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Improving Teaching Effectiveness in Chemical Engineering Education

This consortium brings together six European academic institutions (including partners
from the UK, France, Republic of Macedonia, Portugal, Slovakia and Germany) providing chemical
engineering degrees with professional / accreditation bodies and employer organisation represen-
tatives (as associate partners of the consortium). The aim of the project is to develop a framework
which will support the assessment of teaching effectiveness in delivering not only core chemical
engineering knowledge, but also core employability competencies.

The project officially started on the 1% October 2013 and will complete its activities on 30"
September 2016. It is divided into seven work packages.

Project overview

WP1 Management Oct ‘13 — Sep ‘16

WP2
Data gathering

¢ Jan’14 —Dec ‘14

WP3
Assessment * Jan ‘15— Aug ‘15
framework

Pilot * May ‘15 —Sep ‘16
implementation

l wp4
WPS5 Quality Assurance Oct ‘13 —Sep ‘16
WP6 Dissemination Jan ‘14 —Sep ‘16

WP7 Exploitation Jul ‘15 —Sep ‘16

Work packages 2, 3 and 4 will deliver the aims of the project through the following objectives:

e Review the learning outcomes of a chemical engineering higher education formation (as set
out by the Bologna recommendations and professional accreditation requirements), in con-
sultation between industrial and academic partners. (WP2)

e Promote closer involvement of employer organisations in chemical engineering curriculum
formation by carrying out focus groups and semi-structured interviews with associated in-
dustrial network partners, as well as questionnaire surveys of wider labour market repre-
sentatives, to identify the skill gaps and requirements. (WP2)

e Establish state-of-the art in assessing the effectiveness of teaching of core (chemical) engi-
neering knowledge and of the development of professional skills and competencies re-
quired to increase the employability of the graduates. (WP2)

e Define various indicators of the effectiveness of teaching in chemical engineering higher
education, share them with the community to help HE institutions to improve their forma-
tions both in chemical engineering as well as broader subject areas. (WP3)
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e Investigate in more depth methods of effectively acquiring employability competencies, us-
ing psychometric approaches amongst others. (WP3)

e Use decision making technology and multiobjective optimisation to identify the most appro-
priate evaluation methods and develop a robust framework for supporting effective delivery
of core knowledge and employability competencies. (WP3)

e Test the framework at partner institutions focusing on various pedagogic methodologies
(e.g. recorded instruction material used for directed learning, problem based learning, work
based learning, tutorial and traditional lecture delivery as well as practical laboratory in-
struction) in each geographical area to enable the investigation of dependencies between
educational systems and the effectiveness of pedagogic methodologies. (WP4)

The consortium is keen to engage as many higher education chemical engineering degree pro-
viders and potential employers as possible. Get in touch with us through our website
(http://www.iteach-chemeng.eu) or e-mail the project coordinator, Dr Jarka Glassey directly
(jarka.glassey@ncl.ac.uk).

Verka Meshko
International Balkan University

Skopje, Macedonia
meshko@ibu.edu.mk
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DOCTORAL THESES

DEFENDED AT THE FACULTY OF NATURAL SCIENCES AND MATHEMATICS,
Ss. CYRIL AND METHODIUS UNIVERSITY IN SKOPJE, 2013

Marina Stojanovska

THE OCCURRENCE OF ERRONEOUS NOTIONS IN TEXTBOOKS AND CHEMISTRY
TEACHING IN MACEDONIA AND POSSIBILITY FOR THEIR ELIMINATION
(27.2.2013)

A research concerning the presence of some erroneous notions (misconceptions) among
primary- and high-school students was conducted in this thesis. The study deals with misconcep-
tions from different chemistry areas and attention was paid to the misunderstandings related to the
vague ideas of the relationship between the macro- and micro-world. An attempt was made to
identify the origin of these misconceptions, to state the possibilities for their correction as well as to
give some suggestions for progress in the chemistry teaching.

The purpose of this study was to address and face the potential misunderstandings among
students and to prepare suitable intervention programs to fight the misconceptions. Intervention
programs consisted of laboratory activities, animations, molecular models, video materials and dis-
cussions.

Qualitative methods, such as interviewing techniques, were applied and were very useful in
gaining in-depth notions about students’ knowledge. The research also involved questionnaires
(chemistry concept inventories in a pre-test—post-test design) that were used to follow the im-
provement of students. The collected data were further analyzed using the software package Pre-
dictive Analytics SoftWare (PASW) 18.0.

The result of the study was that many misconceptions were detected, but, fortunately, they
were reduced after the conducted intervention programs. It was found that the results in the post-
test were significantly higher than those in the pre-tests which proved that the intervention pro-
grams were efficient, applicable and appropriate for teaching. However, a few misconceptions
were still present in the post-tests, thus confirming the existence of difficulties in the process of
ironing-out mis-conceptions.

We honestly hope that this research will be of great help for all present and future chemistry
teachers in their lesson planning and preparing effective tests for their students. Surely, the text-
book authors could also benefit from this research and make some interventions in order to pre-
sent the material more clearly and more precisely where necessary.

Keywords: chemistry teaching, misconceptions, chemical reactions, symbolical representations, particulate
nature of matter, oxidation reactions of rnonosacharides, sublimation, liquid iodine, spectator ions.

Katerina Baceva

DISTRIBUTION OF HEAVY METALS IN ENVIRONMENTAL SAMPLES
IN THE ALLCHAR MINE AND ITS ENVIRON
(8.10.2013)

The results from the investigation of the anthropogenic and geogenic influence of the pres-

ence of heavy metals in the Allchar locality, Republic of Macedonia, are presented in this PhD the-
sis, as well as characterization of the possible influence to the human health and living organisms
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by the pollution with some toxic elements. The region’s wider area, which is of interest in this inves-
tigation, is characterized by complex volcanic occurrences within the Kozuf massif in Vardar’s geo-
logical zone. Although a number of geological and mineralogical investigations on the Allchar’s re-
gion have been made, there have not been any detailed investigations of As, Sb, Tl and other toxic
metals’ possible influence over the pollution of the environment. This investigation includes the
analysis of a significant number of soil samples, river sediments, water samples, and for the inves-
tigation of the air pollution, certain species of moss, and various floral endemic species from the
investigated region have been used. During this investigation, 62 elements were analyzed (Ag, Al,
As, Ba, Be, Bi, Br, Ca, Cd, Ce, Co, Cr, Cs, Cu, Dy, Er, Eu, Fe, Ga, Gd, Ge, Hf, Hg, Ho, I, In, K, La,
Li, Lu, Mg, Mn, Mo, Na, Nb, Nd, Ni, P, Pb, Pd, Pr, Pt, Rb, Rh, S, Sb, Sc, Sm, Sn, Sr, Ta, Tb, Te,
Th, TI, Tm, V, W, Y, Yb, Zn and Zr) in soil, water, sediments and moss samples. In order to
achieve this, atomic emission spectrometry with inductively coupled plasma (AES-ICP) and mass
spectrometry with inductively coupled plasma (ICP-MS) were applied. The obtained results were
processed with specialized statistical analysis software and corresponding distribution maps were
developed for various sampling media for each investigated element.

