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IPB JIEJI/PART 1:

Ancrpakr (MakcumyM 250 300poBu)

Bo oBoj nmpeaJior mpoekT 3a NpPB NaT e NPeJABUACHO Ja ce U3BPIIHU ONpeelyBamhe HA TParu of
MeTa00uTH (GUHTrePIPHHT HA MeTA00JMTH) BO BHHA €O MPHMeHA HA BHCOKO-e()MKACHA TeYHA
XpomaTtorpaduja KOMOMHMPAHA CO MacCeH CIIEKTPOMETAP €O jOHCKAa MOOMIIHOCT M KBA/POIOJ €O
BpeMe Ha mupeineryBame (HPLC-IMS-QTOF-MS). 3a npB mnar ke OuaaT omnpenejHH
0MOAKTMBHH COeMHEHNja BO PBeHH M (eJM BUHA O] Pa3jHYHH COPTH M TOUHH, NIPON3BeIeHI
B0 MakenoHnja 1 ABCTpPHja, cO MPUMEHA HA MPHHIHUI HA OJpelyBambe HA He-eJHN TParu ox
coenHennja. Ke ce npuMeHH aaropuraM co aBTOMATCKA eKCTPAKIHja HA COeIHHEHH[aTa Co Hell
00padoTka Ha MaceHHTe I0JaTOLH 100UeHH €O BHCOKa pe3oayunja. Ce ouekyBa oJpeiyBame Ha
rojieM 0poj Ha coeJWHEHHMja KOMINTO Ke HH OBO3MOKAT CHUTYPHO W TOYHO OMNpeAeyBame Ha
Tpard o MeTa00JUTH BO MPOYyYyBaHMTE BHHA, a CO TOA Ke ce OBO3MOXKH Kiacupukamuja Ha
BHHATA clope] reorpagcKoTo MOTEKJI0 H COPTATA, KAKO M OJpelyBame HA ABTEHTHYHOCTAa Ha
BuHaTa. O0padoTKaTa HAa MOJOTOLHNTE O] MEPemHaTa Ke ce H3BPIIH cO COPUCTHIHPAH coPTBep
K0j Moke 1a o6padoryBa IMS-MS u MS nogaTounu 1o01eHu co BUCOKA pe30JaylHja, co MPUMeHa
HAa MYJTHBAPUETHU CTATHCTHYKH AHAJU3M: KapaKTepPHCTHYHA BeKTopcka aHaiam3a (PCA),
KkijacrepHa anaiau3a (CA) u aHaim3a Ha BapujaHca co eaen Bekrop (one-way ANOVA). Cekoj
xpomartorpam U IMS-MS cniekrap ke ce cMeTa 3a HHAMBHAYaJleH (pMHTepNPUHT (Tpara) Ha e{HO
BHHO, KOJIITO cojAp:ku HH(OpMAIMU 3a COpPTaTa, MOTEKJIOTO, FOAMHATA HAa NPOM3BOACTBO,
¢pu3nosomkara ¢asza, TeXHOJOWKHTE TPpeTMaHu M Apyru (akropu. OBue mogaToun Ke OmaaT
HCKOPHCTEHH 3a KpeHpame Ha 0a3a HAa MOJATOLM 32 MAaKeJOHCKHMTe BHHA, KOjalmITo Ke Omie
npeaTa 0a3a Ha MOAATONM O] BaKOB BHJ, KaK0 M 0a3a HA MOAATOIM 3a ABCTPHCKHTEe BMHA.
JlomoJIHUTETHO Ke ce U3BPIIM H KapaKTepHu3aluja Ha AaHTHOKCHIAHTHUTE CBOjCTBA HA BUHATA U
0MOAKTUBHHUOTE (PEeHOJIM €O NMPUMEHA HA eJIeKTPOXeMHMCKH Mepema €0 KBaJApaTHO-OpaHoBa U
LMKJMYHA BOJITAMETPHja.

Kayuynu 300poBu: BuHo, ¢punrepnpuntusr, HPLC-IMS-Q-TOF-MS, knacudukanuja, aBTeHTHYHOCT.

Abstract (max 250 words)

In this project proposal, metabolomic fingerprinting of wine samples will be examined using
high performance liquid chromatography combined with ion mobility quadruple time-of-flight
mass spectrometry (HPLC-IMS-QTOF-MS) for the first time. Bioactive compounds in wines
from various red and white varieties produced in Macedonia and Austria from different wine
regions and different vintages will be determined for the first time using a non-targeted
fingerprinting approach on this analytical platform. An automated compound extraction
algorithm will be employed for processing background-subtracted high-resolution MS data in
order to correctly align compounds detected in analyzed samples. It is expected that a huge
number of compounds will be determined that will enable powerful metabolomic fingerprinting
of the studied wines and, therefore, provide a means to classify samples according to the
geographic origin and grape variety as well as determination of wine authenticity. Data
processing will be performed with sophisticated software that can process the high-resolution
IMS-MS and MS/MS data from the measurements applying multivariate statistical analyses
including principal component analysis (PCA), factor analysis (FA) and one-way ANOVA. Each
chromatogram and IMS-MS spectrum will be regarded as an individual fingerprint of a wine
sample, which includes information about grape variety, origin, vintage, physiological state,
technological treatment, and other factors. These data will be used to create a database for the
Macedonian wines, which will be the first database of its kind, as well as a database for the
Austrian wines. Furthermore, characterization of the antioxidant properties of wines and wine
bioactive phenols will be performed using electrochemical measurements with square-wave and
cyclic voltammetry.

