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DOCTORAL THESIS

DEFENDED AT THE "SS. CYRIL AND METHODIUS“ UNIVERSITY.
FACULTY OF TECHNOLOGY AND METALLURGY IN SKOPJE, 2009

Vineta Srebrenkoska

PRODUCTION AND CHARACTERIZATION
OF THE POLYMER ECO-COMPOSITES:
COMPARISON WITH THE CONVENTIONAL
AND POSSIBILITIES FOR THEIR REUSE

A bstract In this dissertation, the compres-
sion and injection molding of polypropylene (PP)
and poly(lactic acid) (PLA) based composites rein-
forced with rice hulls or kenaf fibers have been
carried out. Maleic anhydride grafted PP (MAPP)
and maleic anhydride grafted PLA (MAPLA) were
used as coupling agents (CA) to improve the com-
patibility and adhesion between fibers and matrix.
The composites were characterized by mechanical
and thermal analysis, and it was found that the ap-
plied techniques for manufacturing of the eco-com-
posites under certain processing conditions do not
induce significant changes of the mechanical pro-
perties. The flexural strength of the compressed
composite sample based on PP and kenaf is 51.3
MPa in comparison with 46.7 MPa for the one pro-
duced by injection molding technique.

Also, the composites based on phenolformal-
dehyde/polyvinylbutiral as a matrix and reinforced
with different kinds of fabrics: glass, polyamide,
aramide and high-performance (HPPE) fiber, have
been produced, in order to determine the proper-
ties of eco-composites and to "evaluate" them
within the family of “conventional" composites.

The investigations of the possibilities for re-
use of the polymer eco-composites have been car-
ried out. The eco-composites based on recycled
matrices and recycled composites were produced
and structure/properties relationships were investi-
gated as a function of the number of reprocessing
cycles. It was found that the recycling processes
do not induce significant changes of flexural stren-
gth and thermal stability of the composites. In par-
ticular, PP-based composites reinforced with kenaf
fibers are less sensitive to reprocessing cycles with
respect to PLA-based composites reinforced with
rice hulls. Also, the properties of the recycled ma-
trices remain almost unchanged after recycling
processes. In fact, the flexural strength and modu-
lus of these materials are comparable to conven-
tional phenolformaldehyde wood medium density
fiberboards. For "conventional" composites, the
preliminary investigation of the possibility for their
reuse has been carried out by mechanical recy-

Maced, J. Chem. Chem. Eng., 29 (1), 103—114 (2010)

cling process which is more complicate and ener-
gy-consuming than recycling of the eco-composi-
tes.

As a result of comparison of the composites
properties, the eco-composites based on PP and
PLA are estimated in the category of materials
which could be used as non load-bearing construc-
tion materials for different industries

Key words: eco-composites; polypropylene;
rice hulls; kenaf fibers; compression molding; phe-
nol-phormaldehyde; polyvinilbutiral; glass fibers;
aramide fibers; HPPE fibers; polyamide fibers.

(2. VII 2009)

Ranko Adziski

COMPOSITES WITH CONTROLLED POROUS
STRUCTURE OBTAINED FROM INDUSTRIAL
WASTE MATERIALS AND PRIMARY/SECONDARY
RAW MATERIALS

A b s tract This doctoral thesis is divided
into two parts. The first part deals with fabrication
of glass-ceramics with controlled porous structure
by applying the multibarier concept. Slags/quartz
sand and waste glass were used as a raw materi-
als. Three types of slag materials were used: slag
from Feni, Republic of Macedonia, slag from
Kakanj, Bosnia and Herzegovina, and slag from
Zenica, Bosnia and Herzegovina. Waste glass
from TV screens was used as a source for liquid
phase during the liquid phase sintering. Best re-
sults showed the porous glass-ceramic composite
consisted of slag Feni with addition of 20 wt% TV
glass. Optimal slag granulation was 0.125+0.063
mm. The porous glass-ceramic composite pos-
sessed porosity of 43 %, and mechanical proper-
ties, such as E-modulus and bending strength of
10.19 GPa and 40.24 MPa, respectively, after sin-
tering at 950 °C/2h. The permeability was 0.47 Da.
This porous glass-ceramic composite was used for
construction of diffuser for water aeration. Air bub-
bles with dimensions ranging from 0.1-0.5 mm
were produced when air was passing trough the
porous glass-ceramic composite at a pressure of
10 kPa.