The results from the soil survey were processed by the method of multivariate factor analysis
and six associations of elements were determined: Rb-Ta-K-Nb-Ga-Sn-Ba-Bi-Li-Be-(La-Eu)-Hf-Zr-
Zn-In-Pd-Ag-Pt-Mg; TI-As-Sb-Hg; Te-S-Ag-Pt-Al-Sc-(Gd-Lu)-Y; Fe-Cu-V-Ge-Co-In; Pd-Zr-Hf-W-Be
and Ni-Mn-Co-Cr-Mg. For all analyzed elements and geochemical associations, distribution maps
were prepared. The geochemical association of the As, Sb and Tl indicates mainly natural enrich-
ment, but some high-values for Sb were result of former mining activity in the studied area. Anthro-
pogenic influence to the distribution of Sb is also reflected in the river sediments as well.

Atmospheric pollution with certain toxic and heavy elements was measured using the moss
biomonitoring technique in Allchar and its environ. By application of multivariate cluster and R-
mode factor analysis, five geochemical associations were determined: F1 (Co, Cr, Fe, Sc, Li, V,
Ga, Y, Ni, Mn, Al, La-Lu, Cu, Ge, Be, Bi and Hf); F2 (As, Tl, Sb and Mg); F3 (Rb, Cs and Mo); F4
(Sr, Ba, Hf, Zr, La-Lu and Bi) and F5 (Cd, Zn, Ag and Cu). The data from the samples around the
Allchar mine and the rest of the Allchar area show that their source is mainly from natural phenom-
ena. The comparison between the results from the samples around the Allchar mine and the rest of
the Allchar area shows highest median values for As, Sb and Tl in the vicinity of the mine.

Within this thesis, an investigation for establishing the accumulation of some toxic elements
in relation to its mobility in some local endemic plant species from this locality, Viola allchariensis
G. Beck, Viola arsenica G. Beck, Viola macedonica Boiss. & Heldr., Onobrychis degenii Dorfler,
Thymus alsarensis Ronn. and Centaurea leucomalla Bornm, was also carried out. The results
showed that all studied endemic species are able to hyperaccumulate heavy metals in their roots,
stems, leaves, flowers and seeds.

Keywords: Allchar, heavy metals, trace elements, soil, air, endemic species, pollution, water, sediments,
moss

Lence Velkovska Markovska

HPLC METHODS DEVELOPMENT FOR QUANTITATIVE DETERMINATION OF SOME
HERBICIDES AND ORGANOPHOSPHATE INSECTICIDES IN VARIOUS MATRICES
(9.10.2013)

The research presented in this work is contribution in the field of new analytical methods for
identification and quantification of some herbicides (2,4-D and atrazine) and organophosphorus
insecticides (malathion, parathion and fenitrothion) and their residues in various matrices. The de-
velopment of relatively fast, simple, precise and accurate HPLC methods using ultraviolet diode
array detector (UV-DAD) for the determination of pesticide residues in apple juice and water sam-
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ples are explored. Furthermore, the new HPLC methods for quantitative determination of the active
ingredients 2,4-D and malathion in the pesticide formulations Monosan Herbi, DMA-6 and Etiol
teCni are developed.

For development of reversed-phase liquid chromatographic methods five analytical columns
with different dimensions and particle size are used (LiChrospher 60 RP-select B (125 mm x 4 mm;
5 um), LiChrospher 60 RP-select B (250 mm x 4 mm; 5 ym), Purospher STAR RP-8e (30 mm x 4
mm; 3 ym), Purospher STAR RP-18e (30 mm x 4 mm; 3 ym) and Poroshell 120 EC-C18 (50 mm x
3 mm; 2,7 ym)), while the developing of the normal-phase chromatographic methods is carried out
using the intermediate column LiChrosorb CN (250 mm x 4 mm; 5 ym).

For quantitative determination of the active ingredient 2,4-D in the pesticide formulations
Monosan Herbi and DMA-6, four reversed-phase (RP) liquid chromatographic methods are devel-
oped. Four RP-HPLC methods and one NP-HPLC method are proposed for determination of the
active ingredient malathion in the pesticide formulation Etiol te¢ni. Five RP-HPLC methods for de-
termination of residues of atrazine, malathion, parathion and fenitrothion in apple juice samples,
and for determination of residues of 2,4-D, atrazine, malathion, parathion and fenitrothion in water
samples, and one NP-HPLC method for determination of residues of parathion, malathion and feni-
trothion in apple juice samples are developed. For enrichment and clean-up of compounds of in-
terest Supelclean ENVI-18 SPE tubes were used.

The optimal conditions for separation and quantitative determination of the analytes with iso-
cratic elution are obtained using mobile phases consisting of different ratios of acetonitrile/water in
reversed-phase mode and n-hexane/dichloromethane in normal-phase mode, flow rate of 1
ml/min, constant column temperature of 25 °C and UV detection at 220 nm and 270 nm.

To determine the most effective procedure for the extraction of the investigated pesticides
from water samples several organic solvents are tested: dichloromethane, a mixture of n-hexane-
acetone (4:1, V/V), diethyl ether and petrolbenzene.

The validation of the developed methods is performed by testing the following parameters:
specificity, selectivity, linearity, precision, accuracy, limit of detection and limit of quantification. Re-
tention and separation factor, resolution, coefficients of determination, relative standard deviation
of the results for retention time, the peak area and peak height, recovery of analytes and active
ingredients quantity in the pesticide formulations, apple juice and water samples for each method
are determined.

Keywords: 2,4-D, atrazine, malathion, fenitrothion, parathion, apple juice, water samples, Monosan Herbi,
DMA-6, Etiol te¢ni, RP-HPLC, NP-HPLC, UV-DAD

Gjorgiji Petrusevski

PSEUDOPOLYMORPHISM AND SOLID-STATE STABILITY OF SOME OPIATE
ALKALOIDS STUDIED BY VIBRATIONAL SPECTROSCOPY AND THERMAL ANALYSIS
(29.11.2013)

The knowledge of the pseudopolymorphism and solid-state stability of each active pharma-
ceutical ingredient (API) is of crucial importance for selection of the most appropriate technological
procedure for production of final pharmaceutical dosage form (further enabling its safe and efficient
medical application). The PhD thesis comprises the results from the first detailed study related to
the polymorphism of the commercial crystal hydrate forms of the narcotic-analgesic codeine phos-
phate. The phase transition interconversion pathway of codeine phosphate hemihydrate to sesqui-
hydrate form, and vice versa, are thoroughly described. The obtained vibrational spectra and the
results derived from the thermal analysis conducted on both studied API forms are elaborated. The
existence of the metastable monohydrate and anhydrous form of codeine phosphate is also con-
firmed. Furthermore, solvatomorphism study governed by crystallization of the commercial form of
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codeine phosphate sesquihydrate from various organic solvents shows that sesquihydrate under-
goes direct phase transition either to hemihydrate (by crystallization form dimethylformamide), or
anhydrous form. The latter outcome occurs when absolute ethanol, acetone and ethyl acetate are
used as crystallizing solvents. In addition, a formation of solvate in methanol solution is also ob-
served. The new obtained compound was identified as codeine phosphate sesquihydrate metha-
nolate by means of variuos solid-state instrumental techniques. Corresponding solid-state study is
conducted for pholcodine monohydrate. The work revailed that after crystallization from various
organic solvents, pholcodine monohydrate exhibits unique crystal modification identical to the
commercial form. In addition, single-crystal X-ray diffraction on specimen obtained from acetone
solution, enabled to solve the crystal structure of pholcodine monohydrate. In the determined struc-
ture, each water molecule is connected by two pholcodine molecules via three strong hydrogen
bonds. The obtained results offer new prospects towards solid-state properties of pholcodine
monohydrate that might result in extended medical application of this important API.