Keywords: wine, fingerprinting, HPLC-IMS-Q-TOF-MS, classification, authenticity.




Details of the proposal:

Introduction (Provide a critical evaluation on the status of research in the proposed field (Maximum 1 page)

Wine is a beverage widely consumed throughout the world. It is generally accepted that wine possess a
variety of recognized beneficial effects on human health, such as anti-inflammatory, antimicrobial and anti-aging
effects, and also play a role in preventing of cardiovascular diseases. All these effects are attributed to the high
content of polyphenols: stilbenes, flavonols, flavan-3-ols, anthocyanins and phenolic acids. In fact, polyphenols
are large and complex group of compounds influencing the colour, sensory characteristics, astrigency and quality
of grapes and wine. The family of wine flavonoids includes anthocyanins, flavan-3-ols, flavonols and
dihydroflavonols, whereas the non-flavonoids include phenolic acids (hydroxybenzoic and hydroxycinnamic
acids and their derivatives) and stilbenes (resveratrol). In particular, flavan-3-ols (monomeric flavan-3-ols and
proanthocyanidins) confer the astringency and structure of the wine and anthocyanins (as red pigments) are
responsible for the colour of the red wines. Anthocyanins are characterized as 3-monoglycosides, 3-
acetylglycosides, 3-p-coumaroylglycosides, and 3-caffeoylglycosides of cyanidin, delphinidin, peonidin,
petunidin, and the dominant, malvidin. The ratio of acetylated/p-coumaroylated anthocyanins and the sum of
acylated anthocyanins have been proven to be particularly significant and characteristic for certain grape varieties
(Ivanova et al. 2011, Ivanova-Petropulos et al. 2015a, 2015b). Furthermore, stilbenes are considered as
phytoalexins, and their formation in the grape leaves has been correlated with disease resistance, Botrytis
cinerea, and UV radiation. The chemical composition of wine varies according to a wide range of factors such as
the variety of grapes, their growing conditions such as climate and soil, and the viticultural practices of the
winemaker. In addition, the yeast strain, fermentation, and aging processes may also impact the taste and quality
of wine.

Various assay methods for polyphenolic compounds have been developed and among these reversed-
phase high-performance liquid chromatography (RP-HPLC) is very commonly employed for analysis of
polyphenols using UV—Visible diode array detection. Nowadays, liquid chromatography coupled with accurate
and high resolution mass spectrometry (HRMS) is recognised as an essential method for characterization of
hundreds of non-volatile compounds (e.g. Jaitz et al., 2010), such as glycoside compounds, procyanidin
oligomers up to dodecamers, etc., in order to provide detailed metabolic profiles of grapes and wine. This
approach is used to analyze wine chemodiversity and is particularly beneficial for the discovery of wine
biomarkers and establishing wine authenticity (Alanon et al., 2015). Nevertheless, even with such powerful
workflows, it remains challenging to correctly compare compounds between different samples due to both the
sample complexity and significant number of isobaric compounds present in phenolic fractions not fully resolved
by such workflows. One relatively recent addition to LC-HRMS workflows that has significant potential to
alleviate these issues is the inclusion of ion mobility spectrometry (IMS) which provides orthogonal separation of
molecules according to differences in gas phase mobility, which can be correlated to the apparent collisional
cross section (CCS) values for individual compounds (Causon et al., 2015; May et al., 2014; May et al., 2015). A
new state-of-the-art platform combining HPLC with drift-tube IMS and quadrupole time-of-flight MS (HPLC-
IMS-Q-TOFMS) has therefore great potential to allow construction of databases of wine-related compounds and
improve putative structure suggestions required for metabolomic interpretation of data.

In addition to putative structure suggestions of compounds in wine, detailed information on the properties
of bioactive phenol compounds is also of importance for wine analysis. Different electrochemical methods have
been recently used for structure-activity characterization of the wine polyphenols since polyphenolic molecules
are electrochemically active. In general, voltammetric techniques are suitable for determination of the total
polyphenolic content in wines, as well as for characterization of the antioxidant properties of wine and wine
polyphenols. Commonly, the application of the voltammetric techniques for studying of a various polyphenolic
compounds can provide information on various important properties. The determination of the kinetic and
thermodynamic parameters of electron transfer can be linked to the antioxidative properties of the investigated
polyphenols, while the revealed electrode mechanism and the reactivity with various substrates gives hints about
the stability and the physiological features of the considered polyphenols.

