH M3MEPEHA je y eKCTPaKTUMa U3/IaHaKa rajeHrX Ha 3a TpeTMaHy U
CTATUCTUYKH j€ 3HAYQjHO pa3InduTa y OJHOCY Ha BPEIHOCTH JOOHjeHE NMPUMEHOM OCTAIMX TPETMaHa.
N3mehy tpermana la, 2a, 2b m 3b HHCY yTBpheHE CTATUCTHYKH 3HAYajHE pasNIUKEe y YKYITHOj
AQHTUOKCHJIATUBHO] aKTHBHOCTH HM3JIaHAKA.

Y momemMHUM opranuMma kinujaHana Ocimum basilicum var. purpurascens cv. Dark Opal

3a0enexena yKyrHa aHTHOKCHIATUBHA aKTHBHOCT je y orcery Bpeanoctu ox 60.64 mo 26.03 ug mL™.
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Haj6omy cmnocobnoct Heytpanmzanuje DPPH paankana mokasanu cy kopeHu Ousbaka rajeHuX Ha 2b

TPETMaHy U OBa BpCI[HOCTjC CTaTUCTUYKH 3Ha‘{ajHO pa3jMiynTa 'y OAHOCY Ha OCTaJI€ TpETMAaHeE.

3.8. Konuenrpaumja py3aMapuncke u Ko(eHHCKe KUCeJINHe

Pesyntatn noOujeHu kBaHTH(UKAMjOM oNaOpaHMX (EHOTHUX KHCEIMHA Y METaHOIHHM
excrpaktiMa HPLC meromoMm W3 Haj3eMHHX M MOJ3EMHUX opraHa kiujanauna Ocimum basilicum var.
purpurascens cv. Dark Opal rajenux in vitro Ha pa3nu4uTHM MeAWjyMUMa MpUKa3anu cy y Tabenu 26.

BpeaHocTy 3a KOHIIEHTpAIH]y PY3MapHUHCKE KUCEIIMHE Y U3[aHIUMa y OTicery ¢y of 24.9 no 44.3
mg g Hajseha xoHIeHTpanuja py3MapuHcKe KUceIuHe yTBpheHa je 3a eKCTpaKTe M3IaHaKa TajeHuX Ha
HUTPAaTHUM TPETMaHUMa Ca BHCOKOM KOHIICHTPAIMjOM MHUHEPATHHX Marepuja (TpeTMaH 3a), ad cy
3Ha4YajHe BPEIHOCTH U3MEPEHE M MpuMeHoM Tpetmana la (38.9 mg g'!), kao u tpetmana 1b (36.1 mg g).
N3mehy oBux TpeTMaHa HHje yTBp)eHa CTATHCTHYKH 3HaYajHA pa3linKa Y KOHIICHTPAITHjU Py3MapHUHCKE
kucennne. HajHrka KOHIICHTpaIldja W3MEpeHa jeé y eKCTpaKThMa W3JaHaka T'ajeHHX Ha TpeTMaHuMa ca
YMEPEHOM KOHIIEHTpalujoM HyTpHjeHata y3 mpucyctBo NHuNO; (24.9 mg g! npu tpermany 2b) u
npaheHa je KOHIIEHTPAIMjOM Py3MapUHCKE KMCEIMHE y M3[aHIuMa ca Tpermana 3b (26.9 mg g), Ges
CTaTHCTUYKH 3HAYajHUX pa3iiuka Mel)y BpeAHOCTHMA ca OBUX TPETMaHa.

V KkopeHMMa KJIMjaHala M3MEPEHe BPeJHOCTH cy y omcery on 19.6 no 42.4 mg g'. Hajseha
KOHIICHTpaIlja pPy3MapuWHCKE KHCEIMHE jeé W3MEpeHa y KOpeHMMa KIMjaHala ca TpeTMaHa la, y3
CTAaTUCTHYKH 3HAYajHE pa3IuKe y OJHOCY Ha ocTaje TpeTMaHe. HajHmka KoHIIEHTpaIrja 3abenexena je y

KOp€HHNMa Ca TpETMaHa 2b, Y3 CTaTUCTUYKU 3Ha‘[aj HC pa3jIMKe y nopeljeH)y Ca OCTaJIUM TpE€TMaHHUMaA.

TaGena 26. KonnenTpanuja py3MapuHCKe U KOEHHCKe KUCEIHHE Y U3JaHIUMa U KOpeHy KirjaHana
Ocimum basilicum var. purpurascens cv. Dark Opal y 3aBHCHOCTH 0]] KOJIMYHHE U THIIAa HyTpHjeHaTa

PY3MapHHCKa KHCEJIUHA Koq)eﬂHCKa KHCEJIUHA

(mgg™) (mgg™)
TpEeTMaH H31aHaAK KOpeH H31aHaAK KOpeH
1a 38.9+2.0a 4244222  0316+0.02a  0.351 £0.03a
2a 28.8+1.5b 33.8+1.80  0.283+0.02a  0.183+0.0la
3a 443 +23a 314+£1.6b  0212+£0.02a  0.171£0.0la
1b 36.1+1.9a 27.6+14b  0278+0.02a  0.214+0.02a
2b 249 +1.3b 19.6+1.00c  0.174+0.0la  0.121 £0.0la
3b 26.9 + 1.4b 294+15b  0.155+0.0la  0.147+0.0la

Pesynraru cy npencTaB/beHH Kao Cpeliba BPEJHOCT TPU Meperha + CTaHAap/Ha rpenika. PasmnunTa cioBa o3HadaBajy 3Ha4ajHe
pasnuxke (p < 0.05) usmehy Tpermana Ha ocHOBY Tukey Tecrta
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MepemeM KOHIeHTpalyje KopenHcKe KUCETHE Y Hal3eMHUM H II0I3EMHUM OpraHuMa KiljaHana
Ocimum basilicum var. purpurascens cv. Dark Opal no6ujene cy Bpeanoctu npukasane y Tabenu 26.

KonuenTpanuja oBe ¢peHOTHE KHCEIUHE Y HAA3EMHUM OpraHuMa KJIMjaHalla je y OICery BpeIHOCTH
ox 0.155 o 0.316 mg g!. Hajseha koHueHnTpanuja KOPEMHCKE KUCEIMHE U3MEPEHA j€ Y EKCTPAKTUMA
n3gaHaka ca la tpermana u npahena je KOHIIEHTpaljaMa H3MEPEHHM Y €KCTPaKTHMa M3JaHaKa rajeHuM
Ha TpetManuma 2a (0.283 mg g) u 1b (0.278 mg g'!). M3melhy oBux TpeTmana Huje yTBpheHa CTATHCTUYKI
3HAYajHa pa3iuKa y KOHIEHTpanwju KodewHcke kucenuwHe. HajHKka BpeaHOCT KOGEHHCKE KHUCETHHE
M3MEpPEeHa je y eKCTpaKTHMa M3laHaka rajeHnx Ha 3b TpetMany u mpaheHa je KOHIICHTPAITH]jOM H3MEPEHOM
y €KCTpakTHMa M3JaHaka ca tperMana 2b (0.174 mg g'), anmu nmje yrBpheHa craTuCTHYKM 3HavajHa
paznuka u3Mel)y BpeTHOCTH ca OBHX TPETMaHa.

Kana je y mutamy KopeH, n3MepeHe KOHIeHTpalrje KoeHHCKe KICETHHE Cy y OTICETy BPeIHOCTH
ox 0.121 mo 0.351 mg g'!'. Hajseha xoHueHTpanuja KOQEMHCKE KUCEIUHE M3MEPEHA j€ y €KCTPaKTHMa
MMOA3EMHUX OpraHa TrajeHuX Ha la TpeTMaHy, W HW3MEpeHa BpemHocT je Beha y omHocy Ha HajBehy
KOHIICHTpaIjy KopermHcke KucenuHe y u3maHiuMa. JlogaTHo, 3HauajHa KOHIIEHTpanuja oBe (EHOJHE
KHCeJIMHE €BUACHTHPaHa U y ciIydajy KopeHoBa ca lb tpermana (0.214 mg g’), npu yemy u3melly oBUX
BPEIHOCTH HUCY yTBph)eHe CTaTUCTHYKU 3HauyajHe pasnuke. HajHuke BpeOHOCTH €BHUAEHTHPaHE CYy Y
KopeHuma Omsbaka npu Tpermany 2b (0.121 mg g'), npu yemy ce BpeaHOCTH KODEUHCKE KHUCETUHE

HU3MCPCHC MTPU OBOM TPETMAHY CTATUCTUYKHA 3Ha‘lajHO HC pa3J'II/IKyjy Ol OCTaJIUuX TpE€TMaHa.
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4. Ocimum x citriodorum

4.1. KapakTepHncTuke KiIujamba

Pesyntatn noOujeHN eBHICHTHpamEM KapaKTEPHCTHKA KiMjamba TOKOM NpBE HeNleJbe in Vitro
pasBoja Ocimum X citriodorum yKa3yjy Ha HeratuBHe e(eKkTe BHUCOKE KOHIIEHTpAlHMjeé MHUKPO U
MakpoelieMeHaTa Ha ceMeHa OBe copte Oocuibka. JlobujeHe BpeqHOCTH Cy npuKka3aHe y Tabemu 27.

I'enepanHo, HaBeJEHN TEHOTHIT KapaKTEepHIIEe BHCOK MPOIEHAT YKYITHO NMPOKJIHMjajiX CEMEHa,
TIOTIITO j€ Y CBAaKOM O] KOPHUITNEHNX TpeTMaHa MPOIeHaT MPOoKIujannx cemeHa 6o ehn ox 90%. Hajsehn
MPOIIEHAT YKYITHO MPOKIIHjauX ceMeHa 3abemnesxeH je mpu TpetMmany 1b (GP = 97.78%) u craructidku ce
3HAYajHO pa3NIKyje y OJHOCY Ha ocTaje TpeTMaHe. TpeTMaH Koju Kapakrepuile HajBehu mporeHat
MIPOKJIHjAJINX CEMEHA j€ YjeIHO B TPETMaH ca HajyHUGOPMHUjUM KidjameM (Tipu TpeTMany 1b U =42.70).
JlonatHo, 3Ha4ajHa YHUGOPMHOCT Y KITHjaby Ce TIOCTHKE M PUMEHOM TpeTMaHa 2a, 0K CY TIPH OCTAIAM
TpeTMaHuMa 3abeekeHe 3HATHO HIDKE BPEITHOCTH YHH(POPMHOT KiHjama. Kao HajmoroaHuju TpeTMaH 3a
MoCTH3ame Op3or W yHHUGOPMHOT KiIHjama I0Ka3ao ce 2a TpeTMaH, Tj. TPEeTMaH ca YMEpeHOM
KOHIICHTpAaIijoM MuHepamHuX enemenara u 12.36 mM KNOs. IIpu oBoM TpeTMaHy Cpenibe BpeMe KITHjarba
(MTG) je u3nocuino 2.24 naHa W oBaj Pe3yJNTarT je CTATUCTUYKH 3HAYajHO Pa3IM4UT y OJHOCY Ha OCTaje
tpermane. HajBeha Op3una knmjama (RG), namepena takole nmpu oBoM TpeTMaHy, U3Hocuia je 74.31 u
CTaTHCTUYKH j€ 3HAYajHO pa3IMuUTa y OJHOCY Ha OcTaje TpeTMaHe. Y nopehemy ca ocTaauM UCIIUTUBAHUM
TreHOTUNIOBUMA OocuibKa, cemeHa Ocimum X citriodorum KapaxTepHile HajBehn mpoleHaT MpOKIHjaTux

ceMeHa, [IpX YeMy OBa CeMeHa KJIMjajy Hajopke U y HajkpahieM BpeMEHCKOM MEPUOTY.

Tabena 27. Kapakrepuctuke kinjama ceMeHa reHotura Ocimum X citriodorum TpU pa3InIATAM KOHIIEHTpaIjama
HyTpHUjeHaTa U pa3IM4UTHM H3BOPHMa a30Ta

GP MTG RG U
1a 91.11 +£0.19b 2.41+0.13b 66.67 +1.27b 37.80 + 0.45ac
2a 91.67 £ 0.26b 224 +£0.11c 74.31 £ 1.61a 40.92 + 1.13abd
3a 91.49+£0.41b 2.60 £ 0.14a 62.13 £ 1.14b 35.19 £1.25¢ce
1b 97.78 £ 0.68a 2.29+0.10b 72.11+1.23b 4270 +£1.18d
2b 90.91 + 0.49b 242 +0.15b 71.21+1.13b 37.57 £ 0.89a¢e
3b 91.30+1.07b 2.44 +0.15b 71.61 +£0.98b 37.42 £0.35a¢

Pesynraru cy npencTaBibeHN Kao Cpelliha BPEJHOCT TPU HE3aBHCHA Meperha + CTaHAap/IHa rperka. Pasmdnra cioBa o3HauaBajy
3HauajHe pasznuke (p < 0.05) u3mehy Tpetmana Ha ocHoBY Tukey Tecta
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4.2. Konuenrpauuja GoTOCHHTETHYKUX MUTMEHATA

Pesynratn nmoOujeHn MepemeM KOHICHTpandje (OTOCHHTETHYKHX TMTMEHATa Y CBEXKUM
mucrtoBuMa Ocimum X citriodorum nipuka3anu cy y Tabemm 28.

H3mepena KoHueHTpamuja xuopoduna a je y omcery Bpeanocts ox 0.119 mo 0.443 mg g!' SM.
Hajpeha xonrmenTparitija oBe rpyme (OTOCHHTETHUKHUX MMTMEHATa U3MEpEeHa je pu TpeTMaHy 1a u npahena
j€ KOHIIEHTPAIMjOM UCTHX IIMTMeHara npu TpetMany 1b (0.404 mg g™! SM). Usmelyy oBUX BpeIHOCTH HHje
yTBpheHa CTaTUCTHYKH 3HadajHa pa3nuka. HajHmwka KoHIleHTpamuja xjopodmiia a m3MepeHa je Tpu
BHCOKO]j KOHLIEHTpAIWj1 HYTpUjeHaTa y IPUCYCTBY aMOHH]j yMOBHX joHa (TpeTMaH 3b). Hutpathe TpeTmane
ca BHCOKOM KOHLIEHTPALWjOM MUHEPaTHHUX eJleMeHaTa KapaKTepHIle HUCKa KOHIEHTpalja xjopoduna a
(0.174 mg g' SM 1ipu tpermany 3a). 3MepeHa KOHIEHTpaIMja XI0poduiia 6 je y ONCery BPEIHOCTH O/
0.057 mo 0.196 mg g' SM, a Hajsehe KoHIEHTpaluje OBe Ipyle MUIMeHaTa Cy 3abesieKeHe NpH
tpermanuma 1b (0.196 mg ¢! SM) u 1a (0.182 mg g' SM), npu uemy Hema CTATHCTHYKHM 3HAYajHHX
pasnuke u3mel)y HaBeAeHUX TpeTMaHa. JlomaTHo, omHOC xynopodmina a U 6 MMa HajBehe BpeOHOCTH Y
ycJIOBUMa HIKMX KOHIIGHTpalMja MHUHEPAIHUX eJeMeHaTa, a CHIKEHE BPEIHOCTH NpH 3a TpeTMaHy
yKa3yjy Ha CTpecHe yCIIOBE CpeInHE KOji HHXUOHUPA]y CUHTE3Y (OTOCHHTETHYKMX ITUTMEHATA.

KonuenTpanuja GoTOCHHTETHYKHUX MUTMEHATa U3 TPYIE KAPOTEHOMAA Y OIICETY j& BPEIHOCTH OX
0.021 mo 0.086 mg g'! SM u 1o6HjeHe BpeqHOCTH Cy y KOPEIAaLUj1 ¢a ¢ca KOHIEHTpalujoM xiaopoduna a

u xyopoduia 6, Tj. HajBeha KOHIIEHTpaIlfja KapOTeHONAa H3MEpeHa je pu TpeTMannMa la u 1b.

Ta6ena 28. Konuenrpanuja xnopoduna a, xjaopoduina 6, oxHoc xuopoduna a/6 u KoHUeHTpalmja Kaporenouaa (mg g! SM) y
CBEXHUM JIICTOBUMA KiHujaHaa Ocimum X citriodorum NpH pa3IM4UTHM KOHIIEHTpaLijaMa HyTpHjeHaTa U Pas3InduTHM
HM3BOpHMa a30Ta

xJopopua a xJopopuia 6 xJaopopua a/o KapoTeHOUAH
1a 0.443 +0.04a 0.182+0.01a 2.46 +0.39a 0.086 +0.001a
2a 0.207 +0.01b 0.109 +0.003b 1.91 £0.07¢ 0.041 +0.001b
3a 0.174 £0.01d 0.104 £ 0.008b 1.69 +0.25d 0.039 £0.007b
1b 0.404 +£0.01a 0.196 + 0.002a 2.07 £0.09a 0.071 £0.002a
2b 0.219+0.01c 0.088 +0.01bc 2.56 + 0.5bab 0.045+0.01b
3b 0.119+0.01d 0.057 £ 0.004¢ 2.095 +£0.29b 0.021 £0.001¢

Pesynraty cy npecTaB/beHH Kao Cpeiba BPEAHOCT TPU Mepera + CTaHJapAHa Tpelika. Pa3nmuuunrta ciioBa 03HauaBajy 3HaYajHEe

pazmuke (p < 0.05) u3mehy Tpermana Ha ocHoBy Tukey Tecta
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Kao u y ciyuajy xoHueHtpauuje xiaopoduia a u 6, u3Mely oBa JBa TpeTMaHa HHje YTBpheHa
CTaTUCTHYKHU 3HAYajHa pas3iidKa y KOHLEHTpAalMju KapoTeHOMAa. Y OCTaluM TpeTMaHuMa M3MepeHa je
HIKa KOHIEHTpaluja KapoTeHOH 1A, a HajHW)KEe BPEAHOCTH Cy OOHMjeHe Y KiMjaHIuMa ca TpeTMaHa 3b,
NIPY YeMY je pa3iiiKa CTaTUCTUYKY 3HauajHa y OJHOCY Ha OcTaje TpeTMaHe.

BpennocTu 3a KOMMUMHY YKYMHOT XJopoduia npeactaBibeHe cy Ha [padukony 30. {oOujeHe
BPEIHOCTH TIOKa3aje Cy Jia je HajIOBOJGHUjH TPETMaH 3a MPUMapHy MPOAYKTHBHOCT OBOT TeHOTHNA la
TpeTMaH, Tj. Jia je CHHTe3a OBe rpyrne (OTOCHHTETUYKHX NMUTMEHATa WHJYKOBaHA y YCIOBHMa HHUCKE
KOHIICHTpAIlje MHUHEpaTHUX ejieMeHaTa. JlomaTHO, BHCOKa KOHIICHTpalWja YKYIMHOT Xjopoduia je
3abenexeHa U TpH TpeTMaHy 1b. AHamu3upameM YKYIHE KOHIICHTpaIje GOTOCHHTETHYKIX MUTMeHaTa
MOXE C€ YBHIETH Ja BHCOKE KOHIIGHTpaIlfje HYyTpHjeHaTa CTPECHO Aenyjy Ha (yHIaMEHTATHH
MeTabOJIMYKY TIPOIIEC CHHTE3¢ MUTMEHATa, jep ce ca MmoBehameM KOHIICHTpallje HyTpHjeHaTa CHIDKaBa

KOHIICHTpaIja xjopodmia a u 0.

0.7

a
a
0.6
0.5
0.4
b b

0. b
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I'paduxon 30. Konnuuaa ykymHOT XJI0podmiia y CBEXHUM JHCTOBUMA KinjaHana Ocimum X citriodorum y 3aBUCHOCTH OJf
KOJIMYMHE ¥ TUIIA HyTPHjeHaTa. Pe3ynTaTu cy npeicTaB/beHH Kao Cpeliiba BPEAHOCT TPU Mepera + CTaHAap/IHa IPELlKa.
Pasnmunta cinoBa o3HauaBajy 3HavajHe pasnuke (p < 0.05) n3melhy Tpermana Ha ocHoBY Tukey Tecta

mg g SM

—_ 8} [0}

[

3a pasnuKky OJ TNPETXOJHO HWCIUTHUBAHWX TEHOTHIIOBA, Y CBeXHWM JUcToBUMa Ocimum X
citriodorum Hvje yTBpheHa CTATUCTHYKH 3HAYajHA pa3vKa y KOHICHTPANMjH YKYITHHUX XJopodwuiaa y
OJHOCY Ha THII a30THE Ucxpane. Mel)yTum, kKako Cy HajHIKE KOHIICHTpaIHje GOTOCHHTETUIKHAX TUTMeHaTa
3abenexeHe MmMpu TpeTMaHy 3b, pu 4eMmy je oBa pas3iiiKa CTATUCTHYKU 3HAadajHa y OJHOCY Ha OCTaie
TpeTMaHe, MOXKe Ce 3aKJbYUIHTH JIa je IPUCYCTBO aMOHHMjaKa JIOJJATHU CTPECHH (PaKTOpP Y YCIOBUMA BUCOKE

KOHIICHTpaIfje HyTpHjeHaTa.
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4.3. KoHueHTpanuja yKynmHux coTyOHJIHUX POTEeNHA

PesynTatu noOujenn MepemeM YKYITHUX COTYOMIIHHMX MPOTeHHa MpHuKa3anu cy y Tabemu 29.

WzmepeHa KoHIIEHTpalKja YKYITHUX COTyOMIIHUX MIPOTEHHA je y onicery BpenHocTu ox 2.40 1o 6.15
mg ¢! SM y uznannuma u ox 1.97 mo 4.25 mg g'' SM y kopeny. Hajseha xonuentpanuja nporenna y
M3JIAaHIFMAa H3MEpPEeHa je& TIPY HUTPATHUM TPETMaHNMa ca BUCOKOM KOHIIEHTPAIIH)OM MUHEPATHUX MaTepHja
(3a TpetMan) u npahieHa je KOHLEHTPALU]OM U3MEPEHOM Ipy TpeTMaHy 3b (5.72 mg g'! SM). U3smely ose
JB€ KOHIICHTpAaINXje HEe TOCTOjH CTAaTHCTWYKH 3HAYajHA Pa3JIMKa, ald CE€ OBE BPEAHOCTH CTATUCTHUKU
3Ha4YajHO Pa3NIMKYjy y OJTHOCY Ha OcTaje TpeTMaHe. Y TpeTMaHnMa ca HUTpaTuMa, Kao U y TpeTMaHNMa ca
KOMOWHAITMjOM HHUTPATHUX W aMOHHjYMOBHIX jOHA, YOU€H j€ WCTH TPEHHI y CHHTE3W IMPOTEHHA — ca
rmoBehameM KOHIIGHTpaIldje MHHEpaTHUX ejleMeHara, moBehaBa ce W KOHIIEHTpamuja IPOTCHHA Y
M3JIAHITIMA.

CynpoTHO W3JAHIMMA, Y KOPEHY CE€ MOXE YOUHTH WHXHOWIMja Y CHHTE3W OBUX T'PaIWBHUX
eJleMeHaTa TpH BHCOKMM KOHIIEHTpalujamMa HyTpujeHata. HajBuiue BpegHOCTH 3a0eliekeHe Cy MpH
TpermManuMa la u 1b, npu uemy n3Mel)y OBHX BPEJHOCTH HUCY YTBpleHE CTaTUCTUYKH 3HA4ajHE Pa3JIHKeE.
Ca mopacToM KOHILEHTpauuje MHHEpaJHHX eJieMeHaTa oOmaja KOHIEHTpaluja YKYMHHX COJXYOMIHHX
nporerHa. CTaTUCTUYKH je 3HAa4ajHO CHM)KEHA KOHLIEHTpalWja MpOoTenHa y KOpeHUMa Onjbaka rajeHux y
TpeTMaHHMa Ca BHCOKHMM KOHIIEHTpalujamMa HyTpujeHata y3 mpucyctBo 20.6 mM NH4NO; (mpu 3b

TpeTMaHy KOHIeHTpaluja nporerna je 1.97 mg g! SM) u 3HauajHO ce pasuKyje 01 OCTAIuX TPETMAHA.

