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Yy1aHOBH MOYACHOT 0100pa

Axanemuk Pynong Kacropu, Maruna cpricka, Hoeu Can

Axanemuk Bragumup CreBanoBuh, Cpricka akajeMuja Hayka 1 yMeTHOCTH, beorpan

[Ipod. np Munan MaraByss, Marumna cpricka, HoBu Can

[Ipod. np Jenena bnaxxenunh, buonomxku daxynrer, Yausep3urter y beorpany

[Ipod. np [Man boxa, [lpuponHo-marematnuku dakynrer, Yausepsurer y Hoom Cany

IMIpod. np Mumuna IlaBkoB XpsojeBuh, IIpupomHo-maremarnuku akynrer,
VYuusepsuret y Hosom Cany

[Ipod. np Cuexxana bpkuh, Menumuncku gaxynrer, Yausepsuter y Hosom Cany

Hp bpanucnasa byrtopan, cTtpyyHu caBeTHHK, [lokpajuHCKM 3aBOI 3a 3aIUTUTY
npupozae, Hosu Cag

YsaHoBM Hay4YHOT oa0opa

[Ipod. np l'opan Anaukos, [IpupogHo-MaTemMaTnuku dakynrer, YHupep3uter y HoBom
Cany u borannuko n1pymrBo ,,Aanpeac Boiaau” — npenceqHuk

[Ipod. np Jbumwana Huxonuh, IlossonpuBpennu ¢akynrer, YHuep3uteT y HoBom
Cany u borannuko apymTBo ,,Aunpeac BonHu” — notnpenceHuk

[Ipod. np Hparan Cranuh, npeacennux Matuiie cpricke

[Ipod. np Jparana Bykos, [Ipupogno-matematunuku axynrer, Yausep3uter y Hopom
Cany u boranuuko npymrBo ,,AHnpeac Bonuu”

IIpod. np Janpanka Jlykosuh, ITpupomHo-mareMaTH4ku (aKyJITeT, YHUBEP3UTET Y
Hosom Cany

[Ipod. np Jlana 3opuh, IIpuponHo-matematuuku ¢axynrer, YHuBep3uteT y HoBom
Cany

[Ipod. np Pyxuna Uruh, [Ipuponno-marematnuku dakynter, YHusep3uteT y HoBom
Cany

[Ipod. np Hena Mumuna-Zlykuh, I[IpupogHo-mMaTrematndku GakynTer, YHUBEPIUTET Y
Hosom Cany

[Ipod. np HBophe Manenuuh, [TossonpuBpenuu paxynrer, Yausepsuretr y Hosom Cany

[Ipod. np MBana MaxcumoBuh, IlossonpuBpenuu ¢akynter, Yauep3uter y HoBom
Cany

IIpod. np Cunuwma xonapuh, IIpuponHo-mareMaTnuku (hakyaTeTr, YHUBEP3UTET y
bamwa Jlynu u borannuxo npymrso ,,Anapeac Bosinun”

Jp Mumna Par, [Ipupogno-maremarnuku ¢axynrer, Yausep3uter y Hosom Cany u
borannuko apymtso ,,Auapeac Boaxau”

Hp He6ojma Kmamap, Menuuuncku dakynrer, Yuupep3uteT y HoBom Cany u
boranuuko apymtso ,,Auapeac Boaau”

Yi1aHOBH OPraHU3alHOHOT 0100pa

Hp Bbojana bokuh, [Ipuponno-maremarnyku daxynrer, Yausep3uter y Hoom Cany u
boranuuko npymro ,,Auapeac Bonmnu” — npeaceaHuk

Hp bopuc Panak, [Ipuponro-marematnuku ¢akyinrer, YauBepsurer y Hosom Cany u
borannuko apymrBo ,,AHapeac BomHu” — notnpencenHuk

Hp JoBana Tp6ojesuh Jormh, Marumna cpricka

Jp Munom Unuh, ITpupogno-maremarnuku daxynrer, YauBep3uter y Hosom Cany u
borannuko apymrso ,,Aanpeac Bomau”

Hp Hymwa Kapanosuh, IIpuponHo-marematnuku ¢akynrter, YHuBep3suteT y HoBom
Cany u borannuko apymTBo ,,Auznpeac Boaau”



Ip Mupjana hyk, [Ipuponno-maremarnuku ¢dakynrer, Yausep3utetr y Hosom Cany u
Bboranunuko npymrso ,,Auapeac Bomnn”

Hp Hebojma Knamap, Meauuunacku dakynater, Yauep3uter y HoBom Cany wu
boranunuko npymrso ,,Auapeac Bomnu”

Hp Munena IlonoB, IlosmonpuBpenan ¢axynrer, YHuBepsuter y HoBom Cany wu
borannuko apymtso ,,Aaapeac Bomxau”

Mcp Anexca Biky, [Ipupogno-matemarnuku daxynret, Yausepsurer y Hosom Cany u
borannuko apymtso ,,Aaapeac Bomxau”

Mcp Kpuctuna bophesuh, [Ipuponno-mMaremarnuku daxynrer, YHusepsuter y Hosom
Cany u borannuko apymrTBo ,,Aaznpeac Boaau”

Mcp Ankuna MwunoBanoBuh, IlpuponHo-maremaTnyku (akynaTeT, YHUBEP3HTET Yy
Hosom Cany n borannuko npymrTso ,,Auapeac Boaau”

Mcp [lparan O6panoB, Ilpuponno-marematnuku (akynarer, YHuBep3uter y HoBom
Cany u boranunuko npymrso ,,Aunpeac Bonun”

Mcp JoBan Ilemkanos, IIpupogno-matremaruuku ¢axkynrer, YHusepsuteT y HoBom
Cany u borannuko apymrBo ,,Auznpeac Boauu”

Mcp Tujana lukyseak, [Ipupogno-marematnuku dakynrer, YHuBep3uter y HoBom
Cany u boranuuko npymrso ,,Aunpeac Bonuu”

Mcp bnaroje Ilpna, MenunuHcku dakynrer, YauBep3uter y HoBom Cany






KIbUT'A CA’KETAKA



Peu opranmszaropa

Tpehu eex bomanuke y Bojeoounu je HallMOHATTHU OOTaHUYKU CKYII KOjU CE€ OBE FOJMHE IPYTH
nyT onpkaBa y Martumu cprickoj y HoBom Cany. [IpBoOuTtHH 11aH je 610 Ja ce OBO OKYIUbambe
OpraHu3yje YeTHpH I'oIMHE HAKOH MPBOT, Koje je oapxkaHo 15. anpuia 2016. rogune, amm To ce
HHUJj€ TOTOIUJIO YCIIE] CBETCKE TMaHJEeMHUje Yhju cMo Omimm cBenmory. Mnak, Ha MHHUIUjaTUBY
akagemuka Pynonda Kacropuja, Oneseme 3a npuponse Hayke Matuue cpricke 1 borannuko
IpywTBO ,,AHApeac BosHu” opraHusyjy oBaj CKyH, ca JK€JbOM 3a HAcTaBaK HEroBama
Tpaauije O0TaHUYKE HAyKe M CTpyKe Ha moapy4jy Bojeonune.

Cumnosujym Tpehu sex 6omanuke y Bojeoounu ce m OBOT IyTa OpraHusyje y mpocTopujama
Marune cpricke, aju Ha jeceH, 6. okroOpa 2023. ronune. L{ub ckyna je oKkynbame CBUX OHUX
KOju ce 0aBe (PyHAaMEHTATHOM HJIM MPUMEHEHOM OOTAaHHKOM Y 3€MJbU U PETHOHY, a OBOTa
nyta nocseheH je mpemunysoj npodecopku busbanu boxxuH, koja je paauna Ha MeTUIMHCKOM
¢dakynrery y HoBom Cany, a 6wmia je u jenan ox ocHuBada boranmukor apymTsa ,,AHapeac
Bomnun”.

Benuko HaMm je 3a70BOJBCTBO IITO MMaMoO MPHJIMKY J1a oKynumo Ootanudape uz CpOuje u
peruona u o0jaBumo oBy Kmury caxeraka. OBe roguHe, Kmura caapxu 63 caomnmrema,
OHOCHO jeJTHO IUICHAPHO MpeAaBame, 15 ycMeHux u3narama u 47 mocTep npe3eHTaluja.

Y ume Opranmzammonor u Hayuynor ombopa 2. Cummnosujyma Ipehiu eex Oomanuxe y
Bojeoounu 3axBajbyjeMo ce CBUM y4YECHHUIIMMA W KoOJerama, KOju Ccy y3enu ydemnrhe y oBoM
CKYITy M Ha OHMJIO KOjU HAYMH JTOTIPHUHENTN FETOBOM OIPYKABAbY.

Jlo nposieha unu jecenu 2027. ronune, cpaadno Bac nmo3apasibamo!

np bojana bokuh u np bopuc Pagak

20. centemOap 2023. roquHe
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2. cumnosujym ,, Ipehu eex bomanure y Bojeoounu”

I'EHEPAJIHU PACITIOPE/l CKYIIA

Carnuna Horabhaj IIpocTopuja
IIpBu cuopar u
9.00-10.00 PerucTpanmja u mocraBs/bame mocrepa doaje,
Maruua cprcka
Cgeuana caJna,
10.00-10.30 DopMaIHO OTBapame CKyNa IIPBH CIIpAT;
Maruua cprcka
Cgeuana caJna,
10.30-10.45 Peu, 0se 0 busu — np I'opan AHAYKOB IIPBH CIIpar;
Maruua cprcka
®doaje,
10.45-11.15 KoxTea no6pogonuimie MIPBH CIIPAT;
Maruua cprcka
C 1 CBeuana caja,
11.15-12.35 . crumja 1. MIPBU CIIPAT;
Dumoxemuja — IICHAPHO MPEIABAKHE U yCMEHA U3JIarama M
aTHUIla CpPIICcKa
Doaje,
12.35-12.50 Kade nay3a MIPBH CIIPAT;
Maruna cprcka
Cexintia 2 CBeuana caia,
12.50-13.15 KHHja = MPBH CIIPAT;
bomanuka — ycMeHa u3narama
Maruna cprcka
13.15-15.15 IMay3a 3a pyuyax *
Cexauria 2 CgeuyaHa caia,
15.15-16.05 KHHja = MIPBH CIIPAT;
Bbomanuka — ycMeHa u3narama M
aTuIa cprckKa
®doaje,
16.05-16.20 Kade nayza MIPBH CIIpAT;
Maruna cprcka
Cexintia 2 CgeuyaHa caia,
16.20-17.25 K = MIPBH CIIPAT;
bomanuka — ycMeHa u3narama
Maruna cprcka
) . ) ®Doaje,
17.25-18.25 Cexuyja 1. @umoxemuja n cexiyja 2. bomanuxka — iocrep HIpBH CIpaT;
Ipe3eHTalu;je
Maruua cprcka
®doaje,
18.25-18.35 dopMaTHO 3aTBapame CKyna IIpBH CIIPAT;
Maruna cprcka
Pecropan
20.00-00.00 Hpyxeme _Cokaue”

* Py4yak HUje YKJbYUEH y IICHY KOTH3allMje, HUTH je OPraHu30BaH O] CTPaHE OpraHu3aropa




2. cumnosujym ,, Ipehu eex bomanure y Bojeoounu”

PACIIOPEl YCMEHUX U3JTATI'AIBA

IIpeacenasajyhe: np bpanucnasa Cphenosuh-Yonuh u np Jlymanka Kutuh

CEKIIMJA 1. PUTOXEMHUJA

11.15-11.45

Hena Mumuna-/lykuh — duronpenapary y Tepariji KaHIepa: HCTHHE U 3a0.Tyie
(TM7IeHapHO MpeaBame)

11.45-11.55

He6ojura Knanap, busana boxun', Karapuna Bujennh, Mupjana borasan, Maja
Kapaman, bpanucnasa Cphenosuh-Honuh, Munuua Par, 'opan AHaukoB —
buosonika aktTHBHOCT Bpcta pona Hypericum ceximje Hypericum

11.55-12.05

Maja Xwura, Karapuna PagoBanosuh, Karapuna bujenmh, bnaroje Ilpna, He6ojma
Kiangap — In vitro depmenTanuja po3mMaprHCcKe KUCEIMHE U eKCTPaKTa MaTHYbaKa
(Melissa officinalis L., Lamiaceae) nesoBameM MpoOHOTCKHX OpraHu3ama

12.05-12.15

Karapuna bujesnh, Mapra Ponuh, He6ojmia [TaBnosuh, briaroje Ilpna, Maja Xura,
Hebojma Knagap — YTunaj mapamerapa eKCTpakiyje Ha aHTHOKCUAATUBHH
MOTEHITMjaJl ekcTpakTa Hapa (Punica granatum, Punicaceae)

12.15-12.25

JAparana Tomanuh, Hebojma Knagap, Muonpar Pagunosuh, MiBana Yabapkara,
Joran Cranojesuh, 3opana Koauesuh — Etapcka yspa kao anrepHaTuba
AQHTHOMOTHIIMMA Y TePallMjy MACTUTHCA KOJI KpaBa

12.25-12.35

Huckycuja

IIpeacenasajyhu: np bopuc Panak u np bojana bokuh

CEKLIUJA 2. BOTAHUKA

HAparuna Ilyprep, Jene J. Ilyprep, Jynut Xa3u — [IpomeHe Bereraiuje Ha CTETICKAM

12.50-13.00 . . .
JMBazaMa Ha Jiecy y baukoj (CpOuja) TOKOM TpH M IO JCIICHHU] e

Camwa Byposuh, Ypou byzyposuh, Munana Panumuposuh, Hesena Kysmanosuh —

13.00-13.10 . . .
Marnmpasme cranuinTa Ha iannHu becna Koowia y jyroucrounoj Cpouju

13.10-13.15 Huckycuja

AHTYH AJerpo, Benpan lllerora, Ama Pumar — Kako ¢nopa 6produra ykazyje Ha
15.15-15.25 paznuke uzmel)y mymckux 3ajeauuna? — Ananuza Ouoreorpaduje u eKoJIoruje

OopuoduTa Ha muanuau [amyk (ucrouna XpBarcka)
Anknna Munoanosuh, Tujana [llukyspak, [Iparana Bykos, Mupjana hyk,
15.25-15.35 Pyxwuna Urnh, Munom Unuh — Ucropujcku nperien ucrpaxusama Opuodura y
ypbanum nonpydjuma Cpbuje

Tujana llukysak, Bnaguvmup Crynap, Hparan Kosbannn, Ankuia MunoBaHosuh,

15.35-15.45 | Munom Wmuh, Jlparana Bykos, Pyxwurna Uruh, Mupjana hyk — Mctopujcku nperien
npoyyaBama IJIaBHUX IrymMa BojBosuHe

15.45-1555 Panko Ilepuh, {paran O6panoB — HTepecaHTHA MEAUTEPAHCKA 0a3a y OKBUDPY

CeKyHaapHe crerncke Bereranvje kog Hoee ["ajnoope (Bojsoauna, Cpouja)
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CEKIIUJA 2. BOTAHUKA

15.55-16.05 Huckycuja
16.20-16.30 | Heju Joraun — ,,I'pahancka Hayka” u (IIOpUCTHIKA UCTPAKUBAA: 3AMKE U KOPUCTH
Muxajno CrankoBuh — Hanas nocrrinanujasine Bpete JiecHux crena Sternbergia
16.30-16.40 | colchiciflora Waldst. & Kit. u opxuzeje Epipactis helleborine Cr. y rpagy Cpemcka
Mutposuna
Kpucruna Bophesuh, bopuc Pagax, Jopan Ilemkanos, paran O0panos, Anekca
16.40-16.50 Brky, 'opan AnaukoB — HoBu Takconu Backynapae ¢uope 3a noapydje CPIT
,,Llapcka 6apa” (Bojsonuna, Cpouja)
Auaexca Baxky, bopuc Panak, Jopan Ilemkanos, ['opan AnaukoB — [Ipuor
16.50-17.00 ) .
no3HaBamwy (uiope opxuneja ucroune Cpouje — Crapa riaHHHA ¥ OKOJIMHA
17.00-17.10 JoBan Ilemkanos, bopuc Panak, Anexca Biiky, ['opan AnaukoB — YckpcHyhe
' ' Ophrys grammica — mopdosonika kapakTepu3alyja CIIOPHOr TAKCOHA OpXUeja
17.10-17.25 Huckycuja
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PACITIOPE ITOCTEP IPESEHTALIMJA

CEKIIUJA 1. DUTOXEMHJA

bpoj

AyTOp/-H M HACJIOB Ca’KeTKA

Bpanuciaasa Cphenosuh Yonnh, [lejan Kyconuh, Karapuna bujemmnh, He6ojma
Knanap, Jbusa Toposuh, busbana boxxunt — Aneranaexus y pakdjama o Boha —
IPOLICHA PU3HKA 32 3PaBJbe

HJanunao CrojanoBuh, Muom 36ussrh, Mupjana Mapuernh — OapeljuBame 6uonomnkor
nopekia apore Thymi herba n3 I'puke Ha OCHOBY MAaKpPOCKOIICKE aHAJIN3E U CacTaBa
€TapCKOr yJba

Mupjana Mapueruh, Hophe Niuh, Buonera CnaBxoscka, Haga Kosauesuh —
HcnutuBame eTapckor yijba U Xuapoiara Bpera Satureja subspicata v S. cuneifolia
(Lamiaceae)

Buousiera CiiaBkoBcka, Mna Jlpo6arr, Jenena ApcennjeBuh — caapikaj u cactas
€TapCKoT yJba Bpcte Satureja montana L. (Lamiaceae) y pazmumuutuM (ha3ama paspuha

Maja PagynoBuh, Munan ["aBpunoBuh, Péter Radasci, Jbyoompar Byjucuh, [leha
Janahkouh — CacTaB eTapcKor yJba U3 pa3IMuMTHX HAA3EMHHX JIEJI0Ba BPCTe Artemisia
annua L. (Asteraceae) n3 Cpouje

Jesena Jlazapesuh, bojan 3natkosuh, ['opnana CrojanoBuh — Xemujcku cactaB U
AHTHMHUKPOOHU MOTEHIIN]jall €TapCKUX yiba BpcTe Artemisia arborescens L.

Mununa Musaerunh, Anekcanapa Tonanosuh, Hemama Pajuesuh, Jbyoonpar Byjucuh,
Munas ['aBpunosuh, Ileha Janahkosuh — McnapsprBe KOMIIOHEHTE H30JI0BaHE U3
pasnuuuTUX AenoBa Bpcre Xanthium spinosum L. (Asteraceae) uz Cpouje

Buosnera Muayrunosuh, Jbydom Yijak, Mapjan Hukeruh, CunBana [letposuh —
XeMHjCKHU cacTaB eTapCKOr yJba ¥ BOJACHOETAHOIHOT eKCTpaKTa xepoe Micromeria
nervosa (Desf.) Benth. (Lamiaceae)

Aymanka Kuruh, CnaBospy6 XKusanosuh, bojana Munaaunosuh, Muuia
Munyrunosuh, Cy3zana bpanxosuh, Hemama Kuruh, bojan 3narkosuh, Musoru
JoBanoruh, Jenena Crankosuh, Munmiia Panhenosuh — Caapixaj py3MaprHcke 1 KadeHe
KHCEJIMHE Y €TaHOJIHUM eKCTpakTUMa JucTa 6ocuibka (Ocimum basilicum L.)

10

Jenena Kykuh-MapkoBuh, Buonera Munyrunosuh, Mapjan Hukeruh, Cunsana
[NeTposuh — deHONMHU cacTOjIM METAHOIHOT €KCTpaKTa xepoe Stachys subcrenata

11

Mupa Mukymnh, Munuua Aranankouh Kpcronommh, Hebojma Kinagap, Cama
Bacuspeuh, Cuexana Karancku, Jlyman Pakuh, Jenena [pejuh — @urtoxemujcku cactas
JIATUIOUIHUX M TETPAIUIONIHUX COpTH npBeHe neresmue (Trifolium pratense L..)

12

Muauuna Iasiosuh, 'opuna bemmh — Caapikaj ¢peHona u aHTHOKCUIATHBHA aKTHBHOCT
eKCTpakara HaJ[3¢MHOT JieJia U KopeHa Bpcte Seseli rigidum Waldst. & Kit

13

Karapuna Pagosanosuh, He6ojma Kimamap, Maja Xutn, Karapuna bujemh, braroje
[pra, Munuma Ahumosuh, Hena TaBapuh — Artemisia annua L. (Asteraceae) — xemujcka
aHaJM3a ¥ aHTHOKCHJIaTHBHA aKTUBHOCT

14

Amnbheaa /IparuheBuh, Jenena Marejuh, parana [laBnoBuh — AnTunHpnamaropsa u
AHTUOKCUIAHTHA CBOjCTBA €TAHOJHOT €KCTpaKTa KopeHa Bruckenthalia spiculifolia

(Salisb.) Reichb.
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CEKILIUJA 1. DUTOXEMHJA

bpoj

AyTOp/-H ¥ HACJIOB Ca’KeTKA

15

Jlazap Kapkosuh, Jenena Marejuh, Kcennja Munecku, [letap JI. Mapun, Ana [Jlamuh —
Tupo3nHaza THXUOUTOPHY TTOTEHITHjal eKCTpakara Bpcre Rosa arvensis Huds.

16

Hemama KuBanoBuh, Mapuja Jlecjak, busbana boxxanuh Tamwra, Jlejan Opunh,
Mupjana JbybojeBuh, Harama Cumun — L[BeTOBM HOBUX IeHOTUIIOBA OAIITEHCKUX PykKa
rajenux y Bojsonunu (Cpbuja) Kao M3BOp NPUPOIHUX AHTHOKCHIaHATA

17

Jenena PagoBuh Cearpan, Buonera Munyrunosuh, Karapuna Jparuhesuh Cynumarr,
Jlazap Buhenrtujesuh, Byphuna Konama, Tatjana Kynnakosuh-Bacosuh —
En3umcka nHXHOUTOpPHA CBOjCTBA METAaHOJIHOT EKCTpaKTa Kope ctabna Opekume, Sorbus
torminalis (L.) Crantz

18

Caasuna M. I'pyjuh, Bona Bemmmukosuh, Cioboman C. Ilerposuh, Hama Iletposuh —
Thymus praecox subsp. polytrichus: aHTAMAKPOOHA M aHTH/MjaOeTUYHA AKTUBHOCT
€TaHOJHUX EKCTpaKara

19

Jbumana Munosanosuh, Tarjana Majkuh, Kpuctuna bexanan, MBana beapa — Bpcre
pona Plantago L. kao epuxacHn HHXHOUTOPU OKCHJIATUBHOT CTpeca in Vitro

20

Mapuna HpuxoBuh, Joana lllyhyp Ene3, Munuia Par, Bophe Manenunh —
IMomudenonHu mpodu 1 AHTHOKCHIAHTHH ITOTEHITHjal oabpaHuX CaMOHUKITUX
JIeKOBUTHX BpcTa ca Ctape MiIaHuHe

CEKIIWJA 2. BOTAHKA

bpoj

AyTOp/-4 4 HACJIOB Ca’KeTKAa

21

[Aparana Panuuh, [lehunap Mnunka, Magykanosuh-Jounh Mapuna — Mopgdo-anaromcka
Y paMaHCKa aHaJli3a TpuxoMa KpyHuile jeyonuuiie (Viola odorata L.)

22

Mmunena I[Monos, bojan Koncrantunosuh, Harama Camapnmh, Tujana Crojanosuh —
Yrunaj xunaponara Melissa officinalis L. (Mmarnumak) Ha ofgabpaHe rajeHe U KOPOBCKE
OWJbHE BpPCTE

23

HMaBun ®@un, Capa Hoakosuh, lyma Kapanosuh, Jlana 3opuh, Munan bopuiies,
Janpanka JlykoBuh — MukpoMopdoIiolke KapakTeprucTHKe JMCTOBa nacysba (Phaseolus
vulgaris L.) TpeTHpaHux KaaMHjyMOM

24

Jlparana JenauxoBuh I'onuh, Anacracuja Jepruh, Jlanujena Hukonmuh, Mapuna
JymkoBuh, Munena JKuskoBuh, Upena Para — Yuiaj anda nusepsurera Ha MOpdho-
aHaroMcky BapujabuiHoct Bpere Ceratophyllum demersum L.

25

Hpena Pana, [lanujena Huxomuh, Anacracuja Jepruh, MBana Kocruh Kokuh, Tarjana
Awnhenxosuh, Mapuna Jymkosuh, [Iparana Jenaukosuh 'onuh — Ytunaj pH Bpeanoctu
BOJIe HA MOp(0-aHATOMU]y BereTaTUBHUX oprana Bpcre Ceratophyllum demersum L.

26

Ana Aimmvnuah Apanckn, Cmuwbana Jankosuh, Jlejan [Ibeppakymuh, Katapuna
laBuxun, Coma [yneruh-Jlaymesuht, [lerap /JI. Mapun — Kapakrepuzanuja nenratHux
TpHUXOMa KOMEpLHjaJIHUX BpCTa ycHaTua rajeHux y Cpouju

27

Janujena Huxomuh, Mpena Pana, [lparana Munoanosuh, Hukonuja Hophesuh,
Mapuna Jymkosuh, /parana Jenaukopuh ['omh — Mopdo-anaromcka BapujaOHIIHOCT
Bpcte Myriophyllum spicatum L. y pa3nuuuTiM THUIIOBHUMa CTAHHUILTA
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CEKIIUJA 2. BOTAHKA

Bbpoj AyTOp/-H ¥ HACJIOB Ca’KeTKA
28 ®umun [Tonosuh, Bojana Boxuh, [paran O6panos, bopuc Pagak, Mununa Par, T'opan
AmnauxoB — M3rnen cememade npezncraBanka pona Plantago L. (Plantaginaceae) Y Cpouju
29 Jopan Ilemxanos, bopuc Panak, Anekca Biky, [opan AnaukoB — Ophrys grammica —
HOBa BpcTa opxujeja 3a ¢uopy Cpouje
Bopuc Panak, Anexca Biiky, Josan Ilemxkanos, bojana bokuh, ['opan AHaukoB —
30 . . . .
Opxuneje y Cpouju 2: Ipunosu Kputndakoj nrctu Bpera BackynapHae ¢uiope Cpouje 1
31 Bopuc Panak, Jopan [lemxanos, bojana bokuh, [Ipeapar Musskosuh, Jenena benoniia,
T'opan AnaukoB — HoBu Takconu opxujeja 3a Lipay [opy
32 Bbojana boxuh, bopuc Pagakx, Mminna Par — HeouexkuBanu Hana3 Bpcre Petteria
ramentacea (Sieber.) C. Pressl. 1845 (Fabaceae) y nucrounoj Cpouju
Mmunana Panumuposuh, Jlazap Mmmsojesuh, Cama 3. Dyposuh, Ypour by3yposuh —
33 HoBu nopatn o pacipocTpamemby MeT PeTKUX U 3aluTHheHnx OmbHUX Bpeta y Cpbuju
nponal)eHuX Ha TIaHUHK Jlykar
Muxajino CrankoBuh — Pesynraru npahema OpojHOCTH KPUTHUYHO YIPOXKEHE BPCTE
34 Asparagus pseudoscaber Grecescu Ha jokamrery Typcke nuBaje y 3acasuny I (Mauga,
ceBeposanagna Cpouja)
35 Augexca Buaky, bopuc Panak, Josan Ilemxkanos, ['opan AnaukoB —
Hctopuja uctpaxuBama opxujeja y ucrodnoj CpOuju — mureparypHH MOAaIH
Cama 3. Byposuh, /[paran O6panos, Mmmna Par, Mapjan Hukeruh — Pon Euphorbia
36 L. (Euphorbiaceae Juss.) y Cpbuju Ha OCHOBY XepOapHjyMCKUX Mofaraka u3 301upke
BUNS
37 Aparan O6panoB, Munua Par, [opan AHaukoB — /[Bep3uTeT U pacipoCTpamEHe
yeTupu pona nopoauue Rubiaceae Ha monpydjy Bojsonune
38 Muanna Par, Karapuna JKuskosuh, Hukonuna Casuh, lyopaska Munuh — @iopa
CrierjanHor pesepara npupose ,,Ooencka bapa” (Cpouja)
Bojana Boxuh, [Iparan O0panos, JoBan Ilemkanos, Anekca Biky, Kpuctuna Hophesuh,
39 Bopuc Pamak, Musnuia Par, ['opan AnaukoB — HoBu TakcoHU BackynapHe (iope 3a
noapyyje CrienjanHor pe3eppara npupoae ,, Turencku 6per” (Bojsoauna, Cpbouja)
Cunnma Mkonapuh, Neana Ilynap, Munanka Bacuh — Koposcka ¢mopa y kynrypu
40 :
KyKypy3a Ha nozipy4jy HoBor I'pana (Peny6imka Cpricka, buX)
41 Jbusbana Huxkomuh, [lejana [Iurypcku, bpanka Jbesnanh-Manmh — ®nopa jezepa
IIpoBana: IIpoMeHe HaKOH BaJIECET TOAUHA
42 Bpanka Jbesnauh-Mamuh, /Iejana [Iurypcku, Jbubana Huxonuh — [pucycrBo
WHIMKATOpa TOJIEPAaHTHUX Ha Telllke MeTale y (Jopu KaHajcke Mpeke banara
43 Januna Bykoruh, Hesena Kysmanosuh, l'opnana Aunpejuh, [Iparana Jenaukosuh I'onuh

— Bozena Bereranuja 6apa kpaj Jy:xae Mopase
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Bpoj AyTOp/-M M HACJIOB CAa’KeTKa

Capa IlaBkoB, Mupjana hyk, Pyxwna Uruh, Munom Wmuh, [lparana Byko, Annia
44 Bycaparr — YTunaj eKoHOMCKU 3Ha4ajHUX BPCTa Ha OAPXKMBO KOpHIIheme JIMBAJICKe
Beretaije Kinace Molinio-Arrenatheretea Tx.1937 y Bojsoguan

TF'opan Tmymmh, bopuc Pagak, ['opan AnaukoB — Konmiko Mitau 3Hajy 0 HHBa3HBHUM

45 Oowbkama? Pesynraru aHkeTe
Musmuna Par, bopuc Panaxk, ['opan Tmynmh, bojana Bokuh, [{paran O6panos, JoBan
46 [Nemkanos, Anexca Bnky, Kpucruna hophesuh, ['opan Anadxos — diiopa

IlerpoBapannHa
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IliieHapHo npegaBame M0 MO3UBY

*k%

OUTONPEITAPATH Y TEPAIINJU KAHLEPA: UCTUHE U 3ABJIYIE

Hena Mumuna-/lyxkuh
Yuusep3urer y HoBom Cany, [IpupomHo-maremarnaku pakyntert, JenapTmaH 3a XeMHjy, OMOXeMH]y U 3aIITUTY

*uBOTHE cpeaune, Hosu Can, Cpouja

neda.mimica-dukic@dh.uns.ac.rs

IIpema momamuma CBeTcke 3apaBcTBeHe opraHuzanuje 60-80% mnomynamnuje y
3eMJbaMa y pPa3BOjy KOPUCTH JICKOBHTE OWJbKE Yy NPUMapHO] MEAWIMHCKO] 3allITHTH.
duronpenapaty YMHE BEJIMKU YAEO U HA TPXKUILTY JIEKOBA U Y BUCOKO Pa3BUjEHUM 3eMJbama.
IMomanm ykaszyjy na 78% aHTUMHKpPOOHMX W 74% aHTHUKAHIIEPOTCHHMX JIEKOBA CaApPKHU
CYIICTaHIly HPUPOAHOr TMOpeKJIa WM je J0OHjeHO M3 MPUPOIHOI MOJIEeKyJla WU je, Mak,
CTPYKTypa JieKa MHCIHpHUCaHA jeAHbelhHMa U3 npupoae. M mopen orpoMHoOr yiarama y
(dapManeyTcKy MHIYCTPU]y U AMJarHOCTUKY, KaHLEp U Jajbe IpeacraBiba Bozxehu y3pok
CMPTHOCTH y cBeTy. Ha rogummem HUBOY y CBETY off KaHIepa ymupe omu3y 10 Munrona jpynu,
a TPOIIKOBH Jedewa mpemanryjy 100 munujapau Aojapa TOnuIIbE. Yjarama y HaydyHa
UCTpakMBama pe3ylToBaja Cy pa3BOjeM CaBPEMEHHX METOoZa Jieuema paka MoceOHO OHMX
3aCHOBAaHMX Ha HAHO TEXHOJIOTHJH U TEHCKO] Tepamuju. HakaaocT oBe MeTole Jicuema Cy
U3Yy3€THO CKYyIE U JOCTYIHE Cy YIJIaBHOM HalljeHTUMa y BUCOKO pa3BUjeHUM 3eMJbaMa. 300r
TOra Cy YIOpemao ca pa3BojeM HOBHX TEXHOJIOTHja Yy MEOUIIMHA BeOMa HMHTEH3WBHA
UCTpaXXMBamba MPUMEHE OMOJIOIIKY aKTUBHUX MPUPOIHUX JEIUEHa Y IPEBEHIIU]HU U Tepanuju
KaHiepa. IIpegHOCTH TPUPOIHUX NPOM3BOAA y OJHOCY HAa CHHTETCKE JIEKOBE Cy BeEJMKa
Pa3sHOBPCHOCT, CHHEpPru3aM JeJOoBamka, PpEeJIaTMBHO HUCKA TOKCHYHOCT, CHelu(UuIHOCT
JIeNIoBama, OpajiHa OMOPACIOIOKHUBOCT U HUXKA IIeHa Mpou3Bona. Haj3sHadajHUju HCKOpakK y
pa3Bojy OMJBHMX IIUTOCTATHMKa BE3aH j€ 3a MO4YeTaKk IpojeKkTa (PUHAHCHUPAHOT Ol CTpaHe
amepuukor Hammonannor MHCTUTYyTa 3a pak, MOYETKOM INE3ACCETUX roguHa XX Beka, y
OKBHPY KOj€Tr j€ CaKyIlJbeH OrpoMaH Opoj y3opaka OMJBHOT Marepujajia KOju je TOABPIHYT
JeTaJbHUM XEMH]CKHM M OHOJIONIKMM HCIHUTHBamHMa. M3 ekcTpakata OWibaka KOjU Cy
MOKAa3aJii Hajjaul [IUTOCTATCKU epeKaT N30JI0BaHU Cy IIPBU OMJBHU aHTUTYMOPCKHU JICKOBH KOjU
Ce U JaHac KOpHUCTE y Tepanuju KapuuHoma. Mehy muMa cy Haj3HauajHUjU: KAMOTOTELUH U
HErOBH aHAJIO3U TOMOTEKaH M HMpoHOTekaH. HemTo kacHuje u3 kope crabma tuce (Zlaxus
brevifolia) n3010BaH je ¥ OKapaKTEPUCAH TAKCOJI, U3Y3€THO eUKacaH y Tepanuju KapiumHoMa
jajuuka u gojke. OBUM MOJEKyIM 3ajedHO ca MPETXOAHO H30JI0BaHUM ajKaJoOHANMa
BUHOJACTHHOM M BUHKPHCTUHOM, M MOJO(UIOTOKCHHOM M3 KJlace JUTHAaHA U JaHAC UMajy
MUPOKY TMPUMEHY y Tepanuju KapiuuHoma. Mehytum, mopen epukacHOCTH y cripedaBamy
nponudepaije MaIMraux hemuja, jaBuiam Cy ce mpoOiieMH y MPUMEHH OBUX CYIICTAHIIH,
IPBEHCTBEHO 300T HUXOBE Ciade pacTBOPJFMBOCTU Y BOIUM M M3PaK€HE TOKCUYHOCTH.
[TpuMeHoM MOIEpHUX aHATMTHYKUX METO/Ia M Pa3BOjE€M OPraHCKE CHHTETCKE XEMH]€e, Ha OBUM
MOJIEKYJIMMa U3BPILIEHE Cy TpaHchopMalinje U T00MjeHU CY PACTBOPJbUBH]H M MaHe TOKCUYHU
anasosu. Jlo gaHac je okapakTeprcaH OrpoMaH Opoj MOTSHIIM]aTHUX IPU POJHUX [IUTOCTATHKA
Melhy kojuma cy HajeukacHUjU ajKajaou]u, Kao W (PEeHONHA jenumerma THUIA KCAaHTOHA,
¢naBoHOWa, XHHOHA, HAPTOXMHOHA, U IPYrH. AHTUKAaHLEPOreHU edeKar ucrnosbaBajy MpeKo
Pa3NIMUUTHX MexaHu3ama, Hajuemhe naxuounujom permkanuje JJIHK u cunTese mpotenHa,
uHXUOMIKjoM TyOynmuHa — OJOKMpame MonuMepu3anyje TyOynHMHa Yy MHKpPOTYOyIe,
WHXHOUIIMjOM €H3MMa aHTHOT'eHEe3€e, TOMOM30Mepas3e U MOIMaMUH OKCHaas3e, Momynamujom I1-
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IJIMKOIIPOTEHNHA, aKTHBAIIM]OM aIloNTO3€e, YTUIajeM Ha IMYyHH CHCTeM U JIp. Mehytum, u nopen
HEOCHOPHHUX YHMICHUIIA O aHTUKAHIEPOreHOM JAeNoBamy (uTodapMaleyTuka JaHac cy y
CBETY MpUCyTHE OpojHE 3a01y/ie U Mporarasje o jJeuemhy KaHIepa JeKOBUTUM OUJbKama, Koje
Cy 3aCHOBaHE Ha HEMPOBEPEHUM WM Ja)KHUM YHEEHUIIAaMa U KOje uMajy (haTaiaHe MOCIeaunLe
3a obosese manujeHTe. Y OBOM paay JaT je UCTOpHjaT pa3Boja OMIJBHUX AHTHUTYMOPCKHX
JeKoBa, Kao M HajHOBHMja JocturHyha o TepanujckoM edekTy U MexXaHHU3MUMa
AHTHKAHIIEPOTCHOT JIeNIOBama TOjeAMHUX Klaca CEeKyHJapHUX OHOMOJeKylna Oubaka.
[Toce6HO je wWcTakHYT 3Ha4ya] NPUPOAHUX jelu-EHha Onspaka y NpeBeHIMja HacTaHKa
Pa3IMUUTHX OONMKa KaHIEpa, KAa0 M HUXOBH MO3UTHBHH e(eKTH y TOKy xemorepanuje. Ha
Kpajy Cy laTd MpUMEpH JIa)KHE TpolaraHjie O ,,MarndyHOM’ aHTHKAHIIEPOTCHOM JEJIOBAbY
nojequHuX Ousbaka u uronpenapara. 300r TOra je U3y3eTHO Ba)KHO, 3aKJbYUKE O JIETIOBAY
OMJbHUX JICKOBA IOHOCHTH CaMO Ha OCHOBY HaYYHO 3aCHOBAaHUX YHIbCHUIIA. Mako cy pesynraTu
in vitro U ex vivo cTyauja Beoma oxpaOpyjyhu u mokasyjy Ja BeIMKH Opoj IPUPOAHMX
JeaMbema 3HauajHoO ycliopaBa U 3aycTaBiba mponudepannjy Tymopckux henuja, oBaj 6poj ce
JPacTUYHO pEIyKyjeé TOKOM KJIMHHMYKUX cTyauja. MehyTum, um mopen Tora, HEOCHOpHa je
YUHEEHUIIA 12 IPUPOAHU POU3BOIU UMAjy 3HAYajHO MECTO Y pa3IMuMTUM BHJIOBUMA Tepamuje
U npeBeHurju paka. C 003upoMm J1a je Ha Halloj MJIAHEeTH UCIUTaHo cBera 5% cBeTcke ¢uope,
OMJBHU CBET U JaJb€ MPEACTaBIba IPAroLEeHY U HENPECYIIHY PU3HUILY IPUPOAHUX JIEKOBA.