Targeted phenolic compounds have been already studied in Macedonian red wines (Ivanova et al., 2005a;
2015b), but metabolomic fingerprinting using an accurate and sophisticated analytical workflow (LC-IMS-Q-
TOF-MS) of Macedonian, and also of Austrian wines has never been performed. Therefore, the main purpose of
this project proposal is to develop a new LC-IMS-QTOF method that will be used for the first time in
determination of bioactive phenolic compounds in wine samples using both non-targeted and targeted strategies.
The developed non-targeted method will demonstrate increased robustness and high resolution, enabling
confident differentiation of wine from various geographic origins in Macedonia and Austria and elucidation of
common metabolites from different wine samples. Additionally, this study will enable the determination of
characteristic features that could discriminate wines from different geographical regions of Macedonia and
Austria as well the potential adulteration of wines. Finally, phenolic compounds identified via non-targeted
workflows to be of particular significance according to their structure will be isolated and further studied using
electrochemical methods in order to study their antioxidative behaviour and the mechanisms underpinning this.




JeTajieH onuc HA MPOEKTOT:

BOBe[[ (Heranen onuc Ha cerammuTe CO3HAHM]A HA TIPEIMETOT HA UCTPAXKYBAMETO (MAKCHMYM | cTpaHuIia))

BuHHOTO € nHjanok KojIITo ce KOH3yMHUpa CeKaJie BO CBETOT. [ eHepanHo e npudareHo JAeKa BUHOTO I10ceayBa
pa3IuYHU OIArOTBOPHU e(BEeKTH 3a 3[IpaBjeTo Ha YOBEKOT, KAaKO ILITO Ce: aHTUHUH()IAMAaTOPHH M aHTHMHKPOOHH,
e(eKTH KOH To 3a0aByBaaT CTApPECHETO, KAKO M 3alITUTHA YIIOra BO KapIUOBacKyIapHUTe 3a0onyBama. Cute oBue
e(eKTH ce ToKAaT Ha BUCOKATa COAPXKHMHA Ha momudeHonu: cTundeHu, $hraBoHOIH, GaaBaH-3-01H, aHTOLUjaHU U
(beHonHN KucenuHU. BeylmHOCT, monudeHoIUTe ce roieMa U KOMIIEKCHA Tpyla Ha COeAWHEHHja KO BIHjaaT Ha
60jaTta, CCH30pHHTE CBOjCTBA, aCTPUICHTHOCTA M KBAIMTETOT Ha IP0O3jeTO U BUHOTO. Pamuiujata Ha (HIIaBOHOUIN BO
BUHO BKIy4yBa aHTOLHWjaHHW, (raBaH-3-07M, (IABOHONM ¥ JUXUAPO(PIABOHOIM, IOACKa He-(pIaBOHOMIH ce
(beHONMHUTE KUCENUHU (XHUIPOKCHOCH30€BH M XHIPOKCHIMMETHH KHCEIMHH W HHUBHH [CPUBATH) U CTHJIOCHU
(pecBepatpon). ®raBan-3-omute (MOHOMEepHH  (1aBaH-3-0MM W MPOAHTOLMjaHUAMHHU) ja  OJpeayBaaT
ACTPUTEHTHOCTA U CTPYKTYpaTa Ha BUHOTO, HOJeKa aHTOIHjaHNTe (KaKO IPBEHH IHUI'MEHTH) Ce€ OATOBOPHHM 3a 0ojaTa
HAa [PBEHHTC BHHA. AHTONMjaHUTE MOXe Ja OuaaT 3-MOHOTIYKO3HIOH, 3-aleTUITIYKO3UIH, 3-p-
KYMapOWITIAYKO3UIAM U 3-KaQeOWNIIyKO3UAW Ha [HMjaHUAWH, JOeNPUHHUAMH, T[CjOHHIWH, UETYHHAUH U
JOMHMHAHTHHOT ~ MaiBUIMH. OIHOCOT — 3-aleTHITITYKO3UIN/3-KyMapoWITIyKO3UIM € MHOTY BaXkeH U
KapaKTEepUCTHYEH 3a ofpeneHu copt Ha rpo3je (Ivanova et al. 2011, Ivanova-Petropulos et al. 2015a, 2015b). On
Jpyra cTpaHa, CTHJIOCHHTE Ce CMeTaaT 3a (UTOANCKCHHN ¥ HUBHOTO ()OpMHpare BO JIUCTOBUTE O BUHOBATA J103a €
BO KOpellalija co OTIOPHOCTa KOH OosectH (1p. Botrytis cinerea) n ornopHocta KoH UV-3pademe. XeMHUCKAOT
COCTaB Ha BUHOTO 3aBHCH OZ roneM 0poj Ha (aKTOpH Kako IITO ce COpTaTa, YIOBHTE 3a ONIJIeAyBamke Ha BHHOBAaTa
no3a (copTa, KIMMa) M JIO3APCKUTE W BHHAPCKUTE NMPAaKTHKH Ha eHonoroT. Cekako, Bp3 KBAIUTETOT Ha BHHOTO
BJIMjaaT U MPUMEHETHOT KBacell 3a hepMeHTalMjaTa, YCIOBUTE HA CTAOMIIN3allMja U 3pECHh¢ Ha BUHOTO, UTH.