Keywords: codeine phosphate, pholcodine monohydrate. solvatomorphism, polymorphism, vibrational spec-
troscopy, thermal analyses, X-ray diffraction, crystal structure

MATUCTEPCKU TPYOOBM

OOBPAHETU HA UHCTUTYTOT 3A XEMUJA
NP NPUPOAHO-MATEMATUYKNOT ®AKYJITET,
YHUBEP3UWUTET ,,CB. KUPUI1 U METOOUJ“ BO CKOINJE, BO 2013 TOAVHA

1. WBaHa ByukoBuk, Cnegewe Ha aTmo- targeted peptide quantification analysis.

cdhepckaTta genosvunja Ha TELKU MeTanu
Bo Penybnuka XpBaTcka CO npuMeHa Ha
BGUOMOHMUTOPUHI CO MOB, aTOMCKa eMUCU-
OHa CrnekTpomeTpuja CO WHOYKTUBHO
cnperHata nnasma W artomcka arncopr-
LMOHa cnekTpomeTpuja.

lvana Vuckovié, Atmospheric deposition
of heavy metals in Croatia studied by us-
ing moss biomonitoring technique, atomic
emission spectrometry with inductively
coupled plasma and atomic absorption
spectrometry. (12.2.2013)

XpuctuHa TomoBcka, Paspabotka Ha
GC-MS meTogu 3a aHanu3a Ha M3omep-
UTE Ha XEKCaxNOPOLMKITOXEKCAH CO pas-
NIMYHM HAYUHW Ha VHjeKTUpatse.

Hristina Tomovska, Comparison of vari-
ous injection models in the GC-MS anal-
yses of hexachlorocyclohexane isomers.
(15.2.2013)

JluHa AHueBa, KBaHTUTaTMBHaA aHanusa
Ha nenTuau nNpeky crnegexwe Ha cneuu-
UyHM  peakumm Ha QparmMeHTaumja co
MaceH CneKTpoMeTap CO TPOEH KBaZpyror.
Lina Anceva, Selected reaction monitor-
ing triple quadrupole mass spectrometric

(8.5.2013)

AnekcaHgap Manetuk, Pas3Boj u npwu-
MeHa Ha racHa-xpomaTtorpadcka metoaa
3a onpegenyBawe Ha (pTtanatHu ecTepu
o eBponckaTa npuopuTeTHa nucTta BO
NPUPOAHM BOAM.

Aleksandar Maletié, Development and
application of a gas chromatographic
method for determination of phtalate es-
ters from the European priority list in natu-
ral waters. (10.5.2013)

BypaH CkeHpep, PaspaboTka Ha meToaa
3a aHanuM3a Ha [MKONM BO MNo4YBa CO
racHa xpomartorpaduja co npuMMeHa Ha
AepvBartusauuja.

Buran Skender, Development of a meth-
od for analysis of glycols in soil by gas
chromatography  with  derivatization.
(11.7.2013)

Emununja Konc, Cnabu wHTepmoneky-
NapHW MHTEpaKLuM BO BTEYHETN UHEPTHU
racosn. Teopucka cTtyauja cO KOMOBUHM-
paHa MpuUMeHa Ha CTaTUCTUYKO-(U3NYKK
N KBaHTHOMEXaHWYKU MpucTan.

Emilija Kols, Weak intermolecular inter-
actions in liquid inert gases. A theoretical
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10.

11.

study with a combined use of statistical
physics and quantum-mechanical ap-
proach. (9.7.2013)

CysaHa JlasapeBcka, buoxemucku aHa-
N3N BaXkKHW 3a crneaewe Ha NauneHTn co
LekepHa 6onecTt Tmn 2, KOW ce Co annu-
LMpaHa oparnHa Tepanuja.

Suzana Lazarevska, Biochemical anal-
yses important for monitoring diabetes
type 2 patients with applied oral therapy.
(10.10.2013)

®dunmun CBOHCOH, BubpaunoHn cnektpu
Ha OuUEe3MyM Kanuuym TeTpaxnopug Au-
XMAPaT N KOHCTaHTU Ha aHXapMOHWUYHOCT
3a U30TOMNCKM U30NMpaHUTE N30TONOMEpU
Ha MONeKynuTe Boda Kaj HEKOM MeTarHu
Xropuau KkpuctanoxvmapaTtw.

Filip Svonson, Vibrational spectra of
dicaesium calcium tetrachloride dihydrate
and constants of anharmonicity of
isotropically isolated isotopomers of water
molecules in some metal chloride
crystallohydrates. (08.10.2013)

AHTOHMO bByxapeBckn, CuHTe3a u
CTPYKTYpHa KapakTepusaumja Ha HOBM
6eH3ammMoomeTun gepuBaTM Ha MeTaH-
cyndoHamMmnaoT co noTeHuujanHa 6wuo-
NOLUKA aKTUBHOCT.

Antonio Buzarevski, Synthesis and
structural  characterization of new
benzamidomethyl derivatives of methan-
sulfonamide with potential biological activ-
ity. (13.11.2013)

JacHa Tewmenkocka, [lpoyyyBawe Ha
MOXXHOCTa 3a MPUMEHa Ha XaoTPOMHU pe-
areHcu 3a aHanmsa Ha OnujaTHWU arnkano-
manm n ametTaMmmHn Co peBep3Ho-dhasHa
BUCOKOepmKkacHa TevHa xpomarorpaduja.
Jasna Temelkoska, Studying the possi-
bility of using chaotropic reagents for re-
versed-phase HPLC separation of select-
ed opiate alkaloids and amphetamines.
(15.11.2013)

JeneHa MuxajnoBuk, PaspaboTtka Ha
UV-VIS cnektpodoTtomeTpuckn metoq 3a
onpegenyeawe Ha cyndameToKcason u
cyndameTpon Bo hapMaLeBTCKN U BETE-
pYHapHW bopMynaumm.

Jelena Mihajlovi¢, Development of UV-
VIS spectrophotometric method for the
determination of sulfamethoxazole and
sulfametrol in pharmaceutical and veter-
inary formulations. (10.12.2013)

Maced. J. Chem. Chem. Eng. 33 (1), 151-168 (2014)

12.

13.

14.

15.

17.

18.

KaponuHa PyceBcka, Paspabotka Ha
MeTo4a 3a [JeTeKkTMpawe Ha €er3oreHu
CyNncTaHuMM BO KOCa CO racHo-maceHa
cnekTpomeTpuja.