Kibyune peun: ¢uronpemnaparu, Takcol, n3odnaBonu, Tenunosua, Camptotecha acuminta, Plumbago
zeylanica, aMUTIaIVH

PHYTOMEDICINE IN CANCER THERAPY: FACTS AND
MISCONCEPTIONS
Neda Mimica-Dukié

University of Novi Sad, Faculty of Sciences, Department of Chemistry, Biochemistry and Environmental
Protection, Novi Sad, Serbia

neda.mimica-dukic@dh.uns.ac.rs

According to data from the World Health Organization, 60—-80% of the population in
developing countries uses medicinal plants in primary medical care. Phytopreparations make
up a large share of the drug market in highly developed countries as well. Data indicate that
78% of antimicrobial and 74% of anticancer drugs contain a substance of natural origin, or it
is obtained from a natural molecule, or the structure of the drug is inspired by compounds from
nature. Despite the huge investment in the pharmaceutical industry and diagnostics, cancer is
still the leading cause of death worldwide. Close to 10 million people die from cancer annually
in the world, and treatment costs exceed 100 billion dollars annually. Investments in scientific
research resulted in the development of modern cancer treatment methods, especially those
based on nanotechnology and gene therapy. Unfortunately, these treatment methods are
extremely expensive and are available mainly to patients in highly developed countries. That
is why, in parallel with the development of new technologies in medicine, there is very
intensive research into the application of biologically active natural compounds in the
prevention and therapy of cancer. The advantages of natural products compared to synthetic
drugs are great variety, synergism of action, relatively low toxicity, specificity of action, oral
bioavailability and lower price of the product. The crucial milestone in the advancement of
herbal cytostatic is linked to a project initiated by the American National Cancer Institute in
the 1960s of the 20" century. This project involved collecting a vast quantity of plant material
and conducting thorough chemical and biological analyses. The first herbal antitumor drugs,
which are still used in cancer therapy, were isolated from selected plant extracts that showed
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the strongest cytostatic effect. Among them, the most important were: camptothecin and its
analogues topotecan and ironotecan. After a while, the same team of researchers isolated taxol
from the bark of the yew tree, which showed a high anti-cancer effect, especially on ovarian
and breast cancer. These molecules, together with the previously isolated alkaloids vinblastine
and vincristine, and lignan, podophyllotoxin, are still widely used in cancer therapy today. In
addition to the effectiveness in preventing the proliferation of malignant cells, problems have
arisen in the application of these substances, primarily related to their poor solubility in water
and pronounced toxicity. Using modern analytical methods and the development of organic
synthetic chemistry, these molecules were successfully transformed into more soluble and less
toxic analogues. So far, a huge number of potential natural anticancer drugs have been
discovered, among which the most effective are alkaloids, as well as phenolic compounds such
as xanthones, flavonoids, quinones, naphthoquinones and others. The anticancer effect is
exerted through various mechanisms, most often by inhibition of DNA replication and protein
synthesis, inhibition of tubulin-blocking the polymerization of tubulin into microtubules,
inhibition of angiogenesis enzymes, topoisomerase and polyamine oxidase, modulation of P-
glycoprotein, activation of apoptosis, influence on the immune system, etc. However, despite
the indisputable facts about the anti-cancer effect of phytopharmaceuticals, there are numerous
misconceptions and propaganda about the treatment of cancer with medicinal plants, which are
based on unverified or false facts, and which have fatal consequences for sick patients. This
paper presents the history of the development of herbal antitumor drugs, as well as the latest
achievements in the therapeutic effect and mechanisms of anticancer action of certain classes
of secondary plant biomolecules. The importance of the natural compounds of plants in the
prevention of various forms of cancer, as well as their positive effects during chemotherapy,
was particularly emphasized. At the end, examples of false propaganda about the magical”
anticancer effect of certain plants and phytopreparations are given. That is why it is extremely
important to draw conclusion about the effect of herbal medicines only on scientifically based
facts. Although the results of in vitro and ex vivo studies are very encouraging showing that
many natural compounds significantly slow and stop tumor cell division, this number is
drastically reduced during clinical studies. However, despite this, it is undeniable that natural
products have a significant place in various types of cancer therapy and prevention. Given that
only 5% of the world's flora has been examined, the plant world still represents a precious and
inexhaustible treasure of natural pharmaceuticals.

Keywords: phytopharmaceuticals, taxol, isoflavons, teniposide, Camptotecha acuminta, Plumbago
zeylanica, amygdalin
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CEKIIUJA 1. PUTOXEMHUJA

YCMEHA U3JIATAIbA U IIOCTEP IIPESEHTALIMJE

11
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ANETAJJIEXUJ Y PAKUJAMA OJI BORA — IIPOIIEHA PU3UKA 3A
3JIPABJBE

Bpanuciaasa Cphenosuh Yonuh'2, Jlejan Kyconuh!, Karapuna Bujeanh'2, He6ojma
Kaanap'?, Jbuiba Topouh!?, Busbana Bosxun'

'Vausepsurer y Hosom Cany, Memunuucku ¢axynter, Karenpa 3a ¢papmanujy, Hosu Caxn, Cp6uja
2Vumsepsurer y Hosom Cany, Memumuuckn daxynret, LlenTap 3a MeIMIuHCKO-(papManeyTcka HCTPaKUBarmba 1
koHTpoxy KBanutera, Hosu Can, CpOuja

*branislava.srdjenovic-conic@mf.uns.ac.rs

HajHoBuja nctpaxkxusama CBeTCKe 37paBCTBEHE OpraHM3alllje IoKa3ala Cy /Ja ce CBake
TOIMHE TPH MIJIMOHA CMPTHUX HCXOAAa jaBU Kao JUPEKTHA TMOCIEIlla KOH3yMHpama
ankoxoJgHUX nuha, 300T MPUCYCTBA jeIU-EHha KOja MOIYy MMAaTH MOTEHIMjAIHO KaHIIEPOreHU
edexar, mehy kojuma je u aneranaexun. Llnbmen ucrpaxkupama 0w cy onpehuBame caapixkaja
anerajgiexuia y y3opuuMma pakuja of rnomyma (jabyka, Kpylika, Aymha), IpaBUX KOLITYHHIIA
(uwubuBa, OpeckBa, KajcHja, BUIIA, Tpellma) U O0o0uma (rpoxhe), mopeheme m00HjeHHX
BPEIHOCTH ca JIMMUTOM IIpernopyyeHuM of crpaHe MehyHaponHe anmujaHce 3a OATOBOPHO
KOH3YMHUpame ajKoXoJia W KOMIapaTHMBHA TMPOIEHA 3IPABCTBEHOI pHU3HMKA H3a3BAHOT
KOH3yMHUpameM BohHUX pakuja. Y3opuu (124, Penyonuka CpOuja) aHaIM3UpaHu Cy IMPUMEHOM
GC-MS, a pu3uK je nporemeH n3padyHaBameM Maprute mnoxkenoctd (MOE). ¥V 219% y3opaxka
caapxkaj areranaexuaa je 6mo uznaa aumuta on 500 mg/L a.a. Youen je CTaTUCTUYKU 3HAYAJHO
BHINM CAJPiKaj aleTalIexXuia y paKkiujama oj] MpaBuX KOIMITYHHUIA. 3a mymkapie, 90% y3opaka
je mokazano MOE BpemnHoctu ucnoa go3BosbeHor jgumuta ox 10.000 Beh mpu mpocedHoj
MOTPOIIHHU aJIKoXoJa, oMHOCHO 100% Kox XpOHUYHOT BHCOKOT YHOCA aJIKOXO0JIa, 10K je 32 KEeHe
TO M3HOCHUIO 071 24% mpu npoceuHoj norpomrmu 10 100% 3a Bucoku yHoc. McTpaxuBame je
MOKa3aj0 3HayajHO MPHCYCTBO aneranaexuja y BohHuMm pakujama. IlotpebHo je mpumeHHTH
Mepe y TOKY MpPOU3BOAE y IIUJbY CMamEha HACTaHKa alleTaliexXua U 3aKOHCKH PeryiucaTtu
MaKCHUMAJIHO JI03BOJbEHY KOHIIEHTpAIM]y alleTajIexua y pakujama.

Kmbyune peun: anerangexun, MOE, BohHe pakuje

3axBanHuna: OBo ucTpakuBame puHaHCHPao je [TokpajuHCKH ceKpeTapHjaT 3a BUCOKO 00pa3oBame 1
HayYHOMCTPAKUBAYKY JenarHocT BojBonune (6poj mpojexra 142-451-3129/2022-01).

ACETALDEHYDE IN FRUIT SPIRITS - HEALTH RISK ASSESSMENT

Branislava Srdenovi¢ Conié*!2, Dejan Kusonié¢!, Katarina Bijeli¢"2, Neboj$a Kladar!?,
Ljilja Torovi¢'%, Biljana BoZin®
"University of Novi Sad, Faculty of Medicine, Chair of Pharmacy, Novi Sad, Serbia

2University of Novi Sad, Faculty of Medicine, Center for Medical and Pharmaceutical Investigations and
Quality Control, Novi Sad, Serbia

*branislava.srdjenovic-conic@mf.uns.ac.rs

The latest World Health Organization research revealed that 3 million deaths every year
result from the harmful use of alcohol, due to the presence of compounds, including acetaldehyde,
that can have a potentially carcinogenic effect. The aims were to determine acetaldehyde content
in spirits from pome fruits (apple, pear, quince), stone fruits (plum, peach, apricot, cherry, sweet
cherry) and grape pomace, compare the obtained values with the limit proposed by the International
Alliance for Responsible Alcohol Consumption and assess health risk caused by fruit spirits
consumption. Fruit spirits (124, Republic of Serbia) were analyzed using GC-MS. The risk was
assessed using the margin of exposure (MOE). The acetaldehyde content was above the limit of
500 mg/L p.a. in 21% of samples. Higher content in stone fruit spirits was statistically significant.
For men, 90% of samples showed MOE values below the limit of 10,000 for average consumption,

12
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i.e., 100% for chronic heavy drinkers, while for women it ranged from 24% for average
consumption to 96% for chronic heavy drinkers. Research has shown a significant presence of
acetaldehyde in fruit spirits. It is necessary to implement measures during production to prevent
the occurrence of acetaldehyde and legally regulate the maximum allowed concentration of
acetaldehyde in fruit spirits.

Keywords: acetaldehyde, MOE, fruit spirits

Acknowledgment: This research was financed by the Provincial Secretariat for Higher Education and
Scientific Research of Vojvodina (grant number 142-451-3129/2022-01).

OAPEBUBAIBE BUOJIOHIKOI' ITIOPERJVIA APOI'E Thymi herba N3
I'PYKE HA OCHOBY MAKPOCKOIICKE AHAJIM3E U CACTABA
ETAPCKOI YJ/bA

Hanunio Crojanosuh™!, Musiomr 36usbuh!, Mupjana Mapueruh?

'Vuugepsurer y Beorpany — @apmaneyrcku dakynrer, Kareapa 3a 6oranuky, beorpan, Cpouja
>Vuusepsurer y beorpany — @apmaneyrcku dakyirer, Karenpa 3a papmaxornosujy, beorpaz, Cpbuja

*danilo.stojanovic@pharmacy.bg.ac.rs

Bpcte pona Thymus cy pacripocTpambeHe y 3a1alHOM MeTUTEPAHCKOM PETUOHY, A3U]H,
jyxuoj EBponm u ceBepHoj Adpunu. Etapcka ysba mpumanHuka poma Thymus aenyjy Kao
CHa3MOJIUTUIIH, EKCITEKTOPAaHCH, aHTUMUKPOOHH W aHTUOKCHIAHTHH areHcH. Llusb pana je 6uo
Ja ce ofpeny OMOJOMIKO Mopekyo apore Thymi herba u3 I'puke Ha OCHOBY MaKPOCKOIICKE
aHaJIM3e, cacTaBa €TapcKor yJba M HAKOH yropehuBama eKCIiepuMEHTAIHUX U JINTEPaTypPHUX
rmojiaTaka. 3a aHallM3y €TapcKor yJba, T0OMjeHOTr JEeCTUIIAIM]OM BOJICHOM MapoM, TPUMEHeHa
je racua xpomarorpaduja (GC-FID) u racaa xpomarorpaduja ca MaCeHOM CHEKTPOMETPH]jOM
(GC-MS). UzBpmieHa je wuneHTHHKAIM]ja TIOjeMUHAYHUX KOMIIOHEHTH W ofpehuBame
pENaTHBHOT yriella CBake O] KOMIIOHEHTH. Y €TapCKOM yJbY UCITUTHBAHOT y30pKa Thymus BpcTe
JIOMAHAHTHE KOMITOHEHTE MPEeACTaBJbau Cy TepaHui-amnerar (60,56%) u munranon (16,82%).
VY30pak je MaKpOCKOIICKH aHaIM3KupaH Ha ctepeomukpockony Olympus SZ61. [Tocmatpanu cy
cTabno, muct u yammia. Ctabo je MpeKpUBEHO KIIC3TaHUM U HEXJIC3TaHUM Juiakama. Jluct
j€ eMITHYHO-JIAHIIETACTOT 00JIMKa, Ha TIOBPIIMHHM Ca BEIMKUM OPOjeM CEKPETOPHUX TPUXOMA.
Yammia je nimakaBa. Ha ocHOBY 100HjeHHX pe3yliTaTa MOXKE C€ 3aKJbYUUTH Ja je UCTUTHBAHU
y30pakK BepoBaTHO nopeksioMm of Bpcte 1. longicaulis subsp. chaubardii.

Kibyune peun: Thymi herba, Thymus.longicaulis, erapcko yibe, unnymentym, GC-MS, GC-FID

IDENTIFICATION OF THE BIOLOGICAL ORIGIN OF Thymi herba
DRUG FROM GREECE BASED ON MACROSCOPIC ANALYSIS AND
COMPOSITION OF THE ESSENTIAL OIL
Danilo Stojanovi¢™!, Milo§ Zbilji¢!', Mirjana MarZetié¢?

"University of Belgrade — Faculty of Pharmacy, Chair of Botany, Belgrade, Serbia
2University of Belgrade — Faculty of Pharmacy, Chair of Pharmacognosy, Belgrade, Serbia

*danilo.stojanovic@pharmacy.bg.ac.rs

Thymus species are widespread in the western Mediterranean region, Asia, Southern
Europe, and North Africa. Essential oils of Thymus genus members act as spasmolytics,
expectorants, antimicrobial, and antioxidant agents. The aim of this study was to determine the
biological origin of Thymi herba drug from Greece based on macroscopic analysis,
composition of the essential oil, and by comparing experimental and literature data. Gas
chromatography (GC-FID) and gas chromatography-mass spectrometry (GC-MS) were used
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for the analysis of the essential oil obtained by steam distillation. Individual components were
identified, and the relative content of each component was determined. In the essential oil of
the tested Thymus herba sample, the dominant components were geranyl-acetate (60.56%) and
linalool (16.82%). The sample was macroscopically analyzed using an Olympus SZ61
stereomicroscope. The stem, leaf, and calyx were examined. The stem was covered with
glandular and non-glandular hairs. The leafhad an elliptic-lanceolate shape with a large number
of glandular trichomes on its surface. The calyx was hairy as well. Based on the obtained
results, it can be concluded that the tested sample is likely originated from the species 7.
longicaulis subsp. chaubardii.

Keywords: Thymi herba, Thymus longicaulis, essential oil, indumentum, GC-MS, GC-FID

NCIIUTUBAILE ETAPCKOI' YJbA U XU/IPOJIATA BPCTA Satureja
subspicata U S. cuneifolia (Lamiaceae)

Mupjana Mapueruh®!, Bophe Uiuh', Buosera CiiaBkoscka?, Haga KosaueBuh!
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*mirjana.marcetic@pharmacy.bg.ac.rs

Pon Satureja L. (Lamiaceae) oOyxBarta npeko 30 OMJBHUX BpPCTa paclpOCTPAECHUX Y
Jy’)kHO] M jyrouctouHnoj EBpomu, manoj A3uju u ceBepHoj Adpuiv, a Haj3acTyIJbEHH]E Cy Ha
ucrounoM Menutepany. Ha bankanckoMm momyocTpBy je mpucyTHO 16 BpcTa oBOT poaa Koje
MPETEeXHO HacesbaBajy KAaMEHHUTAa M CyH4YaHa cTaHuiuTa. Bpcre pona Satureja ce TpatuiioHaIHO
KOPHCTE Yy JIeUeHhy MHOTHX 3IPaBCTBEHHX TEroda Kao INTO Cy MyYHHHA, JIOUIE BapPEHE, TPUCBH,
njapeja, MHpekTuBHe OosiecTr W OosoBu y mummhuma. [{use pana je Owia KBaaMTaTHBHA U
KBaHTUTATHUBHA aHAJIN3a €TApCKOT yJba M XHUaponara xepoe Satureja subspicata Bartl. ex Vis. u S.
cuneifolia Ten. cakyIJbeHHX ca MPUPOTHUX CTAHMINTA, KO W IUIAHTAXKHO TajeHe Satureja sp. u3
oxommiae bunehe (bocna u Xeprieropuna). ETapcko yibe je M30JI0BaHO E€CTHIIAIN]OM BOJICHOM
MapoM M UCTIApJBUBU CACTOJIM CY aHAJM3WpPaHH MPUMEHOM racHe XpoMarorpaduje ca MaceHOM
cnektpomeTpujoM (GC-FID/MS). [IpukymnibeHu Xuapoati aHaIu3upanu cy nomohy headspace-
GC-FID/MS metonie. [ 1aBHE KOMITOHEHTE Y €TapCcKOM YIby Xepoe S. subspicata ipencTaBibana cy
CECKBHTEpIICHCKA jenberba (88,6%), Hapounto (E)-Hepommaon (50,2%), repmakpen D (11,7%) n
(E)-xapuodunen (6,2%). Hacynpor Tome, y erapckoMm yiby xepoe S. cuneifolia nomuHupao je
OKCHJIOBaHH MOHOTEpIIEeH JInHaon (64,2%), 10K Cy CECKBUTEPIIEHH OMIIM 3aCTYIJHEHU Y HUKEM
npoueHty: repmakpes D (6,3%), cnarynenon (6,1%) u 6unukiorepmakpet (5,5%). ¥V erapckom
yJby XepOe IUTaHTaKHO TajeHe Satureja sp. Haj3acTyIJbeHU]a Cy OMJIa MOHOTEPIICHCKA jEIUHEHha
(61,2%): nzomepu repanuan (10,6%) u nepan (8,0%), xkao u a-nunen (8,4%), u (Z)-f-ouumen
(7,2%), a npucyTHu cy 6unu u ceckBuTeprieHn repmakper D (8,5%) u Ounmkiorepmakpe (7,7%).
VY xunponary xepou S. subspicata u S. cuneifolia ToMuUHUpaIH Cy OKCHIOBAaHH MOHOTEPIICHU
(69.2%; 90,9%) ca munanonom (27,8%; 84,4%) Kkao [OMHHAHTHOM KOMIIOHEHTOM.
Haj3actymibeHnja jenmumbemba y XHAPONATy IUIAHTKHO TajeHe Satureja sp., ¢y Takohe Owim
okcunioBann MoHoteprnenu (51,3%) ca a-repnunenom (12,7%) u cis-cabunenxuaparom (11,4%)
Kao JIOMWHAaHTHUM KOMIIOHEHTama. YO4eHe Cy 3HayajHe pasjMKe y CacTaBy €TapCKor yiba W
XUJIposiaTa CaMOHUKIUX S. subspicata, S. cuneifolia v rajeHor y30pKa.

Kmyune peun: Satureja cuneifolia, Satureja subspicata, eTapcko yibe, XUIPOIaTH

3axBanHuna: OBo HCTpakuBame (PprHAHCHpaNo je MHHHCTapCTBO HAayKe, TEXHOJIOIIKOT Pa3Boja U
nHoBanyja Penyomke CpOuje kpo3 Yroop ca YauBep3uteroMm y beorpany, @apmaneyrcku dakyiarer
(6poj: 451-03-47/2023-01/200161).
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INVESTIGATION OF THE ESSENTIAL OIL AND HYDROLATES OF
Satureja subspicata AND S. cuneifolia (Lamiaceae)

Mirjana Maréeti¢™!, Porde Ili¢!, Violeta Slavkovska?, Nada Kovadevi¢!
"University of Belgrade — Faculty of Pharmacy, Chair of Pharmacognosy, Belgrade, Serbia
2University of Belgrade — Faculty of Pharmacy, Chair of Botany, Belgrade, Serbia

*mirjana.marcetic@pharmacy.bg.ac.rs

The genus Satureja L. (Lamiaceae) includes over 30 plant species distributed in
southern and southeastern Europe, Asia Minor and North Africa, and they are most abundant
in the eastern Mediterranean. 16 species of this genus are present on the Balkan Peninsula,
which mostly inhabit rocky and sunny habitats. Species of the genus Satureja are traditionally
used in the treatment of many health complaints such as nausea, indigestion, cramps, diarrhoea,
infectious diseases and muscle pain. The aim of the work was a qualitative and quantitative
analysis of the essential oil and hydrolate of the aerial parts of Satureja subspicata Bartl. ex
Vis. and S. cuneifolia Ten. collected from natural habitats and plantation-grown Satureja sp.
from the vicinity of Bile¢a (Bosnia and Herzegovina). The essential oil was isolated by
hydrodistillation and the volatile components were analyzed using gas chromatography with
mass spectrometry (GC-FID/MS). The collected hydrolates were analyzed using the
headspace-GC-FID/MS method. The main constituents in the essential oil of S. subspicata
were sesquiterpene compounds (88.6%), especially (E)-nerolidol (50.2%), germacrene D
(11.7%) and (E)-caryophyllene (6.2%). On the contrary, the oxygenated monoterpene linalool
(64.2%) was dominant in the essential oil of the aerial parts of S. cuneifolia, while
sesquiterpenes were represented in a lower percentage: germacrene D (6.3%), spathulenol
(6.1%) and bicyclogermacrene (5.5%). In the essential oil of plantation-grown Satureja sp.
monoterpene compounds (61.2%) were the most abundant: the isomers geranial (10.6%) and
neral (8.0%), as well as a-pinene (8.4%), and (Z)-f-ocimene (7.2%), and the sesquiterpenes
germacrene D (8.5%) and bicyclogermacrene (7.7%) were also present. In the hydrolate of
aerial parts of S. subspicata and S. cuneifolia, oxygenated monoterpenes (69.2%; 90.9%)
dominated with linalool (27.8%; 84.4%) as the dominant component. The most abundant
compounds in the hydrolate of plantation-grown Satureja sp. were also oxygenated
monoterpenes (51.3%) with a-terpinene (12.7%) and cis-sabinene hydrate (11.4%) as dominant
components. Significant differences were observed in the composition of essential oils and
hydrolates of wild S. subspicata, S. cuneifolia and plantation-grown sample.

Keywords: Satureja cuneifolia, Satureja subspicata, essential oil, hydrolates

Acknowledgement: This research was funded by the Ministry of Science, Technological Development
and Innovation, Republic of Serbia through a Grant Agreement with the University of Belgrade — Faculty
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CAJIPXKAJ U CACTAB ETAPCKOI YJbA BPCTE Satureja montana L.
(Lamiaceae) ¥ PA3JIMMUTUM ®A3AMA PASBURA
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*violetas@pharmacy.bg.ac.rs

Satureja montana L. je mo3nara apoMaTH4Ha OWIbKa, YHjH j€ CaapIkaj i KBATMTET €TapCKOT yiba
BapjadWIaH W 3aBHCH, KaKO O] TEHETHYKUX ocoOMHa W (aze pa3euha came OWIbKE, TAKO U OJ
€KOJIOIIKUX YCIIOBA CPEMHE. Y 0BOM pajty cy mpaheHH MpUHOC U CacTaB €TApCKOT YJha H30JI0BAHOT U3
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S. montana koja ce BHILIC roJMHA YCIEHIHO Taju y ballmu JIGKOBUTUX M apOMaTHYHMX OWJbaKa
dapmarieyTckor (akynrera, YHuBep3uTera y beorpamy. ETapcko yibe je M30JI0BaHO JECTHIIAIINAOM
BOJICHOM TapoM Yy amapaTypu o KieBeHuyepy W3 HaJ3eMHUX JENOBAa WCTE jEAMHKE/TCHOTUIA, Y
pazmunTiM (HEHOJIOMKMM (hazama (Ipe IBETama, TOKOM 1IBETaba, TOKOM IIIOJIOHOIICHA), KPO3 TPH
BereTauoHe cesoHe. KpaqmraTtiBHa M KBAHTUTaTHBHA aHANM3a eTapckor yiba u3spiiueHa je GC-FID-
MS meromom. Caprkaj eTapckor yiba OHO je BUCOK U CKOpO yjeaHaueH y dasu mpe (2,60-3,60%, V/m)
1 TokoM 1iBetama (2,90-3,30%, V/m) u He3HatHO HIKH Yy a3y miogoHomeska (1,90-2,40%, V/m),
TOKOM YWTABOT TIEPHOJA MCTPKHUBAM-a. ¥ CBUM €TAPCKUM YyJbHMA je JOMHHHPAO THMON (54,55—
64,38%). Etapcka ysba n30moBaHa 13 Onsbke y (hasu Ipe HBeTama Cy MMaiia Hajsely KOJMMUMHY THMOIIa
(61,19-64,38%), a He3HATHO HIKY yJba W30JI0BaHA M3 OWsbKe y (hasu mperama (57,25-59,77%) u
iofoHomewna (54,55-57,93%). YV cBuM eTtapckuM yibuMa Tipatehe KOMITOHEHTE Cy Owurie: p-IIMMeH
(5,03-19,42%), y-teprimnes (2,00-11,17%) u kapBakport (4,09-6,20%). Tokom paseuha 6mbke, of hase
npe 1BeTama 10 (ha3e TUIOIOHOIICHA, KOIMYMHA THMOJIA M Y-TePIIMHEHA Y YJbY Ce CHIDKAaBalia, a
KOJIMYMHA p-IIAMEHA U KapBakposa nosehaBasia. Ha ocHOBY pe3yinrata MOXKe ce 3aKJBY4YHUTH Jia UCTa
WHIVBUTYa/TeHOTHI KPO3 TpU (EeHONOMIKE (ha3e W TPU BEreTaI[MOHE CE30HE HE MEHa 3Ha4YajHO HU
CaJip)kaj, a HM CacTaB €TapCKOT YJba, IIITO 3Ha4H Jia ce S. montana koja ce raju y barrrn dapmarieyrckor
(haxysTera MOXKE OKapaKTeprcaTH Kao OMJbHA CHPOBMHA THMOJI XEMOTHIIA YjETHAUYCHOT KBAJIUTETA Y
TIOTTIETy Ca/ipykaja 1 cacTaBa eTapcKor yiba.

Kibyune peun: Satureja montana, ¢enosomike ¢ase, €Tapcko yibe, THMOI
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(6poj: 451-03-47/2023-01/200161).

CONTENT AND COMPOSITION OF ESSENTIAL OIL OF

Satureja montana L. (Lamiaceae) IN DIFFERENT DEVELOPMENTAL
STAGES
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Satureja montana L. is a widely-known aromatic plant, the content and quality of whose
essential oil varies and depends on the genetic characteristics and the stage of development of the
plant itself and the ecological conditions of the habitat. The present work follows the yield and
composition of the essential oil isolated from S. montana sucessfully cultivated for a number of years
in the Medical and Aromatic Plant Garden of the Faculty of Pharmacy, University of Belgrade. The
essential oil was isolated by hydro-distillation in a Clevenger-type apparatus from the aboveground
parts of the same individual/genotype, in different phenological stages (before flowering, flowering,
fruiting) over three vegetation seasons. The qualitative and quantitative analysis of the essential oil
was carried out using the GC-FID-MS method. The essential oil content was high and almost uniform
in the stage before (2.60-3.60%, V/m) and during flowering (2.90-3.30%, VV/m) and slightly lower
in the fruiting stage (1.90-2.40%, \VV/m), over the entire research period. Thymol dominated in all the
essential oils (54.55-64.38%). The essential oils isolated from the plant before the flowering stage
had the highest content of thymol (61.19-64.38%), while the content was somewhat lower in the oils
isolated from plants in the flowering (57.25-59.77%) and fruiting stage (54.55-57.93%). In all the
essential oils, the accompanying components were: p-cymene (5.03-19.42%), y-terpinene (2.00—
11.17%) and carvacrol (4.09-6.20%). In the course of plant development, from the flowering to the
fruiting stage, the content of thymol and y-terpinene in the oil decreased, while the content of p-

16



2. cumnosujym ,, Ipehu eex bomanure y Bojeoounu”

cymene and carvacrol grew. Based on the results, it can be concluded that the same
individual/genotype goes through three phenological stages and over three vegetation seasons does
not significantly alter either the content or the composition of the essential oil, meaning that S.
montana grown in the Garden of the Faculty of Pharmacy can be characterised as thymol chemotype
plant raw material with a uniform quality in terms of the content and composition of essential oil.

Keywords: Satureja montana, phenological stages, essential oil, thymol
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CACTAB ETAPCKOTI YJbA U3 PABJIMUUTUX HAJIBEMHHUX
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VY oBoM pany je anamm3upaH cactaB erapckor yiba (EY) m3omoBanor m3 pazmuuutux
HA/I3€MHUX JIe0Ba Bpcte Artemisia annua L. (cnatku nemn) u3 CpOuje. busban marepujan je
MIPUKYIUBEH Y (ha3u [BETama, OCYIIEH HAa COOHOj TEMITEPaTyPH Y MPaKy M MOJEIbEH Y TPH IpyIIe:
m3nannm 6e3 mucroBa u nuBactu (MBJILY), mictoBu (JI) u uBactu (I1). M3nBojeHn OusbHH 1en0BH
MOIBPTHYTH Cy XUaponecTunanuju nomohy KiieBeHiepoBe amapatype u aHaIM3UpaHu MOMOhy
GC-FID/MS. YkymHo cy uaentudukoBane 32 komnonente y EY UBJIL, 18 y EYV JIu28 y EV 1.
JIOMWHAHTHA TPyTa jeMUbCHa Y CBUM TeCTHPaHUM EY OWim ¢y OKCUTGHOBAaHM MOHOTEPIICHH.
I'maBHa KOMIIOHEHTA Y CBUM €TapcKuM yJbuMa je apremusuja keroH (UBJIL]— 52,62%, JI—33,41%
u Il — 53,48%). Apyre noMruHaHTHE KOMITOHEHTE cy eHka3ameH (17,69%) y EY JIu a-nunen y EY
WBJI u 1 (8,89% 1 9,00%). EY UBJIL u 1] cy Takohe nmanu Benuke koamauHe kKamdopa (8,61%
u 8,68%), u 1,8-mHeona (7,52% u 7,65%). EnkazameH u TOHTUOOpHEOI Cy TpoHal)eHH jeIMHO Y
EV JI, etnn 2-metunOyTupat, XeKCHJI M30BAJIEPaT, Cis-XpU3aHTEHUII arerar, 4-kapBOMEHTEHOM
jemuno y EY 11, nok cy TepnuHONEH U o-KorneH oumm npucythu jequHo y EY WBJIL. Pazmuke y
KBAJIMTaTUBHOM M KBaHTUTAaTUBHOM cacTaBy EVY y kopenauuju ca oxroBapajyhom mutepaTypoM
MOT'Y JIa c€ KOPHCTE Kao XeMO(DEHETUYKN KapaKTepH.

Kbyune pean: GC-MS, apremu3suja KeToH, OUIBbHH JETIOBU

THE ESSENTIAL OIL COMPOSITION OF DIFFERENT AERIAL
PARTS OF Artemisia annua L. (Asteraceae) FROM SERBIA
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In this work the composition of essential oil (EO) isolated from different aerial parts of
Artemisia annua L. (sweet wormwood) from Serbia was investigated. Plant material was
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collected during the flowering period, dried at room temperature in the dark and divided into
three groups: shoots without leaves and inflorescences (SWLI), leaves (L), and inflorescences
(D). Separated plant parts were subjected to hydrodistillation using a Clevenger type apparatus
and analyzed by GC-FID/MS. In total, 32 compounds were identified in SWLI, 18 in L, and
28 in I. The dominant group of compounds in all tested EOs were oxygenated monoterpenes.
The principal compound in all three EOs was artemisia ketone (SWLI — 52.62%, L — 33.41%,
and I — 53.48%). The second dominant compound was enzacamene in L (17.69%), and a-
pinene in SWLI and I (8.89%, and 9.00% respectively). SWLI and I EOs also contained a high
amounts of camphor (8.61%, and 8.68%, respectively), and 1.8-cineole (7.52%, and 7.65%
respectively). Enzacamene and longiborneol were found only in L EO; ethyl 2-methylbutyrate,
hexyl isovalerate, cis-chrysanthenyl acetate, 4-carvomenthenol only in I EO, while terpinolene
and a-copaene was present only in SWLI EO. Diferences in qualitative and quantitative
composition of EO correlated with appropriate literature data can be used as chemophenetic
characters.

Keywords: GC-MS, artemisia ketone, plant parts
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Artemisia arborescens L. je mopdonomku Bapujadbusina Bpcra. Kao nekoBurta Ouibka
MMa TpagullMOHANHY YIOTpeOy y MenutepaHckoj peruju, ca eTHO(apMaKoIOIIKOM
pedeperiom u3 XVI Beka. Xemujcku mpodpun erapckux yiba (EOQ) A. arborescens je
BapHjaluiaH, MITO je MOTBpheHO 3acTynsbeHomhy pa3sHOBpCHUX XeMoTHnoBa. Tekyha cryauja
npoyuasa cactaB EO 1 aHTHMUKPOOHY aKTHBHOCT JiBa y30pka A. arborescens: ca jyra Uranmje
(Etna, Cunmnmja) u ceBeposananne ['puke ([Tapra, Emup). V3opuu yma nobujeHu cy u3
Ha/I3eMHUX JeJIoBa OMJbaka Koje cy Ouie y (as3u 1BeTama, METOAOM XUAPOIECTHIIANN]E 110
Knesennepy. Anamm3za je wusBpiieHa kopumihewem aHamutuukor GC (FID) u GC/MS.
Munumania uHxuOMTOpHa KoHIeHTparuja (MUL) EO oapehena je mpumeHom OyjoH
MUKPOAMIYIIHOHOT METOJla y IjioyaMa 3a MHKPOTUTpauujy ca 96 mecra. 3a TecTHpame
aHTUMHUKpPOOHE aKTUBHOCTU KOpUIIhEHE Cy CBEXKE NPUIIPEMIbEHE KYITYpe J1ab0opaTOPH)CKUX
cojeBa rpam-nosutuBHEX (Bacillus subtilis u Staphilococcus aureus) u rpam-HeraTHBHHX
(Escherichia coli, Pseudomonas aeruginosa u Salmonela typhimurium) Gakrepuja, kao u
wiecHu/rypuBuia (Aspergillus niger u Candida albicans). YTepheno je aa ucnutrBanu y30piu
EO mnpumanajy pa3iuyuTEM XEMOTUIIOBMMA. Y30pak ToOpekioM ca jyra Hrammje je
xamasyJleHckn xemotun (66,86%), MoK je y3opak u3 ceBepo3amanHe [puke kaM@opHU
(54,05%). Tectupana EO 3Ha4ajHo cy mHXHOMpasia pact 00¢ rpaM-mo3uTuBHE OakTepuje. U
XaMa3yJeHCKH U KaM(OpHU XEMOTUIIOBH MCHOJbUIIM Cy 00JbY aKTUBHOCT Aenyjyhu jaue Ha
rpam-no3utuBHE Oaktepuje. Yzopuu EO A. arborescens mokasyjy u CeneKTHBHOCT, jep camo
XaMa3yJeHCKH THII JelTyje Kao (pyHTHCTaTCKU areHc.

Kmyune peun: Artemisia arborescens, xamasysaeHckn 1 KaM(pOPHA XEMOTHIT, MUKPOIMITYITMOHH METOJT
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CHEMICAL COMPOSITION AND ANTIMICROBIAL POTENTIAL OF
Artemisia arborescens L. ESSENTIAL OILS

Jelena Lazarevi¢™, Bojan Zlatkovié¢?, Gordana Stojanovié¢®
"University of Ni§, Faculty of Medicine, Ni§, Serbia
2University of Ni§, Faculty of Sciences and Mathematics, Department of Chemistry, Ni§, Serbia
3University of Ni§, Faculty of Sciences and Mathematics, Department of Biology and Ecology, Ni§, Serbia

*jelena.lazarevic@medfak.ni.ac.rs

Artemisia arborescens L. is a morphologically variable species. Herb is listed among
Mediterranean traditional medicinal plants, with ethnopharmacological reference dating back
to the 16 century. The chemical profile of A. arborescens essential oils (EOs) was shown to
be quite variable and various chemotypes have been identified. In this study, we determined
EO composition and antimicrobial activities of A. arborescens collected from two different
locations in the Mediterranean: S Italy (Mt Etna, Sicily) and NW Greece (Parga, Epirus). The
EO samples were obtained from aerial parts of the full flowering plants by hydrodistillation
using Clevenger apparatus. The analysis of the oils was performed by means of analytical GC
(FID) and GC/MS. The minimal inhibitory concentration (MIC) of EOs was determined using
a broth microdilution method in 96-well microtitre plates. Freshly prepared cultures of
laboratory strains of Gram-positive (Bacillus subtilis and Staphilococcus aureus) and Gram-
negative (Escherichia coli, Pseudomonas aeruginosa and Salmonella typhimurium) bacteria,
as well as molds/fungi (Aspergillus niger and Candida albicans) were used to test the
antimicrobial activity. EO analysis results segregated samples to two different chemotypes: the
one originating from S Italy is a chamazulene (66.86%) and the one from Greece is a camphor
chemotype (54.05%). Both EOs remarkably inhibited the growth of two Gram-positive
bacteria. Both chamazulene and camphor chemotype exhibited better activity against Gram-
positive than Gram-negative bacteria. The EO samples of A. arborescens also show selectivity,
as only the hamazulene type acts as a fungistatic agent.

Keywords: Artemisia arborescens, chamazulene and camphor chemotypes, microdilution method

NCHAPJBUBE KOMIIOHEHTE N30JI0BAHE U3 PA3JIMUUTHUX
JNEJIOBA BPCTE Xanthium spinosum L. (Asteraceae) U3 CPBUJE

Musnna Musteruh™!, Anexcanapa Tonanosuh!, Hemama Pajuesuh’, JbyGoapar
Byjucuh?, Musian TaspuiioBuh’, Ileha Janahkosuh!

'Yuusepsurer y beorpany — buonomku ¢axynrer, Karenpa 3a Mopdonorujy u cucTeMariky 6muibaka, beorpa,
Cpbuja
2Vuusepsuret y beorpany — Xemujcku daxynrer, Karenpa 3a oprancky xemujy, beorpan, Cpouja

*milica.miletic@bio.bg.ac.rs

Xanthium spinosum L. je BeomMa WHBa3sMBHA JEJHOTONUIINA 3€JhacTa OWIbKA
KOCMOIIOJIUTCKE AucTpuOynuje. Bpcra je mupoko pacnpocrpamena Ha Tepuropuju Cpbuje u
HacesbaBa pyJepaliHa CTaHUINTa UM oOpaauBa IoJba. Y OBOM pajay aHalU3MpaH jeé cacTaB
UCHapJbUBUX KOMIIOHEHTH W30JI0BAaHUX M3 KOpEHa, JHCTOBA U IJIOAOBa BpcTe X. spinosum,
cakymibeHe y CpOuju. ETapcka ysiba cy noOujeHa METOOOM CHMYNITAaHE JeCTUNalje U
excTpaknuje nomohy Jlukenc-Hukepconoe amaparype u ananusupana nomohy GC-FID/MS.
[Iponaheno je ykynuo 120 xommoHeHTH o kojux je HajBehu Opoj y kopeny (74), 3atum y
muctoBuMa (48), TOK je HajMamku OpOj KOMITOHEHTH TTpoHaleH y mionoBumMa (27). JlomruHaHTHA
KJlaca jeIUkbEeha y CBUM HCTPAKUBAHUM yJbUMa cy ceckButeprnenu (21,98% y mucroBuma,
44,29% y xopeny u 90,92% vy mnmomoBuma). Om CeCKBUTEpIIEHA, CECKBUTEPIEHCKU
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YIJbOBOJIOHULM Cy BHIIE 3aCTYIJbEHH Yy JucroBuMa u nijoposuma (15,30% u 59,32%) on
OKCHJIOBaHUX ceckBuTeprneHa (6,68% u 31,60%), 10k cy y KOpeHy BHIIE 3acCTyIJbEHU
OKCHJIOBaHM ceckButeprneHu (27,12%) y oaHoCy Ha 3aCTyIJbEHOCT CECKBUTEPIEHCKUX
yriboBononuka (17,17%). 3actympeHocT MoHOTEeprneHa (yKymHU MoHoTeprieHu) je 1,10% y
kopeny, 4,82% y mmomoBuma u 19,31% y nucroBuma. CIMYHO Kao KOJ CECKBUTEPIIEHA,
MOHOTEPIIEHCKU YTJbOBOJAOHHUIIM Cy BHIIIE 3aCTYIUbEHH Y JUCTOBUMA U 1uiogoBuma (16,02% u
4,82%), NOK Cy OKCHJIOBaHM JI€PUBATH MOHOTEpIIEHA BUIIE 3acTymsbeHU y kopeny (0,97%).
OKcu0BaHW MOHOTEPIIEHH HHUCY JETEKTOBaHU Mel)y MCIapsbMBUM KOMIIOHEHTaMa IJI0/10Ba.
Tpu uctpakuBaHa yjba Cy ce pa3IMKoBasIa Y pa3THuNTHM JTOMUHAHTHUM KOMITOHEHTaMa: jeHa
HenJeHTU(UKOBaHA KOMIIOHEHTa je IVIaBHU MCIApJbUBH MeTaboJuT y kopeHy (43,52%), 1-
erun-3,5-quu3onponuindensed 'y auctosuma (13,05%), mok je repmakpen Jle mmaBHU
KOHCTUTYEHT y 1uionoBuMa (38,18%). OBo ucTpakuBame je IPEeTUMHUHAPHO U Y HapeIHOM
nepuony he mnaxma Outu nocseheHa onpehuBamy CTPYKType AOMHHAHTHOI jEIUEHA
JIETEKTOBAHOI Y KOpeHy. Pa3iuke y XeMHjCKOM cacTaBy MCIAapJbUBUX KOMIIOHEHTH H3MeDy
pa3nuuuTHX AenoBa X. spinosum, Kao U nopeheme ca MPEeTXOOHUM MCTPaKMBambUMa Cy
JMCKYTOBaHH.