3a onpenenyBame Ha TOMHN(EHONIH ce IPIMEHYBaaT Pa3IMdHI METOIH U Mel'y HUB peBep3HO-(a3HaTa BUCOKO-
e¢pukacHa teuna xpomatorpaduja (RP-HPLC) co UV-Vis netekrop co HHW3a O AUOAM € HAjUYECTO MPUMECHYBAaHATA
TexHHKa. J[eHecka TeyHaTa xpoMarorpaduja moBp3aHa CO MaceHa CIHEKTPOMETpHja CO TOYHA U BHCOKA Pe30Iylinja
(HRMS) e ecenuujanen METOA 3a KapakTepHu3allija Ha CTOTHIIM HeUCTapiuBu coeauneHuja (Jaitz et al., 2010), kako
LITO C€ TIYKO3WAH, MPOLHUjaHUIANHCKH OJMTOMEpH, JeKaMepu UTH. COo Les obe30enyBame Ha JeTaneH mpodul Ha
MeTaboNIUTHTE BO Ipo3je M BUHO. OBOj MPUCTAIl Ce KOPUCTH 3a aHAIN3a Ha XeMUIMBEP3HOCT Ha BUHA LITO 0COOEHO €
67aroTBOPHO 3a OTKPHBamkhe¢ Ha OMOMapKepH Ha BHHO M MOTBPAYBamkbe Ha aBTCHTHYHOCT Ha BUHOTO (Alafion et al.,
2015). Cenak, U mMopKaj MOKHUTE TEXHHKH, CEYLITE ¢ MPEIU3BUK Ja Ce HAMPaBH YCIICNIHA U KOPEKTHA cropenda Ha
coequHEHHjaTa o0f (EHONHHTe (pPaKUMM NPUCYTHH BO PA3IMYHM W KOMIUIEKCHH IPUMEPOLM BHHO.
Heonamuemenunor HoB nomakoT koH LC-HRMS kojmto mma 3Ha4uMTeNeH MOTEHLHMjasl 3a OJIECHETA aHalIM3a Ha
MeTa0oNIuTH € joH-MoOmnHaTta cnekrpomerpuja (IMS) kojamTo OBO3MOXXYBa OpPTOrOHAJIHO pa3/iBOjyBamke Ha
MOJIEKYJIUTE CIOpe] Pa3IMKHTE BO MOOMJIHOCTAa Ha racHara (asa, IITO MOXe Jia ce KOpelupa cO BPEIHOCTH Of
jacHata kpoc-cekuuja Ha cyaupu (CCS) 3a unnuBunyanaute coenuHenuja (Causon et al., 2015; May et al., 2014;
May et al., 2015). HoBata u najcoBpemenara miuardpopma HPLC-IMS-Q-TOFMS uma orpomMeH moTeHuujan 3a
Kpeupambe Ha 6a3a Ha MOJaTOLH 33 COSANHEHIjaTa BO BUHO KaKo U 33 YCOBPIIYBAkhe Ha MPETIOCTABEHUTE CTPYKTYPH
MOTPeOHM MPH METaOOIUTHYKA HHTEPIPETALMja Ha TOJaTOIITE.

OcBeH MmpemIo3u 3a HABOTHHUTE CTPYKTYpH Ha COCJHHEHHjaTa BO BHHOTO, MHOTY C€ BaKHH JACTAJHHTE
uHbOpMAIIMKM 3a CBOjcTBaTa Ha OHOAKTUBHHTE (EHOIM BO BHHOTO. HeomamHa ce pa3paOOTeHH pa3U4HU
SJIEKTPOXEMHUCKH METOOH 3a KapakTepu3alyja Ha CTPYKTYpHAaTa aKTHBHOCT Ha IoiudeHoIuTe Oumejkun OBHE
MOJIEKYJIU CE SIEKTPOXEMHUCKH aKTUBHU. | €HepaHO, BONITAMETPUCKUTE TEXHUKH CE COOJBETHH 3a OMpPEACIyBakbe Ha
BKYITHH MOMU(EHONH BO BHHO, KakO M 3a KapaKkTepu3alyja Ha AHTHOKCHAAHTHHTE CBOjCTBA Ha BHHOTO U
noupeHoNIuTe BO BHHOTO. YecTo, co MpHMeHa Ha BONTAMETPUCKUTE TEXHHWKH 32 MPOyJIyBamkbe Ha Pa3INIHHUTE
nomudeHonu Moxe na ce ode3benaT MHPOpMANUU 3a paziIudyHu mapaMmeTpu. OTpeenyBambeTo Ha KHHETHKATa |
TEepMOIMHAMUYKUTE NTapaMeTPH Ha eIEeKTPOHCKHOT TpaHChep MOXKe Jja ce IOBP3aT cO Pa3IMYHU CYOCTpaTH JaBajKu
CYTeCTHH 3a CTaOMIHOCTA U (PHU3HOJIOIIKATE KapaKTEPHCTHKH Ha MIPOYIyBaHUTE IOIH(DEHOIIH.