The second part deals with production of
dense and porous mullite ceramics by activated
reaction sintering a mixtures consisting of SiO, and
Al O3 in stoichiometric composition for mullite syn-
thesis. Rice husk and technical alumina were used
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as precursors for SiO, and Al,Os, respectively. The
conditions for production of pure SiO,, white in col-
our and in amorphous state, from rice husk were
defined in this doctoral thesis. Mechanical activa-
tion was performed on the mixtures for mullite syn-
thesis, resulting in powders with particles size
ranging from 20-50 nm. Consolidation of the pow-
ders was realized by cold isostatic pressing at 500
MPa, and sintering at 1200-1500 °C. The holding
times on final temperatures ranged from 0.5-5 h.
Pure-phase mullite was obtained at 1500 °C for 1h,
but maximal mechanical properties were obtained
after 2h sintering at same temperature. E-modulus
and bending strength were 109 GPa and 154 MPa,
respectively. The density was 93.5 % TD (theoreti-
cal density 3.20 g/cm3). The influence of MgO and
B,O; addition as catalysts on the pathway of mul-
lite synthesis was investigated. They reduced the
temperature of pure-phase mullite formation to
1400 °C, and increased significantly the mechani-
cal properties. The activation energy for the reac-
tion of mullite synthesis was reduced from 290.1
kdJ/mol to 180.9 kJ/mol and 242.9 kJ/mol when
MgO and B,O3; were added as catalysts, respec-
tively. MgO addition induced anisotropic grain
growth at 1500 °C. Contrary, B,O; addition promp-
ted the homogeneity of the microstructure, consis-
ted of equiaxial mullite grains. An open cell mullite
microstructure was fabricated after sintering at
1500 °C/3h by adding 40 wt.% active coal as a
pore creator to the mixture for mullite synthesis
with addition of MgO as a catalyst. The obtained
porous mullite ceramic possessed porosity of 26
%, and E-modulus and bending strength of 63 GPa
and 58 MPa, respectively. The permeability was
0.11 Da. This porous mullite ceramic was used for
construction of diffuser for water aeration. Air bub-
bles with dimension of 0.05 mm were obtained
when air was passing trough the porous mullite
structure in water medium at pressure of 30 kPa.

Key words: slag; rice husk; mullite; porous
ceramics; air diffusers
(22. 1X 2009)

Katarina Davalieva

CLONING AND EXPRESSION
OF THERMOSTABILE DNA POLYMERASE
GENES AND CONSTRUCTION OF ENZYMES
WITH IMPROVED CHARACTERISTICS

A b stract: DNA polymerases are a family
of enzymes which are essential for the replication
and maintenance of all organisms. Their function in
vivo is synthesis of a complementary copy of an
existing DNA template. This property of DNA po-
lymerases is used in molecular biology for a wide
range of techniques. Since the discovery of Taq
polymerase, numerous thermostable polymerases

from different thermopiles and with different enzy-
matic properties were discovered. Most of the na-
tive thermostable DNA polymerases have certain
properties that restrain their use in PCR and se-
quencing. Therefore, research of thermostable po-
lymerases is towards creation of genetically modi-
fied enzymes with improved characteristics.

The main goals of this research is cloning and
expression of Taq, Tth and Tne DNA polymerase
genes, creation of modified forms of Taq poly-
merase by deletion of 5->3’ exonuclease domain
and insertion of point mutation and investigation of
possibility of long-range amplification by using mix-
ture of Taq or its modified forms and Tne poly-
merase.

Two expression vectors were used: pTTQ18
and pGEX-6P-1. DNA polymerase genes of Taq,
Tth and Tne were cloned and expressed in
pTTQ18 vector. In pGEX-6P-1 vector were cloned
and expressed three 5’->3’ exonuclease free vari-
ants of Taq polymerase: Klentag 235, Klentaq 278
and Klentag 289 and cold-sensitive mutant Klen-
tag278 (M707) in which cold-sensitive mutation
Cd707ATT—-CTT (lle->Leu) was introduced by
site-specific PCR mutagenesis. The yield of the
recombinant enzymes obtained from pTTQ18 sys-
tem was 25 to 60 U/ml medium (specific activity
2.500-6.000 U/mg) and this yield is 10 to 30 times
higher than the yield of enzymes obtained from
pGEX system (specific activity 17.000-22.500
u/mg).

Tne polymerase is characterized with highest
thermostability, followed by Tth and Tag. Klentag-
235 Klentag278 and Klentag289 have 89%, 94%
and 45%, respectively, from Taqg thermostability.
Klentaq278(M707) has approximately 88% of Klen-
taq278 thermostability. Tth polymerase is cha-
racterized with highest tolerance of Na, K, and Mg
salts, followed by Taq and Tne. Klentaq278(M707)
has two times less tolerance of K and Mg and no
tolerance of Na. Tth polymerase has the greatest
tolerance of blood and phenol as inhibitors of PCR
(30% (v/v) of blood and up to 1% (v/v) of phenol),
compared to other polymerases.