Kibyune peun: GC-MS, repmakpeH /[le, kopeH, JHCT, M0,

VOLATILE ORGANIC COMPOUNDS OF DIFFERENT PARTS OF
Xanthium spinosum L. (Asteraceae) FROM SERBIA

Milica Mileti¢"!, Aleksandra Topalovi¢!, Nemanja Rajéevié¢!, Ljubodrag Vujisi¢2, Milan
Gavrilovié¢!, Peda Janaékovi¢!
"University of Belgrade — Faculty of Biology, Chair of Plant Morphology and Systematics, Belgrade, Serbia
2University of Belgrade — Faculty of Chemistry, Chair of Organic Chemistry, Belgrade, Serbia

*milica.miletic@bio.bg.ac.rs

Xanthium spinosum L. is a highly invasive annual herbaceous plant with a cosmopolitan
distribution. The species is widespread in Serbia and inhabits ruderal areas and agricultural fields. In
this study, the composition of volatile organic compounds isolated from roots, leaves, and fruits of X.
spinosum collected in Serbia is analyzed. Essential oils were obtained by simultaneous distillation and
extraction using a Likens-Nickerson type apparatus and analyzed by GC-FID/MS. In total, 120
compounds were detected, with the highest number of compounds detected in the roots (74), followed
by leaves (48), and the lowest number detected in the fruit volatiles (27). Sesquiterpenes were the
dominant class of compounds in all investigated oils (21.98% in leaves, 44.29% in roots, and 90.92%
in fruits). Sesquiterpene hydrocarbons were more abundant in leaves and fruits (15.30% and 59.32%,
respectively) than oxygenated sesquiterpenes (6.68% and 31.60%, respectively), while in roots,
oxygenated sesquiterpenes were more represented (27.12%) in relation to sesquiterpene hydrocarbons
(17.17%). In the case of monoterpenes (total monoterpenes: 1.10% in roots, 4.82% in fruits, and
19.31% in leaves), a similar occurrence is observed; monoterpene hydrocarbons were more abundant
in leaves and fruits (16.02% and 4.82%, respectively), while oxygenated monoterpenes were more
present in roots (0.97%). Oxygenated monoterpenes were not detected in the fruit volatiles. Three
investigated oils differed in three different dominant constituents: an unidentified constituent was
principal in the roots (43.52%), 1-ethyl-3,5-diisopropylbenzene in the leaves (13.05%), while
germacrene D was principal in the fruits (38.18%). The current study is a preliminary and in the
following period attention will be dedicated to determining the structure of the dominant compound
detected in the roots volatiles. The difference in the chemical composition of volatiles between different
plant parts of X. spinosum, as well as a comparison with previous studies, are discussed.

Keywords: GC-MS, germacrene D, root, leaf, fruit
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XEMHUJCKH CACTAB ETAPCKOI' YJbA U BOAEHOETAHOJIHOI'
EKCTPAKTA XEPBE Micromeria nervosa (DESF.) BENTH. (Lamiaceae)
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*violeta. milutinovic@pharmacy.bg.ac.rs

burske pona Micromeria Benth. (Lamiaceae) TpaauIiMoHaIHO C€ KOPHUCTE KOJ CpYaHUX
Teroda, pecnmparopHux Oojectu (acTMe), MaBoOOIbE, MpexJiaze, y TpETMaHy paHa M MHpeKuuja
koke. Heke o BUX Ccy MCIHUTHBaHE Yy IMOMVIEAy KOMITO3UIMjEe CEKyHIapHHX MeTabosuTa, Kao U
(hapMakosoIKuX akTHBHOCTH. L{1sb oBOT paja 610 je MCIMTHBAE XEMH]CKOT cacTaBa €TapcKor yiba
U BOICHOETAaHOJIHOI EKCTpakTa XepOe, Tj. JIMCTOBAa M I[BETOBA ONBOJEHUX Of CTaOJbUKa HAKOH
cymewma Bpcre Micromeria nervosa (Desf.) Benth. OBaj apomarmunm mnomyxOyH HacTamyje
CTEHOBHTA MECTA y HUCKO] )KOYHACTO] BEreTalyju y LEeHTpaJHOM U ucTouHoM Menutepany. Pacre
Ha M3BECHO] YIaJbEHOCTU O MOpCKe obaje, 4yecro U y ONM3MHM Hacesba WM Yy MACIUHbaliMa.
JIucToBU Cy KOXACTH, CHTHH, jajacTH, ca MCTAKHYTUM HepBMMa Ha Hammyjy. On yetupu mo 20
JIBOyCHATHX 1IBETOBA 00je cresa, pacrnopel)eHo je y MPUBUIHUM MPILUbEHOBUMA CIOKEHE KIIACOIMKE
BacTU. brybHM Marepujai 3a OBO MCTPaXKHUBA-E MPUKYIIJLEH j€ Ha MOTYOCTpBY MeTaHa y jyXKHO]
I'pukoj y majy 2023. ronuHe U ocylleH Ha coOHOj TemnepaTypu. Etapcko ysbe n30m0BaHO je U3
JIMCTOBA M IIBETOBA JECTUJIALIM]OM BOJIEHOM IapoM y amaparypu 1o KieBeHyepy U aHaIM3upaHO
racHOM XxpomartorpaujoM ca IJIaMeHO-joHM3alMoHOM U MaceHoM jerekuujoMm (GC-FID-MS).
[punoc je uznocuo 3,38% (m/m). Y erapckoM yspy uaeHTHGHKOBAHO je 30 KOMIIOHEHATa Koje Cy
guamie 99,40% ykymHor ysba. JIOMMHAHTHU CacTOju OMII Cy MOHOTEPIICHHU, U TO OKCHIOBaHU
(43,90%) wu neoxcumoBanu (50,20%). Haj3acryrmsbeHuje mojequiHauYHE KOMIIOHEHTE OWI Cy
kapBakpon (40,5%) u y-reprmunen (32,40%), a cnemuo ux je mo xoImuuMHUA p-iuMeH (8,60%).
CeckBuTeprieHa je Omio 3Ha4ajHO Mame, YKyrmHO 5,30%. [{onaTHo, cripallieHu JIMCTOBU U IIBETOBU
eKCcTpaxoBaHu cy pazomnaxenum eranonoM (70% m/m, 1:50 m/V; maneparnmja, 2 X 72 cata) u
eKCTPaKT OCYIIeH IION CHIKEHUM nputuckoM. OproBapajyhum —criekTpodoTOMETpHjCKUM
MOCTYNIIMMA Y CYBOM BOIEHOETAHOIHOM EKCTPakTy ofpeleH je caaprkaj YKyMHHX MOIHQeHona
(20,21%, Opoj rpama ramne kucemuHe/100 g cyBor ekcrpakta), TanuHa (11,80%), nepuBara
TxuIpokcuiMerHe kucemHe (19,61%, u3pakeHo kKao XJIOpOreHcKa KUcelrHa) U (iaBoHOUAA
(6,01%, u3paxkeHo kao xumnepo3un). EKCTpakT je aHam3upaH U MPUMEHOM TeYHe Xpomarorpaduje
ca UV u macenom nerexijoMm (LC-MS). KomnoneHnTe ekcTpakTa uaeHTH(UKOBaHE Cy TPUMEHOM
ayTeHTMYHUX CTaHIapAHUX CYICTaHIM WM je aHnaimm3oM UV u MS criektapa yTBpheHa muxoBa
HajBepoBaTHUja CTpykTypa. OxpehuBame HUXOBOI Cajipykaja M3BPIIEHO j€é METOIOM EKCTEPHOr
crannapaa. LC-MS anamm3om y BOIEHOETaHOJIHOM €KCTPAKTY JETEKTOBAHO je 27 mommdeHomna u To
17 ¢pnaBonouna (11 ¢uaBoHa: anureHyH, JIyTEOJIMH, BUXOBU XETEPO3UIU U XETEPO3UAN HUXOBUX
nepuBata; 1Ba (nmaBoHcka C-xeTepo3uia; MO JBa XxeTeposuna (riaBoHOoda W (piaBaHa) M JIECET
(heHoNKapOOKCHUIIHUX KUCeTMHA (pO3MapHHCKa KHMCENMHA, 0CaM CAJIBUAHOJIMHCKUX KUCEIMHA U
jeman nepuBat kadeHe kucenuHe). JloMuHaHTaH noaMdeHon Ouia je po3MapuHCKAa KHCETHMHA
(6,53%). Mebhy ¢naBononmMMa, Haj3acTyIUbEHUjH je Ono myteosmH 7-O-rmykyponun (2,68%).
Ocrana nommdeHonHa jenumema Ouia Cy 3acTylubeHa y 3HaTHO MamuM koimumHama (0,005—
0,92%)).

Kibyune peum: Micromeria nervosa, erapcko yibe, GC-FID-MS, MoHOTepneHH, BOIEHOSTAHOIHU
excrpakt, LC-MS, momudenonn

3axBanHuma: lcrpaxuBame je peann3oBaHO 3axBalbyjyhu ¢(uHaHCHjamMa kKoje je o006e30emmio
MunuCTapCcTBO HayKe, TEXHOJOUIKOT pa3Boja U mHoBanHdja Penyomuke CpOuje, y ckiiagy ca YroBOpoM
ca Yausep3ureroM y beorpany, ®apmaneyrcku dakynrer (6poj yrosopa: 451-03-47/2023-01/200161).
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CHEMICAL COMPOSITION OF ESSENTIAL OIL AND
HYDROETHANOL EXTRACT OF HERB OF Micromeria nervosa
(DESF.) BENTH. (Lamiaceae)

Violeta Milutinovi¢*!, Ljubo§ Usjak!, Marjan Niketi¢>3, Silvana Petrovi¢!

"University of Belgrade — Faculty of Pharmacy, Chair of Pharmacognosy, Belgrade, Serbia
Natural History Museum, Belgrade, Serbia
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*violeta.milutinovic@pharmacy.bg.ac.rs

Species belonging to the genus Micromeria Benth. (Lamiaceae) are traditionally used in the
treatment of heart problems, respiratory diseases (asthma), headaches, cold, wounds and skin
infections. For some of them the composition of secondary metabolites, as well as pharmacological
activities were investigated. The aim of this work was to investigate chemical composition of the
essential oil and the hydroethanol extract of the herb (i.e. leaves and flowers separated from the stems
after drying) of Micromeria nervosa (Dest.) Benth. This aromatic dwarf shrub inhabits rocky places
in shrubby vegetation in the central and eastern Mediterranean. It grows at some distance from the
sea coast, often near settlements or in olive groves. The leaves are leathery, small, egg-shaped, with
prominent nerves on the surface. Four to 20 sympetalous, mauve-colored flowers are arranged in
pseudo-whorls of a compound spike-like inflorescence. The plant material for this investigation was
collected on the Methana peninsula in southern Greece in May 2023, and dried at room temperature.
The essential oil was isolated from the leaves and flowers by hydrodistillation in a Clevenger-type
apparatus and analyzed by gas chromatography with flame ionization and mass detection (GC-FID-
MS). The yield was 3.38% (w/w). Thirty components were identified in the essential oil, accounting
for 99.40% of the total oil. The dominant constituents were monoterpenes, oxygenated (43.90%) and
non-oxygenated (50.20%). The most abundant individual components were carvacrol (40.50%) and
y-terpinene (32.40%), followed by p-cymene (8.60%). Amount of sesquiterpenes was significantly
lower (in total 5.3%). Additionally, powdered leaves and flowers were extracted with EtOH (70%
w/w, 1:50 w/V;, maceration, 2 X 72 h), and the extract was dried under reduced pressure. By
appropriate spectrophotometric procedures, the total content of polyphenols (20.21%, g of galic acid
equivalent — GAE/100 g of dried extract), tannins (11.80%), dihydroxycinnamic acid derivatives
(19.61%, expressed as chlorogenic acid), and flavonoids (6.01%, expressed as hyperoside) were
determined. The extract was also analysed using liquid chromatography with UV and mass
spectrometry (LC-MS). The extract components were identified using authentic standard substances
or their most probable structures were provided by the UV and MS spectral data. Their content was
determined using the external standard method. In LC-MS analysis, 27 components were detected in
the hydroethanol extract, i.e. 17 flavonoids (11 flavones: apigenin, luteolin, their glycosides and the
glycosides of their derivatives; 2 flavone C-glycosides; 2 flavonol and 2 flavan glycosides) and 10
phenolic acids (rosmarinic acid, 8 salvianolic acids, and 1 caffeic acid derivative). The most dominant
polyphenol was rosmarinic acid (6.53%). Among flavonoids, the most abundant was luteolin 7-O-

glucuronide (2.68%). The other polyphenol compounds were present in much smaller amounts
(0.005-0.92%).

Keywords: Micromeria nervosa, essential oil, GC-FID-MS, monoterpenes, hydroethanol extract, LC-
MS, polyphenols
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CAIP/KAJ PYSMAPUHCKE U KA®EHE KUCEJIMHE Y
ETAHOJIHUM EKCTPAKTUMA JIMCTA BOCUJbKA (Ocimum

basilicum L.)
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Bocupak (Ocimum basilicum L.) je yekoBuTa M 3auMHCKa OMJbHA BpCTa W3 (haMHIIHje
Lamiaceae, niemeHa 1 MPOKO KopHitheHa y TpaJuluOHAIHO) MeIUIMHNA. DapMaKoIoOmKH epeKTH,
TIONYT aHTUOKCUIATUBHOT U aHTUHH()IIAMATOPHOT, CE MPUTIACY)Y BUCOKOM CaJIpXKajy py3MapuHCKE U
kageHe kucenuHe. Lnsb oBe cTynuje je onpehuBame canpxaja py3sMapuHCKE U KaeHe KUCENMHE Y
€TAHOJIHUM EeKCTpaKTUMa JIMCcTa OOCHJbKa MPUMEHOM TEeYHE Xpomartorpaduje BHUCOKOI YUMHKA
(HPLC). Kao 6uspHHM MaTepujait KopHiTheH je oCyIeHH JIMCT HabaBJbeH U3 MpexpamMOeHE HHIYCTpH]je
,YUMIS”. BusbHM MaTepujan excrpaxoBaH je arconytHuM, 80% u 60% eraHomoM, MeTomama
JEMHOCTPYKE Mariepalijje, Turectije u yarpasByka. Canpikaj py3MaprHCKE M KadeHe KHUCETMHE
ozapeheH je xpomaTtorpadujoM BUCOKOI YUHMHKA, a M3pakeH je y 1g/mg ekctpakTa. Hajsehu cagpikaj
py3MapuHCcKe KucenmHe 3abenexeH je xox 60% eTaHOJIHOr eKCTpaKTa MPUIPEMIBEHUM METOIOM
jemHoctpyke Marepauuje (77,747+3,111 ug/mg), a HajMakbu KOJ €TAaHOJIHOI EKCTpaKTa
MIPUIPEMJBEHUM aIlCOTyTHUM €TaHOJIOM MerojoM ynrtpasByka (17,022+0,123 pg/mg). Hajsehu
caapkaj kaere kucenmHe 3a0eIeKeH je KOJ €TaHOIMHOT eKCTpakTa mpuripeMibeHnM 80% eraHoiom
METO/IOM jeHOCTpyke Marepanyje (2,686+0,011 pg/mg), a HajMamM KOI €TAHOIHOT eKCTpaKTa
MIPUTIPEMIBEHIM ariCOJTyTHUM €TaHOJIoM MeToioM yaTpasByka (0,775+0,008 pg/mg). Pesynratu oBor
HCTpaKUBarba MoKasyjy jJa ousbHa Bpeta O. basilicum uma BHCOK campikaj py3MapHHCKE U KadeHe
KucenrHe. 300r 6oraTor XeMHjCKOT cacTaBa M BUCOKOT capikaja py3MapHHCKE U Ka)eHe KHUCEINHE,
O4YEKYje ce 3HayajHa (papMaKOJIOIIKa AKTUBHOCT Y JaJbUM UCITUTUBABUMA.

Kbyune pean: Ocimum basilicum L., py3MapHHCKa KHCeNHHA, KadeHa KUCeInHa, eKCTPAKTH

3axanuuna: HcrpaxuBame je ¢uHaHCHpano MUHHCTAPCTBO HayKe, TEXHOJOLIKOT pa3Boja U
uHoBauuja PenyOmuke CpOuje (mpojekar ©Opoj 451-03-47/2023-01/200003 u 451-03-47/2023-
01/200113) u MenuuuHcku dakyaret, YHuBep3urera y Humy (nHTepHHU npojekar 0poj 68).
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Basil (Ocimum basilicum L.), a medicinal and spice plant species from the Lamiaceae
family, is highly appreciated and widely used in traditional medicine. Its pharmacological effects,
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such as antioxidant and anti-inflammatory effects are attributed to the high content of rosmarinic
and caffeic acids. The aim of this study is to determine the content of rosmarinic and caffeic acids
of ethanol basil leaf extracts using high-performance liquid chromatography (HPLC). A dried leaf,
purchased from the ”Yumis” food company, was used as a plant material. The plant material was
subjected to extraction with absolute, 80% and 60% ethanol using single maceration, digestion and
ultrasound methods. The content of the rosmarinic and caffeic acid was quantified by high-
performance liquid chromatography, and expressed in ng/mg of extract. The highest content of
rosmarinic acid was measured in the 60% ethanol extract prepared by the single maceration method
(77.747£3.111 pg/mg), and the lowest content was measured in the ethanol extract prepared with
absolute ethanol using the ultrasonic method (17.022+0.123 pg/mg). The highest content of caffeic
acid was determined in the ethanol extract prepared with 80% ethanol using the single maceration
method (2.686+0.011 ng/mg), and the lowest content was quantified in the ethanol extract prepared
with absolute ethanol using the ultrasonic method (0.775+0.008 pg/mg). The results of this research
show that the plant species O. basilicum has a high content of rosmarinic and caffeic acids. Due to
its rich chemical composition and high content of rosmarinic and caffeic acid, significant
pharmacological activity is expected in further investigations.

Keywords: Ocimum basilicum L., rosmarinic acid, caffeic acid, extracts
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Stachys subcrenata Vis. (Lamiaceae) je BUIIETOAMIIHA 3e/bacTa OUJbKa Koja IpUIiaia
KOMIUIEKCHO] TpynHu S. recta ¥ 1aHac ce yIIIaBHOM cMaTpa HbeHoM noaspcroM. Omucana je u3
Janmanuje u 10 caja je ca curypHoinhy rnosHara 3a npuoOasee u 3ainehe Jagpanckor mopa,
MaKo Ce HaBOIM UM 3a UCTOYHM U Jy)kHU bankan, Ananonujy u Mpan. Hacrawmyje kamenura u
CTEHOBHUTa MECTa, YECTO M Iopea Mopcke obaie. OBa BpcTa je A0 caja CIHOPAIUYHO
UCMUTHBAHA U TO y TOIJEAy cajapikaja M cacTaBa €TapcKor yJba Xepbe U KOMITO3HIIH]je
upugouaa, GpraBoHousa U GpeHONKapOOKCUIIHUX KHCETUHA MOJapHUX eKCTpakaTa JMCTOBA U
nBeroBa. [{usp oBor pama OuIo je ucnuTuBame PEHOTHUX cacTojaka S. subcrenata MPUMEHOM
TeyHe Xxpomarorpaduje ca MaceHoMm cnexkrpomerpujom (LC-MS). Hanzemuu nenosu Ousbaka
y 1BeTy (XxepOe) MpUKYIJbeHH Cy Ha XpBAaTcKoMm mpumopjy (y oxoisuHu Bunomomna). busbau
MaTepujal je HAaKOH CyIIeHha Ha COOHO] TEeMIIEpaTypu CaMJIEBEH M CYKIIE CABHO €KCTPaxoBaH
xnopodopmoM u MeraHosioM. 3a LC-MS anammu3y kopuimiheH je CyBM METAaHOIHHU €KCTPaKT.
Pesynrtatu cy ykasaium Ha TPUCYCTBO (JEHOJNHUX jelUI-E€Ha W3 TPU KIllace CEKyHIapHUX
MeTabonuTa: Be (EeHONKapOOKCHIIHE KHCElMHe, YeTupHu (peHusIeTaHncka xerepo3uaa u 16
¢naBonona. ®naBoHOMIHY (PPAKIN]Y Cy YHNHUIU TOTOBO UCKJBYUUBO 8-XUAPOKCH (DIaBOHH,
JIeprUBaTH XUIIOJIaeTUHA U U30CKyTenapenHa. EKCTpakT je Takole kapakTeprcalio U pUcycTBO
JIBa alMJIOBaHa IVIMKO3MJa alWreHWHA, BEPOBATHO KyMapomws JepuBara. Y OBOM pafy,
NPUCYCTBO AaKTeO3uJa W TIpeocTana TpH (EeHWIeTaHCKa XeTepo3uaa, Kao M BehuHe
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JeTeKTOBAaHUX (pIIaBOHOUA MO IIPBH YT j€ YCTAaHOBJBEHO Y Xepou S. subcrenata, ca u3y3eTKOM
7-O-aneTunago3uarayKko3uaa Mu3ockyTenapenHa, 4'-O-merunuzockytenapenHna u - 4'-0-
METHJIXUIONaeThHa. Takohe, MO MpBM MYyT je U3BpIIEHA W KBAHTUTATUBHA aHAIM3a
UCIIUTUBAHOT eKkcTpakTa. O geTeKToBaHUX (DEHOIKapOOKCHITHMX KHCEIWHA XJIOPOTeHCKa je
Owta HajBue 3actyrbena (1,67%). Mehy denuneranckum xereposuauma (4,31%), akreo3us
je 6uo nomuHaHTHO jenumeme (3,70%). [eHepanHo, y MCIUTHBAHOM EKCTPaKTy xepoOe S.
subcrenata Haj3acTyIJbEHUjH Cy OMJIM JepUBATU XUIIOJAETHHA, YMJUX j€ OCaM jelUIbEha
uMmaio yaeo ox 37,90%, nok je ymeo miecT aepuBara M30CKyTelapenHa OMo 3Ha4ajHO MambH
(9,18%). TnaBum ¢naBoHOMmM Owam cy xumojiaetuH-7-O-[6"-anermnanosui-(1—2)]-
mykormmpanosun  (15,19%) wu 4'-O-merunxunonaetin-7-0-[6"-anermnanosun-(1—2)]-
nrykonupanosun (12,12%).

Kibyune peun: Stachys subcrenata, MeTanoiHN ekcTpakT xepbe, LC-MS, dinaBoHONIM, (HEHOIECTAHCKH
XeTepo3ui, (HeHOIKapOOKCHITHE KUCEITHHE
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Stachys subcrenata Vis. (Lamiaceae) is a perennial herb that belongs to the complex
group S. recta and nowadays it is mostly considered as its subspecies. It has been described
from Dalmatia, and so far it is known with certainty for the coast and hinterland of the Adriatic
Sea, although it was also reported for the eastern and southern Balkans, Anatolia and Iran. Plant
inhabits stony and rocky places, often by the sea coast. Previously it was scarcely investigated
considering content and composition of flowering aerial parts essential oil, and composition of
iridoids, flavonoids and phenolic acids in polar leaf and flower extracts. The aim of this work
was to investigate the phenolic constituents of S. subcrenata using liquid chromatography-mass
spectometry (LC-MS) method. The flowering aerial parts (herbs) of the plants were collected
from the Croatian coastline (vicinity of Vinodol). The plant material was air-dried, powdered,
and successively extracted with chloroform and methanol. Obtained dry methanol extract was
used for LC-MS analysis. The results showed the presence of phenolic compounds, belonging
to 3 classes of secondary metabolites: 2 phenolic acids, 4 phenylethanol glycosides and 16
flavonoids. The flavonoid fraction consisted almost exclusively of 8-hydroxyflavones,
derivatives of hypolaetine and isoscutellareine. The extract was also characterized by the
presence of 2 acylated apigenin glycosides, probably coumaroyl derivatives. In this work, the
presence of acteoside and remaining 3 phenylethanoids, as well as majority of detected
flavonoids was established for the first time in S. subcrenata herb, with the exception of 7-O-
acetylallosylglucosides of isoscutellareine, 4'-O-methylisoscutellareine and 4'-O-
methylhypolaetine. Also, the quantitative analysis of the investigated extract was performed
for the first time. Chlorogenic acid was more prominent phenolic acid (1.67%). Among
phenylethanol glycosides (4.31%), acteoside was the dominant one (3.70%). Generally, in
investigated S. subcrenata herb extract the hypolaetine derivatives were the most abundant,
with 8 compounds accounting for 37.90% of the extract; 6 isoscutellareine derivatives
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accounted for a much smaller proportion (9.18%). Main flavonoids were hypolaetine-7-O-[6"'-
acetylallosyl-(1—>2)]-glucopyranoside  (15.19%) and 4'-O-methylhypolaetine-7-O-[6"'-
acetylallosyl-(1—2)]-glucopyranoside (12.12%).

Keywords: Stachys subcrenata, herb methanol extract, LC-MS, flavonoids, phenylethanoid glycosides,
phenolic acids
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Lpeena nerenuna (Trifolium pratense. L) je jenHa o] HajBUIIIE TajeHUX MaXyHapKH
y YMEpPEHUM M BIIQXHHM moapydjuma. [lo3HaTa je Kao BakaH H3BOp H30(IaBOHa,
jenumena Koja mpumaaajy MaioopojHoj nopoaunu puroectporeHa. L[psena nerenuna ce
cTora, IOped coje, YeCTO KOPUCTH Kao CHPOBHHA 3a IPOU3BOIKBY U jETETCKUX
CymjeMeHara KOju ce€ Tpemnopydyjy 3a yOnakaBame cUMMITOMa MeHomayse. Jlpyra
NpUCyTHa (eHOITHA jeAuEeHha, ca CBOJUM AaHTHOKCHJIATUBHUM CBOjCTBHMMA, Takolhe
JTOTIPUHOCE YKYITHOM 3/IpaBCTBEHOM MOTEHIINjaly oBe Ouibke. [locToju MHOTO T€HETCKUX
U eKOJIOIIKUX (paKkTopa KOju yTUUY Ha caapkaj puToecTporena y IpBEeHO] ACTEIUHH, Al
ce MaJIo 3Ha O YTHIIajy HUBOA IJIOUAHOCTH Ha npodun uzoduasona. Llusm oBor pana 6uo
je ma ce yTBpau cacTaB M30(IaBOHA, YKyMHU (DEHONHU caapxaj U aHTUOKCHIAATHBHH
MOTEHIIMjaJl pa3IuYUTHX OUIbHUX JenoBa 30 TeHOTHUIOBA I[PBEHE JeTeNNHE, Kao U Ja ce
MPOIEHH YTHIIA] HUBOA IUIOMIHOCTH Ha OBa CBOJCTBA. Y30pPIU Cy CaKylJbeHH Yy (asu
MYHOT IBeTama. Pa3nuunuTu nenoBu Ouibke (JIUCT, IBET, CTaOJ/bUKA) Cy 3aTUM OJIBOJCHU H
cymenu Ha 60 °C Toxom 48 catu. XOMOreHHU30BaHU M CaMJIEBEHU OUJbHU MaTepujai je
noMmeuial U HHKyoupan ca Bogom 30 munyta Ha 37 °C. 3atum cy nogatu 3M HCl u 96%
etanou (1:8) u cMema je 3arpeBaHa J10 KJbydama JAeceT MUHyTa. JloOMjeHN eKCTpaKTH Cy
npeunmheHu ekcTpakmujoM Ha uBpcToj (aszu (SPE) ca HLB keprpunuma, npe HPLC
ananuie. Yerupu nomMuHaHTHa wu30QuaBoHa (JaWA3€UH, TE€HUCTEHH, (POPMOHOHETHH,
O0uoxaHUH A) y eKCTpaKTHMa LIPBEHE JIeTeINHE ¢y pa3aBojeHu Ha Zorbax SB-Cig kosioHH
(250 x 4,6 mm, 5 um). Mob6unna ¢a3a ce cacrojaiga oa BOJAE, MOACIIEHE CyMIIOPHOM
kucenmruHoM Ha pH 2,7 (A) u aneronutpuia (b), a npumMemeH je rpaJujeHTHH MIPOrpam.
bp3una mporoka je 6mma 1 ml/min, a TanmacHa ayxuHa aerekinuje 254 nm. M3odaaBoHu
Cy UJICHTU(PUKOBAHW M KBAaHTH(UKOBAHU KOopuIIhemeM KaauOpalMOHMX KpHUBa ca IMeT
tagaka (r>0,999) u YB cnekrpa oaroBapajyhux crtaHzapIHuX jeaumema. [lonmatHo,
cnektpodoTomerpujcku cy oapehenu ykynau ¢enonnu canpxkaj (TPC) Folin-Ciocalteu
MetonoM M aHTHokcuaaTuBHU kamauuTeT (ICso) xopumhewem DPPH rtecra. Ykynuu
canpkaj uzoduaBoHa, onpeheH y pa3muauTuM JeI0BruMa OUIbKE MOKa3ao0 je a Cy TUCTOBH
reHepaJIHO HajOooraTHju OBUM jeaumemHnMa (y mpoceky 5,9 mg/g) npu yemy cy
JOMUHAHTHH (OPMOHOHETHH U OMOXaHWH A, JOK Cy CTaOJbUKEe MMaje MET MyTa Mamu

26



2. cumnosujym ,, Ipehu eex bomanure y Bojeoounu”

canpxkaj uzopnasona. C apyre crpane, userosu cy umanu sehu TPC (28,5 mg GAE/g) u
aHTHOKcHAaTuBHY akTUBHOCT (ICs9 0,099 mg/ml) y nopehewy ca nucroBuma. [Topehemwe
n3Mehy y3opaka pa3juuuTe IJIOMIHOCTH IMOKAa3aJio je Ja TeTparionjHe OuJbKe uMajy
CIINYHY AHTHOKCHUJIATUBHY aKTUBHOCT Kao aumuionHe, anmu Behe Bpemnoctm TPC u
YKyIMHUX W30(]aaBoHAa, TOCEOHO Yy JUCTOBMMAa W IIBETOBUMAa. AHAanHW3a TIaBHUX
KOMITOHEHATa j€ OTKpHJIa J1a je JanuJ13eUH, Kao BakaH MapKep, IPBEHCTBEHO OJITOBOPAH 3a
OJIBOjEHO TpylHucame AUIMIONIHUX U TETPAIUIOMTHHUX y30paka, MpH 4YeMmy y3opuu 4n
njounuje umajy sehe konuunne nuzoduaBona ox 2n yzopaka. 3adenexeHa BapujabUIHOCT
Mely y3opriuma pa3nuuuTe MIOUIHOCTH OHIIa je Y Kopelaluju ca KonunHaMa OnoxaHuHa
A ¥ TeHHUCTEMHA, Ka0 M Cca AHTUOKCHIATHBHUM MOTeHIUjasoM. Jlakie, Moxe ce
3aKJBYYUTH J1a C€ HUBO IUIOMIHOCTH MOXE CMAaTpaTH BaKHUM (aKTOpPOM KOjH yTHYE Ha
caJpKaj ¥ cacTaB OMOJIONIKY aKTUBHUX jeIHHCHA Y IIPBEHO] ICTCINHH.

Kibyune peun: 1pBeHa nerenwna, u3oduaBonu, HPLC, aHTHOKCHIATHBHH MOTEHIMjall, AUTUIOUIH,
TETPAIIOUIU
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Red clover (Trifolium pratense. L) is one of the most widely grown leguminous plants
in temperate and humid areas. It is well known as an important source of isoflavones,
compounds which belong to the narrow family of phytoestrogens. Red clover, next to soybean,
is therefore often used as a raw material for production of dietary supplements recommended
for alleviation of menopausal symptoms. Other present phenolic compounds with their
antioxidant properties also contribute to the overall health potential of this plant. There are
many genetic and environmental factors influencing phytoestrogen content in red clover, but
little is known about the impact of ploidy level on isoflavone profile. The aim of this study was
to determine isoflavone composition, total phenolic content and antioxidant potential of
different plant parts of 30 red clover genotypes, and to evaluate the influence of ploidy level
on these traits. Samples were collected at the stage of full flowering. Different parts of plant
(leaf, flower, stem) were then separated and dried at 60 °C for 48 hours. The homogenized and
grounded plant material was mixed and incubated with water for 30 minutes at 37 °C. Then,
3M HCl and 96% ethanol (1:8) were added and mixture was heated and boiled for 10 minutes.
Obtained extracts were purified using solid phase extraction (SPE) with HLB cartridges, prior
to HPLC analysis. Four dominant isoflavones (daidzein, genistein, formononetin, biochanin A)
in the red clover extracts were separated on Zorbax SB-Cig column (250 x 4.6 mm, 5 um). The
mobile phase consisted of water, adjusted with sulfuric acid to pH 2.7 (A) and acetonitrile (B),
and gradient program was applied. The flow-rate was 1 mL/min and the wavelength of
detection 254 nm. Isoflavones were identified and quantified using five-point calibration
curves (r>0.999) and UV spectra of corresponding standard compounds. Additionally, total
phenolic content (TPC) by Folin-Ciocalteu method and antioxidative capacity (ICso) using
DPPH test were determined spectrophotometrically. Total isoflavone content determined in
different plant parts showed that leaves are the most abundant in these compounds (5,9 mg/g
on average) with formononetin and biochanin A being dominant, while stems had five times
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lower content of isoflavones. On the other hand, flowers had generally higher TPC (28.5 mg
GAE/g) and antioxidant activity (ICso 0.099 mg/mL) compared to leaves. Comparison between
2n and 4n samples showed that 4n plants had similar antioxidant activity as 2n, but higher
values of TPC and total isoflavones, especially in leaves and flowers. Principal component
analysis revealed that daidzein, as an important marker, is primarily responsible for the
separative grouping of 2n and 4n samples, with samples of 4n ploidy having higher quantities
than the 2n. The recorded variability among samples of different ploidy was correlated with
biochanin A and genistein quantities, as well as with their antioxidant potential. Therefore, it
can be concluded that ploidy level might be considered as an important factor influencing
content and composition of biologically active compounds in red clover.

Keywords: red clover, isoflavones, HPLC, antioxidant potential, diploid, tetraploid

CAAPXKAJ PEHOJIA U AHTUOKCHJATUBHA AKTUBHOCT
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Seseli rigidum Waldst. & Kit je enneMcka OusbHa BpcTa Koja je pacpocTpameHa Ha
bankanckom momyoctpBy u y Typckoj. Pacte Ha Kpeumaky W CHIIMKATy, KAMEHUTOM U
CTCHOBUTOM TepeHy. S. rigidum je Bumieroguima Oubka 10 50 cm BHUCHHE, ca YCIIPaBHUM
cTablioM © BpeTeHAaCTMM KOpeHOM. JIMCTOBH Cy /[ABOJHO TeEpacTo MAEhEHH, a IO
mm3okapnujym. OBa BpcTa ce o1 JaBHHWHA KOPHCTH Yy HapomHoj MmeaunuHu. KopeH uma
MIPUMEHY Y JIeUhY peyMaTH3Ma, JIUCTOBH e YIOTpeOsbaBajy y UCXpaHH, a IIIOJO0BU CE KOPHUCTE
Kao CpeICTBO MPOTHB HaJuMama. OCHOBHU IIMJb OBOT HCTpaXMBama OWO je Ja ce IeTajbHO
YTBPIU W aHANM3Upa KOJMYMHA TNPUCYTHUX (eHosa, (IAaBOHOMIA W aHTHOKCHIATHBHA
AKTUBHOCT METaHOJHUX, CTUIJI-AI[ETATHUX U alleTOHCKUX eKcTpakata S. rigidum. Marepujai je
CaKyIlJbeH ca JlokanuTera OBuapcko-kabiaapeka kiucypa (koopaunare 43°55'07" N, 20°13'17"
E). ¥V ekcrpaktuma je onpehen cagpxaj penona (Folin-Ciocalteu merona). YkymHa konmduHa
(denosa u ¢aBoHoua Owia je Beha y mojapHUM pacTBapayrmMa y OJHOCY Ha HEMOJIapHU
pactBapau. Canpkaj ¢naBoHouga je oapehen meromom AICls. Hajseha koHmenTpammja
U3MepeHa je y METaHOJHHMM eKCTpakTuMma, ¢eHona u3 ymcra (98,66+2,64 mg GA/g) u
¢naBoHonuMma u3 cradbspuke (20,73+0,55 mg RU/g). In vitro, aHTHOKCUAATUBHU KalalUTET
eKCTpakara IpoueweH je mnomohy 2,2-nudenunn-1-nuxpunxugpasuna (DPPH), a
AQHTUOKCHJIATUBHA AKTUBHOCT je m3paxkeHa kao 50% wunxuburtopna xonuentparnuja (ICso
BpenHoctd y ug/mL). Hajseha aHTHMOKCHMIAaTMBHA aKTUBHOCT W3MEpPEHA j€ y METaHOJHOM
eKCTpakTy u3 jgucroBa (25,87+0,05 ug/mL). 3a pa3nuky of yKymHOT cagpikaja (piaaBoHoOHa,
YKyImaH cajpkaj (peHoja je y BEJIMKO] KOopelaluju ca aHTHOKCHUIAATHBHOM aKTHBHOMINY
ekcTpakara. J{oOMjeHU pe3ynTaTd Cyrepuily Aa c€ MOTYy HACTaBUTH J1ajba WCIIHTHUBAHA
(hapmakoJOmIKOr TOTeHIHjana Bpcte S. rigidum.

Kibyune peun: S. rigidum, cekyHmapHu MeTabOIUTH, TPUPOTHUA aHTHOKCHIAHC
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PHENOLIC CONTENT AND ANTIOXIDANT ACTIVITY OF Seseli
rigidum WALDST. & KIT AREAL PART AND ROOT EXTRACTS

Milica Pavlovi¢®, Gorica Peli¢
University of Kragujevac, Faculty of Science, Department of Biology and Ecology, Kragujevac, Serbia
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Seseli rigidum Waldst. & Kit is an endemic plant species that is widespread in the
Balkan Peninsula and Turkey. It grows on limestone and silicate, stony and rocky terrain. S.
rigidum is a perennial plant up to 50 cm tall, with an upright stem and a spindle-shaped root.
Leaves are twice pinnately divided, fruit is schizocarp. The species has been used in folk
medicine since ancient times. The root is used in the treatment of rheumatism, the leaves are
used in food, and the fruits are used as an anti-bloating agent. The main goal of this research is
to determine and analyze in detail the amount of phenols, flavonoids, and antioxidant activity
of methanolic, ethyl-acetate, and acetone extracts of S. rigidum. The material was collected
from the locality Ovcar-Kablar Gorge (43°55'07" N, 20°13'17" E). The phenol content was
determined in the extracts (Folin-Ciocalteu method). The total amount of phenols and
flavonoids was higher in polar solvents compared to the non-polar solvent. The content of
flavonoids was determined by the AICl3 method. The highest concentration was measured in
methanolic extracts, phenols from the leaf (98.66+2.64 mg GA/g), and flavonoids from the
stem (20.73+0.55 mg RU/g). In vitro, the antioxidant capacity of extracts was evaluated by 2,2 -
diphenyl-1-picrylhydrazil (DPPH), and antioxidant activity was expressed as the 50%
inhibitory concentration (IC50 values in pg/mL). The highest antioxidant activity was
measured in the methanol extract from the leaves (25.874+0.05 pg/mL). Unlike total flavonoid
content, the total content of phenol is highly correlated with the antioxidant activity of extracts.
The obtained results suggest that further investigations of the pharmacological potential of S.
rigidum can be continued.

