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FLEXIBLE SCOPE OF ACCREDITATION IN CLINICAL BIOCHEMISTRY

AND IMMUNOCHEMISTRY

JAN BALLA

Analytical-DiagnosticLaboratory & Ambulances Ltd, PreSov,
Slovakia
Jjan.balla@mail.t-com.sk

Quality in medical laboratories

Laboratory testing and services are an integral part of
modern medical practice and have an important role in the
provision of health care. Laboratory medicine confronts
the same challenges of quality, cost, and access as the lar-
ger health care system. Although laboratory testing ac-
counts only small part of annual health care costs the influ-
ence of laboratory medicine on the quality and cost of
health care is much greater because laboratory test results
influence the majority of patient care decisions and in utili-
zation and reimbursement.

Medical laboratory accreditation

The concept of laboratory accreditation is defined by
ISO/IEC as a formal recognition and authorization that
a laboratory is competent to carry out specific tests or spe-
cific types of tests. Accreditation usually depends on
a successful laboratory assessment and is followed by ap-
propriate surveillance by an independent body. The ac-
creditation of medical laboratories has become a subject of
widespread interest in recent years. It was originally done
according to ISO 17025 but nowadays is gradually chan-
ging to ISO/EN/15189 (ref.'?). Internationally recognized
standard ISO/EN/15189:2007 is acknowledged as a cor-
nerstone of accreditation of medical laboratories and it is
accepted by nearly all Accreditation Bodies all over the
world. Accreditation awarded is based on the assessments
of laboratories conducted by assessors selected and trained
by Accreditation Bodies. Assessors selected from medical
laboratory professionals and trained by Accreditation Bo-
dies play the key role in assessment process of medical
laboratories seeking accreditation. These assessors should
be preferably drawn from the field of laboratory medicine
ensuring that medical laboratory professionals are signifi-
cant part of the assessment team.

Accreditation scope development

The scope of accreditation of clinical laboratories is
the formal and precise statement of the activities which the
laboratories are accredited for. Historically, clinical bio-
chemistry laboratory accreditation has been based on
a fixed scope of accreditation which defines the detailed
list of testing methods, describing the measurement princi-
ple and procedures used for the tests, range of measure-
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ments, tested matrices and/ or materials and the scope pa-
rameters. Although the extension to scope can be made at
any time throughout the assessment cycle the fixed scope
of accreditation in clinical biochemistry and immuno-
chemistry might be considered as rather rigid and restric-
tive particularly when running “open” analytical systems.
Despite the laboratory competence in general has already
been demonstrated it does not allow medical laboratories
to react quickly to changing requirements in health care
sector and to obtain formal acceptance of the necessary
modifications from the accreditation body in time. Recom-
mendations resulting from a comprehensive discussion
within the EA WG Healthcare — Laboratory Medicine, set
out some principles for the definition of fixed or flexible
accreditation scopes. Accordingly, for medical laboratories
the ‘flexible’ scope of accreditation is preferred. The la-
boratory shall maintain a list of all individual examinations
which form part of its accreditation. This approach is fully
in line with overall EA principles on flexible scopes as
published in EA-2/15 (ref.*).

Premises of flexible accreditation

Laboratories accredited to flexible scope may be al-
lowed to undertake certain tests and to report the results as
accredited, even though they may not be explicitly stated
on their accreditation schedule. This may involve (a) intro-
duction of the similar or amended tests in accordance with
a generic tests that are already covered by accreditation,
(b) the modification of existing methods to broaden their
applicability (e.g. to deal with new materials or matrices
tested and/ or properties measured), (c) the inclusion of
newly revised or technically equivalent standard methods,
procedures or instrumental applications, and/ or (d) up-
dated versions of test kits or their standard applications
without having to report to the Accreditation Body in ad-
vance, provided that these tests, their modifications and up-
dated versions of new methods and tests kits do not incor-
porate new measurement principles that are not covered by
the original description of the scope.

The flexible scope of accreditation makes it possible
to react faster with specific desires. With flexibility of
accreditation scope, more responsibility is transferred to
the medical laboratory. Planning, performing, documen-
ting, and evaluating results and procedures include addi-
tional requirements, focused particularly on precisely de-
fined systems of validation of the methods. Flexibilization
of the scope allows laboratories which have shown appro-
priate technical competence to introduce new methods or
tests, and/ or to modifying existing methods within its
scope of accreditation, without having to undergo a new
on site assessment. However, the flexibility does not go
beyond a given analytical technique. Extension of an ana-
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lytical technique or switching to another one requires
a formal application for extension by Accreditation Body.

Prerequisites of flexible accreditation

There are some basic prerequisites for the flexible
scope of accreditation: (i) first premise is a higher qualifi-
cation of laboratory staff with an appropriate professional
experience; (ii) second premise is a precise description of
laboratory processes and procedures; (iii) third premise is
awell developed management of quality system; (iv)
fourth premise is an extended scope of methods validation
process. It is highlighted that flexible accreditation is ra-
ther about qualified personnel than about the technical
sophistication of the laboratory. For application and ma-
nagement of a flexible scope, the laboratory shall comply
with specific requirements on validation. Precisely defined
procedures for the validation of methods, together with
performance and acceptance criteria, are the key points for
flexible scope of accreditation. In contrast to fixed scope
accreditation, flexible scope accreditation shows diffe-
rences between sectors, between accreditation bodies, and
between the professional assessors as well. The expression
of the scope of accreditation for the fixed and the flexible
accreditation vary from country to country and from sector
to sector depending on the tradition in the respective sector
and country. However, accreditation bodies in Europe
adopt concept of flexible scope very warily rather than
promote it. In the field of clinical chemistry and immuno-
chemistry the concept of flexible scopes is still used rarely
and only few medical laboratories in EU applied for it.

Discussion

The term "standard method" refers to a base measure-
ment technology or analytical method. The term "non-
standard method" includes both standard methods that
have been modified to meet a particular site’s needs and
techniques and methods that are truly different from stan-
dard methods in their base technology. Field-associated
methods such as immunoassay test kits are often consi-
dered non-standard by regulators because they are not
traditional fixed laboratory methods. Whether a method is
"standard" or "non-standard" is irrelevant as long as the
data produced contributes in a cost-effective manner to the
decisions that need to be made. There is often assumed
that the term "standard" implies a level of data quality that
is higher than that obtained by "non-standard" methods.
Although it may be true that standard techniques have
more name recognition, wider acceptance, and well-
documented analytical performance, it is not necessarily
true that a standard technique will yield higher analytical
quality data than a non-standard technique for a specific
application.

Introduction of revised standard methods or proce-
dures, e.g. modifications of instrumental applications for
open biochemical and immunochemical analyzers open
a debate on how much can you tweak or change a method
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or procedure and still have it be the same method or proce-
dure. Modification is the act of making something diffe-
rent or the act of revising or altering. What is an
'adjustment’ or 'modification' to methods, when revalida-
tion is needed, is not articulated straightaway. When is it
an adjustment and when is it a new procedure? If it's a new
procedure you have to revalidate. The question arises
when is “an adjustment a modification”? Generally, modi-
fications could be allowable to such an extent when system
suitability criteria demonstrate in validation study that the
final procedure fits to purpose.

Conclusion

One must handle the flexible scope with flexibility. It
is not useful to create rigid rules for formal harmonisation
of the way the accreditation scope is expressed. However,
the objective of this review is to focus attention of medical
laboratories seeking accreditation on guiding and regula-
ting requirements that medical laboratories shall meet to
justify when fix upon appropriate scope of accreditation.
EA and its stakeholders must develop the concept of flexi-
ble scope to make it better understood and more harmo-
nised throughout the laboratory and accreditation commu-
nities’. All parties in concern, medical laboratories, natio-
nal accreditation bodies and regulators would keep in mind
the international context as led by ILAC and IAF to ensure
flexible scope implementation with clear interpretation and
internationally recognized readability rather than local
interpretation of it.
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1. Uvod

V souvislosti s fascinujicim rozvojem modernich
a separanich a spektrometrickych metod a jejich aplikaci
v klinické analyze doSlo k vyraznému utlumu pouZzivani
modernich elektroanalytickych metod v této mimoifadné
vyznamné oblasti. Cilem tohoto pfispévku je zdlraznéni
soucasnych moznosti zejména voltametrie a amperometrie
v oblasti klinické analyzy a na konkrétnich ptikladech
ukazat, ze v fadé¢ pfipadi mohou byt uzite¢nou, ekonomic-
ky vyhodnou, uzivatelsky pfivétivou a z hlediska potieb-
nych analytickych parametrii plnohodnotnou alternativou
k prevladajicim separacnim a spektrometrickym metodam.

2. Kontrola obsahu farmaceutickych preparati

Zde lze vyuzit skuteCnosti, ze vétSina pridavnych
latek je elektrochemicky inaktivnich, takze 1ze pomérné
selektivné stanovit elektrochemicky aktivni 1éCiva a to
i v roztocich jejichz turbidita komplikuje ¢i zcela znemoz-
nuje spektrofotometrické stanoveni. Pozadavky na citlivost
nejsou zpravidla v téchto pripadech nijak extrémni a dobu
analyzy lze vyrazné zkratit pouZitim pritokové injekéni
analyzy s elektrochemickou detekci. Pro stanoveni elektro-
chemicky redukovatelnych latek jsou nejvhodnéjsi rtuto-
vé' & amalgamové® elektrody &i borem dopované diaman-
tové filmové elektrody’, které Ize pouzit i ke stanoveni
elektrochemicky oxidovatelnych latek spolu s riznymi
modifikacemi uhlikovych pastovych elektrod*.

3. Stanoveni lé¢iv a jejich metaboliti v télnich
tekutinach

Zde je v posledni dob€ pozornost soustfedéna na moc,
vzhledem k rostoucim obtizim pfti ziskavani vzorkl krve.
Vyse uvedené elektrody jsou opét snadno pouzitelné ke
stanoveni katodicky redukovatelnych ¢i anodicky oxidova-
telnych latek, avSak zpravidla je nutné pfedradit prfedbeéz-
nou separaci a prekoncentraci, dnes nejcastéji pomoci ex-
trakce tuhou fézi, k dosaZeni pozadované citlivosti a selek-
tivity. 'V pfipadé metabolitli se Castéji pouzivaji metody
zaloZzené na anodické oxidaci, nebot’ vétSina metaboliti
aromatickych ¢i heterocyklickych 1é¢iv obsahuje OH sku-
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pinu na aromatickém systému, ktera je snadno elektroche-
micky oxidovatelna.

4. Stanoveni biomarkeru expozice, onemocnéni
¢i 1écby

I zde lze v nékterych ptipadech pouzit s ispéchem
moderni voltametrické ¢i amperometrické metody, jak
bude demonstrovano na piipadu stanoveni hydroxypyrenu
v moci pomoci borem dopované diamantové filmové elek-
trody’. Diskutovana bude i moZnost voltametrického ¢&i
amperometrického stanoveni markerti nadorovych one-
mocnéni ¢i orientacni elektrochemické testy na pritomnost
1é¢iv pouzivanych v psychiatrii v mo¢i.

5. Vsadkova a pritokova elektroanalyticka
stanoveni

V klinické analyze pfistupujeme k méfeni v pritoko-
vych systémech v podstaté ze dvou divodd. Tim prvnim je
snaha po zkrdceni doby stanoveni, kterd néds vede
k pouzivani prutokové injekéni analyzy s elektrochemic-
kou detekci. Druhym divodem je snaha po zvySeni selekti-
vity stanoveni, kterd vede k pouZzivani vysokoucinné kapa-
linové chromatografie s elektrochemickou detekei. V této
¢asti budou zejména diskutovany typy elektrochemickych
detektord  pouzitelnych pii  prutokovych méfenich
v klinické analyze.

6. Elektrochemické biosenzory

Modifikace povrchu elektrody vhodnou latkou se
schopnosti selektivné rozpoznat sledovany analyt vede ke
konstrukci ,,chytrych senzorti“ pouzitelnych k rychlé
alevné detekci urcitych analyti. Pfikladem mohou byt
DNA biosenzory detekujici latky poSkozujici DNA, senzo-
ry modifikované riznymi ,,molekularnimi kalisky®, povr-
chove aktivnimi latkami, semipermeabilnimi filmy atp.
Diskutovany budou moznosti a omezeni v této oblasti, kde
hlavnim problémem ziistdva dostate¢nd robustnost téchto
elektrod a reprodukovatelnost jejich ptipravy, kterd zatim
brani jejich §irsi rutinni aplikaci.

7. Nové elektrodové materialy v klinické
analyze

V této ¢asti budou diskutovany divody vedouci elek-
troanalytické chemiky k hledani novych elektrodovych

v
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problémil s pasivaci pracovni elektrody) a ptiklady per-
spektivnich  netradiénich  elektrodovych  materiald
(amalgamové, pastové, filmové a borem dopované dia-
mantové filmové elektrody) u nichz jiz byla ovétena jejich
pouzitelnost ke stanoveni 1é€iv, jejich metabolitli, biomar-
kerti expozice a dalSich analytl relevantnich pro klinickou
analyzu. Pozornost bude vé€novana i sitotiskovym elektro-
dam na jedno pouziti.

8. Vyuziti supramolekuldrnich interakci
v Kklinické elektroanalyze

Zde bude definovan pojem supramolekularni elektro-
chemie a diskutovany moznosti vyuZiti supramolekulér-
nich interakei v elektroanalytické chemii, ke zvySeni citli-
vosti €i selektivity modernich elektroanalytickych metod
a k feSeni nékterych problému v oblasti klinické analyzy.
Logickou inspiraci v této oblasti je stale astéjsi vyuzivani
supramolekularnich interakci v separa¢nich metodach.

9. Zavér

Zavérem budou stru¢né shrnuty vyhody i nevyhody
diskutovanych elektroanalytickych metod a ptistupt, jejich
moznosti a omezeni a perspektivy jejich dalSiho rozvoje
v oblasti klinické analyzy. Zminén bude i stale rostouci
vyznam monitorovani 1é¢iv a jejich metabolitli v Zivotnim
prostiedi.
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a potravinarskej technoldgie STU, Radlinského 9, 812 37
Bratislava, Slovensko
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Elektroanalytické metody sa zvdcSa pouzivaju na
charakterizaciu a stanovenie elektrochemicky aktivnych
latok ako st tazké kovy, niektoré nekovy a pocetné kom-
plexné a organické zluceniny. V préci st uvedené principy
a postupy chronopotenciometrického stanovenia niekto-
rych elektrochemicky malo aktivnych alebo neaktivnych
latok ako st fosfore¢nany, hlinik a bromi¢nany.

FosforeCnany su elektrochemicky neaktivne a preto
ich nemozno priamo elektrochemicky stanovit. Mozno
vSak vyuzit tvorbu heteropolykyselin s molybdénanom,
ktoré st vdaka pritomnosti Mo(VI) uz elektrochemicky
aktivne a daju sa redukovat’ a spétne oxidovat’. Stanovenie
pozostava z troch krokov, najprv sa pridavkom roztoku
molybdénanu v silne kyslom prostredi vytvori heteropoly-
kyselina, kyselina molybdatofosforecna, ktora sa v péroch
uhlikovej elektrody elektrochemicky zredukuje na
,-molybdénovi modri* a potom sa tato zIicenina konStant-
nym pradom spétne oxiduje. Z chronopotenciometrickej
odozvy posledného kroku mozno pomocou kalibracnej
zavislosti urcit’ koncentraciu fosforecnanov vo vzorke.
Hlavnou vyhodou oproti fotometrickej metody je moznost
analyzovat’ aj zakalené a farebné roztoky.

Elektrochemické stanovenie hlinika vzhladom na
jeho prili§ zaporny oxidacno-redukény potencial je mozné
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iba nepriamo, napriklad s vyuZitim adsorpcie komplexov
hlinika na ortutovu, poortutovanu alebo bizmutovu elek-
trédu s naslednou elektrochemickou redukciou alebo oxi-
daciou adsorbovaného komplexu, presnejSie povedané
organického ligandu v komplexe. Dalsia, nami testovana
moznost, je vyuzit tvorbu komplexov hlinika
a trojmocného Zeleza s fluoridovymi aniénmi, kde hlinité
iony vytvaraju stabilnejSie komplexy ako zelezité. Poten-
cial elektrochemickej redukcie Fe(Ill) na Fe(Il) zavisi od
pritomnosti fluoridovych idénov, ich klesajucou koncentra-
ciou sa posuva k pozitivnejSim potencidlom a naopak.
Stanovenie hlinika je zalozené na tom, Ze po pridani vzor-
ky do roztoku s fluoridovymi iénmi a Fe(IIl) pripadné
hlinité i6ny viazu Cast’ fluoridovych ionov, ¢im sa imerne
zvySuje koncentracia volnych zelezitych idnov atym aj
signal redukcie Fe(III) na Fe(Il).

Bromic¢nany mozno sice v kyslom prostredi elektro-
chemicky redukovat’, avsak len pri potencialoch, kde uz
prebicha aj elektrochemickd redukcia vodikovych ionov,
¢o znacne zvySuje signal pozadia. Je vyhodnejSie preto
bromi¢nany v kyslom prostredi pomocou bromidov alebo
jodidov najprv chemicky zredukovat na brom alebo jod,
ktoré potom mozno elektrochemicky redukovat a stanovit
pri ovela priaznivejSich potencidloch. Latky so silnymi
oxidaénymi vlastnostami samozrejme rusia, pretoze tiez
oxidujl bromidy a jodidy. Ked’Ze sa bromi¢nany stanovujl
najméd v dezinfikovanych vodach, ktoré obsahuju znacné
mnozstva dezinfekénych prostriedkov aich vedlajsich pro-
duktov, treba tieto latky pred meranim najprv odstranit’. Naj-
viac sa osvedcila ich selektivna redukcia pridavkom Fe(II).

Prdaca bola financovana Vedeckou
agenturou VEGA (projekt ¢. 1/0149/12).

grantovou
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VYSOKOCITLIVE BIOROZPOZNAVANIE POMOCOU LEKTINOVYCH
BIOSENZOROV A ICH BIOMEDICINSKE APLIKACIE

TOMAS BERTOK*, PETER GEMEINER,
a JAN TKAC

Oddelenie glykobiotechnologie, Chemicky ustav, Sloven-
ska akadémia vied, Dubravska cesta 9, 845 38, Bratislava,
Slovenska republika

chemtobe@savba.sk

Analyza biomolekul, ako nukleové kyseliny ¢i protei-
ny, sa ukazala byt vel'mi d6lezita najmé pre oblast’ medi-
cinskej diagnostiky. V poslednych rokoch sa ale kvoli
svojmu vyrazne vy$$iemu kombinatorickému potencialu
ukazali byt zaujimavejsie molekuly sacharidov. Odhaduje
sa, ze priblizne 50-90 % l'udskych proteinov je glykozylo-
vanych, a zmeny v glykozylacii prisluSného proteinu st
Casto dosledkom uréitého ochorenia, dokonca aj vel'mi
skorého 3tadia'. Skupina latok (proteinov) schopnych vel-
mi Specificky interagovat’ s ur¢itou sacharidickou Strukti-
rou (dokonca $pecificky s jednym sacharidom, ¢i uz viaza-
nym alebo volnym), sa nazyva lektiny (starS$i nazov je
aglutininy pre svoju schopnost’ zhlukovat' cukry). Prave
tato skupina proteinov je ¢im d’alej tym CastejSie vyuziva-
na v oblasti glykomiky a glykoproteomiky ako biorozpo-
navacie elementy, ato pri konstrukcii biosenzorov
a biogipov najmi pre biomedicinske aplikacie’™. Kedze
vézobny par lektin-glykoprotein nevytvéara redoxny par, na
detekciu glykoproteinov sa obycCajne nevyuzivaji bezné
elektrochemické metody, ako voltampérometria. Elektro-
chemicka impedancna spektroskopia predstavuje citliva
metoédu na detekciu zmien odporu vrstvy na povrchu fyzi-
kélneho prevodnika so zvySujicou sa hribkou vrstvy’.
Vyuziva sa pri konstrukcii nielen lektinovych biosenzorov,
ale aj imunosenzorov a genosenzorov’. Prudky rozvoj
nastal v oblasti tzv. ,label-free metdd, ale aj metdd so
znacenim (lektinova ,,microarray*).

Biosenzory poskytuji moznost’ jednoduchej, rychlej
a efektivnej pripravy vysokocitlivych zariadeni na detek-
ciu vel'mi nizkych koncentricii analytu aj v komplexnych
(biologickych) vzorkach. Medzi najcastejSie vyuZzivané
patria najmé elektrochemické biosenzory, aj ked’ existuje
prirodzene viac typov vyuzivajlcich lektiny ako bioselek-
tory (optické, kalorimetrické, piezoelektrické, magnetickeé,
akustické, mikromechanické). Pre vicSiu citlivost sa
mnozstvo prac zaobera v sucasnosti aplikdciou nano(bio)
technolégii do oblasti bioanalytickych senzorov. Rdézne
nanomateridly vykazujice unikatne vlastnosti oproti mak-
roskopickym materidlom z rovnakych prvkov slizia na
modifikaciu povrchov elektrochemickych prevodnikov pre
zlepSenie vlastnosti z nich pripravovanych biosenzorov,
najmé citlivosti. Okrem aplikdcie nanomateridlov, vel'mi
jednoduchy, lacny a efektivny spdsob modifikacie po-
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vrchov v nanoskéle je vytvorenie tzv. samo-usporiadanych
vrstiev (self-assembled monolayers, SAM) na povrchu
najmé zlatych elektréd, umoZiujicich kontrolu hustoty
a v urCitych pripadoch aj orienticie bioselektora na po-
vrchu prevodnika. Najcitlivej$im krokom pri priprave bio-
senzorov je blokovanie povrchu voci nespecifickym inter-
akcidm z biologickych vzoriek. Za tymto ucelom je pre
kazdi metodu a povrch potrebné osobitne preverit' dany
blokovaci roztok. Pre oblast’ glykomiky patria medzi naj-
CastejSie pouzivané rézne komercéne dostupné blokovacie
roztoky (bez obsahu sacharidov), albumin z hovédzieho
séra, alebo jednoduché mensie molekuly, ako napr. poly
(vinyl alkohol) (PVA). NajcastejSie veliCiny sluziace na
vyhodnotenie analytického signalu pri lektinovych biosen-
zoroch su impedancia, kapacitancia (elektrochemické bio-
senzory), index lomu (povrchova plazmoénova rezonancia),
pripadne pri metédach vyuZzivajucich znacenie fluorescen-
cia (lektinova microarray), alebo zmeny v absorbancii
vzoriek (ELLA, vyuzivajlca chrenovou peroxiddzou zna-
¢ené lektiny). Citlivost, ktora sa dosahuje pri meraniach
vyuzivajucich elektrochemicky detekény koncept, sa po-
hybuje na femtomolarnej Grovni, priCom v sicasnosti je
mozné pomerne presne odlisit hodnotu nespecifického
signalu od Specifického — troveil neSpecifického signélu sa
bezne pohybuje pod 20-30 % oproti $pecifickému’*.

Prispevok bol vytvoreny realizdaciou projektu Centrum
pre Materialy, vrstvy a systémy pre Aplikdacie a Chemlcké
procesy v extréemNych podmienkAch — Etapa II, na zdkla-
de podpory operacného programu Vyskum a vyvoj finan-
covaného z Eurdopskeho fondu regiondlneho rozvoja.
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V stcasnosti sa spomedzi technik kapilarnej elektro-
forézy (CE) najcastejSie pouziva kapilarna zonova elektro-
foréza (CZE), najmi v hydrodynamicky otvorenych sepa-
racnych systémoch v kapilarach s vnlitornym priemerom
50-75 pm. Hlavné obmedzenia tohto pristupu sa tykaju (a)
koncentracnych limitov detekcie (cLOD), (b) koncentrac-
nych pomerov analytov a matricovych zloziek vo vzorke
a (c) rozlisenia latok v mnohozlozkovych vzorkach. Hyd-
rodynamicky uzatvoreny systém s potlatenym elektroos-
motickym tokom umoziiuje pouzivat' kapilary s vacsim
vnutornym priemerom (300 pm), ¢o ma priaznivy vplyv
napr. na znizenie cLOD. VSeobecne, moznosti jednokolo-
novej technologie v separacii latok obsiahnutych v mnoho-
zlozkovych zmesiach z dovodu zvySeného rizika prekryvu
pikov st obmedzené ato tak v hydrodynamicky otvore-
nych ako aj zatvorenych separacénych systémoch. Technika
spajania kolon je vhodnym nastrojom na zniZenie rizika
prekryvu pikov tak pri kombinacii chromatografickych
ako aj roznych elektroforetickych technik. V oblasti kapi-
larnych elektroforetickych technik najefektivnejsie sa da
vyuzit’ systém spajanych kolon on-line kombinaciou izota-
choforézy s kapilarnou zéonovou elektroforézou (ITP-CZE)
v hydrodynamicky uzatvorenych separacnych systémoch.
Ak ITP krok slizi najmd ako koncentracna a davkovacia
technika pre CZE, tak ITP-CZE pri separacii mnohozloz-
kovych zmesi latok mé z hl'adiska rozliSenia pikov v CZE
stupni prakticky rovnaké obmedzenia ako jednokolonova
CZE. Tento rezim ITP-CZE je vyuzitelny na zniZenie
cLOD pri separacii latok s priblizne rovnakou koncentra-
ciou. S vyuZitim ¢istiaceho efektu ITP je ITP-CZE vyuzi-
telny aj pre vzorky, v ktorych makrozlozky maju vyrazne
vy$siu koncentraciu (aZ niekol’ko poriadkov) ako analyty.
Znizenie satura¢ného faktora (pomer pikovej kapacity
a poctu separovanych latok) v CZE stupni znizZuje riziko
prekryvu pikov. Obmedzenie poctu latok separovanych
v CZE stupni je mozné pri dvojkolonovej ITP-CZE do-
siahnut’ (a) vol'bou vodiaceho a zakoncujiiceho i6nu pre
elektrolytovy systém v ITP stupni, ktoré definuji maly
pohyblivostny interval pre izotachoforeticki migraciu
latok, (b) vytvorenim pohyblivostnych subintervalov po-
mocou ITP z6n vhodnych latok (diskrétnych spacerov),
ktoré rozdelia analyty zo vzorky na skupiny migrujuce
priestorovo oddelene v hraniciach tychto ITP zon. Elektro-
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foreticky prenos len jednej z tychto skupin do CZE stupna
zabezpeCi znizenie poctu latok v CZE voci celkovému
poctu latok vo vzorke.