Ta6ena 29. Konuenrpanuja ykynaux conyounnux nporersa (mg g'' SM) y usnaHuuma u KopeHy KiujaHana
Ocimum X citriodorum y 3aBUCHOCTH OJ1 KOJIMYMHE U THIIA HYTPHjeHaTa

H3/IaHAK KOpeH

la 3.70 + 0.28bd 4.25+0.08a
2a 3.77+0.15b 3.37 £0.20b
3a 6.15+0.03a 3.50 = 0.08ab
1b 2.40+0.43¢ 3.95+0.33ab
2b 3.75+0.13d 3.74 + 0.26ab
3b 5.72 +0.28ac 1.97 £0.03¢

Pesynraru cy npencTaBibeHH Kao Cpeliha BPEIHOCT TPU HE3aBHCHA Meperha + CTaHAap/IHa rpeika. Pasndnra cioBa o3HauaBajy
3HauajHe pasmuke (p < 0.05) m3mely Tpermana na ocroBy Tukey Tecra
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4.4. AKTHBHOCT €H3MMCKHX KOMIIOHEHTH 010paMOeHor cucreMa

4.4.1. Axkmusenocm cynepokcuo oucmymase

Pesynratu Mepema aKTHBHOCTH CYNEPOKCHA IUCMyTa3e y paszIMuWTHM OpraHMMa KJiIvjaHara
Ocimum X citriodorum nipuka3anu cy Ha ['papuxony 31.

AHanuzupameM pe3yiTara MOXe ce YBHIETH Ja je OBaj €H3MM II0Ka3ao pa3InYuTe HHBOE
AKTUBHOCTU y 3aBHCHOCTH OJi UCIHUTHBAHOT OMJBHOI OpraHa, ajld M y 3aBUCHOCTH O] KOpuIIheHHX
TpeTMaHa. Y HaJI3eMHUM OpraHMMa KITHjaHala HajHIKe BPEAHOCTH 32 aKTHUBHOCT CYIIEPOKCUA JUCMYTa3e
3abenexxeHe cy npu 3a u 3b TpeTMaHnMa, IPU YeMy HUCY YTBpl)eHe CTaTHCTHYKHY 3HA4ajHe pasinke n3Mehy
OBHX BpegHocTH. /lofaTHo, Kaga Cy y NMUTalky M3AaHIH, CYNEPOKCH AUCMYTa3a je HajaKTUBHHja IpHU
HajHIWKUM KOHLIEHTpallljamMa HyTpHjeHara, Tj. Ipu TpeTManuma 1b u la.

3a KOpEeHCKY aKTUBHOCT CYNEPOKCH JUCMYyTase 3a0eNeeH je Apyraulju TpeH 1 akTuBHOCTH. [Ipu
MUHUMAITHUM KOHIICHTpallljaMa HyTpHjeHaTa, Y TPeTMaHUMa ca HUTPaTHMa Kao TIIABHUM M3BOpUMa a30Ta,
aJM ¥ TIpu KOMOMHOBAHO] a30THO] UCXPaHH, Tj. IpH TpeTMaHy 1b, HUje yTBpheHa CTAaTUCTHYKH 3HAYajHA
pasnrKa y akTHBHOCTH OBOT eH3uMa. MelyyTum, 3HaTHO je yBehaHa akTHBHOCT IpH TpeTMaHuma 2b u 3b,
OIHOCHO ca ToBehameM KOHIICHTpaIldje MOCTYITHUX HYyTpHjeHaTa, y3 MPHUCYCTBO aMOHHjYMOBHX jOHAa,

aKTUBHOCT CYIIEPOKCH]] TMCMYyTa3e ce moBehasna y KopeHy.
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I'pacduxon 31. AKTHBHOCT CYyHNEepOKCHA AUCMYTa3e y H3JaHIMMa U KopeHy Kinjanana Ocimum X citriodorum y 3aBUCHOCTH O]
KOJIMYMHE U TUNA HyTpHjeHaTta. Pe3ynTaTu cy nmpencTaB/beHH Kao Cpelilba BPEIHOCT TPU Meperha + CTaHaap/Ha rpelka. Manium
cioBuMa (a, b, c...) o3HaueHe cy 3HauajHe pasnuke (p < 0.05) n3melhy u3nanaka; BenukuM crosuma (A, B, C...) o3Hauene cy
3Hauajue pasnuke (p < 0.05) u3mel)y kopenosa na ocaoBy Tukey Tecta
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4.4.2. Akmuenocm Kkamanasze

Ha I'padukony 32 npuka3anu Cy pe3yJITaTd Mepermha aKTUBHOCTH KaTalla3e y U3JIaHIIUMa U KOPEHY
knujanana Ocimum X citriodorum.

JloOujenun pesynratu ykasyjy Ja je y HaJ[3eMHUM OpraHMMa aKTHBHOCT KaTajla3e yCIJIOBJhCHA
KOHIICHTPAIMjOM JOCTYMHUX HyTpujeHata. Ca TOpacToM KOHIIGHTpallMje MHHEPAHUX eJeMeHaTa
CHI)KaBa Ce HUBO aKTHUBHOCTH Karajase, Ia je €H3UM HajMamke aKTUBaH y TPEeTMaHMMa Ca BUCOKOM
KOHIICHTpAIjoM HyTpHjeHara. JloJaTHO, HE TIOCTOjU CTATHCTHYKK 3HaYajHA pasiuka m3Mmely pesynrara
nobwjeHnx mpuMeHoM 3a u 3b TpeTMmaHa, Tj. u3Melhy paszmumantux dopmu azota. Mehytum, oBe BpeTHOCTH
Ce CTaTHCTHYKH 3HA4YajHO Pa3NuKyjy y mopehemy ca BpeIHOCTHIMa M3MEPEHNM Yy M3JaHINMa ca IPYTHX
TpeTrMaHna. Takohe, y m3ganmmmMa je 3a0eiie’keH BUIIIA HUBO CIEIU(UIHE aKTHBHOCTH KaTajgase y OqHOCY
Ha KOpeH. Y MMOI3eMHUM OpraHMa KJIMjaHala KaTanasa je Iokas3aia Apyradiji HUBO aKTUBHOCTH Y OJTHOCY
Ha (GopMy MPUMEHECHOT a30Ta. ¥ HUTPATHUM TPETMaHMMa KaTajlaza je HajaKTUBHU]ja y CIydajy HUCKE
KOHIICHTpAITHje MUKPO- I MAKPOHYTpPHjeHaTa (TpeTMaH 3a), IOK je y CITydajy KOMOMHOBaHE a30THE HCKPaHE
0Baj CH3UM HajaKTUBHHU]H Y TIPUCYCTBY BUCOKE KOHIICHTPAIIH]j€ MaKpO- © MUKPOHYTpHjeHaTa (TpeTMaH 3b).
Homarrao, Ocimum X citriodorum je jeMWHA O WCTIMTUBAHWX TEHOTHUIIOBA YHja j¢ aKTUBHOCT KOPEHCKUX
Karasasa, IopeJl KOHIIEHTPAIH]jCKe, TIOKa3alla U 3aBUCHOCT Y aKTHBHOCTH Y OJIHOCY Ha THIT a30THE UCXPaHE.

VYjenHo, 0Baj €H3UM je M0Ka3a0 U APYraulju TPEH aKTUBHOCTH Y HaBEJICHUM TPETMaHUMA.
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paduron 32. Axrusnoct karanase (U mg™! proteina) y usnannuma u kopeny kinujanana Ocimum X citriodorum y 3aBUCHOCTH
0]1 KOJIMYMHE M TUIA HyTpHjeHaTta. Pe3ynTaTu cy nmpencTaB/beHH Kao Cpe/iiba BPEJHOCT TPU Meperba + CTaHIapiHa IpellkKa.
Masum crnoBmMma (a, b, c...) o3HaueHe cy 3Ha4ajHe pasnuke (p < 0.05) m3melhy n3nanaka; BenmukuM cinosuMa (A, B, C...) oznauene
cy 3naudajue pasznuke (p < 0.05) usmely kopeHoBa Ha ocHoBy Tukey Tecta
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4.4.3. Axkmuenocm ackopéam nepokcuoase

Pesynratu nmoOujeHn MepemeM aKTHMBHOCTH acKopOar MEepoKCHia3e y HM3JIaHIuMa M KOpPEHHMa
knujanara Ocimum X citriodorum npukazanu cy Ha ['paduxony 33.

VY uspannuMa knujanana Ocimum X citriodorum TajeHHX Ha HUTPATHUM TPETMaHMMa yodeHa je
CTAaTUCTHYKY 3HAYAjHO HIDKA aKTHBHOCT €H3MMa M3MEpeHa IpH TpeTMaHy 3a y OJTHOCY Ha TpeTMaHe la u
2a. Y mpuCyCcTBYy aMOHHjYMOBHX jOHAa aKTHMBHOCT €H3MMa Takohe omama ca mopacToM KOHIICHTpAIHje
HYTpHjE€HATA, TIPH Y€MY C€ y CBAaKOM OJI OBUX ,,b" TpeTMaHa pe3yaTaTH CTATUCTHYKH 3HAYAJHO Pa3IIUKY]y.
JlomatHo, HajHIKE BPETHOCTH OBOT €H3MMa 3a0eiekeHe ¢y nmpu 3a u 3b TpeTMaHUMa U OBE BPEIHOCTH CE
CTATUCTUYKH 3HAUYAjHO HE pa3uKyjy. KopeHcka akTMBHOCT ackopOar MmepoKchaa3e MmoKaszyje Ipyraduju
TPEH/| y aKTHBHOCTH Y OJIHOCY Ha aKTUBHOCTH OBOT €H3HMMa Koje Cy u3MepeHe y u3nanipma. CTaTHCTHIKA
3HAYajHa pa3iuka y aKTHBHOCTH HHUje yTBpeHa caMmo y CIy4ajy HHCKMX KOHIICHTpaIlfja MHUHEPaTHUX
enemenata (1a u 1b Tpetmanm), 63 003upa Ha IPUMEHEHY (HOPMY a30Ta, TOK CE BPEAHOCTH 3a aKTHBHOCTH
€H3UMa TPU OCTaJVM MPUMCHCHUM TPEeTMaHHMMa CTAaTHUCTUYKW 3HAYajHO pa3nukyjy. Hajumm HUBO
aKTHUBHOCTHU acKoOpOaT MepoKcuiase y NoA3eMHUM opranuma kiujanana Ocimum X citriodorum 3a0enexxeH
je mpu tpermanuma 2b u 3b u go0MjeHe BPEAHOCTH Cy BHIIE y OJHOCY Ha BPEAHOCTU M3MEpEHE Y

n3gaHnumMma.
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I'paduxon 33. AKTUBHOCT acKOpOAaT MepoKCHIa3e y U3AaHIUMa i KOpeHy kiujaHaua Ocimum X citriodorum y 3aBUCHOCTH O]
KOJIMYMHE U TUIA HyTpHjeHaTa. Pe3ynTaTu cy mpeicTaB/beH: Kao cpefmba BpeAHOCT TPH Mepemha + CTaHapIHa rpemka. Mamm
cioBuMa (a, b, c...) o3HaueHe cy 3Ha4ajHe pasnuke (p < 0.05) uzmeljy usnanaka; BenukuM ciaosuma (A, B, C...) o3HadeHe cy
3HauajHe paznuke (p < 0.05) mmehy xkopenosa Ha ocHoBY Tukey Tecta
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4.4.4. Axkmuenocm z2eajaxon nepokcuoasze

CriocoOHOCT TMPOTEMHCKUX eKCTpakaTa kinujaHaua Ocimum X  citriodorum na  Bplie
HEyTpalln3allijy BOJOHHUK-TIEPOKCH A UCITUTHBAHA j& M KPO3 MEPEHE aKTHBHOCTH T'BajaKOJ MEPOKCUIA3e
W THUPOTAION TiepoKcuaaze. Pe3yntatm NOOHMjeHHM MepemeM aKTHBHOCTH TBajaKoJI IEPOKCHIA3e Y
M3IaHIIMMa U KopeHuMa KiujaHana Ocimum X citriodorum nipukaszanu cy Ha [ 'padukony 34.

JloOujern pe3ynTaTH yKas3yjy Ha BHIINH CTETICH aKTHBHOCTH T'BajaKoJ TIEPOKCHIA3e y TOI3EMHIM
y OJIHOCY Ha HaJ3eMHE JieioBe Kivjanana. JloJaTHO, akTHBHOCT HaBEJCHOT €H3MMa je YCIOBJbCHA U
KOHIICHTpPAITHjOM HyTpHjeHaTa, a Y Mamb0j Mepu 1 hopMoM azoTa. be3 003upa Ha kopumrheHe U3Bope a30Ta,
T'BajaKoJI MIEPOKCHIa3a IMOKa3yje UCTH TPEHI aKTUBHOCTH Y ,,a°° U ,,b* TpeTMaHNMa — HajBHIIA aKTHBHOCT
€H3MMa WM3MEPEHA je MPH YMEpPEHO] KOHIICHTpalWju HyTpHjeHata. MelhyTUM, CTaTHCTUYKH 3HAYajHO
yBehaHa akTHBHOCT y M3JaHITIMa 3a0esiekeHa je mpu 2a U 2b TpeTMaHnMa, TOK je CTaTUCTUIKY 3HadajaH
MaJ| y akTHBHOCTH U3MEPEH IIpu TpeTManuMa 3a u 3b.

HajBume n3Mepene BpeTHOCTH 3a TBajaKos IEPOKCHIA3Hy aKTUBHOCT Y KOPEHY T0Ka3aje Cy J1a je
€H3UM aKTHUBHHUjU y TpeTMaHuMa y Kojuma je npucytan NH4NO;. Hajpuie BpeHoCTH Cy U3MEpEHe Mpu
HHUCKOj 1 yMEpeHO] aMOHHjayHoj ucxpanu (1b u 2b Tpermann), npu yemy nsMel)y OBUX TpeTMaHa HHUCY

yTBph)eHe CTaTUCTHYKH 3HaUajHE pa3ivKe, ajlid pa3jIMKe [0CToje y OAHOCY Ha ocTalie KopuliheHe TpeTMaHe.

0.025

0.02 ~

H &

0.015 b B

Ho

i I c M y3naHak

U mg! proteina

0.01 B L B H xopen

e

0.005

0 el - ] - -

la 2a 3a 1b 2b 3b

I'paduxon 34. AKTHBHOCT I'BajakolI IIEpPOKCHa3e y U3aHIMa U KopeHy Kinjanana Ocimum X citriodorum y 3aBUCHOCTH OJL
KOJIMYMHE M TUIA HyTpHjeHaTta. Pe3ynTaTu cy nmpencTaB/beHH Kao Cpelilba BPEIHOCT TPU Mepera + CTaHaap/Ha rpelka. Manum
cioBuMa (a, b, c...) o3HaueHe cy 3HauajHe pasnuke (p < 0.05) n3melhy u3nanaka; BenukuM crosuma (A, B, C...) o3Hauene cy
3Hauajue pasnuke (p < 0.05) u3mel)y kopenosa na ocuoBy Tukey Tecta
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4.4.5. Axkmuenocm nupozanon nepoxcuoaze

Pesynratu noOujeHu MepemeM aKTUBHOCTHU MUPOTANON MEPOKCHIA3E Y Pa3IUdUTUM JEIOBUMA
knujanaria Ocimum X citriodorum nipukasanu cy Ha ['padukony 35.

Kao u y ciydajy rBajakon mepokcumase, IoKa3aHo j€ 1a je MAPOoTranioi MepoKCcuaa3a akTuBHUja y
KOpeHy y mopehemy ca u3JaHmuma. Y U3JaHIUMa, y TpeTMaHHMa ca HHUTpPAaTHOM (OpMOM a3ora,
CTATUCTUYKH 3HAYajaH Taa y aKTUBHOCTH CBHUACHTHPAH j€ TPHW BHCOKO] KOHIICHTPAIMjH HYTpPHjeHaATa
(Tpetman 3a) y omHOCYy Ha 2a 1 la Tpermane. Mako je eH3uM y OBOM THITy TpeTMaHa HajaKTUBHHUJU TIPH
yMepeHoj ucxpanu (2a TpeTMaH), W3MEpPeHe aKTHBHOCTH IPH TpeTMaHMMa la m 2a ce CTaTUCTHYKH
3HAYajHO HE Pa3IuKyjy. Y TpeTMaHMMa KOjH Cy Mopell HATpaTa caapkKajad U aMOHHjYMOBE joHe, HajBeha
AKTHBHOCT TTUPOTAJION MEPOKCHIa3e j€ u3MepeHa pu 2b TpeTMaHy ¥ CTAaTUCTHYKH je 3HA4YajHO Pa3IMdnuTa
y OJIHOCY Ha ocTayie TpeTMaHe. M y kopeHy cy, Kao ¥ y U3/IaHIFIMa, HajBUIIIE BPETHOCTH EH3UMAa H3MEpEeHE
NpY YMEPEHUM KOHIICHTpAIFjaMa HyTpHjeHaTa IOCMaTPaHo Y OJJHOCY Ha THII a30THE McxpaHe. MelyTum,
CTAaTHCTUYKU 3HAuYajHA pa3iuka yTBpheHa je jequHo mpu TperMaHMMa la u 2a y OJHOCY Ha OCTae
TperMane. HajBuily akTHBHOCT MTUPOTajioi MUAMIEPOKCHIA3E je Ipu 2a TpeTMaHy U npaheHa je n3MepeHuM
BpenHOCTHMA y 1a TpeTMany. M3mel)y oBux TpeTMaHa HUje yTBpl)eHA CTATUCTHYKY 3HAYAjHA PA3JINKa, alld

C€ OBC BpCAHOCTU 3Ha‘lajH0 pa3J11/H<yjy y nopeljeﬂ)y ca BpCAHOCTHUMA 3a OCTaJIC TPETMAHEC.
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I'padukoH 35. AKTUBHOCT MUPOTAJION NEPOKCUIA3e Y U3JaHIIMMA U KopeHy Kinujanata Ocimum X citriodorum y 3aBUCHOCTH O
KOJIMYMHE U TUIA HyTpHjeHaTa. Pe3ynTaTu cy npecTaB/beH: Kao cpefmba BpeAHOCT TPH Mepemha + CTaHapIHa rpemka. Mamim
cioBuMa (a, b, c...) o3HaueHe cy 3Ha4ajHe pasnuke (p < 0.05) uzmeljy usnanaka; BenukuM ciosuma (A, B, C...) o3HaueHe cy
3HauajHe pasnuke (p < 0.05) mmehy xopenosa Ha ocHoBY Tukey Tecta
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4.5. AKTHBHOCT (peHIJIaTAHUH AaMOHHUjyM JHa3e

MepemeM aKTHBHOCTU (DEHWIIaJTAaHWH aMOHHUjyM Jina3e TO0OUjeHr Cy pe3yiTaTH KOjHu yKasyjy Ha
pas3nuKe y akTHBHOCTH OBOT €H3MMa y opranuma kiujanaua Ocimum X citriodorum, Ipu 4eMy cy pasiuke
YCIIOBJbEHE KaKO KOHIIEHTPAI[M]OM HYTPH]jE€HATa, TAKO ¥ TUIIOM a30THE UCXPAHE U UCITUTUBAHUM OpPraHuMa
knnjanana. Jlobujenn pesynraru npukasanu cy Ha ['paduxony 36.

VY u3gaHnuMa je oBaj eH3UM M0Ka3a0 Jpyravrju TpeHI aKTUBHOCTH Y OJTHOCY Ha (JOpMY JOCTYITHOT
azota. MelhytuMm, yTBpheHO je ma je pa3iuka y akTUBHOCTH (DeHIJIATaHUH aMOHH]yM JIHa3e CTATHCTHIKH
3HAaYajHa CaMo y CiIy4ajy HUCKE KOHIICHTpAIldje MHHEPAITHHUX ejieMeHaTa M KOMOMHOBaHe (opMe a3oTa
(TpetMan 1b) 1 y 0BOM TpeTMaHy je aKTHBHOCT HaBEJICHOT €H3MMa BUIIIECTPYKO HIDKA y OJHOCY Ha OCTalle
KoputniheHe TpeTMaHe.

CynpoTHO W3IaHINFMA, y TTOA3EMHAM OpraHuMa KiujaHara Ocimum X citriodorum CTaTUCTHYKH
3HAYajHa pa3iiKa y aKTUBHOCTH (eHHIAJIAHWH aMOHHjyM JIa3e yodeHa jé caMO y CIIy4ajy HajBUIIE
3a0eNieKeHe aKTHBHOCTH OBOT €H3HMMa, U TO Y TPETMaHy ca BUCOKOM KOHIICHTPAIMjOM HyTpHjeHaTa U
koMOnHOBaHOM (hopMoM a3oTHe ucxpane (3b Tperman). Usmehy ocramux tpermana (la, 2a, 3a, 1b u 2b)

HUCY YTBphEHE CTATUCTUIKH 3HAYajHE PA3JINKE Y aKTUBHOCTH KOpPeHCKe (heHUITAIaHUH aMOHH]yM JTHa3e.

0.008
A
0.007
a a
0.006 I a I
B I B
a a
= 0.005 T B 5
z B B
%D 0.004 Uuznanak
= H KopeH
0.003 b
0.002 I
0.001
O | S— _— | — - | S— | M—
la 2a 3a 1b 2b 3b

I'paduxon 36. AkTUBHOCT ()eHMUITANIAHUH aMOHH]jYM JIMa3e y U3JaHIuMa U KopeHy kiujanaua Ocimum X citriodorum y
3aBHCHOCTH 0J] KOJIMYUHE U THIIa HyTpHjeHarta. Pe3ynTaTu cy nmpeicTaB/beHH Kao CPe/iba BPEIHOCT TPU Meperha + CTaHIap/IHa
rpeuika. Manum cioBuma (a, b, c...) o3Hauene cy 3Ha4ajHe pasnuke (p < 0.05) nuzmely usnanaka; Benukum cinosuma (A, B, C...)

o3HaueHe cy 3HauajHe pasnuke (p < 0.05) u3mely kopenosa Ha ocHOBY Tukey TecTa.
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4.6. He-eH3uMCKe KOMIIOHEHTe 0A0paMOeHOT cucTeMa

4.6.1. Konuuuna yKynnux ¢peHonnux jeourberna

Konnunna ykynHHX (EHOTHUX jeAWmEeHha KBAaHTU(UKOBAaHA je Yy U3JaHIMMa W KOPEHUMa
knujanara Ocimum X citriodorum, a pe3yiaTaTd Mepema OBe TPYIe CEKYHJAPHUX METa0OoIUTa MPUKa3aHu
cy y Ta6emu 30.

VY Haj3eMHUM OpraHuMa KOJIM4MHa YKYIHUX (PEHOIHUX jerbera je y oncery ox 53.39 no 108.86
GAE mg"! SM, 10K je y HOJ3eMHUM OpraHMMa M3MEPEHA KOIMYMHA YKYIHHMX (DEHONHHX jeIUIbErha Y
omcery on 93.24 no 110.40 GAE mg' SM. Hajseha xonuuuna y u3gaHmuma 3a0enexeHa je npu 3b
tpermany (108.86 GAE mg' SM) m 0Ba BpeIHOCT je CTATUCTMYKM 3HAYAjHO PA3IMUMTA y OAHOCY Ha
BPEITHOCTH M3MEPEHE NP OCTAJIMM TpeTMaHuMa. HajHmka KoNM4YMHA YKYNMHUX (EHOIHHX jelIUbCHA Y
u3JaHIMMa u3MepeHa je npu 1b tpermany (53.39 GAE mg™! SM), npu uemy usmel)y oBe u BpemHOCTH
M3MEpPEHE MPH OCTAINM TPETMaHUMa TaKohe MOCTOoje CTATUCTHYKH 3HAYajHE pa3IIuKe.