Karolina Rusevska, Development of
method for detection of exogeneous sub-
stances in hair using gas chromatog-
raphy coupled to mass spectrometry.
(11.12.2013)

TatjaHa MuueBcka, PaspaboTka Ha Mo-
Oen 3a nNpecMeTyBake Ha OKTaHCKU 6poj
Ha GeH3MHKN NpeKy ekcnepuMeHTanHu ge-
CKPUMTOPMW.

Tatjana Micevska, Newly developed
model for calculating the octane number
of gasoline using experimentally obtained
descriptors. (13.12.2013)

MoHuka PapeBcka, Hos npuctan KoOH
CMEKTPOCKOMNCKN N CTPYKTYPHU UCMUTYyBa-
Ha Ha OyOpeXXHN kKamerba.

Monika Radevska, New approach for
spectroscopic and structural characteriza-
tion of urinary calculi. (17.12.2013)

AnekcaHgap Mapko3aHoB, VcnutyBara
Ha pasnuMyHM BMAOBM MacTuna co nomoLu
Ha MMUKpPO-pamMaHcka U MHdpaLpBeHa Crek-
TpOCKOMNuja 1 XeMOMETPKCKa aHanuaa.
Aleksandar Markozanov, Study of dif-
ferent types of inks using micro-Raman
and IR spectroscopy and chemometrics.
(18.12.2013)

. JoBaHka WnwueBa, PaspaboTka Ha Me-

ToOa 3a aHanusa Ha eTepu4HOTO Macno u
nunugHaTta pakuvja opf jaTkata Ha
nnopgoT Ha Myristica fragrans Houtt. co
racHa xpomartorpaduja crnperHata co
MaceHa cnekTpomeTpuja.

Jovanka llieva, Development of method
for analysis of essential oil and lipid frac-
tion from the kernel of Myristica fragnans
Houtt by gas chromatography coupled
with mass spectrometry. (11.06.2013)

Hartanuja KpywapoBcka, PaspaboTka Ha
mMeToAa 3a onpefenyBake Ha aBTEHTUY-
HOCTa Ha MIIeYHM NPOU3BOAM NPeKy oape-
AyBak-e Ha MacHO KUCENMUHCKUOT npodpur.
Natalija KruSarovska, Development of a
method for establishing the authenticity of
dairy products by deternination of fatty ac-
id profile. (12.6.2013)

Cawa MunkoBcka, VcnutyBawe Ha
MEeXaHU3MUTE Ha rnukaumja Ha MoaenHu
nenTnau.

Sanja Milkovska, Investigation of model
peptides glycation mechanisms.
(22.2.2013)



160

Bectu — News

AOUMNTOMUPAHU CTYOEHTU

HA UHCTUTYTOT 3A XEMWUJA MNMPU NPUPOAHO-MATEMATUYKUOT PAKYNTET ,
YHUBEP3UTET ,,CB. KUPUJ1 U METOOWUJ“ BO CKOINJE, BO 2013 TOANHA

MpumeHeTa xemuja
Mopayn: aHanuTnyka bmoxemuja

Hayea Vne Jbynka, 29.1.2013
Oumutposckn ToHn HeHag, 30.1.2013
dunoscka Josuua KatepuHa, 18.2.2013
Puctocka Kpcte JapuHka, 8.3.2013
JopgaHoscka Amne MapuHa, 19.3.2013
Tpajkocka ['oue Mupocnasa, 25.3.2013
OumuntpoBa BeHuucnae Tamwa, 25.3.2013
AHuyeBcka Cume EneHa, 5.4.2013
Bawecka Cawo BukTopuja, 26.4.2013
Konescka 3opaH Munehna, 9.5.2013
MeTtogueea 3opaHyo UnuHa, 19.6.2013
PyHueBcka Mune KatepuHa, 20.6.2013
Tanescka Jbynyo JleHa, 1.7.2013
CrojaHoBcka bnaxo MoHuka, 5.7.2013
Yeprapcka Muxaun Katepuna, 8.7.2013
[‘opecka Bene Angpujana, 10.7.2013
TpajkoBuk PagosaH CtedpaH, 12.7.2013
LlekoBa 3opaH EneHa, 5.9.2013
3adumposcku bopye bnarnuya, 13.9.2013
BorgaHocka Koue MupjaHa, 19.9.2013
3naTtaHoecka bpaHko MapuHa, 19.9.2013
Mepescka Mute Pyxuua, 19.9.2013
KyamaHocka [dywaH AxuTa, 19.9.2013
KamyeBcka Banren bnaruua, 30.9.2013

Boroescka bnaroj NBana, 9.10.2013
Cnaxuk ®ukpet CaHena, 14.11.2013
CrojaHoBcka J1azo Maja, 30.12.2013

MpumeHeTa xemuja

Oumutpuecka Unnja JeneHa, 7.3.2013
3eknpn Agem NceH, 28.3.2013
[‘opfuescka Mewo AHrenuHa, 5.4.2013
Anpos Bpanko [‘ope, 8.4.2013

Kycescka CnoboaaH Enena, 27.8.2013
JoBaHoBcku CtojaHye CtedpaH, 13.9.2013
Bacosuk boxo [JparaHa, 23.9.2013
Cmunecka Cnaee bucepa, 9.10.2013
XpucToscka ["opf Muna, 10.10.2013
Kpctesa Mune Mapwuja, 11.12.2013

HactaBHa Hacoka

MaHuecka Oumutpuja XpuctuHa, 8.4.2013
JaHkoBckn Mune Janko, 20.5.2013
Cp6bwuHocka JbybaH CHexaHa, 11.7.2013
MNMonecka Cnace Mapwja, 23.9.2013
JoBaHoBcka Munocnas AHeTa, 09.10.2013
EdTtumosa lMNMetpe Mapuja, 09.10.2013
JbybeHcka CnobopaH bunjaxa, 10.10.2013
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DOCTORAL THESES

DEFENDED AT THE FACULTY OF TECHNOLOGY AND METALLURGY,
Ss. CYRIL AND METHODIUS UNIVERSITY IN SKOPJE, 2013

Elena Velickova

NON-THERMAL PRESERVATION OF FRUITS AND VEGETABLES
(30. 1. 2013)

The non-thermal preservation methods could be easily combined with the traditional
preservation methods to produce high quality food products. The new mild processing techniques
used in this study include: osmotic dehydration, vacuum impregnation, pulse electric field and
edible coatings.

Five raw materials with different tissue structure such as potato, carrot, Jerusalem artichoke,
apple and strawberry were used for the osmotic treatment. The changes in tissue’s density and
porosity under different temperatures and concentrations of the osmotic solutions were evaluated.
The effect of different parameters on the osmotic dehydration of the different plant tissues in terms
of water loss and solid gain, were investigated. The water removal rate was in the range from
0.076 to 0.624 guwae/9swh, while the solute uptake’s rate was from 0.040 to 1.043 g/gswh. The water
diffusion coefficient was in the range of 0.8 to 1610™"" m?s. Osmotic treatment deactivates the
enzymes and it preserves well the aroma and the color, the mechanical and nutritive properties of
the fruits and vegetables. The dried apples with well preserved optical and nutritive properties,
having the common characteristics of crispy products were transformed in a new product, apple
chips.