Distribucia analytov do jednotlivych skupin je zavisla
od efektivnej pohyblivosti tak analytov, ako aj pouZitych
diskrétnych spacerov v zmysle kritérii pre ,,spike® rezim.
KedZe skupiny analytov st od seba oddelené, hoci analyty
v ramci jednej skupiny nie st separované, mdzeme pova-
zovat’ ITP v takomto rezime za prvi dimenziu dvojdimen-
zionalneho separacného systému. Prenos vybranej hranic-
nej vrstvy do CZE stupiia s minimalnou dizkou zén ohra-
nicujucich spacerov, ako aj odvedenie zostavajlcej Casti
ITP migracnej konfiguricie, je riadeny a odvodeny od
signalu detektora ITP kolony. Pri tomto pristupe analyty
z ostatnych rozhrani nie st pritomné v CZE stupni, teda
nulifikicia separacie z prvého stupna je eliminovana.
V naslednych pokusoch sa do CZE stupia prenasaju vzdy
iné hrani¢né vrstvy (iné skupiny analytov), ktoré sa nacha-
dzaju medzi inou dvojicou spacerov. Takymto spdsobom
sa ziska subor merani, ktory charakterizuje analyzovanu
vzorku ako celok a mozeme ho oznacit’ ako 2D ITP(DS)
CZE.

VAcsi pocet merani s jednou vzorkou je z ¢asového
hladiska ndrocné, preto automatizacia celého procesu je
nevyhnutnym predpokladom zabezpecenia efektivity pre
analyzu vicSieho poCtu vzoriek. Automatizovany elektro-
foreticky analyzator so separacnou jednotkou usporiada-
nou pre techniku spéjania kolon vyvinuty na Katedre ana-
lytickej chémie, Prirodovedeckej fakulty UK v Bratislave
spiia tieto poziadavky. Ako mnohozlozkové vzorky boli
pouzité modelové zmesi organickych zlicenin, absorbuju-
ce UV Ziarenie alebo vzorky 'udského mocu. Experimenty
jednoznacne preukazali, ze rézne rezimy ITP-CZE su
vhodné na separaciu multikomponentnych vzoriek.

Elektroforetické techniky su vyuzitené aj na Gpravu
mnohozlozkovych vzoriek pre d’alSie analytické metody,
napr. na preparativne Ucely. Z hladiska mnozstva latok,
ktoré sa daju izolovat’ je spomedzi CE technik najefektiv-
nejsia izotachoforéza. Pouzitim kapilar s velkym vnutor-
nym priemerom (1-1,5 mm) v hydrodynamicky uzavretom
separaénom systéme a pomocou preparativneho ventilu sa
da uskutocnit’ diskontinualna frakcionacia, ktora znacne
zjednodusi matricu, koncentruje analyt a umoziuje ziskat
dostato¢né mnozstvo vzorky pre finalnu metddu alebo pre
iné ako analytické tiéely. Bolo preukazané, Zze preparativna
ITP je uZzito¢nd na Upravu vzoriek bohatych na vysokomo-
lekulové latky, napr. proteiny alebo huminové kyseliny.

Tato prdaca vznikla za financnej podpory projektu
VEGA 1/1149/12 a projektu “Dobudovanie centra
excelentnosti metod a procesov zelenej chémie” ITMS:
26240120025 na zdklade podpory OPVaV financovaného
z Eurdpskeho fondu regiondlneho rozvoja.
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Jako mnohé dalsi obory, i farmaceuticky primysl je
uzce spojen s analytickou chemii: vyroba, biologicka ¢in-
nost, distribuce v organismu a mnohé dal$i procesy souvi-
sejici s lé¢ivy jsou kontrolovany rliznymi analytickymi
metodami. Pro kazdou aplikaci je nutné zvolit vhodnou
analytickou techniku a jeji parametry s ohledem na pod-
minky stanoveni, pozadované vysledky a naklady. Elektro-
chemické metody patfi mezi techniky citlivé a pomérné
selektivni; ob& vlastnosti se zvyrazni, pouzije-li se jich
v kombinaci s chromatografickymi technikami. Vynikaji
nizkymi néklady, jsou proto vhodné pro velkoplo$na sle-
dovani, jejich zavedeni ov§em vyZzaduje dostatecné odbor-
né zkuSenosti. Rozhodujici pro tspéch elektroanalytické
metody je volba vhodné pracovni elektrody, pficemz
v posledni dobé jsou v této oblasti s uspéchem vyuzivany
uhlikové pastové elektrody (CPE). V jednotlivych kapito-
lach ptispévku budou shrnuty zékladni informace o t&chto
elektrodach, nastinény chemické struktury latek vhodné
pro analyzu na téchto elektrodach a na ptikladech jednotli-
vych metod stanoveni riznych 1é¢iv budou ukazany vyho-
dy a vlastnosti CPE.

Uhlikové pastové elektrody

Uhlikové pastové elektrody (CPE) vznikly jako vysle-
dek snahy o pfipravu elektrody s obnovitelnym povrchem
a soucasné pouzitelné pro anodické oxidace. Pivodné se
mélo jednat o suspenzi uhlikového prasku vykapavajici
kapilarou, obdobné jako jsou feSeny rtutové elektrody.
Nakonec se nicméné ukazalo, ze zajimavejsi vlastnosti ma
hustsi, pastovitd smés, jejiz povrch se obnovuje mechanic-
kym otfenim'.

CPE je tedy tvofend smési uhliku, pastovaci kapaliny
a pripadné dalSich latek a tato hmota je naplnéna do elek-
trodového téla vhodného tvaru, které umoziuje snadnou
obnovu povrchu. Tato struktura zajistuje elektrodam né-
které zajimavé elektrochemické vlastnosti, jako je nizky
proud pozadi a Siroké potencidlové okno, a chemické
vlastnosti, napiiklad pfispévek nepolarni pastovaci kapali-
ny k vlastnostem povrchu elektrody. Cenou za tyto vyhody
jsou 1 nékteré nevyhody, zejména niz§i stabilita
v pfitomnosti organickych rozpoustédel a omezena pouzi-
telnost v katodické oblasti z divodu obtizné odstranitel-
nosti kysliku z pastového materialu®.
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DalSim specifickym pozitivem pastovych elektrod je
moznost modifikace zakladniho slozeni pasty, bud’ pouZi-
tim specialnich druhd pastovaci kapaliny ¢i uhliku, jako
jsou uhlikové nanotrubicky , rizné grafenové struktury,
nebo pfimisenim dalSich vhodnych komponent do materia-
lu pasty. Uloha téchto zmén je v zasadé troji: modifikace
elektrody mohou umoznit akumulaci analytu a tim zvétSit
citlivost stanoveni, mohou piisobit jako katalyzator usnad-
fyjici elektrochemickou reakci, nebo konecné zprostied-
kovani elektrochemické reakce vhodnymi mediatory”.

CPE jsou obvykle pouzivany v kombinaci se vsadko-
vymi voltametrickymi technikami, jako je cyklicka volta-
metrie (CV) a diferencni pulsni voltametrie (DPV). Pri
vhodné volbé pasty vSak lze tuto elektrodu pouzit jako
pracovni elektrodu pii amperometrické detekci v kombina-
ci s HPLC ¢&i jinymi pritokovymi metodami®.

Oxidovatelna léciva

Vzhledem ke zminénym vlastnostem CPE, respektive
jejich obtizné pouzitelnosti v oblasti katodickych potencia-
14, je jejich hlavni vyznam pfi stanoveni anodicky oxido-
vatelnych latek. T¢Zist€ této skupiny tvofi zejména slouce-
niny obsahujici ve své struktufe amino skupinu nebo hyd-
roxy skupinu na aromatickém systému, kam kromé fady
1éCiv patii velka skupina jejich metabolitd. Mechanismus
elektrochemické reakce téchto latek je znan€ kompliko-
vany, vyrazné zavisly na struktufe a pozici dalSich funkc-
nich skupin, nicméné obecné byva mnohostupniovy a jeho
vyslednym produktem jsou casto polymerni struktury. Zde
se potom s vyhodou uplatni obnovitelny povrch uhliko-
vych pastovych elektrod, protoze reakéni produkty pasivu-
ji povrch elektrod a tim snizuji opakovatelnost méfeni bez
Cisténi elektrody. Zvlastnim pfipadem jsou v tomto ohledu
katecholy a hydrochinony, ve kterych uspotradani fenolo-
vych skupin umoziuje velmi snadnou oxidaci za vzniku
benzochinontl a chinonii.

Hure jsou oxidovatelné sekundarni a terciarni aminy.
I v tomto pfipad¢€ jsou produkty reakci zavislé na celkové
struktufe molekuly, nejcastéj$i ale byva vznik aldehydu
a priméarniho ¢i sekunddrniho aminu. Dal$im oxidovatel-
nym mistem molekul 1éCiv jsou nékteré heterocyklické
struktury, jako je indol ¢i purin. Zvlastni skupinu tvoii
thioly, oxidovatelné za vzniku disulfidické vazby mezi
dvéma molekulami analytu’.

Zminéné vyuzitelné zakladni struktury jsou mezi
1éCivy relativné bézné a vyskytuji se ve vétsin¢ riznych
kategoriich 1éCiv. V né&kterych piipadech jsou soucésti
charakteristické molekulové kostry, jako je tomu v pripadé
katecholové struktury u katecholaminidl a sympatomimetik,
aromatické aminy bézné u sulfonamidii ¢i hydrochinonové
struktury u mnoha protirakovinnych 1é¢iv®. Elektrochemic-
ky aktivni skupiny mohou také byt do 1é¢iv zavedeny nebo
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zménény v prubehu jejich metabolické transformace.
Stanoveni sulfamethizolu

Jak jiz bylo feCeno, je nutné pro rtizné analytické
aplikace zvolit rizné instrumentalni techniky. Ptikladem
tohoto rozdilu mtze byt pouziti techniky DPV pro stano-
veni analytu ve farmaceutickych formulacich a techniky
HPLC s elektrochemickou detekci pro stanoveni v biolo-
gickych vzorcich. Tato volba vyuziva relativni vyhody
ruznych zplsobl pouziti pro ziskani maximalni efektivity
méfeni. DPV je méné citlivd, ale je rychla, levna a nena-
ro¢na. Je mén¢ selektivni, proto se zpravidla nehodi k ana-
lyze komplexnich smési, na druhou stranu je vSak tolerant-
ni k pfitomnosti pevnych castic a latek nepodléhajicich
elektrodové reakci. Proto je vhodna pro analyzu jedno-
dussich smési s vy$sim obsahem analytu, jako jsou 1éCivé
ptipravky, kde t€Zi ze snadné piipravy vzorku a Casové
a experimentalni nenaro¢nosti. Stanoveni v komplexni
matrici télnich tekutin ¢i tkdni naproti tomu vyzaduje zata-
zeni separacniho kroku; elektrochemicka detekce v kombi-
naci s HPLC propujéuje metod¢€ jak potiebnou selektivitu,
tak citlivost, ovSem za cenu vé&t§i ¢asové i instrumentalni
narocnosti metody.

Obeé tyto techniky byly vyuzity pro stanoveni sulfona-
midového antibiotika sulfamethizolu (obr. 1). Pro DPV
bylo zvoleno prostiedi o pH 7; pfi analyze vzorku tablet
byly tablety rozpustény a roztok ziedén pufrem. Mez de-
tekce dosahla hodnoty 1,3-10° mol 1"'. Optimalni podmin-
ky pro HPLC-ED byly: kolona LiChroCART 125-4, Li-
Chrospher RP18 5 mm, mobilni faze desetkrat zfedény
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Obr. 1. Koncentracni zavislosti sulfamethizolu, ziskané pomo-
ci HPLC-ED (A) a DPV (B). (A) kolona LiChroCART 125-4,
LiChrospher RP18 5 um, mobilni faze desetkrat zfedény BR pufr
pH 3: methanol (70:30, V/V), detekéni potencial 1,3 V, ¢ =4.107;
6-107; 8:107; 1-10°% 2:10°% 4-10°%; 6:10°%; 8-:10%; 1-10™° mol 1'";
(B) zékladni elektrolyt BR pufr pH 7, ¢ =4-107; 6-10°°; 8-10°°;
1107 2:107% 4-107°%; 6:10%;, 8:107%; 1-10™* mol I'!

ACP 2012 — Stcasny stav a perspektivy analytickej chémie v praxi

s155

Lectures

Brittontiv-Robinsontiv (BR) pufr pH 3: methanol (70:30,
V/V), pritokova rychlost 1 mlmin™, detekéni potencial
1,3 V. V piipadé této metody mez detekce ¢inila 2,4-10
mol I"'. Modelové vzorky moéi byly pred analyzou pieéis-

tény a zakoncentrovany extrakci na tuhé fazi'.

Stanoveni triclosanu

Hlavni myslenkou pfi vyvoji CPE byla moznost ob-
novitelnosti povrchu elektrody, odstranujici vliv historie
elektrody na vysledky méfeni. Jeden z prikladd, vyuzivaji-
ci tuto vyhodu, je metoda stanoveni antibakterialniho ¢ini-
dla triclosanu pomoci DPV. Stanoveni je provadéno v BR
pufru pH 11, pfi¢emz bylo ovéfeno, Ze do obsahu 50 %
methanolu v roztoku nemé obsah methanolu vliv na vysku
ani polohu piku. Pfi ovéfeni opakovatelnosti méfeni bylo
zjiSténo, ze se elektroda velmi silné pasivuje; béhem pat-
nécti nasledujicich méfeni klesne odezva elektrody prak-
ticky k nule (obr. 2A). Pfi otirani elektrody je signal stabil-
ni s RSD 2,7 % (n=10) (obr. 2B). Autofi, vyuzivajici ke
stanoveni této latky jiné druhy elektrod, museli pred kaz-
dym meéfenim povrch elektrody obnovovat mnohem prac-
n&j3im ledténim . Vyvinutd metoda je pouzitelnd pro sta-
noveni triclosanu’ s mezi stanovitelnosti 5-10" mol 1.
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Obr. 2. Opakované voltamogramy triclosanu (¢ = 1-10~° mol I'")
provadéné bez otirani (A) a s otiranim (B) elektrody mezi
méfenimi. Méteno v BR pufru pH 11

Stanoveni doxorubicinu

V piipadé malo polarnich analytd mize byt citlivost
stanoveni zvySena akumulaci na pracovni elektrod€; vzhle-
dem k pfitomnosti nepolarni pastovaci kapaliny se tu
uplatiiuje  extrakce analytu do materidlu elektrody.
V priznivych piipadech je mozné timto postupem zvysit
odezvu az ojeden fad adosdhnout velmi nizkych mezi
detekce. To byl i ptipad stanoveni protinddorového 1é¢iva
doxorubicinu, probihajiciho v prostfedi BR pufru pH 7.
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Obr. 3. DP voltamogramy doxorubicinu v prostiedi BR pufru
pH 7 po piedchozi akumulaci 120 s, potencial akumulace 0 mV;
c=0(1); 2107 (2); 4107 (3); 6:107 (4); 8107 (5); 10-107° (6)

mol I'!

Dvouminutovou akumulaci, pfedfazenou pfed zaznamem
DP voltamogramu, se podafilo dosahnout meze detekce
2:10”mol I"* (obr. 3)"°.

Stanoveni epinefrinu

V tomto ptipad¢ byla zkoumana moZnost zvysit vol-
tametrickou odezvu katecholaminu epinefrinu vyuzitim
elektrokatalytickych vlastnosti uhlikovych nanotrubicek.
V sérii uhlikovych past se stoupajicim podilem uhlikovych
nanotrubicek se nékolikanasobné zvétSila vySka piku
epinefrinu ve slabé kyselém prostiedi pfi obsahu jed-
nosténnych uhlikovych nanotrubi¢ek (SWCNT) ptesahuji-
cim 50 %. Pouziti pastové elektrody vytvoiené pouze ze
SWCNT se ukazalo jako nevhodné vzhledem ke stoupaji-
cimu Sumu a driftu zékladni linie. Jako optimalni podmin-
ky pro stanoveni bylo zvoleno prostiedi BR pufru pH 6
aelektroda slozena z grafitového prasku a SWCNT
vpoméru 1:1. Spolu se stoupajici odezvou u modifi-
kovanych elektrod se snizovala dosaZitelna mez detekce'';
za optimélnich podminek dosahla hodnoty 2:10" mol I"'.
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Abstract

Molecularly imprinted polymer (MIP) and non-
imprinted polymer (NIP) on the base of methacrylic acid
prepared by a bulk polymerization were used as stationary
phases for the HPLC analysis. The thermodynamic pro-
cesses were carried out to investigate the temperature ef-
fects during sorption processes morpholinoethyl esters of
alkoxy-substituted phenylcarbamic acid (MEP), diperodon
and quercetin in methanol, acetonitrile and toluene
(porogen) as mobile phases. The template was chosen
from the set of homologous of MEP — 2-(morpholin-4-yl)
ethyl (2-methoxyphenyl)carbamate. Thermodynamic pa-
rameters were measured over the temperature range of
20-60 °C. There were determined van’t Hoff plots — de-
pendences between logarithms of the retention factors (In
k) and the inverse value of the temperature (1/T). Contrary
to expectations, the driving force for the affinity of the
target molecules for both of polymers was enthalpic term
(with an average of 54 %, 82 % and 84 % contribution of
enthalpic term for MeOH, ACN and toluene, respectively
on the MIP and 53 %, 57 % and 65 % for MeOH, ACN
and toluene, respectively on the NIP).

Introduction

Presently, the molecularly imprinting technique
(MIT) is one of the most developing methods for sample
preparation due to its usefulness in a wide range of appli-
cations. The large interest of molecularly imprinted poly-
mers (MIPs) has progressed mainly in chemistry and bio-
logy. These synthetic materials are extensively applied due
to their excellent selectivity, sensitivity, highly mechanical
strength, pH stability, durability to heat, pressure and ag-
gressive chemicals (such concentrate bases, acids or or-
ganic solvents). Additionally, MIPs synthesis is simple,
cheap and brings a wide spectrum of target molecules and
monomers which can be used to their preparation' .

MIPs are synthetic, highly cross-linked polymers
prepared by the polymerization of functional and cross-
linking monomers in the presence of a specific analyte,
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named template. The most common method to prepare
MIPs is the non-covalent protocol®’. This approach is
based on physical interaction of the print molecule and the
functional monomer through hydrogen, hydrophobic, elec-
trostatic bonding or dispersion interactions with an excess
of a cross-linking monomer™®. Removal of the template
leaves “memory sites”, complementary to the correspon-
ding molecule in size and shape. These binding sites may
recognize only one structure or group of structures on
which was designed.

MIPs have an application as sorbents, stationary pha-
ses, synthetic receptors and enzymes or drug delivery sys-
tems in liquid chromatography (LC), solid-phase extrac-
tion (SPE), solid-phase microextraction (SPME), capillary
electrophoresis (CE), capillary electrochromatography
(CEC) or in chemical sensors. They are using to the sepa-
ration, extraction, catalysis or adsorption of drugs, biomo-
lecules and metals from different complex matrices® '>.

To understand the interactions occurring between the
target molecule and the MIP, the thermodynamic studies
are needed. The measured thermodynamic quantities using
structurally related compounds can be useful to gain some
insight into the retention and separation mechanisms on
the MIPs. The magnitude of retention of a substance on
stationary phases is measured under isocratic conditions by
the retention factors, 4; and the distribution of the solute
between the mobile and stationary phases is determined by
the standard free energy change, AG,°. Combination of
these two parameters yielded commonly used to investi-
gate retention mechanisms in chromatography — a van’t
Hoff analysis. If chromatographic retention is modelled as
a partitioning process between two phases, the temperature
dependence of retention should be modelled by the van’t
Hoff equation'* '’

AS® (0
R

—AH’
RT

Ink =

+

+Ing

where £ is retention factor for the solute, AH® is the stand-
ard partial molar enthalpy of transfer, AS° is the standard
partial molar entropy of transfer, R is the gas constant, T is
the absolute temperature and In¢ is the phase ratio (the
volume of the stationary phase, Vs, divided by the volume
of the stationary phase, V).

In the present work the retention of potential local
anaesthetics morpholinoethyl esters of alkoxy-
substituted phenylcarbamic acid (MEP), local anaesthetic
— diperodon, flavonoid — quercetin in methanol, acetoni-
trile and toluene (porogen) as mobile phases were investi-
gated on MIP- and the NIP-based columns. Calculated
values of entropic and enthalpic terms should explain
types of binding mechanisms which are taking place du-
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ring the sorption processes on the tested polymers. Thanks
to HPLC analysis of target molecules the investigation of
mentioned interactions was possible.

Experimental
Chemicals and columns

MEP were prepared at Department of Pharmaceutical
Chemistry (Faculty of Pharmacy, Comenius University in
Bratislava, Slovakia), diperodon (analytical standard) and
quercetin (HPLC grade) were purchased from Sigma-
Aldrich (Steinheim, Germany). Structures of all analytes
used in this study are shown in Fig. 1. Methanol and ace-
tonitrile (gradient grade) were obtained from J.T. Baker
(Deventer, Netherlands), toluene (p.a.) was ordered in
ANALYTIKA spol. s.r.o. (Prague, Czech Republic), acetic
acid (p.a.) (HAc) and acetone (p.a.) were purchased from
MIKROCHEM (Pezinok, Slovakia), methacrylic acid
(MAA), ethylene glycol dimethacrylate (EDMA) and azo-
bisisobutyronitrile (AIBN) for synthesis were obtained
from MERCK (Darmstadt, Germany), piston columns
ECO™Y, 125 x 5mm were delivered from KronLab
(Dinslaken, Germany), GraceSmart RP18 column, 5 um,
150 x 4.6 mm (Maryland, USA).

Polymers preparation

The MIP was prepared by a bulk polymerization
method according to the Zhang et al. method'®. MAA as a
functional monomer (1.8 mmol), toluene as a porogen
(3.0 ml) in presence of 2-(morpholin-4-yl)ethyl (2-metho-
xyphenyl)carbamate (M-1) (0.3 mmol) as a template were
mixed together in a glass tube. Then EDMA as a cross-
linker monomer (9.0 mmol) and AIBN (20 mg) as an initi-
ator were added. The polymerization of the MIP was al-
lowed to proceed in a water bath at 60 °C for 24 h. In the
next, the prepared polymer was grounded and passed
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through 40 um sieve, to receive smaller particles than 40 um.
Fine particles were removed by flotation in acetone. The
Soxhlet extraction of the dried particles (24 h, 100 ml
MeOH/HAc (9:1), v/v) was used in order to purify the
MIP from the template. The NIP was prepared in the same
manner like the MIP but without presence of the template
in the polymerization mixture. Because of keeping the
same conditions of the polymerization process, the identi-
cal steps in the preparation of the control polymer (NIP)
were used.

Columns preparation

Piston columns were filled with definite amount of
the MIP or the NIP (200 mg). They were washed with
methanol for 24 h to elute all remaining residues. The flow
rate of the mobile phase was gradually growing up to pre-
cise pack of particles of the polymers. The sorbent in the
column was pressed by the pistons as long as the re-
sistance was felt.

Apparatus

An Agilent Technologies 1260 Infinity system
(Waldbronn, Germany), consisting of a pump with a de-
gasser, a diode-array detector (DAD), a 20 pL injector and
an Agilent Technologies Chemstation were used. In the
case of toluene the fractions were collected. Analyses were
carried out on piston columns ECO™ S in temperature
range of 20-60 °C. The mobile phases were methanol (for
methanolic solutions of compounds under study), acetoni-
trile (for acetonitrile solutions) and toluene (for toluene
solutions) at a flow rate of 0.2 mL min". For the determi-
nation of the compounds under study in toluene fractions,
C18 column at flow rate 0.5 mL min"' with methanol as
a mobile phase was used. Diode array detection was used
in the range of 200400 nm and the chromatograms were
acquired at wavelengths of 235, 254 and 360 nm.

/g
HN (¢]

G

c)

Fig. 1. Structures of analytes used in the study a) morpholinoethyl esters of alkoxysubstituted phenylcarbamic acid, b) quercetin,

c¢) diperodon
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Chromatographic experiments

Solutions of MEP, quercetin and diperodon in metha-
nol, M-1, M-2, M-3, quercetin and diperodon in acetoni-
trile (M-4, M-5 and M-6 were not soluble in acetonitrile)
and MEP in toluene (quercetin and diperodon were not
soluble) were prepared. Analytes in methanol and acetoni-
trile were directly detected by DAD. If toluene was used as
a mobile phase, the fractions from the piston columns were
collected, evaporated to dryness, dissolved in methanol
and analyzed using C18 column. The concentration of all
solutions was 5 pg/mL. Prior to the each analysis, the pis-
ton columns were conditioned with solution of methanol
with addition of HAc (9:1) (v/v) (6 mL), methanol (6 mL)
and then the mobile phase (6 mL). The same procedure
was used for the NIP.