Keywords: S. rigidum, secondary metabolites, natural antioxidant

Artemisia annua L. (Asteraceae) - XEMUNJCKA AHAJIM3A U
AHTHOKCUIATHNBHA AKTUBHOCT

Karapuna Pagosanosuh*!, He6ojua Knagap!, Maja Xura'!, Karapuna Bujenuh!,
Baaroje pna!, Muimna Ahumosuh?, Hena l'apapuh!
'Vuupepsurer y Hopom Cany, Meauuuncku daxynrer, Karenpa 3a papmaunjy, Hoeu Can, Cpbuja
2MHCcTUTYT 3a parapcTso U nosprapctso, Hoeu Can, Cpbuja

*katarina.radovanovic@mf.uns.ac.rs

Artemisia annua, y Hapojy mo3HaTa Kao CJIaTKH MeIHH, je 3eJbacTa OubKa u3 paMuiiije
Asteraceae. O naBHHHA ce yroTpebJbaBa y TpaIulIMOHATHO] MEIUIIMHHN Kao OMJbKa KOja nMa
aHTHMaJlapujCKy aKTHUBHOCT, YCJel MPUCYCTBA CECKBUTEPIICHCKOT JIAKTOHA apTEeMHUCHHA.
Takohe, canpxu (eHose u (naBoHOUIE, T CE CBPCTaBa y OMJbKE ca aHTHOKCHIATHBHUM,
AHTUMH(QEKTUBHUM M aHTHUHH(JIaAMaTopHUM aejcTBoM. Luib pama O6u0 je UCHUTHBAHKE
XEMH]jCKOT cacTaBa M aHTHOCKUIaTUBHE aKTUBHOCTH €TaHOJHOT EKCTPAKTa CIATKOr MelnuHa. Y
€TAaHOJIHOM €KCTpakTy xepOe A. annua oxpeheH je caapixaj yKynHUX ¢eHojia METOAOM IO
Folin-Ciocalteu. Pesynaratu cy m3pakeHM Kao mg CSKBHBaJEHTa TajHE KHUCEIWHE/g CyBOT
exkctpakta (mg EI'K/g c.e.). Vkynuu ¢naBoHouau oxapeheHu cy crnekTpodoTOMETpHjCcKu
npahemeM popmupama kommiekca ca AlCls. Pesynratu cy u3pakeHn Kao mg eKBUBAJICHTA
KBepIeTuHa/g cyBor ekcrpakTa (mg EK/g c.e.). AHTHOKCcHIaTHBHA akTUBHOCT ofipeleHa je in
vitro tecropuMa uaxuoumje 2,2-mudennn-1-nukpmwixuapazun (DPPH), xuapokcun (OH),
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HuTpo3o (NO) pamukana ¥ TECTOM HMHXHOWIIMjEe THUNHAHE Mepokcuaanuje. Pesynartatu cy
M3pakeHU Kao KOHIIGHTpaIMja MpH Kojoj je HeyTpanucano 50% paaukana Tj. KOHIEHTpalnja
npu Kojoj je maxubucano 50% nporneca munuane nepokcuaanuje (ICso). Bucoxoedukacaom
TeuHoM xpomarorpadujom (HPLC) wusBpmiena je nerajbHa XeMHjCKa KapaKTepH3alyja.
PesynTatu cy uzpaxeHnu kao ng/g cyBor ekctpakra. [IpuHoc ekcTpakiiije n3HocHo je oko 15%.
Canpxaj ykynmHux ¢enomna uznocuo je 63,02 mg EI'K/g c.e. Cangpxaj ykymuux QraaBonona
uzHocuo je 12,57 mg EK/g c.e. ETaHOomHM eKcTpakT Mokaszao je HajBehu moTeHIujan
HeyTpaiuzauuje DPPH paaukana, npu uemy je 1Cso u3nocuna 1,78 mg/g c.e. OBa BpenHoCT 3a
ocrale cio0oaHe paaukane n3Hocuia je 5,17 mg/g c.e. 3a OH, 79,94 mg/g3a NO u 41,56 mg/g
C.e. 3a JIMIUJIHY INEepOKCUAanujy. JleTeKkToBaHO je MPUCYCTBO KBEPIIETHHA, XJIOPOTCHCKE U
ranae kucenuHe nmomohy HPLC ananmuze. Y HajBeho] KOJTUYMHU JETEKTOBaHA j€ XJIOPOTreHCKa
kucemuHa (651 pg/g c.e.). A. annua npencrabsba 6orat u3Bop ¢eHosa U (PeHOTHUX KHCENUHA.
NuxubutopHa akTUBHOCT Ha y3pouHuke okcuaatuBHor crpeca (DPPH, OH, NO panukamu u
peaxiyja nepoKcuAaluje JUIUAa) nokasyje aa Ousbka uma 100po aHTUOKCHAATUBHO J1€JCTBO.
CBe oBe peMMHUHAPHE in Vitro pe3yaTaTe HeOMXOIHO j& IOTBPANUTH JaJbM HCIUTHBABUMA.

K/byyHe peyu: CIaTKu IICJIUH, €TaHOJHHM €KCTPaKT, (eHONMH, (NIaBOHOMIM, AHTHOKCHUAATHBHA
aKTHBHOCT

3axpanuuna: OBo UcTpaxuBame (GUHAHCHPAIO je MHUHHUCTAPCTBO MPOCBETE, HAYKE U TEXHOJIOMIKOT
pa3Boja Penyonuke Cpouje (0poj yroBopa: 451-03-68/2022-14/200114).

Artemisia annua L. (Asteraceae) —- CHEMICAL ANALYSIS AND
ANTIOXIDATIVE ACTIVITY

Katarina Radovanovi¢*!, Neboj$a Kladar!, Maja Hitl!, Katarina Bijeli¢!, Blagoje Prpal,
Milica A¢imovié¢?, Neda Gavari¢!
"University of Novi Sad, Faculty of Medicine, Chair of Pharmacy, Novi Sad, Serbia
nstitute of Field and Vegetable Crops, Novi Sad, Serbia

*katarina.radovanovic@mf.uns.ac.rs

Artemisia annua, popularly known as sweet wormwood, is a herbaceous plant from the
family Asteraceae. Since ancient times, it has been used in traditional medicine as a plant that
has antimalarial activity, due to the presence of the sesquiterpene lactone artemisinin. It also
contains phenols and flavonoids because it is classified as a plant with antioxidant, anti-
infective and anti-inflammatory effects. The aim of the work was to examine the chemical
composition and antioxidative activity of the ethanolic extract of sweet wormwood. In the
ethanolic extract of 4. annua herb, the content of total phenols was determined using the Folin-
Ciocalteu method. The results are expressed as mg gallic acid equivalents/g dry extract (mg
GAE/g d.e.). Total flavonoids were determined spectrophotometrically by monitoring the
formation of complexes with AICI;. Results are expressed as mg quercetin equivalents/g dry
extract (mg QE/g d.e.). Antioxidant activity was determined by in vitro tests of inhibition of
2,2-diphenyl-1-picrylhydrazyl (DPPH), hydroxyl (OH), nitroso (NO) radicals and lipid
peroxidation inhibition test. The results are expressed as the concentration at which 50% of the
radicals are neutralized, or the concentration at which 50% of the lipid peroxidation process is
inhibited (ICso). Detailed chemical characterization was investigated by high-performance
liquid chromatography (HPLC). The results are expressed as pg/g dry extract. The extraction
yield was about 15%. The content of total phenols was 63.02 mg GAE/g d.e. The content of
total flavonoids was 12.57 mg QE/g d.e. The ethanolic extract showed the highest DPPH
radical neutralization potential, with an ICso of 1.78 mg/g d.e. This value for other free radicals
was 5.17 mg/g d.e. for OH, 79.94 mg/g for NO and 41.56 mg/g d.e. for lipid peroxidation. The
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presence of quercetin, chlorogenic and gallic acids was detected using HPLC analysis.
Chlorogenic acid was detected in the highest amount (651 pg/g d.e.). 4. annua is a rich source
of phenols and phenolic acids. The inhibitory activity on the causes of oxidative stress (DPPH,
OH, NO radicals and lipid peroxidation reaction) shows that the plant has a good antioxidant
effect. All these preliminary in vitro results need to be confirmed by further tests.

Keywords: sweet wormwood, ethanol extract, phenols, flavonoids, antioxidant activity

Acknowledgments: The authors are gratefull to The Ministry of Education, Science and Technological
Development of the Republic of Serbia (grant no. 451-03-68/2022-14/200114).

BUOJIOIKA AKTUBHOCT BPCTA POIA Hypericum CEKIIUJE
Hypericum

He6ojma Knanap™'2, Busbana Boxun’, Karapuna Bujeauh'?, Mupjana Borasau?®, Maja
Kapaman®, Bpanuciasa Cphenosuh-Honuh'?, Muiuna Par4, Fopan Anaukos?
'Vuugepsurer y Hopom Cany, Meauuuncku daxynrer, Karenpa 3a gpapmaunjy, Hosu Can, Cpbuja
2Vuusepsurer y Hosom Cany, Meaunuucku paxyaret, LienTap 3a MeauiuHcko-(hapMaleyTcka HCTPaKUBamba 1
KoHTpouy kBanutera, HoBu Can, Cpouja
3Vuusepsurer y HoBom Cany, Menumuncku daxynrer, Karempa 3a THHEKOIOTH]Y 1 aKynepcTBo, KinHuuku
uenrap Bojsoaune, Hosu Can, Cpbuja
*Vuupepsurer y Hopom Cany, ITpupoaHo-maremarudky paxynrer, JlenapTMan 3a 6uosorujy u exonorujy, Hoeu
Can, CpbOuja
*nebojsa.kladar@mf.uns.ac.rs

KanTapuoH je oi JaBHMHA TIO3HAT Kao jeAHA O HAj3HAYAjUHHMX JICKOBUTHX OMJbaka
TpaauloHaHe Meauiae. Mehytim, MHOre Bpete pona Hypericum HUCY 1€TalbHO UCTPAKEHE.
[lwsp ucTpaxuBama OWIO je HUCIUTUBAEkE OHOJIONIKOr IOTEHIMjaja (aHTUOKCHIAHTHOT,
AQHTUXUITEPIIIMKEMH]CKOT, aHTUXOJIMHEPTUYKOI, aHTUMUKPOOHOI M CIHOCOOHOCTM WHXUOWIMjE
MOHOaMHUHOOKCH]Ia3a) M XeMHjCKa KapaKTepH3aIja BOICHO-aIKOXOJHIX EKCTpaKara BpCTa pona
Hypericum aytoxtonux Ha Tteputopuju Cpouje u I'puke (H. tetrapterum, H. maculatum ssp.
immaculatum w H. triquetrifolium). Pe3ynratm cy yka3aqu Ha NPUCYCTBO XHIIEPULMHA,
xuriepoprHa, KBEPIIETHHA M PYTHHA y CBUM HCIIHTAaHHM BpCTama, TIOK aMEHTO(IaBOH HHje
JIETEKTOBaH jemuHO kox H. maculatum ssp. immaculatum. Yo4eH je BUCOK HHUBO CIMYHOCTH
xemujckux npodwuna H. tetrapterum w H. triquetrifolium ca OGuonmomkum u3BopoMm apore (H.
perforatum). Ucnutane Bpcre cy Omte cHaxau HeyTpaiauzaropu DPPH, OH u NO panukana, anu
HHCY TOKa3aJie 3HauajHy CIIOCOOHOCT MHXHOMIIM]Ee Tpoleca JUMUAHE nepokcuaanuje. Takohe,
UCIIUTaHEe BpPCTE Cy OWiIe CHAXHM MHXMOMTOPU AKTHBHOCTH MOHOAMHMHOOKCHIa3e A W a-
DIYKO3W/Ia3e, Kao W cnabu MHXUOMTOPU alleTHIIXOJIMHECTepa3e, MOHOAMHHOOKcHa3e b u a-
ammiiaze. YOueHO je CHa)KHO aHTUMHKPOOHO JienoBame mpoTtuB cojeBa MRSA Staphylococcus
aureus, Enterococcus sp. n Proteus mirabilis.

Kmbyune  peum:  Hypericum, AHTUXUIEPIIIMKEMH]CKO  JICNIOBAakbe,  MOHOAMHUHOOKCHJIA3E,
aleTUIIXOIMHEecTepas3a, aHTUMUKPOOHO aenoBambe, HPLC-DAD

3axBannuna: OBO HMCTpaxUBame (QUHAHCHpATU cy MHHHCTapCTBO HayKe, TEXHOJIOUIKOI pa3Boja H
nHoBanmja Penybmuke Cp6uje (0poj mpojekta 451-03-47/2023-01/200114) wu Tloxpajuncku
CeKpeTaphjar 3a BHCOKO 00pa30Bame M HAyYHOHCTPAXKMBAYKY JeNaTHOCT BojBoamue (Opoj mpojexrta
142-451-3129/2022-01).
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BIOLOGICAL ACTIVITY OF GENUS Hypericum SECT. Hypericum
SPECIES

Nebojs$a Kladar™2, Biljana BoZinf, Katarina Bijeli¢!-2, Mirjana Bogavac3, Maja
Karaman®, Branislava Srdenovi¢-Conié¢!2, Milica Rat*, Goran Anackov*

"University of Novi Sad, Faculty of Medicine, Chair of Pharmacy, Novi Sad, Serbia
2University of Novi Sad, Faculty of Medicine, Center for Medical and Pharmaceutical Investigations and
Quality Control, Novi Sad, Serbia
3University of Novi Sad, Faculty of Medicine, Chair of Obstetrics and Gynecology, Clinical Center of
Vojvodina, Novi Sad, Serbia
“University of Novi Sad, Faculty of Sciences, Department of Biology and Ecology, Novi Sad, Serbia

*nebojsa.kladar@mf.uns.ac.rs

St. John’s wort has long history of usage in traditional medicine as a potent remedy,
while many other species of genus Hypericum have not been thoroughly investigated. The
present study evaluated biological activity, including antioxidant, antihyperglycemic,
anticholinergic, antimicrobial and monoaminoxidase inhibitory potential, of water-alcoholic
extracts of three Hypericum species autochthonous for Serbia and Greece (H. tetrapterum, H.
maculatum ssp. immaculatum and H. triquetrifolium), followed by phytochemical profiling.
Hypericin and hyperforin, quercetin and rutin were present in all of the evaluated species while
amentoflavone was not detected only in H. maculatum ssp. immaculatum. There was a high
level or chemical profiles resemblance of H. tetrapterum and H. triquetrifolium with the official
source of herbal drug (H. perforatum). The evaluated species were good scavengers of DPPH,
OH and NO radicals, but demonstrated modest potential of lipid peroxidation process
inhibition. Furthermore, the evaluated species were shown as potent inhibitors of
monoaminoxidase A and a-glucosidase, and modest inhibitors of acetylcholinesterase,
monoaminoxidase B and a-amylase. The extracts were shown as effective against MRSA
Staphylococcus aureus and Enterococcus sp., as well as against Proteus mirabilis.

Keywords: Hypericum, antihyperglycemic, monoaminoxidases, acetylcholinesterase, antimicrobial,
HPLC-DAD

Acknowledgment: This research was financed by the Ministry of Science, Technological Development
and Innovations (grant no. 451-03-47/2023-01/200114) and the Provincial Secretariat for Higher
Education and Scientific Research of Vojvodina (grant no. 142-451-3129/2022-01).

AHTUUH®JIAMATOPHA U AHTUOKCUJAAHTHA CBOJCTBA
ETAHOJIHOI' EKCTPAKTA KOPEHA Bruckenthalia spiculifolia
(SALISB.) REICHB.

Aunhena JIparuhesuh”, Jeaena Marejuh, Iparana Iasiaosuh
VYuusep3urer y Hurry, Menutuacku ¢akynrer, Karenpa 3a ¢papmaryjy, Cpouja
*dragicevic.andjela@gmail.com

Bruckenthalia spiculifolia (Salisb.) Reichb. (syn. Erica spiculifolia Salisb.) je
3UM3EJICHH KOyH BHCHHE 710 25 cm, ca CHTHUM IIBETOBUMA (KpyHHUIIa 2,5—3 mm) rpynucaHuM
y TepMUHAIHE [[BACTM M MJAJUM TpaHama MPEKPUBEHUM [1akama. J[eNMMUYHO CIOjeHU
YalIMYHH JIMCTUNH, Ka0 U OJCYCTBO OpakTeosa Cy KapaKTEPUCTHUKE KOj€ JIETCPMHUHUIIY OBY
OMJBpHY BpCTy Kao moceOHy y okBupy (ammmje Ericaceae. busbka pacre mmpoMm HCTOYHE
EBporie u 3amagne Asuje, ceBepro ox Kapmara mpeko bankana mo ceBepoucroune Typcke.
bumne Bpcre koje mpumanajy ¢amummuju Ericaceae ce TpaaWLIMOHAIHO KOPUCTE Kao
aHTHPEYMATUIIH, TUYPETHUIIH, KA0 aJICTPHHTEHTHA CPEICTBA, y JIeUeHhY YPUHAPHUX HH(EKIHja,
paHa, yjea 3MHja U y Tepanuju aHTUU(IaMaTOpHUX cTamba. OCHOBHM IIMJb UCTPAKUBAbA j€
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O0MoO 1a ce MPOLCHH in Vitro aHTHMH(IAMAaTOpPHA U aHTHOKCHIATHBHA CBOJCTBA CTAHOJIHOT
eKCTpakTa 100ujeHor o KopeHa B. spiculifolia. busau matepujan je cakymber y CpOuju
(Bnacuncko je3epo) U uaeHTHGUKOBaH Ha JlenapTMany 3a OMoJI0rujy U ekoJiorujy, [IpupomHo-
MatemaTHukor (akynrera, YauBepsuteta y Humy. XepOapcku npumepak B. spiculifolia (Gp.
Bayuepa 3364) je menoHoBaH y xepOapujymy DapmarieyTckor QaxyaTera YHUBEp3UTETa y
beorpany. Excrpakumja matepuje u3 KopeHa je u3BpiieHa nepkoiamujom ca 70% v/v eTaHoiom
y cknaay ca Ph. Eur. 10.0. EkcTpakT je ymapeH 70 cyBa, y BaKyyMy, Ha Temmnepatypu ucmon 40
°C, a mpuHOC ekctpakiyje je 6uo 11.5%. AHTHOKCHIaTHBHA aKTUBHOCT €TAHOIHOT €KCTPAKTa
je ucnuTtuBaHa momMohy JBa pa3MYHMTa TECTa: CHOCOOHOCT yKiamama ciodognux DPPH
panukana U y f-KapoTeH/IMHOJEHCKa KHCeNuHa TecTy. McnuTuBaHM y30pak je MCHOJBHO
AHTHOKCUJATUBHY aKTUBHOCT, BpeaHoctu 1C50 2,59+0,10 pg/ml u IC50 9,10+0,81 pg/ml y
DPPH wu f-xapoTeH/IMHONIEHCKA KHUCETMHA TECTY, peaoM. AHTUUH{(IaMaTOpHA CBOjCTBA CY
UCIUTHBaHA TECTOM JI€HaTypaluje NpoTenHa ca BoaeHuM pactBopoM BCA (rosehu cepym
andymuH). ETaHONHM €KCcTpaKT KOpeHa je M0Ka3ao 3HauyajHO aHTUHUH(IaMaTOpHO JIEJCTBO ca
npouenToM naxubuiuje nenarypamuje BSA on 87+0,004%, mTo je Mame of CTaHAAapIHE
BpenHoctu 3a nukiodenak (95,60+0,001%). C o63upom Ha mokazaHy aHTHOKCHUIATUBHY U
aHTUMH(]IAMATOPHY AaKTHUBHOCT, €TAHOJHH €KCTPAaKT KopeHa B. spiculifolia ce wmoxe
MNOTEHIIMjaJIHO KOPUCTUTU Kao HOBU HPUPOTHHU pecypc y (apmalrieyTCKoj U KO3METHUKO]
unayctpuju. [lopen Tora, norpedbHa Cy Jajba HCTPAKMBaKba KAaKo OU ce Y MOTIYHOCTH UCIUTA0
MOTEHIIUjaT KopeHa B. spiculifolia.

Kibyune peun: Bruckenthalia, kopeH, f-kapOTeH/THHOJIEHHCKA KACENUHA TecT, BSA

3axBanHuna: OBO HCTpaXkuBambe MOApXKadH Cy MHHHCTApCTBO HayKe, TEXHOJOIIKOT pa3Boja U
unHoBanja Penyonmuke CpbOuje (6poj 451-03-47/2023-01/200113) u  MeauuuHcku — (akyirTert,
Yausep3urera y Humy (uaTepHE mpojexar op. 15).

ANTIINFLAMMATORY AND ANTIOXIDANT PROPERTIES OF
ETHANOLIC ROOT EXTRACT OF Bruckenthalia spiculifolia (SALISB.)
REICHB.

Andela Dragiéevi¢®, Jelena Mateji¢, Dragana Pavlovié¢
University of Nis, Faculty of Medicine, Chair of Pharmacy, Serbia
*dragicevic.andjela@gmail.com

Bruckenthalia spiculifolia (Salisb.) Reichb. (syn. Erica spiculifolia Salisb.), Ericaceae,
is an evergreen shrub up to 25 cm tall, with small flowers (corolla 2.5-3 mm long) grouped in
terminal inflorescences, with ascending branches, pubescent in youth. Characteristic of this
plant are the partially fused sepals and the absence of bracteoles. It grows throughout Eastern
Europe and Western Asia, from the Northern Carpathians through the Balkans into North-
Eastern Turkey. Erica species are traditionally used as an antirheumatic, diuretic, astringent,
and to treat urinary tract infections, wounds, snakebites, and against inflammation. The main
objective of the study was to evaluate anti-inflammatory and antioxidant properties of the
etanolic extract obtained from the root of B. spiculifolia in vitro. The plant material was
collected in Serbia (Vlasina Lake) and identified at the Department of Biology and Ecology,
Faculty of Sciences and Mathematics, University of Nis. The B. spiculifolia (voucher No. 3364)
has been deposited in the Herbarium of the Faculty of Pharmacy, University of Belgrade. The
root was percolated with 70%, v/v ethanol in accordance with Ph. Eur. 10.0. In extract was
evaporated to dryness in a vacuum below 40 °C, the extraction yield was 11.50%. The
antioxidant properties of the ethanolic extracts were studied by two different assays: DPPH
radical scavenging activity and f-carotene/linolenic acid assay. The studied sample showed
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antioxidant activity with IC50 range 0£2.59+0.10 pg/ml and 9.10+0.81 pg/ml in DPPH and S-
carotene/linolenic acid assay, respectively. The anti-inflammatory properties were evaluated by
protein denaturation assay using aqueous BSA solution. The same sample showed significant
anti-inflammatory activity with a percentage inhibition of BSA denaturation of 87+0.004%,
which is lower than the standard value for diclofenac (95.60+0.001%). Considering the
demonstrated antioxidant and anti-inflammatory activity, the ethanolic extract of B. spiculifolia
root can be potentially used as a new natural source for pharmaceutical and cosmetic industries.
In addition, further research is needed to investigate the potential of B. spiculifolia root.

Keywords: Bruckenthalia, root, f-carotene/linolenic acid assay, BSA
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YTULHAJ MTAPAMETAPA EKCTPAKIUJE HA
AHTUOKCHUIATHUBHMU IOTEHIINJAJI EKCTPAKTA HAPA (Punica
granatum, Punicaceae)

Karapuna bujeanh™?, Mapra Poauh?, He6ojma Iasinosuh’, Baaroje Ilpnal, Maja
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KoHTpoIy KBanutera, HoBu Can, Cpbuja
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[Ipumena excTpakTa KOpe Hapa AaThpa joul Ol APEBHUX IUBUIM3AIUja, a HEKE O
MH/IMKaIlM]a 32 IpUMEHy cy Omie nHdaMaiyja, ujapeja, Kamasb 1 HeriogHocT. Hap obuiyje
MHOIITOBOM OMOJIONIKH aKTUBHUX CEKYHJIaPHUX METa0OJMTa, a MPUCYCTBO BUCOKOT ca/ipikaja
oMM (EHOIHUX jeMUbeHha YHHN Ta MPUPOIHUM M3BOPOM aHTHOKCHIaHaca. EnarataHuHu cy
Haj3HayajHUja MPUCYTHA MOATPYIa MOIU(PEHOIHUX jebeba. (buXoBOM XUAPOIN30M HacTaje
enarta kucenuHa (EA) xoja ucnospaBa aHTHHH(IaMaTOpHA U aHTUMUKpoOHa cBojcTBa. Kopa
Hapa ynHH 50% ykymHe TeXuHe oBor Boha u yecto ce ogdaiyje kao ornaa, MmehyTum, caapxaj
noauEeHOMHNX jeUbeha je y MepuKaprny Hapa 3HadajHo Behu y omgHocy Ha cok. Llusb
CIIPOBEACHOI HCTpaXMBama OWJIO je HWCIHTHBAaKE YTUIAja pa3iMuUuTHX IapameTapa
excrpakuuje (Bpeme — 20, 40, 60 munyra, Temneparypa — 30, 50, 70 °C, koHmeHTpanuja
meranona — 20, 40, 60, 80%) na canpxaj EA u oapehuBame in Vitro anTHoKCHIaTUBHOT
noreHnujasa (Heyrpanmsanuja 2,2 -nmudenmn-l-nukpmwixuapasuna  (DPPH))  nobujernx
METaHOJHUX eKcTpakara nepukapna Hapa. Canpxa) EA je ogpehuBan ynorpeboM BHCOKO-
edukacue teune xpomatorpaduje (HPLC-DAD), nok je aHTHOKCHIATHBHHU MOTCHIIHjal
ucnuTUBaH cnekrpodoromerpujcku. 3a moTpede oxapehuBama EA y MeTaHonHuM
eKCTpaKTHMa MepuKapra Hapa BaluaoBaHa je Op3a, epukacHa U oceTsbuBa MeToAa. JIMMuT
JICTEKIIMj€ 3a eJIarHy KUCEIMHY M3HOCHO je 4 pg/mL, a mumut kBantudukamuje 10 pg/mL.
Canpxaj EA y ucniutuBaHUM eKcTpakTHMa O0uo je y omcery ox 12,15-134,46 ug EA/g e.
Hajumxu caapxaj EA 3a0enexen je y eKCTpakTy 3a 4yhjy eKCTPAKIU]y je KopHuilheHa HajHIKa
KOHIIEHTpaIlija MeTaHona. [IpeTxoHa HUCTpakWBama Cy IOKa3aja Ja je eKCTpakiuja
nepuKapIa Hapa HajeuKacHHja YMCTUM al[€TOHOM WJIM METAaHOJIOM, CAMUM THM OYEKHBaH je
HWKH CaJIpikaj ellarHe KUcelnnHe 300T HIKe KOHIIEHTpalrje MeTanona. Takohe eKkcTpakiiuja
OBOT y30pKa je Tpajanma camo 20 MUHYTa, IITO AOJATHO YTHUYE Ha CHIKEH canpxkaj EA. Ha
OCHOBY J100M]jeHHX BpeqHocTH HeyTpaimu3anuje DPPH paaukana koHcTpyncana je perpecuona
KpYMBa 3aBHUCHOCTH OJf KOHIETpamuje eKkcTpakra. BpemHoctu pnobujene 3a PCllso
(KOHIIEHTpallMja eCKTPaKTa MpHu Kojoj je Heyrpanmcano 50% renepucannx DPPH panukana)
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owre cy y oncery on 59-162 pug/mL. Excrpakt ca Hajsehom kommunnom EA Huje umao u
Hajjadye MCIOJbEH aHTUOKCUAATUBHM NoTeHIjan. OBO yKasyje Ha TO Ja je IepuKapi Hapa
ooraT W ApYruM IMOJU(ECHOTHOIHUM jeIUI-CHhMMa KOja JO0JAaTHO JonpuHOce mnoBehamy
aHTHOKCHIATHBHE crocoOHocTH. CHpoBeneHO WCTpaKMBamke yKa3dyje Ha 3HavajaH
OMOMETUITMHCKY MMOTEHIIM]jall Tepukapia Hapa. Bucok cagpxkaj EA u qoOpa aHTHOKCHIaTHUBHA
aKTUBHOCT yKa3yjy Ha MoryhHocT ynorpebe Hapa y ¢utorepanuju. YoueHo je 1a y ciaydajy
NMpUMEHE BHUIIMX KOHIIEHTpalMja MeTaHona, Behe Temmeparype M BpeMeHa Tpajama
excTpaknuje canpxkaj EA pacre. Melhytum, HeomxojgHa Cy JoJaTHAa HMCTpPaKWBama paau
yIBphHUBama ONTHMATHUX EKCTPAKIMOHUX Iapamerapa KOjHu pe3yiTyjy eKCTpaKThMa ca
HajBehnM OMOJIOIIKUM MOTEHIIU]aJIOM.

Kibyune peun: Hap, noiudeHoH, enaria KucenruHa, aHTHOKCUIATUBHY MOTEHITH] aJl

THE INFLUENCE OF EXTRACTION PARAMETERS ON
ANTIOXIDATIVE POTENTIAL OF POMEGRANATE PERICARP
EXTRACT (Punica granatum, Punicaceae)

Katarina Bijeli¢"12, Marta Rodié¢!, Neboj$a Pavlovi¢, Blagoje Prpal, Maja Hitl*?,
Nebojsa Kladar!?

tUniversity of Novi Sad, Faculty of Medicine, Chair of Pharmacy, Novi Sad, Serbia
2University of Novi Sad, Faculty of Medicine, Center for Medical and Pharmaceutical Investigations and
Quality Control, Novi Sad, Serbia

*katarina.bijelic@mf.uns.ac.rs

The use of pomegranate-peel extract dates back to the time of ancient civilizations, and
some of the indications for use were inflammation, diarrhea, cough and infertility. Pomegranate
contains many biologically active secondary metabolites, and the presence of a high content of
polyphenolic compounds makes it a natural source of antioxidants. Ellagatannins are the most
significant subgroup of polyphenolic compounds present in pomegranate extract. Their
hydrolysis produces ellagic acid (EA), which exhibits anti-inflammatory and antimicrobial
properties. Pomegranate-peel makes up 50% of the total weight of this fruit and is often
discarded as waste, however, the content of polyphenolic compounds is higher in the pericarp
of the pomegranate compared to the juice. The aim of the conducted research was to examine
the influence of extraction parameters (time — 20, 40, 60 minutes, temperature — 30, 50, 70 °C,
methanol concentration — 20, 40, 60, 80%) on EA content and to determine the in vitro
antioxidant potential (neutralization of 2,2-diphenyl-1-picrylhydrazyl (DPPH)) of the obtained
pomegranate-pericarp extracts. EA content was determined using high-performance liquid
chromatography (HPLC-DAD), while the antioxidant potential was examined
spectrophotometrically. A rapid, efficient and sensitive method was validated for the
determination of EA in methanolic extracts of pomegranate pericarp. The limit of detection for
ellagic acid was 4 pg/mL, and the limit of quantification was 10 pug/mL. The content of EA in
the examined extracts ranged from 12.15-134.46 ug EA/g e. The lowest EA content was
recorded in the extract obtained by methanol of the lowest concentration. Previous research has
shown that the extraction of pomegranate pericarp is the most efficient by application of pure
acetone or methanol, therefore, a lower content of ellagic acid is expected due to the lower
concentration of methanol. Also, the extraction of this sample lasted only 20 minutes, which
additionally affects the reduced EA content. Based on the obtained DPPH radical neutralization
values, a concentration dependent regression curve was constructed. Values obtained for RSCsg
(concentration of the extracts resulting in neutralization of 50% of generated DPPH radicals)
ranged from 59-162 pg/mL. The results of the antioxidant potential test were not consistent
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with the obtained EA concentrations. Extract with the highest amount of ellagic acid did not
exhibit the strongest antioxidant potential. This indicates that the pomegranate-pericarp is
abundant in other polyphenolic compounds that additionally contribute to the increase of the
antioxidant capacity of extract. The conducted research indicates a significant biomedical
potential of pomegranate-pericarp. The high content of EA and good antioxidant activity
indicate the possibility of pomegranate application in phytotherapy. It was observed that in the
case of application of higher methanol concentrations, higher temperature and increased time
of extraction, the content of EA increases. However, additional research is necessary to
determine the optimal extraction parameters that provide the the extracts with highest
biological potential.

Keywords: pomegranate, polyphenols, ellagic acid, antioxidant potential

TUPO3UHA3A UHXUBUTOPHU IIOTEHIUJAJI EKCTPAKATA
BPCTE Rosa arvensis HUDS.

Jlazap Kapkosuh™!, Jenena Marejuh?, Kcennja Muuecku!, Ilerap JI. Mapun', Ana
Ilamuh!

'Vuugepsurer y Beorpany — Buosnomku dakynrer, UncTuTyT 32 60Tanuky u borannuka 6amra ,,JeBpemosan”,
Beorpan, Cpouja
2Vuupepsuter y Humry, Memununckn dakynret, Karenpa 3a gpapmanujy, Hum, Cp6uja

*lazar.zarkovic@bio.bg.ac.rs

Bpcre pona Rosa npexactaBibajy 60orat u3Bop OMOAKTHBHUX jeIME-EHA KOja MOTY
CIpeuuTH 00JIECTH M3a3BaHE OKCUAATUBHUM CTPECOM, CMamyjyhu KOJIWYMHY CIIOOOJHUX
paaukaia ¥ akTUBHOCT eH3uMa. JeqHa on Hajuemhux caMOHMKIMX BpcTa Rosa canina uma
YTy UCTOPU]Y HMPUMEHE y €BPONCKO] M a3UjCKOj TPaAHIMOHAIHO] MeauiuHu. [lmonoBu
pyka mpencraBibajy Oorat uzBop Butamuna lle u E, heHOTHUX jenumbema, KapOTCHOU 1A U
MacHHUX KHcelnHa. 300T CBOI' XEMHJCKOI' cacTaBa IMIIKa OHU Cy MPEeno3HaTH Kao J00pu
aHTHOKcHAaHcu. MelhyTum, 6uosiomika cBojcTBa 1 Moryha npuMmeHa Jpyrux Mame Mo3HaTUX
BpCTa py’Ka joul yBEK HHUCY JOBOJHHO HCTpa)k€HU. Y MOTpa3u 3a HOBUM HMHXHOMTOpUMA
TUPO3MHA3€, KJbYUYHOI €H3MMa y INPOIeCy MEJIIaHOI€HEe3€e, Yy OBOj CTYAMJU j€ MCIUTHBAHA
TUPO3MHA3a UHXHUOUTOPHU MOTEHIHMjad Nmojbcke pyxke (Rosa arvenis Huds.). JluctoBu n
NJIOZ0BH R. arvenis cakylJbeHH Cy ca 4yeTupH Jokanutera y Cpouju (mmaHuHe 3matudop,
Benukn Kpm, XKemun, u ceno Ilernuna). Exctpaktu nenoBa Ousbaka (JIMCTOBa,
XUIAHIMjyMa W Opalllilla) NPUIPEMIbEHH Cy YIATPa3BydHOM ekcrpakuujom ca 70%
eTaHoJIoM. IHXMOUTOPHY NMOTEHIIMjall eKcTpakaTa ofpehuBaH je MoanpUKOBaHOM METOIOM
nonaxpoma ca L-DOPA (3,4-nuxunpokcudeHunnaianii) kao cyncrparoM. Pesynaratu cy
u3pakaBaHU Kao KOHLIEHTpalUje eKCTpakTa Koje o0e30ehyjy 50% wunxuburopHe
aktuBHOCTH (ICs0 mg/mL) u ynopehenu cy ca KOjUUHOM KHUCEIMHOM Kao pedepeHTHOM
cyncrannoM. Hajsehu nuaxubutopau norenuujai, y oncery oa 0,42 mg/mL (3marudop) no
1,92 mg/mL (Benuku Kpir), nmanu cy ekcTpakTu ncroBa. EKCTpakTi opamuia Uciobuiu
Cy MHXHOUTOpHHM MOTeHIHjan y omncery 3,76—11,18 mg/mL, 1ok cy ucnuTaHu €KCTPaKTH
XUIAHLIMjyMa TOKa3alu HajHUXKYy HMHXUOUTOPHY aKkTUBHOCT Tupo3uHaze (12,42—-15,05
mg/mL). Opammuie ce 0OMYHO O/Bajajy OJ XHUIAHUIKMjyMa U OIJIaxy Kao otnan. JlooujeHu
pe3ysiTaTy Cy MOoKa3aju BULIECTPYKO BehM MHXMOUTOPHU MOTEHIM]jaJl €KCTPaKTa Opallniia
y OJHOCY Ha eKCTpaKTe XMMaHIHMjyMa IITO Cyrepulle HUXOBO JAajbe Kopuinheme.
MHXuONIIMOHA aKTUBHOCT €KCTPAKTA JINCTOBA R. arvenis Ha aKTUBHOCT €H3MMa THPO3MHA3a
Ouna je mpuOIMKHA OHOj KOjy je mMana kojuyHa kucenuHa (0,18 mg/mL). Pesynraru
yKa3yjy nia cy, mopeJ XuMaHIHjyma, JJUCTOBH M Opaliuile Bpcte R. arvenis taxohe Oorat
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W3BOp TNPUPOAHUX OMOAKTMBHHX areHaca ca BHCOKMM HWHXHOUTOPHHM IIOTEHIIM]aJIoM
TUPO3UHA3E.

Kibyune peuu: Rosa, THpO3WHAa3a, JIUCT, XUMAHIINjyM, OpaIIHIIe

3axpamaunma: OBaj pan ¢uHaHCHpATO je MUHUCTApPCTBO HAayKe, TEXHOJIOIIKOT pPa3Boja W MHOBAIIM]a
Penryonuke Cpouje (mpojekar op. 451-03-47/2023-01/200178).

TYROSINASE INHIBITION POTENTIAL OF Rosa arvensis HUDS.
EXTRACTS

Lazar Zarkovi¢*!, Jelena Mateji¢?, Ksenija Mileski!, Petar D. Marin', Ana DZami¢!

"University of Belgrade — Faculty of Biology, Institute of Botany and Botanical Garden ,,Jevremovac”,
Belgrade, Serbia
2University of Ni§, Faculty of Medicine, Chair of Pharmacy, Nis, Serbia

*lazar.zarkovic@bio.bg.ac.rs

Species of the genus Rosa present a rich source of bioactive compounds that can
prevent diseases caused by oxidative stress, reducing free radicals and inhibiting enzyme
activity. The most common wild-growing species Rosa canina L., has a long application
history in European and Asian traditional medicine. The rose hips are a rich source of
vitamins C and E, phenolic compounds, carotenoids, and fatty acids. Due to rose hips'
chemical composition, they are recognised as great antioxidants. However, other less-
known Rosa species biological properties and applicative value still need to be investigated.
In search of new tyrosinase inhibitors, the key enzyme in the melanogenesis process, this
study evaluated the enzyme tyrosinase inhibitory potential of field rose (Rosa arvenis
Huds.). The leaves and fruits of R. arvensis were collected from 4 localities in Serbia
(Zlatibor, Veliki Kr$, and Zeljin mountains and Petnica village). Extracts of plant parts
(leaves, hypanthium and achenes) were prepared using ultrasonic-assisted extraction with
70% ethanol. Tyrosinase inhibiting potential was measured using the modified dopachrome
method with L-DOPA (L-3,4-dihydroxyphenylalanine) as substrate. The results were
expressed as extract concentrations providing 50% inhibitory activity (ICso mg/mL) and
compared with Kojic acid as a reference substance. The highest inhibitory potential was
evaluated for the leaf extracts, ranging from 0.42 mg/mL (Zlatibor) to 1.92 mg/mL (Veliki
Kr$). Extracts obtained from achenes expressed inhibitory potential in the 3.76-11.18
mg/mL range, while the tested hypanthium extracts showed the lowest tyrosinase inhibitory
activity (12.42—-15.05 mg/mL). Achenes are usually separated from hypanthium and
discarded as waste. The obtained results expressed multiple times higher inhibitory
potential of achene extracts than hypanthium extracts and suggested their further
utilization. The tyrosinase inhibitory activity of R. arvensis leaf extracts was in the range
of Kojic acid (0.18 mg/mL). The results suggest that besides hypanthium, the leaves and
achenes of R. arvensis are also a rich source of natural bioactive agents with high tyrosinase
inhibitory potential.