Native enzymes are more processive from
Klentag enzymes and can amplify longer DNA
fragments, but successful amplification especially
of longer fragments depends on “hot start”. Klen-
taq278(M707) has 12 times less polymerase activ-
ity at room temperature and can be used in PCR
without “hot start” but only for fragments up to 1 kb.
Due to moderate proofreading activity of Tne po-
lymerase, enzyme mixtures of Klentag278 and Tne
in the ratio of 10:1 can be used for amplification of
DNA fragments for up to 8 kb.

Key words: Thermostable DNA polymerase;
PCR; site-directed mutagenesis; hot start; cold
sensitive DNA polymerase; long-range PCR.

(25. 1X 2009)
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MATUCTEPCKUW TPYONOBMHU

OOBPAHETU HA TEXHONOLUKO-METANYPLUKNOT ®AKYNTET
NPU YHUBEP3UTETOT ,,CB. KWPUI1 U METOOWUJ“ BO CKOMNJE BO 2009 TOOAUHA

Oparn BpaHko ApcoBcku, Ogpxnuso ynpa-
ByBake CO ognaranuwiTeTo Ha droTtaumcka jano-
BMHa ,Kucenuua®“ og pyaHvuM 3a ONOBO WU LMHK
»3netoo” MpobuwTtun (Sustainable management
of “Kiselica” landfill coming for the flotation tailing
of “Zletovo” — Probistip), 23. 01. 2009

Haym Jbynyo CumoHoBcku, OnTummnsauuja
Ha npouec Ha OTCTpaHyBake Ha MeTariHW OKCuau
04 MoBpLUMHA Ha YenuK BO WHAYCTPUCKU YCROBM
(Optimization of the process of removing metal
oxides from steel surfaces in industrial environ-
ment), 14. 05. 2009

AnekcaHpap KocTa AHa
cTtacoBcku, Pa3Boj Ha Mmogen 3a opapXnuBo
npon3soacTBoBO habpukaTa 3a KBacel U ankoxorn
CO MeTo4 Ha npouecHa uHTerpaumja (Process in-
tegration for sustainable development of yeast and
alcohol manufacture), 13. 05. 2009

CtedraH Bnagko KyBeHuueB, [lusajHupamse,
onTuMM3aLmja U KOMMNIIEKCHO ynpaByBake Ha Cu-
MynTaHW eKkocenapaumoHu npouecu 3a TpeTMaH
Ha pypanHu otnagHu Boam (Design, optimization
and complex regulation of simultaneous separation
processes of wastewater treatment), 10. 07. 2009

UpeHa 3nataHoBuk-flamuyeBcka, Kopenauum-
OHa 3aBUCHOCT Ha EKOMOLUKUTE edeKTn npu coro-
pyBake Ha LBPCTO, TeYHO M racHo ropmeo (Corre-
lation dependence of environmental impact when
burning solid, liquid and gaseous fuels), 27. 08.
2009

CHexxaHa [loH4yo CrojaHoBa, [MpumeHa Ha
cTaTUCTUYKa NpoLecHa KOHTpona BO NPOM3BOACT-
BO Ha codTBep (Implementation of statistical proc-
ess control in software production), 10.07.2009

KatepuHa [loH4yo BypeBcka, ATcopnunMoHmn
KapakKTePUCTUKN Ha OUCMEepP3NOHN TBPAW CUCTEMU
(3eonuTn,akTmBHM jarneHn n HaHo Al,Oj (Adsorp-
tion characteristics of disperse solids (zeolites, ac-
tive carbons and nano-Al,O3), 26.08.2009

BecHa MapeHko [aHunocka, doTtoxemucka
MoanduMKaumja Ha NoBpLUMHATa Ha nonu(eTuneH)
(Photochemical surface modification of
poly(ethylene)), 05. 11. 2009

Jynuja Oparu TanapyeBcka, Komnapa-
TUBHa CTyaMja Ha KMHeTUKaTa Ha aTcopnuuja
Ha Zn, Pb n Cd Bp3 knuHontnonut (Compara-
tive study of the adsorption kinetics of Zn2+,
Cd2+ and Pb2+ ontoclinoptiolite), 05. 11.
2009.

Bunjana MNetko [Fopfescka, Mpoektupa-
ke Ha TQM mogen BoO NpouecoT Ha AM3ajH U
pa3Boj Ha TkaeHuHu (Projecting of TQM model
in process of design and textile development),
20.11.2009

AnekcaHgpa JoBaH TogopoBuKk, [ucTtpu-
6yumja Ha °’Cs BO NeYypKM BO Pa3MUYUHN PErVIOHM
Bo P.MakepoHnuja (Distribution of the fission Cs
in various types of mushrooms from different re-
gions in R. of Macedonia), 25.11. 2009

Mapruta Cno6opmaH [a6eBcka-KocTocka,
Beno canamypeHo cupere oborateHo co npobuo-
Tnyka kyntypa Lactobacillus casei (White brined
cheese enriched with probiotic culture Lactobacillus
casei), 30. 12. 2009.