Table I
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Results and discussion

The thermodynamic study, used in this work, was
done in order to explore the retention of analytes tested on
the molecularly imprinted polymer. Retention thermody-
namics were assessed for eight solutes: M-1 to M-6 ana-
lytes, quercetin and diperodon, in three mobile phases:
toluene (porogen), acetonitrile and methanol and with each
of the two stationary phases — MIP and NIP. Since a linear
relationship In k; = f{1/T) was observed for all studied
compounds (measured at temperatures range 20 to 60 °C),
the van’t Hoff equation could be used to determine corre-
sponding thermodynamic terms calculated at 293 K, listed
in Table I.

In order to calculate thermodynamic quantities and to
understand the specific sorption on the MIP, the van’t Hoff
plots were constructed. Calculated data show that the

The values of thermodynamic terms of linear regression (In k; = f(1/7) ), the values of thermodynamic terms in % and cor-

relation coefficients (1)

MIP NIP
Analyte ~AH, . ~AH; - AS% Fing AS% ing r 7AH%T . ~AH; - AS% Fing AS% inp r
% % % %
Solvent MeOH
M-1 10.99+0.19  55.68 -8.73+0.14  44.32 0.990 7.45+0.11 5272 -6.66+0.13 47.28 0.991
M-2 7.66 +1.42 5442 -6.04+1.11 45.58 0.937 6.97 £0.87 5191 -6.26+0.69  48.09 0.996
M-3 12.15+2.34  52.81 -10.06 = 47.19 0.989 8.20+0.25 5256 -7.35+024 4744 0.993
0.98
M-4 11.38 £1.09 5492  -9.63+1.46 45.08 0.988 9.49+0.19 52.55 -8.62+0.16 47.45 0.998
M-5 10.36 £ 1.07 5423  -8.50+0.98 45.77 0.968 8.28 £0.17 52.94 -7.39+0.17 47.06 0.998
M-6 13.58+1.63 5343 -11.46 + 46.57 0.981 7.61+0.62 5278 -6.775+£0.58  47.22 0.996
1.28
Diperodon 13.79+£0.17  55.18 -11.22+ 44.32 0.993 10.34£0.61 5490 -8.36+0.65 45.10 0.995
0.17
Quercetin ~ 7.86 = 0.38 51.18 -7.49+0.33 48.82 0.914 8.86 +0.39 5290 -7.96+036  47.10 0.995
ACN
M-1 3.75+0.05 9454  -0.22+0.04 5.46 0.998 11.68+040 57.70 -8.56+0.38  42.30 0.999
M-2 4.06+0.25 87.96 -0.56+0.23 12.04 0.998 9.40 +0.08 59.77 -6.34+0.07  40.23 0.991
M-3 4.01+0.13 88.81 -0.50+0.10 11.19 0.998 10.27+1.00 5880 -7.25+1.23 41.20 0.990
Diperodon  4.36+0.14 83.47 -0.87+0.11 16.53 0.999 9.27 £ 0.65 5292  -6.16+£0.60 40.08 0.992
Quercetin  14.88+031 5586  -11.70 + 4414 0.989 14.16+0.87 5523  -11.64+ 4477 0.996
0.30 0.84
Toluene
M-1 5.60 +£0.38 84.85 -0.99+0.18 15.15 0.994 11.37+1.58  63.04 -7.11+0.15 36.96 0.985
M-2 5.85+0.38 82.19 -1.25+0.15 17.81 0.992 11.92+£2.08 6127 -7.66+1.38 38.73 0.988
M-3 5.64 £0.79 83.71 -1.05+0.09 16.29 0.990 11.88£2.32 6141 -7.62+1.53 38.59 0.983
M-4 5.57+0.70 85.84 -0.95+0.12 14.16 0.991 10.47 £2.01 64.70 -6.18+1.16 35.30 0.985
M-5 5.85+£0.90 8591 -0.95+0.15 14.09 0.993 11.92+246  66.86 -6.01 +0.68 33.14 0.991
M-6 5.64 +0.89 83.84 -1.04+0.20 16.16 0.991 11.88+222 71.78 -477+098 2822 0.989

*Calculate at T=293 K
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transfer of the analytes from the mobile phase to the sur-
face of the MIP and the NIP is enthalpically favoured. The
predominance of the contribution (in %, Table I) of the
energy term was greater in toluene and acetonitrile on the
MIP. The smaller contribution of enthalpic term in metha-
nol was compensated by the higher contribution of the
entropic term. However, in all cases the entropic term was
less favourable. In the case of the NIP, the values of both
terms were similar in acetonitrile and methanol mobile
phases.

The dominance of enthalpic term implies more signi-
ficant energetic interactions between the target molecules
and the surface of the MIP and the NIP than steric interac-
tions based on the designed cavities (entropic term). Our
results on the temperature dependence of the retention of
studied compounds and predominance of the energy driven
distribution do not support the MIP-theory.

Conclusions

This article presents a work aiming at thermodynami-
cally interpreting the specific sorption and molecular
recognition by the MIP and the NIP. Investigated polymers
based on methacrylic acid were synthesized by a bulk
polymerization. The effect of temperature on the thermo-
dynamic distribution of solute molecules for a series of
structurally related and not-related compounds were inter-
preted using van’t Hoff plots generated from the chroma-
tographic data. MEP, quercetin and diperodon were used
to calculate the enthalpic and the entropic terms. Contrary
to expectations, the entropic term was not a driving force
for the sorption of the investigated analytes on the MIP. If
methanol was used as a mobile phase the entropic term
was more important than in toluene and ACN mobile pha-
ses, reaching 46 % and 47 % contribution for the MIP and
the NIP, respectively.

Our study may provide useful information to the
knowledge of the mechanisms of the sorption processes on
the MIP and the NIP. Thanks to thermodynamic studies,
we were able to specify which term of the van’t Hoff equa-
tion was responsible for the processes occurring on their
surface. The study of the temperature effect helps to esti-
mate the interaction behaviour on the MIP and the NIP,
and is the key to understanding the mechanism governing
the chromatographic processes.
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JEDNODUCHA RESENIi PRO OBTIiZNE HPLC SEPARACE

JINDRISKA DOLINOVA

LABICOM, s.r.o., Rokycanova 18, 779 00 Olomouc, Ceskd
republika
Jjindriska.dolinova@labicom.cz

Separace v kapalinové chromatografii je vysledkem
mnoha typt interakci analytt se stacionarni fazi ptip. sloz-
kami mobilni faze. Vybér vhodné stacionarni fize vy-
znamn¢ ovlivni jak moznosti separace analytl, tak tvar
a symetrii ziskanych chromatografickych pikt, ale i de-
tekéni limity analytl. Vybér vhodné stacionarni faze ma
pfimy dopad na ¢asovou i ekonomickou naroc¢nost analyz.

Cilem pfispévku je seznameni s neobvyklymi typy

stacionarnich fazi v kapalinové chromatografii
a s praktickymi ukazkami aplika¢ni podpory. Bude zamé-
fen na kolony jejichZ stacionarni faze je tvofena:
silikagelem typu C,
silikagelem typu B s modifikaci alkylovym fetézcem
s iontovou skupinou,
neobvyklou modifikaci silikagelu typu B odktadecylo-
vymi a poropylfenylovymi fetézci.
Bézné pouzivany silikagel typu B je zakonceny hyd-
roxylovymi skupinami. Aktivita téchto skupin je pti sepa-
racich v reverznim usporadani cilen¢ potlacovana pomoci
tzv. endcapingu, ktery muze byt realizovan riznymi zpu-
soby. Presto na povrchu upraveného silikagelu mohou
zustavat zbytkové silanolové skupiny, které na sebe mo-
hou vazat molekuly vody, coz pak ovliviiuje separacni
ucinnost staciondrni faze. Naproti tomu, silikagel typu C,
jehloz struktura je zakoncena vodikovymi atomy, zcela
eliminuje tyto nedostatky'.

Silikagel typu C je diky pevné vazb&é mezi uhlikem
a vodikem stabilni i pfi nizkych hodnotach pH a je teplot-
né odolny. Na kolonach s timto typem sorbentu probiha
ustalovani rovnovahy velmi rychle. Separace lze provadét
ve vSech typech moddi — v reverznim, normalnim i pfi
100% vodné mobilni fazi, pfiCemz zména typu moédu na
koloné¢ nema vliv na jeji zivotnost. Silikagel typu C se

2 ° 9
—0—Si—OH —0-%0—Si—H

2 o 9
—0-—5i—ON —0—S—0—S$i—H

s 0 0
—0—3—OH —0-$i—0—Si—H

Obr. 1. Struktura silikagelu typu B a silikagelu typu C
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Obr. 2. Silikagel typu B s modifikaci alkylovym Fetézcem
a iontovou skupinou (stacionarni faze Primesep)

vyrabi v nékolika modifikacich (C18, C8, cholesterol,
fenyl). Zvlastnim pfipadem z této fady sorbentll je patento-
vana stacionarni fdze Diamond Hydride, urcena pro sepa-
race velmi polarnich latek. Vysokd symetrie chromatogra-
fickych pikt ziskanych pii separacich na této koloné je
vystizné demonstrovéana pfi analyzach polarnich metaboli-
th, aminokyselin, organickych kyselin, nukleotidovych
bazi nebo polarnich I1é¢iv.

Silikagel modifikovany alkylovym fetézcem, ktery
obsahuje ionizovatelnou funkéni skupinu, je dal$im typem
sorbentu rozsifujicim moznosti separaci smési nepolarnich
a polarnich analytd zejména polarnich analytl
s ionizovatelnou funkéni skupinou®. Pfi separaci analytd
na téchto typech stacionarnich lazi lze vyuzit jak hydrofo-
bnich vlastnosti struktury analytu, tak iontové-vyménnych
interakci mezi  ionizovatelnou  skupinou  analytu
a stacionarni faze. Moznosti separaci na téchto kolonach
jsou nazorn¢ demostrovany v mnoha aplikacich jako jsou
napf. separace organickych kyselin, aminokyselin, polar-
nich 1é¢iv nebo anorganickych iontt atd.

Jedinecnou stacionarni fazi je silikagel modifikovany
oktadecylovymi a propylfenylovymi fetézci, kde probiha
separace na zakladé hydrofébnich a - interakci’. Kombi-
nace uvedenych interakci umoznuje separaci flavonoidu,
rlizné substituovanych aromatickych sloucenin, perfluoro-
vanych surfaktantd ¢i riznych typt 1éCiv.
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MONITORING REZIDUI PESTICIDOV V POTRAVINACH NA SLOVENSKU

JARMILA DURCANSKA

Statny veterindrny a potravinovy iistav Bratislava, Bota-
nickd 15, 842 52 Bratislava, Slovensko
durcanska@svuba.sk

Rezidua pripravkov na ochranu rastlin su zo strany
verejnosti  citlivou a podrobne sledovanou témou.
Z prieskumu , ktory vykonaval Europsky urad pre bezpec-
nost’ potravin (EFSA) v ramci Eurdpskej tnie v roku 2010
vyplynulo, Ze rezidué pesticidov a iné chemické kontami-
nanty su z pohl'adu konzumenta ,,najobavanejSou” hrozbou
poskodenia zdravia, ktoré vyplyva z konzumacie potravy
(EFSAY). Kontrolu potravin rastlinného aj Zivo¢isneho
povodu vykonavaji na Slovensku inspektori Statnej veteri-
narnej a potravinovej spravy SR (SVPS SR) a analyzy sa
vykonavaji na Statnom veterindrnom a potravinovom
tistave v Bratislave (SVPU).

Kontrola, limity a vykon skuSok podlichaju réznym
eurépskym smerniciam a nariadeniam, z ktorych najdole-
zitejSie a najrozsiahlejSie je Nariadenie EPaR ¢. 396/2005
o maximalnych hladinach rezidui pesticidov v/na potravi-
nach alebo krmivach rastlinného alebo Zivoc¢isneho povo-

Toto nariadenie, ktoré definuje predmetné komodity, ma-
ximalne rezidualne limity a sposob posudzovania nalezov,
zjednotilo mnoho predchadzajicich smernic, ktoré vzdy
museli byt zapracované do néarodnej legislativy a tym sa
predlzovalo obdobie, kedy mohli vstipit do platnosti.
Zjednotilo aj dovtedajsie tzv.” narodné® limity, ¢im bol
postaveny jednotny pristup k vysledkom v rdmci celej EU.

Kontrolu rezidui pesticidov zastresuje SVPS SR, ale
podiel’a sa na nej viacero instittcii, ako vidno na obr. 1.

SVPU Bratislava je v ramci Slovenska poverené vy-
kondvanim analyz rezidui pesticidov rastlinného
a Ciastocne zivocisneho povodu a na tato ¢innost’ ma vset-
ky 4 narodné referencné laboratoria, ktoré sa tykaju oblas-
ti rezidui pesticidov. Na vySetrenia sa pouziva technika
plynovej  akvapalinovej chromatografie v spojeni
s konven¢nymi i hmotnostnymi detektormi. V ramci viace-
rych multirezidualnych aj single rezidualnych metdd sa na
naSom ustave aktualne sleduje okolo 300 rezidui priprav-
kov na ochranu rastlin a ich metabolitov.

Vzorky na vySetrenie sa odoberaji na zaklade vypra-
covaného viacrocného kontrolného programu Slovenskej
republiky, ktory zahffia niekol'ko podoblasti — narodny
program, eurdpsky program, kontrolu importu z tretich

du a o zmene a doplneni smernice Rady 91/414/EHS>. krajin arieSenie staZnosti spotrebitelov. Prehlad
Ministerstvo Ministerstvo
T T T T T T T L) . ) ,
! Vyskumny ustav | podohospodarstva a zdravotnictva SR
| potravinarsky rozvojavidieka SR
1
b e e e '
h 4 ¥
»  Statna veterinarna Utad verejného
® apotravinovasprava [* zdravotnictva SR
SR
I ¥
St?}m}’ Regionalna Regionalny urad
veteun_amy > veterinarna verejneho
a potravinovy a potravinova sprava zdravotnictva SR
ustav Bratislava -

Obr. 1. Schéma kontroly rezidui pesticidov v SR
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i Bez rezidui pesticidoy
B 3 ndlezom rezidui pesticidov pod MEL
8 nalezom rezidui pesticidovnad MRL

Obr. 2. Percentualne zastupenie vysledkov vzoriek, vySetrenych v r. 2011

a percentualne zastupenie vzoriek vySetrenych v roku 2011
st zndzornené na obr. 2.

Pokial’ namerané hodnoty prekrocia legislativny limit,
nalezy sa zasielajui na postudenie rizika na Vyskumny tstav
potravinarsky. Samozrejme, ze takéto vzorky su stiahnuté
z trhu.

Vysledky  kazdoroéného merania sa  zhrnuté
v Nérodnej sprave o vySetrovani rezidui pesticidov, ktora
je uverejnena na web stranke SVPS SR a stidasne su zasie-
lané do EFSA, ktora je poverena vypracovanim celoeurdp-
skej spravy. Vsetky merania Clenskych Statov sucasne
slizia ako podklady na dalSie prehodnocovanie rizika
apripadné Upravy maximalnych rezidualnych limitov
aumoznuju odhadniit’ zataZenie obyvatel'stva Eurdpy
reziduami pesticidov.
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PREZENTACIA VYSLEDKOV MONITORINGU REZIDUI PESTICIDOV V DETSKEJ
A DOJCENSKEJ VYZIVE METODOU LC/MS/MS V ROKU 2011

ZUZANA FABEROVA* a EMILIA
SEVCIKOVA

Urad verejného zdravotnictva SR, Trnavskd cesta 52,
845 05 Bratislava, Slovensko
zuzana.faberova@uvzsr.sk

Néarodné referencné centrum (NRC) pre rezidud pesti-
cidov Uradu verejného zdravotnictva Slovenskej republiky
vyvija azavadza nové analytické metddy pre stanovenie
pesticidov s hlavnym zretelom na dojcenskll vyzivu. NRC
kontroluje pesticidy v detskej a dojéenskej vyzive podla
viacro¢ného planu Uradnej kontroly potravin a poziadaviek
smernic 2006/125/EC a 2006/141/EC a monitoruje pestici-
dy v detskej a dojcenskej vyzive podla nariadenia komisie
(ES) ¢. 1274/2011 tykajaceho sa koordinovaného viacroc-
ného kontrolného programu spolocenstva na roky 2011,
2012, 2013.

Analyzy sa vykonévajl vo vSetkych druhoch vzoriek
dojcenskej vyzivy na baze mlieka, ovocia, zeleniny
a ceredlii odoberanych z distribuc¢nej siete alebo lekarni

sl64

vramci SR. Pri stanoveni pesticidov v dojcenskej vyzive
je dolezité poznat ich chemické a fyzikalne vlastnosti, ako
je napriklad rozpustnost’, polarita a prchavost. Velky
vplyv na analyzu pesticidov ma aj zloZenie matrice, hlavne
obsah vody, tuku, farbiv a karotenoidov vo vzorke, ktorad
moze rusit’ stanovenie jednotlivych pesticidov.

Analytické techniky na stanovenie pesticidov zévisia
od druhu pesticidu. Vysoko t¢inna kvapalinova chromato-
grafia v spojeni s tandemovou hmotnostno-
spektrometrickou detekciou je jednou z ¢asto pouzivanych
metdd, ktord sa vyuziva na stanovenie pesticidov. V roku
2011 bolo touto technikou zavedenych a zvalidovanych 88
pesticidov vratane ich degradacnych produktov. 81 pestici-
dov bolo stanovenych multi-rezidualnou metédou QUE-
CHERS. Pesticidy, ktoré sa nedali stanovit’ touto metodou,
boli stanovené ,,single" rezidudlnymi metodami (SRM).
K takymto pesticidom patri fentin, haloxyfop, PTU, me-
pikvat, chlormekvat a glyfosat. V roku 2011 bolo analyzo-
vanych 40 vzoriek na obsah réznych druhov pesticidov,
z ¢oho bolo 22 vzoriek suSenych, 15 ovocnych a 3 mliec-
ne. Ani jedna z nameranych hodnoét neprekrocila hodnotu
MRL.
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DETERMINATION AND IDENTIFICATION OF POLYPHENOLIC COMPOUNDS

BY LC-MS (IT)

MIROSLAV FISERA* and PAVEL
VALASEK

Tomas Bata Univerzity in Zlin, Faculty of Technology,
T. G. Maryk sq. 272, 76272 Zlin, Czech Republic
fisera@ft.uth.cz

Introduction

In recent years, many papers have paid attention to
the bioactive compounds, particularly to the antioxidant
activity of polyphenolic compounds in food and bevera-
ges, due to their positive effect on human body. As con-
sumers have become more conscious of the health benefits
of phenolic compounds and their antioxidant activities via
the conventional media, the beverage industries have re-
cognized new marketing opportunities for their products.
Therefore, the phenolic compounds and their antioxidant
capacity in foods and beverages become an important
quality parameter, especially in niche markets concerned
with health benefits. Wine is a widely consumed beverage
in the world, with thousands of years of tradition. It is an
excellent source of various classes of polyphenols. The
phenolic compounds are responsible for the sensory cha-
racteristics, particularly color, astringency, bitterness and
aroma'”.

Similarly beer is a complex low-alcoholic beverage
with refreshing frothy taste. It has been a popular beverage
for thousands of years. Brewers often declare brewing as
the oldest biotechnological process (from world’s first
civilization, Sumerians, in Mesopotamia — 4000 BC). Beer
was not bitter and was rather flat in ancient times since
hop was not used in beer production until around the
eighth century’. Phenolic compounds in red wine exhibit
a board spectrum of beneficial pharmacological properties,
believed to be related to their antioxidative properties.
Anti-atherogenic, anti-tumour, anti-ulcer, and anti-
inflammatory activities have all been demonstrated by the
consumption of red wine and red wine phenolic com-
pounds*”. As a material for winemaking, the phenolic
compounds of wine grape are one of the most important
aspects determining wine quality. A large number of pub-
lished papers have focused on the essential contributions
of phenolic compounds profiles to wine quality and senso-
ry properties'.

The phenolic profiles in wine depend on the phenolic
compounds present in the grapes, the extraction parame-
ters, winemaking technologies as well as fermentation
temperature, yeast strain, processing enzymes, cap ma-
nagement, and alcohol concentration'®'”. On the other
hand, phenolic compounds of grapes are affected by many
factors such as agrotechnical processes, genetic variation,
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and maturity, climatic and geographical conditions" .

Other factors that influence the extent of phenolic extrac-
tion are the molecular weight, size and type of phenolic
molecules, the surface area, the concentration gradient,
other temperature treatments including grape and must
freezing and thermo-vinification, and factors that affect
cell permeability, such as pectolytic enzyme selection'®.
Also, the environmental condition (temperature, annual
precipitation levels, altitude and geochemical characteris-
tics) can affect the vine grapes maturation and consequent-
ly the concentration of their phenolic compounds.

Nowadays beer is made from barley (malt), hops,
water and yeast thus it is rich in nutrients (including carbo-
hydrates, amino acids, minerals, and vitamins), but also
provides a variety of non-nutrient components including
polyphenols. Hops are added as a flavoring ingredient and
stabilizer, and give beer its unique aroma and refreshing
bitterness.

Beer has been an important food item in the daily
diet, and people attributed therapeutic effects to beer. Re-
cently, a renewal interest has been focused on beer, a com-
mon beverage rich in polyphenols with a moderate antioxi-
dant activity. Beer polyphenols have been mostly investi-
gated in the light of their potential antioxidant activity
claimed to enhance beer flavor and stability or even human
health'”.

Flavor stability, one of the important characteristics in
beer, is challenging brewers, and is one of the most im-
portant factors in determining the shelf-life of packaged
beer. The flavor stability of beer primarily depends on the
oxygen content in the packaged beer. However, the indi-
vidual stages of beer production such as malting, mashing,
brewing and packaging can influence the flavor stability.
Prolonging shelf-life by delaying flavor staling is one of
the greatest challenges facing the brewer today. In recent
years, significant efforts have been made to avoid the oxy-
gen pick-up during brewing process, the level of total
packaged oxygen might be as low as 0.1 mg L™, but oxi-
dative staling of beer is still noticeable. Minimizing the
formation and activity of reactive oxygen species (O-2,
HOOe, H,0, and HO¢) in beer and wort, must be the first
step for improving beer flavor stability. Antioxidants re-
duce the rate of oxidation reactions. Therefore, attention is
now increasingly shifting towards increasing the antioxi-
dant activity of beer itself'®.

There are many endogenous antioxidants such as
polyphenols, Maillard reaction products, and sulphite pre-
sent in beer. Among these antioxidants, polyphenols are of
particular interest to brewers because they play a key role
in the brewing process by delaying, retarding, or preven-
ting oxidation processes. The majority of polyphenols of
beer are derived from malt (70-80 %), whereas about
20-30 % is derived from hops'®. Further, polymerization
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of phenolics and formation of polyphenols, and their
chemical changes can occur during wort boiling and possi-
bly during fermentation and storage of beer. Polyphenolic
constituents of beer represent a large structural variety and
belong to the classes of simple phenols, benzoic and cin-
namic acid derivatives, coumarins, catechins, di-, tri- and
oligomeric proanthocyanidins, (prenylated) chalcones and
flavonoids, all of which have been reported to possess
antioxidant and antiradical properties as well as other bio-
logical effects. Several studies have demonstrated the high
in vitro total antioxidant capacity of beers®, and subse-
quent investigation has shown that these antioxidant com-
ponents are indeed bioavailable.

Many papers dealing with phenolic compounds of
wine and grapes and their total antioxidant capacity have
been published. However, little attention has been paid to
comparison on phenolic compounds of wine grapes from
different origin in Moravian wine, as well as on compari-
son of phenolic contents and antioxidant activities of phe-
nolic compounds. Flavonoids, phenolic acids, flavonols
and resveratrol and other groups of compounds could be
key agents of the antioxidant action on the human metabo-
lism pathway, the reason why we wanted to qualify the
wines from a nutritional point of view.

There have been several studies on the antioxidant
activity and polyphenols content in beer”'. However, these
studies focused on the relationship between antioxidant
activity and total polyphenols content, limited data are
available on phenolics profiles (total and individual poly-
phenols contents) and their contribution to antioxidant
activity for beers. Moreover, it is difficult to compare data
within the literature due to the lack of agreement on the
appropriate method for analyzing polyphenols and antioxi-
dant activity evaluation. As a consequence, information in
the literature on the levels and species of polyphenols is
not enough and also contradictory. Beer is a complex mix-
ture of natural compounds, activities and mechanisms of
antioxidants present in beer would largely depend on the
composition and conditions of the test system. Different
antioxidant activity evaluation methods based on different
reaction mechanisms might give various evaluation re-
sults?. In addition the inhibitory and/or synergetic effects
can influence the total antioxidant activity of such compli-
cated mixtures of polyphenolic compounds.

Aims of this study were to determine the total content
of phenolics, to identify and quantify individual phenolic
compounds and to determine the total antioxidant activity
in wine samples collected from four different geographical
regions of Austria and Czech Republic. Next aim of this
study was to detect, in a full scale industrial process, the
polyphenols in all worts and beers, their fate during the
main brewing procedures and to compare the six kinds of
“Czech brews” and their corresponding 28 worts and 17
beers from famous brewery of South Moravia in Czech
Republic from the point of view determination of total
polyphenols content, evaluation and comparison of the
different kinds of “Czech brews” and their corresponding
intermediates of brewing technology for their DPPH= radi-
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cal scavenging activity and FRAP reducing power.