The effect of cryoprotectants on the freezing tolerance of strawberry tissues were evaluated
by means of vacuum infusion and pulse electric field. The cryoprotectants used in this study were
trehalose and antifreeze protein. They were vacuum infused in the strawberries’ apoplast. The
pulse electric field enabled direct impregnation of the plant cells with cryoprotective solutes. The
tissue absorbed 9% and 14% of antifreeze protein and trehalose. When the combination of the
both solutions was used the tissue absorbed 19%. The combined effect of both cryoprotectants
significantly improved the freezing tolerance of the treated strawberries and maintained 90%
viability of the plant cells after thawing.

The minimal processing of fruits was carried out with edible films. Edible coatings act as
moisture and gas barriers and improve the quality and shelf-life of minimally processed fruits and
vegetables. For that purpose 10 chitosan-based edible films were prepared. Chitosan films were
modified by crosslinking, application of a beeswax coating on both interfaces of the film and
preparation of composite films. All edible films were characterized in terms of their optical,
mechanical, barrier, sorption and thermal properties. The incorporation of the beeswax into the
edible films decreased the water vapour permeability value from 4.15107"" to 1.5107"
molm/m*s'Pa. The edible coatings as a preservation method were tested on strawberries. The
coatings modified the respiration rates of the strawberries and slowed down their metabolism
extending their shelf-life at 20°C. The three-layer coatings enabled the best protection of the
overall quality of the strawberries, but the chitosan and composite coatings were more preferable
for the consumers.

The emerging technologies in combination with the already existing methods besides
providing microbial stability, fresh look and extended shelf life also gave better preservation of the
sensorial and nutritional properties of the fruits and the vegetables.

Keywords: non-thermal processes, osmotic treatment, vacuum infusion, pulse electric field, edible films
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Aneta Vasiljevié-Sikaleska

SHEAR INDUCED MICRO- AND MACROSTRUCTURAL CHANGES IN POLYMER BLENDS
BASED ON POLY(VINYLCHLORIDE) WITH POLY(ALKYLMETHACRYLATES) AND THEIR
EFFECT ON THE RHEOLOGICAL, MORPHOLOGICAL AND FINAL PROPERTIES
(11. 2. 2013)

The aim of this thesis was to study the structure development in polymer blends when they
are forced to flow under specified stress fields and its influence on rheological and mechanical
properties.

Binary polymer blends of polyvinylchloride (PVC) with polymethylmethacrylate (PMMA),
polyethylmethacrylate (PEMA), polybutylmethacrylate (PBMA) and polypropylene (PP) with 90/10,
80/20, 70/30 and 30/70 were investigated. Also nanocomposite material based on PVC/PEMA
90/10 blend was prepared by incorporation of montmorillonite nanoclay.

Test samples were prepared in a molten state using a Brabender mixer and afterwards
extruded at two different rotational speeds in a single screw extruder. The characterization of these
materials was carried out by scanning electron microscopy (SEM), transmission electron
microscopy (TEM), parallel plate oscillatory rheometry, dynamic mechanical thermal analysis
(DMTA), dynamometric method, differential scanning calorimetry (DSC) and X-ray analysis (XRD).

SEM micrographs revealed homogenous and uniform dispersions without visible phase
boundaries. The fracture surfaces of samples processed in a brabender changed from brittle and
glassy for neat PVC to ductile with high extent of plastic deformation for the nanocomposite and
blends. It was also observed that additional shearing of samples in the extruder caused structural
reorganization and elongated domains oriented in the flow direction were detected.

Rheological measurements performed under steady shearing conditions and dynamic
oscillatory shearing were used to evaluate the shear-dependent viscosity, 77(y), the first normal

stress coefficient, ¥, (), and the second normal stress coefficient, v, (7). Analytical equations of

these dependences (n(y), ¥, (), ¥,(¥)) known as material functions, with the exception of
v, () which is zero, were found. Also expressions for the functions of the storage modulus, G'(w),

the loss modulus, G"(w), and the complex viscosity n*(w) were determined. According to these
functions all samples are viscoelastic with a pseudoplastic character of the apparent viscosity and
the first normal stress coefficient. Pseudoplacticity, assessed by the viscosity material function, is
more expressed with samples obtained in the brabender. For example, the viscosity material

function of PVG/PEMA 90/10 blend processed in the brabender is 77,, =147™°, while the function

for the same blend additionally sheared in the extruder is 77,, = 8()~"*. This noticeable change in

the values of the flow index, which is closely related to the material structure, arises from the flow
induced microstructures caused by the different stress field occurring in the brabender and
extruder. These results are consistent with those obtained from the morphological analysis.

Good correlation between the correspondent functions from steady shear flow
measurements, 7,,(y)and N,(y), and dynamic oscillatory measurements, G"(w), and G'(w) is

observed. This finding, being a property inherent in all viscoelastic materials, is very important
because it can be used not only to test the suitability of different rheological constitutive equations
and models but also may confirm a more convenient method to generate data from some polymer
characteristics to others quite different or to prove the validity of data obtained from different
measurements.

DMTA results show that viscoelastic properties of samples in a solid state are significantly
influenced by the manner of mixing, i.e. how the components are brought together into a direct
contact. Materials with noticeably higher storage modulus, from 20 to 40%, are obtained when the
material is processed in the brabender instead of extruder.
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Tensile properties were evaluated by the Young’s modulus, tensile strength and elongation.
As expected, due to the homogenous dispersion of spherically shaped domains when blends are
processed in the brabender materials with enhanced elasticity are obtained. Contrary, during
extrusion the elongation of domains generates more brittle material. These results entirely agree
with those obtained from SEM, DMTA and parallel plate measurements.

It has to be emphasized that experimental results confirm the assumption that during the
operation of shaping of polymer systems into semifinal or final products microstructural changes do
happen that undoubtedly affect strongly material end properties. Among all, the rheological
properties of the studied polymer blends were the most sensitive ones to the flow induced
microstructural changes.

The addition of nanoparticles improved the rheological behavior of polymer blend in a molten
and solid state, without worsening its processibility. This is of particular importance because
indicates that the nanocomposite material can be processed using the same operations and
processing conditions as those for neat polymer blends.

Based on a thorough analysis of the obtained experimental results, observations,
analytical relations of the material functions and viscoelastic properties, others very specific
findings and of course the current knowledge in this field, it is shown that the rheological behaviour,
being the most sensitive to flow induced structural and morphological changes, remains the main
concern in polymer processing especially when polymer blends are processed. It dictates the rate
and quality of final products. Therefore the rheological viscous and elastic behaviour quantitatively
determined in this investigation, with incorporated molecular parameters and engineering principles
can be used as a fundamental input in the mathematical formulation of the process as whole. This
approach along with advanced computational tools of modelling, simulation and optimization will
enable achieving products with desired specific properties.