CNEUNJANTUCTUYKU TPYOOBU
OOBPAHETU HA TEXHOJTIOLUKO METAITYPLUKUOT ®AKYNTET
NPU YHUBEP3UTETOT ,,CB. KWPUIN1 U METOOWJ“ BO CKOINJE BO 2009 TOOANHA

CyHumua CtameH flaBupgoBcka, CTpaTernja 3a vMnnemeHTaumja Ha nodmcrta npousBoacTBo Bo P.OK.
Uuctutyt A[. Ckonje (Strategy for implementation of cleaner production in R.Z.Institute A.D. Skopje),

10.02.2009
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BuotexHonoruja

5771 JosaHoBa Mujanye AnekcaHgpa

5601 Cnacos Koctake Jbynyo
5768 AnueBa Cnase JlnHa

5813 lNejunHoBckn CaBo MapTuH
5800 lNMaenosa bnaroj Ensupa

5455 Hososuk CnobopaH Mapko
4902 TanaHymockn MnageH MopaH
5804 PomeBcka Benuyko CnobogaHka

5194 Capos Bacun AnekcaHaap

5446 CtojkoBuk MunaH Enusabeta

5297 CurbaHoBcku MiBaH dunun
4838 lMewesa [obpe Hartawa
5894 KamueBa CtedhaH EneHa

5899 JoeaHoB CnaB4o AnekcaHaap

ANNNOMUPAHU CTYOEHTU
HA TEXHONOLUKO-METANYPLWKUOT ®AKYNTET NPU YHUBEP3UTETOT ,,CB. KWPUI1 U METOOUJ*
BO CKONJE, 2009 rOANHA

13 dbeBpyapu
21 maj
3 jyHn
3 jyHn
6 jyHn
25 jyHn
2 jynn
2 jynn
27 aBryct
23 centemBpu
9 oKTOMBpPU
18 HoemBpU®
6 HoemBpM
26 HoemBpU

MpexpaHO6eHO 1 BUOTEXHONOLKO MHXMHEPCTBO

4686 VBaHoBckm Jocnd Momunno

4045 JNazaposa Un4yo BunjaHa
1315 Hepenkockn Unwnja 3opaH

3684 AnoctonoBa BaH4yo Buoneta

3694 laiioBa bnaroj bnarojka
4160 Bbypecka bnaroja Mapuja

6 dheBpyapu
27 ceBpyapu
30 anpun

7 maj
28 maj

3 jyHu

BasHo HeopraHCcko nHeHepcTtBo

4149 MoHeBcka Jbybe [aHvena
4935 Y3yHoBa Bacun Buktopuja

26 jaHyapu
5 HoemBpUn

KoHdekumncko nHxeHepcTBo

5637 I'eopruesa [‘eoprn Emunmja
4798 AtaHacoscku bopo AnekcaHaap

5751 CtojaHoBa CtojaHye Tama

5789 CrtojaHoBcka bnaxe EneHa
5761 CapadmmoBa AHren UpeHa

4852 [aHeBa Koue CyHumua
4536 lNeTtpoBcka Tomye Camna

2816 3naTkoBcka ®maaHyo CysaHa
5507 WeaHoBa ["'eH40 HukonuHka

5210 MNackanneBa Mutko Cana
5686 CtojueBcka Canae AHa

5915 Pwucrtoecka OparaH Emunuja

5914 Hukonosa BaHuo JynujaHa
5535 BoHeBa Tome MnunHka

5896 MwupueBcka Bnatko Janunbopka

5595 Cantun JbyaH BecHuk

5737 Muwosa CnobopaHyo bunjaHa
5753 bexaHoBcka PagoBaH bnarvua

5826 TpajueBa XKueko Jaroga

5774 Crambonucka Jbynyo ®umka
5520 Oumutposcka Bacun EkatepuHa
5902 CumoHoBcka Hukona Mapuja

5076 Benkoa NaH4ye KaTepuHa
4800 Apcos Nurop 3apaBko
5781 CumoHosckm Jbynyo Noue

5620 Llyp6aHocka Mupko BojaHa

5634 Koctos Kocto Wrop

5415 Knmescka Hukona AnekcaHgpa

26 jaHyapu
5 deBpyapu
10 deBpyapu
11 dpeBpyapu
13 deBpyapu
13 mapt
28 maj
26 maj
18 maj
24 jyHn
25 jyHn
3 jymm
3 jynn
6 jynu
2 centemBpun
9 centemBpu
14 centemBpmn
7 cenTemBpun
18 centemBpu
18 centemBpu
5 okTOMBpYH
3 HoemBpM
11 HoemBpun
24 HoemBpMu
26 HoemBpH
7 nekemBpu
15 nekemBpm
22 pnekemBpu