Keywords: Rosa, tyrosinase, leaves, hypanthium, achenes

Acknowledgement: The authors thank the Ministry of Science, Technological Development and
Innovation of the Republic of Serbia for financial support (grant no. 451-03-47/2023-01/ 200178).
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HIBETOBU HOBUX 'EHOTHUIIOBA BAIITEHCKHUX PYXKA
I'AJEHHUX Y BOJBOAUHU (CPBUJA) KAO U3BOP INTPUPOJAHUX
AHTUOKCHUIAAHATA

Hemama )Kusanosuh™, Mapuja Jlecjak!, Busbana Boxanuh Tamra?, [ejan Opuunh?,
Mupjaua Jby6ojesuh?, Harama Cumun!

'Yuupepsurer y Horom Cany, [puposHo-MaTeMaTndku paxyireT, JlenapTMan 3a XeMujy, OHOXEMH]y U
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XOPTUKYITYpPY U Tej3axHy apxutekrypy, Hou Can, Cpbuja

*nemanja.zivanovic@dh.uns.ac.rs

Pyxe nprmnanajy poxy Rosa u3 nopomwiie Rosaceae u y3rajajy ce mmpom csera. [Tocroju oko 200
Bpcta 1 0ko 30.000 perucTpoBaHuX COpPTH JTOOMjEHUX OIIEMEHBABEM M YKPIIITAHEM JIECETaK TUBIBIX
BpcTa. Pyxe ce HajBuIle KOpUCTE KaO XOPTHKYJITYpHE OWJbKE, ali U 3a MPOM3BOIEGY €TAPCKOr YIba,
PYXKHHE BOJIE ¥ KOHLIEHTpATa, Kao U 3a MPaBJbE-E [IEMOBA, Yajea 1 BuHA. Ly oBe cTyauje je 6no na ce
VICITHTA TIOTCHIMjaJT IIBETOBA IIIECT HOBUX TeHOTHUIIOBA OarreHcKuX pyka (Rosa x hybrida) kao u3sopa
MPUPOIHNX AHTHOKCUIAHATA U (hapMAaKOJIOIIKU aKTUBHUX JeIMI-eHba. L[BETOBU Cy NPUKYIUBEHU Y JyHY
2021. roguHe ca eKCIIEPUMEHTAIHMX ToJba Yy okomuM Temepuna (kommanuja Pheno Geno Roses).
Jlatie cy manepupane ca 70% MeTaHONIOM M eKCTPAKTH Cy XeMHJCKU OKapaKTeprcaHu oipehuBamem
caapkaja ykyrmHux (enona (TPC), ¢gnaBononma (TFC) u monomeprux antormjana (TAC), kao u LC-
MS/MS KBaHTUTATHBHOM aHAJI30M. AHTHOKCH/IAHTHA aKTUBHOCT je rpotierbeHa momohy DPPH 1 FRAP
TecroBa. Mcnmtanu exctpakti cy 6oratv noymdeHomHM jempmerima. TPC je 6uo y oncery ox 145 o
256 Mg exBuBajeHaTa TaJHE KUcemmHe/d cyBor ekctpakta, 1FC om 20 no 64 mQ exBuBajeHaTa
kBepuemHa/g cyBor exkcrpakrta u TAC on 0,5 10 7,8 Mg ekBuBasieHata nujaHuIuH-3-O-TIIyKo3uzaa /g
cyBor ekcrpakta. LC-MS/MS aHami3a je mokasana Aa Cy TIMKO3MIM KBEpIETHHA U Kemdepona
JIOMHUHaHTHA (heHOJHA jeMEberba. EKCTpakTH Cy MmoKa3am ofyIyaH aHTHOKCHIAHTHH MTOTEHITHjaIT y 00a
tecta (FRAP y oncery 121-270 mg exBuBasieHaTa ackopOMHCKe KucemHe/g cyBor ekcrpakta 1 ECsp y
orcery o 8,328 pg/mL y DPPH tecty). Ha ocHOBY 100MjeHHX pe3yIrTaTta, IIBETOBH HOBUX I'€HOTHIIOBA
OaIITeHCKUX pyka HCIUTAaHU Y OBOj CTYyAMjU MOTY C€ CMAaTpaTd OUIMYHUM H3BOPOM TPHPOIHHX
AHTHOKCH/IAHATA 1 (hapMaKOJIOIIKY aKTHBHUX jeIMI-Eba. Mako ce pyKe U Jjajbe HajBHIIe KOPHCTE Kao
JIeKOpaTUBHE OMIBKE, TIOCTOJM CBE BehH TPEeH/] FbUXOBE IPHMEHE Kao (DYHKIIHOHAIIHE XPaHe, a Pe3yJTaT!
OBE CTyZI1j€ TO AOAATHO MOZIPKaBajy.

Kbyune peun: pyxe, nonudenonu, Gasononan, antnokcngancu, FRAP, DPPH

3axBanHuna: OBO HCTpakHBamke Nozapkao je [IokpajuHCKM cekperapujar 3a BUCOKO 00pa3oBame U
HayYHOHCTPaKUBAUKy fenarHocT AyroHoMHe [lokpajune Bojsonune (6poj 142-451-2658/2021-01/1).

FLOWERS OF NEW GENOTYPES OF GARDEN ROSE GROWN IN
VOJVODINA (SERBIA) AS A SOURCE OF NATURAL
ANTIOXIDANTS

Nemanja Zivanovi¢*!, Marija Lesjak?, Biljana BoZani¢ Tanjga?, Dejan Or&i¢l, Mirjana
Ljubojevi¢?, Nataga Simin!
tUniversity of Novi Sad, Faculty of Sciences, Department of Chemistry, Biochemistry and Environmental
Protection, Novi Sad, Serbia

2University of Novi Sad, Faculty of Agriculture, Department of Fruit Growing, Viticulture, Horticulture and
Landscape Architecture, Novi Sad, Serbia

*nemanja.zivanovic@dh.uns.ac.rs
Roses belong to genus Rosa from Rosaceae family and are grown worldwide. There
are 200 species and approximately 30,000 registered cultivars obtained through the careful
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breeding and crossing of only a dozen wild rose species. Roses are primarily cultivated and
used for horticultural purposes, but also for the manufacturing of essential oils, rose water
and rose concentrate, as well as for production of jams, teas, and wine. The aim of this
study was to evaluate the potential of flowers of six new genotypes of garden rose (Rosa x
hybrida) as sources of natural antioxidants and pharmacologically active compounds.
Flowers were collected in June 2021 from the experimental fields near Temerin (company
Pheno Geno Roses). Petals were macerated with 70% MeOH and extracts were chemically
characterized by determining total phenolic (TPC), flavonoid (TFC) and monomeric
anthocyanin contents (TAC) as well as LC-MS/MS quantitative analysis. Antioxidant
activity was evaluated by DPPH and FRAP assays. The examined extracts are rich in
phenolic compounds (TPC was in the range of 145-256 mg gallic acid equivalents/g dry
extract, TFC in range 20-64 mg quercetin equivalents/g dry extract, and TAC ranged from
0.5 to 7.8 mg cyanidin-3-O-glucoside equivalents/g dry extract). LC-MS/MS analysis
revealed that the dominant phenolics are quercetin and kaempferol glycosides. The extracts
expressed great antioxidant potential in both assays (FRAP ranged from 121 to 270 mg
ascorbic acid equivalents/g dry extract and ECso value in DPPH assay was in the range 8.3—
28 nug/mL). Based on the obtained results, flowers of the new genotypes of garden roses
investigated in this study can be considered excellent sources of natural antioxidants and
pharmacologically active compounds. While roses continue to be predominantly utilized as
ornamental plants, there is a growing trend in their utilization as functional foods. This
trend can be supported by the findings of our study.

Keywords: roses, polyphenols, flavonoids, antioxidants, FRAP, DPPH
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EH3UMCKA UHXUBUTOPHA CBOJCTBA METAHOJIHOI'
EKCTPAKTA KOPE CTABJIA BPEKMILE, Sorbus torminalis (L.)
CRANTZ
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2Mera Tpejn Cuctem 1.0.0., Bama Jlyka, Peny6iuka Cpricka, bocna u Xepuerosuna
*jradovic@pharmacy.bg.ac.rs

Sorbus torminalis (L.) Crantz (Rosaceae), Opekumba, je JUCTONATHO JAPBO CPEIHHE
BEIMUMHE KOje MOTHYe M3 IeHTpaldHe U jyxHe EBpome, ceBeposamangne Adpuxe,
bankanckor nmonyoctpBa u Mane Asuje. PasHu nenoBu Ouibke, yKbydyjyhu Iiaoj, JUCT,
[[BACT M KOPY OpeKue, TPaJAHIHOHAIHO Ce KOPHCTE Kao JAWYPETHIHM, aHTH]HjapOHIIH,
aHTUHMH(IAMATOPH, AHTUAMJa0ETUIM M aHTHATEPOreHa CpPEACTBA, BA3ONPOTEKTHBU U
Ba30pEIaKCaHCH, alli U Kao M0OpH aHTHOKcHAaHCH. PapMaKoJOmKe aKTHUBHOCTH OBUX
OMJBHHUX JIpOTa Cy MOCJICAUIIa BUCOKOT caapikaja Mo ()EHOIHUX CCKYHIapHUX MeTaboInuTa
01 KOjUX Cy Haj3HayajHUJu TaHUHHU, (PEHOJKAPOOKCHIIHE KHCEIuHe, (IaBOHOHMIH,
aHTOLIMjaHU W (QeHoNHU riauko3uau. Kopa crabna Opekume HHje paHHje NpoydaBaHa y
norjeay OMONOIIKE aKTUBHOCTH, Ia jeé LUJb OBOT pajia UCIUTHBAaKbE CIOCOOHOCTH CYBOT
METAaHOJHOI  eKCTpakTa Ja WHXHOWUpa eH3MMEe  o-aMuiasy, o-TJIyKO3Hjaasy,
anerunxonuuecrepasy (AChE), Oyrmupuixonunecrepasy (BChE) wu aHruoreHsuH-
kouBeptyjyhu enzum (ACE). Kopa crabna Opexume S. torminalis, cakymbena je y aBrycry
2022. rogune, Ha nokanuTery bujena ropa (Tpebume, bocna n Xepuerosuna) u ocyuieHa.
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CyBu MeraHoiaHH ekcTpakT kope crabima (DER 10:1) noGujeH je HaKOH CYKI[ECHBHE
EKCTpaKIlMje LHKIOXeKCAaHOM H auxiopMeraHoM. CHOCOOHOCT OBOT EKCTpakTa ja
HHXHOHpa eH3UME MpolemheHa je In Vitro ciegehuM cnekTpoGOTOMETPHjCKUM METOJaMa:
a-amunaze nmomohy cymcrpara 3,5-guautpocanunuine kuceiaunne (DNS), a-rinykosumasze
nomohy cymncrpara p-uutpodenun oyrupata (PNPB), anetnn- u OyTupuixoianHecTepase
craupapaaum  Ellman-oBum Ttectom momohy cymcrpata ameTHATHOXONUH joAMIA |
OYyTHPHJITHOXOJIMH JOIWJA, PECHEKTHBHO, a aHTMOTEH3MH-KOHBEpTyjyher eH3uma
npuMeHoMm komepuujanHo gocrymHor tecta ACE Kit-VST (Dojindo, Jaman) mnpema
ymyTcTBY npousBohava. Pezynratu uaxubunuje ensuma nspaxenu cy kao 1Cso, o1HOCHO
KOHIIEHTpaluja eKkcTpakTa koja mHxubupa 50% axtuBHOCTH eH3uMa. CyBU METAaHOJHU
eKCTpaKT Kope crabiia Opekume je IMOoKa3ao KOHUEHTPAMOHO-3aBUCHY HWHXHUOHIIH]Y
aKTHBHOCTU CBHX TECTHpPAaHUX eH3uMa. HajOoosby aKTHBHOCT €KCTpaKT je MOKa3ao mpema
ACE (0,11+10,32 mg/ml) nox npema npoussohauy ACE Kit-VST, 1Csg 3a anauenpun u
kanTonpui uzHoce 3,62 uM u 2,14 nM, pecniektusno. [Ipema AChE (0,16+0,05 mg/ml) u
BChE (0,22+0,03 mg/ml) excTpakT je HCIIOJbHO 3HAYAJHY aKTHBHOCT, aJld JaJieko clabujy
on pedepentHor crangapaa ramantamumHa (0,003 w 0,02 mg/ml, pecrnekTHBHO).
Cnocobonoct naxubunuje a-amuiaase (0,88+£0,02 mg/ml) Guna je BuIIeCTpyKO HHUXKa Of
no3uTuBHE KOHTposie akapbosze (0,03+0,01 mg/ml), nox je axkTHBHOCT mpema a-
rinykosuaasu (0,31+0,09 mg/ml) 6una ynopenwBa ca pedepeHTHHM JICKOM akap00o30M
(0,19£0,02 mg/ml). ¥ oBom paay npBH MyT je U3BpIICHA eBayaldja CIOCOOHOCTH CYBOT
METaHOJHOT €KCTPaKTa Kope OpeKue Jja MHXHOUpa €H3MME a-aMuialsy, o-TJIIyKO3Haa3y,
alleTUIIXOJIMHECTepasy, OYyTUPHIIXOJIMHECTepa3y U aHTHOTCH3WH-KOHBEpTYjyhu eH3um in
vitro. JloOujenu pe3ynTaTu ykasyjy Ha JIEKOBUTH IMOTeHIHjan Bpcte S. torminalis u
OIPaB/IaHOCT AaJbHX XEMHUJCKHX U (papMaKOJIOMKHUX UCIUTUBAA.

Kmmyune peun: Sorbus torminalis, «a-ammmasza, o-miyko3umasa, — aleTHIXOJUHECTEPa3a,
OyTHPHIIXOJIMHECTEPA3a, AHTHOTEH3NH-KOHBEPTY]yhH eH3UM
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ENZYME INHIBITORY PROPERTIES OF THE METHANOL
EXTRACT OF THE TREE BARK OF Sorbus torminalis (L.) CRANTZ

Jelena Radovié¢ Selgrad™, Violeta Milutinovié!, Katarina Dragi¢evi¢-Sudimac?, Lazar
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Sorbus torminalis (L.) Crantz (Rosaceae) is a medium-sized deciduous tree native to
central and southern Europe, northwestern Africa, the Balkan Peninsula, and western Asia.
Various parts of the plant, including the fruit, leaf, inflorescence, and bark are traditionally
used as diuretics, antidiarrheals, anti-inflammatory, antidiabetic and antiatherogenic agents,
vasoprotective and vasorelaxants, but also as potent antioxidants. The pharmacological
activities of these herbal drugs are the consequence of the high content of polyphenolic
secondary metabolites, of which the most important are tannins, phenolic acids, flavonoids,
anthocyanins, and phenolic glycosides. As the bark of the S. torminalis tree has not been
previously studied in terms of biological activity, the aim of this work is to investigate the
ability of the dry methanol extract to inhibit the enzymes a-amylase, a-glucosidase,
acetylcholinesterase (AChE), butyrylcholinesterase (BChE) and angiotensin-converting
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enzyme (ACE). The bark of the S. torminalis tree was collected in August 2022, at the location
of Bijela gora, Trebinje, Bosnia and Herzegovina, and air-dried. Dry methanol extract of tree
bark (DER 10:1) was obtained after successive extraction with cyclohexane and
dichloromethane. The ability of this extract to inhibit enzymes was evaluated in vitro by the
following spectrophotometric methods: a-amylase using the substrate 3,5-dinitrosalicylic acid
(DNS), a-glucosidase using the substrate p-nitrophenyl butyrate (PNPB), acetyl- and
butyrylcholinesterase by standard Ellman's assay using acetylthiocholine iodide and
butyrylthiocholine iodide substrates, respectively, and angiotensin-converting enzyme using
the commercially available ACE Kit-VST assay (Dojindo, Japan) according to the
manufacturer's instructions. The results of enzyme inhibition are expressed as ICso, i.e., the
concentration of the extract that inhibits 50% of enzyme activity. The dry methanol tree bark
extract showed a concentration-dependent inhibition of the activity of all tested enzymes. The
extract showed the best activity against ACE (0.11+£10.32 mg/ml), while according to the
manufacturer of ACE Kit-VST, the ICs for alacepril and captopril are 3.62 uM and 2.14 nM,
respectively. Against the AChE (0.16+0.05 mg/ml) and BChE (0.22+0.03 mg/ml) the extract
showed significant activity, but far weaker than the reference standard galantamine (0.003 and
0.02 mg/ml, respectively). The ability to inhibit a-amylase (0.88+0.02 mg/ml) was several
times lower than the positive control acarbose (0.03+0.01 mg/ml), while the activity towards
a-glucosidase (0.31+£0.09 mg/ml) was comparable to the reference drug acarbose (0.19+0.02
mg/ml). In this work, for the first time, the ability of the dry methanol tree bark extract to inhibit
the enzymes a-amylase, a-glucosidase, acetylcholinesterase, butyrylcholinesterase and
angiotensin-converting enzyme in vitro was evaluated. The obtained results indicate the
medicinal potential of the species S. torminalis and the justification of further chemical and
pharmacological studies.

Keywords: Sorbus torminalis, a-amylase, a-glucosidase, acetylcholinesterase, butyrylcholinesterase,
angiotensin-converting enzyme
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IN VITRO ®PEPMEHTALINJA POSMAPUHCKE KUCEJIMHE N
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Po3mapuncka kucemmna (PK) npeacraBiba ¢eHONHO jenumbeme Koje ce Moxe Hahu y
OusbKama TOIyT MEHTE, JaBaH/Ie, )Kalduje, py3sMapuHa U MaTHumaka. [IperxoqHe cryauje cy
nokasajie OMOJOmKY M (hapMaKOJIOIIKy aKTUBHOCT IIPUPOAHUX MPOU3BOIA KOJH CaJpiKe OBO
jemumeme. Mehytum, nepopaina npumeHa npoussoza ca PK pesynryje ;eHoM nerpaaanyjom
y AMrecTUBHOM TpakTy. Llnib pana je 6uo ucnutaru ooum aerpananuje PK y in vitro ycnosuma
MOJ JICNIOBaEEeM IMPOOMOTCKUX MHKpoopraHuzama. Kao m3Bop PK, xopumhenn cy umcra
CyIICTaHIIa ¥ KOMEPIIHjaJIHO JOCTYITHU €KCTPaKT MaTudmaka. Kao u3Bop MUKpoOpraHuzama,
kopunthero je 11 xoMepIujaHo JOCTYITHUX TPOOUOTCKUX Ipenapara. depMeHTaTUBHA CMellIa
WHKyOupaHa je mon mukpoaepodunnum ycnoBuma. Konnenrtpauumje PK mpe u mocne
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dbepmenTanyje cy onpehene momohy Bucokoedukacue Teune xpomarorpaduje (HPLC-DAD).
Amnanu3za canpkaja PK je mokasaina ga ce HakoH (hepMeHTanuje, y Behunu ciyuajeBa, cMamyje
KOJIMYMHA OBOT jeAHIbEHa, IPH 4eMy je o0MM pasrpaime Bapupao ox oko 20% mo 100%
(mornmyHa pasrpanma jenumema). [lokasano je ga pasrpajama 3aBUCH Ol MUKPOOHUX COjeBa
MPUCYTHUX y KOMEPIMjaTHOM MPOOMOTCKOM Mpenapary, a Kao coj oAroBopaH 3a Behu oOum
nerpaganuje PK uznsojuo ce Lactobacillus helveticus. Y cinydajy eKCTpakTa MaTH4Ymbaka Kao
u3Bopa PK, o6um nerpanamnuje jenumema je Bapupao o oko 20% mo oxo 80%. [Topehemem
obuma perpanainuje PK y dopmu gucre cyrncranie u jequmbeha MPUCYTHOT Y eKCTPAKTy MPH
yrnoTpeOu HMCTOr MPOOMTCKOI Iperapara, IMOKa3aHO je Aa ce Beha KOMWYMHA CyICTaHIe
pasrpamuia y ciydajeBuMa ynmotrpede eKcTpakTa. Po3MapHHCKa KHCENIWHA Ce €KCTCH3MBHO
pasrpalyje moa nenoBameM MUKpOOpraHM3ama MPUCYTHHUX Yy MHTECTHHAIHO] MUKPO(IOpH.
Jenumeme je cTabuIHMje Y PacTBOPY YUCTE CYIICTAHIIE, HETO Y KOMILJIEKCHOM MaTpUKCy Kao
LITO j€ EKCTPAKT MaTUUHAKA.

KibyuHe peun: po3mMapruHCKa KUCEINHA, in Vitro GpepMeHTanuja, NpoOHOTHIN, MAaTHIRHAK
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Rosmarinic acid (RA) is a phenolic compound that can be found in plants such as
mint, lavender, sage, rosemary and lemon balm. Previous studies have shown the biological
and pharmacological activity of natural products containing this compound. However,
peroral application of products containing RA results in the degradation of this compound
in the digestive tract. The aim of the work was to examine the extent of RA’s degradation
in in vitro fermentation by probiotic microorganisms. As a source of RA, chemical
substance and commercially available lemon balm extract were used. As a source of
microorganisms, 11 commercially available probiotic preparations were used. The
fermentative mixture was incubated under microaerophilic conditions. Concentrations of
RA before and after fermentation were determined using high-performance liquid
chromatography (HPLC-DAD). Analysis of the RA’s content showed that in most of the
cases, the amount of this compound after fermentation decreases, with the extent of
degradation varying from about 20% to 100% (complete degradation of the compound). It
was shown that the degradation depends on the microbial strains present in the commercial
probiotic preparation, and Lactobacillus helveticus was presumed as the strain responsible
for the greater extent of RA’s degradation. In the case of lemon balm extract used as a
source of RA, the extent of compound degradation varied from about 20% to about 80%.
By comparing the extent of degradation of RA in the form of a pure substance and the
compound present in the extract, in case of use of the same probiotic preparation, it was
shown that a greater amount of the substance was degraded when extract was used.
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Rosmarinic acid is extensively degraded by microorganisms present in the intestinal
microflora. The compound is more stable in solution of pure chemical compound than in a
complex matrix such as lemon balm extract.

Keywords: rosmarinic acid, in vitro fermentation, probiotics, lemon balm
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Thymus praecox je jemHa o HajpacpoCTPamLEHUJUX BPCTA €yPOCUOUPCKOT PETHOHA.
[Iperxonne crymuje ypahene Ha 7. praecox subsp. polytrichus mokasyjy aa pa3iuduTH
eKCTPaKTH OBE BpPCTE IMOCEAYyjy BUCOK AHTHOKCHAATUBHU MOTEHIHWjal. Y LHJbY AaJbUX
HCTpPaKHBamka OWOJIOIIKE AaKTUBHOCTH, Y OBOj CTYIMjU j€ TECTHpaHa aHTUMHKPOOHA |
aHTUAMja0eTUYHA AKTUBHOCT €TAHOJHHMX €KCTpakaTta Koju cy mnpumnpemibeHn y Coxcier
anapary kopuimihewem 70% u 96% eranona, ca u 0e€3 NpeaTpeTMaHa XEKCaHOM.
AnTHOaKTepujcka W aHTHU(YHragHa aKTUBHOCT eKcTpakara 1. praecox subsp. polytrichus
paheHa je MUKpPOAMIIYIIMOHOM METOIOM, JIOK je aHTuAujabeTHYHa aKTUBHOCT TECTHpaHa
KopulIhemeM in vifro TecToBa MHXHOUIMje a-aMuia3e U o-TiIyKo3uaase. AHTHOAKTEpHjcKa
AKTUBHOCT CBUX HCIUTHUBAHUX EKCTpakaTa je TeCTHpaHa Ha cerTy rpam (+) u rpam (—)
Oakrepuja, KopucTehn cTpenToMUIIMH/aMIUIMIIMH Kao koHTpoie. MUK u MBK cy 6une y
orcery ox 0,035 no 0,150 mg/mL, omaocHo ox 0,075 1o 0,30 mg/mL. ETaHonHN eKCTpakTH
npunpemsbeHu 96% eTaHoJIoM Cy MOoKa3aid 3Ha4ajHy aHTHOAKTEPH)CKy aKTHUBHOCT MOCEOHO
npotuB Bacillus cereus, Enterobacter cloacae v Salmonella typhimurium. ETaHOTHU €KCTpaKT
nobujen nomohy 96% etaHona u TpeTHpaH XEKCAaHOM, I10Ka3a0 j€ BUCOKY aKTUBHOCT IIPOTHUB
Staphylococcus aureus. Exctpakt 70% eraHosia, Takohe TpeTHpaH HNPETXOAHO XEKCAHOM
[10Ka3a0 € BUCOKY aHTHOAKTEpU]CKy aKTUBHOCT IPOTUB OaKTEpHjCKUX cojeBa B. cereus, St.
aureus W Sa. typhimurium, 1ok je 70% eTaHOJIHM €KCTPaKT MOKa3ao HajBehy aKTUBHOCT Ha
naroreHe St. aureus w E. coli. CBU TecTHpaHU €KCTPaKTU IMOKa3ald Cy aHTH(QYHTAIHY
aKTHBHOCT KOja je TeHEepalHO cjabuja y OJHOCY Ha aHTHOAKTEPHjCKY, alk U Jajbe Beha on
BPEIHOCTH KOj€ IIOKa3yjy NO3UTHBHE KOHTpoje OudoHazon/kerokoHazon. IM3mepene
Bpennoctd MUK u M®I] cy ce kperane ox 0,017 mo 0,30 mg/mL, omnocHo ox 0,035 no 0,70
mg/mL, pecnexktuBHo. HajBehy oceT/bMBOCT Ha HCIUTUBAaHE EKCTPAaKTE IIOKazaje Cy
Aspergilus versicolor u Trichoderma viride. CBu TecTupaHu €KCTPAaKTH IOKa3ajld Cy BHIIU
CTElleH WHXUOUWIMje a-rmyko3uaase y mopehemy ca a-amuiasoM. M3mepeHne BpemHoCTH
WHXUOWTOPHE aKTHUBHOCTH €H3MMa cy m3pakeHe kao MKso u kperane cy ce ox 0,94 to 1,40
mg/mL 3a a-amunazy u 76,10 no 610,20 pg/mL 3a a- ryko3unasy. Hajjauy uaxubunujy o-
mIyKo3uaase mokazanu cy 70% eTaHosHu ekcTpakTh, HapoduTo 70% eTaHOJIHU €KCTPaKT ca
npentpetmanom  xekcaHom (MKsp =76,1 pg/ml), g0k je TO3WTHBHA KOHTpOJIA
akap6o3a/Glucobuy nmana Bpeanoct 20,46 ng/mL. Hajehy nHXubuiujy Mepeny Tectom a-
aMuIIase mokasao je 96% eraHomHu exctpakT. CBU JOOHMjEHH pe3yNiTaTd MOKasyjy Ja Mopes
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AHTUOKCHJIATUBHE AaKTUBHOCTH, €KCTPAaKTH BpCTe 1. praecox subsp. polytrichus wumajy u
3HaYajHy AHTUMUKPOOHY M aHTHAM]ja0CTHYKYy aKTHUBHOCT M MOTY C€ KOPHCTHTH 3a
npe3epBalnjy XpaHe U 'y u3paau puronpenapara.

Kibyune peun: Thymus praecox, eKCTPaKTH, aHTUMHKPOOHA aKTHUBHOCT, aHTH/IMja0CTHYHA aKTHBHOCT
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Thymus praecox is one of the most widespread species in the Eurosiberian region.
Previous studies on 7. praecox subsp. polytrichus define this species as a potent antioxidant.
This study was conducted to determine in vitro antimicrobial and antidiabetic activity of the
plant extracts prepared by 70% and 96% ethanol, with and without pretreatment with n-hexane
using Soxhlet apparatus. The antibacterial and antifungal activity of the extracts of 7. praecox
subsp. polytrichus was determined by the microdilution method, while the antidiabetic activity
was evaluated spectrophotometrically in terms of the inhibition of enzymes a-amylase and a-
glucosidase. All extracts tested were active against the Gram (+) and Gram (—) bacteria, using
antibiotics streptomycin/ampicillin as controls. MICs and MBCs ranged from 0.035 to 0.150
mg/mL and from 0.075 to 0.300 mg/mL, respectively. Both 96% ethanol extracts showed the
most promising antibacterial activity, especially against Bacillus cereus, Enterobacter cloacae
and Salmonella typhimurium. In addition, the pre-treated 96% ethanol extract also showed
remarkable antimicrobial activity against Staphylococcus aureus. B. cereus, St. aureus and Sa.
typhimurium were also sensitive to the pre-treated 70% ethanol extract, while 70% ethanol was
most effective against St. aureus and Escherichia coli. The extracts tested showed antifungal
activity against the pathogenic fungal strains that was slightly lower than the antibacterial
activity, but still higher than that of the positive control, bifonazole/ketoconazole. MICs and
MEFCs varied from 0.017 to 0.30 mg/mL and from 0.035 to 0.70 mg/mL, respectively. Of the
fungal strains tested, Aspergillus versicolor and Trichoderma viride were most affected by the
extracts tested. All extracts tested were more active in inhibiting a-glucosidase than a-amylase.
The measured values of enzyme inhibitory activity were expressed as ICso and ranged from
0.94 to 1.40 mg/mL for a-amylase and 76.10 to 610.2 ug/mL for a-glucosidase. The extract
obtained by 70% ethanol, especially with the hexane pretreatment, showed the highest enzyme
inhibitory activity in the a-glucosidase assay (76.10 pug/mL), while acarbose/Glycobay as a
control was 20.46 pg/mL. The highest inhibition measured by the a-amylase assay was
obtained by the 96% ethanol extract. All the results obtained show that, the extracts of 7.
praecox subsp. polytrichus, in addition to antioxidant activity, have significant antimicrobial
and antidiabetic potential and can be used for food preservation and phytopharmacy.

Kewwords: Thymus praecox, extracts, antimicrobial activity, antidiabetic activity
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BPCTE POJA Plantago L. KAO EOUKACHU UHXUBUTOPU
OKCHUAATUBHOI" CTPECA IN VITRO
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Pon Plantago L. (6okBuIe) mpuraga Tpymnu JEKOBUTHX OWJbaka KOpHIINEHHX Y
TPaJUIIMOHATHO], aJld U MPU3HATHX M puxBaheHnX y caBpeMeHOj MeauIMHH. biarorBopHu
3IpaBCTBEHU €(EeKTH ce YINIaBHOM IIPUIUCYjy HBUXOBUM CEKYHIApHHM METa0oIuTUMA.
DeHMmIeTaHOUIN aKTEO3HU/I U TUIAHTaMajo3u/] Cy JAepuBaTu KadeHe KuceluHe, Koju ce Takohe
CMaTpajy XeMOTAaKCOHOMCKMM Mapkepuma Bpcta Plantago. C npyre cTpaHe, OKCHJIATHBHU
CTpec je nmoBe3aH ca OpojHUM nopeMehajuma, Kao IITO Cy XUIIEPTEH3U]a, TujabeTec MEIUTYC,
KaHLlep M KapauoBacKylaapHe Oosiectu. JenHa o cTparervja MpeBEHLIM]e U JieYema OBUX
Oomectn je copedyaBame MPOAYKIHMj€ pPEaKTHBHUX KHCEOHMYHHMX BpPCTa, Tako Ja je
AHTHOKCUJAHTHU MTOTEHLIM]jaJl jefHa O Hajuenrhe nCIuTHBAaHUX OMONOIIKUX aKTUBHOCTH . L1
OBOI' UCTpPaKMBama OHMO je Ja ce MPOIEeHU CIOCOOHOCT ILIeCT BpcTa pona Plantago m nBa
(denuneraHonia KapakTepucTuyHa 3a pox Plantago, akreo3uja W IJIaHTamajo3uja, JAa
UHXUOUPA]y OKCUAATUBHU CTPEC Yy in Vvitro heaujckoM MoJeNn CUCTeMY (XyMaHH MOHOLIUTH,
hemujcka muauja U937). [IBe ox mecT aHalu3upaHuX BpcTa OOKBHIIA Cy 100po mpoyueHe (P.
lanceolata L. n P. major L.), nok cy ocraine ciaabo npoyuene (P. altissima L., P. argentea
Chaix, P. holosteum Scop. u P. media L.). Cagpxaj akTeo3ua v miaaHTamajo3uaa oapeheH je
MIPUMEHOM TeYHE Xpomarorpaduje BUCOKHX MepPOopMaHCH ca JECTEKTOPOM Ca HU30M JIHOIA
(HPLC-DAD). OxcupatuBau ctpec y U937 hemujama unaykoBan je 2,2°-a3o0uc (2-
amuauHonponaH) auxuapoxiopunom (AAPH), nmok je muxmopodmyopecierH auareTar
(DCFH-DA) xopumhen 3a mnpaheme HWHTpalenyJlapHOT HHMBOAa OKCHIATUBHOI CTpeca.
Pesynratu cy u3pakeHH Kao Ug TPOJIOKC €KBHUBAJEHTA [0 Mg CYBOT €KCTpPakTa (ULg TPOJIOKC
ekB./mg c.e.). Cagpxkaj akreozuna je Bapupao usmehy 55.3 pg/mg c.e., nerekroBanor y P.
lanceolata n 189 pg/mg y P. holosteum. Mely aHanu3upaHuM eKCTpakTuma, P. major ce
uctude no HajseheM caapikajy mmantamajo3uaa (83.6 ug/mg c.e.). Y norieny WHXUOHIIH]E
OKCHJIaTUBHOT' CTpeca, OINCer akTUBHOCTH je Bapupao on 302 (P. lanceolata) no 2525 pg
TPOJOKC €KkB./mg c.e. (P. media), NOK je aHTHOKCUJAHTHU TMOTCHIIMjaJl aKTeo3Waa H
w1antamajosuga 6uo cauuad (210 u 235 pg tponokc exB./mmol cyncranue). Mehyrtum,
npumMmehena je Beha kopenauuja u3Mel)y cagpikaja akTeo3uJ1a U aHTUOKCUJAHTHE aKTUBHOCTHU
y3opaka. JoOujeHn pesysTaTu Cy NOKa3zajd Ja aHajIu3upaHe Bpcre OOKBHULA NPENCTaBJbajy
3Ha4yajaH U3BOP jeAMICHA Ca AHTHUOKCHIAHTHUM JeloBameM. Takohe, mpuka3zaHu pe3yiTaTu
OIpaBllaBajy JaJbe UCTPAKUBAKHE OMOJIOMIKE aKTUBHOCTH clabo MpOy4eHHX BpcTa OOKBUIIA,
Kao mto cy P. holosteum u P. media.
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Genus Plantago L. belongs to the group of traditionally used medicinal plants, recognized
and accepted by modern medicine. The beneficial health effects of plantains could be mainly
ascribed to their secondary metabolites. Phenylethanoids acteoside and plantamajoside are caffeic
acid derivates, also regarded as chemotaxonomic markers of Plantago species. On the other hand,
oxidative stress is associated with numerous disorders, such as hypertension, diabetes mellitus,
cancer and cardiovascular diseases. For many of them, one of the strategies for resolution is the
prevention and inhibition of reactive oxygen species (ROS) production, so potential of antioxidant
activity is among the most examined biological activities. The aim of this study was to evaluate the
potential of six Plantago species and two phenylethanoids distinctive for Plantago genus, acteoside
and plantamajoside, to inhibit oxidative stress in in vitro cell-based model (human monocytes,
U937 cell line). Two of these Plantago species are renowned (P. lanceolata L. and P. major L.),
while others have been poorly investigated (P. altissima L., P. argentea Chaix, P. holosteum Scop.,
P. media L.). Determination of acteoside and plantamajoside was conducted by high performace
liquid chromatography with diode array detection (HPLC-DAD). The oxidative stress in U937
cells was induced by 2,2"-azobis(2-amidinopropane)dihydrochloride (AAPH), while
dichlorofluorescein diacetate (DCFH-DA) was used to monitor intracellular level of oxidative
stress. The results were presented as pg trolox equivalents per mg of dry extract weight (ug trolox
eq/mg DW). Acteoside content varied between 55.3 pg/mg DW, detected in P. lanceolata and 189
png/mg DW, determined in P. holosteum. Among analyzed extracts, P. major had the highest content
of plantamajoside (83.6 pg/mg DW). Regarding inhibition of oxidative stress, the activity range
varied from 302 (P. lanceolata) to 2525 ng trolox eq/mg DW (P. media), while potential of
acteoside and plantamajoside was similar (210 and 235 pg trolox eq/mmol of supstance). However,
higher correlation was observed between acteoside content and expressed anitoxidant potential.
Obtained results showed that analysed species present a valuable source of compounds with
antioxidant activity. Furthermore, presented results support further investigation of the biological
activity of poorly investigated Plantago species, such as P. holosteum and P. media.

Keywords: acteoside, plantamajoside, oxidative stress
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HNOJIUM®EHOJHHU TPOPUT U AHTUOKCUJAHTHU HIOTEHLHUJAJI
OJABPAHUX CAMOHHUKJIIUX JIEKOBUTUX BPCTA CA CTAPE
INJIAHUHE
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buibke Koje caMOHUKIIO pacTy cy 100ap MOTEHIUjaTHH U3BOP IPUPOJHUX CYIICTAHIIH,
KOPHCHHUX 3a MpPEBEHLH]y OOJECTH MOBE3aHMX Ca OKCHJIATUBHHM cTpecoM. Haj3nauajHuju
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MPUPOJHHN AHTUOKCUJAHTH 00yXBaTajy TpHU BENUKE rpyme: GpeHoie, BATAMHUHE U KAPOTCHOUIE.
deHoTHA jeIUbeba Cy OWJbHU CEKYHJAPHM METaOOJMTH, Kao MTO Cy (DEHOJHE KHCEIUHE,
nonudeHonu (momyT ¢IaBoHOMA) U TOJUMEpPHA jeNHEHha 3aCHOBAHA HA OBUM Pa3IMYUTHM
Kjacama. buosnornike akTUBHOCTH (EHOJHUX JeAUEEHa U3 NPUPOAHUX H3BOPA YKIbYUY)y
NpPUMEHY Kao aHTHOKCHJaHaTa, aHTHOAKTEPUjCKUX ¥ aHTHKAHIEPOTeHUX areHaca,
aJIeNIOXEMHKaJIMja U perynaropa pacta Ouspaka. L{usbeBu oBor paga cy OMIM UCTIUTHBAE TPU
JIEKOBUTE BPCTE KOje pacTy caMoHUKJ0 Ha Crapoj manuHu (ucrouna Cpowuja; 43°22'04.5" N,
22°35'39.4" E): Thymus serpyllum L., Achillea millefolium L. u Achillea lingulata L. Onpehen
je yKymaH caapxaj (eHona, TaHuHA U (IIaBOHOM[A, KA0 M KalalUTeT yKIamamka CI000THIX
panukana (DPPH Tect) Tpu excrpakTa paznuuuTor nosnaputera (Boaa, 80% meranon u 70%
arietoH). Takohe cy yrBphene xopenamnuje usmehy caapikaja penona, praBoHOUA U TAHUHA, U
CIOCOOHOCTH yKJamama co0oaHuX paaukana. Hajsehu canpikaj ykynHux QeHosa U TaHWHA
UMaJu Cy eKCTpakTu A. lingulata, oK je HajMama BPEAHOCT M3MEpEHA y €KCTpaKTuMa A.
millefolium. Hajsehu canprkaj oBUX CyNCTaHIIM U3MEPEH j€ y alleTOHCKOM E€KCTPaKTy KOJl CBE
Tpu Ousbke (44,84 GAE 1! c.m. 3a A. lingulata; 39,03 mr GAE r! c.m. 3a T. serpillum; 25,18
mr GAE 17! c.m. 3a A. millefolium), a HajMamu caapKaj HABEIECHUX jEUH-EHaA j€ U3MEPEH Y
METaHOJIHUM €KCTpaKTHMa cBe Tpu Ousbke. Hajpehu canprkaj ykynHux ¢uiaBoHouIa U Hajpeha
aKTUBHOCT yKJamarma CIO0O0JHUX paauKaia OuUJM Cy y alleTOHCKOM eKCTpakty A. lingulata
(6,18 mr r! c.m.; 85,87% neyrpamzopannx DPPH pannkana). AHTHOKCHIAHTHU KANalUTET
je 6mo y MO3UTHBHO] KOpENalMju ca caapkajeM YKynmHux (enona u tanuHa. Mako cy mama
UCIIHTUBAbha HEOIXOHA, HA OCHOBY JJOOHM)CHUX pe3yJiTaTa MOXKE CE 3aKJbYUUTH J]a CAMOHHUKIIE
ombke Ctape MmiIaHUHE MPeCTaBIbajy MOTSHIIM]aTHU U3BOP MPUPOJHUX aHTHOKCHAAHATA Off
3Ha4aja 3a JbYACKO 3/1paBJbe.