Materials and methods
Instrumentation

For measurement of antioxidant activity was used
diode array spectrometer Biochrom Libra S6 (Biochrom
Ltd, Cambridge, UK). For HPLC analysis was used Ulti-
Mate® 3000 HPLC system consisted of UltiMate 3000 RS
pump, UltiMate 3000 RS autosampler, UltiMate 3000 RS
column compartment and UltiMate 3000 RS diode array
detector (Varian Inc., Santa Clara, CA, USA). Chromato-
graphic separation was carried out on Supelcosil LC-18-
DB column (250 x 4.6 mm, 5 um, Supelco, USA) at 30 °C
by gradient elution with a mobile phase containing solvent
A (5% v/v aqueous acetonitrile acidified with 0.35 mL
trifluoroacetic acide (TFAA) and solvent B (50% v/v
aqueous acetonitrile acidified with 0.25 mL TFAA). Run
time was 30 min and the flow rate was 0.5 mL min '. For
HPLC-MS analysis was used combination of HPLC sys-
tem described above with Bruker Daltonics AmaZon X
HCT (High Capacity Trap) MS system with 3D ion trap
technology.

Chemicals

Folin-Ciocalteau reagent, gallic acid, 2,4,6-tris-(-2-
pyridyl)-s-triazine (TPTZ) and 2,2-diphenyl-1-picryl-
hydrazyl (DPPH) were obtained from Sigma-Aldrich
(Steinheim, Germany). A standard solution of DPPH ¢ =
0.20 mol L™ was prepared in methanol. Working DPPH
solution was prepared at ¢ = 100 pmol L™ containing ace-
tate buffer of pH 4.3 in the ratio 1:2 (DPPH:buffer). Tan-
nin was obtained from Merck KGaA (Darmstadt, Germa-
ny). Phenolic reference standards including gallic acid,
catechin, vanillic acid, caffeic acid, p-coumaric acid, feru-
lic acid, sinapic acid, rutin, cinnamic acid, quercetin and
resveratrol were purchased from Aldrich (Zwijndrecht,
Belgium). Lab-Scan acetonitrile (ACN) was obtained from
POCH A.S. (Gliwice, Poland). Other chemicals and rea-
gents were purchased from Penta, Chrudim and/or Lache-
ma, Brno, (both Czech Republic). All solutions were pre-
pared with deionised (DI) water (Aquaosmotic, Tisnov,
Czech Republic).

Methods

Folin-Ciocalteau method

The TPC was determined according to the Folin-
Ciocalteau method”. Briefly, 0.025 mL of sample was
mixed with 1 mL of 10-fold diluted Folin-Ciocalteau rea-
gent and allowed to stand for 3 min. Then 5 mL of 200 g L™
sodium carbonate (Na,CO;) was added and final volume
was made up to 50 mL with DI water. Each sample was
measured spectrophotometrically at 765 nm after 30 min
of standing against blank. Five-point calibration was strict-
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ly linear (R2 > 0.9999) in the concentration range 0-250
mg L' tannin as the standard. The determined values were
expressed as tannin equivalents (TE, mg L™"). All samples
were analyzed as triplicates. Highly repeatable results for
standards and samples were obtained.
DPPH radical scavenging activity™* >

A mixture of undiluted sample (0.1 mL) with 10 mL
working DPPH solution was measured immediately at
515 nm against a methanol blank (AC(0)). The mixture
was then incubated at room temperature and dark for
30 minutes and it has been again measured spectrophoto-
metrically at 515 nm (AA(t)). The gallic acid (GA) cali-
bration curve was plotted as a function of the percentage
of DPPH radical scavenging activity. The measurement
was compared to the standard calibration curve, and the
free radical scavenging activities were expressed as milli-
moles of gallic acid equivalents (GAE) per millilitre of
sample (umol/ml). The calibration curve was strictly linear
(A =855.59 ¢ — 16.015, R2 = 0.9980, where A is absorb-
ance value, c is concentration of gallic acid in standard solu-
tions) in the concentration interval 0.02-0.08 pmol mL™
gallic acid. The umolmL™ inhibition of DPPH radical
caused by a wine samples were determined according to
the following formula: (AC(0) — AA(t))/AC(0) x 100,
where AC(0) is the absorbance of the sample at = 0 min
and AA(t) is the absorbance of sample at # = 30 min). All
samples were analyzed as triplicates.

Ferric ion reducing antioxidant power (FRAP)

The reducing activity of the samples was determined
by FRAP method®. A 0.1 pmol L™ standard solution of
gallic acid (GA) was prepared in H,O. The oxidant in the
FRAP assay was prepared by mixing 5 mL of 10 mmol L'
2,4,6-tripyridyl-s-triazine (TPTZ) in water, 50 mL of ace-
tate buffer pH 3.6, and 5 mL of FeCl;.H,0 (20 mmol L’l).
Sample (0.025 mL) was added to 4 mL reagent and ab-
sorbance was measured spectrophotometrically at 593 nm
(A Omin). Then sample solution has been allowed to stand
at room temperature and in dark for 10 min and measured
again at 593 nm (A10 min). The difference of absorbances
(AA = A 10 min — A 0 min) of the reaction mixture was
calculated and related to AA of a Fe(Il) standard solution.
The difference in absorbance AA was linearly proportional
to the concentration of antioxidant and indicated increased
reducing power. The measurement was compared to
a calibration curve of prepared gallic acid solution, and
then final results expressed as micromoles of gallic acid
equivalents (GAE) per millilitre of the sample (umol mL™".
The calibration curve was strictly linear (A = 1.0800 ¢ +
0.0072, R2 = 0.9999, where A is absorbance value, c is
concentration of gallic acid in standard solutions) in the
concentration interval 0.02—0.1 pmol mL™" gallic acid. All
samples were analyzed as triplicates.

HPLC/MS analysis of phenolic composition
The individual phenolic compounds were quantified
using a HPLC method using gradient elution with the mo-
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bile phase containing solvent A (5% v/v aqueous ACN
acidified with 0.35 mL trifluoroacetic acide (TFAA) and
solvent B (50% v/v aqueous ACN acidified with 0.25 mL
TFAA). The UV detector was set at 205, 210, 275 and
375 nm. Wine sample was filtered using 0.45 pm pore size
Nylon membrane filter 13 mm (FFNN1345-100, Gronus,
UK ) using filter devices (Millipore, Bedford, MA, USA)
before injecting. Injection volume was 20 pL. Individual
phenolic compounds were identified by comparing reten-
tion times and UV-VIS spectra of the corresponding stand-
ard compounds and data were quantified using the corre-
sponding calibration curves of the individual standard
compound.

For identification and final confirmation of some
compounds was used MS system amazon X, which repre-
senting one from the latest developments in ion trap tech-
nology. With greatly enhanced sensitivity, MS/MS speed
and ,,Zero-Delay Alternating polarity switching, the ama-
zon X is very suitable for the analysis of complex samples
when more in depth and detailed analysis of molecular
structure is needed. This instrument supported by spectral
MS" libraries is very effective mass spectrometer for MS/
MS based multi-compound screening.

Discussion

In this study, total 32 wine samples including 16
white and 16 red wines, which were made from grapes of
Griiner Veltliner and Zweigelt varieties, were selected for
determination of total phenolics contents (TPC) and total
antioxidant activity (TAA). Griiner Veltliner is a variety of
white wine grape grown primarily in Austria and in Czech
Republic. Zweigelt is a red wine grape variety that is the
most widely-grown in Austria nowadays.

Polyphenols play critical roles both in flavor stability
and colloidal stability of beer too. They are also generally
considered as one of very important sources of antioxi-
dants in beer, brewing materials and brewing intermedi-
ates, such as malts, sweet wort, hop and hop products,
hopped wort and young beer’**’. “Czech brews” pro-
cessed by different technology and their all worts and
beers were studied by the Folin-Ciocalteau assay in order
to evaluate the influence of different wort separation and
brewing technology on the phenolics contents.

The total antioxidant activities were measured and
compared with their reducing power (by FRAP method)
and free radical scavenging activities (DPPH=* method).
The results indicate that differences in the total sum of
FRAP between worts and beers are higher than in the total
sum of DPPH= values. The results obtained by FRAP
method had some discrepancies compared with those of
the DPPH* method. In the present study, the different ob-
servations from two methods for evaluating antioxidant
activity of beer might be due to different mechanisms of
reaction. Moreover, antioxidant properties of single com-
pounds within a group could vary remarkably, so that the
same levels of antioxidants were not necessarily corre-
sponding to the same antioxidant responses.
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Fig. 1. Total phenolic content in all samples A-F from various stages during the brewing process (give the method used, experi-

mental conditions etc.)

SGVI SGV2 8GV3 SGV4 PGV PGV2 PGV3

The different variations of red and white wine sam-
ples were tested for total content of phenolic compounds in
four sets of analyses. The total phenolics contents varied
from 218 to 328 mg L™, averaging 263 mg 1'for the four

Fig. 2. Total antioxidant activities in white wine samples determined by the DPPH and FRAP methods (GAE mmol L™)
Total contents of phenolics
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Fig. 3. Total antioxidant activities in red wine samples determined by the DPPH and FRAP methods (GAE mmol L™)

of total phenolics; the same as SGV-3 and SZW-3. Proba-
bly, the high content of phenolics content of grape samples
depends on growing part of vineyard, shelter place from
wind, intensity of sunlight radiation as well as shaded or
non shaded clusters and other factors.

The summary of the total polyphenols content of
worts and beers is presented in Fig. 1. Six kinds of “Czech
brews” (labelled as A — F) and their corresponding 28
worts and 17 beers exhibited considerable differences in
their total polyphenols content values, varying from 33 to
233 mg FAE/1 for all worts and from 147 to 246 mg FAE/I
for all beers studied. The highest TPC (246 mg L") was
determined in Comenius14° (Brew C), and the lowest TPC
(147) was evaluated in Patriot 11° (Brew A), which are in
agreement with regional mark “Czech beer” studied by
other authors®® (165-201 mg L™).

Conclusions

According to the results, following main practical
significant summaries can be postulated i.) the geogra-
phical origin, average annual temperature, annual levels of
precipitation and pedology influenced to total content of
phenolics and total antioxidant activity/total antioxidant
capacity and the concentration of phenolic compounds
could be a marker for possible identification of wines geo-
graphical origin. In addition the total contents of phenolic
compounds significantly correlated with antioxidant activi-
ty and contents of individual phenolic compounds and
gallic acid was the most abundant compound; tannic acid,
caffeic acid, quercetin and rutin activities were intermedi-
ate and ferulic acid and resveratrol showed the lowest in-
fluence to the free radical-scavenging activity.
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This work provides also new knowledge on beer
polyphenols which have both important technological and
physiological properties. In conclusion, the present study
determined phenolics profiles (both total and individual
polyphenols contents) and antioxidant activities of six
kinds of “Czech brews” and their corresponding 28 worts
and 17 beers at various stages during the brewing process.

Further research could select critical points in a tech-
nological process in which the losses of polyphenolics are
most critical and to explain influence of polyphenolics on
the several stages of the brewing process and the overall
beer stability e.g. formation of haze, colour, taste, filtra-
tion, foam maintenance, physico-chemical stability and
shelf-life of beer. Further, this study will enhance the theo-
retical and practical knowledge in the field of beer produ-
cers and food chemistry.

On the results obtained from current study, further
work on optimizing brewing processes will be the im-
provement of beer’s flavor stability through raising selec-
tively certain polyphenols.
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Uvod

Ve vyspélych zemich roste pozornost vénovana kon-
trole 1é¢iv ¢i jejich metabolitd v pfipravcich ¢i v télnich
tekutinach. Mezi metody pouzitelné k témto ucelim beze-
sporu patfi i moderni voltametrické metody'. Vyvoj t&chto
metod pro stanoveni submikromolarnich a nanomolérnich
koncentraci riznych typtu biologicky aktivnich organic-
kych sloucenin je realizovdn zejména prostfednictvim
novych typi pracovnich elektrod, které rozhodujici mérou
ovliviiuji celkové parametry voltametrické metody.

V této souvislosti je vénovana znacnd pozornost hle-
dani novych typd elektrodovych materiald, které se vyzna-
¢uji $irSim rozsahem dostupnych potenciali, niz§im zbyt-
kovym proudem a Sumem, pouzitelnosti v §ir§im spektru
rozpoustédel a zakladnich elektrolytl, vétsi odolnosti vici
pasivaci, vysSi rychlosti elektrodovych reakci a tudiz
i vyssi reverzibilitou elektrodovych déju, vetsi mechanic-
kou robustnosti, umoziujici jejich kompatibilitu
s pratokovymi méfenimi a pfipadné i nizsi toxicitou. Po-
sledni pozadavek do jisté miry souvisi s rostouci merkuro-
fobii v nékterych zemich, ktera komplikuje pouzivani kla-
sickych rtutovych elektrod, a které i 85 let po jejich zave-
deni do analytické chemie patii stale k nejspolehlivéj$im
a nejcitlivéj$im senzortim.

Aplikace amalgamovych elektrod

Pti stanoveni elektrochemicky redukovatelnych latek
pfedstavuji moznou alternativu ke rtutovym elektroddm
netoxické rtutové amalgamové elektrody, jejichz hlavni
vyhodou je kromé& snadné obnovitelnosti povrchu i Siroky
potencialovy rozsah v katodické oblasti’. Snadné p¥iprava
té&chto elektrod spolu sjejich pfiznivymi analytickymi
charakteristikami vytvari pfedpoklad pro jejich Siroké vyu-
Ziti pro voltametrické stanoveni riznych typd polutanti.
Tuhé stiibrné amalgamové elektrody lze pripravovat ve
tfech variantach, bud’ jako lesténé, modifikované rtutovym
meniskem a nebo jako modifikované rtutovym filmem.
Pro rutinni analyzy se jevi jako nejvhodnéjsi modifikace
rtutovym meniskem. Vedle tuhych amalgamovych elek-
trod se jsou pro neckteré aplikace vyhodné elektrody
z pastovych amalgama’, které se svymi vlastnostmi vyrov-
naji pevaym amalgamim, ale umoziiuji snazsi mechanic-
kou obnovitelnost povrchu ¢i pripravu jednorazovych sen-
zoru.
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Jednou z elektrochemicky aktivnich skupin 1é¢iv jsou
latky odvozené od N-nitrosomocovin, které¢ se vyuzivaji
pfi 1é¢bé mozkovych a jinych nadori. Elektroanalyza téch-
to latek je zaloZena na elektrochemické redukci N-nitroso
skupiny, jak bylo v minulosti prokdzano pro rtutové elek-
trody®. V modelové studii byla ukézana moznost stanoveni
carmustinu (BCNU) a lomustinu (CCNU), které patii
v klinické praxi mezi stale pouzivané N-nitrosomocoviny.
K voltametrickému stanoveni latek byla pouzita metoda
DC voltametrie a diferen¢ni pulzni voltametrie na rtuto-
vym meniskem modifikované stfibrné amalgamové elek-
trod&’. Jednostupiiova redukce obou latek umoziiuje stano-
vit oba analyty s mezi stanovitelnosti na Grovni v rozmezi
2—6 umol I"". Dale byla pro stanoveni modelovych analytd
ovéfena moznost pouzit indikacni stfibrnou tuhou amalga-
movou elektrodu v ampérometrické detekéni cele ve wall-
jet usporadani pro prutokovou injekéni analyzu.

Modifikace uhlikovym inkoustem

Tuhé amalgamové elektrody mohou byt také snadno
modifikovany  uhlikovymi  inkousty  pfipravenymi
z uhlikovych praskt smichanych s polystyrenem rozpuste-
nym v 1,2-dichlorethanu®. Takto pfipravena uhlikova fil-
mova elektroda umoznuje méfeni az do anodické Casti
potencialového okna, kde je signal nemodifikované stribr-
né amalgamové elektrody prekryt rozpousténim rtuti.
Snadné odstranitelnost téchto filma je vyhodna pro jejich
vyménu pii pasivaci povrchu elektrody a umoziiuje také
snadny pfechod zpét na nemodifikovanou tuhou amalga-

200

Obr. 1. Stanoveni paracenamolu (2-10 pmol I'') v modelovém
vzorku moci pomoci uhlikovym filmem modifikované tuhé
stiibrné amalgamové elektrody v prostfedi Brittonova-
Robinsonova pufru pH 4
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movou elektrodu.

Typickym prikladem elektrochemicky aktivniho anal-
getika je paracetamol (N-acetyl-p-aminofenol nebo Aceta-
minophen), ktery patfi k nejbéznéjsim volné prodejnym
I¢kim (Paralen atd.). Diky modifikaci tuhé amalgamové
elektrody uhlikovym filmem Ize sledovat elektrochemic-
kou oxidaci hydroxyskupiny na aromatické jadie’. Tato
reakce byla vyuzita pro voltametrické stanoveni paraceta-
molu jak l1écich tak v moci pacienti. VySe uvedena metoda
je dostateéné selektivni k tomu, aby dokézala odlisit také
paracetamol od 4-aminofenolu, ktery je primarnim degra-
daénim produktem Paracetamolu. Diky tomu lze sledovat
kvalitu a stalost pfipravki obsahujici paracetamol.

Zavér

Stiibrna amalgamova elektroda je senzorem, ktery je
vhodny pro stanoveni elektrochemicky aktivnich 1éCiv,
muze byt v fadé ptipadd pouzit jako plnohodnotna nahrada
klasickych rtutovych elektrod a jejich modifikace zejména
uhlikovymi filmy umoznuje rozsifit jejich pouziti i nad
rdmec pracovniho potencidlového okna rtutovych elek-
trod. Proto se jevi amalgamové elektrody jako vhodné pro
pouziti v klinické analyze, kde mohou v mnoha ptfipadech
uspésné nahradit elektrody rtutové.
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Uvod

Huminové latky (HL) st prirodné latky makromole-
kulového charakteru s komplexnou 3-dimenzionalnou
Struktirou. Patria medzi najvyznamnejSie zlozky pddnej
organickej hmoty, ktord z hladiska globalneho Zivotného
prostredia predstavuje doleziti zasobaren uhlika pre uhli-
kovy cyklus. Vo vSeobecnosti st HL amorfné, polydis-
perzné makromolekuly kyslého charakteru so zltym az
¢iernym sfarbenim, ich relativna moélovd hmotnost’ pohy-
buje v rozsahu od niekolkych stoviek az po niekolko
stotisic'. Napriek tomu, Ze huminové latky su dlhodobo
predmetom Stadii a nasli réznorodé, Siroké vyuzitie, eSte
stale nie si komplexne vo vSetkych detailoch spoznané.
Tato skutocnost’ je dosledkom ich chemickej, Struktirnej
a fyzikalnej polydisperzity, ktord sa prejavuje vo velkej
neurcitosti analytického signalu takmer vo vSetkych analy-
tickych metddach, ktoré sa zaoberaji vyskumom a charak-
terizaciou HL z makromolekulového pohladu. Vyrazny
analyticky signdl je ziskavany o HL iba pri zjednodusuju-
com pohl'ade zameranom napr. na ich elementarne che-
mické zlozenie. Struktirna nejednoznaénost a vlastnosti
HL maju za nasledok vel'mi r6znorodé prejavy v spravani
sa za roznych podmienok (napr. silnd schopnost’ tvorby
molekulovych agregatov a ich nahly rozpad, tvorba supra-
molekulovych truktar a podobne)?.

Vyznamné uplatnenie v charakterizacii a analyze
huminovych latok nasli separacné metdody. Medzi hlavné
oblasti ich vyuzitia patria izolacia a frakcionacia HL pred
dalsimi experimentami (napr. charakterizdcia ziskanych
frakeii spektralnymi metédami) alebo ziskanie informacii
o ich $truktare a vlastnostiach™. Spomedzi chromatogra-
Covacia chromatografia (SEC), pouZivana predovsSetkym
na stanovenie relativnej molovej hmotnosti HL, alebo na
frakciondciu vzoriek na zéklade rozmerov molekul. Meto-
da SEC umoziiuje dosiahnut’ relativne spravne a presné
stanovenie distribucie molovej hmotnosti aj vzhl'adom
skutocnost’, ze rozmer molekul je Gmernd ich relativnej
molovej hmotnosti, avSak zavisi aj od d’alSich inych fakto-
rov, ktoré mozu vyrazne ovplyvnit’ elu¢né spavanie sa HL
v chromatografickom systéme, ako napr. koncentracia HL
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vo vzorke, pH a tieZ i6nov4 sila pritomnych soli v roztoku
mobilnej fazy*”.

Reverzno-fazova vysokotcinné kvapalinovd chroma-
tografia (RP-HPLC) sa Casto pouziva na stanovenie celko-
vého obsahu HL v réznych emvironmentalnych vzorkach,
najmd v prirodnych vodach. Cielom tychto prac su obvyk-
le stanovenie ddleZitych parametrov z hl'adiska Zivotného
prostredia, ako mnozstvo celkového alebo rozpusteného
organicky uhlika (TOC, DOC)?. Pri pouziti RP-HPLC na
analyzu HL vo vSeobecnosti plati, Ze klasické RP — systé-
my s pouzitim linedrnej gradientovej elucie neumoznuji
ucinnu frakcionaciu HL a ziskané chromatografické zazna-
my poskytuji iba obmedzené mnozstvo pouzitenych in-
formacii o povahe a Struktire analyzovanych latok. Na-
opak, pouzitie skokovej gradientovej elucie umozni HL
separovat do niekol’kych dobre definovanych frakcii
v zavislosti od po&tu nastavenych krokov®.

Kombinaciu dvoch alebo viac chromatografickych
metod (on-line alebo off-line) zaloZzenych na rozli¢nych
separaénych principoch vyuzivali autori doposial’ iba
v zriedkavych pripadoch na analyzu HL. Shalliker a kol.
vo svojej praci’ opisali vyuzitie spojenia SEC a RP-HPLC
metddy na analyzu a charakterizaciu huminovych latok
izolovanych z tzv. Bayerovych roztokov (vznikaji pri
procese vyroby hlinika, kde vysoky obsah huminovych
latok je neziaduci). HL separovali pomocou SEC metddy
do niekol’kych frakcii a vybrané frakcie d’alej analyzovali
RP-HPLC metodou v spojeni s hmotnostnou spektromet-
riou (MS), ktora umoznila aj identifikovat’ niektoré kom-
ponenty nachddzajiice sa v SEC frakcidch HL. Opacnu
kombinaciu'®, spojenie RP-HPLC s vyuzitim skokovej
gradientovej elicie a SEC zvolili autori na charakteriziciu
huminovych kyselin (HK) izolovanych z pédnych zdrojov
a na porovnanie ich chromatografického spravania sa
s komeréne dostupnymi HK v prostredi N,N-di-
metylformamidu (DMF) ako organického modifikatora
mobilnej fazy.

Z uvedeného vyplyva, Ze je stale potrebné vyvijat’
nové separacné metddy a techniky na analyzu a charakteri-
zaciu tzv. envirobiomakromolekil aj vzhl'adom na stipa-
jucu tendenciu ich vyuzitia v rdéznych odvetviach hospo-
darstva. K rieSeniu podobnych, zloZitych problémov moze
napomdct’ aplikacia novych postupov, ktoré poukazujt
najmi na moznosti vyuzitia kombinécie spéjania dvoch
alebo viacerych chromatografickych alebo inych separac-
nych metdd pracujicich na odlisnych principoch (napr.
spojeniec SEC — HPLC, RP-HPLC — SEC, ITP — CZE —
HPLC a pod.)”'" a taktiez vyuzitie neobvyklych, doteraz
menej Casto pouzivanych postupov v chromatografickych
metddach (skokova gradientova eliicia, vol'ba netradi¢ného
organického modifikatora mobilnej fazy — DMF a pod.)
(cit.*'*"%). Praca sa zobera moznostami analyzy a charak-
terizacie vzoriek huminovych kyselin r6zneho pévodu off-
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line kombinaciou dvoch chromatografickych metoéd, RP-
HPLC a SEC.

Experimentalna ¢ast’

Vsetky chromatografické experimenty sme uskutoéni-
li pouzitim chromatografického systému LaChrom Merck
— Hitachi (Merck, Darmstadt, Nemecko), ktory sa skladal
z nasledujticich modulov: zo §tvorkandlovej pumpy
L-7100 on-line spojenym s vakuovym odplynova-
¢om L-7612, z automatického davkovaca L-7200, z kolo-
nového termostatu L-7300, v ktorom bola umiestnena
chromatograficka kolona, zo spektrofotometrického detek-
tora s radom diéd (DAD) L-7450A, z flourimetrického
detektora (FLD) L-7480. Komunikaciu medzi zariadenim
a riadiacim softvérom HSM verzia 4.1 bola zabezpecena
fazovym rozhranim D-7000.

V prvom separac¢nom stupni sme rozdelili skiimané
vzorky HL do niekol’kych dobre definovanych frakcii me-
todu RP — HPLC. Na separdciu vzoriek sme pouZili analy-
ticka kolonu LiChrospher ODS WP 300 RP-18 (250 x 4
mm) s priemernymi rozmermi pérov 30 nm (Merck, Dar-
mstadt, Nemecko), ktora bola spojenda s predkolénou
LiChrospher ODS WP 300 RP-18 (4 x 4 mm) (Merck,
Darmstadt, Nemecko). Na samotnu frakcionaciu sme vyu-
Zivali techniku skokovej gradientove;j elucie, kde hlavnou
organickou zlozkou mobilnej fazy (MF) bol N,N-
dimetylformamid (DMF), ktory uZ v minulosti bol ¢asto
pouzivany pri izolacii HL z podnych vzoriek, vzhI'adom na
jeho vyborné solvatacné vlastnosti, silni schopnost’ tvorby

Fluorescence
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vodikovych mostikov a nizku prchavost'®. Pozadované
zlozenie MF sme dosiahli mieSanim dvoch zakladnych
roztokov, DMF a tlmivého roztoku o pH 3,00 (pripraveny
rozpustenim  NaH,PO,.2 H,O koncentratnii  uroven
5 mmol dm*, pH sme si upravili na hodnotu 3,00 postup-
nym pridavanim roztoku H;PO, o koncentracii 5 mmol dm *)
v zavislosti od Gasu®. Jednotlivé frakcie sme zbierali v Ga-
sovych intervaloch odvodenych z odozvy FLD detektora
(Aex. =470 nm, Aem. = 530 nm), ¢o predstavovalo pribliz-
ne 500 pl eluatu z oblasti maxima pikov. Frakcie ziskané
tymto spésobom sme pouzili na d’alsie analyzy v druhom
separaénom stupni. Termostat bol vyhriaty na teplotu 35,0
+ 0,1 °C, prietok MF bol nastaveny na 1 ml min™" a pre
ucely ziskania RP-HPLC frakcii HL sme davkovali do
chromatografického systému 100 pl vzorky.