Y no3eMHHM JIeJI0BUMa KITMjaHaIa u3MepeHa je Beha kommunHa yKymHUX (DEHOTHUX jeIUbEmha Y
OIHOCY Ha u3aanke u Hajseha kommumna (110.40 GAE mg™! SM) usmepena je npu tpetmany 1b u npahena
je BpemHocTuMa 100ujeHnM 3a KopeHe ca TpetMana 2a (110.03 GAE mg™! SM), npu uemy Hucy yrBphene
CTATUCTUYKHM 3HA4YajHE pasivKe y BpeaHocTuMa u3Mel)y oBa nBa Tpermana. Hajumka BpeaHoCT
€BUJICHTUPAHA j¢ Y KOPEHNMa TajeHUM TP HUCKUM KOHIIEHTpaIryjaMa HyTpHjeHaTa ca HATpaTUMa Kao

rJIaBHUM M3BOpoM a30Ta (93.24 GAE mg!' SM npu tpetmany 1a).

Tab6ena 30. KonnunHa ykynHUX (EHOTHUX jeMbCHba, KONNYNHA (PJIaBOHOWAA U YKYIIHA aHTUOKCH/IATUBHA aKTHBHOCT
y M3faHOMMa U KopeHy kinujaHana Ocimum X citriodorum y 3aBUCHOCTH OJ] KOJIMIHHE 1
THUIIa HyTpHUjeHarTa

KOJIMYHMHA YKYMHUX ()eHOTHHX
jennmema
(GAE mg! SM)

KOJIH4Y4HA (1aBoHONIA
(RUE mg'! SM)

YKYIIHA AHTHOKCHIATHBHA
akrusuoct (ICso, pg mLY)

TpeTMaH U3aHAK KOpeH Hzpanak KOpeH HM3IaHAK KOpeH
la 64.28 + 0.86¢ 93.24 +0.46b 18.84+£0.21a 7.89 £0.24a 80.23 £0.40a 40.15+0.72b
2a 6122+0.54c  110.03+2.02a  13.29+0.29%¢ 7.11 £0.36b 92.03 £0.30a 30.79 £0.53b
3a 7858 +£1.41b  97.74+043ab  13.26 +0.21c 7.19£0.17ab 55.77+0.93a 48.39 +0.48a
1b 53.39+0.88d 110.40+1.18a 19.13+0.27a 7.23 £0.27ab 8524+0091a 32.99+0.71b
2b 7929+1.10b  98.79+0.38ab  17.44+0.12b 7.37 £0.29ab 55.34 +0.96a 30.50 £ 0.87b
3b 108.86 £1.23a 108.47+1.07a  12.62+0.12d 7.14+£0.17ab 43.83 £0.36b 33.21 +1.05b

Pesynraru cy npencTaB/beHH Kao Cpeliihba BPEJHOCT TPU Mepera + CTaHAap/Ha rpenika. PasmnunTa cioBa o3HadaBajy 3Ha4ajHEe
pasnuxke (p < 0.05) usmelhy Tpermana Ha ocHOBY Tukey Tecrta
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4.6.2. Konuuuna ¢pnasonouoa

Konnuuna dpnaBonounna je xox Ocimum X citriodorum KBaHTU(QUKOBAHA Y U3AaHIIUMA U Y KOPEHY.
Pesynratu mepema konuuuHe (praBOHOUIA, H3pAXKEHE KPO3 CKBUBAJIICHT PyTHHA, NpUKa3aHu cy y Tabemu
30.

VY HaJ3eMHHM JIeIOBUMA KJIMjaHalla U3MepeHa KoJMYrHa (IIaBOHOHIA j€ Y OTCETY BPETHOCTH OJ1
12.62 no 19.13 RUE mg! SM u npumeTHO je 1a je oBa rpyna (PeHOIHHX jeqMmemba MoKasaaa I03HO-
3aBUCHU TPEHJ] Y CHHTE3H, Tj. Ca CMamkheHh-eM KOHIICHTPAITH]e JOCTYITHIX HyTpHjaTa nmosehasa ce KoandInHa
oBux MetabonuTa. Mako je najpeha konmuuna GrnaBonouga nzmepena npu tpetMany 1b (19.13 RUE mg'!
SM), Huje yTBpheHa CTaTUCTUYKK 3Ha4YajHA pa3nuka m3Mmel)y Tpermana 1b m la (M3MepeHa KoIWIHMHA

¢naBoronma mpu tperMany la je 18.84 RUE mg!

SM). CraTUCTHYKH 3HAYajHO HIDKA KOJWIMHA
MeTtabonuTa nu3mepena je npu tpetMany 3b (12.62 RUE mg™! SM).

V KkopeHy je konnuuna GraBoHouaa y oncery speaaoctu og 7.11 no 7.89 RUE mg™! SM, npu uemy
je HajHMKa KOJIMYMHA U3MEpeHa MpH 2a, a HajBuIIa IpH 1a Tpermany. OBO Cy yjeIHO U jeJUHU TPETMaHH
u3Mely kojux je yTBpeHa CTaTHCTHYKM 3HayajHa pa3ivKa Y KOHIEHTPaLHWju OBe Tpymne (HEeHOIHUX
jenumema. Kao u y ciydajy octanux MCIUTHBaHMX T'€HOTUIIOBA, NIPH HABEACHUM YCJIOBHMAa KOJIMYHMHA

(naBoHoMA je u kox renotuna Ocimum X citriodorum ycnoBJbEHA, TIPE CBETa, KOHIICHTPAIINjOM MHUKPO-

W MakpOHYTpHjeHaTa, 10K opMa a30Ta HHje UMalla 3Ha4ajaH yTHLa].

4.7. YKynHa aHTHOKCHUIATUBHA AaKTUBHOCT

Pesynratu noOujeHn MepemeM YKYITHE aHTUOKCUIATUBHE AaKTUBHOCTH Pa3lIMUUTHX JCIIOBa
ximjanana Ocimum X citriodorum nipukasanu ¢y y Tademn 30.

V wm3mannuma cy pobujene ICsy Bpenmoctn y omcery ox 92.03 no 43.83 ug mL. Hajseha
criocooHocT HeyTpanmusanuje DPPH pamnkama noOujeHa je 3a m3maHke rajeHe Ha 3b TpeTMaHy W OBa
BPEIHOCT CE€ CTATUCTHYM 3HAYajHO pa3linKyje y mopehemy ca BpeIHOCTUMA M3MEPEHUM IPH OCTAINM
TpermMannMa. Mimel)y BpeTHOCTH U3MEpEHNX y eKCTPaKTHMa H3JlaHaKa TajeHrX Ha OCTAIMM TPeTMaHUMa
HUCY YTBpeHE CTAaTUCTUIKH 3HAYajHE PA3IUKE Y YKYITHO] AHTHOKCHIATUBHO] aKTUBHOCTH.

Y momzeMHHM oprammMa kiawjaHana Ocimum X citriodorum TeHepamHo je yTBpheHa Oospa
crtocooHocT HeyTpanusanuje DPPH panukana, mpu gemy cy nsmepene 1Cso BpemaocTn y omncery ox 48.39
1o 30.50 pg mL!. Hajsehy ykynmHy aHTHOKCHIATHBHY aKTHBHOCT IIOKA3aJld Cy €KCTPAKTH KOPEHOBA

KIMjaHala TajeHux Ha 2a TpeTMaHy, Meh)yTuM M 3a KOpeHe KJIMjaHala rajeHMX Ha CBUM KOpHUIIheHUM
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TpeTMaHUMa MOXKE C€ KOHCTaTOBATH BHCOKA CIIOCOOHOCT HEYTpalIn3aluje CII000IHIX paarKaia U BUCOKA
YKyIIHa aHTHOKCHIATUBHA akTHBHOCT. CTAaTHCTHUYKM 3HAa4yajHa pa3jivka yTBpheHa je caMo y ciydajy

kopeHoBa Ocimum X citriodorum TajeHuX Ha TpeTMaHy 3a.

4.8. Konuenrpaumja py3MapuHcke U KO(eHHCKe KUCeJINHe

Pesynratn noOujenn kBaHTH(UKaIMjoM onadbpannx denomanx kucenmmana HPLC meromom y
METaHOJIHMM €KCTpaKTHMa M3IaHaka u kopeHa Ocimum X citriodorum nipukasanu cy y Tabemu 31.

MepemeM KOHIICHTpaIlije py3MaprHCKe KHCEIHHE Y U3/IaHIIMa IOOUjeHE Cy BPEAHOCTH Y OTICETY
ox 13.0 go 32.5 mg g'!. Hajseha xoHuEeHTpannja OB KUCEIMHE M3MEPEHA j€ Y eKCTPAKTUMa M3JaHaKa
rajeHuX Ha HUTPATHOM TPETMaHy Ca yMEPEHOM KOHIICHTpAIlMjoM HyTpHjeHaTa (TpeTMaH 2a), aliu Cy
3Ha4YajHe BPEIHOCTH M3MEpPEHe npu Tpermanuma 3a (28.5 mg g') m 3b (25.1 mg g'). Usmehy oBux
TpeTMaHa HHCY YTBpheHE CTAaTUCTHYKW 3HadajHe pa3inke. HajHmka KOHIIGHTpamuja py3MapHHCKE
KHCEJIMHE je W3MepeHa y W3AaHIuMa IMpu TpeTMaHy lb m mpaheHa je BpemHOCTHMMa TOOWjEHUM TIpH
tpermany la (19.7 mg g'), 6e3 CTaTUCTUYKKM 3HAYAjHUX pasiuKa u3Mel)y HaBeIeHUX BPEIHOCTH.

V kopeny je u3mepena Beha KOHLEHTpaLyja py3MapruHCKe KUclienHe y nopehemy ca uzganuuma (y
orcery Bpeanoctu of 20.3 1o 39.2 mg g'!). Hajseha konuuuna oBe KucenauHe N00MjeHa je Y KOpeHHMa
Ouspaka ca TperMaHa 1b, a 3Ha4ajHe KOHLIEHTpalMje Cy J0OMjeHEe U y KOPEeHUMa ca HUTPATHUX TpeTMaHa
(,,a“ Tpermanm). M3mely BpenHOCTH ca OBHUX TpeTMaHa HUCY YTBpleHE CTATHCTHUYKU 3HAauyajHE pasiiuKe.
Hajumxa konueHTpanuja 3a0enexeHa je mpu TpeTMaHy la u mpaheHa je BpeaHomhy H3MEpeHOM Yy

KopeHuMa ca TpeTMana 2b (22.8 mg g™') u u3mel)y 0BUX BpeIHOCTH HEMA CTATUCTUYKY 3HAYAjHUX PA3JIUKa.

Tabena 31. KonnenTpanuja py3mMaprHCKe 1 KOQEHHCKe KUCEINHE Y H3IaHIIMa ¥ KOpeHy KIIMjaHana
Ocimum X citriodorum y 3aBUCHOCTH OJ KOJMYHHE U THIA HYTPHjeHAaTa

py3MapHHCKAa KHCEeJIHHA KO()eMHCKA KHCeJnHA

(mg g™ (mg g™
TpEeTMaH H3JaHaAK KOpeH H3JaHaAK KOpeH
1a 19.7 = 1.0b 287+1.5b  0248=0.02b  0.1830.01b
2a 325+1.7a 296+1.5b  0.301+0.02c  0.182+0.01b
3a 28.5+1.5a 282+15b  0256+0.02b  0.289+0.02a
1b 13.0£0.7b 3924+20a  0.116+0.0la  0.198+0.01b
2b 20.1+ 1.0b 228+12c  0.135+00la  0.121+0.01b
3b 25.1+13a 203+1.1c  0216+0.01b  0.112+0.01b

Pesynraty cy npecTaBibeHH Kao Cpeiiba BPEAHOCT TPU Mepera + CTaHJapAHa Tpelika. Pa3nmuuunra ciioBa 03HauaBajy 3HaYajHe
pazmuke (p < 0.05) usmehy Tpermana Ha ocHoBy Tukey Tecta
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MepemeM KOHIEHTpaluje KOQenHCKe KUCeNnHEe Yy H3JaHurMa U KopeHy kiaujanana Ocimum X
citriodorum nobujene cy BpeqHocTH npukazane y Tabenu 31.

Nsmepena koHIeHTpaluja oBe (PeHONIHE KUCEIMHE Y U3JIaHIIMMa je y orcery BpeaHoctu ox 0.116
no 0.301 mg g'. Hajseha koHueHTpamuja U3MepeHa je y M3JaHIMMa ca 2a TpeTMaHa U u3Mel)y oBe
BPEIHOCTH ¥ BPETHOCTH KOje Cy U3MEPEHE MPHU OCTAIIMM TPETMaHUMa YTBPHEHA j€ M CTATUCTUYKH 3HaYajHa
pasnuka. Hajarmka BpeqHOCT Ko(permHCKe KUCeTMHE U3MepeHa je y m3nannumMa ca 1b tpetmana u npahena
je BpeaHocTHMa M3MepeHuM npu Tpetmany 2b (0.135 mg g'), npu ueMy Huje yTBpheHA CTATUCTUYKH
3Ha4YajHa pa3iauka n3Mehy oBUX TpeTMaHa.

Kana cy y nutamy KOpeHH KiHjaHala, i3MepeHe KOHIICHTpaIHje KO)EeHHCKE KHCEIMHE CY Y OTICery
speanocty ox 0.112 mo 0.289 mg g'!'. Hajseha konuenTpanumja kopenHcke KUCeIUHe 3abenexena je Ko
eKCTpaKaTa KOpeHa rajeHux y 3a TpeTMaHy u u3Mmel)y oBe BpeIHOCTH M BPEAHOCTH U3MEPEHE MPH OCTATUM
TpeTMaHuMa yTBpheHa je W CTAaTHCTUYKM 3HAa4YajHA pa3nuka. HajHmke BpPEIHOCTH €BHIACHTHpAHE CYy Y
xopennma ca 3b (0.112 mg g!') u 2b tpermana (0.121 mg g!), npu uemy ce oBe BE BPEIHOCTH CTATHCTUYKI

3HAYajHO HE PA3IHUKY]y.
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JAUCKYCHJA

Hayuna gocturayha u ;uxoBa mpuMeHa y 00y1acti OnybHe (U3HOJIOTH]€ B OMOXEMH]je TIOCTHKY Ce
HE CaMO YyCaBpIIaBameM MPEIU3HOCTH AOCTYITHUX AaHAJIUTHYKAX METONa, Beh W MOAEpHH3AIlHjOoM
MIPUCTYTIAa Y KPEeHparmky HOBUX MOJIEI-CHCTeMa KOju oMoryhaBajy m3ydaBame KOMIUIEKCHUAX TIPOIleca KOju
ce JIelaBajy y MHTAKTHUM OrbkaMa. Meljyy TakBUM CHCTEMHMa KOjH C€ aKTHBHO NMPUMEY]Y Y OMIBHO]
(dbm3uonoruju 1 OMOXEMUJU jecy | in vitro KynTuBanuja OnpHUX henwja, TkuBa u oprana (Kuzovkina u
Vdovitchenko, 2011).

Hanac ce in vitro xynTypa Omipaka YCIOCTaBJba PYTHHCKH TIOJ] aCENTHYHHUM YCIIOBUMa W
TTOCIIEIIbUX TOMHA j€ WHTEH3UBHUPAaHa, TIPe CBETa 300T e(hUKacCHE MPON3BOIHE CEKYHIAPHUX MeTaboIITa
Oompaka. MehyTtum, morenkohe 1 HeyCHeCH KOjU HACTa]y Y TAKBUM IIPOIECHMa YTIIABHOM CY ITOCIISINIA
HEJI0BOJBHO pa3jallllbeHUX MyTeBa CHHTE3e CeKyHaapHux meradonuta (Karuppusamy, 2009). IIpennoctn
Pa3BHjEHOT in Vitro CUCTEMa y OJHOCY Ha IUIAHTAXKHU HAYWH rajema Omibaka orjienajy ce, mpe cBera, y
kopumhewy acenTHYHUX MEJIjyMa jacHO e(UHUCAHOT cacTaBa, 6e3 morpeda 3a JOJaTHUM HYyTPUTUBHUM
CYIUIEMEHTHMA, a y3 Mame pajHe cHare U pusuukor mpoctopa. CBe oBe MpeaHoCcTH oMoryhaBajy u Jiakiry
o0pany maTepujaia y3 edukacaH CKpMHHHT AoOujeHor OmspHOT Martepujana. JomaTHo, y mopehemy ca
XUJIPOTIOHUYHUM KYJITYypaMa, in Vitro CUCTEM y 3HATHO Mam0j MEPH 3aXTeBa YIOTPeOy CIEIH]jaTu30BaHIX
WHCTpYMEHaTa, TEXHUUKUX BEIITHHA, paja 1 eHepruje (Srivastava u cap., 2014).

Jlo naHac mocToju BeMKH Opoj JINTepaTypHUX MOoJaTaKa KOjH C€ OJIHOCE Ha PAa3JIU4UTE OOJIUKE in
vitro Kynrype npejctaBHuka gpammigje Lamiaceae. Mehytum, y nopehemy ca octaium npeacTaBHAIIIMA
OBe (haMuUJIHje, UITaK je HeIOBOJhaH Op0j UCTpaKUBamka U3BPIIICH Y 71 Vitro yCIIOBAMA ca IpeICTAaBHAIIIMA
poma Ocimum ¥kao 00jeKTUMa HWCTpaKWBamba. EKCIEPUMEHTATHUM pagoM CIPOBEICHUM Y OBOM
WCTPaXUBamky YCIEIIHO j€ YCIIOCTaBJbEHA in Vifro KyATypa KiMjaHala YeTHPH pPa3InduTa T€HOTHIIA
OocmbKa, a MOOWjeHH pe3yiTaTH, IOoped pa3jallmbaBamka HHTPACTICITH]CKIX pasiiuka y (GU3NOJIONIKAM |
OMOXEMHUJCKUM OATOBOpHMAa OOCWJbKAa Ha HYTPUTHBHH CTpPEC, OMOryhaBajy W jacHO IeHHHCAbE
HYTPUTHBHHX 3aXTeBa IOjeIMHAYHUX T€HOTHIIOBA y3 MHHHMAJHE CcTpecHe oarosope. JlomaTHo, jacHO
nedUHHICAH cacTaB MeaIrjyMa oMoryhasa ycIentHo Kopumheme KyaType KiTrjaHara Kao jeHOT o1 HaunHa
MOYETHE KyJNType eKCIUIaHaTa MOMONhy KOjuX ce Jajhe MOTY YCIIOCTaBUTH M HEKW APYTH OOJHUIH in Vitro

KyAType 60CHIbKa, a y3 MUHUMATHE TOJaTHE TYONUTKE CpeIcTaBa U MaTepHjaa.
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CanuHuTeT je jenaH o] HajUHTEH3WBHHUjUX aOMOTHYKHX (aKTopa ca AECTPYKTUBHUM €(EKTOM Ha
Mopotoike, OnoxemMujcke U (QUIUOIONIKE Ipolece koa Omibaka (Gengmao u cap., 2015; Hamada
AbdElgawad u cap., 2016). [To3HaTo je 12 HUCKE KOHIICHTPAIIH]€ COJIM TIPEACTaBIbajy 0Jiaxu 00JIMK cTpeca
3a OMJBbKE U JIa Y TIPUCYCTBY HUCKHUX KOHIIEHTPAIMja COJIU MeTaboIn3aM Ousbaka (DyHKIIMOHUIIIE YTIIABHOM
y3 Onare mpoMeHe, JOK BHUCOKE KOHIIEHTpalHje COJM IPEICTaBJbajy WHTEH3UBHHU]H CTPEC KOJH MOXKE
JIOBECTH JIO 3HAUYajHUX MeTabonmukux omrehema n mHXuOMIMje pactema n passuha (Vujicic, 2016).
Edexat xoju mpucycTBO comnu (y Mam0j Wiu Behoj KOHIIEHTpaIlj 1) W3a3uBa Ha pacTemke U pa3Bruhe Onshaka
BpJIO je CIMYaH, ca jeqHe CTpaHe, HyTPUTHBHO] ACTIPUBAIIH]jH, Tj. HEAOCTATKY HyTpHjeHATa, alld ca APYTe
CTpaHE W BUINKY HyTpHjeHaTa. [IpHcycTBO HAaTpHjyM XJIOpHAA y TOJIO3M HAa KOjOj ce OMJbKa pa3BHja
TUPEKTHO YTHYE Ha pacTelmhe M pa3Buhe OMJbKe 300T OTekaHE aICOpIIHje XPAHJPUBUX MaTepHja, Ia je
CMameHO pacTeme npalieHo TAKO3BaHHM ,,IIaJI0BamheM ™ OUIbKE W HApyIIaBambeM ariCOPIIIIje MUHEPATHUX
marepuja (Daji¢, 2006). Ca npyre cTpaHe, MeXaHH3aM KOjUM COJIM HHXHOMPA]y pacTeme U pa3Bruhe Onsbaka
Yy BE3W je M ca TOKCHYHHM [ISjCTBOM BHIIIKA COJHM y TOMIO3H — edeKaT KOju MPOM3BOAM W BHUCOKA
KOHIICHTpaIja HyTpujeHaTa y menujymy (Polesskaya u cap., 2006). Umajyhu y Buny edexre xoje conn
MOTY OCTBapUTH Ha pacTelme M pa3Buhic Ousbaka, MPBU N0 UCTPAXKUBAHKA IMMOJpa3yMeBao je mpaheme
MPOJIOHTHPAHOT JICJIOBakha PA3NIMYUTUX KOHICHTpAllMja HATPUjyM XJIOPUAA Y in Vitro yCJIOBUMa W
eBHIEHTHpame eekaTa OBOr cTpecopa Ha MPOCTOPHE M BpEeMEHCKe MpoMeHe kiujaHaua. CrpoBeneHH
SKCIIEPUMEHTH UMalli CY 3a IIJb €Ballyalldjy in Vitro KynType KidjaHala Kao IMOTEHIWjATHOT CUCTeMa 3a
npaheme QU3HOIOMKUX U OMOXEMH]CKHX MPOMEHA Pa3IMYUTUX TeHOTUIIOBA OOCHIBbKA.

Pacreme je ko Ousbaka y JUPEKTHO] BE3H Ca MHTCH3UBHHUM Jieo0ama henrja MepucTeMCKOr TKUBA.
PenykoBaHo pacreme Kao NMpHUMapHU OATOBOp Ha CAJMHM3ALHU]y HOAJIOTE y BE3H je, Mpe CBera, ca
TPaHCHOPTOM HATPHjYMOBHX jOHA JI0 amuKaiaHux mepucrema crabna (Lazof m Bernstein., 1999; Daji¢,
2006). Tpen nHXHOMpaAHOT pacTea U pa3Buha youeH je Uy ciydajy in vitro rajeHux kiujanaua Ocimum
basilicum var. minimum, TIipu yeMy je HajBeha nHXUOWIMja 3a0enekeHa mpy HajBehoj KOHIIEHTpaIHji OBOT
CTpecHOr areHca. PeqykoBaHa JyKHHA M peIyKOBaHA CBEXa Maca M3JaHaKa M KOpeHa KJIHjaHara OBOT
reHotuna OOCHJbKa BEPOBATHO Cy TIOCICOHUIIA OTESKAHOT YyCBajarha MaKpOo- M MHUKPOHyTpHjeHaTa W3
MeadjymMa, Tla cCaMHM THM M HapyllaBamka MeTaOOIMYKMX W OMOXEMH|CKHX TIpolleca ITOBE3aHHX ca
pactemeMm U pasBuliem. Pedynrtatu cy y ckiaay ca NPETXOJAHUM HCTPaKHBambHMMa CIPOBEJCHUM Ha
pazmmauTuM coptama 6ocmibka (Tarchoune u cap., 2012a; Bekhradi u cap., 2015; Shao u cap., 2015).
Penmyxiuja myxnHe KOpeHa TEK HaKOH 28 JMaHa W CTUMYyJalldja V U3MyKHBamkby KOpeHa TOKOM IIPBE TPH
HeJleJbe, Y3 UICTOBPEMEHY PeIyKIIH]y Ay KUHE U3laHaKa, yKa3yjy Aa ce aacopOoBaH! jOHU AUCTPUOYHPAjy

Ha opra”o-cnernupuIad HaduH, MTOo je moTBpheHo u o ctpane Srinieng u cap. (2015) koju Cy HCHUTHBAIH
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pa3Boj KJIMjaHalLa pa3IMuNTHX BapujeTeTa napajajsa y in vitro ycIOBIUMa IIPY KOHIIEHTpALjaMa HaTPHjyM-

xynopuaa oz 0, 5, 10, 25 u 50 mM.