Lenuure (TapreTHuTe) HEHOTHN COCTUHEHH]a Beke ce MPOYYyBaHU BO MaKeJOHCKHTE I[pBeHH BUHA (Ivanova
et al., 2005a; 2015b), HO HuKoOram He € HM3BpIICHO METAa0OMMTHYKKA (PUHTEPIpPUHT (OApEoyBarme Ha Tparu OJ
MeTabOoNUTH) cO TIpMeHa Ha TouHa U copuctuipana texHuka (HPLC-IMS-Q-TOF-MS) Ha MakeOHCKH, HO UCTO
Taka ¥ Ha aBCTPHCKH BUHA. 3aTOa, INIaBHATA IIeJ Ha OBOj MPEAJIOr MPOeKT ¢ pa3paborka Ha HoBa HPLC-IMS-QTOF
METO/Ia KOjallTo 3a MpB MaT ke ce MPUMEHYBa 3a OlpeenyBame Ha OMO0aKTHBHE (EHOIHH COSANHEHH]ja BO BUHO CO
MpUMeHa Ha IieJHa (TapreTHa) M HeuesHa (HeTapreTHa) crpareruja. Pa3paOoTeHHOT MeTOn 3a HELEIHHTE
COe/IMHEHHU]a Ke IEMOHCTpUpa 3rojieMeHa pOOYCHOCT M BHCOKa PE30Jylidja, OBO3MOXKYBajKH CUT'YPHO pa3feiyBame
Ha BHHATa OJ pa3NUYHHUTE reorpackd perHoHH Bo MakenoHHMja M ABCTpHja W TONKYBambe¢ Ha 3aeAHUUKHTE
MeTabOoJUTH Ol Pa3uYHUTEe BHHA. JIOMOIHUTENHO, CO OBa UCTPAXKYBAambe Ke Ce OpeaT KapaKTePUCTUKUTE KOUILITO
Ce OJITOBOPHH 3a PAa3IMKUTE Mel'y BUHATA O] Pa3MYHHUTE reorpadcku pernoHu Bo MakenoHHja 1 ABCTpHja, KaKo U
noreHuyjanaure QaicudukyBama kaj BuHata. Ha kpajor, QeHonHuTEe coeaMHeHMja Ke OMIAT H30JIMpaHU U
MOAJIOKEHN Ha JOMONHUTEIHN UCTPaKyBatha CO IEKTPOXEMHUCKH METOIH CO IIeN [a Ce MPpoydYaT MEXaHU3MUTE MPU
HUBHOTO aHTHOKCHJIAHTHO OJTHECYBAIbe.
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HcrpaxyBauku TUM:

I'naBeH ucTpa:xkyBau (cuTe MHpOPMAIHNH 32 ITABHHOT HCTPAKYBAY HA He TOBeKe O/l 1Be CTPAHUIIN)

Wme u npesnme BuoJsiera UBanoBa-IlerpomnyJioc
Turtyna JIOKTOp Ha XeMHCKH HAYKH
Mo3uumja Bonpenen npodecop (Cenzopna u aHAIUTHYKA eBATyalHja Ha
BHHO, EHoJylornja, XemMuja, AHAINTHYKA XeMHja)
Anpeca 3emjonenckn gakyarer, YHuBep3urer ,,I'one [leues® - Tun
Ten / ®axc: 032 550 639
e-mail violeta.ivanova@ugd.edu.mk
Kparka Ouorpaduja:

Ponena na 22.08.1978 Bo Ckorje, P. Makenonuja

O0pa3oBaHue:

2006-2009: [Toktop Ha xeMHCKH Hayku (06nacT eHOXeMHja u eHosoruja), [IpupoaHo-MaTeMaTHuky GakyaTer,
VYuusepsuret “Cs. Kupun u Metonyj”, Cxorje. HacnoB Ha nokTopcka nuceprauuja: “Paspabomra
Ha Memoou 3a UOeHMUGUKAyuja u K6aHMuduKayuja Ha GeHoIHU CYRCIanyu 60 UHO UL 2po3je CO
npumena Ha cnekmpogomomempuja, meuna xpomamozpaguja u macena chekmpomempuja’”.

2002-2006: Marucrep Ha XeMuckd Hayku, [IpupomHo-matematndku (akynrer, YHuBep3urer “Cs. Kupun u
Metonuj”, Ckormje.

1997-2002: qumiomupan npodecop mo xemuja, [IpupogHo-MaTeMaTndku pakyarer, YHuBep3urer “C. Kupir
u Metoauj”’, Ckomje.