Druhy separacny stupeii pozostaval zo SEC analyzy
RP-HPLC frakcii HL. Pouzili sme kovovi kolénu s roz-
mermi (250 x 2,2 mm), plnent gélom Spheron HEMA 100
(Tessek Praha, CR) s priemernymi rozmermi &astic gélu
<25 pm. Pri tejto metdode sme ako mobilnt fazu pouzili
zmes DMF a tlmivého roztoku (NaH,PO,.2 H,O,
5 mmol dm™, pH 3,00) v pomere 99/1 (v/v). Pouzivali sme
rovnaky spOsob detekcie a nastavenie teploty termostatu
ako v pripade RP-HPLC experimentov. Davkovany objem
frakcii bol v rozmedzi 20-100 ul pri prietoku MF
0,2 ml min"".

V praci sme pouzili 3 typy vzoriek huminovych latok,
komer¢ne dostupny Standard huminovych kyselin od firmy
Sigma — Aldrich (HK Aldrich) (Sigma — Aldrich, St. Lou-
is, ML, USA) a pracovné Standardy huminovych kyselin

[n ]ty wonuazay

Fluorescence

FRetention tinne [min]

Obr. 1. Multichromatogram vzorky HK DS I, ziskany aplikidciou metéd RP-HPLC (vertikilne umiestneny zdznam) a SEC
(horizontilne umiestneny zaznam). Obidva chromatografické zaznamy vzorky HA DS 1 (3,02 mg ml™) sme ziskali pouzitim FLD de-
tekcie (Aex. =470 nm, Aem. = 530 nm) pri davkovani 100 pl vzorky v pripade RP-HPLC a 20 pul zo zachytenych frakcii (SEC)
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izolované z pddy (okolie Dunajskej Stredy, Calcaric Fluvi-
soil, 1. horizont (HK DS I a HK DS J)), podla frakcionac-
nej schémy, ktory bol vyvinuty modifikaciou schémy do-
porudenej spoloénotou THSS'™'®. Vietky tri vzorky boli
pripravené na koncentraénej trovni asi 3 mgml ' denne
rozpustenim navazeného mnozstva HK v timovom roztoku
mobilnej fazy a pridanim malého mnoZstva roztoku NaOH
(5 mmol dm™).

Vysledky a diskusia

V prvom separacnom stupni sme aplikovali RP-
HPLC metddu, ktora ndm umoznila charakterizaciu vzo-
riek HL porovnanim ich chromatografickych profilov zis-
kanych dvomi typmi detektorov (DAD, FLD) v tandemo-
vom zapojeni a separaciu vzoriek do frakcii, ktoré boli
zbierané v oblasti maxim pikov na zaklade odozvy FLD
detektora. Zo ziskanych chromatografickych zdznamov
vyplyva, Ze dosledkom printitenych nahlych zmien kon-
centracie mobilnej fazy podla priebehu aplikovanej gra-
dientovej eltcie sa nam jednotlivé vzorky podarilo rozde-
lit do 11-tich pomerne dobre definovanych frakcii (obr. 1,
vertikalne umiestneny zaznam). Porovnanim RP-HPLC
profilov skiimanych vzoriek HL mdZeme konStatovat’, ze
jednotlivé vzorky poskytujii chromatogrami s rozdielnymi
charakteristickymi értami>'®, &o svedéi o rozdielnom zlo-
zeni jednotlivych vzoriek. Podobné rozdiely v chromato-
grafickych profiloch dokumentuji aj chromatogramy zis-
kané spektrofotometrickou detekciou, ¢i uz porovnanim
konturovych map sledovanych v rozmedzi vinovych dizok
270 az 800 nm alebo jednotlivych chromatogramov pri
konkrétnej vybranej vinovej dizke (280 nm, 420 nm). Zis-
kané frakcie sme v d’alsom separacnom stupni, v off-line
rezime analzyovali metédou SEC.

Pre druhy separaény stupeii sme si zvolili chromato-
graficki metddu, ktora pracuje na zaklade rozdielnych
separaénych principov ako v prvom stupni pouzivana RP-
HPLC. Vybrali sme rozmerovo vylucovaciu chromatogra-
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Obr. 2. Kalibracia pouZitej stacionirnej fazy Spheron HEMA
100 pouzitim polystyrénovych Standardov s nominalnymi
hodnotami relativnych molovych hmotnosti 900, 2600, 4000,
10000, 37000, 97000, 1200000

fiu (SEC), ktora umoznuje pomerne presne a spravne urcit
distribuciu relativnej molovej hmotnosti jednotlivych vzo-
riek HL'"'"'7 a tiez ich frakcii ziskanych metodou RP-
HPLC. Ako stacionarnu fazu sme pouzili gél Spheron HE-
MA 100 s velkost'ou Castic < 25 um, ktorym sme naplnili
kolonu s rozmermi 250 x 2,2 mm. Gély Spheron HEMA
sa vyznacuju mimoriadnou mechanickou odolnostou, kto-
ra umoznuje ich pouzitie pri kvapalinovej chromatografii
pri pomerne vysokych tlakoch, bez rizika deforméacie ¢i
rozpadnutia Gastic, upchania kolény a roztrhnutiu stipca
gélu.

Na kalibraciu stacionarnej fdzy sme pouzili rad do-
stupnych standardov makromolekulovych latok a polymé-
rov (globularne proteiny, polystyrénove Standardy, dextra-
ny a pod.) o znamej relativnej molovej hmotnosti. Spome-
dzi skiimanych kalibracnych Standardov pre naSe potreby
najlepSie vyhoveli polystyrénové Standardy (PS) najmi
preto, lebo svoje absorpcné maximum maji pri 270 nm
a svojimi vlastnostami najviac spifiajii poziadavky vyply-
vajlice zo zlozenia nami navrhnutého separacného systé-
mu. Zo ziskanych retencnych udajov sme zostrojili kalib-
rac¢nu zavislost’ (obr. 2), ktord znazoriiuje zavislost’ logarit-

H - . s
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=
. "
1. =

"o &

o a
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Obr. 3. Grafické znazornenie 2D zidznamov Pearsonovho korela¢ného koeficientu, ktory vyjadruje stupein porovnatelnosti po
aplikacii kombinacie metéd SEC a RP-HPLC pre vzorky HK Aldrich (A), HK DS I (B) a HK DS J (C)
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Tabulka I
Vypocitané Statistické parametre charakterizujice stupen porovnatelnosti po aplikacii kombinacie metod SEC a RP-HPLC
pre vzorky HK Aldrich (A), HK DS I (B) a HK DS J (C)

Pearson Product Moment Correlation — Ungrouped Data

(A) HK Aldrich (B)HK DS 1 (C)HK DS1J
Statistics Variable X  Variable Y  Variable X  Variable Y  Variable X Variable Y
Mean 24.9564 3.9786 23.0528 4.0732 22.7423 4.1212
Biased Variance 160.6704 1.1830 169.5655 0.9355 160.6985 1.2126
Biased Standard Deviation 12.6756 1.0877 13.0217 0.9672 12.6767 1.1012
Covariance 0.3867 —0.2683 —1.1062
Correlation 0.0268 —0.0204 -0.0762
Determination 0.0007 0.0004 0.0058
T-Test 0.1198 —0.0981 -0.3744
p-value (2 sided) 0.9058 0.9223 0.7114
p-value (1 sided) 0.4529 0.4613 0.3557
Degrees of Freedom 20 23 24
Number of Observations 22 25 26
Level of Significance (p) for a Two-Tailed Test
df (n-2): 0.1 0.05 0.02 0.01
Critical values 0.582 0.666 0.750 0.798
mu molovej hmotnosti (log MW) jednotlivych PS §tandar- cou dostupného Statistického programu'® sme vypoditali
dov od ich retenéného Casu (tr), ktort sme potom pouzili Pearsonove korelaéné koeficienty (,,Pearson Product Mo-
na stanovenie distribtcie relativnych molovych hmotnosti ment Correlation*) a d’alie Statistické parametre, ktoré
pre jednotlivé vzorky huminovych latok a ich RP-HPLC charakterizuju stupen porovnatelnosti nameranych dat,
frakeii'®'". ktoré pre skimané vzorky dosiahli nasledovné hodnoty:

RP-HPLC frakcie vzoriek sme pomocou SEC rozse- HK Aldrich 0,0268, HK DS 1 -0.0201 a HK DS J -0,0762.
parovali spravidla na dve vicSie subfrakcie, z ktorych prva
cluovala v oblasti vyluCovacej medze pouzitej stacionarnej

fazy a ,,de facto” bola vylucena zo separacie, teda ich rela- Z.aver

tivna molova hmotnost’ bola vacsia ako 100 000. Druha

éubfrakcia Polfryla. p.rak'ticky cely PT%COVHY rf).zsah kol‘én}./, Praca sa zobera moznostami analyzy a charakteriza-
¢o znamend, Ze v jej zone eluovali latky so Sirokou distri- cie vzoriek huminovych latok off-line kombinéaciou dvoch
buciou relativnej molovej hmotnosti, pricom maximum chromatografickych metod, RP-HPLC a SEC. V prvom
zOny padalo do oblasti, kde eluovali Standardy s relativnou separatnom stupni pouzitdi RP-HPLC metéda s technikou
molovou hmotnostou 0k010’ 10 090- \4 niektqrygh pripa-’ skokovej gradientovej elicie umoznila separaciu jednotli-
doch sa na chromatografickych .zaznamoch PbJ§V11 aj treti vych vzoriek HL do 11 dobre definovanych frakcii, ktoré
pik, ktory sa nachadzal v oblasti zodpovedajucej eluéné¢ho boli v druhom separacom stupni charakterizované metodu
¢asu Standardu s relativnou molovou hmotnost'ou priblizne SEC, ktord pracuje na zéklade odliSnych separacnych prin-
30000. o ) cipov ako RP-HPLC.

Pouziti kombinaciu dvoch chromatografickych me- Po porovnani vypocitanych hodnét Pearsonovych
tOd.RP'.HPLC a SEC. sSme ho@nf)nh aj z hl a'dvlska dosiah- korelaénych koeficientov pre vSetky tri skimané vzorky
nutia miery ortogonality separacie. Na tento ucel sme pou- huminovych kyselin a ich frakcii ziskané kombinaciou
zili matematickt metddu, ktora porovnava troven korela- metod RP-HPLC a SEC mézeme konstatovat’, ze hodnoty
cie dat ziskanych obidvomi chromatografickymi metédami poukazuji na velmi nizku aroven korelacie a pouZity se-

113

zostrojenim grafickej zavislosti. Na os ,,x* sme vyniesli para¢ny systém sa sprava ako ortogonalny
hodnoty retenénych casov ziskané z prvej chromatografic-

kej dimenzie (RP-HPLC) na os ,,y* retentné ¢asy v hodno- Praca vznikla za podpory grantu VEGA 1/1349/12.
tdich maxim pikov z druhej chromatografickej dimenzie

(SEC) pre vSetky tri skimané vzorky HL (obr. 3). Pomo-
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ELEKTROCHEMICKA DETEKCE S COULOMETRICKOU UCINNOSTI V HPLC —
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RADANAL, Okruzni 613,53003 Pardubice
horna@radanal.cz

Elektrochemicka detekce s coulometrickou ucin-
nosti je piikladem vysoce citlivé a selektivni detekce
v HPLC. Na rozdil od spektralnich detektord, elektroche-
micky detektor k detekci latky vyuziva elektrochemickou
reakci, tedy prenos elektronti (oxidace a redukce). Elektro-
chemicka reakce predstavuje pfeménu chemické a elektric-
ké energie. Podle definice je elektricky proud pohybem
elektrond a tudiz v elektrochemii miizeme rozezndvat dva
rozdilné typy procesti. Vznik elektrického proudu
v disledku pfenosu elektronu chemickou reakei a vyuziti
elektrického proudu pro chemické zmény.

V HPLC mutzeme také na tento elektrochemicky de-
tektor pohlizet jako postkolonovy chemicky reaktor, ktery
meéni chemické vlastnosti analytu. Prakticky to znamena,
7ze na chromatografické koloné separuji jiné chemické
individuum nez jaké detekuji. Postkolonovou derivatizaci
provadime pro zlepSeni detekénich vlastnosti latky.
V kazdém pripadé pro Gspesnou praci s elektrochemickym
detektorem je nutnd urCitd znalost chemie Ci jest¢ 1épe
chéapani chemie.

Na citlivost odezvy elektrochemického detektoru maji
vliv parametry mobilni faze jako je jeji chemické slozeni,
pH ,rychlost pritoku tak na druhé strané i kvalita povrchu
elektrody a velikost vlozeného potencialu. Kdyz pouziva-
me elektrochemicky detektor ve spojeni s chromato-
grafickou kolonou, musime soucasné respektovat podmin-
ky, které vyzaduje vedle detekce i separace na koloné.
Elektrochemicka reakce na povrchu elektrody, nad kterym
se pohybuje kapalna fize, je fizena tfemi kroky, z nichz
kazdy miaze byt rychlost ur¢ujicim. Prvnim krokem je to
difuze analytu k povrchu elektrody. Pak nasleduje ptfenos
elektronu mezi analytem a povrchem elektrody. Tietim
krokem je opét transport reakénich produktii od povrchu
elektrody.

V pribéhu oxidacni reakce uvolnéné elektrony vytva-
teji proud, ktery je zesilen a sledovan jako signal detekto-
ru. Elektrochemické detektory v HPLC se déli na ampero-
metrické a coulochemické. Uéinnost vyuziti analytu pro
detekci u amperometrickych detektort, kde je rychlost
urCyjicim krokem difuze, se pohybuje mezi 5-10 %.
V ptipade coulochemické detekce, kde je konverze redox
reakce stoprocentni, mame co Cinit s ,,absolutni‘ metodou,
kde z ptenesen¢ho naboje na elektrodu mizeme spocitat
pomoci  Faradayova  zdkona  mnozstvi  analytu
v odpovidajicim chromatografickém piku. ZvySeni rych-
losti pritoku mobilni faze (analytu) se v chromato-
grafickém zdznamu projevi nartistem vysky piku, pficemz
plocha piku zlistava konstantni pro Siroky rozsah pritoku.
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Coulochemické detektory byly plivodné vyvinuty pro
sledovani neurotransmiterti v lidském mozku. Diky vyni-
kajici citlivosti a robustnosti se tyto detektory pouZzivaji
prakticky vyhradné na klinickych pracovistich jako speci-
alni analyzatory pro stanoveni katecholamind a metanefri-
nl v plazmé. Pole sériové fazenych pracovnich elektrod
s coulometrickou U€innosti detekce 1ze vyuzit pro identifi-
kaci elektroaktivnich latek na zékladé jejich elektroche-
mické charakteristiky. Toho se vyuzivd ve farmaceutic-
kych, potravinafskych a mnoha vyzkumnych pracovistich,
kde se tento typ CoulArray detekce uplatiiuje s vyuzitim
HPLC gradientové eluce pro analyzu slozitych smési elek-
troaktivnich latek v pfirodnich extraktech, kontrole léciv
a zivotniho prosttredi.

Dnes je velkou aplikacni oblasti pro HPLC
s elektrochemickou detekci analyza potravin. Antioxidanty
v potravinach jsou obecné pfijimany odbornou vetejnosti
jako zdravi prospésné latky. V souvislosti s nabidkou zdra-
vych potravin a dopliki stravy se velka pozornost vénuje
pojmim souvisejicim s antioxidacni aktivitou a antioxi-
dacni kapacitou. Naopak velmi mala pozornost se vénuje
studiu produktd, které vznikaji oxidaci antioxidantl. Pro
studium reduk¢nich reakci antioxidanti 1ze s vyhodou
pouzit elektrochemicky detektor s pracovni elektrodou
tvofenou nanoporéznim grafitem. V tomto usporadani
reakce probihaji na styku pevné a kapalné faze. Zdrojem
elektrond je povrch pevné faze. Elektrochemicky detektor
ve spojeni s hmotnostnim detektorem umoziiuje sledovat
oxidaéné redukéni produkty antioxidanti ve fazi jejich
vzniku bez ruSivého prispévku oxidacniho ¢inidla a dalSich
reagujicich latek v matrici.

Z pohledu do budoucnosti se jevi perspektivni oblasti
elektrochemické detekce zejména aplikace ve spojeni
s hmotnostni spektrometrii. VyuZiti elektrochemie a hmot-
nostni spektrometrie ve spojeni LC/EC/MS byl jiz véno-
van prvni mezindrodni workshop na Univerzité
v Miinsteru v zafi roku 2011. Predikce metabolismu poten-
cidlnich 1é¢iv v lidském téle je jednou z hlavnich vyzev
farmaceutického vyzkumu. Hlavni cestou, jak jsou che-
mické latky z t€la eliminovany, je enzymatickd biotrans-
formace. Ta je velmi Casto iniciovana oxidacnimi reakce-
mi svyuzitim skupiny enzyml cytochromu P450.
S rostoucim  poctem novych potencidlnich  1é¢iv
v poslednich letech roste i vyznam rychlych testovacich
metod jako zdroje spolehlivych informaci o biotransforma-
ci latek o rGzné chemické struktufe. To ma obrovsky vy-
znam pii posuzovani mozné hepatotoxicity nové navrho-
vanych chemickych struktur vyvijenych 1é¢iv. Elektroche-
mické cely lze vyuzit pro syntézu reakénich intermediatl
v prostfedi mobilni faze a jejich zachyt v nasledné reakci
s glutationem nebo jinymi vhodnymi biomakromolekula-
mi. Opacné toho lze vyuzit i pro sledovani modifikace
proteinli. Pomoci elektrochemické detekce lze podobné



Chem. Listy 106, s178-s179 (2012) ACP 2012 — Stcasny stav a perspektivy analytickej chémie v praxi Lectures

studovat biotransformace probihajici v Zivotnim prostredi
a spektrum takto sledovanych latek rozsitit vedle léciv
1 0 pesticidy a dalsi do zivotniho prostfedi unikajici chemi-
kalie. Vyuziti LC/EC/MS pro charakterizaci oxidacnich
produkti Roscovitinu je viibec prvni praci tohoto druhu
unas'.

Tato prdace vznikla diky financni podpore projektu
Nové konstrukce a vyuziti nanobiosenzorii a nanosenzorii
v mediciné (NANOSEMED), KAN208130801.
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USE OF DERIVATIZED CYCLOFRUCTANS AS CHIRAL SELECTORS IN HPLC
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Continued discoveries of significant differences in
effectiveness and toxicity of individual enantiomers in
biological systems has maintained the importance of chiral
separations. Cyclofructans are a small group of macrocy-
clic oligosaccharides, which consist of six or more -
linked D-fructofuranose units and represent a new class of
chiral selectors for HPLC enantiosepartions. Their names
are usually abbreviated as CF6, CF7, CFS8, etc. CF6 con-
sists of an 18-crown-6 ether core and six fructofuranose
units are arranged in spiral fashion, either inward or out-
ward around the crown ether skeleton. CF6 shows a clear
“front/back” regionalization of hydrophilic and hydropho-
bic groups. Derivatization of a native chiral selector with
aliphatic or aromatic functional groups can improve its
chiral recognition capabilities. Derivatized — cyclofructan
bonded chiral stationary phases produced effective enanti-
omeric separations for a variety of compounds' ™.

Chiral potential local anaesthetic drug — derivatives
of phenylcarbamic acid and potential B-blockers of aryl-
oxyaminopropanol type were used for HPLC study of re-
tention and enantioseparation on the RN-CF6 (R-
naphtylethyl-carbamate CF6 chiral selector bonded on
silica gel) and DMP-CF7 (dimethylphenyl-carbamate CF7
chiral selector bonded on silica gel) chiral stationary phas-
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es in polar organic separation mode. The results were com-
pared with macrocyclic antibiotic and B-cyclodextrin chi-
ral stationary phases. The mobile phase composed of
methanol/  acetonitrile/ acetic  acid/ triethylamine
(20/80/0.3/0.2 v/v/v/v) was utilized as the starting condi-
tions for all tested chiral stationary phases.

The study was oriented on the testing of influence
of mobile phase composition, influence of analyte solvent
nature, and influence of column temperature on retention
and enantioseparation of target analytes. Based on the
results obtained the correlation between the structures of
the analytes and their retention and resolution values was
studied to understanding the interaction types participating
in the separation mechanism. The nature of analyte solvent
significantly influenced the retention and shape of elution
peaks. The most considerable effect was observed in the
case of alcohols (methanol, ethanol, propanol) as analyte
solvent. Also the separation of different forms of studied
racemic compounds on chiral stationary phases was
achieved. The effect was observed mainly on cyclofructan
chiral stationary phases. This probably indicated the for-
mation of solvatation complexes between the solvent mol-
ecule and analyte which follows to change of retention
properties of formatted complexes. The thermodynamic
study for derivatives of aryloxyaminopropanol indicated
that the resolution values of complexes not significantly
decreased in the temperature interval from 0 °C to 50 °C.
The ratio of peak shapes of associates of studied deriva-
tives depended on the temperature.

This study was financially supported by the Grant
Agency VEGA of Slovak Republic (grant no. 1/0164/11).
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Systems biology is an emergent field that aims at
system-level understanding of biological systems. Under-
standing of structure of the system, such as gene regulato-
ry and biochemical networks, as well as physical structures
(i), understanding of dynamics of the system, both quanti-
tative and qualitative analysis as well as construction of
theory/model with powerful prediction capability (i), un-
derstanding of control methods of the system (iii), and
understanding of design methods of the system (iv), are
key milestones to judge how much we understand the sys-
tem'. Functional genomics such as transcriptomics and
proteomics can simultaneously determine massive gene or
protein expression changes following drug treatment or
other intervention. However, these changes can't be cou-
pled directly to changes in biological function. As a result,
metabolomics and its many pseudonyms (metabonomics,
metabolic profiling, etc.) have exploded onto the scientific
scene in the past several years’. Metabolomics is a key
technology for systems biology. Metabolomics (or
metabonomics) has been labeled one of the new "omics",
joining genomics, transcriptomics, and proteomics as
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a science employed toward the understanding of global
systems biology”. Metabolomics has its roots in early me-
tabolite profiling studies but is now a rapidly expanding
area of scientific research in its own right. The analysis of
the metabolome is particularly challenging due to the di-
verse chemical nature of metabolites. Metabolites are the
result of the interaction of the system's genome with its
environment and are not merely the end product of gene
expression but also form part of the regulatory system in
an integrated manner”.

For metabolomics, gas and liquid chromatography
coupled to mass spectrometry are well suited for coping
with high sample numbers in reliable measurement times
with respect to both technical accuracy and the identifica-
tion and quantitation of small-molecular-weight metabo-
lites. This potential is a prerequisite for the analysis of
dynamic systems".

In this paper, recent developments of analytical tech-
niques used in metabolomics will be discussed and selec-
tion of the major applications of metabolomics relevant to
pharmaceutical, clinical and environmental area utilizing
advanced chromatographic equipment will be shown.
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In the last decade, endocrine disrupting chemicals
(EDCs) attracted increasing attention in the scientific com-
munity, regulation and public interests groups. Endocrine
disrupting chemicals (EDCs) are of global concern due to
their widespread occurrence, persistence, bioaccumulation
and potential adverse effects on human health and ecosys-
tem functioning. By definition, an endocrine disrupter is
an exogenous substance or mixture that alters function(s)
of the endocrine system and, consequently, causes adverse
health effects in an intact organism, or its progeny, or
(sub)populations'. It is important to distinguish this from a
potential endocrine disrupter, which is an exogenous sub-
stance or mixture that possesses properties that might be
expected to lead to endocrine disruption in an intact organ-
ism, or its progeny, or (sub)populations'. EDCs can modu-
late both the endocrine and immune systems resulting in
alteration of homeostasis, reproduction, development and
behaviour’. These compounds may be man-made, e.g.
industrial chemicals, crop protection chemicals, or they
may be natural like the phytoestrogens’. The ubiquitous
presence with trace level concentrations and wide diversity
are the most important reported characteristics of EDCs".
As EDCs may cause detrimental effect at very low concen-
trations and in addition, they are usually present as mix-
tures in the environment, they may pose potential risk to
ecosystem and human health®.

Analysing the EDCs at low concentration levels re-
quires multistep sample preparation including cleaning and
preconcentration of the resulting extract. As EDCs repre-
sent structurally diverse classes of substances, plentiful
analytical methods could be applied for the identification
and quantification of these compounds™®. Recently, meth-
ods based on biosensors have also been used’. The most
efficient approach to EDCs residues analysis involves the
use of chromatographic methods®. Analytical techniques as
gas chromatography (GC) and liquid chromatography
(LC) combined with mass spectrometry (MS) or tandem
MS are the techniques most frequently used and can reach
satisfactory selectivity and sensitivity analyzing EDCs in
complex food matrices and matrices of environmental
origin. Capillary GC coupled to MS detection has devel-
oped into a primary technique for identification and quan-
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tification of many EDCs using small bench-top instru-
ments with sophisticated data systems’. Electron ionization
is the ionization technique of the first choice. In cases re-
quiring enhanced sensitivity and selectivity the negative/
positive chemical ionization is employed'® .