PeakTuBHE BpCTE€ KHCEOHHMKA T€HEpHINYy ce y OWbHMM henvjama Kao HEW30€KHH MPOAYKTH
(hM3HOIIOIIKKX Tpoleca Ko Ousbaka, ajau M yclieJ HEMOBOJHHUX YCIIOBAa KOjU HApyIIaBajy XOMEOoCTasy
ownpaka (Karuppanapandian u cap., 2011; Jakovljevi¢ u cap., 2017a). Canuauter Takohe HOBOIM 10O
(opMupama peakKTUBHUX BpPCTa KHCEOHHMKA y OwsbHUM henmjama, mTo Jabe pe3yiTHpa aKTHBHPAHEM
CH3UMCKUX M HE-CH3UMCKUX aHTHOKcuaaHaca. lloBehaHa akTHMBHOCT KOMIIOHCHTH aHTHOKCHIIATHUBHE
3aIITUTE KA0 peakiidja Ha CTPEC M3a3BaH COJIMMA 3allaKeHa je y BEJIMKOM Opojy CTyAWja W yKasyje Ha
3Ha4YajHy yJIOry OBHX 0J0paMOEHHMX KOMIIOHEHTH Yy YCJIOBHMMA CTpeca M3a3BaHOT coimMa. Mako 1o camga
HUCY WASHTH(PHKOBaHE aHTHOKCHIATHBHE KOMITOHEHTE CHEIM(HIHO Be3aHe 3a CAIMHUTET, 32 OBaj THI
cTpeca Be3yjy ce crennduanu Gu3noaomkn u onoxemujcku mexaammu (Hamada AbdElgawad wu cap.,
2016). [ToBehana akTUBHOCT, ali U yCKiIah)eHOCT Y aKTMBHOCTHMA aHTHOKCHIATHBHUX CH3UMA, IIPE CBeTa
CYTIEpOKCH]] AWCMYyTa3e, Karajaze W TepOKCHaas3a, JaHac ce, TeHepallHO, CMaTpajy aJalTHBHUM
CTpaTerdjaMa BpCTa TOJEPAHTHUX Ha CTpec m3a3BaH cosmma (Jamieson, 1998; Daji¢, 2006; Jia u cap.,
2015).

[Ipu uctpaxxkupamruMa (GU3HOIOMIKAX OATOoBopa kinujaHana Ocimum basilicum var. minimum Ha
MIPOJIOHTHPAHN COHM cTpec 3a0eeKeHo je Ja jeé aKTUBHOCT CYIEepPOKCHI ANCMYyTa3e MHIyKOBaHa MPBHUX
Hezesba in Vitro pactema u pa3suha (MakcuMmaliHe akTUBHOCTH Ipyre U Tpehe Henesbe), a KOHCTaTOBaH je
naj akTUBHOCTH Ha Kpajy ekcrnepuMeHTa. Moke ce 3aK/by4YHMTH [1a je €H3UMCKH CHCTEM CYNEPOKCH[
JUCMyTasa y MiaauM Ousbkama (IIpBa HeZesba pa3Boja) HEAOBOJAHO Pa3BHjEH Jla OATOBOPH HA YCIIOBE
cTpeca y OIHOCY Ha HMCTH CHCTeM JApyre W Tpehe Hexesbe pactema W pasBuha. [lociemuunu man y
AKTUBHOCTU HACTYyNa WM YCJIEJ pa3Boja U aKTHUBHOCTH JPYTHX €H3MMa KOjH Tpey3uMajy (yHKIH]jY
yKIlamamba CII000JHUX pauKalla, WIK yCie] pa3Boja He-eH3UMCKUX KOMIIOHEeHTH (Srinieng u cap., 2015).

Pesynratu nobujeHn MepemeM KaTana3He aKTUBHOCTH yKa3yjy Ha 3HAYajHy YJIOTY OBOT €H3UMa y
YKJIalkhaky BOJOHUK-TIEPOKCHIA U3 U3[aHaKa Y paHuM (ha3ama pa3Boja v MpHU IMPBOM KOHTAKTYy KJIHjaHala
redotuna Ocimum basilicum var. minimum ca BOIOHHUK-TIEPOKCHUIIOM, TIPU YEMY OBaj €H3MM IOKa3yje
BHIIIECTPYKO HIDKE aKTUBHOCTH y KOPEHY, TJ€ je MHIYKOBaH TeK y KaCHHjuM (hazama pa3Boja. 3HadajaH ma
Yy aKTUBHOCTH KaTajia3e y m3gannrMa 21. qana Moxke OWTH TIOCTenIia CTBapamka HEMOBOJFHUX YCIIOBA 32
AKTUBHOCT OBOT €H3VMa WJIM HapyIIeHe CHHTEe3€ MPOTEHHA YCIIeI OTeKAaHOT yCBajara joHa U3 MEAH]jyMa.
[locmeamauam ToOpacT y akTHBHOCTH KaTalla3e HACTylla BEPOBATHO yCie aKInMaTH3allje MIIaJInX
KJIMjaHaa " de novo CUHTE3e MPOTEHHA U CaMOT €H3MMa.

['maBHM TPOAYKT aKTUBHOCTH CYNEPOKCH[ AWCMYyTa3e — TOKCHYHU BOIOHHK-TIEPOKCHII, TIOPEI

Karaja3e, MOke OWTH YKIOHEH W €H3UMEMa U3 TPYIe MepoKcHaaza. ¥ OBOM €KCEepHMEHTATHOM eIy
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WCIIUTHBAHHU Cy I'BajaKoJjl MEPOKCHIa3a U MUPOTaIoa Nepokcuaasza. Mlako akTHBHOCT HaBEJICHUX CH3MMA Y
MOjeIMHUM MepemHMa omaja, npuMeheH je MCTH TPEeH]Il Y aKTUBHOCTU: y TOKY pa3Boja KiWjaHala,
AKTUBHOCT TBajaKOJ MEPOKCUAA3C U MHPOTAION EPOKCUIA3e PacTe, MPH YeMy j€ T'Bajakojl MUPOKCHIa3a
aKTuBHUja y kopeHy. JlokazaHo je na moBehame aKTHBHOCTH aHTHOKCHIATHBHHX CH3MMAa y YCIOBHUMA
CTpeca M3a3BaHoT coJinMa Moke roBehaTu ToJIepaHTHOCT OMsbaka Ha 0Baj HeraTuBHH (akTop (de Azevado
Neto u cap., 2006; Valderrama u cap., 2006; Aghaei u cap., 2009). [lorehana akTHBHOCT IepoOKCHAa3a y
ximjaamuma Ocimum basilicum var. minimum TOKOM in Vitro pa3Boja TMOJ CTPECHHM YCJIIOBHMAa MOXKE
3aIITUTATH OBAj TEHOTHIT Of OKcuaanmuoHor omrehema. [lag y akTHBHOCTH CYIIepOKCHA AucMyTase 28.
JlaHa HaKOH MPETXO0JHO YOUeHOT nmoBehama akTHBHOCTH, 3aj€JTHO ca MPOTPECHBHUM NOPACTOM aKTUBHOCTH
mepokcumasza, cyrepunry ma SOD-POX cumcremMm MOTry TIpeACTaBhaTH KPYIMjATHH TPOTEKTHBHH
Mexanusam 3a Ocimum basilicum var. minimum y ycIoBHUMa cTpeca n3a3BaHor coimma. [Ipema Bajpai u
Srivastava (2015) akTHBHOCT CYNEpOKCHI AWCMYTa3e j€ WHIYKOBaHA y CTPECHHM YCIOBHMA Ca IHJHEM
KOHBEP3Hj€e CYIEepOKCHUI-aHjOH paaruKaja 10 BOJIOHUK-TIEPOKCH A, KOjH YKIIakha]y KaTajlaze v epoKCHIase.
MebhyTrM, aKTHBHOCT CYIEPOKCHJT IUCMYyTa3e je MHIAYKOBaHA caMo JI0 ojpeljeHor HUBOA, a MOCIeIUIHU
Maji y aKTUBHOCTU CYIMEPOKCH][ JMCMYyTa3e je¢ MOCIeIulla HeMOTryhHOCTHM Karama3a W CYHEepOKCHI
JUCMyTa3a Ja YKIOHE HACTalu BOJOHHK-TIEpOKcHi. [Ipu OBMM IpollecuMa aHTHOKCHIATUBHU CHCTEM
3alITUTE je Y AucOaiaHcy, ITo Aajke pe3ynryje u nopemehajem pactema u pa3suha.

[Muporanon nepokcuaase U reajakot NepoKCHIa3e MOTY OUTH JIOIUpaHe y UTOCOoIy, henujckom
3M]ly, BaKyoJjama U BaHNeJjCKOM IPOCTOpY, a moBehaHa akTUBHOCT OBE rpyIie €H3UMa MOXKe OUTH Yy Be3U
W ca HHUXOBUM II0jadaHMM OTIyIITameM M3 henmjckux 3umoBa (Verma u Dubej, 2003), amu u
WHTCH3UBUPAHOT CEKYHIApHOT MeTa0oiu3Ma, IOINTO OBE MEPOKCHIa3e Kao JIOHOPE eIeKTpOHa 3a
VKJIalkhakhe BOJOHUK-TIEPOKCH]IA KOPUCTE apOMaTUYHA jequmberba (Sen, 2012). JlonatHo, ensumu kiace 11
MepoKcHas3a Cy MOBE3aHu U ca pacTemeM, paspuhem u nurnudukanujom (Hediye Sekmen u cap., 2007),
ma ce Moxke 3akpyduTH na he POX cuctem OuTH 3HAYajHHja KOMIIOHEHTa OI0paMOEHOT cHCTeMa y
pasBujeHUjUM KiujaHiuMa. Jlo cama je BHMIIECTpykKO TOTBpl)eHa eceHmmjaiHa yIiora ycKiIal)eHux
koopauHanuja aktuBHOCTH CAT m POX ca SOD (Liang u cap., 2003; de Azevado Neto u cap., 2006;
Hediye Sekmen u cap., 2007; Jbir-Koubaa u cap., 2015; Rajaeian u Ehsanpour, 2015).

Tarchuone u cap., (2010, 2012) cy uciuTHBaJIA TPOMEHE Y aHTHOKCUAATHBHOM cucteMy Ocimum
basilicum (renotunosu Genovese 1 Fine) y IpuCyCTBY pa3IMIuTHUX HATPHjyMOBHX comd (25 mM NaSO4
n 50 mM NaCl). Mako ncrmTuBama HUCY U3BPIIICHA i1 Vifro, HITaK je CYTepHUCaHo O] CTpaHe ayTopa Ja Cy,
y cinydajy 00CHIbKa, Pa3IUdUTH MEXaHW3MH aHTHOKCHUIATHUBHE 3aIITUTE YKIBYUYCHU y NEeTOKCH(DUKAIIN]Y
BOJIOHUK-TIEPOKCH/IA, Ka0 W Ja je Koolepamuja KOMIIOHEHTH aHTHOKCHUIATUBHOI cHCTeMa OOCHIbKa

HU3Yy3€THO 3HaqajHa Yy INpeBasnuIaKCHhy CTPECHUX YCIIOBA.
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[Ipomene youeHe TOKOM NpBHX Helesba in Vvitro paszBoja Ocimum basilicum var. minimum noxn
CTPECOM M3a3BaHHMM COJIMMA, YaK M MPU HUCKMM KOHIIEHTpAaLlMjaMa, MoKa3yjy Jia y KIHjaHIuMa IOCTOj!
copUCTHLMPAaHN MEXaHN3aM aHTHOKCHIAaTHBHE 3aIITUTE KOJUM ce puiiarohaBa akTHBHOCT oJiroBapajyhux
eH3MMa Y IJby OYyBama xoMmeocTasze. Karanasa, rBajakos mepokcuaaza U MHPOTaioil MepoKCUaasa, y
KOOPHMHALIU]H ca CYINEPOKCH]] JUCMYTa30M, YCIICIITHO ITUTE KIIUjaHIe 0] OKCHAAaTHBHOT omtehema. [Tox
HABE/ICHUM i1 Vifro yCIOBHMa aKTHBHOCT OBHMX €H3MMa je pPa3jIMudTa y KOPEHY Y OJHOCY Ha H3/IaHKe.
JlonaTHo, aHAIM3UpakeM KaTala3He aKTHBHOCTH, MOXKE CE 3aKJbYUUTH J1a AaHTHOKCUIATUBHU €H3UMHU MOT'Y

OWTH pereHepUCany, Tj. de nOvO CHHTCTHCAHH.

Ha ocHOBY cBera HaBeACHOT 3aKJBYUCHO j€ Ja in vitro KyATypa KiIMjaHala Moxe Outn kopumrheHna
Kao MOJIENI-CHCTEM y OKBUPY KOT' Ce MOTY WHJYKOBaTH MPOMEHE OJi CTPaHe pa3iIHYHTHUX areHaca, a moj
KOHTPOJIMCAHUM YCIIOBHMA, W TPATUTH MOP(}OIONTKY, (PU3UOIOMKH U OMOXEMHUJCKH OJTOBOPH TOKOM

paHoT pacTema u pa3puha paznuuutux reHotunosa Ocimum basilicum.

3a HOpMamHO OfBHjalbe (PHUIHUONOMKUX TIpoIleca Koa OWibaka MOCTYHHOCT MakKpo- |
MHKpPOHYTpHjCHATA j& ECEHITHjaTHa, HApOYNTO TOKOM paHUX (aza pactema u pazsuha (Kalaji u cap., 2014).
Kao riaBHa KOMIIOHEHTa AMHHOKHCEIINHA U IPOTENHA, JTH U Ka0 PeTyIaTop €H3UMCKHUX aKTHBHOCTH, 30T
j€ CeCCHIMjaIHM MAaKpPOHYTPHjEeHT KOjU 3HAYajHO yTHYe M Ha MOpQOJIOMKEe W Ha (HHU3HOJIOIIKE
KapaktepucTuke kon Omsbaka (Hachiya m Sakakibara, 2016; Martinez u cap., 2017). OBaj cymITHHCKH
€JIEMEHT je IOCTYIaH y pa3InyuTuM hopMama, anu, Mel)y ’ibuMa, HUTPaTHU aHjOH U aMOHHjyMOB KaTjOH CY
NpUMapHU W3BOPH a30Ta KoJ Omsbaka. OBH jJOHH yTUYY Ha MPOAYKTHBHOCT, KBAJUTET U cacTaB OMIbaKa,
1py 4eMy ce Ha OmJbKama MOTY Pa3BHTH M BHIJbHBE IIPOMEHE YKOJIMKO C€ pa3BHjajy Ha Mojjiorama ca
BHIITIKOM Wi Aeduimurom oBux jona (Polesskaya u cap., 2006; Repcak u cap., 2014; Sajko u cap., 2017).
3a BehnHy OMJBHMX BpCcTa HUTPATHU JOHH Cy TJaBHU oOnmuu uckopuinhasama azora (Polesskaya u cap.
2004). MebhyTtuMm, mo3HaToO je a ce aMOHHjyM MOKE 3HATHO eHKacHUje MeTaOoJHcaTH jep HE 3aXTeBa
MPETXOHY PEAYKLH]jY, 11a Ce 3aTO AaHAC y MPOU3BOILM a30THUX hyOprBa BeMKH 3Ha4aj pUaje yIpaBo
amoHMjayHoj ucxpanu (Jakovljevi¢c m cap., 2017b). Nnak, oBa ¢opma nomaTHe ucCXpaHe ce MoKaszaja
CTPECHOM 3a MHOT€ €KOHOMCKH 3HadajHe OMJbHE BPCTE M CMaTpa C€ jeTHUM O] Haj3HAYajHHjUX CTPECHUX
areHaca KOjH MOTY JoBecTH A0 omrehema KyJNTHBHCAHMX Owmbaka M (QopMUpama TaKO3BAHOT
,»aMoHHujagHor cuaapoma‘“ (Dominguez-Valdivia u cap., 2008).

Jenan o OCHOBHHX Mpo0JieMa Ha KOjH € HamiIa3u y TOKY IpoIieca KyJITUBAIH]€ j& KOHTPOIHCAmE
ycioBa MHHEpajHE HCXpaHe, IITO Jajbe pe3yJNTHpa IMajoM y NPHUHOCY, ajli W cacTaBy OMOAKTHBHUX
KOMITOHEHTH, T1a YKOJIHMKO C€ jacHO He Ne(UHHITY YCIOBH MUHEpAHE UCXpaHe, HyTPUTHBHH CTPEC MOXKE

JIOBECTH JI0 3Ha4dajHuX ryourtaka (da Silva u cap., 2017). 'epMuHanuja v pa3Boj KiirjaHala MpeacTaBibajy
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KpuTH4HE (asze, MOXKIa M HAjKPUTUUHU]E U HajpambuBHje (ase y pa3Bojy cBake Ombke. Tokom oBux ¢aza
j€ eBHIEHTHO J1a je TKHBO KOj€ MHUIMPA PAcT U JudepeHLjanrjy eMOpHOHa 1 3ur0Ta BeoMa OCETJbHBO Ha
(akrope cnospamme cpeaune (Chacon u cap., 2013). [IpeBeHIUja CTPECHUX yCIIOBA CIOJBAIIHE CPEIUHE
TOKOM CE30HE pacTema 1 pa3Buha OMTaH je acmeKkT Y IPOU3BOAKU €KOHOMCKH 3HauajHUX OWJBHUX BPCTA,
HApOUYMUTO KaJa Cy BpPCTe y NepUOy KiMjama, a IOTOM U pa3Buha muaaux kimjaHana (Balabusta u cap.,
2016). Ycnemna mpou3BoAma €KOHOMCKY 3Ha4ajHUX OWJEHHX BpPCTa Y MHOTOME 3aBHUCH O KIIHjamba
IBUXOBUX ceMeHa. KomeplnujamHa Tpou3BOama OMJbaka Ha OTBOPEHHM 3acaauMa M KIHjalkbe y paHo
npoJiche MMajy 3a ocIeauITy 1 moBehaHy KOHIICHTPAITH]y COIH Y 36MJBHINTY TOKOM HaBEICHOT TIEPHOa.
3aTo ce KoJ MojeIMHUX BPCTa MPOoIlec KIHjama oIjIaKe 10 MMOCTH3akha ONTHMATHHAX YCIOBa Y CIOJBAIIIHO]
cpemunn (Ungar, 1995; Fernandez u cap., 2015).

Ha ocHOBy pesynrara 1o0ujeHIX Y OBOM €KCIIEpUMEHTAITHOM pajay MOKe Ce 3aKJbyUUTH J1a CEMEHa
WCIINTHBAHUX TEHOTHIOBA OOCHJbKA IMOKa3yjy 3HaYajHE pa3jIuKke y KapakTEepHCTHKaMa KiIHjama y
3aBUCHOCTH OJ JOCTYIHOCTH HYyTpHjeHAaTa, ald W TpuMemeHe ¢opme aszora. Mel)y TecTupaHum
TEHOTHIIOBUMA CceMeHa XubOpumHor reHoturia Ocimum X citriodorum TIOKaszala Cy HajBehwm mporieHaT
Kivjama (ckopo 98%) 1 To Ipyu MUHUMAITHO] KOHIICHTpanuju HytpujeHara. U cemena Ocimum basilicum
var. purpurascens cv. Dark Opal cy y HajBeheM mpolieHTy KiWjana Ipd MUHHMAIHO] KOHLEHTpalWju
HyTpHUjeHara, 3a pa3nuky on Ocimum basilicum var. minimum n Ocimum basilicum var. basilicum cv.
Genovese, unja Cy ceMEHa KiMjana y HajBeheM NpOLEHTY y TpeTMaHHMMa Ca BUCOKOM KOHLIEHTPAIHjoM
HyTpHjeHaTa, ajli Ha HUTPATHUM MeaujyMuMa. MehyTum, yKymmHY TpOIeHAT MPOKIHjaIuX CEMEHa camo
peduiekTyje crnocoOHOCT ceMeHa Aa Kirjajy, IpH YeMy He yKasyje Ha Op3uHYy, CHHXPOHHU30BaHOCT U CTOILY
KIIMjama, Tj. Ha BUTAJIHE (DakTope KOju Mopajy OMTH YKJbyUeHH y KapaKTepH3alHjy CeMeHa, He camo ca
XOPTUKYATYpalHE M arpoHoMcke Ttauke, Beh 30or nepuHHcama (UIUOIOIIKUAX, TEXHOJIOIIKUX U
eKoJIOIIKKX KapakTepucTrka (Al-Mudaris, 1998; Ranal u Santana, 2006; Mavi u cap., 2010; Fernandez u
cap., 2015).