Kibyune peuu: ¢pernonu, Tannan, ¢prnaBonounau, DPPH cio6onxu paankani, aHTHOKCHIAHTH

3axpamnuma: ®oux 3a Hayky Penyonuke Cpb6uje (IIpojexar 6p. 7731993, AxtuBHU (hapMmaieyTcKu
€acTojIM IyOOKO €yTEKTHYKUX pacTBapaya Kao HOBUX TEPANEyTCKUX CPEICTaBa M Joiaraka HCXPaHH —
ATTUJIEC)

POLYPHENOLIC PROFILE AND ANTIOXIDANT POTENTIAL OF
SELECTED MEDICINAL SPECIES WILD GROWING ON STARA
PLANINA MOUNTAIN

Marina Crnkovié¢!*, Jovana Suéur Elez!, Milica Rat2, Porde Malen&i¢!
"University of Novi Sad, Faculty of Agriculture, Novi Sad, Serbia
2University of Novi Sad, Faculty of Science and Mathematics, Novi Sad, Serbia

*m.crnkovic.95@gmail.com

Wild growing plants are good potential sources of natural substances useful for preventing
diseases related to oxidative stress. The most important natural antioxidants belong to three major
groups: phenolics, vitamins and carotenoids. Phenolic compounds are plant secondary metabolites,
such as phenolic acids, polyphenols (mainly flavonoids) and polymeric compounds based on these
different classes. Biological activities of phenolic compounds from natural sources involve
application as antioxidants, antibacterial and anticarcinogenic agents, allelochemicals and plant
growth regulators. The objectives of this work were to investigate three medicinal species growing
wild on Mt. Stara planina (Eastern Serbia; 43°22'04.5" N, 22°35'39.4" E): Thymus serpyllum L.,
Achillea millefolium L. and Achillea lingulata L. We evaluated the total phenolic content, total
tannins, total flavonoids and free radical-scavenging capacity (DPPH test) of three extracts of
different polarity (water, 80% methanol and 70% acetone). The correlations between phenolics,
flavonoids, tannins and free radical-scavenging capacity have been established as well. 4. lingulata
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extracts had the highest total phenolic and tannin content, while the lowest value was measured in
the A. millefolium extracts. The highest content of these substances was measured in the acetone
extract for all three plants (44.84 mg gallic acid eqivalent (GAE) g! dry weight (d.w.) for 4.
lingulata; 39.03 mg GAE g™! d.w. for T serpyllum; 25.18 mg GAE g! d.w. for A. millefolium), and
the lowest contents of all investigated substances were measured in their methanol extract. The
highest content of total flavonoids and the highest scavenging activity was in 4. lingulata acetone
extract (6.18 mg quercetine equivalent (QE) g' d.w.; 85.87% neutralized radicals). Antioxidant
capacity was positively correlated with total phenolics and tannins contents. According to the
results obtained, it seems that wild growing plants from Stara planina mountain represent a
potential source of natural antioxidants that could be beneficial to human health. Of cousre, further
investigation are needed.

Key words: phenolics, tannins, flavonoids, DPPH free radicals, antioxidants
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Pharmaceutical Ingredient Deep Eutectic Solvents as Novel Therapeutic Agents, and Food Supplements
— APIDES)

ETAPCKA YJbA KAO AJITEPHATUBA AHTUBUOTULIUMA Y
TEPAIINJU MACTUTHUCA KO KPABA
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MacTtuTrc npeacTaBiba NIMPOKO PaCIPOCTPAEkEHO 000JIeHE My3HUX KpaBa Koje criaja
y TPYIy HajT&KHUX U €KOHOMCKH HajBAXKHHUJUX MH(EKIHMja IIHPOM CBeTa. MacTHTHC ce MOXKeE
M0jaBUTH Y CYOKIIMHUYKO] M KJIMHUYKO] POPMH, IIPH YeMy CYOKIMHUYKH OOJIMK UMa 3HauajHe
eKOHOMCKe moceauie 30or Behe npeBaneHie u JyropodyHor yTuliaja Ha MPOU3BOIY MJIEKA.
WnTtensuBHa ymoTpeba aHTUMUKPOOHUX JIeKOBa y Tepaluju MacTHTHCAa H3a3Baja je
3a0pUHYTOCT y BE3M Ca M0jaBOM M IIMPEeHEeM aHTUMUKpoOHE pe3ucteHije (AMP). Cse Behu
Opoj HWCTpakMBama yCMEpPEH je Ka pPa3BOjy aJITepHATUBHHUX Tepamuja y OopOM MpoOTHB
npobiema pesucteHnuje. Kao anrepnatuBa, ynorpeda erapckux yipa (EY) mymm Opojae
MIPEHOCTH Y OAHOCY HAa aHTUOMOTHKE, YKJbY4y]yhH HETOKCUYHOCT, OMOpa3rpa jbuBoCT, Behu
CreKTap (apMakoJOUIKUX AKTUBHOCTH, OJICYTHOCT pa3BOja PE3HCTEHLH]E M CMamEH HHUBO
pe3uaya y Mpou3BOAMMA KUBOTHHCKOT Mopekisa. ObehaBajyhu pesyntaTd MOCTUTHYTH CY Y
okBupy [TPOMUC Undobomar npojexta koju je punancupan on ctpane donna 3a HayKy
Penyonmuke CpOuje, a koju ykadyjy Ha ¢apmakononmky edukacHoct Phyto-Bomat
dbopmynamje, moceOHO MpU JeUeHy CYOKIMHUYKOT 00nmmka Mactutuca. dapmareyrcka
dbopmynanuja caapxku yerupu paznuuute Bpcre EY (Thymus vulgaris L., T. serpyllum L.,
Origanum vulgare L. u Satureja montana L.), ykibyuayjyhu cmenry aBa 6usbHa yJba (HEBEHOBO
M KaHTapuoOHOBO) kKao 0a3y oBe ¢opmynanuje. M3abpana EY cy mokaszana aHTUMHKPOOHU
edexaT Ha CBUM TECTHPAHUM H30JIaTHMa Yy omncery koHmenTpamuja of 0,39 o 6,25 mg/ml 3a
MUHUMAaIHY WHXHOUTOpHY KoHueHTpaunjy (MUK) u 0,78 mo 12,50 mg/ml 3a MmuHuManny
O6axtepunuany koHnentpanujy (MBK). ChopoBeneHo je NpeTKIMHMYKO U KIMHUYKO
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HCIIUTUBAKE, a IIOTOM je ycieawna M (apMaKOCKOHOMCKA aHajiu3a HaBEIACHE OWJbHE
dopmynamuje. Papmaneyrcka gopmynanuja Phyto-Bomat 3a mHTpamamMapHy NpuMeEHy je
pa3BHjeHa ONMTUMU3AIMjOM KOHIIEHTpalje mbeHuX cacrojaka (EVY, OusbHaA yjba M €KCTpakTH
OMJbHUX yJba). [IpeTKIMHUYKO UCTpaKUBake YKJbYUHUBAJIO j€ MPOLEHY XEMHUJCKOI cacTaBa U
aHTHOKCUAATUBHOr noTeHnujana Phyto-Bomata, ka0 u meroBy aHTUMUKpPOOHY aKTUBHOCT
MPOTUB HAaj3HAYAJHUjUX Y3POYHMKA MACTUTHCa KOI KpaBa. KIIMHMYKa WCIIUTHBama Cy
yKJbyUHBalla pa3iIMunuTe pPeXUME Jieuema (aHTHOMOTHK, aHTHONOTUK + Phyto-Bomat u camo
Phyto-Bomat) rne je mpaheHo KIMHHYKO U OaKkTepUONOMIKO u3nederwe. Phyto-Bomat je
M0Ka3a0 aHTUOAKTEPUjCKYy €(PUKACHOCT MPOTHUB Haj3HAYajHUX Y3pOYHHMKA MacTUTHCa, Oe3
pH3MKa OJ O3Jiele TKHBAa BHMEHA, TNPYXajyhn EKOHOMCKY HCILUIATUBOCT Yy OIHOCY Ha
KOHBEHITMOHANMHY Tepanujy. OBu obechaBajyhu pesynraTté mocTaBjbajy OCHOBY 3a Jajba
UCTpaKUBama U MOryhy IpUMeHY Y MJIEKapCKOj HHITYCTPH]H.

KibyuHe peun: antepHaruBe, KpaBe, €Tapcka yiba, MacTuTHC, Phyto-Bomat, ¢puroreparnuja

3axBannuna: OBaj pan noxpxao je Poux 3a Hayky Pemybmuke Cpouje, [IPOMUC, #TPAHT 6p.
6066966, InfoBomat.
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Mastitis, a prevalent and costly health disorder among dairy cows worldwide, leads to
substantial economic losses in the dairy farming. Mastitis can be categorized as subclinical or
clinical, with the subclinical form having significant economic implications due to higher
prevalence and long-term impact on the milk production. The extensive use of antimicrobials
for treating mastitis has raised concerns about antimicrobial resistance (AMR). Growing
research into alternative therapies is aimed at addressing this concern. As an alternative, using
essential oils (EOs) offers advantages over antibiotics, including non-toxicity, biodegradability,
a larger pharmacological complex, lack of resistance, and reduced drug residues in animal
products. Encouraging results have been obtained from the PROMIS InfoBomat project
founded by Science Fund of the Republic of Serbia indicating the pharmacological
effectiveness of Phyto-Bomat formulation, particularly in treating subclinical form of the
mastitis. The pharmaceutical formulation contains four different types of EOs (Thymus vulgaris
L., T. serpyllum L., Origanum vulgare L., and Satureja montana L), including a blend of two
plant-based oils (marigold and St. John's wort) as its base. Selected EOs showed an
antimicrobial effect on all tested mastitis associated isolates in the range of concentrations from
0.39 to 6.25 mg/mL for minimal inhibitory concentration (MIC) and 0.78 to 12.5 mg/mL for
minimal bactericidal concentration (MBC). Preclinical and clinical testing was conducted,
followed by assessment of cost-effectiveness of this alternative therapy (pharmacoeconomic
study). A Phyto-Bomat pharmaceutical formulation for intramammary application was
developed by optimizing the concentration of its ingredients (EOs, plant oils, and plant oil
extracts). The preclinical investigation involved assessing the chemical composition and
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antioxidant potential of Phyto-Bomat, as well as its antimicrobial activity against mastitis-
associated pathogens. Clinical trials involved various treatment regimens (antibiotic, antibiotic
+ Phyto-Bomat, and Phyto-Bomat alone) where clinical and bacteriological cure rate were
assessed. Phyto-Bomat has demonstrated antibacterial efficiency against mastitis-associated
pathogens, without the risk of udder irritation, providing economic advantages over
conventional therapy. These promising findings lay the groundwork for further research and
potential application in the dairy industry.

Key words: alternatives, cows, essential oils, mastitis, Phyto-Bomat, phytotherapy
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CEKIIUJA 2. BOTAHUKA

YCMEHA N3/TATAIbA 1 IIOCTEP IIPE3SEHTAIIMJE
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MOP®O-AHATOMCKA U PAMAHCKA AHAJIU3A TPUXOMA
KPYHUUE JbYBUYUNIE (Viola odorata L.)

Panuuh Jparana’, [lehunap Wiaunka, Mauykanosuh-Jouuh Mapuuna
VYuusepsureT y beorpany — I[lossonpuspennu dakynret, Karenpa 3a arpo6otanuky, beorpan, Cpouja
*rancicd@agrif.bg.ac.rs

UcnappuBa jenumema Koja €MHTY]y LBETOBM, MpHUBJade OINpaliuBadye Koju
nocpeayjy y MmoJHOM pa3MHOXkaBamy mBerHuna. Viola odorata (Violaceae) je 3emacra,
BUIICTOJIUIIIHa BPCTa YMjEe Xa3MOraMHE IIBETOBE KapaKTepulie crenuduyaH jak MHPUC.
KpyHuna ce cacroju ox mer miaBosbyomdactux juctrha. Y ocHOBH OOYHHMX KPYHHUHHUX
muctuha jaBjba ce TpymanMja Ayrux Oenmux TpuxXoma, JOK je IMpeocTana YHYTpallmba
MOBpIIMHA KPYHHUIIE TJaTka. MUpHC IBeTOBa JbyOMuUMIle ce€ OOWYHO MPHIIHCYje
eNuIepMaJIHIM NanujiamMa NpUCyTHUM Ha TOPHUM KPYHUYHUM JIMCTHhNMA, 10K yJIora OBUX
TPUXOMa y €MUTOBalkbYy MUPHUCHUX jelUb-Emha 10 cala HUje 3a0enexeHa. McrpaxuBama cy
o0aBJbeHa y IMJbY YTBphUBamba MHKPOMOPQOJIOMKHX M AHATOMCKHX OCOOMHA OOYHHX
KpYHMYHHUX JHMcTHMha, JOK Cy XHCTOXEMHjcKa aHanu3a M PamaHcka cmexkTpockomnuja
uckopuithene 3a goOujame Op3e MHPOpMamHje O XEMHJCKOM CacTaBy TPHUXOMa, paau
NPOICHE HUXOBE MOTCHIHUjaTHE YJIOTe y EMHUCHJU MHUPHUCHHX CYICTAaHIU. AHAaTOMCKa
UCTpaKuBamba Cy o0aBJbeHa HOMONY CBETJIIOCHOI MHKpockoma. TpajHM MHMKpPOCOICKH
npenapaTy NpUIPEMIbEHH Cy ITpeMa CTaHIapAHO0] NapaHUHCKO] MpoLeaypu. XUCTOXEMHU]CKa
HCTpaXkuBama Cy ypaljeHa Ha CBeXeM OMJbHOM Matepujaiy. KpyHuunu nuctuhu cy pydHo
WCCUCHHU, HAKOH Yera Cy Ipecely TKUBa TpeTHpaHu cienehum peareHcuma: JlyromoBum
pacTBOpOM paju neTekinje ckpoba; 6ojom cynas III pagn nereknuje munuaa; 60ja TOIYUANH
mwiaBo (Toluidin blue) je xopumhena kao mnosuxpomarcka 0o0ja, a HPUMEHEH je U
cnemmpuyan TIOFH mpoTokon koju ce xopuctu 3a aeTekiujy ocmodopa. IIpema oBom
MIPOTOKOJY MPBO c€ paau 00e300jaBame y30paKka €TaHOJIOM U HAaTPUjyM XUIOXJIOPHTOM, a
notoMm ciueau 6ojewme JlyroigoBum pactBopoM u 6ojama yipHO HpBeHo (Oil Red O) wu
HeyTpaiHo upBeHo (Neutral Red). Pamancku cniektpu cy cHuMmibenu kopumhemem XploRA
crieKTpoMeTpa y crekrpaianom omcery ox 200 mo 3200 cm™l. Pamancko pacejame je
nodyheHno nmacepom Ha TajmacHoj MyXHHHU o 532 nm. Tpuxome mpUCyTHE Ha YHYTPAIIHO]
CTpaHM JaTepaJHUX KPYHHUYHUX JucTuha cy y npoceky ayre 671+170 pm, a mmpoke 76+32
HM. OBe TpuxomMe MOTy OMTH Pa3IuYUTe JYKUHE alld Cy UCTOT UUIMHIPHUYHOT OOJMKA, U
O5aro ce cyxaBajy Ipema BpxoBuMa. lbuxoBa NoBpIIMHA je NMpPEKpUBEHA KYTUKYJIOM ca
IpYyracToM OpHaMeHTalrjoM. XHCTOXEMH)CKa peaKiija Hije IoKas3aa MprucyCcTBO CKPOOHUX
3pHa, 60jeme unuaa je 6o cinado Mo3UTUBHO U 000jUiIa ce caMO KYTHUKYJa Ha TOBPIIUHU
Tpuxoma, a0k je TIOFH Oojeme Ouno wu3pa3uto mNO3UTUBHO. PamaHCKM crekTap
[I0jeIMHAaYHUX TPUXOMa j€ I0Ka3ao Jla HajJOMUHAHTHU]U MUKOBHU YyKa3yjy Ha IPHUCYCTBO
INIYKO3UJIHUX Be€3a, Kao HajBa)KHM]jE€ KOMIIOHEHETE jelumema henujckor 3una. [IukoBu
youenu Ha 1515, 1147 u 996 cm™! motuuy ox BuGpauuja C=C, C—C Be3a, Kao U METHJI IPyIIE
(C—CH3) Bezane 3a KOmYroBaHE IOJUEHCKE NPCTeHOBE. I[IMKOBHM Cpenmer W HIDKEr
uHTeH3uTeTa Ha 1648, 1596, 1557, 1057 u 1021 cm™! ykasyjy Ha npucycTBo ()eHOIHUX
jenumema. BehnHa MOHOIMKIMYHMX TEpIIeHA IMOKa3yje CHaxkHy BUOpanujy nedopmanmje
npcrena usmely 730 u 780 cm™tu na oko 1756 cm™t. PesynraTti XMCTOXEMHU]CKE aHAIN3E U
PamaHcke crieKTpocKoIuje yka3yjy Ha NPUCYCTBO CYICTaHIM KOje Cy OOMYHO MOBE3aHe ca
[BETHUM MHpPUCOM, monyT MeTun (eHona. OBH pe3yiTaTd HUCY JOBOJBAH JIOKa3 Jia ce
YTBPAHM Ja JIM Cy OBE TPUXOME AUPEKTHO YKIbyUEHE Y pOollec eMUTOBaka MUPHCa, 1a OU OBY
MPETHOCTaBKYy TpeOaio MOTBPAUTH J10JaTHUM XEMHUjCKUM aHaJIu3ama.

Kbyune peun: Violaceae, ocmodope, xncroxemuja, BHOpannoHa CEKTPOCKONHja, (PeHOITHA jeTHbEha
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nHoBanyja Penyonmuke CpOuje kpo3 yroBop o IoAenu OecrioBpaTHUX cpeacTaBa ca [losponmpuBpenHumM
(daxynrerom YuuBep3urera y beorpany (0poj: 451-03-47/2023-01/200216).

MORFO-ANATOMICAL AND RAMAN SPECTROSCOPIC
INVESTIGATION OF COROLLA TRICHOMES OF Viola odorata L.
Ran¢i¢ Dragana®, Peéinar Ilinka, Madukanovi¢-Joci¢ Marina
University of Belgrade — Faculty of Agriculture, Chair of Agrobotany, Belgrade, Serbia
*rancicd@agrif.bg.ac.rs

Flowers release volatiles to attract efficient pollinators that ensure they reproduce
sexually. Viola odorata (Violaceae) is a small herbaceous perennial species, whose
chasmogamous flowers are characterized by a strong specific sweet scent due to the complex
mixture of various volatile compounds. Corolla consists of five blue-violet petals, of which
two lateral have at the base of the inner surface, clusters of long white trichomes. With the
exception of these grouped hairs in the throat, the rest of the inner corolla surface is glabrous.
The floral scent is most often attributed to the epidermal papillae of the upper petals, but the
scent-emitting role of these trichomes has still not been reported. The investigation was
performed with the aim of establishing the micromorphological and anatomical traits of lateral
petals, while histochemical analysis and Raman spectroscopy were used to obtain rapid
information about the chemical composition of the trichomes. for evaluation of their possible
role in scent emission. Anatomical investigation was performed by bright-field light
microscope. Permanent microslides were prepared according to standard paraffin procedure.
Histochemical staining was performed on manually cut petal tissue. For the histochemical
analysis the sections were treated with the following reagents: Lugol for starch detection;
Sudan 111 for lipid detection; Toluidin blue as a polychromatic dye and a specific TIOFH
protocol for detecting osmophores. TIOFH protocol refers to sample discoloration with ethyl
alcohol and sodium hypochlorite, followed by Lugol, Oil Red O, and Neutral Red staining,
respectively. Raman spectra were collected using an XploRA Raman spectrometer equipped
with a microscope Olympus BX51 in the spectral range from 200 to 3200 cm™!. Raman
scattering was excited by a laser at a wavelength of 532 nm. The throat region of lateral petals
is bearded with filiform to linear unicellular trichomes averaging 671+170 pum in length, and
76+32 um in width. Varying in length but of a similar shape, these trichomes taper slightly
towards the tips. Their surface is covered by a cuticle with striate ornamentation. Histochemical
reactions showed no starch grains, and staining for lipids showed a weak positive reaction due
to cuticle presence, while TIOFH staining was strongly positive. The Raman spectra of
trichomes exhibited the most dominant bands indicated on glucosidic signals as the major and
essential constituents of cell wall compounds. The bands observed at 1515, 1147, and 996 cm™!
originate from the C=C, C-C stretching vibrations of the polyene backbone, and methyl groups
(C—CHs) attached to the conjugated polyene skeletons, respectively. The medium and lower
intensity bands at 1648, 1596 1557, 1057, and 1021 cm™" indicated the presence of the phenolic
compounds. Most monocyclic terpenes show a strong ring deformation vibration between 730
and 780 cm™! and at about 1756 cm™*. The histochemical results and Raman findings indicate
the presence of volatile organic compounds in the clustered hairs, such as methyl phenol,
usually connected with the floral scent. These findings were not sufficient to establish that these
trichomes are involved in a scent-emitting process, which should be further confirmed by
additional chemical analysis.

Keywords: Violaceae, osmophores, histochemistry, vibration spectroscopy, phenolic compounds
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YTHUHAJ XUAPOJIATA Melissa officinalis L. MATUYHHAK) HA
OJABPAHE T'AJEHE U KOPOBCKE BUJbHE BPCTE

Muuiena IMonos”, Bojan Koncranrunosuh, Harama Camapuuh, Tujana Crojanosuh
Yuusepsuretr y Hopom Cany, [Tossonpuspennu ¢akynret, Hosu Can, Cpouja
*milena.popov@polj.edu.rs

Marnumak npunana pamunuju Lamiaceae 3a KOjy MOCTOjU BEJIMKO HHTEPECOBAE, jeP
npunagHuIM oBe (pammmje umHe yak 43% CBHX MpOy4YaBaHMX BpCTa, 3a Koje ce 3Ha Ja
HOCeyjy BUCOKE KOHIIEHTpallije HCIIapJbUBHX allefloxeMukanuja. ETapcko yibe MmaTuumaxa ce
nobuja off CBEXKUX BPLIHMX JI€J0Ba JECTWIALMJOM BOIEHOM IIapoM, a Hajseha KoJM4uHA
eTapckor yspa ce Hajiasu y auctouma 0,1-0,3% (V/m). ¥V nponecy nectunanuje usasaja ce
XHJIPOJIaT KOJU CE CACTOJH Of] KOHJIEH30BaHE BOJIE U O] OJAPHUX, XUIPODUIHUX, UCHIAPIBUBUX
KOMIIOHEHTH yJba. J[OK je 3a eTapcko yibe MaTHUbaka yTBpl)eHo Aa rmocenyje aHTudyHramta u
aHTHBUpAJHA CBOjCTBA, UCTPAKMBama XHUApOJIaTa OBE OHMIbKE Cy ManoOpojHA, HAPOUHUTO Y
00JIaCTH MCTPaKMBaka MOTEHIINjaTHOT XepOuLuaHor fejcTBa. Mnak, mo3HaTo je 1a MaTU4mhaK
II0Ka3yje ajeonaTrcka CBOJCTBAa MpeMa HEKMM OMJBHUM BpcTama Kao WITO cy: Amaranthus
caudatus, Digitaria sanguinalis, Lactuca sativa, Lolium multiflorum, Phleum pratense,
Lepidium sativum.Y 0BOM paJly aHAJIM3UPAH j€ yTHUIIQ] PA3TUIUTHX KOHIICHTPAIIHja XUApoJiaTa
Melissa officinalis Ha KJIMjaBOCT W WHUIMjAJHU PACT HEKOJMKO CKOHOMCKH Haj3HA4YajHUJHX
kopoBckuX (Le. draba, A. retroflexus) m rajeHMX OWJBHHMX BpcTa (KYKYypy3, CYHIIOKPET).
PasznumuutuM KoHIIEHTparujama xuaposara maruamaka (10, 20, 50 u 100%) Tpetupano je ceme
TecT OuJbaka y KOHTPOJHMCAaHUM yciloBuMa TokoMm 14 nana. KimjaBocT cemena mpahena je
CBAaKOT JIaHa a MOopacT KJIMjaHala MoCIeNmer JaHa orjiena. Y TBpheHo je a CBe MpuMeHmheHe
KOHIICHTpAIIMj€ XUpojaTa HEraTuBHO JeNyjy Ha KiMjame ceMeHa Le. draba wuxubupajyhu
kijaBoct 3a 93—-100%. ¥V ciyuajy kopoBcke Bpcte A. retroflexus, caMo HajMama IpUMEHEHA
KOHIIGHTpalKja XUJIposiaTa HHUje YTHIajda Ha KIMjaBOCT ceMeHa, 20% Xuaposiar ymMamHo je
KijaBocT 3a 47% a Hajsehe KoHIEHTpanuje HHXUOMpae Cy KIHMjaBOCT IITHpa 3a 4ak 95 u
100%. Ca npyre cTpaHe, Ha KJIHMjaBOCT CeMEHa KyKypy3a yTullajga je camo HajBeha
KOHI[EHTpallija MpUMEHeHOT XUuApoiaTta nHxuoupajyhu kiaujasoct 3a 34%. JleceTonpoiieHTHH
XUJIpOJIaT MaTH4YlbaKka CTUMYJHCA0 j€ KIMjaBOCT ceMeHa CyHIOoKpeTa 3a 34% y omHocy Ha
KOHTpOIY, IOK Cy OCTaJjie KOHI[EHTpalll]je IpUMeHe HHXUOMpale KIIMjaBoCT ceMeHa 3a 34—-69%.
Xuaponar je y CBUM KOHIIEHTpalyjama IpUMeHe J1€JI0Ba0 HHXUOUTOPHO Ha OPACT HAaJ[3€MHOT
YW TOA3EMHOr Jena kiujaHauna Le. draba, nox cy Ha mopact knujaHaua A. retroflexus,
UHXUOUTOpHO aenoBasie camo koHueHtpanuje 20 u 50%. JleceTompoLeHTHH XUApPOJaT
CTUMYIICAa0 j€ TopacT KiMjaHalla OBe KOpoBCke BpcTe. CBe KOHIIEHTpalyje MpuMeHe
XHUJIpoJiaTa CTUMYJHcaje Cy MopacT HaJ3eMHOT Jieia KJIijaHala KyKypy3a, JOK Cy Ha IopacT
MOJ3EMHOT Jiejia uMaie 0j1aro MHXUOMTOpHO nejcTBo. Ko cyHIlokpeTa HajMama MpUMEHeHa
KOHIIEHTpalllja HHUje yTUIaja Ha [opacT KiujaHala, au cy Behe KOHILIEHTpaluje MpUMEHe
JIeNIOBalie MHXMOUTOPHO. XHUApoJarT Marhumaka y koHmeHTpauuju 50% nao je HajOoosbe
pe3yiTarte y CMHCIy MakCHMallHe pelyKidje KiHjama U MopacTa MCIUTHBAHHUX KOPOBA Y3
MUHUMAJHH HETaTUBHU edekar Ha KyKypy3. OBa mcTpaxuBama OM TpeOajo MOHOBHTU Y
M0JECKUM YCIIOBHMA, KaKO OM c€ YTBPAMO €BEHTYaJIHH MOTEHIIM]ja XUposlaTa MaTHYbhaKa Kao
ouoxepouIuaa.

Kwyune peun: xunponar, Amaranthus retroflexus, Lepidium draba, Helianthus annuus, Zea mays,
OroxepOuIu
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THE EFFECT OF Melissa officinalis L. (LEMON BALM) HYDROLATE
ON SELECTED CULTIVATED AND WEED PLANT SPECIES

Milena Popov”, Bojan Konstantinovi¢, NataSa SamardZi¢, Tijana Stojanovié
University of Novi Sad, Faculty of Agriculture, Novi Sad, Serbia
milena.popov@polj.edu.rs

Lemon balm belongs to the Lamiaceae family, which is of great interest since the
members of this family make up as much as 43% of all the studied species known for their high
concentrations of volatile allelochemicals. The lemon balm essential oil is obtained from the
fresh aerial parts of the plant by the steam distillation, while the highest amount of the essential
oil is found in the leaves 0.1-0.3% (V/m). During the distillation process the hydrolate is being
separated, which consists of the condensed water, as well as of the polar, hydrophilic and
volatile oil components. While the antifungal and antiviral properties of essential oil have been
confirmed, there are few studies dealing with the hydrolate, especially in terms of potential
herbicidal effects. However, it is known that lemon balm exhibits allelopathic properties
towards several plant species, such as: Amaranthus caudatus, Digitaria sanguinalis, Lactuca
sativa, Lolium multiflorum, Phleum pratense and Lepidium sativum. In this paper the effect of
different concentrations of the lemon balm hydrolate (Melissa officinalis) on the germination
and initial growth of some of the economically the most significant weed (Le. draba, A.
retroflexus) and cultivated species (maize, sunflower) has been tested. Different concentrations
of the lemon balm hydrolate (10, 20, 50 and 100%) were applied on the seeds of the tested
plants in controlled conditions during 14 days. The seed germination was monitored every day,
while the seedlings growth was assessed on the last day of the experiment. All the tested
concentrations had negative effect towards the Le. draba seeds, leading to the germination
reduction of 93—100%. In case of A. retroflexus, only the lowest concentration showed no
effects, 20% hydrolate reduced the germination for 47%, while the highest concentrations
applied let to the reduction of 95 and 100%. On the other hand, the germination of the maize
was reduced only when the highest hydrolate concentration was applied (34%). The 10%
hydrolate stimulated the sunflower germination for 34%, compared with the control, while the
other applied concentrations led to the reduction of 34—69%. The hydrolate inhibited the
seedlings growth (both with shoot and root system) of Le. draba in all the applied
concentrations, while the inhibition in case of 4. retroflexus was noted only when 20 and 50%
hydrolate concentrations were applied. The 10% hydrolate stimulated the growth of this weed
species. All the applied concentrations stimulated the growth of the maize shoots, with the mild
inhibitory effect towards the roots. In case of sunflower, the lowest applied concentration did
not affect the seedlings growth, but higher concentrations exhibited inhibitory effects. The 50%
lemon balm hydrolate gave the best results in terms of the maximum reduction of germination
and seedlings growth of the tested weeds with the minimal negative effect towards the maize.
These studies should be repeated in field conditions in order to determine the eventual potential
of the lemon balm hydrolate as a bioherbicide.

Keywords: hydrolate, Amaranthus retroflexus, Lepidium draba, Helianthus annuus, Zea mays,
bioherbicide
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MUKPOMOP®OJIOHIKE KAPAKTEPUCTHUKE JIMCTOBA ITACYJbA
(Phaseolus vulgaris L.) TPETUPAHUX KAJIMUJYMOM

Naeug ®un’, Capa Hosakosuh, lyma Kapanosuh, Jlana 3opuh, Munan Bopues,
Jagpanka Jlykosuh
Yuusepsurer y HoBom Cany, [Ipupoano-matemarnuku ¢akynrer, Jlemaprman 3a O1osorujy u ekonorujy, Hosu
Can, Cpouja
*david.ficl3@gmail.com

Benuka konmunMHa kKaaMujyma ce ociiobaha y KUBOTHY cpeluHy Hajuemthe TOKOM
eKCIUToaTanmje pyae MuHKa 1 GocriHor ropuBa. Kagmujym nMa HeraTUBaH yTUIaj Ha OMIbKe
Ha (U3MOJOIIKOM HHUBOY M Ha HHMBOY MOpP(O-aHaTOMCKHX KapaKTepUCTUKa. Y LUJby
npoydyaBama yTHIaja KaagMHjymMa Ha MHUKPOMOpQOJOIIKEe KapaKTepUCTHKe Npoduia u
aCMMMJIAIIMOHHUX JIMCTOBA nacyJsba (Phaseolus vulgaris L.) ananu3upana cy Tpu T'€HOTHIIA, JBa
pesuctentHa Ha kagmujym (CP-PV-59, CP-PV-76) u jeman censutuBan (CP-PV-283).
Kopucrehu merony cBETIIOCHE MMKPOCKONMjE€, aHAIU3UPAHU Cy OTUCLU aJaKCH]aHOT M
abakcHjaHOT enuepMuca JIMCTOBa KOHTPOJIHE TPyIe U rpyne Tpetupane kaamujymom (50
HUM). Ananu3a je o0yxBaTHIa Opoj cToMa U TPUXOMA, TY)KHHY, IUPUHY, HHEKC ¥ MTOBPIIUHY
croma. Kopucrehn CKEHUHT €NeKTPOHCKY MHKPOCKOMHUjy Ha o0a THMa JIMCTOBA, KOJA CBHUX
aHANIM3MpPAHUX TEHOTHUIIOBA 3a0eNIekKEeHO je MPUCYCTBO HEXIIE3AaHMX (ca MPaBUM U KYKHYacTo
MOBHjEHUM BPXOM) M JKJI€3aHUX Tpuxoma. CTaTUCTHYKAM aHaIM3aMa YCTaHOBJHEHO j€ Ja
KaJMHjyM uMa Behu yTuIlaj Ha aCHMUJIALIMOHE JINCTOBE Y OJHOCY Ha mpoduie. McTpaxkuBame
j€ moKa3ajo Jia 0] CBUX aHAJM3UPAHUX KapaKTEepPUCTUKA, Ka]MHIjyM HajBHILE yTU4YE Ha Opoj U
MOBPIIMHY CTOMa, 0K Ha KapaKTepUCTHKE TPHUXOMa U MHJIEKC CTOMa HeMa 3HavajaH yTHUIaj.
Kon Behune ananusupanux resotunosa (CP-PV-76, CP-PV-283) kanMujyMm je Ha mpoduimma
JI0BEO JI0 CMamema Opoja croMa W J0 noBehama WHUXOBUX TUMEH3Hja, JOK je Ha
aCUMMJIAI[MOHUM JIMCTOBMMA Y3poKoBao mnoBehawe Opoja u moBpmmHe ctoma. On Tpu
WCIIUTUBAaHA TEHOTHUIIA TIOKA3aJI0 CE€ Ja KaJMHjyM MMa HajBehM yTWIla] Ha KapaKTepUCTUKE
croma resotuna CP-PV-76.

KibyuHe peum: TeUIKH MeTalld, MUKPOMOP(OIIOTHja, CTOME, TPUXOME

MICROMORPHOLOGICAL CHARACTERISTICS OF CADMIUM-
TREATED BEAN (Phaseolus vulgaris L.) LEAVES

David Fic”", Sara Novakovi¢, Dunja Karanovi¢, Lana Zori¢, Milan BoriSev, Jadranka
Lukovié
University of Novi Sad, Faculty of Sciences, Department of Biology and Ecology, Novi Sad, Serbia

*david.ficl3@gmail.com

A large amount of cadmium is most often released into the environment during the
exploitation of zinc ore and fossil fuel. Cadmium has negative effect on plants both on the
physiological level and on the level of morpho-anatomical features. In order to study the effect
of cadmium on micromorphological characteristics of the prophyles and foliage leaves, three
bean genotypes (Phaseolus vulgaris L.) were analyzed, two resistant to cadmium (CP-PV-59,
CP-PV-76), and one cadmium sensitive (CP-PV-283). Using light microscopy, leaf blade
adaxial and abaxial epidermal prints of control group and cadmium-treated (50 uM) group were
analyzed. The analysis included stomata and trichomes number, length, width, index and area
of stomata. The data obtained in this study by using scanning electron microscopy indicated
presence of nonglandular (with straight and hooked apical part) and glandular trichomes on
both leaf types of all analyzed genotypes. Statistical analysis showed that cadmium had more
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significant effect on foliage leaves than on prophyles. The research showed that of all analyzed
characteristics, cadmium had the greatest effect on number and surface area of stomata, while
it had no significant effect on the characteristics of trichomes and stomatal index. On prophyle
leaves in most of the analyzed genotypes (CP-PV-76, CP-PV-283), cadmium led to a decrease
in the stomata number and an increase in their dimensions, while on foliage leaves it caused an
increase in stomata number and surface area. Of the three tested genotypes, it was shown that
cadmium has the greatest influence on the characteristics of the stomata of the genotype CP-
PV-76.

Keywords: heavy metals, micromorphology, stomata, trichomes

YTHULHAJ AJIPA IUBEP3UTETA HA MOP®O-AHATOMCKY
BAPUJABUJIHOCT BPCTE Ceratophyllum demersum L.