Keywords: Polymer blends, rheology, material functions, viscoelasticity, shear induced micro and
macrostructural changes, mechanical properties

Maja Dimitrovska

ANTHOCYANIN PROFILE OF THE MACEDONIAN RED WINES
(10. 5. 2014)

The anthocyanin composition of red grape varieties Vranec, Cabernet Sauvignon, Merlot and
Pinot Noir grown in R. Macedonia was determined analyzing the skin extracts of the grape berries.
The relative content of the identified anthocyanins was calculated and the obtained anthocyanin
profiles were compared in terms of acylation and anthocyanidin distribution. The predominant
anthocyanin in all varieties was malvidin-3-glucoside. Vranec variety was characterized by high
proportions of coumaroyl! derivatives and peonidins. The most pronounced difference among the
studied grape cultivars was the relative amount of acetate derivatives. Different relationships
among the anthocyanin groups of compounds were considered as parameters for differentiation of
the cultivars. The relationship between coumarates and acetates in Vranec was significantly higher
compared to Merlot and Cabernet. Moreover, the greatest difference of ratio between delphinidins
and peonidins allows clear discrimination between the studied grape cultivars.

Evolution of the individual monomeric anthocyanins during vinification of grapes into wines
was investigated using different oenological treatments for each of the studied grape varieties. The
dynamics of the extraction was observed daily during the maceration, analyzing the anthocyanins
in the must using HPLC. Additionally, the effect of the applied vinification protocols on the
anthocyanin composition of the obtained wine at the end of maceration and wine aged 6 months
was investigated and compared with the anthocyanin patterns of the original grape. The results
confirmed that anthocyanin composition of the grapes changed during fermentation. Different
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vinification protocols applied to a same raw material resulted in wines with similar anthocyanin
patterns. However, the similarity decreased with the aging of the wines.

Wines of Vranec, Cabernet Sauvignon and Merlot varieties, from 1 to 3 years old, produced
in different wineries in R. Macedonia were examined for their anthocyanin and chromatic profiles,
total phenols, antioxidant potential and macro- and micro-elements. The established data were
submitted to analysis of variance and principle component analysis in order to evaluate their
potential for differentiation of wines according to variety and vintage. Vranec wines have shown
distinctive characteristics, with the highest content of anthocyanins and values of colour intensity,
% red and % dA, compared to the other two studied varieties. The content of petunidin-3-
glucoside, peonindin-3-glucoside and anthocyanin acetates were established as possible markers
for differentiation of Vranec wines from Cabernet Sauvignon and Merlot wines. However, none of
the assayed parameters could be used for differentiation of Cabernet Sauvignon from Merlot
wines. It was observed that successful classification of the wines by variety according to
anthocyanins is limited by the wine age. The chromatic parameters allowed distinguishing of young
from old Vranec wines. Additionally, it was found that elemental composition distinguished
domestic wines from wines produced in other regions of the world.

Keywords: anthocyanins, anthocyanin ratios, grape skins, Vranec, Merlot, Cabernet Sauvignon, Pinot Noir,
vinification, wine, colour characteristics, fingerprint, total phenols, antioxidant activity, macroelments,
microelements, differentiation

MAIT'MCTEPCKWU TPYOOBU
OOBPAHETU HA TEXHOJIOLWWKO-METAJTYPLUKAOT PAKYNTET
NPU YHUBEP3UTETOT Cs. ,,KWPUIT1 U METOAWJ“ BO CKOINJE BO 2013 FTOAUHA

MBaHocka-Aauuk Jbyb6eH AnekcaHppa,
HaHokomno3ntn Ha 6asa Ha ryma u
MOHTMOPWNOHUT: OOMBaH€ 1 CBOjCTBA.
lvanovska-Daci¢ Ljuben Aleksandra,
Natural rubber/montmorilonite nanocom-
posites: preparation and properties.
(15.5.2013)

laBpaHcka-HeueB Unuja Emunuja, Vic-
TpaxyBake U OLeHa Ha KBanuTEeTOT Ha
ycnyrata BO ¢hapmaleBTckaTa Manonpo-
Jaxba.

Gavranska-Necev llija Emilija, Service
quality research and service quality as-
sessment in the pharmaceutical retail.
(17.5.2013)

FlepacumoBa boH4yo Backa, YHanpeny-
Batb€ Ha KBANMTETOT NPEKy HamanyBahe
Ha BapuvjabunHocTa Ha MpoLecoT Ha Npo-
M3BOACTBOTO M 6e3begHoCcTa Ha KOHAOU-
TOPCKM Npon3BoAM of acnekt Ha TQM.
Gerasimova Bonéo Vaska, Quality im-
provement through reduce the variability
of the process production and safety
confectionery products based on TQM.
(12.6.2013)

TopopoBa Ctoucnae CnaBuuya, Keanu-
TeT Ha NOMMHOMAacHO NacTepusnpaHo mre-
KO makyBaHO BO ambanaxa CO pasfnuyHa
cBeTMocHa Gapuepa.

Todorova Stoislav Slavica, Quality of
whole pasteurized milk packed in
packaging with different light barrier.
(12.6.2013)

CpbuHockn PapoBaH lNopaH, [loGuBa-
He Ha bGuoamsen og ynotpebyBaHo mac-
N0 CO KOpUCTEHE Ha YNTpasByK.
Srbinovski Radovan Goran, Ultrasound
biodiesel production from used cooking
oil. (19.6.2013)

Benecka-Yanparocka Mwune bwunjaHa,
[obueawe Ha Guoamsen co egHodasHa
peakumja BO MNPUCYCTBO Ha KO-pacTBoO-
pyay.

Veleska-Capragoska Mile Biljana, Bio-
diesel production with one-phase reaction
in the presence of co-solvent. (24.6.2013)

Auocku Xpucte ToHu, PasBoj Ha ¢op-
Mynaumm 3a nekapcku agutmemn 3a Gpalu-
Ha CO pasfM4YHM PEOSIOLKM KapaKkTepuc-
TUKW.
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Acoski Hriste Toni, Development of for-
mulations for baking additives for flours
with different rheological characteristics.
(24.6.2013)

MNejunHoBckn CaBo MaptuH, [lpumeHa
Ha PCR TexHukata 3a yTBpayBame Ha
FeHeTCKMOT Npodun Ha MOHOUUTUTE.
Pejcinovski Savo Martin, Application of
PCR technique in determination of ge-
netic profile of monocytes. (12.7.2013)

YayweBcku Bopuc Bnagumup, MuHe-
parnHWoT COoCTaB, MHOMKATOpP 3a Knacudu-
Kauuja Ha KOMepuMjarHUTE HerasupaHu
COKOBMW.

Causevski Boris Vladimir, Mineral com-
position, indicator for classification of
commercial soft drinks. (12.7.2013)

MetpoBckn Bojo AnekcaHpap, Kapak-
Tepusaumja Ha rpadbeH gobueH no nat Ha
ereKTponunsa BO BOAHM pacTBOpW CO MNpu-
MeHa Ha peBep3eH NoTeHuujarn.

Petrovski Vojo Aleksandar, Character-
ization of graphene obtained by electro-

11.

12.

13.

lysis in water solutions using reverse
potential. (17.9.2013)

TypyuunpoB Esctpatujoc Jocud, Bnu-
jaHve Ha opraHCcKkvu aguMTMBK BP3 ENeKTpo-
genosuunjata Ha 6akap Bp3 pyTEHMYMOBM
nognoru.