Cpenme Bpeme xjama (MTG) Mmoxke ce meduHrcaTh Kao AyknHa /ag da3e Kirjama o1 MmovYeTKa
nMOnOHITHje 1o MpoOurjama paanuKyse W 3Ha4dajaH je nHAuKaTop emepreniyje (Mavi u cap., 2010). Kako
MTG npencraBiba Cpelbe¢ BpeMe o MHUITMpamha KIIHjamkba 10 HErOBOT 3aBpIeTKa, Hivke BpeaHoctd MTG
pempe3eHTyjy opxe kimjame (Fernandez u cap., 2015). [Ipema Op3uHU KiHjama, TECTAPAHA TCHOTUIIOBH
3ay3umajy caenehu pemocien: Ocimum basilicum var. minimum < Ocimum basilicum var. purpurascens
cv. Dark Opal < Ocimum basilicum var. basilicum cv. Genovese < Ocimum X citriodorum, TIpu 4emMy je
Cpelnmbe BpeMe KiIMjamha CeMEeHa CBAKOT OJf TCHOTHIIOBA 3HATHO ayxe y npucyctsy NH4sNOsz. CympoTtHo
CpemmbeM BpeMeHY KIIHMjama, CTOola KIiMjama, Tj. Op3uHa Kinjama ceMeHa (RG) ca Behum BpemHocTHMA

o3HayaBa Opxy repmunauyjy (Fernandez u cap., 2015). Ilpema oBoMm mapamerpy youaBa ce cieaehu
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penocinen: Ocimum basilicum var. minimum < Ocimum basilicum var. purpurascens cv. Dark Opal <
Ocimum basilicum var. basilicum cv. Genovese < Ocimum X citriodorum. Kao u y ciay4ajy BpeMeHa
KIIMjama, Op3rHa KiIMjamka je TeHepalHo HIKa Kajla ceMeHa kinujajy y npucyctsy NH4NOs. Koedunujent
yHU(OPMHOCTH Y KIIHjamkby CEMEHa yKasyje Ha BapujaOmIHOCT Mel)y ceMeHuMa y OHOCY Ha Cpeithe BpeMe
Kinjama y3opaka (Ranal u Santana, 2006). 3a0enexeH je UCTH TPEeHA Y YHU(POPMHOCTH KIIHjamba Kao U Yy
ciIy4ajy BpeMeHa u Op3uHe Kiujama, Tj. ciaeaehu penocnen: Ocimum basilicum var. minimum < Ocimum
basilicum var. purpurascens cv. Dark Opal < Ocimum basilicum var. basilicum cv. Genovese < Ocimum X
citriodorum.

be3 o03upa Ha 3axTeBe KOje TOjeIMHAYHH TCHOTHUIIOBH WMAajy y TIOTJIeAy KOHIICHTpaIlhje
HYTPHjEHATA, a Y BE3U ca ITOCTU3amkheM HajOOJBMX KapaKTePUCTHKA KIIHjamba, TIOKa3aHo je /la Kajia Cy ceMeHa
Oocmwbka y koHTakty ca NHsNO; mporec repMmMuHamuje je moj 3Ha4ajHO HETATUBHUM yTHIajeM. Y
MIPUCYCTBY aMOHH]YMOBHX jOHA TOYETaK KJIHMjarha j& OIJIOKEH, Op3uHa KiHjama je YCIIOpeHa W CTOIa
KJIHjama peayKoBaHa, ITa ¢e MOXE 3aKJbYUUTH Ja je IENOKYITHA CITOCOOHOCT CEMEHa J1a KIIjajy yMarmeHa.
OBakBY HeTaTUBHH €(DEKTH MPUCYCTBA aMOHHM]YMOBHX joHa TOTBpheHH cy oA cTpaHe Pérez-Fernandez u
cap., (2006). Ayropu, ocCUM HMHAMKAllKMja O MUHTPA- U MHTEPCIELNjCKUM pa3jiuKaMa y KiHjamby CEMEHa,
HaroBeIITAaBajy U 3HaUajHO OJJlarame mnpoieca Kinjama ycuen tpetmana ca NH4NOs. [TozutuBHu edextn
KNO; Ha mporece kinujama npema Espanany u cap. (2016) ormemajy ce y yrumajy KNO; Ha
nepmeabminter henujckux MemOpaHa W aKTHBUpPalky €H3MMa YKJbYUYEHHX Y CHHTE3y NPOTEHHA H
MeTaboIM3aM YIJbeHUX Xuapata. BapujabunHoct y Op3uHH, AMHAMHULY U YHH)OPMHOCTH KJIHjamba ceMeHa
Oocubka (03HaUEHHX Kao 3ejieHa 1 JbyOndacTa copra) okazaHu cy o ctpane Noorhosseini u cap. (2017),
MPH Y€MYy ayTOPU MCTUYY 3HA4a] OBAKBUX HCTPAKMBamka y Wby MOOOJBIIAKA YCIIOBA KYITHBAIM]E U
MPUHOCA KOMEPIIHjaTHUX TUIAHTaXKA.

dotocuHTe3a je PyHOIMEHTAIHU (U3HOJIOMIKY MPOLEC M HeaJeKBaTHAa KOJWUYMHA HYyTpHjeHaTa
JMPEKTHO yTH4e Ha (POTOCHHTETHYKHU arapart, npe cBera Kpo3 OMOCHHTE3Y U QPYHKIIMOHHCAHE KIbYUHHX
dhorTocuaTeTHUKKX KoMIToHeHTH (Kalaji 1 cap. 2014). Kako cy rimaBau HOCHONIA (POTOCHHTETHYKOT IIpoIieca
(hOTOCHHTETHYKA TUTMEHTH, CTPECHH (akTOp KOjH HETaTHBHO yTHUYE HA CHHTE3y (DOTOCHHTETHUKHX
MTMEHAaTa MOXe peaykoBath ¢orocuHTeTHIKN Kanarmret (Ashraf u Harris, 2013; Bacha u cap., 2017),
rma ryouTak (POTOCHHTETHIKHX MUTMEHATa AUPEKTHO yKasyje Ha penykiujy gorocuntese (Jakovljevi¢
cap., 2017b). V cnyuajy Ocimum basilicum var. minimum Bumectpyko Beha GpoTocHHTETCKa aKTHBHOCT
€BUJICHTUPAHA je TTPY BUCOKO] KOHIICHTPAITHj! HyTPHjeHATa, a CMamheHa KOHIIEHTpaIrja OTOCHHTETHIKUX
MUrMeHaTa MPU HWKHUM KOHIEHTpalldjaMa MUHEPAHUX eJieMeHaTa CBEJOYM O YCIOBHMAa HYTPHUTHBHE
JeTpuBaIje W pemykiuje (OTOCHHTE3e ycliel HeIoCTaTKa XpaHJbuBHX MaTepuja. CympoTHO OBOM

TrCHOTHIlYy, BUIIIA KOHL[GHTpaLII/Ija (bOTOCI/IHTCTI/I‘{KI/IX nurMeHara, Kao u 0osbu OJHOC X.]'IOpO(l)I/IJ'Ia anb KoL
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reHotunosa Ocimum basilicum var. purpurascens cv. Dark Opal u Ocimum x citriodorum 3a0enexxenu cy
MPH HUCKUM KOHIIGHTpalldjaMa HYyTpHUjeHaTa, a penyKija (POTOCHHTETCKE aKTUBHOCTU IIPU BEIIUKO]
KOJIMYMHY XPaHJbUBUX MaTepHja yKazyje Ha yCIOBE CTpeca M3a3BaHE BHIIKOM HyTpujaHarta. JlomaTHo, y
o0a ciyyaja ce 00Jba (POTOCHHTETHYKA AKTHBHOCT MOCTUXKE TIPU HUTPATHO] ucxpauu. Ocimum basilicum
var. basilicum cv. Genovese MakCUMaJHe (POTOCUHTETHYKE CIIOCOOHOCTH OCTBapyje Y YCIOBUMAa yMEpEeHe
WM CMamkeHe KOHIIEHTpaIruje HyTpHjeHaTa, a BUCOK CaapKaj XpaHJbUBHX MaTepHja y MOIJIO3U M3a3WBa
CMameHy KOHIICHTpAIHjy GOTOCHHTETHIKHNX KOMITOHeHTH. Takohe ce, i 3a 0Baj TEHOTHII, IPESAHOCT 11aje
HUTPATHO] MCXPaHU. YCJIOBH CTpeca, OMIIO yciel HeJoCTaTtaka WM BHIIKA HYTPHjeHATa, JOJATHO CY
WHTEH3WBUPAHU aMOHHjauyHOM HCXpaHoM. Ilo3HaTo je ma mam y KOHIIEHTPAIHMju MHUTMEHATa MOXE OWTH
YCJIOBJBCH WM HEAOCTATKOM E€CEHITHjATHUX €JIeMEeHATa WM WHXHUOWIINjOM yCBajarha HyTpHjeHaTa ycien
akyMyJupaHux joHa y momimo3u (Ali m cap., 2004; Srinieng u cap., 2015), a max HOTOCHHTETHIKOT
KamaruTeTa 00CHIbKa yCIIel Pa3IUYUTHX CTPECHUX YCJIOBa je MOTBpPhHEH M paHUjUM HCTPaKWBambHMa
(Vagen u cap., 2003; Heidari m Golpayegani, 2012; Tarchoune u cap., 2012b). IIpucycTBO murMeHaTta gax
¥ Tpu HajBeheM MHTEH3WTETy CTpeca yKazyje Ha MOTYNHOCT oOHaBJbamka (POTOCHHTETHYKOT amapara H
Jlajbe HeCMETaHO 00aBJbame Iporeca GOTOCHHTE3e HAKOH HAKHATHO YCIIOCTABJFEHUX ONTHMAIHUX YCIIOBa
3a pacteme 1 pa3suhe (Vujicic, 2016)

[lopen muTOXOHApHja M TEPOKCHM30MA, (DOTOCHMHTETHYKH amapaT jeé TJIaBHU EHIOIeHH H3BOD
PEaKTHBHUX BPCTa KMCEOHWKA YaK W TOKOM yckiahenux ¢usuonomkux npoueca (Hussain u cap., 2016),
NIpY YeMy JMCHIIAIHja eHePruje TOKOM (POTOCHHTE3e MOKE aKTUBHUPATH T€HETUYKH POTrpaMUpaHe MyTeBe
koju goBojie Ao henujcke cmptu (Foyer u Shigeoka, 2011). Kapotenonau nmajy y GoTocuHTe3n QyHKIH]jY
noMohHUX MUrMeHaTa Koju (POTOCHMHTETUYKH amnapat ocjoOalajy BUIIKa eHEpruje Ipe Hero OHa OIITETH
ownbHe henmmje (Shumskaya m Wurtzel, 2013) u cnpedaBajy reHepucCame CHHIJIET-KUCEOHHKAa TOKOM
¢dorocuntese (Polesskaya u cap., 2006). OcuM 1ITO je KOHLIEHTPALKja OBE TpyIle MUTMEHATa Y KOpeIaluju
ca KOHIICHTpAIHjoM XJopoduiIa y HUTPATHUM MEIHjyMHUMa, TIPUMETHO je Jla je CHHTe3a KapOoTEHOWIa
nHTeH3uBUpana y npucyctBy NHiNOs;. OBakBu pe3ynTaTd yKaszyjy Ha HHTCH3UBHHUjEe (Qopmupame
pEaKTHBHUX BpCTa KHCEOHWKA Yy MPHUCYCTBY amMoHHjyMoBuX joHa (Polesskaya u cap., 2004). Hajumxa
KOHIICHTpaIija KapoTeHonaa 3abesexkena je y auctosuma Ocimum basilicum var. purpurascens cv. Dark
Opal, HajBepoBaTHHje 300T TPHUCYCTBA NMHTMEHATAa W3 TPYyIE AHTOIMjaHWHA Y ME30(WIy JIHCTa OBOT
JpyOmJacTor OOCHIBbKA, 332 KOje€ je TMOoKa3aHO Ja ITHTe (GOTOCHHTETUYKH arapaT JIMCTa Kaja je CHHTe3a
xynopodua Hapymena (Landi u cap., 2014).

Peakruje 6msbaka Ha yCJIOBE CTpeca Cy BeoMa CII0XKEHE U YKIbYIY]Y MHOTE BpCTe (PU3HOIOMIKUX 1
OMOXEMH]CKHX OJrOBOpa KOjU Cy MHUIIMPAHH O] CTpaHe OMJbaka y IIjby H30eraBama, IpeBasiakemha WK

HeyTpanu3alyje MmTeTHUX edexara. TonepaHyja WK OCET/BUBOCT MpeMa oape)eHOM CTPECHOM CTamby
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3aBHCH 0] TCHETHYKMX 1 OMOXEMHUjCKUX YNHHOIIA caMe BpcTe. buibke HUCY y CTamy Jla eKCIIPUMHPa]jy CBOj
LEJIOKYITHH TeHEeTHYKH IMOTEHIHXjal Kaja Cy y ycJIOBHMa CTpeca, jep Pasii4MuTH CHOJbAIlbH YHHUOLU
MPOYy3pOKYjy 3HavyajHe Momu(UKanuje y TeHCKO] eKcrlpecuju. TakBe MoIu(UKAIUje MOTY IOBECTH 0
asTepanyje y akTHBHOCTH MHOTHX €H3MMa, alld M CHHTE3€ HOBOT CETa MPOTEeHHA KOjH Cy CIIeUU(PUYHH 3a
oapehenu tun ctpeca (Sharma u Dubey, 2016). IIpoTenHu, kao GyHKIHOHATHO M3Y3€THO Pa3HOBPCHH
MaKpOMOJICKYJTH, YUeCTBY]y y helaujckoj CHrHanmm3aIfju, perysiainuju, KaTaIH3h, WHTPANCTyJIapHOM H
MHTEPIISTYIApHOM TPAHCIIOPTY HyTpHjeHATa M IPYTHUX MOJEKYJa, MEMOpPaHCKO] (Ppy3Hju, CTPYKTYPaTHO]
oapmIy U 3amTuta (Amm u cap., 2014). @yHKnHja MPOTEHHA je TPEeBACXOAHO oapeheHa HUXOBOM
cTpykrypoM. JlomaTHo, KoH(OpMaIja IpOTEWHA Y BEIIMKO] MEPH 3aBHCH O YCJIOBa y hemuju u 1mon
HETaTUBHUM j€ YTHIIajeM PEaKTUBHUX MOJIEKyJIa W IPYTUX CTPECHUX (DakTopa KOjU MOTY WHAYKOBATH
rpemke y popmupamy PyrakmmonamHor oosmka (Goldberg, 2003; Amm u cap., 2014; Zhou u cap., 2016;
Hasan u cap., 2017). Melhytum, u paznuautu (HakTopu cTpeca WHAYKY]Y CHHTE3y HOBUX MPOTEHHA KOjH
Omspkama mmoBehaBajy aganTHBHY BPEIHOCT TOOOJBITIABAEM IPEKHBIhaBamkha Y HETIOBOJGHUM yCIIOBAMA.
VY OCHOBM OBakBe CTPECHO-MHIYKOBaHE CHHTE3¢ MPOTEHHA Haja3e ce pa3iMduTH H3BOPU CTpeca 4uje
Tpajamke U TeXHHA [IPOY3POKYjy TU(epeHLInjalHy eKCIPECcH]jy T'eHa, IITO JOBOAU A0 MPOMEHA y TeHCKUM
npoayktuMa, ykibydyjyhnm m mRNK u mportemne (Sharma m Dubey, 2016). domatHu npoOiem y
HOPMaJIHOM (PYHKIIMOHHCAbY MIPOTEHHA YCIOBIBEH j€ U MPYCYCTBOM PEaKTHBHUX BPCTa KHCEOHUKA, Al U
peaktuBHUX Bpcra asota (RNS), koje, pearyjyhm ca cneumpuuHuM MOpoTeHHHMA, IOBOAE OO IIOCT-
TpaHcnanuoHux Moaudukanyja (Spoel u Loake, 2011). Oxcunanuja ce Moke JOTOIUTH IyTeM Beher Opoja
MEXaHM3aMa Kao IITO Cy peBep3uOWIHA S-TIyTaTHOHAIMja, S-HUTPO3WIAlMja WIM KapOOHWIIAIWja
cneunpuunnx amuHokucenuna (Choudhury u cap., 2017), npu yemy je cBe Behu Opoj H0oKa3a Koju yKaszyjy
Ha y3ajaMHO JiejcTBO u3Mel)y HuTpo3unanuje 1 kKapOOHWIIalje NPOTenHa y PEryIucamy U peMOeTupamy
MpoTeoMa TOKOM OJroBopa OMibaka Ha HermoBoJbHe yciioBe (Gietler u cap., 2017). @opmupame kapOOHWITHE
rpylie Koja MPOTEUHA HACTAje WM OKCHIAINjOM KaTaJIM30BAaHOM O] CTpaHEe MeTaia MM WHIUPEKTHOM
peakIujoM MpoayKaTa JUIMHAHE TePOKCHIAIje ca aMHHOKHCcennHaMa. JlogaTHo, kKapOOHMIAIja MOXKE
OuTH MHIyKOBaHA MomuduKaryjoM mporenHa nox aejctBoM ROS. IMocnennyano, cTpykTypa U GyHKITH]a
MIPOTEHHA je TIPOMEHCHA, a CTETICH KapOOHIITAIH]e je y Be3u ca reHepucanuM ROS 1 CTpecHHM yCIoBHMa
(Levine, 2002; Lounifi u cap., 2013; Choudhury u cap., 2017). Hutposunamuja, ca npyre cTpane,
TpeAcTaB/ba WHKOpropalijy NO-Tpymne y3 NMpOMEHY aKTHBHOCTH IPOTEHHA Koja je decTo mpaheHa
WHAKTHBAI[MjOM EH3UMCKHX KOMIIOHEHTH OJ0paMOEHOTr CHCTEMa U CMameHeM AKTHBHOCTH CH3MMa
(Romero-Puertas u cap., 2013).

[ToBehana koHICHTpanyja YKYIMHUX CONYOMJIHUX TIPOTEHMHA Y KIIHjaHIIMMA HWCITUTHBAHUX

TeHOTUIIOBA 0OCUIBbKA, KOja ITPAaTH BUCOKE KOHIICHTpaLje HyTpHjeHaTa, Moke OUTH Mmocieinia HHIYKLHT]je
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CHHTE3€ MPOTEHHA y ycJIoBUMa cTpeca. HaromunaBame peakTHBHUX a30THUX M KUCEOHMYHHX BPCTa yCIea
pa3Boja KJMjaHalla HA MEIUjyMHMa Ca BHUCOKOM KOHIICHTPAIMjOM aKyMYJIMpPaHUX jOHA Yy TIOJUIO3U
(mpeBacxXoAHO HUTPATHHU U AMOHHjYMOBH jOHH) TOBOAM 1O MPOTEHHCKUX MoauduKaiuja Koje, 3ajeTHo ca
HEYKJIOH-EHUM PEaKTUBHIM BpCTaMa, CTBapajy HeaJeKBaTHE YCIIOBE KOjU Cy paheHu 10jaqaHOM CHHTE30M
MPOTEWHa, aJld W WHAKTUBAIMjOM €H3UMa aHTHOKcujaaTuBHe 3amrute. CuUHTE3a ,,CTPECHO-
TOJICPAaHTHUX TIPOTEHHA YECT je MpUMep AYTOPOYHHX aJanTtandja Ha ycioBe crpeca (Biswal u Biswal,
1999; Nakamoto n Hiyama, 1999; Sharma u Dubey, 2016), a Takohe je mo3naro u na OmwbHe henuje,
HapoOYNTO OHE y KOpEHy, m30eraBajy TOKCHYHOCT aMOHHjyMa TaKo INTO Ta Op30 KOHBEPTY]Y Y
AMUHOKHCEINHE, OMIIO TIPEKO arcopOOBaHOT aMOHH]yMa MJIH MIPEKO aMOHHjyMa HACTaJIOT aCHMUJIAIIH]OM
HuTpata (Zervoudakis u cap. 2015). lomaTHo je BHCOKa KOHIIEHTparuja npaheHa u majgoM akKTHBHOCTH
MPOTEOTUTHYKHX €H3UMA, Tj. OJIJIarakheM TPOIICHa pe3epPBH MPOTEHHA, TOIITO j& MPOTEOITN3a MPUMapPHU)U
MpoIlec y OAHOCY Ha CHHTE3y MPOTeHMHa KON KiIWjaHaIla 4Ydje ce pa3Buhe OJBHja NMPHU HETOBOJHHUM
ycioumMa (Sharma u Dubey, 2016).

Bucoko copuctnnmpanu n epuKacHA aHTHOKCUIATUBHU MEXaHW3aM (KaKo €H3MMAaTCKH, TaKO U
He-eH3UMAaTCK1) oMoryhaBa npeBasuiiakema HapyleHe henujcke xomeocTase u omrehera HHIYKOBAaHHX
crpecom (Gill u Tuteja, 2010; Hussain u cap., 2016). Pesyntatn nobujeHn aHaIM3upameM aKTUBHOCTH
CYNEpOKCH] IHCMyTasze, Karajiasze, ackopOaT NepoKcuiase, TIBajakoi IEpOKCHAAa3e W MHPOrajoi
MepoKcHa3e y JAeJOBHMa KiHMjaHAllda TajeHuX MOJ[ Pa3IUduTUM HYTPUTHBHUM PEXKHMOM YKa3zyjy Ha
MocTojamke yCcKIa)eHOCTH Yy aKTUBHOCTH Pa3IMUUTHX CH3MMa y IUJbY MPEBa3WIaKCHa HHIYKOBAHOT
cTpeca. MeljyTum, Kako y akTUBHOCTH M Y KOpeJallMju y akKTUBHOCTH M3Mel)y HaBeAeHMX €H3MMa W 10X
CTPOTr'0 KOHTPOJIUCAHUM in Vitro YCIOBHMA IIOCTOj€ BapHpamba y 3aBUCHOCTH O HCIIUTUBAHOT T€HOTHIIA 1
W3BOpa HYTPUTHBHOT CTpeca, MOXKE Ce MOTBPAMTH Jia je OATOBOP AHTHOKCHIATHBHUX €H3uMa OocHIbKa
TCHOTHUIICKH crieninrvaH.

Cynepokcua IucMyTase, rpylia MeTaloeH3MMa Koja KaTaln3yje AUCMYTalrjy CYIMEepOKCHaa o
KHCEOHHKA U BOJIE, Cy KOJ OMybaKa IETeKTOBaHE Y KOPEHY, IUCTOBUMA, IJIOJJOBUMA M CEMEHNMA, 1 Y OBUM
OowpHUM nenoBuMa 00e36el)yjy henamjama ocHOBHY 3amTHTY of okcuaaimoHor omrehema (Giannopolitis
u Ries, 1977; Tepperman u Dunsmuir, 1990; Bernard u cap., 2014; Feng u cap., 2016; Zouari u cap., 2017).
Pe3ynrTaTu Bemmkor 6poja cTyIrja mocIe Al MX TOIMHA YKa3y]y Ha 3aIITUTHY YIIOTY CYITEPOKCH JUCMYTa3a
y ycinoBuMa aOMOTHYKOT M OMOTHYKOT CTpeca Kao MITO Cy TeMIlepaTypHa BapHparma, CAIMHUTET, TeIIKN
metaiu u Ap. (Wang u cap. 2004; Pilon u cap., 2011; Asensio u cap., 2012; Feng u cap., 2015; Feng u cap.,
2016). MehyTum, y pa3mu4uTuM YCIOBHMA CIIOJballIbe cpeanHe yTBpheHo je na SOD renu umajy pasinuaut
o0pasal] excrpecdje, ITO pe3yiATHpa IpyraudjoM akTHUBHOIINY CYHNEpOKCHA TUCMYyTa3a ca HCTHM

KO(haKTOpOM KOJI pa3nyuTux OubHUX BpcTta (GoOmez u cap., 1999; Wu u cap., 1999; Baek u Skinner,
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2003; Feng u cap., 2015). Ha ocHOBY 00MjeHuX pe3yiTara 3a UCIIUTUBAHE TEHOTUIIOBE OOCHIbKA I'ajeHUX
MOJl Pa3IMYUTHM HYTPUTHBHHM PEXKHMOM YOUCH j€ WCTH TPEHJ ONajiakha aKTUBHOCTH CYIEPOKCHT
TUcMyTas3e ca rnoBehameM KOHIICHTpalWje HYyTPHjeHaTa KOJ CBUX '€HOTHIIOBA Ca HUTPATHUX MEIUjyMa.
Mebhytum, pasnuke u3mel)y T€HOTHUIIOBA MOCTajy YOUJbMBE y NPHUCYCTBY aMOHHWjyMOBHX joHa. Ocimum
basilicum var. purpurascens cv. Dark Opal je jemuHM T€HOTHII KOJ KOra je CYNEPOKCHIl TUCMYTasa
TeHEepaTHO aKTHBHH]jA y KOPEHY, aJli aKTUBHOCT OBOT €H3MMa y YCIIOBIMAa HyTPUTHBHOT CTpeca Omajia 'y
KOpEHYy W y U3JaHIIMa, T1a Ce, TOCMaTPaHO Y OJHOCY Ha aKTUBHOCT CYTIEPOKCH/ TUCMYTa3e, 0Baj TE€HOTHII
Moxe cmaTtpatd ceH3uTuBHHM. [IpucyctBo NH4NO; mHAyKyje BHINIM HHUBO aKTHBHOCTH CYIICPOKCH]
IUMyTa3e, Kako y HaA3eMHHM, Tak0 W Yy TMOA3EMHHM oOpraHmMa cBuX KiujaHama. Ca moBehameMm
JOCTYITHOCTH HYTpHjeHaTa 1 aMOHH]jyMa, aKTHBHOCT CYIEPOKCH/I TMMYTa3e 3Ha4ajHO pacTe y m3JAaHInMa
Ocimum basilicum var. basilicum cv. Genovese u 'y kopery Ocimum basilicum var. minimum n Ocimum X
citriodorum. CriocoOHOCT TToBehama aKTHBHOCTH CYTIEPOKCHI TUCMYyTa3e y YCIIOBHMa CTpeca cMarpa ce
KapaKTEepPUCTUKOM T€HOTHIIOBA TOJIEPAHTHUX Ha CTPECHE yciioBe. Jlo pa3nMunTHX Bapupama y aKTUBHOCTH
OBOT €H3WMa y 3aBUCHOCTH 0T /IeJI0BA KJIHjaHaIla MOKe TohH yciea mpoMeHe y akTHBHOCTH Beh moctojehux
(hOpMHU WITM CHHTE30M HOBHX, IIPH YEMY KOJI CBUX HCIIUTUBAHUX T'CHOTHIIOBA HE MOpPajy OUTH MPHUCYTHE
cBe popme. Buimm HUBO aKTMBHOCTH Yy aMOHHjauHUM MEJHjyMUMa yKa3yje Ha BUIIU CTEIICH (popMHUparmba
CYNEpOKCH]| aHjOH-pajuKana Koj Oujbaka Koje acHMHUIIyjy aMOHHWjyM 3ajeqHo ca HuTparuma. llag y
AKTUBHOCTU CYIEPOKCHJ JUCMyTa3e y oJrosapajyhuM aenoBrMMa KJMjaHAla YCJIeJ IMPOJOHTHPAHOT
HYTPUTHBHOT CTpeca yKa3yje Ha HEKOJUKO MOTYRHOCTH: y OBAKBMM yCIIOBHMA OBa rpyla €H3MMa He HOCU
KJbYYHY YJIOTY Y YKIIalkamky CYNEPOKCHJI aHjOH-paJdKaia 3a AaTo TKUBO, Beh ce y 0Baj mporec yKby4yjy
WIH Jpyre C€H3MMCKE WM He-CH3UMCKE KOIIOHEHTE, HaroMuiaBamke M TmobehaHa KoHIIGHTpaluja
PCaKTUBHUX BPCTA JOBOJIC /0 MHAKTHUBAIIU]jE CYNIEPOKCH]] IUCMYTa3e OKCHUAAINjOM THOJ IPYyIe; BUCOKA
KOHIIEHTpaLMja jOHa y MeANjyMy MOKe pelyKOBaTH allcoOpIlHMjy U Tpanciokanujy Fe u Mn, na penykuuja
aKTUBHOCTH MOJK€ HACTaTH YCJe[ HelOoCTaTaka eCeHIMjaJHUX MeTalla HEeONXOJHHWX 3a KaTaJIHTHIKe
nporiece oor eH3umMa (Girotto u cap., 2016). IlpucycTBo pazmuuuTX N30HOPMH CYITEPOKCH AUCMYTa3e
y TUCTOBUMA I'€HOTHITOBA OOCHIbKA O3HAYCHUX Kao small size-leaf v large size-leaf moTBpheHO je o1 cTpane
Attia u cap. (2011). IIpema Landi u cap. (2013) BuCOKe KOHIIEHTpAIH]j€ PAa3THIATHX XEMHU]jCKUX eIeMEeHaTa
y TIOJUIO3W HWHAYKY]y TpPOMEHE y aKTHBHOCTH CYMEPOKCHZ AWCMYyTa3e KOJI OOCHIJbKA, ali C€ HUBO
aKTMBHOCTH pa3lIUKyje y OIHOCY Ha HWCIHUTHBaHM TeHoTun. [Ipema oBmM aytopuma, ,,Tigulio®, Tj.
3eJIEHOJIICHY COPTY OOCHIbKa KapaKTepHIle BUIIA HUBO aKTUBHOCTH CYIIEPOKCH IUCMYTa3e Y CTPECHUM
ycioBuMa y omHocy Ha ,,Red Rubin®, Tj. copTy 60ocHibKa ca JbyOHIacTHM JINCTOBHMA.