As a special approach to gas chromatographic separa-
tions, fast GC technique meets the present day demands on
faster and cost-effective analysis. Nowadays, fast GC can
be performed on commercial gas chromatographs, which
are equipped with high-speed injection systems, electronic
gas pressure control, rapid oven heating/cooling and fast
detection' ",

Advances in LC-MS interfacing, namely introduction
of electrospray (ESI) and atmospheric pressure chemical
ionization (APCI) have enabled sensitivity and reliability
that are suitable for routine determinations of EDCs, par-
ticularly for more polar compounds that would require
derivatization for GC-MS. LC-MS can reduce clean-up
requirements over HPLC-UV (high performance liquid
chromatography with ultraviolet detection), although care
must be taken with matrix effects on ESI responses that
may affect quantitation’.

The detection, identification and determination of
substances in food and environmental samples that are
able to disrupt the endocrine system of living organisms
will be a relevant research direction also in the next years.
Despite the tremendous developments and improvements
in the analytical instrumentation, for most of substances
there is continuous need to employ the extraction and pre-
concentration steps. For EDCs residues analysis ultrasensi-
tive analytical methods are required and there is still the
need to improve the performance and ruggedness of anal-
yses and there is continuous attempt to develop the method
for determination of multiresidues covering wider range of
physical-chemical properties of compounds.

This work was supported by the Scientific Grant
Agency of the Slovak Republic (VEGA project No.
1/0647/11).
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Uvod

Huminové latky (HL) — prirodné makromolekulové
alebo supramolekulové latky zaujimavym objektom vy-
skumu mnohych vednych odborov, medzi nimi aj analytic-
kej chémie. Predmetom zaujmu su nielen ako analyty, ale
aj ako interferenty zna¢ného poctu réznych typov chemic-
kych analyz. Ich pritomnost’ vo vzorkach moze zapricinit
problémy nielen v klasickych oblastiach stopovej analyzy
pesticidov v pdde, v sedimentoch a vo vode, ale problémo-
vo sa prejavuju aj v niektorych novych oblastiach — stopo-
vej analyzy antibiotik vo vodach, v sedimentoch
a v hlavne v podach, ktoré st zurodnované kalmi z Cistiar-
ni splaskovych a odpadovych vod, v kriminalistickej ana-
lyze, v archeometrii a v mnohych d’alSich oblastiach.

Teoreticka cast’

HL ako makromolekulové alebo supramolekulové
polyelektrolyty s anionovym charakterom dlhodobo sposo-
buju velké problémy pri analyze DNA'™ a jej fragmentov
metédami vyuZivajlicimi na zmnoZenie DNA fragmentov
polymerazova retazovu reakciu (PCR) a koncové metody
denaturacnej kvapalinovej chromatografie alebo elektrofo-
rézy. Problémy sposobujii huminové latky aj v spojitosti
s genetickym mikrobiologickym vyskumom podnych mik-
roorganizmov vzorkovanych z ulozisk alebo ciernych
skladok toxickych odpadov (anilin®). Takyto vyskum je
zamerany na vytipovanie a nasledné ziskanie novych mik-
roorganizmov na remediaciu zloziek Zivotného prostredia
biologickymi a biotechnologickymi prostriedkami. V si-
vislosti s genetickym vyskumom l'udskej DNA predstavu-
jo huminové latky stle uplne nevyrieSeny problém’ aj
v oblastiach forenznej analyzy, paleobioldgie a archeo-
logie. HL vadia pri izolacii nedenaturovanej DNA a jej
fragmentov z kosti najdenych v pdde alebo v sedi-
mentoch®. Problém vplyvu HL na PCR je neustale aktudl-
ny pre nové navrhy a rieenia'®''. Je tomu tak aj napriek
tomu, Ze rieSenie tohto problému uZz niektoré firmy ponu-
kaju v podobe chromatografickych koloniek na extrakciu
tuhou fazou alebo inych formatov plnenych blizSie nespe-
cifikovanymi chromatografickymi sorbentami'?. Viaceré
z produktov podla vyrobcov poskytuji moznosti odstrane-

s184

nia takych inhibitorov PCR, ako st okrem HL aj taniny
a melanin, avSak zlozenie chromatografickych materialov
nie je z komerénych zdrojov dostupné. ZloZzitost’ problé-
mov chemickej analyzy stopovych koncentracii idbnogén-
nych latok (napriklad pesticidov, antibiotik, nukleovych
kyselin) v realnych vzorkach (pddy, sedimenty, povrchové
vody)" si vyzaduje dosahovat zloZitosti problému adek-
vatnu selektivitu upravy vzorky, separacie a detekcie,
a zaroven vysoké obohacovacie a koncentracné koeficien-
ty. To je prakticky nemozné bez zlozitych analytickych
postupov, nakladnej modernej inStrumentacie a doslednej
kontroly kvality analyz. Zaroven sa predpoklada a je legis-
lativne urcené vypracovavanie analytickych metdd a po-
stupov, ktoré su robustné, validované a univerzalne apliko-
vatelné. Systém kontroly kvality vSak vSeobecne trpi ne-
dostatkom vhodnych $tandardnych referencnych materia-
lov (napr. HL) potrebnych na validaciu existujucich i no-
vych analytickych metdd a ich kombinacii'®. To sa tyka
hlavne systematického vyhodnocovania vplyvu potencial-
nych interferentov v environmentalnych matriciach a hod-
notenia selektivity metddy pomocou frakcii HL — humino-
vych kyselin (HK) a fulvokyselin (FK)".

Diskusia

Diskusia problematiky kombinovania separac¢nych
technik vyuzivajucich kvapalné prostredie

Problém mnohozlozkovej analyzy latok v zloZzitych
matriciach, medzi ktoré nesporne patria environmentalne
a biologické matrice znacne ovplyvnil vytvorenie teorie
separacie'*'® a tieZ vyvoj instrumentacie a novych sepa-
racnych technik do takej miery, Ze sa hovori o separacnej
vede. Zo stadia vyskumu sa do rutinnej praxe dostali elek-
troseparaéné (ES) metédy — kapilarna izotachoforéza'’
(cITP), kapilarna zonova elektroforéza'® (CZE), izoelek-
tricka fokusacia (IEF) a micelarna elektrokineticka chro-
matografia (MEKC)'" V oblasti ¢ipovych aplikacii sa vy-
skum zameriava na zvysenie spolahlivosti in§trumentacie
a zabezpecenie vyrobnej reprodukovatelnosti jednorazo-
vych alebo jednoucelovych cipov. Extrémna zlozitost’
problémov analyzy stopovych koncentracii idnogénnych
latok v prirodzenych matriciach (vode, pdde, sedimentoch,
lignite, raseline, humifikovanych odpadoch) za vyrazného
interferen¢ného G¢inku HL sposobuje, ze pre ich Gspesné
rieSenie je potrebné spajat’ spolu dokonca aj techniky
s privlastkom vysokouc¢inné. Popri on-line spojeniach se-
paracnych, detekénych a identifikaénych metdd, napriklad
LC-DAD?*?!, HPLC-MS?*® a dalsich, sa stile intenzivne
skimaju moznosti vzajomného prepojenia separacnych
metdd navzdjom do podoby takzvanej komprehenzivnej
techniky’ (http://www.natur.cuni.cz/chemie/analchem/
veda-a-vyzkum/albertov-comprehensive-days-2011).
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Vznikaji tak 2D separa¢né techniky, napriklad HPLC-
HPLC* alebo 2D elektromigraéné techniky napr. ITP-
CZE™ a iné. Pri systematickej zmene selektivity pocas
separa¢ného procesu moézeme dosiahnut’ prakticky neohra-
niené separatné moznosti, ktoré sa vyzaduji hlavne
z pohladu komplexnosti §truktir a prejavov HL, pokial
vSak nie sme obmedzeni ndrokmi na kratke trvanie
analyzy®*®. Z pohladu separaénej selektivity systému je
zaujimava Freemanova koncepcia separaéného modu®.
Vyhody postupného pouzitia réznych mdédov (mode sequ-
encing) je mozné vyjadrit i matematicky. Podla
Giddingsa®® moéZe postupnost nezavislych (nekore-
lujacich) modov, z ktorych kazdy ma definovanu pikova
kapacitu, vykazovat’ v pripade nekorelujucich separacnych
mechanizmov znasobeny efekt. Mieru nekorelovanosti
retenénych udajov, alebo inych kvalitativnych parametrov
kombinovanych metéd mozno vyjadrit’ napriklad pomocou
Pearsonovho korela¢ného koeficientu alebo pomocou Spe-
armanovho korelaéného koeficientu®'*2. Svoju koncepciu
neskor Giddings este d’alej rozsiril a zov§eobecnil. Na tato
tému publikoval vel'mi podnetny a aj v sucasnosti aktualny
¢lanok®?, v ktorom diskutuje rozsah, premenlivost, U¢in-
nost’ a obmedzenia tzv. 2D (dvojdimenzionalnych) separa-
cii, pri¢om poukazuje na vzt'ahy a moznosti dvojrozmer-
nych metéd a im zodpovedajtcich jednorozmernych me-
tod. Podl'a neho diskrétna 2D separdcia vyuziva vacsi se-
paracny priestor ako 1D separacia, v ktorom kazda zlozka
vzorky mé presne dané svoje koordinaty. Kontinudlna 2D
separacia si naproti tomu vyzaduje sicasnu pritomnost’
oboch separacnych mechanizmov, pricom pohyb separo-
vanych zloziek si mézeme predstavit’ ako trajektorie bo-
dov v 2D priestore. Z uvedeného je zrejmé, Ze trajektorie
namiesto diskrétnych bodov z predchadzajiceho pripadu
zaberaju viacej z potencidlne vyuZitelnej separacnej plo-
chy a tak obmedzuju vyuzitel'ny separacny 2D priestor.

Najvacsiu separacni Gcinnost’ je mozné teda dosiah-
nut diskrétnou kombinaciou selektivnych metdd, ¢o je
v stilade so zavermi prace’. Pre vyber efektivnych kombi-
nacii separa¢nych metéd Giddings navrhuje uprednostiio-
vat’ vol'bu vysokoucinnych, selektivnych a kompatibilnych
separaénych procesov.

Je zrejmé, ze najprospesnejSie pri analyze suboru
ionovych a id6nogénnych latok v environmentalnych vzor-
kéach a ich potencialnych interferentov — huminovych ky-
selin a fulvokyselin®***, bude také spojenie va&sieho poétu
nezavislych merani, ktoré su realizované pomocou roz-
nych analytickych technik a metod, ktoré su vzajomne
prepojené pomocou vhodného rozhrania (interface). Cim
pocetnejsi je stibor latok pritomnych vo vzorke, tym 0Géin-
nejSiu techniku alebo kombinaciu technik potrebujeme.
Tato poziadavka je vyraznejSia v pripade HL, ktoré nepos-
kytuju analytické signaly s vyraznymi a diskrétnymi Crta-
mi, ale skor ich je potrebné charakterizovat’ distribu¢nymi
funkciami. Z toho istého dovodu, teda vyskytu HL v zlozi-
tych zmesiach vel'mi podobnych molektl a ich asocidtov,
obycajne HL pokryvaju vel’ky separacny priestor a zvySuju
pravdepodobnost’ interakcie analytu s HL koextrahovany-
mi z tuhej alebo kvapalnej vzorky.
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Definovanie kritérii pre vol'bu metéd vhodnych na
kombinovanie v analytickych schémach na analyzu
i6nogénnych analytov popri huminovych latkach

Pri uplatiiovani kritérii vo vybere vhodnych kombino-
vatel'nych metdd je potrebné riesit’ hlavne problémy ucin-
nosti, selektivity a vzdjomnej kompatibility tychto metod,
ako aj ich kompatibility s charakterom analytickej vzorky.
Kompatibilitu ako vzdjomni zlucitelnost’ a tolerovanie sa
kombinovanych metdd z pohladu vhodnosti separacnych
prostredi a opera¢nych podmienok posudzujeme podla
toho, ¢i st tieto dve metody kombinované sekvencne, ale-
bo simultanne. Pri sekvenénom usporiadani kompatibilita
d’alej zavisi na tom, ¢i pouzivame spojenie on-line, alebo
off-line. Najvicsie poziadavky na kompatibilitu su pri
simultannom spojeni, pretoze tu prebichaji oba procesy
naraz v rovnakych podmienkach. Off-line spojenie umoz-
fuje jednoducho vé€lenit prispdsobovaci krok a preto je
velmi rozSirené v T'ubovolnych analytickych schémach
a je tiez l'ahko reprodukovatelné mnohymi pracoviskami.
Svojimi principmi a separa¢nymi mechanizmami s kva-
palinova chromatografia a elektroseparacné metody (CZE,
CITP, MEKC) odlisné, ¢o nas opraviuje predpokladat’, ze
efektivne spojenie HPLC a cITP umozZni relativne jedno-
duchymi prostriedkami a asovo nenaro¢ne rieSit’ mnohé
problémy analyzy latok v takych prirodzenych matriciach
ako st pdda, sedimenty a ich roznorodé extrakty obsahuju-
ce v rdznej miere popri analytoch aj huminové latky.

Svojimi principmi a separaénymi mechanizmami su
kvapalinovd chromatografia a elektroseparacné metddy
(ZE, 1TP, MEKC) odlisné, takze ze efektivne spojenie
kvapalinovej chromatografie a elektrosepardcii umoZni
rieSit mnohé problémy analyzy idénogénnych latok aj
v pddnych matriciach, kde je predpoklad interferencii nie-
len anorganickych konstituentov pddy, ale hlavne idnogén-
nych polyelektrolytov — huminovych latok.

Z hladiska kompatibility separac¢nych prostredi HPLC
aj ES vyuzivaju vodné a zmesové rozpustadla v kombina-
cii s vhodnymi timivymi elektrolytmi. Pre spojenie s ES je,
podl'a naSej mienky, najvhodnejsie poradie LC metdd:
kvapalinova chromatografia na reverznych fazach
(hydrofobny efekt), relativne nizka koncentracia ope-
racnych elektrolytov (pH tlmiacich roztokov, idonovo-
parovacich aditiv a podobne),
gélova permeacna chromatografia (delenie podl'a vel-
kosti molekul), relativvne nizka koncentracia operac-
nych elektrolytov ( pH tlmiacich roztokov, indiferent-
nych soli pre definovanie i6nove;j sily),
afinitnd chromatografia (stérické efekty a chemisor-
pcia), v niektorych pripadoch je pre desorpciu potreb-
na relativne vysSia koncentracia Specifickych iono-
vych latok a soli,
ionomenicova chromatografia (chemisorpcia), klasic-
k& IEC pracuje s vysokymi koncentraciami soli a ex-
trémnymi hodnotami pH, iénova chromatografia IC je
kompatibilnejSia, separacny mechanizmus je vSak
zalozeny na nabojovych interakciach,
rozdelovacia chromatografia, praca v s vodou nemie-
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SateInych rozpusStadlovych zmesiach alebo v nevod-
nych prostrediach predstavuje obmedzenie pri on-line
technikach,

adsorpcna chromatografia, praca v nevodnych prostre-
diach predstavuje obmedzenie pri on-line technikach.
Pri off-line spojeni je mozné vyuzit' aj adsorpént
chromatografiu (normalne fazy) a vsetky predchéadzajice
mody s nepolarnymi rozpustadlami. Obmedzenia z hl'adi-
ska niektorych ES metod (CZE, ITP) si v podstate
uréované*? nutnostou pouzit’ prostredie ionizujice vzorku,
ale popri tom obsahujtce len taku koncentraciu balastnych
i6nov, ktora neznizuje (nerusi) separa¢na kapacitu v pou-
zitom systéme, zaroven vSak umoziiuje delenie a nezne-
mozhuje detekciu pouzitymi detektormi. Z tohto pohladu
je ucelné zamerat’ sa aj na vyvoj chromatografickych me-
tod na odsolovanie vzoriek pddnych extraktov pred ich
analyzou ITP, CZE alebo ITP-CZE.

Pri kvapalinovej chromatografii je druhou zlozkou
separaéného systému staciondrna faza, ktora nesmie
ovplyviovat’ ES systém. To znamend, Ze musime pouzivat’
stacionarne fazy, ktoré:
sa nerozkladaju za produkcie idnovych, alebo inak
ruSiacich latok (hydrolyza, bakteridlny rozklad, ter-
micky rozklad a pod.),
zabezpeCuju spolu s mobilnou fazou kvantitativny
vytazok delenych latok (nesmu nevratne zadrziavat
analyt, menit' jeho zloZenie katalyzou, rozkladom
a pod.).

V HPLC uz z podstaty jej principu pracujeme so sor-
bentami majicimi vel’ky povrch (stovky m*g™), ktory je
navySe nehomogénny. V kapilarnej ITP alebo CZE su
z tohto hl'adiska podmienky definované ovela lepSie. Pra-
cujeme vo vol'nom roztoku a pritom je pomer plochy sepa-
racného priestoru ku jeho objemu maly. Znamen4 to, ze
potencidlne sorbované stopové zlozky vzorky moézeme
vytlacat’ z povrchu separa¢ného priestoru uz malymi kon-
centraciami vhodnej latky bez toho, aby sme vyrazne
ovplyvnili (na rozdiel od HPLC) selektivitu delenia. Roz-
ny stupen kompatibility vykazuju aj iné¢ ¢asti chromatogra-
fického systému, (davkovacie zariadenie, spojovacie ele-
menty, detektory, prenosové zariadenie, interface pri on-
line spojeni). Z tohto pohl'adu je najkritickejsi vyber detek-
torov, ktoré musia byt nedestruktivne, resp. nereakcné, ak
chceme detegovat’ a identifikovat’ povodnu latku a nie jej
derivat alebo degradaény produkt. Tato poziadavka sa
stava tym naliechavejSou, ¢im menSie latkové mnozstvo,
resp. koncentraciu vzorky pri spojeni metod musime ana-
lyzovat'. Otazky moznosti vzajomného prepojenia kvapali-
novej chromatografie a cITP uz boli diskutované aj
v pracach’**® 7 predchadzajucej Casti vyplyva, ze
vzhl'adom na odlisné fyzikalno-chemické principy je kom-
prehenzivne spojenie HPLC-HPLC?” a HPLC s ES met6-
dami pri analyze i6nogénnych latok pritomnych na stopo-
vych koncentraénych trovniach v zlozitych prirodzenych
matriciach obsahujicich HL celkom perspektivne®*.
Navrhnutym spojenim bude mozné, okrem uz uvedeného,
zlep$it’ medze ddkazu a medze stanovenia mnohych analy-
tov pri podstatnom zrychleni analyz*. Tieto predpoklady
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sa nam, vzhladom na pokroky vo velmi rychlej HPLC
vyuzivajucej monolitové®® a nepolarne mikro-Gasticové
kratke kolony zdajli redlne. V oboch skupindch metod vSak
moézu, na zéklade nasich poznatkov*>****#6 3 poznatkov
inych autorov***74%*2 " vyznamne a roznorodo vplyvat
na analyzu Sirokej skupiny xenobiotik vo vode, pdde
a sedimentoch prave HL. Tento problém si vyzaduje na
rieSenie vyuzivat velmi réznorodé pristupy a nastroje,
napriklad systematické Stidium zmien asociacnych az
agregacnych stavov molekal (makromolekul) HL do sup-
ramolekulovych Struktir a ich asociaciu s analytmi prave
v pocas vytvarania a optimalizovania metod extrakcie HL
z pddy, vody a sedimentov; metdd Upravy vzorky pred jej
analyzou komprehenzivnymi kombinovanymi metédami
analyzy v kvapalnom prostredi pomocou novych metdd
napriklad dynamického rozptylu laserového ziarenia kom-
binovaného s DAD a 3D-FLD, s kvapalinovou chromato-
grafiou a elektroforézou v kapilarach a na Cipe.

Zaver

Vyskum HL a ich interferenéného pdsobenia je vel'mi
narocny, ale aj slubny. Vytvara popudy na iny spdsob
uvazovania o sucasnych problémoch chemickej analyzy
a podnety na vyskum separacnej a detekcnej selektivity aj
za podmienok jeho aplikovania na nie presne a niekedy aj
nie spravne charakterizované HL. Je zrejmé, Ze pokrok
v diskutovanej oblasti je Gizko spojeny s naSou schopnos-
tou kombinovat’ existujliice poznatky a analytické metody
do novych kombinécii, ¢asto pracujucich za extrémnych
opera¢nych podmienok, ako je to naznafené napriklad
v poslednych pracach autorského kolektivu®** venova-
nych niektorym teoretickym a praktickym aspektom sepa-
racie HL kombinovanymi metédami HPLC. Niektoré d’al-
Sie prace st uvedené aj v tomto zborniku

Tato praca bola financne podporend projektami VEGA
1/1349/12 a APVV-0597-07 v ramci cinnosti Centra exce-
lentnosti VVCE-0070-07.
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Introduction

Persistent organic compounds (POPs) such as poly-
chlorinated dibenzo-p-dioxins (PCDDs), polychlorinated
dibenzofurans (PCDFs) and polychlorinated biphenyls
(PCBs) which form during heat and metallurgical process-
es may be a significant source of increased exposure of
people residing in the vicinity of polluting plants due to
long-term consumption of the contaminated animal food'~.

The main PCDD/F and PCB exposure route for lactat-
ing cattle grazing is ingestion of the vegetation or soil on
the pastures which are contaminated directly by deposition
of airborne PCDD/Fs and PCBs from polluting plants"3‘4.
PCDDs/Fs/PCBs transfer and accumulate from cattle in
the milk and together with dairy products is considered as
one of the main contributors to POP human uptake®. In-
creased concentrations in raw milk produced in the vicini-
ty of the potential POP emission sources were observed by
many authors'**”. Also in the Slovak Republic the waste
and municipal incinerators as well as the metallurgical
industry seem to be important emission sources with high
influence on the soil, feed and food chain PCDD/F and
PCB contamination. Congener-specific analyses of seven-
teen PCDD/F and twelve PCB congeners in cow, sheep,
and goat milk gathered near polluting plants and from
background area were performed in this study. The ob-
tained data about PCDD/F and PCB levels in raw milk
collected from cattle that are contaminated only via eating
vegetation and soil during grazing are good indicators of
environmental quality of rural areas in Slovakia.

Material and methods
Sample collection

The milk survey included samples collected in the
vicinity of four areas with potential PCDD/F emission
sources and one background (control) area without known
atmospheric pollution source (Fig. 1).

Cow, goat and sheep raw milk samples were gathered
during 2006-2007. 29 cow and goat milk samples originat-
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ed directly from small family farms (SFF), 16 cow and 14
sheep milk samples were acquired from animals raised at
bigger farms (BF). The cows and goats from small farms
were usually kept in fenced backyards, grazed and fed
with local feed. The animals from bigger farms were usu-
ally grazed on pastures and received also the supplemen-
tary fodder. The milk samples were kept frozen (—20 °C)
until they were processed.

HRGC/HRMS analysis

An HP 6890 Plus GC (Hewlett-Packard, Palo Alto,
CA, USA) coupled to a MAT 95XP (ThermoFinnigan,
Bremen, Germeny) and a Trace GC Ultra coupled to
a DFS (Thermo, Bremen, Germany) operating at a 10-%
valley resolution of 10000 in the selected ion monitoring
mode was used for analysis of seventeen 2,3,7,8-
substituted PCDDs/PCDFs, four non-ortho and eight
mono-ortho PCBs. PCDDs/Fs and non-ortho PCBs were
separated on an Rtx®-Dioxin2 column (60 m, 0.25 mm
i.d., 0.25 pum film thickness) and a DB-5 MS column (60
m, 0.25 mm i.d., 0.25 um film thickness) was used for
mono-ortho PCBs separation. Qualitative and quantitative
analyses were carried out by the USEPA 1613 and 1668
isotope dilution methods. Each analytical batch a method
blank and in-house reference material (sunflower oil
spiked with native PCDD/Fs and dI-PCBs) included.

All measurements were carried out in accredited la-
boratory (ISO/IEC 17 025) which successfully participated
in interlaboratory studies (Interlaboratory Comparison on
Dioxins in Food in human milk, 2006; Proficiency test on
determination of PCDD/Fs and PCBs in milk fat, 2010)%°.

cz

. KROMPACHY
i [ ] ®
e, STARNA

-
KOSICE ™~~~

Fig. 1. Samplig sites: Krompachy (metallurgical plant recycling
of copper scrap); Kosice (municipal waste incinerator and iron-
ore sintering in a metallurgical plant); Nemecka (hazardous waste
incinerators); Sala (chemical factory, hazardous waste incinera-
tor); Starina (control area)
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Results and discussion

The summarized results of PCDDs, PCDFs, non-
ortho and mono-ortho PCBs by type of analyzed raw milk
samples are given in Table I. Because milk samples were
collected during years 2006-2007, the toxic equivalent
factors (TEFs) valid till the end of December 2011 (ref.')
were used for the calculation of toxic equivalents (TEQs).
For comparison, also TEQ values calculated using TEFs
valid from January 2012 (ref.'") are quoted_in the Table 1.
The TEF value for 1,2,3,4,8-PeCDF decreased from 0.05
to 0.03 and for 2,3,4,7,8-PeCDF from 0.5 to 0.3. For each
octachlorinated congener the new TEF value was set to
0.0003. With regard to dI-PCBs, from January 2012 the
TEF values were decreased for PCB-81 as well as for each
mono-ortho PCB congener to 0.00003, and for PCB-169 to
0.03 (ref.'?). From the Table 1 it is evident that using the
new TEFs, the PCDD_TEQ values are not changed for all

Table I
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type of milk, TEQ values for non-ortho PCBs are slightly
higher, and TEQ values for PCDFs and mono-ortho-PCBs
are significantly lower in comparison with TEQs calcula-
ted using TEFs valid till December 2011.