Turunidov Evstratijos Josif, Influence of
organic additives on electrodeposition of
copper on  ruthenium  substrates.
(19.9.2013)

HepaHoBcka-boueBa Mwutpe MaprTa,
MurmeHTHO BGoewe Ha pasnn4Ho obpabo-
TEHWUTE NaMy4HW NPOU3BOAMN.
Nedanovska-Boceva Mitre Marta, Pig-
ment dyeing of differently pretreated fab-
rics. (25.9.2013)

Tomuk-Alykocka Bnagumup CBeTnaHa,
MeHalmpare Ha npouecu Bo hapmaues-
TckaTa WHAYCTpYja CO MpUMEHa Ha
cTaTUCTMYKA NPOLEeCHa KOHTpona.
Tomié-Dukoska Vladimir Svetlana, Pro-
cess Management in the Pharmaceutical
Industry with Implementation of Statistical
Process Control. (24.10.2013)

CNEUUNJATINCTUYHKN TPYOOBMU

OOBPAHETU HA TEXHOJIOLWKO-METAJTYPLUKAOT PAKYNTET
NPU YHUBEP3UTETOT CB. ,,KWPUIT1 U METOAWJ“ BO CKOMNJE BO 2013 rOANHA

leoprueBa Xpucrto CysaHa, VHoBauum
BO NpexpaHbeHaTa uHgycTpuja
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ONNDNOMUPAHU CTYAEHTMH

HA TEXHOJIOLUKO-METANYPLUKNOT ®AKYNTET
NPU YHUBEP3UTETOT CB. ,,KWPUIT1 U METOAWJ“ BO CKOMNJE BO 2013 rOANHA

MpexpaHbeHa TexHoNornja n
ouoTexHonoruja
Mogyn: NMpexpaHbeHa TexHonoruja

ManuHoB Hukonyo MaHne, 28.2.2013
3aescku NMasne dunun, 4.9.2013

IOumoBa bpaHko Cama, 4.9.2013

Nnnecka Mune Axrenka, 13.9.2013
N'ynnyocka PagosaH MarganeHa, 18.9.2013
Benecka [‘opfuja Anekcanapa, 23.9.2013
Mon-Angosa Metoaun MpeHa, 25.9.2013
M'ueBcka Oywko Mabpuena, 27.9.2013
Capawos MuTko MapjaH, 9.10.2013

XaBa bekup Lladepu, 4.10.2013
MwuneHkosuk Jbybuwa Pyxuua, 15.10.2013

MpexpaHbeHa TexHonornja n
ouoTexHonoruja
Moayn: buotexHonoruja

MwuTescka Auo Emunuja, 25.1.2013
AnpoHoBa bopuc Maja, 5.2.2013
Bbapaposcka bope AHa, 14.2.2013
Hukonoscka Mune Cama, 18.9.2013
CapadgumoBa deppo AnekcaHapa, 26.9.2013
AtaHacoBa bpaHko Haguua, 26.9.2013
Topoposckn Anekcangap Hapko, 28.9.2013
KoctaguHoBa MnageH Jby6uua, 13.5.2013
TpajkoBcka Nepo EneoHopa, 1.7.2013
['yposcka Jbynyo CumoHa, 1.7.2013
Muwnk JoeaH AHuena, 5.9.2013

Cantn Hacyg 3mnmepe, 13.9.2013
MayHkoscka Oparn Mapwja, 27.12.2013

MpexpaHbeHa TexHonoruja

MNeTkoBa bnaxxe MuneHa, 29.1.2013
JoBaHoBcka Jbybomunp Coma, 15.2.2013
Oynreposa Bopo Mapuja, 6.3.2013
TpeHkocka OparaH Mapuja, 6.6.2013
CraHyeBa Wnuja Bepuua, 6.3.2013
CraHojkoBckn Knpa bopue, 11.7.2013
CrtojaHoBcka lNaene Bepuua, 11.7.2013
CrojaHoBuk bnaroja Mupocnas, 5.9.2013
BoxxuHoBcku Opawko 3opaH, 5.9.2013
Onmkosuk 3opaH Aparana, 13.9.2013
Oumutpuescka bnaroja Mapuye, 13.9.2013
LlekoB NaH4ye Mune, 18.9.2013
CnaceBcka Jbybe Emnnuja, 23.9.2013
MeTpos I"'eopre Kupe, 25.9.2013

JaHecka Mune MapuHa, 26.9.2013
ManunHoBacka J1aso Enena, 30.9.2013
3anpaBsesa Jlaso KopHenwja, 4.10.2013
Mwuwosckn 3opaH AnekcaHgap, 30.9.2013
Benuuyka Towe AnekcaHgpa, 30.9.2013
AHnrenkocka Opare JacmnHa, 30.9.2013
Topoposckn MunaH Knpe, 4.10.2013
NejueBa bnaxo Hartawa, 4.10.2013
Cumunk HoBko AHunta, 4.10.2013
AHpgoHocka 3nate Buoneta, 14.10.2013

BuoTexHonoruja

["opfnocka Munopap BecHa, 15.2.2013
JoBaHoB MeTtogun AHrenyo, 19.6.2013
Bacunesa [pawko danuena, 10.7.2013
Kutanosuk Unuja Mea, 27.9.2013
JaHeBuk Munopaa MeaH, 26.9.2013
3mejkocka PagosaH MapuHa, 27.9.2013
CtoumaHoBcka 3opaH Tawa, 30.9.2013
Tpajkoscka bnaroja Enena, 4.10.2013
Boroescka bnaroj ®uaaHka, 3.10.2013
ApgamyeBcka boxo burbana, 3.12.2013

MpexpaH6eHO N GUOTEXHONOLLKO
MHXXEeHepCcTBO

Mwuxanjoscka Brnagnmup bunjana, 27.9.2013
Bubocka CtaHko BecHa, 1.10.2013
3umbakos Bace Pucto, 4.10.2013

KoHdekuncko nHxxeHepcTBO

Puctosckn BaHyo MapjaH, 25.12.2013
eoprnesa dobpe MapuHa, 13.2.2013
Hapkocka Kpcte KpuctuHa, 13.2.2013
Tacesa [‘opru caseta, 27.2.2013
CrojmanoBuk Contup OaHvena, 13.2.2013
Hewescka JoaH KatepuHa, 28.2.2013
KoctagmnHosa Page PogHa, 7.3.2013
Hukonosa Mujanye Bawba, 3.7.2013
CrojueBcka JaH4ye 3opuua, 9.7.2013
MeTpoe 3nate Bnatko, 19.9.2013
Mutes CtojaH Cawko, 19.9.2013
Cnacoea bopuc AHa, 18.9.2013
Nasaposa ["'opru FopaaHa, 27.9.2013
Topocmnesckn Hane danun6op, 30.9.2013
Oumuntposa CtedpaH Pyka, 30.9.2013
Anunun Nset Jycyd, 7.10.2013
MaHkoBcka Oumutpuja EneHa, 27.9.2013
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TpajuyeBcka JoBo CyHumua, 30.9.2013
ATaHacoscka Hukon4yo Anekcanapa,
8.10.2013