PaboTHO HCKYCTBO:

2015-texoBHo: Bonpenen mpodecop Ha Yuusepsurer “Toune denues”, 3emjomencku ¢axynrer — Iltun no

npeamerute: CeH30pHA M aHAJIMTHYKA eBajlyalldja Ha BHMHO, EHojoruja, Xemuja, AHaJIUTHYKa XeMHja U

buoxemuja.

2010 - 2015: Houentr na Yuusepsuter “Tore [lemues”, 3emjomencku ¢axyiarer — Hltum, mo mpeameruTe:

CeH30pHa 1 aHAIMTHYKA eBajlyalyja Ha BUHO, EHonoruja, Xemuja, AHanuTHuKa Xemuja 1 buoxemuja.

2005-2010: Acucrent Ha 3emjomencku HWHCTUTYT — Crkomje, OpmermeHue 3a BHHApCTBO, OATOBOpHA 3a

aHAIMTUYKA eBallyallja Ha BUHA CO MPHMEHA HA MHCTPYMEHTAJHU METOIM (TeYHa M racHa xpomarorpadwuja,

CIeKTpOoPOTOMETPHja), KaKO U aHaJIM3a 3a BIHA 32 KOHTPOJa Ha KBainuTeT criopen ctangapaau OlV metonn.

CTVZ[I/ICI(I/I IIPECTOU BO CTPAHCTBO. Nma OCTBAPCHO MHOI'Y CTYAUCKH NPECTON HA yHHBepBI/ITeTI/I BO FepMaHHja,
Pomanuja, CroBauka, YHrapuja, ABctpuja, Mrammja, ®pannuja, Cpbuja, KocoBo, mpu KOUIITO H3BEIyBa
HayJYHO-MCTpaXKyBadka paboTa M MMa IpeAaBama 3a CTYyJCHTH O] IPB U BTOP LUKIIYC HA CTYAMH.

On noceramHarta pabora, objaeru ce 31 Tpya, ox kou 21 co ummakT (GakTop, a BO MOCJHETHUTE 5
roguHu 17 TpyaoBH co UMNakT (akTop, a Ha JOMAlIHM M MelyHapOJHM HayuyHH MaHuecTaluuu uma
nipe3eHTUpano 48 tpynosu, ox kou 30 mpe3eHTaluU BO MOCICAHNUTE 5 TOMUHNA. ABTOp € Ha JIBE IOrJiaBja BO BO
untepHanuronanda kaura (Fruits&Cereal Bioactives, Sources, Chemistry, and Applications, CRC Press, Taylor
& Francis Group).

Buonera MBanosa-Ilerponynoc e peuensent Ha 100-ThHa TpyoOBM NMOAHECEHW 3a ITyOJIMKYBambe BO
cnenuuBe SCI nutepHamonanuu crucanuja: Food Chemistry, Food Research International, Food Analytical
Methods, Food and Bioprocess Technology, Food Control, Journal of Agricultural and Food Chemistry,
Journal of Food Science, Journal of Food Quality, Journal of Herbs Spices & Medicinal Plants, Journal of the
Serbian Chemical Society, European Food Research and Technology, Environmental engineering and
management journal, Agriculturae Conspectus Scientificus, Macedonian Journal of Chemistry and Chemical
Engineering, Italian Journal of Food Science.
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Food Research International (Impact Factor = 2.82) u Journal of Food Science.
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occurring bioactive compounds and change in antioxidant capacity of Macedonian red wines during
vinification. Journal of Food Science and Technology, in press (Impact Factor = 2.20).
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Y4ecTBO BO HAYYHOUCTPAKYBAYKH IIPOCKTHU:

Yiiora Bo
MPOEKTOT
HacJyioB Ha IpoeKkTOT Ilepuon DuHAHCHPAH O] (riaBeH
HCTPaKyBay
WJIH YYeCHUK
CeH30pCKH MpPEXH 3a HaATJIeqyBamke U KOHTpOJa Ponz 32 HayHHo- Yuecnux -
Ha Il 01113130 cI;Bo Ha BI/IHOII e P 2014-2016 HeTpaKyBadia ucmpaicysay
P A pabora, YI'J| parNCy
®DoHJA 33 HAYYHO-
MeTanoKoOMIUIEKCUPAauKd W aHTHOKCUAATHBHU Yuecnux -
ocoOWHU Ha HOBH nepuBaté Ha Coenzyme Q-10 2013-2015 HCTPKYRATKA ucmpasicysay
P pabora, YI'J] PaCy
I'naeen
IMommdenonen u apoMaTHyeH Npoduia Ha BUHA OJf @oHJ 3a HAydHO-
ucmpaicysay
coprata BpaHern ¢epMeHTHpaHH CO H3OIUpPAHU 2013-2015 UCTpaKyBauka
. (Paxoeooumen na
KBacuu oA TUKBELIKOTO BUHOI'Opje pabora, YI'J]
npoexmom,)
CEEPUS IlenTtpanHa eBpoIcka oporpama 3a
Hentp P porp . Copabomnux
pasmeHa 3a yHuBep3utercku cryaud, ClI-HU- | 2006-texoBHO EBponcka Yauja CMDACVEd
0010-01-0607 paxcy
“Kapakrepuzaiuja u OIIpeieTyBamke Ha MHUHHCTEPCTBO 3a
reorpa)cKOTO TMOTEKJIO Ha MakenoHckuTe BuHa co | ox 01.10.2010 obpa3oBaHue 1 Yuecnux -
IpUMEeHa Ha XEMHCKHM Meroau Hu Meroma Ha | 10 30.09.2012 Hayka, P. ucmpasicysa
CTaOWJIHU M30TONU” MakemoHuja
FP7 Ilpoekr: 3acumiyBambe Ha HCTPaKyBaUKUTE
. Yuecnux -
KamaluTeTH Ha 3eMjute ox 3amaneH bamkan 3a | o7 01.09.2008 .
. EBporicka YHuja copabomHux
KapaKkTepu3allyja Ha KBaJUTET Ha XpaHa 10 27.12.2010
ucmpaicysay
KBamuter wu  pa3Boj Ha  peryjaropHara [IBencTka
Yuecnux -
nHppacTpykTypa 3a 0e30eTHOCT Ha XpaHa U 2009-2011 ambacana -
. . copabomuux
KBaJIMTET BO Make/loHH]ja Ckorje