[Ou3ajH n MeHaLMeHT BO XxeMUcKaTa MHaycTpuja

5457 l'opruescka MeTtoauje Bunjana

4756 Topopos Togop NopaH
4411 WymaHoB JoBaHye Mune
4337 lowes BojaH dunun

4418 Tacescka boxuH TaTunjaHa
4548 Tpajkoscku Tpajue Hukona

5480 lNeopruescka JopaaH Hatawa
5385 Tpajkoscku Tpajue Mupocnas

27 anpvn

29 jyHn

15 centemBpu
8 okTomBpM
6 HoemBpu

18 HoemBpu®

17 nekemBpmn

23 nekemBpu

MpepaboTyBayka meTanypruja

5750 KoHeckn Bnago 3opaH

1895 Jlykapes CumeoH Bnagnmump

25 mapt
27 maj

5451 ['opresuk AnekcaHaap Mvpocnae 24 jyHu

4051 Ovmockn Cnase OparaH

27 HoemBpH

EkcTtpakTuBHa metanypruja

5549 KyamaHoB 3opaH AnekcaHgap

5447 Taces lNetap Tome
4644 Topoposcka Jbybe AHa
3617 bypecku Cnace Kupe

4141 MapwuHkoBa CtaHko BuoneTta

17 mapt
17 mapt
7 anpuvn
8 anpun
14 maj

BasHo OpPraHcKo U NnoJyiuMepHO MHXeHepCTBO

5645 [ypockn Hayme Mnue
4543 JaHneBcka Aue AHye

2325 Haymocka Haym Brnoneta
3425 BojHecka BojHe JleHye

5613 CwunjaHocka BpaHko NopagaHa
5960 Hukonocku Patko MunaH4yo
4447 Anekcos Bnagumup Jbynyo

20 mapt

13 deBpyapu
21 maj

29 jyHn

30 jyHn

19 HoemBpU
30 HoemBpH

5680 TypyHngos EBctpatnoc Jocud 28 gekemBpu

MpexpaHb6eHa TexHoMnoruja

4078 [asuposuk Cnasko HeHap
5740 3ppaskoBcka CaHge Onusepa

5807 Wnuesa Toae Beua
5808 Wnuesa Toge Buoneta

5748 Benkoscku Mupko Oumutap

4793 Kpaju 'oko CHexaHa

5599 Armuja Asayna LlejrbaH
5114 Pucteckn Patko MapjaH
5622 Hukonos bnaroj 3naTko

4455 CrtedaHoBcka XXnBko JeneHa
5736 TemkoB Bnagumup Muwena
3940 Cnacoscka CrnobogaH JacmuHa

5590 WrHeBa Cnace LiBeTaHka

5483 ATtanacoBcku Camowun ViBaH

5773 Crtounosa Muto Codpka

5701 Teopruescka Ibybomup
Marpanena

5777 [ejaHocku Bowwko Odapko

5749 LlUunkoscku lMNMewo Anekcej

5829 MwuTteBcka Mute 3opuua

5938 bojyeBcka 3nataH bpaHkuua

5876 PucTtos J1aszo BaHue
4362 Anynocku Mutpe JopaaH
5496 T[letpocka Benko AHa

09 despypu
13 deBpypu
13 deBpypu
13 dpeBpypu
20 dpeBpypu
27 mapt
06 anpun
21 anpvn
29 maj
22 maj
26 jyHu

1 jynu

3 jynu

3 jynu

9 jynu

27 aBryct

14 centemBpu
22 centemBpu
26 HoemBpM
23 pekemBpu
24 nekemBpu
29 pekemBpu
29 pexkemBpu

Maced. J. Chem. Chem. Eng., 29 (1), 103-114 (2010)
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HETPOXGMMCKO WHXeHepCcTBO

3288 HAumuTposcka MNepo HeseHa 21 maj
4105 ['ypumHoBcka CtojaH ['opjaHa 2 OKTOMBPYU

UHKeHepcTBO 3a HEMeTanu

5602 [pospaHoBa Tome KatepuHa 23 jyHn

KepaMVI‘-IKO WHXeHepCcTBO

4111 Anoctonocku bnaroja Hukonue 7 maj
4107 JaHesckn OpgaH CTojaHue 23 centemBpu
1695 Ywunnakoscka TpajaHa Anekcangpa 30 centemBpu

DOCTORAL THESIS

DEFENDED AT THE "SS. CYRIL AND METHODIUS" UNIVERSITY,
FACULTY OF NATURAL SCIENCES AND MATHEMATICS IN SKOPJE, 2008

Violeta Ivanova

DEVELOPMENT OF METHODS
FOR IDENTIFICATION AND QUANTIFICATION
OF PHENOLIC COMPOUNDS IN WINE
AND GRAPE USING SPECTROPHOTOMETRY,
LIQUID CHROMATOGRAPHY
AND MASS SPECTROMETRY