JaHesa bparko Orba, 15.10.2013
['ypumHoscka ["ope 3opa, 14.10.2013

BoxwnHoBcka 3naTte AnekcaHgpa, 15.10.2013

KynumbaHosa Unuja Cawwka, 15.10.2013
HaskoB MapjaH4o Bo6aH, 18.9.2013

TeKCTUNHO UHXXEeHepPCTBO

MwuTeB Muxauno Bnagumup, 27.2.2013
Bukosa Jlasap AHue, 13.9.2013
MeTpywesa Mupko BaneHTtuHa, 23.12.2013

Ou3ajH 1 MeHaLIMeHT BO XeMUCKOTO
MHXXEeHepCTBO

Mewmen Wedkn Camena, 14.2.2013
MBaHoBa Kupo [danuHa, 5.3.2013

Hakoscka ToHu Codpuja, 27.9.2013
JopaaHoscku bpaHko Bnagumump, 26.2.2013
Tpajkoscka OywaH TuHa, 16.9.2013
Mouesckn Brnagummnp Tomu, 30.09.2013

Ba3HO OpraHckKo M NOSIMMEpPHO
NHXXeHepCTBO

JosaHoBcka Kupun Emunnuja, 26.06.2013
Kouyoscku Caeo [lejaH, 8.7.2013

MeTtpoB Pucto 3opaH, 3.10.2013
BojHoBcka PaTtko MeaHa, 15.10.2013
lMeTtpoBa AnekcaHaap AxuuTta, 10.10.2013

Ba3HO HeOpPraHCKO UHXeHepPCTBO

Konesa Aumutap Job6puHa, 14.2.2013
JoBaHoBa ToHU PeHarTa, 5.9.2013
Bbukosa Jlazap AHue, 13.9.2013
Oumoscku Tpajko Urop, 11.9.2013
Canuuea CseTtucnae Jynunana, 17.9.2013
Oumoscka bnaroj JaHuena, 24.9.2013
Mwunowescka JaHe [aHuena, 26.9.2013
CtameHkoBa Mujanyo JleHue, 16.9.2013
lMeTposckn BaHyo MapjaH, 30.9.2013
MaHoBa Knpo MarganeHa, 30.9.2013
CrojaHoBa [paro 3opuua, 2.12.2013
XeHnk Mutxo Emuna, 27.9.2013

HeopraHcko MHXXeHepCTBO U 3alITUTa Ha
XXUBOTHaTa cpeauHa
Moayn: BasHO HeoOpraHCKo UHXXeHepCcTBO

LiseTkoscku [ope [ywan, 12.12.2013
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MpepaboTyBayka meTanypruja

Youkosa lNetap MapjaHa, 22.03.2013
AHnrenoscka Munueoja 3opuua,
CapamaHpoB Anekcangap Bukrop, 2.7.2013
OparynosyaHuH Va3 Mup3so, 18.9.2013
MeaHoscku ["opru 3opaH, 16.9.2013
AHpgpeescku JopgaH Mutpe, 7.10.2013
Wnuescka bopuc Enedrepuja, 14.10.2013
Hukonoscku bnarn HuHocnas, 28.10.2013
Mwuwegsckn Kpcto NopaH, 30.10.2013
Hukonosckn Pogorby6 OejaH, 6.11.2013
Hwvkonoscku bnarun Buktop,

Kannakosa Tpajko CHexaHa, 26.5.2013
AtaHacosa Pucto Jynuja, 4.10.2013
"pyescka OQumye CBeTnaHa, 23.12.2013
Tpnescka Tuxomup BpaHkuua, 27.12.2013
Canpes AH4ye AnekcaHaap, 27.12.2013
Onmosckn Kpcte Bnatko, 18.12.2013

EkcTpaktMBHa meTanypruja

CtojaHoBcku CtojaHye Bnatko, 7.3.2013
3ejagnHoBckmn 3ejagnH Puaean, 7.3.2013
[eyes Atanac [opfu, 3.4.2013
Kapakonesa 3BoHko [laHka, 19.6.2013
Benu4kosa NaH4ye EneoHopka, 4.7.2013
XaunkumoB CrumeoH Xpucto, 22.8.2013
KoctoBcku Togop Jase, 10.7.2013
Hukonoscka LlaHe daHnena, 30.9.2013
AHpgpeeBcka AHrene Maja, 4.10.2013
Konescka CtedbaH JaHuena, 15.10.2013
MaHoscku bnaroj Oapko, 7.11.2013
Haymoscku JoaH Urop, 25.9.2013
Haymoscka ["opfu Pyxuua, 29.11.2013

MeTtanypruja n metanHu matepumjanm

Anoctonoscku Hoesuua Brnatko, 30.1.2013
HoHes LlaHe NMaHue, 4.2.2013

MwuTpes Bacun NopaH, 15.2.2013
Jlynesuk Oywko Aue, 8.3.2013

Pusos Hukona Bnatko, 22.2.2013
Oumuntpres OpgaHyo Hukona, 10.5.2013
lMetposcku Bojo AnekcaHgap, 24.4.2013
YKnmos Hukona [ejaH, 26.9.2012
JoHoBcku BerbaH boromby6, 23.5.2013
CrojaHoBcku Berbo CtojaHue, 29.8.2013
Mockos 3opaH bobaH, 30.8.2013
Onmoscku TpajaH Jbybe, 19.9.2013
TpajaHoBckn Brnago Ctedyo, 7.10.2013
Casposcku Mune AHTtoHmo, 31.10.2013
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MonvMepHO U OPraHCKO UHXXEHEePCTBO

Pajuescka Oparu KatepuHa, 25.6.2013
TypyHuaos EsctpaTujoc AnekcaHgap,
4.7.2013

MeTpoxeMnUcKo UHXeHepCTBO

[eHkoBckn Anekcangap Henag, 11.7.2013
Crawwuk Pagmeoje 3opaH, 26.9.2013
HaymoBscku Tpnye Noue, 26.9.2013

KepaMI/I‘-IKO UHXeHepCcTBO

Bunanun Wcuun bunan, 4.10.2013
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Telephone: +389 2 310 40 00; Facsimile: +389 2310 40 14;
e-mail: alkaloid@alkaloid.com.mk
www.alkaloid.com.mk



Agilent 7890B/5977 GCMS

HajHoBaTa cepuja Ha racHOMaceHun xpomMaTtorpadm Co Kou ce NoMecTyBaat IMMUTUTE HA UHCTPYMEHTUTE
n ce BTemenyBaaT HOBW MHOYCTPUCKN CTaHOApAM BO OBaa aHanuTuM4ka AucumninHa

||||I|||II|I|||||III|I|III |

MAPMAXEM
Agilent 6400 cepuja Ha LC-QQQ HAHMAH[M

CynepuopHa oceTnuBOCT U Hecriopeannea euUKacHOCT Ha cuTe Moaenu F-::' :ggg : gg g: 123
o 6400 cepujaTta Ha TEYHO MaceHW OETEeKTOpU CO TPOEH KBaapynos oA i

} ) zoran@farmahem.com.mk
Agilent Technologies www.farmahem.com.mk
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