3a0/KeHHja BO MPEIJIOr-MPOEKTOT CO BPEMEHCKA paMKa:

Ja tM KOOpAMHHpAa W OpraHU3Mpa aKTUBHOCTHTE BO PAMKHTE Ha INPOEKTOT (34 épeme Ha yeauom

Jla yuecTBYyBa, aa ja cienu u KOHTposmpa paspadorkara Ha HPLC-IMS-QTOFMS u enekTpoxemMucku
MeToH 3a aHanu3a Ha BuHO (Mapm-Oxmomepu 2017 u Jyau 2017-Despyapu 2018),

Jla ti oOydyBa H CleAd MJIaguTe WCTPAKyBadyd BO TEKOT Ha AaKTHBHOCTUTE Ha IIPOEKTOT,
NPUMEHYBajKU TH HAjCOBPEMEHHTE TEXHUKH 33 aHalnW3a Ha BHHO (3@ 6peme HA yeiuom nepuoo Ha

[a ydecTBYBa BO Kpenpame Ha BUHCKaTa 0a3a Ha noxarouu (Hoemepu 2017-Jynu 2018),
[la ydecTByBa BO NuIIyBame Ha HayYHHM TPYAOBH M HMBHO O0jaByBame BO HAay4YHW CHHCaHHMja U Jaa
y4ecTBYBa Ha Hay4YHH KOH(EPEHLUNH U TPUOMHU co BUHapcKute Busdu (Hoemspu 2017-Jynu 2018),

1.
nepuod Ha Mmpaerse Ha NPOeKmom),
2.
3.
mpaervse Ha POEeKmom),
4.
5.
6.

Jla rv HoAroTBM U3BEIITANTE OJ] MPOEKTOT (Ha Kpajom 00 npeama, Jyau 2017 u émopama coouna, Jynu
2018).




Researchers:

Principal researcher

Name Surname Violeta lvanova-Petropulos
Title Doctor of Chemical Sciences, PhD
Position Associate Professor (Sensory and analytical evaluation of wine,
Enology, Chemistry, Analytical Chemistry, Biochemistry
Address Faculty of Agriculture, University “Goce Deléev”, Stip
Tel./Fax. 032 550 639
e-mail violeta.ivanova@ugd.edu.mk
Short CV:
Born on 22.08.1978 in Skopje, R. Macedonia
Education:

2006-2009: PhD in Chemistry, (enochemistry and enology field), Faculty of Natural Sciences and Mathematics
(FNSM), “Ss Cyril and Methodius University”, Skopje. Title of the PhD Thesis: “Development of
methods for identification and quantification of phenolic compounds in wine and grape applying
spectrophotometry, liquid chromatography and mass spectrometry”.

2002-2006: Master of Chemical Science, Faculty of Natural Sciences and Mathematics (FNSM), “Ss Cyril and
Methodius University”, Skopje.

1997-2002: Graduated Professor of Chemistry, Faculty of Natural Sciences and Mathematics (FNSM), “Ss
Cyril and Methodius” University, Skopje

Working experience:

2015-current: Associate Professor at University “Goce Deléev”, Faculty of Agriculture — Stip, teaching

Sensorial and analytical evaluation of wine, Enology, Chemistry, Analytical Chemistry and
Biochemistry.

2010-2015: Assistant Professor at University “Goce Deléev”, Faculty of Agriculture — Stip, teaching Sensorial

and analytical evaluation of wine, Enology, Chemistry, Analytical Chemistry and Biochemistry.