Abstract Wines and grapes contain a large
array of phenolic compounds belonging to flavon-
oids and non-flavonoids. This study evaluates the
polyphenolic content of commercial wines and
grapes, as well as red (Vranec and Merlo) and
white (Smederevka and Chardonnay) wines pre-
pared under different vinifications. Grapes from
same varieties were analyzed at different ripening
phases. Spectrophotometric methods were applied
for determination of total phenolics, total flavon-
oids, total anthocyanins and total flavan-3-ols in
wines and grape extracts. For polyphenolics ex-
traction from grape pulp, seeds and skins, the effi-
ciency of acetone/water (80/20) and methanol/wa-
ter (80/20) solutions were compared observing
better extraction efficiency using acetone/water.
Red wines Vranec and Merlot, were produced us-
ing a series of fermentation conditions: same mac-
eration times of 3, 6 and 10 days, two levels of sul-
phur dioxide (30 and 70 mg/l SO,) and two yeasts
for fermentation. The effects of the variety, mac-
eration time, yeast and SO, on the content of phe-
nolic acids, anthocyanins and flavan-3-ols were
assayed by reversed-phase HPLC performed ei-
ther directely or, for proanthocyanidins, after acid-
catalysed cleavage in the presence of phlorogluci-
nol. The influence of time of storage on phenolic
compounds was checked by spectrophotometric
methods. It was noticed that Vranec wines con-
tained higher amounts of anthocyanins, hydroxy-
cinnamic acids and tannins compared to Merlot
wines made in the same way. The content of an-
thocyanins, phenolic acids and flavan-3-ols in the
wines varied greatly with the winemaking condi-
tions. Higher concentrations of anthocyanins and
hydroxycinnamic esters were measured in wines
made with 6 days of maceration, while tannin and
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flavan-3-ol monomer concentrations were higher in
the wines macerated for 10 days. Higher level of
SO, resulted in increased extraction of all phenolic
compounds especially after short maceration, sug-
gesting that SO, increases the extraction rate. No
significant difference in phenolic acid and antho-
cyanin contents was found in the wines fermented
with different yeasts.

Different forms of anthocyanins exist at wine
pH: the flavylium cations, the quinoidal anhydro-
base, the carbinol pseudobase and the chalcone
forms. The effect of pH of the sample and mobile
phase on anthocyanin analysis was explored. High
acidity of the mobile phase is needed for chroma-
tographic analysis of anthocyanins to keep them in
their flavylium red forms which, on the other hand,
is incompatible with the response of phenolic acids
in the electrospray source in negative mode and
their MS detection. Maximum flavylium response
was obtained in the samples acidified to pH 1.2
and elution using 1 % (W/V) formic acid in the
HPLC mobile phase, which was found as a suit-
able compromise allowing proper separation and
detection of anthocyanins and phenolic acids as
well as lower current in the MS source. The opti-
mized conditions were applied for MS identification
of 69 compounds from different phenolic groups
present in Vranec and Merlot wines.

Matrix-assisted laser desorption/ionization mass
spectrometry, as a new valuable screening techni-
que for identification of anthocyanins in wine and
grape samples, was used in this study. Several
MALDI matrices were tested: a-cyano-4-hydroxy-
cinnamic acid (CHCA), sinapic acid (SA), 2,5-hy-
droxybenzoic acid (2,5-DHB) and C70 fullerene in
order to check and compare their efficiency for an-
thocyanin identification. It was found that 2,5-DHB
was superior with respect to all the matrices tested.
For the first time, fullerene was introduced as a
new possible matrix for MALDI-TOF-MS analysis
of anthocyanins in wines and grapes.

Statistical treatment, including Principal Compo-
nent Analyses, Cluster Analyses and Student-
Newman-Keuls test were applied in order to ascer-
tain grouping of the samples, as well as possible
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significant differences between the studied wines,
grape varieties and vinifications.

Key words: anthocyanins; phenolic acids;
flavan-3-ols; flavonols; dihidroflavonols; phenolic
alcohols; HPLC-DAD-MS; identification; vinifica-

tion; maceration time; yeast; SO, influence; colour
intensity; hue; winemaking; spectrophotometry;
Vranec; Merlot; Smederevka; Chardonnay.