When some congener was present in the analyzed
sample at a concentration lower than its limit of detection
(LOD), the LOD was used for TEQ calculation. As can be
seen from the Table I, considerably higher median total
WHO49sTEQ PCDD/PCDF/dI-PCB values were found for
two types of milk samples acquired from small family
breeders in comparison with milk samples collected from
bigger farms. The difference in median TEQ value be-
tween milk from small family farms and bigger farm was
more than four times higher. The measurements also
showed only minimal differences in total WHO;4sTEQ
medians for cow and ship milk from bigger farms. Our
results also revealed that the mean and median
WHO90sTEQ PCDF values were moderately higher than

Summary of concentrations of PCDDs, PCDFs, non-ortho PCBs, mono-ortho PCBs and sum of PCDD/Fs+dl-PCBs in all
collected raw milk samples from small family farms (SFF) and bigger farms (BF)

Milk N  Compound pg WHO,9osTEQ g’1 fat® pg WHO,sTEQ g’1 fat®
Mean Median Min-Max Mean Median Min-Max
Cow (SFF) 15 PCDDs 0.64 0.38 0.03-2.74 0.64 0.58 0.03-2.74
PCDFs 1.53 1.28 0.26-4.06 1.05 0.85 0.17-2.85
non-ortho PCBs 4.34 4.41 0.47-8.73 4.46 4.41 0.48-9.39
mono-ortho PCBs 0.59 0.51 0.10-1.20 0.15 0.08 0.02-0.67
PCDD/Fs/dl-PCBs 7.11 6.42 0.85-16.0 6.30 6.11 0.71-15.0
Cow (BF) 16 PCDDs 0.44 0.17 0.03-3.03 0.44 0.17 0.03-3.03
PCDFs 0.90 0.40 0.21-5.37 0.63 0.27 0.14-3.89
non-ortho PCBs 1.43 0.67 0.26-6.84 1.5 0.70 0.27-7.13
mono-ortho PCBs 0.19 0.13 0.05-0.48 0.04 0.03 0.01-0.11
PCDD/Fs/dl-PCBs 2.96 1.42 0.59-14.3 2.61 1.20 0.48-13.0
Sheep (BF) 14 PCDDs 0.84 0.15 0.25-4.95 0.84 0.15 0.02—4.95
PCDFs 1.11 0.31 0.15-5.71 0.77 0.23 0.11-3.99
non-ortho PCBs 1.90 1.05 0.29-8.63 2.06 1.12 0.31-9.26
mono-ortho PCBs 0.16 0.15 0.04-0.31 0.02 0.02 0.01-0.04
PCDD/Fs/dl-PCBs 4.01 1.63 0.61-19.6 3.70 1.50 0.54-18.2
Goat (SFF) 14 PCDDs 1.21 0.42 0.06-9.20 1.23 0.42 0.06-9.20
PCDFs 2.12 0.91 0.16-10.6 1.50 0.63 0.13-7.74
non-ortho PCBs 5.66 3.32 0.45-19.7 5.93 3.48 0.47-20.5
mono-ortho PCBs 0.58 0.27 0.08-2.30 0.11 0.05 0.02-0.44
PCDD/Fs/dl-PCBs 9.57 5.42 0.77-32.6 8.65 4.81 0.78-30.1

 TEFs valid till December 31, 2011, ® TEFs valid from January 1, 2012
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Fig. 2. PCDD/Fs, dI-PCBs and PCDD/Fs/dl-PCBs in milk samples by studied areas

WHO49sTEQ PCDD values in all type of milk samples.
With respect to PCBs, significantly higher WHO99sTEQ
values were observed for non-ortho PCBs in comparison
with mono-ortho PCBs.

The most toxic congener 2,3,7,8-TCDD was detected
in thirty from fifty nine raw milk samples. 1,2,3,6,7,8-
HxCDD, 2,3,4,7,8-PeCDF, 1,2,3,4,7,8-HXxCDF and
2,3,4,6,7,8-HxCDF congeners were positively detected in
more than 90% of all the samples and 1,2,3,7,8,9-HxCDF
congener was present above the LOD only in two goat
milk samples. Other PCDD/F congeners were detected in
10 to 65% of the samples. Regarding the congener profile
the highest concentration and also the contribution to the
WHO,40sTEQ PCDD/Fs showed 2,3,4,7,8-PeCDF conge-
ner (35-84%). Dioxin-like PCB congeners except PCB-81
and PCB-123 were detected in all the samples. Congener
PCB-81 was not detected in four samples and PCB-123
was not quantified due to coeluting impurities in one of
them. The mono-ortho substituted congeners, PCB-118
and PCB-156 were determined at the highest concentra-
tions, followed by PCB-105 and PCB-167. The major con-
tributors to the total WHO9osTEQ dI-PCBs in our study
were PCB-126 and PCB-156.

In Fig. 1 the graphical comparison of PCDD/F, dl-
PCB and total PCDD/F/dI-PCB concentrations expressed
as WHO99sTEQ by areas and by type of milk are present-
ed. The total TEQ values in milk samples from small
farms in areas with expected increased environmental con-
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tamination (Krompachy, KoSice, Nemeckd) were signifi-
cantly higher than in the control area. No difference in
TEQ value was observed for goat milk from area Sal'a and
control area.

With regard to cow and ship milk from bigger farms
several times higher total TEQ values showed the samples
from Krompachy and KoSice, moderately higher from
Nemecké and slightly lower for cow milk from area Sala
in comparison with control area without known local POP
source (long-range transport only).

The maximal limit for PCDD/Fs/dlI-PCBs in milk
valid till December 2011 in EU countries was 6 pg g
fat'2. The high proportion of samples above the maximal
limit of PCDD/Fs/dI-PCBs showed raw cow (8 from 15)
and goat milks (7 from 14) collected from small family
farmers.

Milk from animals originated from these small breed-
ers was not placed on the market and was ordinarily con-
sumed by the farmer’s family only, without official con-
trol. Regular milk consummation which exceeds the maxi-
mal limit of PCDD/Fs/dl-PCBs may cause intake consider-
ably exceeding the tolerable intake (14 pg TEQ/week/kg
body weight or 70 pg TEQ/month/kg body weight).

We found surprising levels above maximal limits (2—4
times higher) also in cow and ship milk from bigger farm
situated in Krompachy area where metallurgical plant re-
cycling copper scrap is located. It is needed to emphasise
that all of the analysed milk samples were gathered in the
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areas with supposed PCDD/F source. For consumer’s
health protection, milk must not exceed the value of 3 pg
TEQ.g ' fat till December 2011 for PCDD/Fs (ref.'?). The
action limit (AL) for raw milk is 2 pg TEQ.g"' fat for
PCDD/Fs and the same AL is also for dI-PCBs (ref.").
The results in this study showed that the PCDD/F action
threshold was exceeded in fourteen milk samples and in
twenty three milk samples for dI-PCBs.

Our measurements revealed that dI-PCBs contributed
to the total TEQ with higher proportion than PCDD/Fs. It
is caused by increased environmental contamination of
Slovakia by PCBs due to their past production and inten-
sive usage in our country. Also for this reason, the TEQ dI-
PCB levels in milk samples of Slovakia are in general
higher in comparison with other European countries.

The PCDD/F levels in united group of cow milk from
Slovakia are higher than in milk from Spain'*, Turkey'
and France'®, and moderately lower than those published
by Abad et al.'” for milk from Italy. Ingelido et al.'® detect-
ed in cow milk samples in farms under impact from incin-
erators lower levels than in our study for milk from factory
farms in areas with assumed environmental pollution. Re-
garding TEQ levels in ship milk, our results are higher
than those published for milk from Italy'®.

This study was aimed on the impact of selected
PCDD/F and PCB sources on environmental contamina-
tion and the transfer of these pollutants into cow, ship and
goat milk. The main exposure route of cows, sheeps and
goats to PCDD/Fs and PCBs is generally through grass.
Our results unambiguously point out that many of ana-
lyzed raw milk samples from chiefly small breeders ex-
ceeded ML EU legislation for PCDD/Fs/dl-PCBs. The
highest levels were observed in milk samples from area
Krompachy. This contributes to the presumption that me-
tallurgical industry (production of secondary copper) situ-
ated close this area could be one of the most important
sources of PCDD/F contamination of feed and food chain
and also is the significant source of exposure of general
population residing in this area. In addition, the local do-
mestic combustion of fossil fuels used to heat family hous-
es may also substantially contribute to the total PCDD/Fs/
PCBs emissions in villages of this area mainly in winter
months.

This work was supported by the Slovak Research and
Development Agency under the contract No. APVV-21-
004205. The authors would like to thank Mrs. Jarmila
Paulikova and Mrs. Jarmila Salajova for their skilled tech-
nical assistance.
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MEDICINSKE LABORATORIA A SYSTEMY MANAZERSTVA KVALITY

KATARINA JURIKOVA

Slovenska narodna akreditacna sluzba, Karloveska 63,
840 00 Bratislava 4, Slovensko
katarina.jurikova@snas.gov.sk

V stcasnosti je na Slovensku akreditovanych 26 me-
dicinskych laboratorii (ML), ktoré si zaviedli systém ma-
nazérstva volitel'ne podl'a dvoch medzinarodnych noriem:
ISO/IEC 17025: 2005 a ISO 15189: 2007. Aj ked pre
medicinske laboratoria je Specifickejsia ISO 15189: 2007,
obidve normy maji v zmysle medzinarodnych dohdd rov-
nocenné postavenie a si rovnako uzndvané multilateralny-
mi dohodami.

Zavedenie systému manazérstva kladie poziadavky na
manazment aj na odbornt ¢innost’ pracoviska. V pripade,
ak laboratdrium nie je samostatny pravny subjekt, iniciati-
va a ¢innost’ manazmentu laboratéria musi mat’ oporu
a podporu manazmentu organizacie, ktorej je sucast'ou. Ak
tomu tak nie je, plnenie viacerych poziadaviek na manaz-
ment sa stava formalnou zalezitost'ou, v niektorych pripa-
doch vedie k pasivite manazmentu laboratéria a zostava
viac-menej otdzkou $tastia, ak manazment organizacie pri
riadeni ¢innosti medicinskeho laboratéria berie do ivahy
ekonomické aj kvalitativne kritéria vyvazene. Napriek
tomu, Ze zavedenie a udrZiavanie systému manaZzérstva
kvality (SMK) znamena dost’ vel’ka ¢asova zataz, manaz-
ment ML musi informovat’ a zapojit vSetkych relevant-
nych pracovnikov, informovat’ ich o svojich ciel'och, poli-
tike astratégii a  konkretizovat  zodpovednosti
a pravomoci jednotlivych funkcii. Ide o déleziti poziadav-
ku apredpoklad na to, aby cely systém bol funkény
a efektivny.

V8etka dokumentdcia pouZivand v laboratdriu
z externych zdrojov aj interne vytvorena sa stava riadenou
a musi mat’ nalezitosti, ktoré si v akreditacnych normach
jednoznacne uvedené. Okrem originalnych navodov
amanualov sa mozu v laboratériu pouzivat’ aj skratené
postupy a /alebo navody, ktoré vSak musia byt preskiima-
né a schvalené. Tato poziadavka sa tyka aj roznych navo-
dov apostupov, ktoré nieckedy byvaji umiestnené
v laboratoériach na stenich napr. pri zariadeniach. Ak ML
uzatvara zmluvy, tieto musia byt pred ich podpisanim
preskimané a ML o ich preskiimani musi mat zdznam.
Laboratérium musi mat’ vypracovant politiku a postupy na
preskimavanie, musia sa viest zdznamy o pripadnych
zmenach dohodnutych podmienok aich opdtovnom pre-
skimani, musi sa preskiimavat’ aj praca zaddvana subdo-
dodavatel'sky alebo spolupracujucemu laboratoriu.

Patologické, histopatologické a pribuzné laboratoria
maji mat’ rutinne zavedent prax pre ziskavanie druhého
nazoru. V tejto suvislosti maju mat’ spracovany postup na
hodnotenie a  vyber spolupracujicich laboratérii
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a konzultantov, maju mat’ dohodnuté podmienky spolu-
prace a viest' zdznamy o preskiimaniach dohodnutych pod-
mienok spolupréce.

K néstrojom na zlepSovanie kvality ML patri aj pre-
ventivna c¢innost, ktord mé& byt nielen planovana
a zdokumentovand, ale aj monitorovana a kontrolovana
sposobom, ktory preukazuje G¢innost’ vykonanych preven-
tivnych Cinnosti. Laboratdria vykonavaji internu kontrolu
kvality a zacCastiuju sa aj externého hodnotenia kvality, ale
stava sa, ze na zaklade zaznamenanych tdajov neanalyzu-
ju trendy a rizika a nevykonavaji napravné opatrenia.

ML ma mat’ vypracovany plan ¢innosti, ktory obsahu-
je vsetky postupy a nastroje aplikované v laboratoriu na
zlepSenie, medzi ktoré patria napr. aj indikatory kvality.
Relativne dlhé obdobie sa ocakavalo, Ze ich pre ML urci
regulator. Ich definovanie vSak zostalo na rozhodnuti ma-
nazmentu ML, ktory ich musi pravidelne hodnotit’
a flexibilne prispdsobovat’ tak, aby bolo mozné konstato-
vat’ trvalé zlepSovanie Cinnosti ML.

Pokial’ ide o pracovnikov, ISO 15189 pozaduje, aby
riaditel’ alebo jeho zéstupca definoval Standardy vykonov
a zabezpelil ich nasledné monitorovanie; aby laborato-
rium malo dostatok kvalifikovanych pracovnikov
s vhodnym a dokumentovanym vzdelanim, praxou a sku-
senost’ami. Laboratérium musi mat’ vypracovany priebez-
ny  vzdeldvaci  program s konkrétnymi  Udajmi
o planovanych vzdelavacich ¢innostiach, ktory je dostupny
pre pracovnikov na vSetkych trovniach.

Medicinske laboratorium aj v pripade, ze nevykonava
odbery vzoriek, je zodpovedné zasledovanie Casu
a podmienok transportu vzoriek. V zdujme vlastnej ochra-
ny ML musi mat’ zdznamy preukazujice, kedy bola vzorka
odobrana — datum a ¢as odberu, aj zdznamy dokazujuce,
kedy (datum a ¢as) bola vzorka prijatd do laboratoria. Ak
ma laboratérium viaceré zberné miesta, a vySetrenia sa
vykondvaju v centrdlnom laboratoriu, zo zdznamov sa
musi dat’ jednoznacne zistit’, kedy boli vzorky na zbernych
miestach prijat¢ a pripadne spracované akedy boli
v laboratdriu vySetrené. Ak ide o vzorky citlivé na teplotu,
laboratérium musi pri prijme sledovat’ a zaznamenavat
teplotu transportu. Na tto ¢innost’ je postacujlce, ak sa
pouzivaju pracovné meradld. Usporiadanie priestorov
a podmienky prostredia laboratoria musia byt vhodné pre
vykondvanu Cinnost’, ale musi sa pamaétat’ aj na to, ze ma
byt pohodIné a bezpecné aj pre pracovnikov.

Poziadavku, aby laboratérium malo spracovany zoz-
nam svojich vySetrovacich postupov obsahujlici aj pozia-
davky na primarne vzorky, laboratoria plnia publikovanim
v laboratdrnej prirucke a/alebo na svojej webovej stranke.
Vsetky pouzivané vySetrovacie postupy musia byt’ valido-
vané. Laboratérium musi mat’ k dispozicii validacné cha-
rakteristiky zvolené podla ucelu pouzitia vySetrenia
a musi vediet’ preukazat’, Ze pred tym, ako sa zacal postup
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rutinne pouZivat, bol preskiimany a potvrdilo sa, Ze dosa-
huje deklarované validacné parametre a postup pouziva
spravne. VSetky postupy sa pravidelne, najmenej raz rocne
maju preskimavat’ s vyhotovenim zaznamu o preskumani
a zavere. Pravidelne sa musi kontrolovat’ aj vhodnost’ bio-
logickych referencnych intervalov. Podnetom ma byt napr.
zmena vySetrovacieho postupu, zmena zariadenia, zmena
postupu pred vySetrenim.

Oznamovanie vysledkov na Vysledkovych listoch ma
spiiiat’ poziadavky uvedené v normach: okrem vysledkov,
v SI jednotkach alebo v nadvéznych jednotkach — ak je
relevantné, laboratéria moézu uvadzat aj poznamky
a komentare, ako aj interpretaciu vysledkov, priom ma
byt jasne uvedené, Ze ide o interpretaciu a ak ma laborato-
rium zavedny systém manazérstva kvality podl'a ISO/IEC
17025, interpretacie musia byt zrete'ne oznacené. Na vy-
sledkovom liste musi byt uvedené aj meno, funkcia
a podpis schval'ujicej osoby alebo aj identifikacia osoby,
ktora schval'uje uvolnenie Spravy (ISO 15189).

Okrem vsetkych normami pozadovanych informacii
v pripade akreditovaného pracoviska Vysledkovy list musi
obsahovat’ informaciu o tomto statuse: akredita¢nt znacku,
ktora ma predpisané nalezitosti a podmienky pouzivania
publikované v MSA 02. Vysledkovy list mdze obsahovat’
iba slovny odkaz na akreditaciu.
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Aj ked kapitola Etika v laboratérnej medicine je
oznacena ako informativna priloha normy ISO 15189 a to
z dovodu, Ze nejde o plnenie akreditacnych poziadaviek,
vSetci pracovnici medicinskeho laboratdria su viazani etic-
kym kodexom svojej profesie. Zakladnym principom zdra-
votnickej etiky ma byt dobra a nediskriminativna starostli-
vost' o pacienta. Podobne vzhladom na skutoCnost, Ze
laboratorny informacny systém (LIS) je pouZzivany ako
vel'mi dolezity pracovny néstroj, norma ISO 15189 obsa-
huje aj Odporti¢ania na ochranu LIS ako informativnu
prilohu.

Na zaver je vhodné uviest, ze posudzovanie zhody
tretou nezéavislou stranou, ktorou je narodny akreditany
organ, na Slovensku SNAS, je v stcasnosti podporené
platnou legislativou. Ide o Nariadenie EP a Rady 765/2008
ako aj o zakon 505/2010 Z.z. O akreditacii. V nedavnej
sucasnosti bol publikovany dokument EA 2/13, na zaklade
ktorého zatala EU pouzivat’ kooperaciu s eurdpskou akre-
ditaciou v regulovanej oblasti. Takto nasmerovanému
trendu hodnotenia a posudzovania kvality sa nevyhnu ani
medicinske laboratoria na Slovensku.



Chem. Listy 106, s194—s195 (2012)

ACP 2012 — Stcasny stav a perspektivy analytickej chémie v praxi

Lectures

ODHAD NEISTOTY VYSLEDKOV MERANIA VYPLYVAJUCI Z ODBERU VZORKY

JOSEF KALAS

Jjosef.kalas.post@gmail.com

O skuto¢nosti, Ze odber vzoriek ma na vysledky me-
rani znacny vplyv, Casto o vela vyznamnejsi ako pouzita
analyticka metdda, nikto asi nepochybuje. Trochu zlozitej-
$im problémom vsak zrejme bolo a je kvantitativne vyjad-
renie odhadu neistoty vyplyvajicej z odberu vzorky. Na
odber vzoriek roznych komodit existuje znaéné mnozstvo
Standardizovanych alebo legislativne predpisanych postu-
pov a vzorkovacich planov. Zial,, tieto postupy sa nezaobe-
raji neistotami. O tie sa zaujimaji a s nimi pracuji ini
Pudia, vacsinou zamerani na laboratornu &innost. Dal§im
problémom bolo, Zze az do roku 2007 nebol k dispozicii
ziaden navod alebo pokyn, ako tieto neistoty realne stano-
vit. Az vtomto roku vydal EURACHEM v spolupraci
s EUROLAB, CITAC, Nordtest a UK RSC Analytical
Methods Committee dokument ,,Neistota merania vyply-
vajuca z odberu vzoriek. Pokyny na metody a pristupy*'.
Tento pomerne rozsiahly dokument je urceny Specialistom,
ktori sa zaoberaju problematikou vzorkovania alebo od-
hadmi neist6t merania vo vztahu k vzorkovanému objektu
(,,sampling target®). Je zamerany na stanovenie neistoty
tykajlicej sa zmesnej vzorky (“composite sample”) ovplyv-
nenej vSetkymi krokmi odberu, Upravy a pripravy vzorky.
Uvadza dva hlavné pristupy:

a) empiricky — na zéklade opakovaného odberu vzoriek,

b) modelovy — na zaklade identifikacie a sumacie kazdé-
ho kroku od vlastného odberu cez upravu vzorky az
po pripravu nej vzorky a analyzu.

Oba pristupy sa povazuju za rovnocenné a mézu sa
vzéjomne dopliiat. Okrem vykladu ako stanovit' neistoty,
sa tento document zaobera relativne dokladne aj termino-
logiou, validaciou vzorkovania, zabezpeCenim kontroly
kvality vzorkovania, porovnanim odberu vzoriek aich
analyz z hl'adiska finan¢nych nakladov, volbou najucel-
nejSieho pristupu ku vzorkovaniu a analyze (fitness for
purpose) a v prilohach uvadza aj nazorné rieSenia stanove-
nia neistdt v Siestich prikladoch z praxe.

Nasledne bolo vydanych niekol'ko d’alsich dokumen-
tov zameranych na tuto problematiku, z ktorych

Tabulka I

k najzaujimavejsim patria technické spravy EUROLAB? ,

NORDEN?®, AMC*, ako aj EURACHEM>®.

Zavedenie odhadov neist6t vysledkov merania vyply-
vajucich z odberu vzoriek do realnej praxe vsak zrejme
prinesie aj niektoré otdzky a mozno aj problémové situa-
cie. Napriklad, v akom vztahu bude preberanie davky
alebo dodavky Statistickou prebierkou tovaru meranim
podla ISO 3951, kde sa s neistotami merania neuvazuje, k
pripadne stanovenej neistote vysledku merania sposobenej
odberom? Pri zavedeni rozsirenia neistot vysledkov mera-
nia o vplyv odberu vzoriek bude zrejme potrebné zamys-
liet’ sa aj nad jednotnym a jednozna¢nym vyhodnocovanim
prekrocenia limitov a prislusne poucit’ zainteresované stra-
ny. Bude zrejme potrebné doriesit’ aj niektoré d’alSie prob-
1émy stvisiace napriklad s akreditaciou:

— ak bude akreditované skusobné laboratorium preberat’
vzorky od akreditovaného inSpekéného organu
(akreditacia vzorkovania) alebo neakreditovaného
organu — akym spoésobom bude mozné preberat’ stano-
vené neistoty vzorkovania?

— ako uvadzat’ celkova neistotu merania (vyplyvajicu
z odberu ako aj z Gpravy vzorky a analyzy), ak je ska-
Sobné laboratérium akreditované iba na skusSanie?

—  kto zabezpeci $kolenia na jednotnt aplikaciu pokynov
EURACHEM?

Dalsou komplikiciou je skutoénost, Ze v ostatnom
case doslo vo svete k urcitému posunu v definiciach met-
rologickych terminov v oblasti merania, ¢o sa prejavilo
napriklad v 3. vydani Medzinarodného metrologického
slovnika — Zakladné a vSeobecné koncepcie a suvisiace
pojmy (VIM 3)". Reakcie na tato skutoénost je mozné
n4jst v odbornych terminologickych materidloch napr.
AMC?, EURACHEM’, v metrologickej terminolégii vyda-
nej SEKK, spol. s r.o., a EURACHEM CR' a v STN 01
0115:2011. Tabul'ka I dokumentuje, Ze tento posun sa nie
je vzdy rovnako prekladd do ndrodnych jazykov, ¢o vedie
k rozdielnej Ceskej a slovenskej terminologii v tejto oblasti.

Na zéklade uvedeného bude pravdepodobne potrebné
vazne sa zamysliet’ nad:

— uzitonostou jednozna¢nych a jednotnych prekladov
metrologickej terminoldgie v Cestine a slovencine,

— vhodnym usmernenim akreditovanych subjektov pri

Vybrané ,.citlivé” terminy, ktorymi sa liSia Ceskd a slovenskd terminologia

VIM 3

EURACHEM CR

STN 01 0115:2011

Measurement trueness
Measurement accuracy
Measurement precision

Measurement bias

Pravdivost méfeni
Piesnost méfeni
Preciznost méfeni

Vychyleni méfeni

Pravdivost’ merania
Spravnost’ merania
Presnost’ merania

chyba termin
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vyuzivani a oznamovani neistét vysledkov merania
vyplyvajucich z odberu vzoriek,

zvézenim jednotného postupu pri pouzivani neistot
vysledkov merani rozsirenych o vplyv odberu vzoriek
pri posudzovani redlnych vzorkovanych objektov.
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VODA OVPLYVNILA MOJE CHROMATOGRAFICKE STANOVENIE?!

PETRA KOTIANOVA* a ZUZANA
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ha 4, Ceska republika
petra.kotianova@merckgroup.com

Uvod

HPLC je jednou z najbeznejSie pouzivanych analytic-
kych metdd sucasnosti. Uplatnenie tejto metody je velmi
rozsiahle. Stretneme sa s fiou vo farmacii, potravinarstve,
environmentalnej, forenznej, klinickej analyze, vo vy-
skume na akademickych pracoviskach atd’. Pre plné vyuZzi-
tie vyhod HPLC a od nej odvodenych technik ako LC-MS
a UHPLC je nevyhnutné mat’ k dispozicii rozpustadla
a ¢inidla, ktoré spifiajii najvyssie standardy kvality.