Jparana Jenauxosuh Fouuh”, Anacracuja Jesruh, Janujena Huxomuh, Mapuna
Jymkosuh, Muiiena )Kuskosuh, Upena Pana
Yuusepsurer y Hunry, [Ilpuponno-maremarunuku dakyirer, JlenaptMan 3a 6uosnorujy u exonorujy, Hum, Cpouja

*draganaj@pmf.ni.ac.rs

VY unpy yrBphuBama creneHa 3aBUCHOCTH MOP(0-aHATOMCKE BapHjaOMIIHOCTH BPCTE
Ceratophyllum demersum L. on HuBoa anda quep3uteTa, TokoM 2022. roquHe, TPUKYIIHEHO
je mo necetr MHAUBHUAYa W3 33 momynanuje JeHTUYKUX €KOCHCTeMa y CIMBHUM MOApYdYjuMa
Humage, Jyxxne Mopase, 3anagne MopaBe, Benuke MopaBe u JlyHaBa. Jegunke cy
y30pKOBaHE M3 (UIOPUCTUYKH CHPOMAIIHMX 3aje[HMIIA KOje NpPHIaaajy BereTalujCKuM
knacama Potamogetonetea Klika in Klika et Novak 1941 u Lemnetea O. De Bolos et Masclans
1955. Ha mectuma y30pKoBama, 3a0enexxeHu ¢y GUTOIEHOJIONIKHA CHUMITH y CKJIaay ca Braun-
Blanquet-oBum mpuctynom. OBu mopanu cy ynoTpeOJbeHHM 3a M3pauyHaBame BPEAHOCTU
Shannon-Wiener-oBor MHIEKca 3a CBaKy y30pKOBaHy HoBpiiuMHY. Ha ocHOBY BpemHocTH
Shannon-Wiener-oBor unaekca, y3opuu cy rpynucanu y et rpyma (1— 0; I — 0,3251-0,6002,
I - 0,6853-0,8921, IV — 0,9372—-1,194 u V — 1,242-1,699). Mopdonomxku (xyxuHa
MHTEPHOIMje n3Mel)y MeTor W IIeCTOr 4WiIaHKa, JY)KHHA JIMCHOT PeXba U OCHOBE, IIMPHHA U
nebJprHa JIMCHE OCHOBE, YKynaH Opoj JMCTOBAa Ha METOM YJIAHKY, YKYyINaH Opoj JMCTOBa ca
JEIHOM, IBE ¥ TPH TMXOTOMHj€ Ha METOM YJIaHKYy, yKyIaH Opoj 3yOalia Ha JIMCTY) U aHATOMCKH
KapakTepu JIMCTOBA (MOBPIIMHA JIMCTA, MOBPIIMHA MHTEpIeNyJapa U MEXaHUYKOI TKHUBA U
ne0JpuHA enujepMuca Ha IONPEYHOM IpeceKy) M crabana (moBpluMHa crabia, AeOJbHHA
enuJepMuca, IapeHXMMa M aepeHXuMa, MOBpIIMHA LEHTPAJHOT LHIMHApAa H Opoj
UHTEpLeNyJiapa y IpUMapHO] KOpU) HAaBEIEHU Yy 3arpajaMa MEpPEeHHM Cy 3a CBaKy JeIHHKY.
CranmapaHe CTaTUCTUYKE TEXHHMKE — JIECKPUIITUBHA CTATUCTUKA, aHalN3a BapHjaHCce
(ANOVA), xanonujcka nuckpuMuHanTHa aHamm3a (CDA) u knactep anamuza (UPGMA)
3acHoBaHa Ha Mahalanobis-oBuM aucTaHllaMa, COPOBEAEHE Cy Hal MPUKYIJbEHHUM CETOM
nofaraka. CTaTUCTMYKM 3HadyajHE pas3iuke wu3Mel)ly aHamu3upaHux TIpymna, Ha HUBOY
3rauajuoct p<0,05 ycTaHOBJbEHE Cy 3a CKOPO CBE KapakTepe, u3y3eB cienehux: ykynan 6poj
3y0alia Ha JIUCTY, IIMPHHA JMCHE OCHOBE, ITOBPIIMHA JINCTA HAa TIONIPEYHOM IpeceKy, Ae0JbrHa
enuaepMuca JINCTA, TOBPIIMHA cTa0J1a Ha MMONPEYHOM MPECeKy U e0JbUHA aepeHXUMa cTadIa.
Pesynraru CDA u kiacrep aHainu3e ykKasyjy Ha jacHy Mopdo-aHaTOMCKY AudepeHIrjalu]jy
u3Mel)y mHAMBHya Koje Cy pacie Ha CTaHMUIITUMa 0e3 MPUCYCTBa JPYruX BOACHUX OMIbaka
(rpyna 1) m wHAMBHAya KOje TMOTUYY M3 3ajeJHUIIA Ca HaJBUIIMM BpeIHOCTHMa aida
nuBep3uteTa (rpyna V). Ocum Tora, pe3yiaTaTd MYyJATHBAapHjaHTHUX aHAJIM3a BU3YaJIU3y]y
TeHJIEHIM]y TpyNucama UHANBHUya Koje mpumnanajy rpynama II u Il y3 uctoBpemeno, 6maro
pasaBajame o] HHIUBUAYya KOje Cy MPUKYIJbCHE U3 3ajeJHHIIA Ca BUIIUM ajia TUBEP3UTETOM
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(rpyma 1V). Tlopehewem pesynrata ASCKPUIITHBHE CTAaTUCTUKE (CPENEBHX BPEAHOCTH) I10
rpynaMa, yCTaHOBJbEHO j€ Ja HHAWBH]IYE KOje Cy pacie U30JI0BaHO OJ] APYTUX BOACHUX OMJbaKa
nMajy Kpahe HHTEPHOAM]E U JIMCHE PEXKHEBE, MalkbH OpOj JIMCTOBA Ca jETHOM JUXOTOMH]OM, &
Behu Opoj JIuCTOBA ca IBE U TPU AUXOTOMU]€ Ha [IETOM YJIaHKY, Takh-€ U yKe JIUCTOBE ca Ae0JbUM
eMUACPMUCOM U MaFkOM MOBPIIMHOM WHTEpIIETyJIapa U MEXaHUYKOT TKHBA, Je0Jba cTadma ca
TalkUM EMUIEPMHUCOM, 1e0JbUM MapeHXUMOM U BehuM OpojeM HHTepIIeTyiapa y aepexXHuMYy 3a
pa3iMKy O MHIUBHUYya KOje Cy Y30pKOBaHe Yy 3ajeHUIlaMa ca HajBUIINM BpeIHOCTHMA anda
JUBEP3UTETA.

Kbyuyne peum: mopdo-aHatomcka andepeHnyjanuja, anda TUBEpP3UTET, CyOMep3Ha MakpoduTa,

Ceratophyllum demersum L.

3axBasmauna: OBO UCTpaXuBame MOAPXKaAIO je MMHHUCTapCTBO HayKe, TEXHOJOIIKOI pa3Boja H
nHoBanuja Pemyonuke Cpbuje (6poj 451-03-47/2023-01/ 200124).

THE INFLUENCE OF ALPHA DIVERSITY ON MORPHO-
ANATOMICAL VARIABILITY OF THE SPECIES CERATOPHYLLUM
DEMERSUM L.

Dragana Jenackovi¢ Goci¢*, Anastasija Jevti¢, Danijela Nikoli¢, Marina JuSkovié,
Milena Zivkovic’, Irena Raca
University of Nis, Faculty of Sciences and Mathematics, Department of Biology and Ecology, Nis, Serbia
*draganaj@pmf.ni.ac.rs

In order to establish a level of dependency of morpho-anatomical variability of the
species Ceratophyllum demersum L. on alpha diversity, 10 individuals each from 33
populations were collected from lentic ecosystems placed in the catchment areas of NiSava,
Juzna Morava, Zapadna Morava, Velika Morava, and Dunav rivers during the vegetation
season of 2022. The individuals were sampled, from the floristically poor plant communities
which belong to the vegetation classes Potamogetonetea Klika in Klika et Novak 1941 and
Lemnetea O. De Bolos et Masclans 1955. At the places of sampling, relevés were recorded in
according to the Braun-Blanquet approach. Those data have been used for calculating values
of Shannon-Wiener index for each sampling point. Based on the values of Shannon-Wiener
index, the samples have been divided into five groups (I — 0; IT - 0.3251-0.6002, I1I — 0.6853—
0.8921,1V—-0.9372-1.194 and V — 1.242-1.699). Morphological (length of internode between
the fifth and sixth node, length of leaf lobe and base, width and thickness of leaf base, total
number of leaves on the fifth node, total number of leaves with one, two, and three dichotomies
on the fifth node, and total number of teeth per leaf) and anatomical characters of leaves (total
leaf surface, the total surface of air cavities and mechanical tissue, and thickness of epidermis
on the cross-section) and stems (total stem surface, the thickness of the epidermis, parenchyma,
and aerenchyma, surface of the vascular cylinder and number of air cavities in the cortex on
the cross-section) given in the brackets have been measured for each individual. The standard
statistical techniques - Descriptive statistics, Analysis of variance (ANOVA), Canonical
discriminant analysis (CDA), and Cluster analysis (UPGMA) based on the Mahalanobis
distances have been performed on the dataset. Statistically significant differences between the
groups analyzed, at the level of p<0.05, have been established for almost all characters, except
the following: total number of teeth per leaf, width of leaf base, total leaf surface, thickness of
leaf epidermis, total stem surface and thickness of stem aerenchyma. The results of the CDA
and cluster analyses indicate on clear morpho-anatomical differences between individuals that
had grown isolated from the other macrophytes (group I) and individuals from the communities
with the highest values of the alpha diversity (group V). Furthermore, the results of multivariate
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analysis visualize a tendency of grouping individuals that belong to the groups I and III with
simultaneously, slighty separation from individuals collected in the communities with higher
alpha diversity (group IV). Comparing the results of descriptive statistics (mean values) per
groups, it has been established that individuals that were growing isolated from the other
macrophytes had shorter internodes and leaf lobes, a lower number of leaves with one
dichotomy but a higher number of leaves with two and three dichotomies in the fifth node,
leaves were thinner, narrower with thicker epidermis and lower total surface of air cavities and
mechanical tissue, stems were thicker with the thinner epidermis, thicker parenchyma and
higher number of total air cavities in aerenchyma regarding to individuals collected in
communities with the highest values of the alpha diversity.

Keywords: morpho-anatomical differentiation, alpha diversity, submersed macrophyte, Ceratophyllum
demersum L.

Acknowledgment: This research was supported by the Ministry of Science, Technological Development
and Innovation, Republic of Serbia (grant no. 451-03-47/2023-01/ 200124).

YTUULAJ pH BPEJHOCTH BOAE HA MOP®O-AHATOMUJY
BET'ETATUBHUX OPT'AHA BPCTE Ceratophyllum demersum L.

Hpena Paua’!, Janujena Huxoauh', Anacracuja Jesruh', Usana Kocruh Kokuh?,
Tarjana Auheaxosuh?, Mapuna Jymkosuh', Iparana Jenaukosuh Tonuh!
'Vuusepsurer y Hunry, [pupogno-mMaremarnuky (akyrert, Jlenaptvan 3a 6uosorujy u ekonorujy, Hum,
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*Vuusepaurer y Humy, [Tpupomno-maremarnuky daxyiret, Jlenaptman 3a xemujy, Hum, Cpbuja
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Y OKBHpY OBOT' HCTpakKMBama, CakymbeHo je 130 unausunya Bpcre Cerathophyllum
demersum L., ca ykynHo 13 pa3nmuuuTux JOKaJIuTeTa CIUMBHOT nonapydja Bemuke, 3amangne,
Jyxune Mopase u Humage, u3 puronenosa y kojuma C. demersum Hje TOMUHAHTHA BpPCTa. 3a
CBAaKy TauKy y3opkoBama oxpeheHa je pH BpemHocT Bome, a WHAMBHIYE Cy IMOIBPTHYTE
Mopdoomkoj (yrBphuBame qy’KMHE HHTEPHOAYCA W3Mel)y TIeTOr M IIecTor 4iaHKa, TyKUHE
JMCHOT pPeXHa M OCHOBE, YKYyITHE JY)KHWHE JIMCTa, YKYITHOT Opoja 3y0ala Ha jeHOM JIHCTY,
yKymHOT Opoja CBUX JIMCTOBAa Ha METOM HOAYCY, KA0 M YKYIHOTr Opoja JMcToBa 0e3 MM ca
JETHOM/IBE/TpHU/dETUPU ITUXOTOMHjE HAa TETOM YJIAHKY) M aHAaTOMCKO] aHaJM3HW JIMCTOBA
(Mepeme TOBpIINHE, TUjaMeTpa U AeOJbHHE MONPEYHOr Mpeceka JUCTa, YKyIHE MOBPIIUHE
UHTEpIIeNTyIapa, MEXaHUYKOT TKHBA U Ae0JbUHE eNUAEPMAIHOT clioja) U cTabna (yTBphuBame
MOBPIIMHE TIOMPEYHOT ITpeceKa crtabdiia, 1e0/puHe enuIepMaTHOT TKHUBA, TApSHXIMA IIPUMapHE
KOpe U aepeHXHMa, T€ YKYITHE IOBPIIMHE IeHTpanHor mHapa). Ha ocaoBy pH BpennocTtn
BOJIE CTaHUIITA, ronynanuje Bpere C. demersum Cy a priori Kacu(pUKOBaHE Y MECT rpymna: 7—
7,5, 7,6-8, 8,1-8.5, 8,6-9, 9,1-9,5 u rpyna ca oncerom pH Bpennoctu 9,6—10. Pesynratu cy
MOTOM H3PaKEHU KpO3 MapaMeTpe NECKpUNTHBHE cTaTHCTUKe. CTaTHCTHYKAa 3HAYajHOCT
KapakTepa TECTHpaHa je MpUMEHOM TecTa aHaimie BapujaHcu (ANOVA), 1ok je creneH
nudepeHIyjanyje nomyangja IpolemhUBaH Ha OCHOBY KaHOHUjcke quckpumuHaHTHe (CDA)
U KJacTep aHaiu3e 3acHoBaHe Ha MaxanmaHoOucosum aucraniama (UPGMA). Pesynratu
ANOVA Tecta ykazanum Cy Ha CTaTHCTUYKY 3HAYaJHOCT CBUX aHAIM3UPAHUX MOpPPo-
aHATOMCKHX KapakTepa, u3y3eB Opoja JmcToBa 0€3 AMXOTOMHja y TIeTOM HOAYCY U J1e0JpuHe
emunepManHor cnoja smcra. [lpeum ngBema CDA ocama ofjammeno je 63,99%
nudepeniyjanuje y3opka (on dera mpBoMm 36,93%, a npyrom 27,06%). Hajehu crenen
nudepeHijanyje KapakTepulne rpyiy mHomynamyja y3opkoBany npu pH BpeqHocTH orcera
9,6—10 y onnocy Ha 06e CDA oce. Takohe, Mmoxe ce youuTH u 0;1aro uznBajame rpyme 9,1-9,5
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oy mpBe oce. Kapakrepu oaroBopHu 3a audepeHIHjaldjy AyX IpPBE OCe Cy Ay)KHHA
WHTEPHOYyCa, MOBPIIMHA MONPEYHOT MpeceKa JMCTa, AUjaMeTap JIMCTa, YKYyIHA MOBPIIMHA
MHTepIeNyIapa, MOBPIIMHA MOMPEYHOT Mpeceka cradna, Ae0JbrHa apeHxuMa puMapHe Kope,
aepeHXrMa M MOBPIIMHA IeHTpaJHOT nuiuHapa. Judepennnjanuja y auBoy npyre CDA oce
WHIIyKOBaHa je ciueachum kapaktepuma: Opoj JIMCTOBA ca jeTHOM/IBE/TPU AUXOTOMH]E, KAa0 U
yKynaH Opoj JIMCTOBa y ETOM HOMYCY, 1e0JbHHA JIMCTA, YKYITHA OBPIIMHA HHTEpIETyIapa U
MEXaHWYKOT TKHBA JIFCTOBA, MOBPIIMHA TOMPEYHOr Mpeceka cTadna, nebJpbHHa MapeHXuma
MpUMapHe KOpe H MOBPIIMHA [[EHTPAIHOT WIMHApa. Takohe, kmacTep aHaIu3a je ykasana Ha
II0CTOjalk-€ JIBa INIaBHA KjacTepa, u3aBajajyhm rpymy omcera pH Bpennoctn 9,6—10 kao
3aceOHy. Y OKBHpY JIpyror mIaBHOT Kiactepa, mpuMeheHo je u u3nBajame rpyme 9,1-9,5 on
ocTaTKa aHAJIM3UPAHOT Y30pKa.

Kibyune peun: Ceratophyllum demersum, mopdonorija, anaromuja jucTa, aHaromuja cratna, pH
BPEIHOCT

3axBannuna: VcrpaxkuBame je noapxkano MUHUCTAPCTBO HAyKe, TEXHOJIOIIKOT pa3Boja M WHOBALHja
Pemry6mke Cpouje (6poj yroBopa: 451-03-47/2023-01/200124).

THE EFFECT OF pH VALUE OF WATER ON MORPHO-ANATOMY OF
VEGETATIVE ORGANS OF Ceratophyllum demersum L.

Irena Raca®!, Danijela Nikoli¢!, Anastasija Jevti¢!, Ivana Kosti¢ Kokié¢?, Tatjana
Andelkovié¢?, Marina Juskovi¢!, Dragana Jena¢kovi¢ Gocié!
'University of Ni§, Faculty of Sciences and Mathematics, Department of Biology and Ecology, Ni§, Serbia
2University of Ni$, Faculty of Sciences and Mathematics, Department of Chemistry, Ni§, Serbia
*irena.raca@pmf.edu.rs

In the framework of this research, 130 individuals of Cerathophyllum demersum L.
were collected from 13 different localities belonging to the catchment basin of Velika, Zapadna,
Juzna Morava, and NiSava rivers, targeting the phytocenoses where C. demersum wasn’t
dominant species. The pH value of water was determined for each sampling point, whereas
morphological analysis (measuring the internode length between the fifth and sixth node, leaf
lobe, base length, and complete leaf length, the total teeth number per leaf, the total number of
leaves in fifth node, and the total number of leaves without and with one/two/three/four
dichotomies in fifth node) followed by the analysis of leaf (estimating the cross-section surface
area, diameter, and thickness, the total surface area of air cavities and mechanical tissue, and
epidermal layer thickness), and stem anatomy (stem cross-section surface area, epidermal,
parenchyma and aerenchyma tissue thickness, and the vascular cylinder surface area) was
performed for every collected individual. The six groups of C. demersum populations were a
priori defined based on pH values of water in habitats: 7-7.5, 7.6-8, 8.1-8.5, 8.6-9, 9.1-9.5,
and a group with a pH value range of 9.6—10. The results were furthermore expressed through
the descriptive statistics parameters. The statistical significance of characters was tested using
Analysis of Variance (ANOVA), whereas the differentiation level of populations was estimated
by Canonical Discriminant Analysis (CDA) and Cluster Analysis based on Mahalanobis
distances (UPGMA). The results of ANOVA pointed out the statistical significance of all
morpho-anatomical characters analyzed, except the total number of leaves without dichotomies
and leaf epidermal layer thickness. The first two CDA roots are reflecting 63.99% of the
differentiation in the sample (36.93% explained by the first, and 27.06% explained by the
second root). The highest differentiation degree along both roots was confirmed for the group
of populations collected in habitats with a pH value range of 9.6-10. Moreover, slight
differentiation of 9.1-9.5 along the first root was highlighted as well. The characters
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responsible for the differentiation along the first root were: internode length, the leaf cross-
section surface area, leaf diameter, the total surface area of leaf air cavities, stem cross-section
surface area, parenchyma and aerenchyma tissue thickness, and the vascular cylinder surface
area. The differentiation in the second CDA root area was induced by: the total number of
leaves with one/two/three dichotomies, the total number of leaves in the fifth node, leaf cross-
section thickness, the total surface area of air cavities and mechanical tissue, stem cross-section
surface area, parenchyma thickness, and the vascular cylinder surface area. Moreover, Cluster
Analysis indicated the existence of two main clusters, segregating the group with a pH value
range of 9.6-10 as a separate one. The 9.1-9.5 group was differentiated from the rest of the
sample within the second main cluster.

Keywords: Ceratophyllum demersum, morphology, leaf anatomy, stem anatomy, pH value

Acknowledgment: The research was supported by the Ministry of Science, Technological Development,
and Innovation of the Republic of Serbia (grant no. 451-03-47/2023-01/200124).

KAPAKTEPU3AIINJA ITIEJITATHUX TPUXOMA KOMEPIIUJAJTHUX
BPCTA YCHATHUIIA T'AJEHUX Y CPBUJU

Ana Anumnuh Apaacku’!, Cmubana Jankosuh!, Jlejan Ibesbakymmh?, Karapuna
IaBuxun?, Coma yaeruh-JIaymesuh’, Ilerap . Mapun!
'Vuupepsurer y Beorpany — Buonomku dakynrer, MactuTyT 32 60TaHuky u boranuuka 6amra ,,JeBpeMoBan”,
Beorpan, Cpbuja
2MHCTUTYT 3a IPOyYaBambe JEKOBUTOT 61iba ,,Jp Jocud Ilamuauh”, Beorpan, Cpouja
*alimpic.ana@bio.bg.ac.rs

[lentaTHe TpUXOME Cy CIHEIUjaTN30BaHE CEKPETOPHE CTPYKTYpe KOje MMajy KIbYUHY
yJAOTY y CHHTE3M W aKyMyJlallUju €TapcKuX yJba Omsbaka pammmmje Lamiaceae (ycHaruie).
[lpucytHe cy Ha CBHM HAJ3€MHHM JelOBMMa OWJbKE, YKJbydyjyhm IIBeTHe nenoBe, a
HajOpojHU]j€ Yy UHIYMEHTYMY JincToBa. C 003UpOM J1a eTapCcKa yJba MMajy BEJIHKH OUOJIONIIKA U
(hapMaKoJIONIKK MOTEHIINjall, MeNTaTHEe TPUXOME, Ka0 Haj3HAuajHUje CEKPETOPHE CTPYKTYype
ONTOBOPHE 3a MPOAYKIHjy €TapCKUX yJba M JPYrHX CIEHUjaJM30BaHUX MeTaboiuTa,
neneHrjamMa cy y (okycy OOTaHHUKHX UCTPaXUBama. 3a morpede oBor paja, y30piu OUbHOT
Marepujajia CaKyIlJbeHH Cy TOKOM (haze mBeTama W3 Kosekiuje MHCTHTyTa 3a mpoydaBame
nexoputor Owspa L, Jlp Jocud Ilanumh”. OBO HCTpakuBame€ j€ CIPOBEIACHO Y IHIbY
Mopdosoike kapakrepusaiyje, onpehuBama agujameTpa U aHaIU3e TUCTPUOYIIH]je MEATaTHUX
TpUXOMa Ha JIMCTOBMMA U YallKilama ofa0dpaHuX KoMepLujalHux Bpcra ¢pamuimje Lamiaceae.
[Topen Tora, onpehena je rycTuHa meITaTHUX TPUXOMA HA JIMCTOBHMA. AHAIIN3€E CY CIIPOBE/ICHE
kopuithemem OMHOKYJIapHE JyIie U CKeHHpajyher eaeKTpoHCKOr MUKpocKona. JIucToBu cBuX
UCMHUTHUBAHMUX BPCTa HOCE MENTAaTHE TPUXOME Ha aJaKCcHjajHOj M abaKCHjalHO] CTpaHH, ca
HajBehoM ryctuHOM yTBpheHoM Kop auctoBa Origanum heracleoticum (24,3 oqnocHo 17,4 o
mm?). Ha OMHOKyJIapHO] JIyI, TIE€JTaTHE TPUXOME C€ 3alaxajy Kao IIo0yJapHe CTPYKType
xkyhkacre no Opaonkacre 0oje. Kog BehmHe mcnutuBaHuX y30paka IMEITaTHE TPUXOME CY
aHaJM3upaHe y cekperopHoj ¢azu. bpoj henuja rmasutie je Bapupao o uetupu henuje y jemHom
kpyry kon Ocimum basilicum no 12 hemuja xon Or. vulgare (4eTupu y yHyTpalimbeM, U 0caM
y crioJballlkbeM Kpyry). ['yCTHHA menTaTHUX TpUXoMa je reHepaiHo Ouia Beha Ha ajakcujaiHoj
CTpaHH, ca u3y3eTkoM Mentha x piperita (nentaTHe TpuXxoMe Tyirhe Ha abaKCHjaIHO] CTPAHH )
u Satureja montana (ucta TycTMHa Ha o0e cTpaHe nucta). Hajpehu mujamerap mentaTHUX
TPUXOMa YOUEH j€ Ha JIMCTOBUMA U yammuiama S. montana (88,79 pm, onaocuo 90,57 um), 1ok
Cy HajMamer naujamatpa ouse kon Or. vulgare (62,45 pm, omHocHo 65,00 pm). I'yctuHa u
yjamMeTap TeNTaTHUX TpuxomMa HHUje Ouio Moryhe onpenuTH KOoa Y3opaka ca TyCTUM
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HEeNIaHyJapHUM TPUXOMaMa y HMHIYMeHTyMmy. [IpoydaBaHe BpCTE Cy ce pasiMKoBalie y
W3IeAy, NAUjaMeTpy, AUCTPUOYLHjH W TYCTHHH IEJITaTHHX Tpuxoma. J[oOujeHu pesynrartu
yKaszyjy na Oum MUKpOMOP(OJOMIKH KapakKTepu MOIIM Ja Oyly BajMJIHU MapaMeTpu 3a
MUKPOCKOIICKY ayTeHTH(PHKAIM]y apoMaTHYHUX OUJbaka, ol KOJUX Cy YCHATULE Of OCEOHO
BEJIMKOT KOMEPITH]jaJIHOT 3Ha4aja.

KibyuHne peun: Lamiaceae, apoMaTiuuHe OUJbKe, TENTATHE TPUXOME, HHAYMEHTYM JIMCTOBA M YAIIUIIA,
CKeHUpajyha enekTpoHCcKa MUKPOCKOITHja

3axpaanuna: OBaj pan ¢puHaHCHpaNo je MUHUCTApPCTBO HAYKE, TEXHOJIOIIKOT Pa3BOja W MHOBAIH]a
Pemry6omke Cp6wuje (6poj yroBopa 451-03-47/2023-01/200178 u 451-03-47/2023-01/200003). Ayropu
cy 3axBanHU npo¢. ap Vnuukn Ilehnnap 3a cTpydHy 1 TEXHHUKY TOMONR.

CHARACTERIZATION OF PELTATE TRICHOMES OF
COMMERCIALLY IMPORTANT LAMIACEAE SPECIES GROWN IN
SERBIA

Ana Alimpi¢ Aradski*!, Smiljana Jankovi¢', Dejan Pljevljakusi¢2, Katarina Savikin?2,
Sonja Duleti¢-Lausevi¢'!, Petar D. Marin!

"University of Belgrade — Faculty of Biology, Institute of Botany and Botanical Garden “Jevremovac”,
Belgrade, Serbia

Institute for Medicinal Plants Research “Dr. Josif Pan¢i¢”, Belgrade, Serbia
*alimpic.ana@bio.bg.ac.rs

Peltate trichomes are specialized secretory structures that play a key role in the secretion
and accumulation of essential oil in Lamiaceae species. They are present on all aerial parts of
the plant, including floral parts, and are most abundant in the leaf indumentum. Considering
the great biological and pharmacological potential of essential oils, peltate trichomes have been
the focus of botanical research for decades as the main secretory structures responsible for the
production of essential oil and other specialized metabolites. For this study, the samples of the
plant material were collected from the collection of the Institute for Medicinal Plant Research
”Dr. Josif Panci¢” during the flowering phase. This study was conducted to perform
morphological characterisation, determination of the diameter and analysis of the distribution
of peltate trichomes on leaves and calyxes of selected commercial Lamiaceae species. In
addition, the density of peltate trichomes on the leaves was determined. The analyses were
carried out using a stereomicroscope and a scanning electron microscope. The leaves of all
plant species bear peltate trichomes on both the adaxial and abaxial leaf sides, with the the
highest density observed in Origanum heracleoticum (24.3 and 17.4 per mm?, respectively).
Under the stereomicroscope, the peltate trichomes are visible as yellowish to brownish globular
structures. In most of the samples examined, the peltate trichomes are found in the secretory
phase. The number of head cells varied from 4 cells in 1 cycle in Ocimum basilicum to 12 cells
in Or. vulgare (4 in the inner cycle and 8 in the outer cycle). Density was generally higher on
the adaxial surface, with the exception of Mentha x piperita (peltate trichomes were denser on
the abaxial than on the adaxial side) and Satureja montana (equal density on both leaf sides).
The largest diameter of peltate trichomes was observed in leaves and calyces of S. montana
(88.79 um and 90.57 um, respectively), while the smallest diameter was noticed in Or. vulgare
(62.45 pm and 65.00 pm, respectively). The density and diameter of the peltate trichomes were
not determined in the samples with the dense non-glandular trichomes in the indumentum. The
plant species studied differ in appearance, diameter, distribution and density of the peltate
trichomes. The results obtained indicate that micromorphological features could be valid
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parameters for the microscopic authentication of aromatic plants of which the representatives
of the Lamiaceae are of particular commercial importance.

Keywords: Lamiaceae, aromatic plants, peltate trichomes, leaves and calyces indumentum, scanning
electron microscopy
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MOP®O-AHATOMCKA BAPUJABUJIHOCT BPCTE Myriophyllum
spicatum L. ¥ PASJIMUUTUM TUIIOBUMA CTAHULITA

Nanujena Hukonuh*, Upena Pana, [Iparana Musiosanosuh, Hukosiuja Bophesuh,
Mapuna Jymkosuh, /Iparana Jenaukosuh I'onnh
Yuusepsurer y Humry, IIpupoano-maremaruuku daxynter, JlenapTMmaH 3a OH0I0OTH]jy U eKoj0rHjy, Hum,
Cpbuja
*danid@pmf.ni.ac.rs

uss oBor paja Ouia je ananusza MOpgo-aHaTOMCKE BaprjaOUIIHOCTH CyOMEp3HE BPCTE
Myriophyllum spicatum L. y JJOTHYKHM U JIGHTHYKHM eKocucTeMuma. CeeKTOBAHO j€ IIeCT
Mop(doIomKUX KapakTepa (Iy)XKMHa WHTEPHOAM]a, Ny)KHMHA W IIMPUHA JIKCTa, Opoj maposa
JMCHUX PEXIHEBA, Ty>KWHA JIMCHOT PEXKba M MPEUHUK cTablia) U IECT aHATOMCKHUX KapakTepa
crabna (nebspuHa enuaepMmuca, nedpuHA TPUMApHE KOPE, MPEUYHHUK IEHTPATHOT HJIMH]IpA,
ne0JprHA aepeHXuMa, MOBPILKHA Ba3AyIIHE MYIJbUHE U OPOj Ba3AyLUIHUX IIYIJbUHA). YKYITHO
je ananmm3upano 135 unauBuaya u3 14 monynanuja Koje HaceJbaBajy JBa je3epa, TPU PEKe U
neBeT Oapa. Y3opuu cy MpUKYIUbeHH Ha TepuTopuju Humasckor okpyra. [IpumemeHa je
OCHOBHa YyHWBapHjaHTHa (IIECKPHIITHBHA CTaTHCTUKa, aHaimmu3a BapujaHce (ANOVA)) u
MyJITHBapHjaHTHA cTaTHUCTHKa (aHamu3a riaBHUX KoMmmoHeHTn (PCA), xaHoHHjcka
nuckpuMuHaHTHa aHaim3a (CDA) u kiacrep ananmsa (UPGMA)) 3acaoBana Ha Mahalanobis-
oBUM JucTaHIama. Bucox xoedpunujent Bapujabuinnocta (CV>30%) umanu cy KapakTepu:
IOy’)KMHa WHTEpHOIMja, NeOJbuHA NpHMapHe Kope W AeOJbMHA aepeHXHMa, JIOK KapaKTepH
IOy>KMHA JIMCHOT PEXXba U MOBPIIMHA Ba3AylIHE NIYIUBUHE HMajy BeoMa BUCOK KOS(UIIHjEeHT
BapujabmHocTH (CV>80%). Pesynratu ANOVA Tecta cy mokaszaiy CTaTUCTHYKY 3HA4ajHOCT
cienehux Mop@o-aHaTOMCKHMX KapakTepa: Ay>KMHa JIUCTa, Opoj MMapoBa JMCHUX PEXH-EBa Ha
JHUCTy, TIPEYHUK cTabna, nAeOJbMHA TpUMapHEe KOpe, MPEYHUK MEHTPATHOT MHUIMHApPA U
nebsprHa aepeHXuMa. AHanM3a IJIaBHUX KOMITOHEHTH je rmoka3aia jga npsa PCA oca omucyje
43,43% yxynHe BapujabmiHocTH y3opka, apyra PCA oca omucyje 16,99% nok tpeha camo
9,62% ykynHe BapujabmiHocTH. Kapaktepun Koju HajBHINE JONPHHOCE YKYIHO]
BapHjaOUIIHOCTH MONyJaluja cy: Jy>KUHa HHTEPHOAM]ja, IPEYHUK cTala, 1e0JbrHa IpUuMapHe
KOpe, IIPEYHHK [IEHTPATHOT IWINHIPA, 1e0JbHA aePEeHXIMAa, TIOBPIIMHA Ba3TylIHE IIyIIJbHUHE,
OyXUHa JMcTa, Opoj mapoBa JIMCHUX peXKmbeBa M Opoj Ba3AyUHMX UIYIJbUHA.
JIuCKpMUHAHTHA aHalM3a je MoKasaja Ojary audepeHIujanujy TomyJanuja U3 peKa y
OJIHOCY Ha momyJanuje u3 6apa u jesepa. Knacrep anammsa je morBpauia pesyiarate CDA
aHajM3e U Ha (heHOTrpaMy C€ jacHO W3JiBajajy JIBE rpaHe, IPU YeMy jeHa oJroBapa Oapama u
jesepuMa, a apyra pekama. Moxemo 3akJbyduTH Ja nHAuBHIye M. spicatum koje Hace/baBajy
peke uMmajy Jayke JHCTOBE ca BehnMm OpojeM pexmeBa, uMja je NyXuHa Beha y omHOCy Ha
6apcke u jezepcke. OcuM Tora, oBe HHAMBHUAYE UMajy MambH MPEUYHUK cTaba, Takby MPUMapHy
KOpY ¥ 3HaTHO clia0uje pa3BHjeH aepeHXUM y OJIHOCY Ha OapcKe U je3epcKe MHAUBHIYE.

Kibyune peun: mopdoioruja, anaromuja, BapujabiiHocT, cranumrra, Myriophyllum spicatum
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3axBanHuna: OBO HCTpaXWBAEmE MOAPXKAIO je MHHHCTapCTBO HayKe, TEXHOJIOIIKOT pas3Boja M
nHoBarwja Peny6uke Cpbuje (6poj 451-03-47/2023-01/ 200124).

MORPHO-ANATOMICAL VARIABILITY OF SPECIES
MYRIOPHYLLUM SPICATUM L. IN DIFFERENT TYPES OF
HABITATS

Danijela Nikoli¢”, Irena Raca, Dragana Milovanovié, Nikolija Pordevi¢, Marina
Juskovi¢, Dragana Jenackovi¢ Gocié
University of Nis, Faculty of Sciences and Mathematics, Department of Biology and Ecology, Ni§, Serbia
*danid@pmf.ni.ac.rs

The aim of this work was to analyze the morpho-anatomical variability of the
submersed species Myriophyllum spicatum L. in lotic and lentic ecosystems. Six morphological
characters (internode length, leaf length and width, number of leaf lobe pairs, leaf lobe length,
and stem diameter) and 6 anatomical characters of the stem (epidermis thickness, primary
cortex thickness, central cylinder diameter, aerenchyma thickness, aerial cavity area and
number of aerial cavities) were selected for analysis. A total of 135 individuals from 14
populations inhabiting 2 lakes, 3 rivers, and 9 ponds were analyzed. The samples were collected
in the area of NiSava district. Basic univariate (Descriptive statistics, Analysis of variance
(ANOVA)) and multivariate statistics (Principal component analysis (PCA), Canonical
discriminant analysis (CDA), and Cluster analysis (UPGMA)) based on the Mahalanobis
distances were applied. High coefficient of variability (CV>30%) was found for the characters:
length of internodes, thickness of primary cortex and thickness of aerenchyma, while the traits
length of leaf lobe and surface of aerial cavity had a very high coefficient of variability
(CVv>80%). The results of ANOVA test confirmed a statistical significance of the following
morpho-anatomical characters: difference in variance for the characters leaf length, number of
leaf lobe pairs, stem diameter, primary cortex thickness, central cylinder diameter, and
aerenchyma thickness. Principal component analysis showed that the first PCA axis
encompassed 43.43% of the variation between populations, the second PCA axis 16.99%, and
the third only 9.62%. The characters that contribute the most to the total variability of
populations are: internode length, stem diameter, the thickness of the primary cortex, the
diameter of the central cylinder, aerenchyma thickness, aerial cavity surface, leaf length, the
number of leaf lobe pairs and the number of aerial cavities. Discriminant analysis indicated a
slight differentiation of populations from rivers compared to those collected from ponds and
lakes. The cluster analysis confirmed the results of the CDA analysis — two branches are clearly
distinguished on the phenogram, one corresponding to ponds and lakes, and the other one to
rivers. We can conclude that individuals of M. spicatum collected in rivers are characterized
by longer leaves with a greater number of lobes, and greater length compared to those
inhabiting ponds and lakes. In addition, these individuals have a smaller stem diameter, thinner
primary cortex, and significantly less developed aerenchyma compared to populations
collected from ponds and lakes.

Keywords: morphology, anatomy, variability, habitats, Myriophyllum spicatum
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N3IVIEJ CEMEBAYE ITPEACTABHUKA POJA Plantago L.
(Plantaginaceae) Y CPBUJU

®uun Monosuh, Bojana Bokuh”, JIparan O6panos, Bopuc Pagak, Muauna Par,
TI'opan AnaukoB
Yuusepsurer y HoBom Cany, [Ipupoano-maremarnuku daxynter, Jernaptman 3a 6uosorujy u exosorujy, Hopu
Can, Cpouja
*bojana.bokic@dbe.uns.ac.rs

Pon Plantago L. je KOCMOMOIUTCKOT pacHpoCTpamemha, a lEroBe BPCTe HACesbaBajy
YUTaB CIEKTap pa3MYUTUX cTaHumITa. Ilnon je yaypa ca jeaHuM, JBa, YETUPU WUIM MHOTO
CeMEHa, YMjU Ce MOKJIOMAIl O/1Baja Ty MOMPeYHor npcreHa. MophoIoIKy ¢y mojenHe BpeTe
pona MelycoOHO BeoMa CIIMYHE, T€ je TemKo Hahu cTaOuiIHe KapakTepe 32 ’BUXOBO YCIIEITHO
pa3nBajame. J[omaTHO, YeCcTo ce y MUjarHOCTUYKUM KJby4eBHUMa, HA KPUTHYHUM MECTHMA
pa3znBajama Ipyla TaKCOHA HaBOJE KapaKTepH JIHCTOBA KOjU MOTY OUTH BeoMa CIMYHH Mely
BpCTaMa WJIH MaK [[BETOBH, KOJU y BEJIMKO] MEPU MOTY HEIOCTajaTh y XepOapCKUM eKCHKaTHMA.
Pesynratn Benukor Opoja MCTpakMBama MaKpO- W/WUIM MHKPOMOPGOJIOTHje CeMeHa posa
Plantago cy pa3nuuuty, anu carjlaCHH Ja CEMEHa MOTYy MMaTdu IpUMEHY y Je(hUHHCAIbY,
pa3zBajamy U IIpoydyaBamwy OJHOCA IIpe/icTaBHUKa oBora poaa. Kako cemena pona Plantago u3
Cpbuje HUKana paHHje HUCY CHCTEMAaTUYHO aHAJM3WpaHa, I[UJb OBOT paja OWO j€ HUXOB
JeTaJbaH OMUC U Kiacu(ukanuja, y HuJby JaKUIer pa3iuKoBama U UISHTUHKAIHU]je. Y OBOM
pany aHanM3upaHa cy cemeHa 14 BpcTa, U3 YETHPH MOAPOAA U JACBET CEKIIHja, CAKyIJbeHA Y
nBe xepbapujymcke konekiuje y Cpouju (BUNS u BEO). YkynHo je ananuzupano 145 cemena,
OJl CBAKOT TAaKCOHA IO JIECET, OCUM BpcTe P. remiformis koja je 3acTylJbeHa ca MET CEMEHa.
CyBa ceMeHa Cy MOCTaBJb€HA Ha aJyMHUHHJyMCKE HOcCaue MOMONY JBOCTpaHE CaMOJICIJbUBE
Tpake u nmpekpuBeHa pummom 3mata momohy BAL-TEC SCD 005 ,,sputter coater” ypehaja.
dotorpaduje cy nanparibene JEOL JSM-6460 ckeHuHT enekTpoHckuM MuKpockornoMm (CEM)
y YHHUBEpP3UTETCKOM ILIEHTPY 3a eneKkTpoHcky Mukpockomnujy — HoBu Cax (UCEM-NS) npu
Bonrtaxku o7 20 kV, Ha yBehamwuma on %25, x100, X200 u %2000, ca nop3aiHe, BEHTpATHE U
ooune crpane. Ha CEM Mukporpadujama aHanu3upaHa je OpHaAMEHTHKA CEMEmhade U 00JTMK
henmja koje je u3rpalyjy. YoueHo je HEKOJIMKO TUIIOBA OPHAMEHTHUKE: MpexacTa, MpeKacTo—
jaMuyacra, Mpexxacro—yay0JpeHa, jaMuyacTa, mpyracra, JecTBU4acTa, HabopaHa U IiiaTka, Kao
U BbUXOBe KOMOMHanuje u npenasxe gopme. [lonpeuna 6pazaa Ha cpeannu ceMeHa npumehena
je camo xoxa Bpcta nonpona Coronopus. O6nuk henuja je OMo yriiaBHOM HOJUTOHAJIAH WIIH
OBaJlaH, a henyje cy WM N30/1MjaM eTPUYHOT, U3AYKEHOTI WJI HenpaBuiHoOr oonuka. C 0063upom
Ha TO Ja Cy pe3y/lTaTH aHajH3a MOKa3ald J1a Cy caMo JBa KBaJIMTaTHBHA KapakTepa Ouia
JIOBOJbHA Jla OTKpHjy pas3iuke u3Mehy BpcTa, a y ozmpeheHoj Mepu W MOAPOIOBA, MOXKE Ce
TBPIUTH Ja KapaKTepHCTUKE CEeMEHa HMajy NOTeHIjan na Oyay HoOpu TaKCOHOMCKHU
Kapaktepu y pony Plantago y Cpouju.