(15. 10. 2009))

MATUCTEPCKU TPYOOBMU

OOBPAHETN HA MHCTUTYTOT 3A XEMUJA HA TIPUPOOHO-MATEMATUYKNOT GAKYNTET
MPU YHYBEP3UTETOT ,,CB. KWPUIT N METOAWJ " BO CKOINJE BO 2009 TOANHA

Tacecka Benuye MuneHa, MeTtoau 3a onpe-
JenyBake Ha Tparu og efieMeHTU BO MUHepanu n
conn Ha Bakap, eneso M MaHraH co HeyTparnHa
aKkTuBaUMoOHa aHanu3a u aToMCKa ancopnuuoHa
cnektpomeTpuja (Taseska Velice Milena, Deve-
lopment of methods for determination of trace ele-
ments in minerals and salts of copper, iron and
manganese using neutron activation analysis and
atomic absorption spectrometry) (30. 1. 2009).

TpeH4yeBcka Ctojan Onruua, NprmeHa Ha Mu-
Kpouumn enektpodopesa N MaceHa crnekTpomeTpuja
3a onpepgenysake Ha NPOTEVMHW BO CEpPyM U nu-
kBop (TrenCevska Stojan Olgica, Application of
microchip electrophoresis and mass spectrometry
for determination of proteins in serum and liquor)
(10. 7. 2009).

Hajopocka Iby6omup MeHue, AHanu3a Ha eTe-
PVYHO Macfo M30MMpPaHO Of CradoK aHacoH Cco
TEHKOCIojHa xpomaTorpadmja m racHa xpomarto-
rpacdmja co maceHa cnektpometpuja (Najdoska
Ljubomir Mence, Analysis of essential oil isolated
from sweet fennel with thin layer chromatography
and gas chromatography-mass spectrometry) (29.
09. 2009).

MeTtpywescku Moue Fopfu, KpucranHa cTpyk-
Typa, nonumopdun 1 coneatn Kaj dapmaueBTCKu
aKkTMBHaTa cyncrtaHua Hatpuym Bannpoat (Petru-
Sevski Goce Gjorgji, Crystal structure, poly-
morphs and solvates of the pharmaceutical
ingredient sodium valproate) (13. 11. 2009).

ANNJIOMUPAHU CTYEHTU
Nno XEMWUJA HA UHCTUTYTOT 3A XEMWJA HA NPUPOAHO-MATEMATUYKNOT GAKYIITET
BO CKONJE BO 2009 rOOAUHA

HacraBHa Hacoka
(avnnomupanu npodecopu No xemuja)
10057 TMepkocka Knpo MupjaHa 11 peBpyapm
6319 lMetposcka Oparan Pagunua 10 mapt
7455 Konesa lNeTpe MapuHa 18 jyHu

10332 Cupgoposa Hukona MaenuHa 26 jyHn
8644 JoaHoBcka Jbybe MapuHa 26 jyHn
9285 [amjaHocku 3opaH MNoue 8 jynmn
8068 Kuposcka [parorbyb Tama 13 jynmn
8326 Tacescka CtojaH llnguja 31 aBryct

8046 JaHkoscka Mune burbaHa
9504 [anunnosa JopaaH Hartanuja
8643 Mwunowecka Jlaszap AHrenuHa
10542 Hycesa Pucte KatepuHa
7454 CumoHoBwmk bopko Cy3aHa
10737 LWabotuk Lleko AHena 20 HoemBpU
10736 A6asocku Kanuja Useunp 20 HoemBpy
7876 JlaBpuHcka bpanucnas Mapuja 11 gekemBpu
9281 Kynymoscka JoBaH AHra 25 nekemBpu
8037 Kapgpwm 3andu becum 25 nekemBpu

17 centemBpu
15 okTomBpM
20 okTOMBpPYU
21 oKTOMBpU
30 okToMBpU

MpumeHeTa Hacoka
(npenapaTMBHa M aHaNUTUYKO-CTPYKTYpHa NoaHacoka)
(AMNNoMupaHn MHXeHepu No xemuja)

6693 Muxajnosa [Jo6pe BecHa 28 maj
10551 Tywescka Unwnja BecHa 12 jyHu
10549 AnppeeBcka Jbybe BaneHtuHa 16 jyHu
11122 AHTuk CnaraH MBaHa 26 jyHn
10741 Oumoscka Noue bojaHa 26 jyHn
10745 JosaHoBcku [paraH NopaH 26 jyHn
10338 WUcakm LleBaT AjrbuH 13 jynu

6870 CenmaH bejtryna Ajya 14 jynn

10336 lMeTpywesunk Aua Cara
7123 dununosckn Knpo Tomye
1359 CraHkoBcka Munomup CysaHa
7475 lloykoBa MBaH EneHa
7125 CumoHoBcka-CTojaHoBCkM Kone
KarepuHa 5 okTomBpU
10543 Jockoscku Bnaroj Tuxomup 6 okTOMBpPU
8649 Hukonos AnekcaHgap Bnagummnp 26 oktomBpu
10767 LiBeTkoBcka Berbo JacmuHa 30 okTomMBpHU
10748 CramatoBcka Mojco HukonuHa 30 okTomBpm
9711 JoppaHoBa NMetap Camna 20 HoemBpU