Emsumu xoju mipumamajy Tpynu Karajiaza jecy YHUBEP3adHO MPUCYTHE OKCHIOPEIyKTaze Koje

pasrpalyjy BOIOHHMK-TIEPOKCHA A0 BOAE M MOJEKylna KuceoHHKa. [1o3HAaTo je Ja MOCTOjHU HEKOJIHKO
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TEHETHYKHU PAa3IMUUTHX H30()OPMH KOje Ce CHHTETHUIIY Ha TKUBHO-CTIEU(QUYHH U Pa3BOjHO-3aBUCHU HAUYUH
(Verma u Dubey, 2003; Zervoudakis u cap., 2015). Kana cy y nutamy HCIUTHBAaHH T€HOTUIIOBH OOCHIbKa,
aKTHBHOCT KaTajase jeé TeHOTHUIICKH clieliM()UYHA U ca Pa3IMYUTUM HHBOMMAa aKTHBHOCTH y OJHOCY Ha
WUCTIIMTUBaHE JelloBe KiujaHana. Kao u y ciyuajy cymepokcun aucmytase, Ocimum basilicum var.
purpurascens cv. Dark Opal je jeauHu reHOTHIT KOJ KOTa je KaTajla3a FeHepalHO aKTHBHU]a Y KOPEeHY HEero
y M3JaHIIMA, IITO CaMO MOXeE IMOTBPAMTH J1a Cy Y MU3/aHIIMMa OBOT TeHOTHIIA 32 YKIIAmkamhe PeaKTHBHUX
BpCTa BEPOBATHO 3a/Ty’KEHE He-eH3MMCKe KOMIIOHEHTE OKCHIAIMOHe 3amTuTe. HajyouwsnBuja je pasnmnka
KOja MOCTOjM Y HUBOY aKTUBHOCTH KaTajasa y M3AaHIMa M KopeHy rerotuna Ocimum basilicum var.
minimum ca ckopo 30 ImyTa aKTHBHHjUM €H3MMOM Yy W3/IaHINMa, TP YeMy aKTHBHOCT €H3HMMa pacTe ca
IIOpacToM KOHIICHTpalje HyTpujeHata. CimuaH oOpaszal] akKTUBHOCTH j€ TOTBPhHEH M o4 CTpaHe
Zervoudakis u cap. (2015) y kopeHy 1 u3gaHIMa O0CHIbKA T'ajeHOT Ha MTO/IJToraMa ca TpH pa3InduTa HUBOa
a3oTa. AyTopHW Cy IOKa3alu 3HA4YajHE pas3liMKe y AKTUBHOCTH KaTajla3e y HCIHUTHBAHHM JEIOBHMa
KJIMjaHaIa, Py 9eMy je aKTHBHOCT KaTaya3e OMira HEKOIHMKO ITyTa Beha y MilaauM WU3IaHIIIMa Y OJTHOCY
Ha KopeH. [Ipema oBuM ayTopnMa, y mucToBuMa O0CHIbKA JOMUHAHTAH j€ MOHO()YHKIIHOHAIHU H30€H3HUM,
JIOK je y KopeHy On(yHKIMOHAIHY KaTaja3a-epokcuaasa nzoensuM. Ocimum basilicum var. minimum je
yjeIHO WM jeIUHHM TEHOTHI YWja aKTUBHOCT KaTaja3e pacTe y M3JaHIMMa ca IOpacTOM KOHLEHTpaluje
HyTpujeHarta. Jlo1aTHO, €H3UM TO0Ka3yje W BUIIM HUBO aKTUBHOCTH y TPETMaHUMa y KOjUMa Cy MPUCYTHU
aMOHMjYMOBH joHU. Y ciyuajy reHotuna Ocimum basilicum var. basilicum cv. Genovese u Ocimum X
citriodorum MOCTOjH BUCOK HUBO Kopenanyje n3mel)y akTHBHOCTH CYTIEpOKCH]I JUCMYyTase 1 Karanase. Kao
W y cilydajy akTUBHOCTH CYNEpOKCHI AMcMyTase, y m3manuuma Ocimum basilicum var. basilicum cv.
Genovese W aKTHBHOCT KaTaja3e Omaja ca [OopacTOM KOHLEHTpalWjeé HUTPATHUX MEAHMjyMa, JIOK je Y
MPUCYCTBY aMOHH]j YMOBHX jOHA OBaj €H3UM 3Ha4ajHO akTHBHUjU. KopeHcka kaTanasza renotuna Ocimum X
citriodorum TpaTH CyNepOKCHJ TUCMYTa3Hy aKTHBHOCT, Tj. Ca MOPAcTOM KOHIIEHTpallMje aMOHHWjauHHX
TpeTMaHa pacTe W aKTHBHOCT KaTajase. 3HauajHa (GYHKIHja KaTalla3e y YKIamamy BOJOHHUK-TIEPOKCHIA
KOJI pa3IM4IUTUX cOpTH GocuibKa moTBphena je y ciyuajy Boasor crpeca (Heidari u Golpayegani, 2012),
Hucke temmepatype (Wongsheree u cap., 2009), Temkux Mmertana (Stancheva u cap., 2014) u comm
(Tarchoune m cap., 2013).

OcuM ka0 Hen30€KHU MTPOTYKTH IPUMAPHOT MeTaboJIM3Ma urja je IPOoAYyKIFja HHTCH3UBUpaHa y
CTPECHHM YCJIOBHMA, PEaKTUBHE BPCTE Ce Takohe KOPHUCTE W Ka0 CHTHAIHH MOJICKYNH 3a PETYINCAme
pasnuuuTHX puznonomKkux npouneca. Bomonuk-nepokens nako audynayje kpo3 henujcke memOpane, mna
BpJIO JIAKO MOXKE JOBECTH 10 MeMOpaHckux omrehema. Melyyrum, ganac ce 3Ha ga je, 6e3 o03upa Ha
omrehema K0ja MOKe IPOU3BECTH, BOJIOHUK-TIEPOKCH/ 3HaYajaH CUTHATHI MOJIEKYJI YKJbYUEH Y Pa3IHuuTe

pa3BojHE MeTa0OIMYKe IpoLiece Ko Ousbaka MOy T pa3Boja KOPEHCKUX JUTaka, AudepeHIHjalyje KCuiema,
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nporpamupane henmjcke cmptu (Saxena u cap., 2016), knmjama cemena (Barba- Espin u cap., 2011),
cenecuennuju (Liao u cap., 2012), useramwy (Liu u cap., 2013), paBojy kopena (Ma u cap., 2014, Niu u
Liao, 2016).

3a pa3nmuKy OJi Karaja3a Koje JUPEKTHO BpIlle KOHBEP3Ujy BOJOHHUK-TICPOKCHAA JI0 BOJE W
KHCEOHMKa, acKopOaT IMepoKcHIa3e 3aXTeBajy acKopOaT-pereHEepaTWBHU CHCTEM, Tj. aKTUBHOCT OBHX
€H3MMa j€ Y Be3H ca acKopOaT-TIyTaTHOH ITUKITyCOM Y KOME je TIpBa peakityja Imukiryca (peakmnmja usmely
BOJIOHHK-TIEPOKCHIIA U acKopOaTa) KaTajJu30BaHa oJ] cTpaHe oBor eH3uMa (Sofo u cap., 2015). Ackopbar
repokcuaasa (knaca I mepokcumasa) je edukacHu peryiaatop xomeocTtaze ROS 1 MakCUMaTHO JOTIPUHOCH
VKJIakamby BOJIOHUK-TIepokcuaa. [lomTo cy u3ohopMe OBOr eH3UMa MPHUCYTHE y Pa3IndUTUM helnjcKuM
KOMITApTMEHTHMA, aCKOpOaT MmepoKcraase Cy v 3Ha4ajHU PETyIaTOPH Pa3BOjHOT Mporeca. 3Ha4daj ackopoar
TIepOKCHIa3a HUje Be3aH UCKJbYIHUBO 32 XJIOPOIUIACTE, OBaj €H3UM 00aBJha CBOjY (DYHKIHjY U Y IIUTOCOITY,
MTePOKCHU30MHUMA 1 MUTOXOHIpHjaMa, aJli TPAaHCKpHITIIHOHA ekcripecrja A-POX reHa je TKHBHO W Pa3BOjHO
3aBHUCHA, a TIOJ] YTHUIIajeM j& B pa3InIuTHX adnoTrdkux (akxropa (Caverzan u cap., 2012). [lomatHo, uctu
(hakTOp cTpeca MOKe M3MEHHUTH €KCIIPECH]y ITUTOCOTHUX W XJIoporuiacTHUX A-POX reHa Ha pasmuduTe
Haunne (Dabrowska u cap., 2007). EkciepuMeHTaTHIM HCTPaKUBAKbUMa Ha Pa3IMYUTUM TC€HOTHIIOBUMA
0ocusbka OTBphEHO je Aa, U y CiIy4ajy aKTUBHOCTH ackopOaT MmepoKCUaase, MPUCYCTBO aMOHHU]YMOBUX
jOHAa WHIYKYyje BUIIM HHBO AaKTUBHOCTHM AHTUOKCUJATUBHUX C€H3MMa, M Jla aKTUBHOCT ackopOar
MEepPOKCHa3e y BEIUKO] MEPU NpaTH aKTUBHOCTU CyINepokcui aucmyrtaze. CIIOCOOHOCT OJipKaBarmba
BHCOKOT HHMBOA AaKTMBHOCTH OBOT €H3WMa YaK M TPU BUCOKMM KOHIIGHTpalWjaMa HYTpHjeHaTa
eBUJIeHTHpaHAa je y u3panuuma Ocimum basilicum var. minimum n 'y xopenoBuma Ocimum basilicum var.
basilicum cv. Genovese u Ocimum X citriodorum. Kao u y ciy4ajy cynepoKCua AUCMyTa3e U KaTaiase,
AKTUBHOCT ackopOart nepokcunase onaaa kox Ocimum basilicum var. purpurascens cv. Dark Opal u eH3um
je TeHepallHO aKTHBHHUjU Yy KopeHy. Mako ackopbar mepokcupaza mpuMapHy (GYHKUOH]y o00aBiba y
XJIOPOTUTACTHMA, CHIKaBarbe (POTOCHHTETCKOT KaraluTeTa KiIHjaHala y CTPECHHUM YCIOBHMA Y3
OJlpXKaBame AaKTUBHOCTH ackop0aT NepoKcHia3e y H3JaHIMMa KM KOPEHy MOXKE YKa3uBaTH Ha
WHTEH3UBUPAKE SIEKTPOH-TPAHCIIOPTHOT Tpolieca y MUTOXOHIpHjaMa U epokcuzomuma. [lo3Haro je na
Cy KaTallaze YKJbY4YCHE Y JHUPEKTHHU MpOolec JACTOKCHKAIUje KOjU ce BPIIM HEIOCPEJHUM pas3liarambeM
BOJIOHHK-TIEPOKCHIIA IO BOJE M KHCEOHHWKA, NOK ackopOaT MepoKcHmaze CBOjy (GYHKIH]y 00aBibajy
ITOCPEICTBOM OKCHJIAIH]j€ CYIICTpaTa, Kao mTo je mporec nuraudukanuje (Rucinska u cap., 1999). Huzak
HUBO aKTHBHOCTH KaTajiaze ca noBehaHOM aKTHUBHOIINY ackopOar MepoKcuiase y KOPEHOBUMA CBHX
reHoturoBa 6ocuibka (u3y3eB Ocimum basilicum var. purpurascens cv. Dark Opal) yka3zyje ma ce Tokom
jyBeHMITHE (ha3e BOJIOHUK-TIEPOKCHU]T Y TIOI3EMHUM JISIIOBHMA KITHjaHaIa PEBACXOIHO TPOIIH Y MPOIECHMA

OKCHJIaIUje, TPe Hero y mpolecuMa JeTOKCU(pUKaIyje.

138



Jlpacana Jaxosmwesuh Joxmopcka ducepmayuja

[lepokcupase cy jemHa o HajUCTpaXHBAHUjUX Tpyna €H3UMa KoA Ouspaka W HUXOBA
MyATH(YHKIMOHATHA yJora je BuIIecTpyko noTBphena. BpojHe ¢usmonomike QyHKIHje MOBE3aHE CY
yIpaBo ca nepokcuaasama, Mel)y kojuma cy nmuraugukaimja, oAroBop Ha CTpecHe yClIoBe, 010paHa MPOTHB
naTtoreHa u ceHecuenuuja (Shigeto u Tsutsumi, 2016). PaznnuntocT nepokcuaa3sHux GyHKIH]ja IOCIeaAnIa
je mocTojama pa3IHYuTUX (GOPMH €H3MMa M CMaTpa ce Ja je BEeJIIMKH Opoj MEepOKCHAA3HUX H30(POpMHU
€BOJYTHBHO HACTA0 Ka0 OJrOBOP HOBOOPMHPAHUX OpTraHa Ha CIeU(HYHE YCIOBE CIOJBAILE CPEVHE,
1a je 1 PyHKIHja mepokcraa3a OuTHa KOMIIOHEHTA Y OATOBOPY Orbaka Kako Ha pa3BOjHE MpoIiece, TaKo U
Ha ycioBe crospammmbe cpeamae (Ghamsari m cap., 2007). ¥V wmacy Il mepokcmmasza ce, JTOKaITHjCKH
ITOCMaTpaHo, yOpajajy BaKyoJapHHU €H3UMH U €H3UMH heujckor 3uma, MehyTnM, moBe3aHOCT OBUX €H3UMA
ca CEKPETOPHUM IIyTeBHMa KOju oMoTyhaBajy BHXOBY MUTPANHjy YHyTap heiujckor 3mma yclioBJbaBa U
IbUXOBY TI0jaBY M aKTUBHOCT Y IIUTOCOJIY M BaHNhEIHjCKOM MPOCTOPY, a MOTY OMTH TOBE3aHE U ca IUia3Ma
MmemOpanom (Mider, 1992; Vianello u cap., 1997; Verma wu Dubey, 2003). 3a pa3nmuky om ackopbar
nepoKcuas3a Koje ¢y, mopes MUToIriazme, JIoMUpaHe MPeBacXoHO Y opraHenama, rnepokcusase kiace 11
ce He HaJlaze y OopraHeiama, ajd ce W 3a OBy IpyIy €H3MMa MPETIOCTaBJba Ja UMajy BEJIWKU 3HAYaj y
perynanuju pactema u pazsuha (Ghamsari u cap., 2007). Takohe, 70k ce ackopOat MepoKcHaa3e yrIaBHOM
cMaTpajy cneuupUUHIM 3a CYICTparT, Tj. 3a ackopOaT Kao eleKTpoH-IoHOp, nmepokcunase kiace 111 mory
KOPUCTHTH Pa3jInunTa apoOMaTHUHA jeAN-EHha Kao JOHOpE eNeKTpoHa (IOMyT rBajakosa M MUporanosa).
HoxatHo, rBajako) mepokcraase uaeHTH(GUKoBaHe y miazMaMeMOpanama kopeHa coje (Glycine max L.
(Merr.)) mory, y npucycTBY (peHoma, Kao JOHOpe eNeKTpoHa J1a kopucte ackopOat (Vianello, 1997). Jenna
o]l TTIaBHUX (DYHKIIMja MEPOKCHIa3a JONMUPAHUX Y NelrjcKuM 3uI0BUMa MOBE3aHa j& ca OKCHIIAIN]CKUM
mpolecuMa MpeKypcopa JIMTHWHA, OCTaluMa THUPO3MHA Y  TJHMKONPOTEMHMMAa U OCTaluMa
XMIPOKCULIMMETHE KHUCEJIMHE TEeKTHHA M XEMULENyJO3HUX mojucaxapuga. OBH NPOLECH 3aBUCE OX
KOHIIEHTpalHje BOJOHUK-TIEPOKCHAa y helljcKoM 3UI0BY, Ma IuIa3Ma MEMOpPaHCKe MEePOKCUAa3e, Kao U
TepoKcuaa3e hemrjckor 3uma, 3Ha4ajHy YJIOTYy OCTBapyjy y MEeTOKCH(HKAIMjU BOAOHUK-TICPOKCHIA HA
penaruju henwjcku 3um — mIa3ManeMa U Ha Taj HAa9WH JOTIPHHOCE 3aIITATH (HOCHOTUTTHIHOT JBOCIIOja O
JUTIAIHE TTIEPOKCUAAIN]E W TIOTCHIIHjaTHOT omTehema MPOoITyCT/FUBOCTH MeMOpaHa o CTpaHe BOIOHHUK-
repokcuaa (lyama u cap., 1994; Vianello u cap., 1997).

Emumu u3 kmace III mepokcnaaza y3podHHUITM ¢y W jaerpananuje (praBoHOWma, jep MPHUITIKOM
Kopummhema OBHX apOMaTUYHUX jequmbema y (GYHKIHjH JOHOpAa €JIEKTPOHA KaTaau3yjy Ierpanalrijy
CTPYKTYpE apOMaTHYHUX jeAuberha OTBapameM apoMartnyHor npcrteHa (Kalsoom wu cap., 2015).
[ToTBpheno je na moBehame aKTHBHOCTH ITEPOKCHIa3a KOj€ KOPUCTE apOMATHIHE EJICKTPOH-T0OHOPE TOBOIH
0 CMamema KOHIEHTpamnuje (IaBOHOWIA, TIOMITO j€é YOUYEeHO Ja ToBehame aKTUBHOCTH IHPOTAJION

NnNepokCcuaa3e AO0BOAHU OO0 CMamkChha KOH]_[eHTpaL[I/Ije (bHaBOHOI/I,I[a TaKO HITO MOACTUYEC pas3rpaiamy
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AHTOIMjaHNHA Yy TMPHUCYCTBY BOJOHHUK-TIEpOKcuaa. Ha Taj HaYMH aHTOIMjaHUIUH HACTA0 XUAPOJIU30M
aHTOLIMjaHMHA MO>KE [TOTEHLIUjaTHO OUTH cymcTpar 3a oBe eH3uMme (Zhang u cap., 2005; Jing u cap., 2013).
OBo je y ckmafy ca pesyiaTatuma A00HjeHHM 332 aKTUBHOCT IHPOTajiof MEePOKCHIa3a y ciydajy TeHOTUIa
Ocimum basilicum var. purpurascens cv. Dark Opal, npu yemy HajHHXY KOHIEHTpanuja QiaaBoHOHUOA
MpaTH ¥ BUCOKAa aKTUBHOCT OBOT €H3MMa. J[0faTHO, BUCOK HMBO aKTMBHOCTH MHUPOTAJION MEPOKCHIa3e
npaheH je W HUCKOM aKTHUBHOIINY TBajakoj MEepoKCcHaa3e, MOTCHIM]aIHO YCIIeI HeIOoCTaTKa CyIcTpaTa
Y3pOKOBAHOT JETPaJaliyjCKOM aKTHBHOIINY HpoTaon nmepokcumase. Takohe je, u y cimydajy Ocimum X
citriodorum BUTIIA HUBO aKTUBHOCTH KOPEHCKHX MUPOTaJI0i NePOKCHIa3a mpaheH HUKOM KOHIIEHTPAIIH]OM
(dhmaBoHOM A Y OBHM JieIOBUMA KiujaHara. Ca qpyre cTpaHe, TUporaio je GIIaBOHOU U3 TPyIe KaTeXHHA
W TIOpeJ Jerpajalijcke yiore, MOXe OWTH aKTHBHA KOMITOHEHTa (IaBOHOWIA Yy TPOIlECY yKIIamama
peaktuBHUX BpcTa (Jing u cap., 2013), Tako ma BUIA aKTUBHOCT IMHPOTAJION TEPOKCHIA3E Y W3MaHIINMA
Ocimum basilicum var. minimum n Ocimum basilicum var. basilicum cv. Genovese MOKe OUTH OCIIEINALIA
Behe koHIeHTparmje (hIaBoHOWIA y OBHM JIeJIOBMMA KiiMjaHama. Pe3ynraTu Takohe ykasyjy na, Kamga cy y
MUTamky TECTUPAHW TEHOTHUIOBH OOCWIbKA, 3HAYajHA BapHpama y aKTHBHOCTH TBajakoJl IEPOKCHIA3E
W3a3BaHa Cy yIJIIaBHOM aMOHHjauyHHM CTPECOM, IIPU YeMy je ymMepeHo nosehame akTHBHOCTH OBOT €H3UMa
y ycJIOBMMa BUCOKE KOHIICHTpAIMje HyTpHjeHaTa i HyTPUTUBHOT CTPECca YOUSHO CaMo Y CIIydajy U3AaHaKa
Ocimum basilicum var. basilicum cv. Genovese, ajy U IIPU YMEPEHUM KOHLIEHTpalyjamMa y U3JaHuuMa u
koperuma Ocimum X citriodorum. Ca uzysetkom Ocimum basilicum var. minimum, TBajakoj NEpoOKCHaa3a,
y UCTTUTHBAHUM yCJIOBHMA, BUIIIM HUBO aKTUBHOCTH MOKa3yje Y MOA3EMHUM OpranuMa. Mako Mmakcumaline
KOHIICHTpallje aMOHMjadyHUX HYTpHjeHaTa MHXHOHMpajy aKTHBHOCT OBOI €H3uMa y ciy4ajy Ocimum
basilicum var. purpurascens cv. Dark Opal, BepoBaTHO yciie TOKCHYHOI J€jCTBAa jOHa, y CBUM
WCIIUTHBAHUM YCJIOBMMAa WHIYKOBAHOI' CTpeCca aKTMBHOCT I'BajaKoJl NIEPOKCHUIA3e je OcTaria KOHCTAHTHA.
Moxe ce 3aKJbYYUTH Ja KJIMjaHIX yCIIeBajy Ja OApKe yCIoBe XomeocTase y kojuma aktuBHocT III kiace
TIepOKCHAa3a HHje HapyIleHa, Ka0 W Ja jé aKTUBHOCT OBHX €H3MMa BEPOBATHO IOJATHO OMOTyheHa
BHCOKOM KOHIICHTpAIjoM (EHOTHUX jeNHbeha Koja 00e30el)yjy aHTHOKCHAAaTHBHE (YHKITHjEe OBHUX
MepoKcHas3a, a MO3HATH Cy YHHUOIM CEKyHIApHOT MeTaboim3Ma O0CHIbKa.