Kbyune peuan: 6oksuiie, Plantaginaceae, cemena, MEKpoMopQoJIOTHja, OpHaMEHTHKA

3axpannuna: HcrtpaxuBama je (uHaHcHpano MHHHUCTapCTBO HAyKe, TEXHOJIOUIKOT pa3Boja H
nHoBanyja Pemyomuke Cpouje (0poj yroBopa: 451-03-47/2023-01/200125).
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SEED COAT CHARACTERISTICS OF Plantago L. (Plantaginaceae)
SPECIES IN SERBIA

Filip Popovi¢, Bojana Boki¢*, Dragan Obradov, Boris Radak, Milica Rat, Goran
Anackov
University of Novi Sad, Faculty of Sciences, Department of Biology and Ecology, Novi Sad, Serbia
*bojana.bokic@dbe.uns.ac.rs

The genus Plantago L. has a cosmopolitan distribution, and its species inhabit a whole
range of diverse habitats. The fruit is a capsule, which contains 1, 2, 4 or many seeds, with
an operculum dehiscing on a transverse annulus. Certain species of the genus are
morphologically very similar, so itis difficult to define stable characters necessary for proper
identification. Additionally, leaf and flower characteristics are used on critical divergence
points in identification keys. The leaves of different species can be indistinguishable, while
flowers are often absent in herbarium sheets, making these characters problematic to use in
species determination. The results of many Plantago seed micro- and/or macromorphological
research differ, but definitively confirm that seeds can be used in defining, separating and
studying the relationship among species. As the seeds of this genus from Serbia have never
been analyzed, the aim of this research was to more easily differentiate and identify them, by
describing and classifying them in great detail. In this research, seeds from 14 species were
analyzed, covering 4 subgenera and 9 sections. The seeds originate from two Serbian
herbarium collections (BUNS and BEO). In total, 145 seeds were analyzed, 10 from each
taxon, except for P. reniformis, where 5 seeds were studied. Dry seeds were mounted on
aluminum carriers using double-sided tape, and then coated in gold using a BAL-TEC SCD
005 sputter coater device. The dorsal, ventral and lateral sides of the seeds were photographed
with a JEOL JSM-6460 scanning electron microscope (SEM) in the University centre for
electron microscopy — Novi Sad (UCEM-NS) using a voltage of 20 kV at x25, x100, X200
and x2000 magnification. Seed surface ornamentics and cell shape were analysed using the
SEM micrographs. Several types of patterns were noted: reticulate, reticulo—foveate,
reticulo—areolate, foveate, striate, scalariform, rugose, and smooth, including their
combinations. A transverse furrow located in the middle of the seed was observed only in
species of the subgenus Coronopus. Cells were usually polygonal or oval, isodiametric,
elongated or irregularly shaped. Since the results of this research showed that only two
characters were enough for discrimination among species, and to a certain extent between
subgenera, it can be determined that seed characteristics have the potential of being good
taxonomic traits in the genus Plantago in Serbia.

Keywords: plantain, Plantaginaceae, seeds, micromorphology, ornamentation
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YCKPCHY'RE Ophrys grammica - MOP®OJIOLIKA
KAPAKTEPU3AIINJA CITOPHOI' TAKCOHA OPXHMJIEJA

Josan ITemkanos”, Bopuc Panak, Anekca Baky, lopan Anaukos

Yuusepsurer y HoBom Cany, [Ipuponno-maremarnuku daxynrert, Jlenaptman 3a 6uosorujy u exonorujy, Hosu
Can, Cpbuja
*jovan.peskanov@dbe.uns.ac.rs

Ophrys  sphegodes  KOMIUIEKC  TIpeACTaB/ba  jedaH o1l TaKCOHOMCKH
HajupoOsieMaTHIHUjUX Tpyna pona Ophrys, y OKBUPY KOT Opoj BpcTa, y 3aBUCHOCTH OJ1 ayTOpa
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U TpUMEHE pa3IMYUTHX KOHIlemaTra BpcTe, Bapupa ox Tpu no 48. Kako 3a Behuny Bpcra
OMMKMCAHUX Y TOCJICIH’E TPH JCIEHU]e HE IOCTOjH JIOBOJHHO 3a0€NIe)KEHUX IojaTraka o
pacnpocTpamey u MOPQOJIOTHjH, BUXOBO U3/Bajalbe CE YHHU HEIOBOJBHO OIPABIAHO, TEC
MOTEHIMjalHO  MPEACTaB/bajy  €KCTpeMe  BapujaOMIIHOCTH  HEKOJMKO  IIMPOKO
pacmpocTpameHUX BPCTa. JeaHa o BpcTa oBor komjekca je Ophrys grammica (B. Willing &
E. Willing) Devillers-Tersch. & Devillers, unju je TAKCOHOMCKH CTaTyc AMCKyTaOHIaH, TE jOj
ce nMme Hajuemthe ymotpedspaBa kao ciHOHUM 3a O. sphegodes Mill. subsp. mammosa (Desf.)
So6 ex E. Nelson. Kako 6u yTBpAnIIM MOCTOjame MOTEHIUjaTHUX MOPQOIOMIKUX pa3inKa
usmehy O. grammica u O. sphegodes subsp. mammosa, aly 1 yHOpeinJii OBY BPCTY ca IpyruM
TAKCOHMMA KOMILJICKCA H3BpPIICHE Cy MO(OMETPHjCKE aHalu3e Ha Yy30pKy O JeceT
nonynanuja, 112 jequHku, cakymybeHHX Ha monapydjy bankanckor momyoctpsa u IlanoHcke
Hu3Mje. Pesynratn Mepema 3a cBakd oI 26 MCIUTHBAHUX MOP(POMETPUjCKUX KapakTepa 3a
y3opke onpehene kao O. grammica, O. sphegodes subsp. sphegodes, O. sphegodes subsp.
mammosa n O. sphegodes subsp. spruneri (Nyman) E. Nelson oOpahenu cy cratuctiuuku y3
nomoh co¢rBepa Statistica ver. 13.5. JloOujenun pesynraru anainuza (Kanonujcka
HuckpumunantHa Anamsa — CDA) ykasyjy na ce nomynanuje Takcona O. sphegodes subsp.
mammosa u Q. sphegodes subsp. spruneri MOpGHOJIOIIKH 3HAYAJHO PA3IUKY]y O CBUX OCTaJIHX,
Ipy 4YeMy ce HHU jenHa of nomynauuja O. grammica y MmyntuBapujantHoM npoctopy CDA He
rpynutie ca O. sphegodes subsp. mammosa. OBO je ciydaj 4ak U ca TOIyJIAIlijoM OBE BPCTE
u3 I'puke koja je reorpadcku Onm3y ucnuTuBaHUM mnonynauujama O. sphegodes subsp.
mammosa. MophOMETpPHjCKA KapakTepu KOjU JOINPHHOCE pa3dABajalby aHAIM3HPAHUX
nonynanuja O. grammica on O. sphegodes subsp. mammosa n O. sphegodes subsp. spruneri
Cy nyKrHa OpakTeje, IIMPHUHA TIeTala Ha TOJOBUHHU JIy>)KMHE, Jy)KHWHA jJadeayMa 10 HacTaBKa,
IIMpUHA OCHOBE CTUTMATHYHE IIYIUbMHE M Iy)KWHA CTUTMaTu4He myrubuHe. [Tomymanuje
Bpcte O. grammica ce O6aucko rpynunry ca nonyiamnujama O. sphegodes subsp. sphegodes, y3
MOCTOjark€ YCKE 30HE MpeKiIanama BPeJHOCTH HCITMTHBAHNX KapaKkTepa, IITO yKkasyje Ha Behy
MOp(}OJIOIIKY CIMYHOCT OBE BPCTE ca THIICKOM MoABpcToM Hero ca O. sphegodes subsp.
mammosa. lako Takconn O. grammica n O. sphegodes subsp. sphegodes nokasyjy U3BeCHY
MOPQOJIOMIKY CIMYHOCT, IIBETOBU (. grammica Cy MambUX TUMEH3Hja IITO C€ youaBa MpPEKo
JTyKUHE CTUTMAaTHYHE NIYIUbMHE, IIHPUHE CTUTMAaTHYHE ITYIUbHHE, KA0 U AYKHHE TeTana u
nebemyma. Jlabenym O. grammica je kpahu on mop3aiHOTr cemnajia, Te je€ OBa KapaKTepHUCTHKA
07IBaja KakKo OJ TUTICKE, Tako U o1 O. sphegodes subsp. mammosa xoj Kojux je ayxu. Pesynratu
OBOTI' MCTPaXHMBamka jaCHO yKa3yjy na ume O. grammica He Tpeba mouctoBehuBatu ca O.
sphegodes subsp. mammosa, Beh ce paau 0 Mopdosionky 3ace0HOM U 100po aepuHrcaHOM
TaKCOHY.

Kibyune peun: bankancko nomxyoctpBo, Ophrys, Ophrys sphegodes KOMITIEKC

3axBannuna: OBo ucTpaxuBawme (QUHAHCHPATIO je MUHHCTApCTBO HAayKe, TEXHOJIOIIKOr pa3Boja U
nHoBanuja Penyonuke Cpouje (0poj yrosopa: 451-03-47/2023-01/200125).

RESURRECTION OF Ophrys grammica — MORPHOLOGICAL
CHARACTERIZATION OF DISPUTABLE ORCHID TAXON

Jovan Peskanov®, Boris Radak, Aleksa Vlku, Goran Anac¢kov
University of Novi Sad, Faculty of Sciences, Department of Biology and Ecology, Novi Sad, Serbia
*jovan.peskanov@dbe.uns.ac.rs

The Ophrys sphegodes complex represents one of the most taxonomically problematic
groups of the genus Ophrys, within which the number of species varies from 3 to 48, depending
on the author and the application of different species concepts. In the absence of well-recorded
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distribution and morphology data for most of the species described in the last three decades,
their separation does not seem to be sufficiently justified, and they most likely represent the
extremes of variability of several widespread species. One of the species from this complex is
Ophrys grammica (B. Willing & E. Willing) Devillers-Tersch. & Devillers, a species whose
status is doubtful, and the name of this taxon is usually used as a synonym for O. sphegodes
Mill. subsp. mammosa (Desf.) So6 ex E. Nelson. Morphometric analyses were carried out on
a sample of 10 populations, 112 individuals, collected on the territory of the Balkan Peninsula
and the Pannonian Plain to ascertain the existence of potential differences between O.
grammica and O. sphegodes subsp. mammosa as well as to compare it with other taxa of this
complex. Measurement results for each of the 26 morphometric characters examined for
specimens determined to be O. grammica, O. sphegodes subsp. sphegodes, O. sphegodes
subsp. mammosa, and O. sphegodes subsp. spruneri (Nyman) E. Nelson were processed
statistically using the software Statistica ver. 13.5. From the obtained results of analyses
(Canonical Discriminant Analysis — CDA), it is evident that the populations of O. sphegodes
subsp. mammosa and O. sphegodes subsp. spruneri are morphologically significantly different
from all others. None of the populations of O. grammica are grouped with the subspecies O.
sphegodes subsp. mammosa in morphospace of CDA, not even those from Greece, although
they are geographically very close to each other. Morphometric characters that contribute the
most to the morphological separation of the analyzed populations of O. grammica from O.
sphegodes subsp. mammosa and O. sphegodes subsp. spruneri are the length of the bract, the
width of the petal halfway along its length, the length of the lip to the appendage, the width of
the base of the stigmatic cavity, and the length of the stigmatic cavity. Populations of the species
0. grammica are closely grouped with populations of O. sphegodes subsp. sphegodes, with
close overlap in the values of the characters studied, indicating greater morphological similarity
of'this species to the type subspecies than to O. sphegodes subsp. mammosa. Although the taxa
0. grammica and O. sphegodes subsp. sphegodes show morphological similarity, the flowers
of O. grammica are smaller, as indicated by the length of the stigmatic cavity, the width of the
stigmatic cavity, and the length of the petals and labellum. The labellum of O. grammica is
shorter than the dorsal sepal, and this feature distinguishes it from both the type subspecies and
O. sphegodes subsp. mammosa, where it is longer. The results of this study clearly show that
the name O. grammica should not be equated with O. sphegodes subsp. mammosa, since it is
a morphologically distinct and well-defined taxon.

Keywords: Balkan Peninsula, Ophrys, Ophrys sphegodes complex
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Ophrys grammica — HOBA BPCTA OPXUAEJA 3A ®JIOPY CPBUJE

JoBan Ilemkanos”, Bopuc Pagak, Anekca Baky, lopan Anaukos
Yuusepsurer y HoBom Cany, [Ipuponno-maremarnuku daxynrer, Jlenaptman 3a 6nonorujy u exonorujy, HoBu
Can, Cpbuja
*jovan.peskanov@dbe.uns.ac.rs

TokoMm Tepenckux uctpaxupamwa 2023. ronune y uctounoj Cpobuju, Ha HoapyUjy
Ceppumkux mninaHuHa mnpoHaleHa je HoBa Bpcra opxuaeje Ophrys grammica (B.
Willing& E. Willing) Devillers-Tersch. & Devillers. On xaga je ommcana (1985.),
cMmaTpasa je enneMuToM I'puke. Mlako mocToje HaBOJU O lEHOM LIUPEM PACIIPOCTPABEHY,
OHa JI0 caja HUje 3a0enexeHa y JUTepaTypH 3a Jpyre AenoBe bamkaHckor moiyocTpsa.
Kaxko je oBO mpBH Halla3 OBe BpCTE BaH MO3HATOT apeaja, Mopea XOPOJOMIKUX MoJaTaKka

68



2. cumnosujym ,, Ipehu eex bomanure y Bojeoounu”

MpEJCTaBJbEHU Cy U pe3yiTaTd HCTpPaKuBama O MOP(QOIOTUjU, MEPHUOAYy IBETama H
€KOJIOTHjU OBe BpcTe. [IpBHM JIOKAIUTET TIE je OBaj TaKCOH mMpoHaheH Hama3u ce Ha
HaJMOpPCKO] BHCHHM oa 865 m y OWJbHO] 3ajeHUIIM KOja TIpuUnaaa CyBHM
CyOKOHTUHEHTAJIHUM CTENCKUM TpaBHUM dopmanujama (Festucion valesiacae) y
omusunu cena lowmu Pum. [Ipyre nBe monynamnuje, okonuna cena Jlomam u Jbybarosuna,
Cy CMEIITeHE Ha HHMX0] HaaMOpckoj BucuHU (oko 300 m) y OMJbHUM 3ajenHuIiaMa Koje
MpUManajy MeIUTEPAaHCKO-MOHTAHUM IIMPOKOIMCHUM JUCTONAaIHUM mubspanuma. OBa
BpCTa je Ha CBHUM JIOKalMjaMa IpoHaljeHa Ha TeOJONIKOj MOAJO3U KOja ce YIIaBHOM
cacToju on Jamopalia, memryapa, CliojeBUTOr Kpeumaka u JoioMuTa. CBe jeMHKE CY
npoHaleHe kpajemM ampuia, Kajaa cy jelnHke ca jokanuteta Jlonan u JbybaroBuiia 6uie y
(da3um myHOr IBeTama, MOK Cy jenuHke ca Jlomer Puma Tex moummane na 1Betajy. Y
BehuHu nmyOnukamuja oBa BpcTa ce BoAM Kao cuHOHUM 3a O. sphegodes Mill. subsp.
mammosa (Desf.) So6 ex E. Nelson, anu nocroje jacHu MOp(}OJIOLIKH KapaKTepu cenala
u nabenyMa Ha OCHOBY KOJUX C€ OBa JIBa TaKCOHa MOr'y pasiukoBatu. O. grammica uma
nabenyM KOjH je MacJIUHACTO 3eieHe 00je, Ayre u rycre, CuBe 10 Oere ajake Ha 0azaiHoM
neny nabenyma ¥ 3HaTHO Mambu 1IBET y ogHocy Ha O. sphegodes subsp. mammosa. Takohe,
3a pasnuky on O. sphegodes subsp. mammosa, xoJ Koje cy OOYHU cenaii YBEK jaCHO
nBo0OjHH, KOO O. grammica pyXW4acTU MTUTMEHT jaBJba C€ PETKO U TaJa je JTOKaJIM30BaH
Jy’)K MBHUIA JIATUIIE WM OKO HBUXOBOT LiEHTpasHor Hepsa. [lop3annu ceman Bpcre O.
grammica je xpahu ox nabenyma, Te ce W Ha Taj HauYMH MOXe pasiukoBatu on O.
sphegodes subsp. mammosa xon xoje je nyxu. Ynorpedom IUCN kputepujyma, TpeHyTHH
cratyc yrpoxenoctu O. grammica Ha teputopuju CpOuje je mpouemeH Kao YTPOKeH —
ENB2ac(iv)+C2b. CraTyc je 3aCHOBaH Ha KpHTEpUjyMy Opoja pPenpoayKTHUBHO 3PEIUX
jenunku (339), Ka0 ¥ YMEHEHHIM Ja j€ OBa BPCTa NpoHal)eHa HA caMO TPHU JOKAJIMTETA, U
Ja je MOBpIIMHA KOjy OHA HacehaBa MNpolemeHa Ha Mame ox 500 km?. Kako je
TaKCOHOMHja OB€ BpCTE€ M KOMIUIekca koMme mpunana (Ophrys sphegodes) crnopHa,
nOoOWjeHn pe3yiTaTH TMpeCcTaB/bajy OCHOBY 3a JaJbe HUCTpaxuBame Mopdoioruje,
€KOJIOTHje M PaclpoCTpamemha OBe, M CPOJHHUX BPCTa, HA bamkaHCKOM MOTyOCTpBY.

Kibyune peun: bankancko noiyoctpso, guopa Cpbuje, pactipoctpameme, Ophrys, Ophrys sphegodes
KOMILIEKC

3axBannuna: OBO uCTpaxuBawme (UHAHCHPATIO je MHUHHCTapCTBO HayKe, TEXHOJIOIIKOI pa3Boja U
nHoBanwuja Pemyomuke Cpouje (0poj yrosopa: 451-03-47/2023-01/200125).

Ophrys grammica — A NEW SPECIES OF ORCHID FOR THE FLORA OF
SERBIA

Jovan PeSkanov”, Boris Radak, Aleksa Vlku, Goran Ana¢kov
University of Novi Sad, Faculty of Sciences, Department of Biology and Ecology, Novi Sad, Serbia
*jovan.peskanov@dbe.uns.ac.rs

During field research in 2023 in eastern Serbia, a species of orchid new to Serbia,
Ophrys grammica (B. Willing & E. Willing) Devillers-Tersch & Devillers, was found in the
area of the Svrljig Mountains. Since its description (1985) it has been considered endemic to
Greece. Although there are reports of its somewhat wider distribution, it has not yet been
recorded in the literature for other parts of the Balkan Peninsula. Since this is the first finding
of'this species outside the known area, the research results on the morphology, flowering time,
and ecology of this species are presented, in addition to the horological data. The first site
where this taxon was discovered was at an elevation of 865 m a.s.l. in a plant community of
dry subcontinental steppe grass formations (Festucion valesiacae) near the village of Donji
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Rinj. The other two populations, Dolac and Ljubatovica, are located at lower elevations (cc 300
m a.s.l.) in a plant community of Mediterranean-montane broad-leaved deciduous shrubs. This
species was found at all sites on a substrate consisting mainly of marl, sandstone, laminated
limestone, and dolomite. All individuals were found at the end of April, when the individuals
from Dolac and Ljubatovica were in full bloom, while the individuals from Donji Rinj were
just beginning to bloom. In most publications, this species is treated as a synonym of O.
sphegodes Mill. subsp. mammosa (Desf.) So6 ex E. Nelson, but there are clear morphological
features of the sepals and labellum by which the two taxa can be distinguished. O. grammica
has a mostly olive-green lip, long and dense gray-to-white hairs on the shoulders, and smaller
flowers than O. sphegodes subsp. mammosa. Unlike O. sphegodes subsp. mammosa, in which
the lateral sepals are always distinctly bicolored, pink pigment rarely occurs in O. grammica
and is then localized along the sepal margin or around the central nerve. The dorsal sepal of O.
grammica 1is shorter than the labellum and thus it can be distinguished from O. sphegodes
subsp. mammosa, where it is longer. According to the IUCN criteria, the current threatened
status of O. grammica on Serbian territory is Endangered — ENB2ac(iv)+C2b. The decisive
factors are the number of mature individuals (339), the fact that this species has been recorded
in only three localities, and the fact that its area of occupancy is estimated to be less than 500
km?. Since the taxonomy of this species and the complex it belongs to (Ophrys sphegodes), is
controversial, the obtained results are the basis for further research on the morphology, ecology,
and distribution of this and related species in the Balkan Peninsula.

Keywords: Balkan Peninsula, flora of Serbia, distribution, Ophrys, Ophrys sphegodes complex
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INPUJIOI IIO3HABABBY ®JIOPE OPXUIAEJA HCTOYHE CPBUJE —
CTAPA IINTAHUHA U OKOJIMHA

Aaexca Baky®, Bopuc Pajgak, Jopan [lemkanos, lopan Anauxos
Vuusep3urer y Hosom Cany, [Ipuponto-maremaruuku ¢axynrer, JlenapTMmad 3a 6Honorujy U ekosorujy, Hosu
Can, Cpbuja
*aleksa.vlku@dbe.uns.ac.rs

3a nmoapyuje Ctape uianuHe 2022. TONUHE TOKPEHYT j€ MOCTyNaK PeBU3Hje 3aITHTE Y
UJbY MpOIJIallleba OBOT MOApYYja 3a HAIMOHAJIHU Napk. HakoH 3aBpiieTka MocTyrnka, OBO
noapyyje nocrahe Hajmiahu HanronanHu napk y CpOuju, a yjenHo u Hajpehu, ca mOBpIIMHOM
npeko 120.000 xekrtapa. M3paxkena pasyheHocT TepeHa OBOr Ipejaena, CHelHUu(pUUHU
KIIMMAaTCKu, Teomopdomomku, reonomku #u eaapcku GakTopu JONPUHOCE BEIHKO]
Pa3HOBPCHOCTH HeroBe ¢uope u Bererauuje. Hanuonannu napk ,,Ctapa niaHuHa™ Hanas3M ce
y ucrounom neny CpOwuje, Ha rpanunu ca Penybnukom byrapckom. Hajpehu geo mapka je
npeacTaB/beH MacuBoM CTape miaHuHe Koja mpumana Kapnarcko-0aakaHCKOM MIaHHHCKOM
BeHly. Ha 3amany, rpanuue napka cy nedunucane nonuHama benmor u Tprosumikor Tumoxka,
ofAHOCHO 3ajeyapckuM OaceHoM u KmakeBaukoM koTiaMHOM. Ha jyroszamany rpaHuia mapka
nparu J0JauHy peke Temirruie, HuU3BogHO of Temcke m Humase, oOyxBarajyhu [Tupotcky
koTMHy. Ha HMCTOKy ce rpaHuna mpocTupe IyX HEHTPAJHOr TUIAHUHCKOr rpedeHa, Tyx
npxaBHe rpanuiie ca Pemy6mmkom byrapckom. Kputinakom o0pamgom momataka u3 quTeparype,
yTBpheHo je mpucycTBo 18 pomoBa, omHOCHO 58 TakCOHA OpXUEja Y paHTy BPCTE M MOABPCTE
3a moapyyje 1ene ucroune Cpouje. Hammm TepeHCKUM HCTpaKMBambuMa, y TIEPUONY O Maja
2021. mo jyna 2023. roguHe Ha MPOCTOPY HAIMOHAIHOT Mapka ,,CTapa MiIaHuHa” Uy OKOJIMHH,
3a0enexeHo je mpucycTBO 39 TakcoHa y paHTy BPCTE M MOABPCTE, Y OKBUPY 15 pomosa mTo
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MpelcTaB/ba BUIIe Of JBe TpehuHe yKymHO 3a0eleXeHMX TaKCOHAa Ha OBOM mozapy4jy. Ha
OCHOBY CIpPOBEJCHE aHallM3e IMoJaTaka MNPHUKYIJbEHUX W3 JUTEepaType U TEPEHCKUM
UCTpaXMBAKbUMa, H3IBOJEHH Cy HOBH XOpOJOIIKKM Tofamu 3a 11 TakcoHa Koju Cy
npeacTaB/beHN Ha pacTepckuM kaprama (YTM mpexu) pasmepe 10 x 10 km. Hosu nonauu o
pacnpocTpamemy, KOHCTaTOBaHU cy 3a cienehe takcone: Anacamptis morio (L.) R. M.
Bateman, Pridgeon & M. W. Chase 1997 subsp. caucasica (K. Koch) H. Kretzschmar, Eccarius
& H. Dietr. 2007, Anacamptis palustris (Jacq.) R. M. Bateman, Pridgeon & M. W. Chase 1997
subsp. elegans (Heuft.)) R. M. Bateman, Pridgeon & M. W. Chase 1997, Corallorhiza trifida
Chatel. 1760, Epipactis helleborine (L.) Crantz 1769 subsp. orbicularis (K. Richt.) E. Klein
1997, Epipactis palustris (L.) Crantz 1769, Epipactis purpurata Sm. 1828, Gymnadenia
densiflora (Wahlenb.) A. Dietr. 1839, Himantoglossum calcaratum (Beck) Schltr. 1927 subsp.
rumelicum (H. Baumann & R. Lorenz) Niketi¢ & Djordjevi¢ 2018, Ophrys apifera Huds. 1762,
Ophrys grammica (B. Willing & E. Willing) Devillers-Tersch. & Devillers 1991, Orchis %
hybrida Boenngh. ex Rchb. 1830. YmoTpebom oBHX momaTaka, y3 HacTaBaK TEPEHCKHX
UCTpaXXMBamwa, YHNOTNyHHhe ce M MPOUIMPUTH Ca3HAWkE O AMBEP3UTETY M AUCTpUOYyLUjU
opxujieja Ha nonpy4jy ucroune Cpowuje.

Kmbyune peun: Gymnadenia, Ophrys, HallMOHAITHYA TIAPK, XOPOJIOTHja, OpXU/Ieje

3axpannuna: OBO uCTpaxuBame (QUHAHCHPATIO je MUHHCTAPCTBO HAayKe, TEXHOJIOIIKOr pa3Boja U
nHoBanyja Pemyomike Cpouje (0poj yroBopa: 451-03-47/2023-01/200125).

CONTRIBUTION TO THE ORCHID FLORA OF EASTERN SERBIA —
STARA PLANINA MT AND ITS SURROUNDINGS

Aleksa Vlku”, Jovan Peskanov, Boris Radak, Goran Ana¢kov
University of Novi Sad, Faculty of Sciences, Department of Biology and Ecology, Novi Sad, Serbia
*aleksa.viku@dbe.uns.ac.rs

The area of Stara Planina has undergone a process of revising its protection for the
purpose of declaring this region a national park. Upon the completion of the procedure, it will
become the youngest national park in Serbia, and the largest, covering an area of over 120,000
hectares. The pronounced terrain diversity of this region, along with specific climatic,
geomorphological, geological, and edaphic factors, contributes to the significant diversity of
its flora and vegetation. The ”Stara planina” National Park is in the eastern part of Serbia,
bordering the Republic of Bulgaria. The largest portion of the park consists of the Stara planina
mountain massif, which belongs to the Carpathian-Balkan Mountain range. To the west, the
park's boundaries are defined by the valleys of the Beli and Trgoviski Timok rivers, as well as
the Zajecar basin and the Knjazevac depression. To the southwest, the park's border follows
the Temstica river valley downstream from Temska and Nisava, encompassing the Pirot basin.
To the east, the border stretches along the central mountain ridge, running along the Bulgarian
state border. Through critical literature data analysis, the presence of 18 genera, comprising 58
taxa of orchids at the species and subspecies level, has been established for the entire Eastern
Serbia region. Our field research, conducted from May 2021 to June 2023 within the territory
of the “’Stara planina” National Park and its surroundings, recorded the presence of 39 taxa at
the species and subspecies level within 15 genera. This accounts for more than two-thirds of
the total recorded taxa in this area. Based on the analysis of data collected from literature and
field research, new chorological data have been compiled for 11 taxa, which are presented on
raster maps (UTM grid) at a scale of 10 x 10 km. New distribution data have been confirmed
for the following taxa: Anacamptis morio (L.) R. M. Bateman, Pridgeon & M. W. Chase 1997
subsp. caucasica (K. Koch) H. Kretzschmar, Eccarius & H. Dietr. 2007, Anacamptis palustris
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(Jacq.) R. M. Bateman, Pridgeon & M. W. Chase 1997 subsp. elegans (Heuff.) R. M. Bateman,
Pridgeon & M. W. Chase 1997, Corallorhiza trifida Chatel. 1760, Epipactis helleborine (L.)
Crantz 1769 subsp. orbicularis (K. Richt.) E. Klein 1997, Epipactis palustris (L.) Crantz 1769,
Epipactis purpurata Sm. 1828, Gymnadenia densiflora (Wahlenb.) A. Dietr. 1839,
Himantoglossum calcaratum (Beck) Schltr. 1927 subsp. rumelicum (H. Baumann & R. Lorenz)
Niketi¢ & Djordjevi¢ 2018, Ophrys apifera Huds. 1762, Ophrys grammica (B. Willing & E.
Willing) Devillers-Tersch. & Devillers 1991, Orchis x hybrida Boenngh. ex Rchb. 1830.
Utilizing these data, in conjunction with ongoing field research, the understanding of orchid
diversity and distribution in Eastern Serbia will be enriched and expanded.

Keywords: Gymnadenia, Ophrys, national park, chorology, orchids
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OPXHUAEJE Y CPBUJNA 2: ITPUJIO3U KPUTHYKOJ JIMCTHU BPCTA
BACKYJIAPHE ®JIOPE CPBUMJE 1

Bopuc Pagak”, Anekca Baky, Joan Ilemkanos, Bojana Bokuh, Topan Anaukos
Yuusepsurer y HoBom Cany, [Ipuponno-maremarndku dakynrer, [lenaptMan 3a 6nosorujy u ekosiorujy, Hosu
Can, CpbOuja
*boris.radak@dbe.uns.ac.rs

TepeHcKkUM HCTpakuBamUMa 3a0€NIeKEHH CYy TaKCOHHM OpXHUEja KOjH Cy Ha OCHOBY
nofaraka aatux y Kpumuukoj nucmu epcma eackyiapue grope Cpoduje | HOBU 3a LENO
nonpy4je Peny6nuke CpOuje, niiv 3a leHe 10jeIMHE TEPUTOPHjaIHe jeIuHuIle. PerucTpoBana
Cy 4eTHpU HOBa TaKCOHA OpXHJeja 3a Teputoprjy Pemyomuke Cpbwuje, ox Tora jegan y paHry
Bpcte — Gymnadenia densiflora (Wahlenb.) A. Dietr., jenan y panry noaspcre — Pseudorchis
albida (L.) A. Love & D. Love subsp. tricuspis (Beck) E. Klein, kao 1 1Ba npupogHa Xuopuaa
— Anacamptis x gennarii (Rchb. f.) H. Kretzschmar, Eccarius & H. Dietr. u Dactylorhiza
kerneriorum (S00) So6. IIpBa nBa TakcoHa 3a0enexena cy 2023. ronune Ha noapy4jy Crape
mnanune — G. densiflora na tpecetuiiry Jabyuko paBuHuuite, a P. albida subsp. tricuspis Ha
cybannujckuM smBagama Ha babuHom 3yOy m Ha morte3y ox bemumuor nmona xa BpaTkoBoj
ctpanu. TakcoH XUOpHUIHOT mopekyia A. X gennarii je mponahen 2014. ronuHe y MOTHOX]Y
wiannHe Pram, g0k je D. X kerneriorum peructpoBana 2023. romune Ha KomaoHwky, Ha
TpeceTuiTy JaHkoBe Oape, y 3ajeqHuIid ca ooe poautesbcke Bpere — D. maculata (L.) So6 u
D. incarnata (L.) So6. Bpcra Epipactis distans Arv.-Touv. je y Kputnukoj nuctu Bpcta
BackynapHe ¢uope CpOuje 1 HaBereHa Kao TaKCOH MPUCYTaH caMo Ha noapyyjy yxe Cpouje,
JIOK j€ HallluM TEPEHCKUM HCTpakMBambUMa BEHO NpHCycTBO 3abenexeHo 2020. roquHe u 'y
Bojsonunu, Ha @pyIIkoj ropy, y MEIIOBUTUM JIMCTOMAIHUM IIyMama Ha note3y o [laparosa
no ITonoBure. Ca npyre crpane, Takcon Orchis % hybrida (Lindl.) Boenn. ex Rchb. HaBonu ce
3a nonpyyje BojBonune, anu je uctpaxxuBamwuma cupoBeaeHuM 2021. roquHe perucTpoBaH U
y yxo0j Cpbuju, y CuheBaukoj KIUCYpH, HAa KAMEHUTUM JIMBa/laMa, y MEIIOBUTOj MOIMyIalju
ca jemHoM of poauTesbCcKkux Bpcra — O. purpurea Huds.

Ksbyune peun: Dactylorhiza, Epipactis, Gymnadenia, Orchis, Pseudorchis, HoBu Takconu, Orchidaceae

3axBanHuna: lcrpaxuBama je ¢uHaHCHpano MUHHCTapCTBO HAyKe, TEXHOJOIIKOT pa3Boja H
nHoBanyja Pemyomuke Cpouje (0poj yroBopa: 451-03-47/2023-01/200125).
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ORCHIDS IN SERBIA 2: ADDITIONS TO THE AN ANNOTATED
CHECKLIST OF VASCULAR FLORA OF SERBIA 1

Boris Radak”, Aleksa Vlku, Jovan PeSkanov, Bojana Boki¢, Goran Anackov
University of Novi Sad, Faculty of Sciences, Department of Biology and Ecology, Novi Sad, Serbia
*boris.radak@dbe.uns.ac.rs

During field research, orchid taxa that are, based on the data given in An Annotated
Checklist of Vascular Flora of Serbia 1, new for the entire territory of the Republic of Serbia
or its territorial units, were recorded. Four new taxa of orchids were registered for the territory
of the Republic of Serbia, one in the rank of species — Gymnadenia densiflora (Wahlenb.) A.
Dietr., one in the rank of subspecies — Pseudorchis albida (L.) A. Love & D. Love subsp.
tricuspis (Beck) E. Klein, as well as two natural hybrids — Anacamptis x gennarii (Rchb. f.) H.
Kretzschmar, Eccarius & H. Dietr. and Dactylorhiza x kerneriorum (Sod) So6. The first two
taxa were recorded in 2023 in the Stara Planina Mt — G. densiflora on the Jabucko ravniste
peatland, and P. albida subsp. tricuspis in the subalpine meadows on Babin zub and on the
stretch from Bel€in dol to Bratkova strana. The taxon of hybrid origin 4. x gennarii was found
in 2014 at the foot of the Rtanj Mt, while D. % kerneriorum was registered in 2023 on the
Kopaonik Mt, on the Jankova bara peatland, in a community with both parental species — D.
maculata (L.) So6 and D. incarnata (L.) So6. Species Epipactis distans Arv.-Touv. is listed in
An Annotated Checklist of Vascular Flora of Serbia 1 as a taxon present only in Central Serbia,
while our field research recorded its presence in 2020 in Vojvodina, on Fruska Gora Mt, in
mixed deciduous forests on the stretch from Paragovo to Popovica. On the other hand, the taxon
Orchis x hybrida (Lindl.) Boenn. ex Rchb. was reported for the area of Vojvodina, but
according to our research conducted in 2021, it was also registered in Central Serbia, in the
Si¢evo gorge, on rocky meadows, in a mixed population with one of the parent species — O.
purpurea Huds.

Keywords: Dactylorhiza, Epipactis, Gymnadenia, Orchis, Pseudorchis, new taxa, Orchidaceae
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HOBU TAKCOHHU OPXHUJEJA 3A IIPHY I'OPY
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>Vuuepsurer y beorpany — [llymapcku paxynrer, Ofcek 3a €KONOUIKYM HHKEHEPUHT Y 3aIITHTH 3EMJBUIITHUX 1
BOIHUX pecypca, beorpan, Cpouja
*boris.radak@dbe.uns.ac.rs

Ipua 'opa mpencraBspa jeHO O TJIABHHUX LIEHTapa JAMBEP3UTETa BacKynapHe duope
Bankanckor nomyocTpBa, IITO MpeTnocTaB/ba Moryha orkpuha HOBUX TakCcOHa OpxXHjeja Ha
MpOCTOpPY OBE ApkaBe. TepeHCKuM HcTpaxkuBamwuma y nepuony on 2021. no 2023. rogune
perucTpoBaHe Cy YeTHPHU HOBE BpcTe opxueja 3a repuropujy Lipue [ope: Dactylorhiza fuchsii
(Druce) So6, Gymnadenia densiflora (Wahlenb.) A. Dietr., Ophrys archipelagi G6lz & H. R.
Reinhard. u Ophrys grammica (B. Willing & E. Willing) Devillers-Tersch. & Devillers. Ha
oOponnmma iannHe CumajeBuHe, y oim3uHu cena Kpma jena, Ha 1293 m H. B., 3a0enexeHa
je D. fuchsii. Mana monynamuja oBe BpCTe pacia je y3 000/ JIOKaJIHOT TyTa KPO3 MEIIOBUTY
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JIUCTOIAJIHY IITyMY KOjOM JIOMUHHUPA]jy IJIAaHWHCKH jaBop U OykBa. [IpucycTBO OBE eBpoa3ujcke
BpcTe je y mocneamux 10-ak roquHa 3abenexxeHo y Behunu 3emasba bankaHckor momyoctpsa.
300r Bemrke MOP(OIIOIIKE CIMYHOCTH ca APYTUM TakcoHnMa Komruiekca D. maculata (L.) Sod,
3a Koje MmocToje OpojHH HaJla3|W Ha IeJI0M OBOM MOAPYYjy, MPETIOCTaBJbha CE /1a j€ OBa BPCTA
3HatHO uentha kako y Llpuoj ['opu, Tako u y cycenaum 3emsbama. G. densiflora je eBpoasujcka
BpCTa, aju peTka Ha nonapyyjy bankanckor momyoctpBa. tbeno mpucycrBo je motBpheno 3a
CeBepry Makenonujy 2022. rogune, a 2023. u 3a nonpy4dje Cpbuje. OBa BpcTta HacesbaBa
yIIaBHOM MOHTaHE aJIkallHe MOYBApe M YECTO CE jaBJba CHHTOIMHMYKH ca OJHMCKO CPOAHOM U
Mop ook cnuaHoM BpetoM G. conopsea (L.) R. Br., Te je mpernocTtaBka na je onpehen
O0poj HEHUX Hajlaza Nmpumnucan Apyroj Bpctu. [Ipsu Hanaz G. densiflora 3a Lpuy Topy je u3
2021. ronune, ca naanune Jlypmutop, y 6nu3unu Jabnan jesepa Ha 1836 m H. B. 3a0enexeHa
je nmomynanuja ox S0-ak jeTMHKH Ha BJIQKHUM CyOaJIijCKUM JIMBaJama, Koje Cy pacie 3ajeHo
ca jom naBa TakcoHa opxuzeja: D. cordigera (Fr.) So6 subsp. bosniaca (Beck) So6 u G.
rhellicani (Teppner & E. Klein) Teppner & E. Klein. IIpucyctBo O. archipelagi na noapy4jy
pue I'ope yrBpheno je 2021. ronune y kawoHy peke Mopade. [Tonynaiuja oBe Bpcre 6pojaia
je oko 100 jennHKYM 1 pa3BUjaia ce y3 pyOOBe MOJBCKOT MyTa, y IpopeheHnM nenoBuMa Makwje,
Kao ¥ Ha KaMEHUTHUM JIMBaJlamMa Ha Kpeumaky. OBa BpcTa onucaHa je 1986. ronune, ca octpBa
Kopuyna u uanpcko-anieHMHCKH j€ €HIEMUT, ca PaclIpoCTpameheM y jyrouctounoj Utanuju u
JyxHoj Hanmaumju. O. grammica je npBu nyT 3adenexeHa 2022. ronune, Ha 823 m H. B., Y
JeTpalupaHuM CaCTOjUHAaMa XpacTa MEIyHIAa U IPHOT jaceHa Ha €pONUpPA