26 aBryct

10 centemBpu
22 centemBpu
24 centemBpu
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7694 JaHneBcka CnaBe CHexaHa 11 pekemepu

Hacoka aHanuTu4ka 6Moxemumja
(BMNNOMMPaHN NHXEHepU No xemuja)

10364 Temenkoscka J/bynyo JacHa 27 jaHyapu
10366 Yakmakos NoHe Knpun 3 dbeBpyapu
9738 Cantuposcku Oywko CtedaH 2 mapt

10360 TyrapkoBa 3opaH daHvena 10 mapt
9722 CnacoBcka Auo BecHa 16 mapT
10351 JanyoBcka [‘opin Maja 16 mapT

10356 Hwukonoscka 3gpaBko JacmMuHka 20 mapT

9294 Hwukoa Huyo Mapuja 26 mapt
10343 AtanackoBa MaTtoau Tawa 2 anpun
9740 Anynocka Tpajye Bepue 30 anpun
10344 Apcoscka Jlacte EneHa 11 maj
5324 Teopruescku JbybeH BobaH 22 maj
9515 lMonoscka JopaaH JlnnjaHa 22 maj
8666 Topoposa 3apaH Cnaeuua 29 maj
10345 BoxuHoBcKa [‘okuua MBaHa 19 jyHu
9517 Pyxojunk MunosaH JeneHa 3 jynn

10165 MwuTpeBcka Cnase TuHa 8 jynun

10357 Haymosa Mujanye Nanaba 10 jynmn
8989 [yposcka Hukona Axa 10 centemBpu
8674 MwunaHoBcka 3opaH AHgpujaHa 16 cenTemBpu
9516 Mwunkocka Bnagumup XKaknmHa 30 centemBpu

11011 Jlasapoea duno [aHunena 2 OKTOMBPY
9736 CraHojnoBuk Paguwa PeHaTa 7 OKTOMBPU
11165 MeTtoaunjeB CtaBpu JeneHa 8 okToMBpYU

10759 Jocudoscka Brnago Hartawa
10756 [amjaHoea [‘opre MarnaneHa 28 okToMBpU
10755 BermsaHoBcka BaHuyo Maja 28 okTOoMBpU
10762 TlMynuHocka Mopko AnekcaHapa 29 okTomMBpwU
11009 MwunenkoBscka JaH4yo bojaHa 29 oKTOMBpPU
10763 [Monoscka Bnage Onra 30 okToMBpUM
10753 Benkosa Onueep KpuctunHa 30 okTomBpM

8671 AnpgoHoBcka Tomucnas Kpuctuna 30 oktomBpu
10758 [opruescka [paru JacMuHa 16 HoemBpu
10764 CronmeHoBcka JparaH Anekcangpa 16 HoemBpu

26 oKTOMBpU

ANNJNIOMUPAHU CTYEHTU
NO BUONOIrNMJA-XEMNJA HA NMPUPOAHO-MATEMATUYKNOT ®AKYNTET
BO CKOINJE BO 2009 rOANHA

12561 ['yposa Tone LigeTa 21 jaHyapu
10667 Hajoecka TpajaH Enexa 17 dpeBpyapu
10668 Puctosa Knpun Tawa 6 mapt

10666 CrojaHoBuk Oparn Enexa 10 jyHu
10149 Canoscka U6pyw JacmuHa 21 jynu
12560 CumoHoBcka Page LlekepuHa 16 cenTtemBpu

10003 AuHoBa AtaHac Emunuja 11 mapt 8340 Hukonosa Avren Nabpuena 23 centemBpu
7617 LWanpaaHos Bore ["opiu 13 mapt 10635 KutaHoBcka [dpraH Mabpuena 29 okTOMBpU
10153 Kouoscka [dparaH KpuctnHa 13 anpun 10150 CrojmeHoBa Togop Codmja 30 okToMBpU®
10509 JaHkoBcka po3ge OaHuena 6 maj 10151 TpajkoBa BpaHucnas Jannena 30 oktomBpu
12184 Hepenkoscka CojagnH BepoHnka 18 maj 5037 Llekosa Kupo Maja 2 nekemBpu
12579 Tacecka JoBaH CnaBuua 1 jyHmn
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Macedonian Journal of Chemistry and Chemi-
cal Engineering (Maced. J. Chem. Chem. Eng.) is an
official publication of the Society of Chemists and
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Abstract. Each manuscript should be provided
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significant results and conclusions. Define any ab-
breviations used in the abstract.

Key words. Up to 5 key words or phrases
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