HyrputnBHa aenpuBariyja ca jeHe, 1 COHA CTpeC N3a3BaH BUIIKOM HYTPHjeHATA ca IpyTe CTPaHe,
jecy KOMIUIEKCHH TPOLIECH KOjU MOBOJE A0 KOOPAWHHCAHWX MpPOMEHa Ha pPa3NWIUTHM HHBOWMA
oprauzanyje OWJbHOT MeTaboim3Ma. JemaH oj TVIABHMX YWHHONA TpmiarohaBama OWIbaka CTPECHUM
YCJIOBHMa jecy MPOXYKTH CEKyHAapHOT MeTabonm3ma. JemaH oa HauwHa KiIacH(pHUKOBama OWUIJEHUX
CEeKyHIapHHUX MeTa0OJNTa je U KTacu(UKaIlrja 3acCHOBaHa Ha ITyTeBUMa CHHTE3€ CEKyHIapHUX MeTaboIHITa

(Bourgaud u cap., 2001).
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Bronomka cuHTe3a (eHUINPONAaHOMIHUX KOMIIOHEHTH (3HauajHUX KOMIIOHEHTH MeTaboin3ma
Oocubka) oBHja ce, HajBehuM 1emom, mocpeICTBOM My Ta IMMKUMCKE KUCEIHHE U PErYJIMCaHa je Ol CTpaHe
HEKOJIMKO €H3MMa, YKJbyuyjyhu dhenunananinn amonnjym nmuasy (PAL) u tuposzud amonujym nmuazy (TAL).
[IpBu kopak oBOr MeTabOJMYKOr ITyTa, Katanu3oBaH onx crpane PAL, npatu npeamuuanmja L-
(deHnnananrHa 1 MeTabOJIUTH KOjU PE3yJITHPajy OBUM KOPAKOM MOTY OWUTH Kiacu(UKOBaHU y (QeHOTHE
IepuBaTe, YKIbydyjyhu U eceHIjaiHa yiba, KyMapuHe, (pJIaBOHOU IS, INTHUHE U IPyre KOMIIOHEHTe (Ziaei
u cap., 2012; Rigano u cap., 2016). busbHn nonudeHOIN 3HAYajHO BapupPajy Y CBOjOj CTPYKTYPH, aJIH 3a
OBe MPHUPOJIHE AHTHOKCHJIAHCE KAPAKTEPUCTUYHO je TMPHCYCTBO HAjMAahE jeTHOT apOMATHIHOT MPCTEHA
jeJHa WM BHIIEC XUJIPOKCUIIHUX TIpyna. AKymynanuja GEeHOJHHX KOMIIOHEHTH IPEJCTaBJba aJalTHBHY
KapaKTepUCTUKY Ha YCIIOBE CTpeca M CHHTe3a (peHonma Moke OWTH WHJyKOBaHA, aly U WHXUOWpaHa y
3aBUCHOCTH O] KOHIICHTpaIlrje HyTprujeHara. U mopen Beher Opoja ucTpakuBama peslaTUBHO MaJlo Ce 3Ha
0 Kopenanuju y aktuBHOCTH PAL U canpxaja cekyHIapHUX METa0OINTa Y Pa3IMIUTHM JISIIOBUMA UCTHX
eKCTIepUMEHTaTHIX OMJbaKka y 3aBHCHOCTH OJ] JOCTYITHOCTH HyTpHjeHaTta. Ca apyre cTpaHe, yTBphuBame
obnMa MeTaboNMUKUX paszinka u3Mel)y oprama je 3HadajHa KOMIIOHEHTAa HMHTETPATHBHOT pa3yMeBamba
oarosopa untase Oousbke (de Miguel u cap., 2016). AKTHBHOCT (eHMITaTaHUH aMOHH]YM JIa3e CE MOXKE
JOBECTH y AUPEKTHY BE3y Ca CHHTE30M Haj3aCTYIUCHUjUX CEKYHAAPHUX METa00INTa U3 TpyIie PeHOTHUX
KrcenuHa (py3MaprHCKe U KoeHHCKE KUCETMHE) Y ciayyajy uznanaka Ocimum basilicum var. minimum n
Ocimum basilicum var. purpurascens cv. Dark Opal, kao u xopenoBa Ocimum basilicum var. basilicum cv.
Genovese u Ocimum X citriodorum. MehyTum, u y ciydajy oicycTBa IUpEKTHE Be3e U3Mel)y aKTUBHOCTH
PAL u koHueHTpaluje HaBeACHMX (CHOMHHX KHCENIMHA, MOXE C€ YBHIETH Kopenanuja usmely
AKTUBHOCTU OBOT €H3MMa M KOHIICHTpalje YKYNHUX (EHONHUX jeuberba, (praBoHOMAa, aau U yKyITHE
AHTUOKCHJATUBHE aKTUBHOCTH. Mako je aktuBHOCT PAL eH3MMa HeonmxonHa 3a CHUHTE3y (DEHOIHUX
jenumema (yribyayjyhu u daBoHowuie), moBehana akTHBHOCT OBOT €H3MMa HE MOpa yBeK OuTH npahena
u 1oBehaHOM KOHIIEHTPANHMjOM OBHX CEKYHIApPHHX METa0OJMTa IOIITO ITUMETHA KHCEIIMHA MOXE OUTH
KOHBEPTOBaHA Yy BEJIMKH Opoj APYrux jemumema. Assis u cap. (2001) HaBoae ma ce moBehaHa aKTHBHOCT
PAL ensuma (6e3 omromapajyher moBehama y KOHIIGHTpAIMjU YKYITHUX (EHOJNHUX jEIUIH-CHhA) MOXKE
CMaTpaTy JIeJIOM [eJIOKYITHOT, HHTETPATUBHOT OJI'OBOPa OMJEHOT OpraHu3Ma.

TokxoM HHTEH3UBHPAHOT pacTeha U pa3Brha cuHTe3a GEHOTHUX jeANH-EHha MOXKE OUTH CYIICTPATHO
WM SHEePreTCKH OTpaHWYCeHA yCJiel OTPAaHHYCHOCTH pasnudyuTux mpekypcopa (Lattanzio u cap., 2009).
Haj3navajauju yTrmaj Ha IPOIYKIH]y CEKYHIAPHUX METAa00IuTa MMa JOCTYITHOCT KOMIIOHEHTH, ITOIYT
A30THUX U KapOOHWITHUX MeTabomnuknx kommoneHTr (Aharoni u Galili, 2011; Jakovljevi¢ u cap., 2017b).
PesynTatu cipoBe/ieHN y OBUM HCTpa)KMBamkbUMa YKa3yjy Ja KaJia Cy HyTPUTHBHHU yCJIOBHU 33JI0BOJbEHU U

HUBO a3oTa oxaromapajyhu, pacteme n QorocuHTe3a cy (HaBOpU30BAaHHU, M Kaja je KOHLEHTpamuja

141



Jlpacana Jaxosmwesuh Joxmopcka ducepmayuja

HyTpHjeHaTa HeaJleKBaTHA IPOIECU pacTemha Cy YMamCeHH, a CHHTE3a CEKyHJapHUX MeTaboymra
¢daBopuzoBaHa, U y ckiany cy ca Herms m Mattson (1992) u Nguyen u Niemeyer (2008). Beha
KOHIICHTpaIija MeTaboyiuTa y YCIIOBUMAa HEAJCKBATHUM 3a MakKCUMallHe (POTOCHHTETHYKE MpoIlece
J0AaTHO MOXKe OMTH oOjalmbera XUIOoTe30M OanaHca u3Mel)y a3oTa M YrJbeHHKa, IPU YeMy, IO OBOj
XHUIIOTE3H, Y YCIOBUMA JIMMUTUPAHE KOHIICHTPALMje a30Ta, KIWjaHIM MTyTeM CEKYHIapHOT MeTa0oanu3Ma
MIPONIYKYjy MeTabonuTe Oorate yribeHUKOM. MehyTuMm, mpoMeHe y KOHIIEHTpaIlji YIJhbeHHKa U a30Ta y
MEIIMjyMUMa, alld ¥ Yy IEIOKYITHO] TOCTYITHOCTH (ycien mporeca (OTOCHHTE3€¢ W CHHTE3e MPOTEHNHA) He
JIOBOJIC YBEK JI0 aHAJIOTHUX IPOMEHA Y HUBOY YTJbCHHUKOBUX U a30THUX IIpuUMapHuUX MeTtadomuTta (Aharoni
u Galili, 2011), ma ce Bumu HUBO akTUBOCTH PAL MOke TOBECTH U y Be3y ca MPOAYKIIH]jOM CEKyHIapHUX
MeTaboTa KOju CapKe a30T, TMOMYT TJINKO3WIa, TAHWHA U IPYyruX MeTabonmTa Ha 6a3u a3oTa.

bussne Bpcte pona Ocimum KapaKTepHIlle BUCOKa KOHIIEHTpaIrja (EHOTHIUX KOMIIOHEHTH, aH
BHUXOB KBAaHTUTATUBHO-KBAIUTATHBHU CACTaB BapHpa Yy B3aBUCHOCTH OJ MHOTOOPOjHHX (hakTopa.
Ymopehyjyhu kapakTeprucTHKe CEKyHIApHOT MeTab0IM3Ma HCTIMTHBAHUX TEHOTUIIOBA HA OCHOBY YKYITHE
KonuiuHe (DEHONHUX jeAWmberha, KOHIIGHTparyje (aBoHOWAA, aiu W YKYIIHE AaHTHOKCHIATHBHE
AKTUBHOCTH, MOXE C€ 3aKJbYUYHTH Ja CE KIIUjaHIM CBUX TCHOTHUIIOBA KOJU Cy TajeHH in Vitro KapaKTepuIry
BHCOKOM KOHIICHTPAIIjOM HaBEICHUX META00JINTa, Ka0 U 3HAYajHOM CIIOCOOHOIINY YKIIamkhamka CI000THIX
paaukana. KonmnurHa ykynmHuX (DEHOTHUX jeIUE-CHha j& KOJ CBUX MCIMUTUBAHUX TEHOTUIIOBA Ouia Beha y
KOPEHY y OJTHOCY Ha M3JIaHKE M IpeMa KOJIMYUHY YKYITHUX (CHOIHHX jeJNCHha TeHOTUIIOBH 3ay3UMajy
cnenehu penocnen: Ocimum x citriodorum < Ocimum basilicum var. basilicum cv. Genovese < Ocimum
basilicum var. purpurascens cv. Dark Opal < Ocimum basilicum var. minimum. Ha OCHOBY KOJIMYHHE
¢maBoHOMIA WCOUTHUBAHM TEHOTUIOBM 3ay3umajy ciaenehm penocnen: Ocimum  basilicum  var.
purpurascens cv. Dark Opal < Ocimum basilicum var. basilicum cv. Genovese < Ocimum X citriodorum <
Ocimum basilicum var. minimum.

Ha ocHOBY yKynHE aHTHOKCHJIATHBHE aKTUBHOCTH WCIUTHBAHH TCHOTUIIOBU 3ay3UMajy HCTH
penocies Kao M 'y cliydajy YKYITHUX (PeHOTHUX jenumbemna, Tj.: Ocimum X citriodorum < Ocimum basilicum
var. basilicum cv. Genovese < Ocimum basilicum var. purpurascens cv. Dark Opal < Ocimum basilicum
var. minimum. Mehytum, u mopea HajHI)KE BPEIHOCTH aHTHOKCHAATHBHE criocoOHocTH, modujene I1Cso
BPEIHOCTH 32 KOPEHE M u3ganke renoruna Ocimum X citriodorum cy y cBaKoM o] KOpHITNEHUX TpeTMaHa
oune mke ox 100 ng mL!. 3a cBakm o1 MCIIMTUBAHUX T'€HOTUIIOBA Behy aHTHPAIMKAIICKY CIIOCOOHOCT CY
JIEMOHCTPHUPAIIH MOJ[3¢MHH JICJIOBH.

HPLC ananu3oMm je moTBpheHo ma ce, Kao U y CiIy4ajy YKyIHEe aHTHOKCHIIATUBHE aKTHBHOCTH M
KOJMYHMHE YKYMHUX (DCHONHHMX jelnberha, Beha KOHIEHTpaldja omadpaHux (EHONHUX KHCEIHWHA, Tj.

PY3MAapHUHCKE U KO(l)GI/IHCKe KHCCJIMNHC, CHHTCTUILC Y KOPCHUMA in vitro FajCHI/IX FEeHOTHUITOBA OOCUJBbKA y
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OIIHOCY Ha wu3aaHke. Ha OCHOBY KOHIIEHTpalyje py3MapUHCKE KHUCEIUHE WCIUTHBAHU TCHOTHIIOBU
3ay3umajy cienehu penocnen: Ocimum X citriodorum < Ocimum basilicum var. minimum < Ocimum
basilicum var. purpurascens cv. Dark Opal < Ocimum basilicum var. basilicum cv. Genovese.

Ha ocHOBy koHIeHTpalmje KoperHCKe KUCEIUHEe UCIIMTUBAHU TCHOTHUIIOBU 3ay3uMajy cienechu
penocien: Ocimum X citriodorum < Ocimum basilicum var. purpurascens cv. Dark Opal < Ocimum
basilicum var. basilicum cv. Genovese < Ocimum basilicum var. minimum.

Panmjum wmcrpakmBamuMa je yTBpHEHO Ja KBAHTUTATUBHU M KBAJUTATUBHU cacTaB (EHOIHUX
jenrmerma, Kao U /UX0Ba aHTHOKCHJIATHBHA aKTHBHOCT KOJI TIpeCTaBHUKA poaa Ocimum Bapupa, Kako y
3aBHCHOCTH OJI UCTIIMTUBAHE cOpTe OOCHIbKA, TAKO M O]l IOpEKIa y30paka, KOJMYHHE JOCTYITHOT a30Ta,
KOJMYHMHE KalWjyMa W WHTEH3WTETa yaTpasbyOmdacTor 3pauema (Javanmardi m cap., 2002; Nguyen u
Niemeyer, 2008; Nguyen u cap., 2010; Scagel u Lee, 2012; Kiferle u cap., 2013; Flanigan n Niemeyer,
2014; Ghasemzadeh u cap., 2016; ). Mehyrum, BehuHa HaBeACHHX CTyAHWja y3UMa y 0O3Up HaI3eMHE
JeroBe OOCHIbKA, TIPEBACXOMHO JMCTOBE, 3aHeMapyjyhu kako ocrtane OWJbHE IEIIOBE, TAKO W IPOIIECEe
pacrema u pa3Buha (Scagel u Lee, 2012). BapujaOmiHOCT KOHIIEHTpAITHj€ YKYITHUX (EHOIHUX jeANHCHha,
MojeIMHAYHUX (DEHOJIHUX KUCEIHMHA, alld U aHTHOKCUIATUBHE aKTUBHOCTH yTBpleHa je y imcrtoBuma 15
pasznuuuTHX TeHotuna 6ocuibka o ctpaHe Kwee u Niemeyer (2011). Mako HaBeieHUM MCTPakKUBaEkEM
HUCY 00yxBalieH! FeHOTHUIIOBY KOPUITNEHH Y OBOM EKCIIEPUMEHTATHOM Pajly, U3MEPEHH Ca/IpiKaj YKYITHHX
(heHOJTHUX jeIUbCHa, KA0 M KOHIIGHTPAINMja Py3MapuHCKE U KO(PEHHCKE KUCEIUHE 33 CBE MCIIUTUBAHE
TCHOTHUIIOBE BUIIIECTPYKO j€ HIDKA y OAHOCY Ha pe3yiararte poodujeHe 3a Ocimum basilicum var. minimum,
Ocimum basilicum var. basilicum cv. Genovese, Ocimum basilicum var. purpurascens cv. Dark Opal u
Ocimum X citriodorum. Ilpema oBUM ayTopHuMa, cafpikaj MojeJMHAYHMX (PEHOIHUX KHUCEJINHA 3Ha4YajaH je
(hakTOp YKYITHE aHTMOKCHJIATHBHE aKTMBHOCTH €KCTpakara 0ocuibka. Bapupama y KOJIMYMHUA U CacTaBy
(h)eHOJTHUX KOMIIOHCHTH W aHTHOKCHJIATUBHE AaKTUBHOCTU MOTBpHEHA Cy y 3aBUCHOCTH O] COPTE
Jpyomdactor O6ocmibka (Flanigan m Niemeyer, 2014), ox 3penocTd OubKe y MOMEHTY Yy30pKOBambha
(McCance wu cap., 2016), ox mpuMmeHe yiarpabyomudactor 3padema (Ghasemzadeh u cap., 2016), on
Bapypama y KOHIICHTpaIju Kaimjyma u a3ora y nmomio3u (Nguyen u Niemeyer, 2008; Nguyen u cap.,
2010), mpu yeMy cy Yy CBHM HaBEICHUM HCTPaKMBambMMa KOPHUITNEHHW JTUCTOBH OOCHIBKA, a OOWjeHE
BPEIHOCTH Cy HIDKe Y mopehemy ca BpeaHOCTHMA JTIOOWjeHUM UCTIUTUBAEM HABEJIeHA YETHPH TeHOTHIIA
Yy OBOM UCTpaKuBamy. 3y3eTHO BHCOKA KOHIIEHTpAIWja pPy3MapuHCKe KUCEIHHE Y KOPEHOBUMA iR Vitro
rajeHux KiujaHala OOCWJbKa y CKIIamy je ca BpemHOCTHMa JOOHjeHUM 3a KopeHe reHotuma Ocimum
basilicum L. cv. Genovese XUIPOITOHNYHO T'ajeHOT Ha peyKoBaHOM HUTpaTHOM Meaujymy (Kiferle u cap.,

2013). Nguyen u Niemeyer (2008) uctudy ma mpoMeHe Y KOHIICHTPAIMjH a30Ta Yy MOMJIO3H, y3 01a0up
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onropapajyhux coptu, MOry OUTH e()eKTUBHU METO]I 3a MoBehame KOJIMYMHE NOTH()EHOIHUX KOMIIOHEHTH
Koz 0OCHJBKA.

[IpucycTBO MHTpACHENUjCKUX pa3jiika TOKOM paHux (a3a pacTema W pa3Buha y mpoiecuma
CUHTE3e MeTa0OoJIMTa MPHU CTPOTO KOHTPOJIUCAHUM YCIOBUMA YKa3yjy Ha 3HayajaH e)eKaT KBAaHTUTATUBHOT
Y KBaJMTATUBHOT CacTaBa MHHEPAJIHUX €JIeMEHATa U jaCHOT Je()UHUCAmha HyTPUTHBHHUX 3aXTEBa 33 CBAKU
0]l TECTUPAHUX TEHOTHUIIOBA Y IHJbY MOCTH3amka 00Jbe MpUMapHE MPOJYKIUje ¥ MHTCH3HBHHU]jE CHHTE3E
cekyHaapHux MeTabonmra. Mimajyhu y BuIy BUCOKE KOHIICHTpAITH]e pPy3MapruHCKe U KO(DEHHCKE KUCEITHHE
KOje Cy moOujeHe U3 eKCTpaKaTa KopeHa KiijaHaria 00CHIbKa, Kao M 3Ha4YajHy aHTHOKCHIATHBHY aKTHBHOCT
W KONWYMHY YKYITHUX (EHONHHUX jeIUI-EHha, YKIbYUyjyhu m ¢IaBoHOWIE, Y KOPEHHMa TECTHPaHUX
TCHOTHIIOBA, KYJITypa KiWjaHala W TPOTOKONU CHPOBEJCHH Y OBOM HCTPAXUBABY, y3 MPUMEHY
NeQHUHUCAHNX HYTPUTHBHUX 3aXTeBa, MOTY MMATH BUIICCTPYKH AIUIMKATHBHHU 3HA4aj, KaKo 3a Jiajbe

poyJaBame GU3HOJIOTHje OBUX 3HAYAjHUX MPEACTAaBHUKA, TAKO U 32 EKCTPAKIIH]y 3HAYajHUX METa0OJHTA.
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JAK/bYYIIU

Ha ocHOBY pe3ynrara ucTpakuBama CIPOBEICHUX Y OBOj TOKTOPCKO] JUCEPTAIH]jH, a Ca IHJHEM
yBOhema o1abpaHux TeHOTHITOBA OOCHIBKA Y in Vitro yCIIOBE W YTBphHBamka HHTPACIEITH]CKUX pa3uKa y
CHHTE3H NMPUMAapPHUX CTPYKTYPHUX KOMIIOHEHTH, Ka0 M pa3jifKa EH3UMCKHUX U HEe-CH3UMCKUX KOMIIOHEHTH
o0paMOEHOT CHUCTeMa y YCIIOBHMa MPOJIOHTMPAHOT HYTPUTHBHOT CTpeca, MOTY ce Hu3BecTu cieaehu

3aKJbYYIIH:

e VcremHo Ccy pa3BHUjeHH MPOTOKOIM U TIOY3JIaHO je YCIIOCTaBJbeHA in Vitro KynTypa
KIIMjaHala 3a 4eTupu renotuna 6ocusbka: Ocimum basilicum var. minimum (CUTHONHACHH
0ocusbak), Ocimum basilicum var. basilicum cv. Genovese (KpyIHOJIHCHA OOCHJBAaK),
Ocimum basilicum var. purpurascens cv. Dark Opal (Jbyouuactu 6ocwmbak) u Ocimum X

citriodorum (TUMyHCKU OOCHIBAK).

o Konrponmucanu ycioBu u jaedunHucanu (aktopu pactema U pasBuha, y3 OJCYCTBO
(baykTyanuja aOHOTHYKNX W OMOTHYKHX (haKTOpa CIOJhAIlhe CPeIuHEe, YHHE KYITYpy
KJIMjaHama MOTOJHAM CHUCTEMOM 3a Tpaheme (U3MONONMKIX OATrOBOpa Ha IOjeAMHAYHE
(dhaxTope crpeca. OBaj B KyATYpe TKUBA j€ 3a HaBeJeHEe TeHOTUIIOBE KOPHUIITheH 10 TIPBU

IIyT ¥ aIJTUKATHBAH j€ 32 Pa3INIUTe COPTEe OOCHIBbKA.

o Konmenrpamyja enreMeHaTa MAUHEpaIHe HCXpaHe (HUCKA, YMEpPEHa M BHCOKA) OCTBapyje
pasu4nTe, TeHOTHUIICKU crienudruHe edekre Ha mpolec Kinjama, CHHTE3y CTPYKTYPHUX
KOMIIOHGHTH, [apaMeTpe AaHTUOKCHJATUBHE 3allITUTE U IEJOKYITHU CEKyHJapHU