2005-2010: Assistant at the Institute of Agriculture-Skopje, Department for Enology, responsible for analytical

evaluation of wine applying instrumental methods (liquid and gas chromatography,
spectrophotometry), as well as wine analysis for quality control with standard OIV methods.

Study stays abroad: Violeta has realized many study stay at Universities in Germany, Romania, Slovakia,
Hungary, Austria, Italy, France, Serbia, Kosovo, performing research work and giving lectures to students at
first and second cycle of studies.

Violeta Ivanova-Petropulos is an author of 31 scientific papers, including 21 papers with impact factor
and 17 papers with impact factor published during the last 5 years; author of 48 presentations at scientific
conferences, whereas 30 presentation in the last 5 years. She is an author of 2 book chapters in international
book (Fruits&Cereal Bioactives, Sources, Chemistry, and Applications, CRC Press, Taylor & Francis Group).

Violeta Ivanova-Petropulos is a referee of more than 100 papers submitted for publication in the
following SCI international journals: Food Chemistry, Food Research International, Food Analytical Methods,
Food and Bioprocess Technology, Food Control, Journal of Agricultural and Food Chemistry, Journal of Food
Science, Journal of Food Quality, Journal of Herbs Spices & Medicinal Plants, Journal of the Serbian
Chemical Society, European Food Research and Technology, Environmental engineering and management
journal, Agriculturae Conspectus Scientificus, Macedonian Journal of Chemistry and Chemical Engineering,
Italian Journal of Food Science.

Violeta Ivanova-Petropulos is member of the Editorial Board of 2 international journals: Food
Research International (Impact Factor = 2.82) and Journal of Food Research.

Scientific papers published in the last 5 years, indicating the impact factor according to JSR database of
Thomson Routers (if any) of the journals in which each paper was published

1. lvanova-Petropulos V., Balabanova B., Mitrev S., Nedelkovksi D., Dimovska V., Gulaboski R.,
Optimization and Validation of a Microwave Digestion Method for Multi-element Characterization of
Vranec Wines. Food Analytical Methods, in press. (Impact Factor = 1.96).

2. lvanova-Petropulos V., Ricci A., Nedelkovski D., Dimovska V., Parpinello G. P., Versari A. (2015).
Targeted analysis of bioactive phenolic compounds and antioxidant activity of Macedonian red wines. Food
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Study of the influence of maceration time and oenological practices on the aroma profile of Vranec wines.
Food Chemistry, 165 (15). 506-514 (Impact Factor =3.33).

Ivanova Petropulos V., Dérnyei A, Stefova M., Stafilov T., Vojnoski B., Mark L. (2014). Hermosin-
Gutiérrez 1., Kilar F., Application of a Novel Small-Scale Sample Cleanup Procedure Prior to MALDI-
TOF-MS for Rapid Pigment Fingerprinting of Red Wines. Food Analytical Methods, 7(4) 820-827 (Impact
Factor = 1.969).

Ivanova-Petropulos V., Wiltsche H., Stafilov T., Stefova M., Motter H., Lankmayr E. Multi-element
analysis of Macedonian wines by inductively coupled plasma—mass spectrometry (ICP-MS) and inductively
coupled plasma-optical emission spectrometry (ICP—OES) for their classification, Macedonian Journal of
Chemistry and Chemical Engineering, 32(2) 265-281, 2013 (Impact Factor = 0.821).
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Participation in research projects

in Macedonia —

Skopje

Project title Period Financed by Role in the project
(PI or participant)
Sensor'netw_orks for monltorlng and 2014-2016 Found for scientific Participant
controlling wine production work, UGD
Metal binding and antioxidative Found for scientific
properties of novel Coenzyme Q-10 2013-2015 Participant
e work, UGD
derivatives
Polyphenolic and aroma profile of -
Vranec wines fermented with isolated 2013-2015 Found for scientific Pl
I work, UGD
yeasts from Tikves§ wine area
CEEPUS (Central European Exchange
Program for University Studies - ClII- 2006-current European Union Participant
HU-0010-01-0607
“Characterization and determination of Ministrv of Education
the geographical origin of macedonian | from 01.10.2010 and )S/cience R Particinant
wine using chemical and stable isotope t0 30.09.2012 Do P
" Macedonia
methods
FP7 Project R_e_mforcement of the WBC from 01.09.2008 . N
research capacities for food quality European Union Participant
NS t0 27.12.2010
characterization
Quality and Regulatory Infrastructure . B
Development for Food Safety & Quality 2009-2011 Swedish embassy Participant

Tasks to be conducted in the frame of the project proposal (timetable)

1. To coordinate and organize the project activities (during the whole period of the project duration),
2. To participate, follow and control the development of HPLC-IMS-QTOFMS and electrochemical

methods for wine analysis (March-October 2017 and July 2017-February 2018),

3. To train junior researchers during the project activities, applying the most sophisticated techniques for
wine analysis (during the whole period of the project duration),

4. To participate in assembling of wine data base (November 2017 — June 2018),

5. To participate in writing of scientific papers and publishing of papers in scientific journals with impact
factor, in present