MeTadoIu3aM.

e [IpucyctBo amoHnjadHe GopMe a30Ta yMamyje CIIOCOOHOCT CeMeHa Jia KITHjajy KOJ CBHX
WCIIUTHBAHUX TCHOTHIIOBA; y TPUCYCTBY AMOHHjYMOBHX jOHA IOYETAaK KIHjama je

OJUIOKEH, BpEMeE KJIHjarba yCIOPeHo U Op3uHa KIIMjamka pelyKoBaHa.
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e Hajsehu npoueHar mpokiujanx ceMeHa, Kao W Hajopxe W HajyHH()OpMHHjE KIIHjarmbe
eBUIICHTUPAHO je 3a cemeHa Ocimum X citriodorum y mopehemy ca ocTaauMm
reHorurioBuMa. llporiec knmjama ce 3a Ocimum X citriodorum HajOOJbE ONBHja TPH
MHHHAMAJTHUM KOHIIeHTpanujama HyTpujeHaTa. Cemenmma Ocimum basilicum var.
purpurascens cv. Dark Opal je, Takohe, HajmoBOJbHHja MHUHHUMaTHA KOHIICHTpAIHja
HyTpHjeHAaTa, T0K Cy ceMeHa Ocimum basilicum var. minimum u Ocimum basilicum var.
basilicum cv. Genovese yCIIeITHHU] ¢ KJIHjajia TPH BUCOKAM KOHIICHTpaIlijaMa HyTpHjeHaTa,

aJy 3HATHO CTIOpHj€ Y OJHOCY Ha MPETXO/IHA IBa TeHOTHIIA.

e [lpm BHCOKMM KOHIEHTpalMjamMa HyTpHjeHaTa WHTEH3WBUpAa C€  CHHTe3a
(doTocuHTETHUKMX TMTMeHaTa reHotuna Ocimum basilicum var. minimum, TOK yMepeHa
W HHCKAa KOHIICHTpallMja HYTPHjeHATa HapyIIaBajy CHHTE3y OCHOBHUX CTPYKTYPHHX
KOMIIOHEHTH TpUMapHOr Merabonmsma. Ocimum basilicum var. minimum je jenuHu
TCHOTHUII KOME IOTO/yje BHUCOKAa KOHIICHTpalldja MHUHEPAIHUX elieMeHata (y OJCYCTBY

aMOHH]YMOBHUX jOHA).

e HajnoBosbHHjU ycI0BH 32 00aBsbamke (POTOCHHTETHUKUX MpoLeca Koa reHotumna Ocimum
basilicum var. basilicum cv. Genovese yKJbydyjy yYMepeHY M HHCKY KOHLEHTPALHjy
HyTpHjeHAaTa, NMPH 4YeMy CHHTe3a (DOTOCHHTETHYKUX MUTMEHAaTa HHje WHXHOMpaHa y

MPUCYCTBY aMOHH]j YMOBHX jOHA.

e Bucoka KOHICHTpaIMja HyTpUjeHaTa WHXUOUpPA CUHTE3y (POTOCHHTETUYKHX MMUTMEHATa
kon Ocimum X citriodorum u Ocimum basilicum var. purpurascens cv. Dark Opal, 1ok cy

HAjIIOBOJFHU] U HUTPATHA MEHjYMH ca HICKOM KOHIICHTPAIINjOM HyTpHjeHATA.

o Y yCJI0BMMa MPOJIOHTUPAHOI HYTPUTHBHOI CTpECa MHAYKOBaHa je CHUHTEC3a MpOTEHHA U
CHMI)XCHA aKTHUBHOCT HOje,III/IHa‘IHI/IX €H3MMa OKCUAATUBHE 3aIITUTE CE€ HE MOXKE TOBECTU Y

Be3y Ca HEJJOCTATKOM OBUX CTPYKTYPHHX KOMIIOHEHTH.

e llcniuTuBameM EH3UMCKUX KOMIIOHEHTH OA0paMOeHOr cUCTeMa YTBPHEHO je MOCTOjame
MHTPACIIEIN]CKUX pa3jifKa Y aKTUBHOCTHU I0jeIMHAYHUX CH3MMa OKCUJATHBHOI CTpeca,

NpY YeMy Yy OUyBamy XOMEOCTa3e 3HauajHUju ehekaT nMa KoopAuHauuja cueunpuaHux
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6I/IOXGMI/Ij CKHX U (I)I/IBI/IOJ'IOH_IKI/IX MEXaHHn3aMa y OJHOCY Ha l'[Oj CANHAYHC aHTHOKCHUAATUBHE

KOMIIOHCHTC.

®  AKTHBHOCT CYIEPOKCH AUCMYTa3€ j€ y YCIOBUMA MPOJOHTUPAHOT CTpeca MHIyKOBaHA y
mganuuma Ocimum basilicum var. basilicum cv. Genovese u Ocimum basilicum var.
minimum, kao u kKopeauma Ocimum basilicum var. minimum n Ocimum X citriodorum, TIOK
Ocimum basilicum var. purpurascens cv. Dark Opal HemMa CITOCOOHOCT aKTHBaIHje

CYTIEPOKCH[] TNCMYTa3e HU Y U3/IaHIINMA HA y KOPEHY.

e AKTHBHOCT Kartajnase je cneuu@uyHa 3a HaJ3eMHe JiesoBe knujanaua Ocimum basilicum
var. minimum w Ocimum basilicum var. basilicum cv. Genovese; y KOpeHHMa je
WHyKOBaHa camo y cityuajy Ocimum X citriodorum, nox renotun Ocimum basilicum var.
purpurascens cv. Dark Opal Hema ciocoOHOCT MHAYKIIMj€ HU OBOT €H3UMa y yCJIOBHMa

HYTPUTHBHOT CTpeca.

e AKTHBHOCT ackopOaT MEepOKCH/Ia3e Y HAI3eMHHUM JIeJIOBHMA KJIMjaHaIla y BEJIMKO] MEepH
MpaTH aKTUBHOCTH CYIEPOKCHJ JWCMYTa3e W Karamasze, JIOK HH3aK HUBO Karajaze y
KOpPEHOBHMMa, y3 WHJYKOBaHY AaKTUBHOCT acKopOaT MEpOKCHIA3e y OBHM JICIIOBUMA
KJIMjaHala, yKalyje Ha YKJbYUMBamkE¢ OBOT €H3MMa y IIPOIECEe OKCHIAIHje, Tpe HETo

TEeTOKCU(HUKAITHI] € BOIOHUK-TIEPOKCHIA.

e OpcycTBo 3Ha4YajHUJUX edekara IPOJOHTHPAHOT HYTPUTHBHOT CTpeca Ha aKTHBHOCT
T'BajaKoJl MEPOKUIa3e U MUPOTATION MEPOKCHAa3e YKa3yjy Ha OJpiKaBame XOMEOCTase y
M3JIaHIMMA U KOpEHUMa UCITUTHBAHUX TEHOTUIIOBA, @ aKTUBHOCT nepokcuasa 1l kimace y

BE3U j€ U ca BUCOKOM KOHIIEHTPAaIHjoM (DEHOIHUX jeANH-eHha OOCHIbKA.

o  Koxa Ocimum basilicum var. minimum, Ocimum basilicum var. basilicum cv. Genovese,
Ocimum basilicum var. purpurascens cv. Dark Opal u Ocimum x citriodorum npucycTBo
aMOHHMjYM-HUTpaTa W3a3uBa  I[IOBHIICHY aKTUBHOCT  EH3UMCKHX  KOMIIOHEHTU

AHTHUOKCHUAATHUBHEC 3allITUTC.
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e AxrtuBHocT (eHwnananuH amonmjyM Jmaze (PAL) moxe ce nmoBectn y Be3y ca
KOHIICHTPAITNjOM JIOCTYITHUX HyTpHjeHATa, TIPH 4eMy (hopMa a30THE UCXpaHe He yTHUIE Ha

KOHBEPTOBAE {rans-IAMETHE KHCEIUHE Yy MPOJYKTE CEKyHIAPHOT MeTaboIm3Ma.

e [losehana akTuBHOCT heHMIaTaHnH aMoHMjyM Ja3e (PAL en3nMm) npaheHa je BUCOKOM
KOHIICHTPAITHjOM Py3MapHHCKe U KopermHCcKe Kucenune y mganmuma Ocimum basilicum
var. purpurascens cv. Dark Opal u Ocimum basilicum var. minimum, Kao ¥ KOpeHOBa
Ocimum basilicum var. basilicum cv. Genovese u Ocimum X citriodorum. OncycTBo
TUPEKTHE Be3e m3Mel)y KOHIIEHTparuje OBHX (DEHONHMX KHCEIWHA W aKTHUBHOCTH
(heHHUNaNaHNH aMOHU]YM JIHa3€e Y OCTAIUM TPETMaHUMa YKa3yje Ha YKIbYUHBAE U JIPYTHX
MyTeBa CHHTE3€ MPWINKOM MPOAYKIMje OBUX METabOJHTa, Y3 HCTOBPEMEHO yUECTBOBAMHE
PAL eH3uma y CHHTE3U JIPYTUX METaOOJIMYKNX KOMIIOHEHTH CEKYHJIapHOT MeTabonu3ma,
003MpoM Ja je y OBaKBUM CiIy4yajeBUMa akTWBHOCTH PAL em3umMa y Be3un ca

AQHTUOKCHJATUBHOM aKTHBHOLINY M KOHLEHTPALUjOM YKYITHUX ()EHOIHUX jeAUbeHha.

e (CuHTe3a CeKyHIapHUX METa0OJHTa je MHTEH3UBHPAHA Y YCIIOBUMA YMEPEHOT UITH BUCOKOT
HYTPUTHBHOT CTpeca M TKUBHO je CIeIU(YHA 3a CBE UCITUTHBAaHE T'eHOTHIIOBE OOCHIbKA,
TIpH 9eMy ce KOPEHH KJTHMjaHalla KapaKTePHIy 3Ha4ajHO BehoM KOHIIEHTPAIH]OM YKYITHHX

(heHOTHUX jeaubeha U YKYITHOM aHTHOKCHIaTHBHOM aKTHBHOIIINY.
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BUOTPADOUIA

Hparana 3. JakoBibeBuh je pohera 29.10.1986. ronune y Jaroguau. OcHOBHY mKomy ,,Jlyman [Tonosuh™ y
benymmhy n Cpenspy MEIUIMHCKY KONy ca ToMoM ydeHmka ,,Cectpe HumkoBuh® y Kparyjermy je
3appuimwiia ca ommyHuM ycrexoM. Crynuje buonoruje Ha IlpupomHo-mMaTteMaTHUKOM (hakKyaTeTy
Yuusepsurera y Kparyjesiy je ynucana mkoscke 2005/2006. rogune u nutuiomupaina 2010/2011. rogusne,
MOCTUraBIIX MPOCEYHY OLIEHY TOKOM cTyAuja 8.96. JlokTopcke akaJieMcKe CTyauje OHoJIoTHje je yrnucaa
mkoisicke 2011/2012. ronune Ha IlpupomHo-matematnukoMm (akynrety YHuBepsuteTa y Kparyjesiry.
[Tonoxwia je cBe IMIaHOM U IporpaMoM TipenBuhere uernmte ca mpocednom oreHoM 10. Omx 2012, mo 2015.
roguHe Owja je CTHUINEeHOUCTAa-IOKTOpaHA MUHHCTapCcTBa MPOCBETE, HAyKe M TEXHOJOIIKOT pa3Boja
Pemryoimmke CpOwuje, TIe je Kao HMCTpakKMBAd-TIPUIIPABHHUK pacropeheHa Ha MpojekTy ,llpexnmmanuka
WCIINTHBaka OMOAKTUBHUX CYTICTAHIIN  — eBHICHITMOHM Opoj mpojekta MIMM41010. ¥V 3Bame acucTeHT 3a
yKy HayuHy obOnact ®dusmoinoruja Owibaka Ha HMHcTHTYTy 32 OHosorujy um exoiorujy llpupomHo-
MaTeMaTHykor ¢akynreta YHuBep3urera y Kparyjepiy mzabpana je 2015. rogune. AxktuBHO ce 0OaBu
pean3anyjoM HacTaBe M SKCIIEPUMEHTATHUM pajioM y obnactu dusmnonoruja Ousbaka.
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Abstract Basil cultivars are among most used crops
worldwide, but high level of morpho-physiological varia-
tions is mainly due to the cultivation characteristics. The
present study aimed to investigate the physiological chan-
ges and the accumulation of secondary metabolites as a
response to prolonged nutrient deprivation in shoots and
roots of sweet basil (Ocimum basilicum L. var. minimum).
Sweet basil seedlings were grown in media with quarter,
half and full strength of micro and macronutrients under
different levels of KNO; alone or in combination with
different levels of NH4;NOj5. Evaluated parameters included
characteristics of germination, development of leaves,
content of photosynthetic pigments and responses of dif-
ferent parameters related to oxidative stress. While the
early growth is influenced mainly due to NH4,NO; pres-
ence, all the levels of nutrient supply were found to trigger
and maintain the antioxidant defence system of sweet basil
seedlings. With the variations among seedling parts, the
ammonium nutrition was notably enhanced levels of
activity of SOD, CAT, A-POX, G-POX and P-POX, but
had no effect on total antioxidant activity and total
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phenolic content, including flavonoids, which is mainly
accumulated in nutrient deprived roots. In addition,
phenylalanine ammonia-lyase activity was analysed and
potential pathways of secondary metabolites synthesis were
discussed. The enzymatic and non-enzymatic system in O.
basilicum var. minimum seedlings was capable to reverse
the stress conditions during growth under nutrient
deprivation.

Keywords Antioxidant enzymes - Nutrition -
Phenylalanine ammonia-lyase - Sweet basil - Secondary
metabolites

Introduction

For normal physiological processes in plants, availability
of macro and micro-nutrients is essential, especially during
plant growth and development (Kalaji et al. 2014). As a
main component of amino-acids and proteins, as well as a
regulator of enzyme activities, nitrogen is required for
energy metabolism (Hussain et al. 2016). Plant develop-
ment depends on an appropriate concentration of nitrogen
to synthesize main cellular compounds which are further
necessary (Sanchez et al. 2004). This substantial element is
available in different forms, but among them, nitrate
(NO;) and ammonium (NH4") are primary nitrogen
sources for plants (Sung et al. 2015). The plants produced
visible changes in their growth and development if growing
on the medium containing nitrate or ammonium under
deficit or excess (Polesskaya et al. 2006).

Since plants can grow up in soils that contain unfa-
vourable concentrations of essential elements, plants must
sense changes in nutrient concentration to survive in
nutrient deprived environment and to adjust growth to

@ Springer
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Abstract. Sweet basil is one of the most widely used commercially cultivated plants worldwide. Here, we investigated
the early growth and antioxidant enzyme activity of salt-stressed sweet basil seedlings. We subjected in vitro-grown
sweet basil (Ocimum basilicum L. var. mininum) to different levels of sodium chloride (0, 10, 20 and 30 mM) and
collected data per week during the first month of growth. The responses of antioxidant enzymes to salt stress were
variable. Superoxide dismutase (SOD) exhibited similar patterns of increasing and decreasing activity in both shoots
and root. By contrast, pyrogallol peroxidase (PPOX) and guaiacol peroxidase (GPOX) activity increased during plant
growth but varied among seedling parts. Catalase (CAT) was the most salinity-sensitive enzyme examined, with activities
varying depending on the plant part and stage of development. Our results also suggest that nutrient uptake is inhibited
in basil under salt stress and that antioxidative defence mechanisms are induced in salinity-stressed sweet basil during
early development. The changes in nonspecific antioxidant biomarkers observed in this study could be highly valuable
for studying the mechanism underlying stress tolerance in O. basilicum L. var. minimum and could facilitate the

development of tolerant basil cultivars.

Additional key words: catalase, development, Ocimum basilicum, peroxidase, superoxide dismutase

Introduction

Plant metabolism is highly regulated to maximize the
efficiency of biosynthetic pathways. Since this regulatory
mechanism does not completely prevent the production of
reactive oxygen species (ROS), ROS are inevitable by-products
of normal metabolism. In many cases, ROS production is
genetically programmed and is induced during the course of
development, with complex effects on both primary and
secondary metabolism. Under optimum growing conditions,
plants maintain a delicate balance between the production
and scavenging of ROS. However, beginning in early devel-
opment, metabolic activity varies dramatically and therefore,
the sources of ROS are difficult to predict. Furthermore, such
equilibrium might be disturbed by exposure to various stress
conditions, which lead to an increase in ROS levels (Foyer
and Noctor, 2005; Hussain et al., 2016). To alleviate ROS-
mediated oxidative damage, plants have developed an anti-
oxidant defence system involving non-enzymatic antioxidants
(tocopherol, carotenoids, flavonoids and so on), as well as

@ Springer

antioxidant enzymes such as superoxide dismutase (SOD),
peroxidase (POD) and catalase (CAT) (Gengmao et al., 2015;
Wei et al., 2015). However, the effectiveness of protective
mechanism varies among species and varieties (Srinieng et
al., 2015).

Ocimum basilicum L., commonly known as sweet basil
(the *king of the herbs™), is an annual herbaceous aromatic
plant that is cultivated commercially worldwide. The biological
properties of basil are well documented, with most inves-
tigations to date focused on the content and composition of
essential oils (Lee et al., 2005; Politeo et al., 2007; Hussain
et al., 2008). Although traditionally used as a medicinal herb
to treat various conditions, basil has a long history as a
culinary herb due to its foliage, which adds a distinctive
flavour to many foods (Labra et al., 2004). Basil is popular
among consumers year-round and controlled environmental
conditions enabling stable production worldwide (Park et
al., 2016). Therefore, while most commercial basils are of
the O. basilicum species, there is great diversity among
individual plants and plant populations, making the levels of



Oopazay 1

HU3JABA AYTOPA O OPUTHHA/THOCTH JIOKTOPCKE /IHCEPTAIIHJE

Ja, Iparana JakoB/beBuh, U3jaBjbyjeM /1a TOKTOPCKA AMCEPTAIIH]ja IO HACTIOBOM:

HNuTpacnenujcka BapujadMJIHOCT NPUMAPHOT U CEKYHAAPHOT MeTa00/M3Ma HYyTPUTUBHO

AeNpMBUPAHMX KiaujaHana Bpcre Ocimum basilicum L. (Lamiaceae)

Koja je onOpameHa Ha [IpupoaHo-maTemaTuukoM (pakyarery YHuBep3urera y Kparyjesiy
MPEJCTABIbA OPUCUHATIHO AYMOPCKO 0e0 HACTAIIO Kao PE3YNITaT CONCMBEHO2 UCTPAICUBAUKOZ

paoa.

Osom U3zjasom maxohe nomephyjem:

® J1a caM jeOuHu aymop HaBelleHe JOKTOPCKE NHUcepTaluje,
e Ja y HaBEACHO] JOKTOPCKO] TUCEPTAIUjU HUCAM U3BPUUO/LA Nnospedy ayTOPCKOT HUTH
APYTOT MpaBa WHTEJIEKTyaJTHEe CBOJHHE APYTHX JINIA,

® Ja YMHOXXEHHU NPHMEpaK JOKTOPCKE AMCEpTalUje y MITaMIIaHOj U €JIEKTPOHCKO] (opMu y
ydjeM ce TpWIOry Hajasu oBa M3jaBa campkw ITOKTOPCKY IHCEpPTaIljy HCTOBETHY
010pamEeH0] TOKTOPCKOj AUCEPTAIIU]H.

VY Kparyjermy, 17.04.2018. roqune,

MOTITUC ayTopa
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H3JABA AYTOPA O HCKOPHIITRABAHK Y /IOKTOPCKE /IHCEPTALIHJE

Ja, Iparana JakoB/beBuh

X II03BOJbaBaM

HE 103BOJbaBaM

VYuuBep3uterckoj 6ubnanorenn y KparyjeBuy aa HauMHM J1Ba TpajHa YMHOXKEHA IpHUMEpKa y

€JIEKTPOHCKO] OPMH TOKTOPCKE JUCEPTaIr]€ MO HACTIOBOM:

HNuTpacnenujcka BapujadnJIHOCT NPUMAPHOT M CEKYHIAPHOT MeTa00/1M3Ma HYyTPUTHBHO

AeNpUBUPAHMX KaujaHnana Bpcre Ocimum basilicum L. (Lamiaceae)

Koja je onOpameHa Ha [Ipupoano-maTemaTuukom ¢axkyarery YHusepsurera y Kparyjesiy, u
TO y IIEJIMHHU, Ka0 U JIa TI0 jeJaH IPUMEePaK TaKo YMHOKEHE IOKTOPCKE TUCEPTAlN]je YIMHH TPAjHO
JIOCTYITHUM jAaBHOCTH ITyT€M IUTHTAIHOT pero3uTopHjymMa YHuBep3utera y Kparyjesmy u
[EHTPATHOT PENO3UTOPHjyMa HAJIC)KHOT MUHHUCTApCTBA, TaKO Ja MPUIATHHUIN jaBHOCTH MOTY
HAUYMHUTH TPajHE YMHOKEHE IPUMEPKE Y €JIEKTPOHCKO] (OPMH HaBEZCHE JOKTOPCKE HCEepTaLje

IIyTEM npey3umMarsd.

OBomM U3jaBom Takohe

X JI03BOJbaBaM

HE J103BOJbaBaM’

MPUIMIATHUAIIIMA JaBHOCTH J1a TAaKO JOCTYIHY JOKTOPCKY JAWCEPTAIMjy KOpPHCTE MOJ yCJIOBHUMA

yTBphenum jearom ox cineaehux Creative Commons TUTICHITA:

1Vkomuko aytop uzabepe na He JO3BOJNHM TPUNAJHUIMMA jABHOCTU 1A TAKO JOCTYIHY NOKTOPCKY JHUCEPTAIH]y
KopHcTe 1oJ| ycinoBuMa yrBphenum jenHom on Creative Commons NTULEHIU, TO HE UCKJbYUYje MPaBO NPHUINAJIHUKA
JaBHOCTH J1a HaBeAEHY JOKTOPCKY IUCEPTalnjy KOPHCTE Y CKaay ca oapendama 3akoHa O ayTOPCKOM M CPOAHUM
npaBUMa.



1) AyropctBO

2) AyTOopCTBO - JEIUTHU TIOJ UICTUM YCIIOBUMA
3) AytopcTBo - 0e3 nmpepana

4) AyTOpCTBO - HEKOMEPIIH]aTHO

(5)AyTOpCTBO - HEKOMEPIIM]ATHO - ASTUTHU IO UCTUM YCIOBHUMA

6) AyTOpCTBO - HEKOMEpLHjaIHO - 6e3 mpepaja’

VY Kparyjermy, 17.04.2018. rogune

MOTITUC ayTopa

2YKonuko ayrop u3abepe jJa He JO3BOJIM NPHIAAHMIMMA jaBHOCTH 1a TAKO NOCTYIHY JOKTOPCKY AHMCEPTALH)y
KOpHCTE TIOJT ycioBUMa yTBpheHuM jeqaom of Creative Commons TUICHIINA, TO HE UCKJbYYYje MPaBO MPHUIATHUKA
JaBHOCTH J1a HaBEJIEHY JOKTOPCKY JUCEPTAIM]y KOPHUCTE y CKIaay ca ojapeadamMa 3aKkoHa O ayTOPCKOM U CPOIHUM
IpaBUMa.

MonuMo ayTope KOju Cy n3abpaju Aag03B0JIe NPHIaHUIMMA jaABHOCTH 14 TAKO JOCTYIHY JOKTOPCKY JUCEPTALM]y
KopucTe moj ycioBuma ytephernum jemnom on Creative Commons TUIICHIUM J1a 3a0KPYXKE jelHY ol MOHYheHuX
nuieHiy. Jlerasbad caapikaj HaBeICHUX JIMICHIIM TOCTYIIaH je Ha: http://creativecommons.org.rs/