Mobilnou fazou pri HPLC na reverznych fazach je
zmes vody (100% voda, voda s pridavkom modifikétora,
alebo pufor) a organické rozpustadlo. K dispozicii st via-
ceré typy alebo stupne Cistoty rozpustadiel balenych vo
flasiach pre HPLC, LC-MS, UHPLC-MS. Kvalita jednot-
livych vyrobkov sa tazko porovnava na zaklade certifika-
tov o analyze, pretoze kazdy vyrobca sleduje iba vybrané
parametre. Metodika a inStrumentacia na stanovenie toho
ktorého parametra moéze byt rdozna. NavySe niektoré para-
metre dolezité pre dany typ analyzy nemusia byt vobec
sledované. V pripade vody pre chromatografické ucely to
byva napr. obsah TOC.

Spolahlivym zdrojom vody je ultradista voda
z G¢inného purifikaéného systému. Moderné laboratorne
zariadenia maju v podstate modularny charakter, a tak si
mozno zvolit' kombinaciu purifikacnych krokov pre ziska-
nie vody s vyhovujlicou kvalitou pre dany analyticky ucel.
Okrem mnozstva moznosti purifikacnych krokov od pred-
Cistenia, cez purifikaciu, po kone¢né docistenie na filtroch
si je mozné pri zariadeniach Merck Millipore zvolit’ také
usporiadanie, ktoré nebude zaberat' inak vyuzitelny prie-
stor na laboratérnom stole. Vyhodou pripravy vody priamo
v laboratoriu je jej Cerstvost’ a on-line kontrola dolezitych
parametrov ultracistej vody opustajucej purifikacné zaria-
denie.

Kontaminanty vody a sp6soby ich odstranenia

Voda méze byt kontaminovana:
a) i6onmi,
b) organickymi latkami,
¢) tuhymi Casticami,
d) koloidmi,
¢) baktériami,
f) rozpustenymi plynmi.

Pritomnost’ kontaminantov mdze spdsobovat’ upchatie
fritiek, zanasanie porov kolony, akumulaciu organickych
latok na kolone, atym dochadza k zniZeniu separacnej
ucinnosti kolony, zvyseniu zakladnej linie, pritomnosti neo-
¢akédvanych pikov. Moze prijst’ k ovplyvneniu LOD, LOQ),
ovplyvneniu signalu detektora a v dosledku toho aj k ne-
spravnemu vyhodnoteniu chromatografického zaznamu.

Metddy na odstranenie kontaminantov zahfnajt: jed-
noducht a viacnasobnu destilaciu, deionizaciu na ionome-
niCoch, elektrodeionizaciu, reverzni osmozu, foto-
oxidaciu, zachytavanie necistét na aktivnom uhli, ¢i d’al-
Sich Specialnych filtroch. Kazda z tychto technologii tipra-
vy vody je inak U¢innd pre odstranenie vymenovanych
druhov kontaminantov, apreto purifikacné systémy Merck
Millipore vyuzivaju kombinéciu viacerych principov pre ziska-
nie ultracistej vody (voda typu 1) z pitnej vodovodnej vody.

Parametre vody pre chomatografiu

O kvalite vody pre analytické Gcely pojedndva norma
STN EN ISO 3696': Kvalita vody na analytické ucely.
Specifikacia a skuSobné metdody (ISO 3696:1987), podla

Tabulka I
Parametre kvality vody — 1. stupeil kvality podl'a STN EN
ISO 3696 (cit.") a Merck Millipore

STN EN ISO 3696

Parameter 1. stupeii
kvality

hodnota pH (25 °C) nemeria sa

konduktivita, mS/m (25 °C), max. 0,01

oxidovatel'né latky, kyslik (O) mg/L, nemeria sa

max.

absorbancia pri 254 nm v kyvete s op- 0,001

tickou dlzkou 1 cm, absorbancia, max.

odparok pri 110 °C, mg/kg, max. nemeria sa

oxid kremicity, mg/L, max. 0,01

Merck Millipore

Kontaminant typ 1

rezistivita, MQ.cm * > 18

TOC, ppb <10

pyrogény, Eu/mL < 0,003

Castice > 0,2 um <1

kremik, ppb <10

baktérie, cfu/mL <1

* rezistivita 18 MQ.cm odpoveda konduktivite 0,055 pS/
cm, t.j. 0,0055 mS/m



Chem. Listy 106, s196—s198 (2012)

ktorej rozoznavame tri stupne kvality vody. Pre chromato-
grafické ucely je vhodna voda 1. stupna kvality (najvyssi
stupen Cistoty), ktora ma byt bez rozpustenych alebo kolo-
idnych anorganickych a organickych necistot a vyhovuje
prisnym analytickym poziadavkam. Ziskava sa d’alSou
upravou vody 2. stupna kvality.

Stupne kvality laboratornej vody st definované pri-
slusnymi legislativnymi a profesnymi autoritami, a teda
celosvetovo sa mozeme stretnut’ sroéznymi definiciami
Cistoty vody, kritériami a metédami na jej posudzovanie.
Merck Millipore posudzuje kvalitu vody na zaklade pri-
tomnosti sledovanych kontaminantov. Rozdel'uje kvalitu
vody do troch skupin stym, Ze najvyssi stupeil Cistoty
oznacuje ako typ 1. Porovnanie pozadovanych parametrov
podl'a STN EN ISO 3696 a Merck Millipore pre najvyssi
stupen kvality/Cistoty vody st uvedené v tab. 1.

Zariadenie vhodné na pripravu ultracdistej vody
pre HPLC

Z vyssie uvedeného je zrejmé, Ze iba pouzitim via-
cerych krokov purifikdcie a kombinaciou viacerych tech-
nologii je mozné ziskat’ z pitnej vody ako vstupnej surovi-
ny ultra¢ista vodu, vodu typu 1, vhodnu pre chromatogra-
fické ucely. V prvom kroku, preduprave, dochadza
k odstraneniu 95-99 % kontaminantov pdévodne pritom-
nych vo vode. V naslednom cistiacom kroku st odstranené
zvysky kontaminantov. Jednotlivé techniky upravy vody
musia byt’ v tychto krokoch zoradené v optimalnom pora-
di, aby bola zabezpecena vyroba vody najvyssej Cistoty.

Voda typu 1 by sa mala pouzivat’ vzdy Cerstva, aby
bolo zarucené, ze parametre sa od odberu ultracistej vody
z purifikaéného zariadenia po jej pouzitie nezmenia. Pri-
klad usporiadania systému Merck Millipore uréeného na
vyrobu ultradistej vody pre chromatografické ucely?, ktoré
reSpektuje tato zasadu je na obr. 1. K preduprave dochadza

r
|
| Predcisténi
I .

Elix technologie - voda typ 2
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v zariadeni Elix®, ktoré vyuziva filtraciu, reverzni osmo-
zu, elektrodeionizaciu a foto-oxidaciu na pripravu vody
typu 2 zpitnej vodovodnej vody. Voda je zbierana
v zasobniku, odkial' v momente potreby vody odchadza na
Cistiaci krok. Voda skladovana v zasobniku v uréitych
intervaloch medzi odbermi recirkuluje aby sa obmedzili
mozné nepriaznivé vplyvy pri jej dlhodobejsom skladova-
ni v zasobniku. Cistiaci krok v zariadeni Milli-Q® pozosta-
va z deionizacie, foto-oxidacie, precisteni na aktivnom uhli
a zaverecnej filtracie.

Moznosti usporiadania systému je niekolko. Spomi-
nané usporiadanie dvoch zariadeni za sebou ma pre uziva-
tel'a vyhodu aj v tom, Ze spéaja zariadenie na vyrobu vody
nizsej kvality, pouzivanii napr. na umyvanie skla, alebo

Obr. 2. Jedna z moZnosti priestorového usporiadania purifi-
katného systému Milli-Q® Integral

lonex + aktivni uhli

| |

| |

| |

g ! B H |

| | |

! | Méreni |

[ i rezistivity |

; | \ I |

| L 5 ] l
| Momtor ‘ T

Ultradista v.

UV 254,
%

0,2 um

Milli-Q - voda typ 1

Obr. 1. Schéma zariadenia na pripravu ultracistej vody vhodnej pre HPLC
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pripravu pufrov (vyZaduje sa typ 2) so zariadenim na vyro-
bu ultracistej vody pre chromatografické tcely. Pri dosta-
tocnom objeme zisobnika a kapacite zariadeni je teda
mozné pokryt’ potrebu na vodu pre vsetky ucely laborato-
ria. V pripade, Ze mé uZzivatel k dispozicii zariadenie na
vyrobu vody typu 3 alebo 2, umoziuje jeho rozsirenie na
vyrobu vody pre chromatografické ucely. V sucasnosti st
dostupné aj zariadenia, ktoré spajaji tieto dve do jedného.
V roku 2008 bol uvedeny na trh systém Milli-Q" Integral’.
Kapacita vyroby vody typu 1, resp. 2 (podl'a miesta odbe-
ru) je u jednotlivych modelov 70, 120, 240, alebo az 320
L, pri produkcii ultraéistej vody prietokom od 0,05 do 2 L/
min. Samotné zariadenie a aj zasobnik mozu byt’ pod labo-
ratornym stolom, ¢i uchytené na stene. Takto moze byt
tento moderny purifikaény systém umiestneny aj
v mensich laboratoriach, kde nezabera priestor na pracov-
nom stole (obr. 2).

Zaver

Kvalita rozpustadiel je jednym z kritickych paramet-
rov pri HPLC, nakolko ovplyviluje analytické stanovenie.
Jednou zo zloziek mobilnej fazy pri RP-HPLC je voda,
ktort je potrebné pouzivat' rovnako ako ktorékol'vek iné
rozpustadlo v prislusnej kvalite, zbaveni kontaminantov.
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Pri UHPLC a LC-MS sa otazka kvality vody ako rozpus-
tadla stava eSte vyznamnejSou. Vodu vyhovujicej kvality
pre chromatografické ucely mozno pripravit U¢innym
purifikanym zariadenim priamo v laboratériu. Vyhodou
je moznost’ vybrat’ si systém, ktory produkuje vodu najlep-
Sie vyhovujicu konkrétnym poziadavkam, moznost’ kon-
troly dolezitych parametrov, Cerstvost’ pripraveného roz-
pustadla. Na jednej stane existuji systémy, ktoré
z predupravenej vody (typ 2, 3) vyrabaju ultracista vodu
(typ 1). Na druhej strane zariadenia ako Milli-Q® Integral,
ktoré dokazu z pitnej vodovodnej vody vyrobit' ultraisti
vodu a zaroven variabilitou usporiadania reSpektovat na-
roéné poziadavky uZzivatela na priestorové usporiadanie
laboratéria.
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Stanoveni aktivity enzyml je vyznamnym zdrojem
informaci pro zékladni i aplikovany vyzkum v oboru bio-
chemie a molekularni biologie. Diky tomu, Ze i malé zmé-
ny v aktivit¢ enzym mohou vést k vaZznym poruchdm
metabolismu, ristu nebo reprodukce, ma stanoveni aktivi-
ty enzymu velky vyznam také v medicin€. Spolehlivé me-
tody stanoveni enzymové aktivity mohou byt nasledné
vyuzity ke v€asné diagndze fady zavaznych onemocnéni,
jako jsou rakovina moc¢ového méchyie' a slinivky bfidni%,
nebo Gaucherova choroba’.

Pro stanoveni enzymové aktivity se v praxi nejcastéji
pouziva absorpéni nebo fluorescencni spektrometrie ve
viditelné a UV oblasti spektra. Pro tyto metody existuji
komercni Ctecky schopné zpracovat az 1536 vzorkd
v jednom bé¢hu. Spektrometricky pfistup je vyhodny hlav-
n¢ diky své jednoduchosti a rychlosti. Na druhé strané je
takto moZné stanovovat pouze aktivitu enzymd, jejichz
substraty a produkty se vyrazné lisi svymi spektrometric-
kymi vlastnostmi, tak aby bylo moZné ob¢ latky v reakcni
smési od sebe odlisit. Pokud je vsak, jako je tomu v této
praci, substratem oligomer a enzym jej Stépi na monome-
ry, jsou rozdily v absorpci i fluorescenci mezi obéma lat-
kami minimalni. V takovém pfipad€ existuji dvé mozna

feSeni. Jednim z nich je vyuzZiti, takzvaného chromo- nebo
fluorogenniho substratu, tedy latky, ktera je podobna sub-
stratu, jeden z produkti jejiho Sté€peni vSak absorbuje zate-
ni nebo fluoreskuje. Nevyhodou tohoto postupu je fakt, ze
pracuje s nepfirozenym substratem a aktivita enzymu vici
nému se muze liSit od aktivity vici substratu pfirozenému.
Pokud chceme mit jistotu, kterou poskytuje prace se sku-
teCnym prirodnim substratem, musime sahnout po jiné
analytické metod€. V takovém piipadé se jako vyhodné
jevi separacni metody, které jsou schopny rozlisit latky
ina zakladé jemnych rozdild v jejich struktufe, polarité,
velikosti apod. Ze separacnich metod se pro stanoveni
enzymové aktivity nejvice osvédcila kapilarni elektroforé-
za, predevsim diky jeji rychlosti, ale také diky velké flexi-
bilité. Existuji dvé =zakladni provedeni ,online*
a ,,offline***. P¥i praci v rezimu offline probiha enzymova
reakce v mikrozkumavce nebo vialce v objemu nékolika
desitek  mikrolitri.  Davkovani amiseni enzymu
a substratu, stejné tak jako ¢asovani reakce, pfitom provadi
operator. Prace v elektroforetické kapilare, ktera na rozdil
od chromatografické kolony neni naplnéna stacionarni
fazi, umoznuje zavedeni odd€lenych zon substratu
a enzymu, jejich promiseni, provedeni enzymové reakce
a separaci produkt pfimo uvniti' kapilary a to zcela auto-
maticky. To je principem online modu. Takovato automa-
tizace celého procesu pfindsi kromé& zvySeni vykonu také
vyhody omezeni rizika ztraty nebo zneciSténi vzorku
a zvySeni reprodukovatelnosti.

Tato prace predstavuje aplikaci kapilarni elektroforé-
zy pro stanoveni enzymové aktivity B-N-acetylhexos-
aminidasy vuéi N,N',N‘‘triacetylchitotriose a N,N*-
diacetylchitobiose jako substratu. Trimerni chitotriosa je
enzymem Stépena na dimerni chitobiosu, ktera je dale sté-
pena na konecny produkt, monomer N-acetylglukosamin.

12
chitotriosa

81 chitobiosa GIcNAc
©
< 4

*
Y ——
11 12 13 14 15
¢as [min]

Obr. 1. Separace V,N‘,N‘“triacetylchitotriosy, N,N‘diacetylchitobiosy a N-acetylglukosaminu (GlcNAc). 25 mM tetraboritan sodny,

pH 10,0; 12 kV; 25 °C; kifemenna kapilara 75 pm ID, 65,0/56,5 cm
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Obr. 2. Sledovani pribéhu Stépeni N,N‘,N‘-triacetylchitotriosy B-/V-acetylhexosaminidasou prostfednictvim opakovanych nast¥i-

ki reakéni smési v pétiminutovych intervalech

V této praci je prezentovan vyvoj a optimalizace metody
pro soucasné elektroforetické stanoveni vSech tii latek.
Samotna separace pracuje se zakladnim elektrolytem obsa-
hujicim boritanovy anion. Ten vytvéii zdporn€ nabité este-
ry se sacharidovymi analyty a umoznuje tak jejich separa-
ci, kterd je uk4zana na obr. 1.

Pti praci v offline uspofadani byla enzymova reakce
provadéna ve vialce v objemu 40 pl. Naslednd separace
trvala 15 minut. Tato pomérné dlouha doba trvani analyzy
byla zkridcena opakovanymi nastfiky vzorku do bézici
analyzy, coz umoznilo provést 10 analyz béhem jedné
hodiny a zcela automaticky sledovat prubeh reakce analy-
zou vzorku reakéni smési odebiranych v pétiminutovych
intervalech. Takové sledovani reakce je ukazano na obr. 2.

Stanoveni enzymové aktivity v online uspofadani lze
provadét neékolika zplisoby. Jsou-li zndmy elektroforetické
pohyblivosti enzymu i substratu, je mozné vypocitat napéti
a dobu, po kterou musi byt vlozeno, aby doslo k piekryti
oddélené nadavkovanych zén substratu a enzymu. Necha
se probéhnout reakce a opétovnym vlozenim napéti se od
sebe odseparuji vznikly produkt, zbyly substrat a enzym.
Ve vétsine piipadi vSak elektroforetické pohyblivosti zkou-
manych latek nezname. Proto se vyuZivaji tzv. ,,at-inlet” me-
tody®, pfi nichz se zony substratu a enzymu nadavkuji
bezprostifedné za sebou a reakce probiha pouze v prostoru,
kde se zony prekryji difuzi. Novinkou v této oblasti je
pfistup nazvany ,,Transverse Diffusion of Laminar Flow
Profiles®, zkracené TDLFP’. Tato technika je zaloZena na
pfedpokladu, Ze z6ny naddvkované dostatecné velkym
tlakem mayji parabolicky profil a jejich promiseni prostied-
nictvim diflize napfi¢ kapilarou je mnohem rychlejsi, nez
difize podélna. Na zakladé téchto predpokladd je mozné
nalézt potadi a délku dadvkovanych zon, které umozni zis-
kat dobife promichanou reakéni smés se znaimymi koncen-
tracemi reaktantd. S vyuzitim tohoto modelu byla vyvinuta
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online metoda stanoveni aktivity [(-N-acetylhexos-
aminidasy. Vyhodou TDLFP pfistupu je, Ze reakce mize
probihat v zon¢ obsahujici citratovy pufr o pH 4,5, zatimco
néaslednd separace probihd, stejn€ jako v piipadé offline
metody, v boratovém pufru o pH 10,0. Dalsi vyhodou je
minimalni spotfeba enzymu i substratu diky tomu, Ze pro
jedno méfeni se pouzije pouze nekolik desitek nanolitri
roztokil obou latek.

Prace vznikla za financni podpory Univerzity Karlovy

v Praze (projekt ¢. SVV 2012-265201), GAUK (projekt
710) a Ministerstva Skolstvi, mladeze a télovychovy
(projekt MSM0021620857).
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Kapilarni z6énova elektroforéza je Siroce vyuZivanou
elektromigraéni metodou vhodnou k analyze latek nesou-
cich naboj'. Mezi nejéastéji studované analyty patii anor-
ganické kationty a anionty, dale napt. aminokyseliny, pro-
teiny ¢i enzymy. Hlavni vyhodou kapilarni zénové elektro-
forézy je vysoka ucinnost separace latek i v pomérné slozi-
tych matricich, mala spotieba jak analyzovaného vzorku,
tak separa¢niho pufru a v neposledni fadé moznost spojeni
s hmotnostnim spektrometrem. Ackoli mezi vhodné analy-
ty patii itada 1éCiv a ucinnych latek, ve farmaceutickém
prumyslu je stile dominantni separa¢ni metodou vysoko-
ucinna kapalinova chromatografie.

Magnetickd rezonance se v poslednich letech stala
absolutné béznou diagnostickou metodou pouzivanou ke
zobrazovani mé&kkych tkani®. K dosazeni lepsiho zobrazeni
je pacientovi pred vlastnim vySetfenim podana kontrastni
latka zaloZena vétSinou na slouceniné gadolinia. Pro pou-
ziti v klinické praxi musi byt tento pro ¢lovéka znacné
toxicky kov aplikovan ve formé vysoce stabilniho kom-
plexu. Nejcasté&ji pouzivanymi ligandy pro ptipravu kon-
trastnich latek jsou polyamino polykarboxylaty, které diky
svému polydentatnimu charakteru tvoii extrémné stabilni
komplexy s nizkym rizikem uvolnéni toxického kovu.
Tyto ligandy 1ze rozdélit do dvou zékladnich skupin. Prvni
skupinou jsou slouceniny s otevienym fetézcem odvoze-
nym od struktury DTPA (kyselina diethylenetriaminpenta-
octova, obr. 1), jejichz pouziti je vSak v souc¢asné dobé na
ligandy na bazi DOTA (kyselina 1,4,7,10-tetraaza-
cyklododekan-1,4,7,10-tetraoctova, obr. 2). Poslednim
trendem ve vyvoji kontrastnich latek je piiprava tzv. cile-
nych kontrastnich latek®. Takové kontrastni latky maji na
komplexujici ligand navazanu jesté skupinu, ktera se se-
lektivné vaze na urcity typ tkané (napf. nador, kosti atd.).
Tim je ovlivnéna biodistribuce kontrastni latky v téle a je
mozné pouzit vyrazné mensi mnozstvi kontrastni latky pro
dosazeni stejného kontrastu.

HOOC— ,— ,— /—COOH
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N
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COOH

Obr. 1. Struktura DTPA
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Obr. 2. Struktura DOTA

Obecnym problémem pripravy makrocyklickych kon-
trastnich latek pro zobrazovani magnetickou rezonanci je
jejich pomérné slozita, casto nékolikastupnova syntéza
s pomérné nizkymi vytézky. To je mimo jiné zptisobeno
i obtiznym ¢isténim jednotlivych reakénich meziprodukti.
Vedle Z4dané latky totiz nelze zabranit vzniku vedlejSich
produktt s velmi podobnymi vlastnostmi. Bé€zné pouziva-
né metody organické analyzy (tenkovrstva chromatografie,
nuklearni magneticka rezonance atd.) ¢asto nejsou schop-
ny poskytnout jasnou odpovéd na otazku kolik a jakych
produkti je v danou chvili pfitomno v reakéni smési.
V minulosti sice byla publikovdana metoda vyuzivajici
vysokoucinnou kapalinovou chromatografii k separaci
ligandi vhodnych pro pfipravu kontrastnich latek, kvali
iontovému charakteru studovanych latek vsak bylo tfeba
pouzit malo béznou staciondrni fazi a pro rutinni analyzy
neni piilis vhodna®.

V ramci této prace byla vyvinuta a zoptimalizovana
metoda vyuzivajici kapilarni zénovou elektroforézu pro
sledovani pribéhu klicovych krokii syntézy novych cile-
nych kontrastnich latek pro magnetickou rezonanci. Nami
vyvinutou metodou je mozné nejen identifikovat, ale také
kvantifikovat jednotlivé reakéni meziprodukty a produkty
béhem méné nez 15 minut. Metoda byla otestovana na
redlnych reak¢nich smésich a upravena tak, aby nevyzado-
vala zadnou piedipravu vzorku. Ziskand data je mozné
pouzit k dalSi optimalizaci pfipravy kontrastnich latek
a predevSsim ke zvySeni vytézkd jednotlivych reakénich
krokd.

Tato prdce vznikla za podpory Grantové agentury
Univerzity Karlovy (projekt SVV 2012-265201 a UNCE
2012/44) a Ministerstva Skolstvi, mladeze a télovychovy
CR (projekty MSM 0021620857).
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Abstrakt

Cyanotoxiny predstavuji zdravotné riziko pre kupaji-
cich sa rekreantov a konzumentov pitnej vody produkova-
nej zpovrchovych zdrojov. Urad verejného zdravotnic-
tva Slovenskej republiky v rdmci projektu Cyanobakté-
rie sleduje obsah cyanotoxinov v prirodnych kupalis-
kach a vo vodarenskych nadrziach so zvySenym vyskytom
cyanobaktérii metddou vysokoucinnej kvapalinovej chro-
matografie a metodou ELISA testov. Obsah toxinov bol
merany v troch vodéarenskych nadrziach a v desiatich pri-
rodnych kupaliskach.

Uvod

Vseobecne znamym prejavom eutrofizacie je pravi-
delny masovy rozvoj vodného kvetu sinic'. Niektoré druhy
sinic (cyanobaktérii) su schopné produkovat’ toxické latky
cyanotoxiny, ktoré mozu byt nebezpecné pre l'udské zdra-
vie (hepatotoxiny, neurotoxiny, dermatotoxiny)®. Dokéazal
sa vplyv cyanotoxinov na vznik rakoviny koze, pecene, na
oslabenie imunitného systému. Tieto G¢inky hrozia najmi
pri piti vody sobsahom cyanotoxinov’. Medzi najviac
sledované cyanotoxiny patria mikrocystiny, patriace do
skupiny cyklickych peptidov. Doteraz bolo uréenych viac
ako 80 mikrocystinov zenvironmentalnych vzoriek
a laboratornych kultar sinic*. Cylindrospermopsin (CYN)
je alkaloidny toxin, p6évodne identifikovany v tropicke;j
cyanobaktérii Cylindrospermopsis raciborskii. Produko-
vany je idruhmi sinic beZznymi v naSich podmienkach.
Vyznacuje sa cytotoxickymi G¢inkami prevazne na bunky
pecene a Padvin®.

Mikrocystin LR patri medzi najCastejSie a najviac
toxické mikrocystiny. WHO odporuca limit 1,0 pg I pre
mikrocystin LR v pitnej vode’. Tento ukazovatel’ bol zara-
deny do rozsireného rozboru pitnej vody produkovanej
z povrchovych zdrojov podla novelizovaného nariadenia
vlady SR ¢&. 496/2010 Z.z., ktorym sa meni a dopliia naria-
denia vlady SR ¢&. 354/2006 Z.z.°. Kontrolu vykonava vy-
robca pitnej vody v pitnych vodach upravovanych
z povrchovych zdrojov v obdobi vyskytu cyanobaktérii
v poctoch > 20 000 buniek/ml v mieste najvacsieho vysky-
tu na povrchovom zdroji®.
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V ramci projektu Uradu verejného zdravotnictva Cya-
nobaktérie bol v rokoch 2008 az 2011 sledovany obsah
cyanotoxinov v lokalitach so zvySenym vyskytom cyano-
baktérii. Jednalo sa o vodarenské nadrze — Hrinova, Kle-
novec, Malinec, a prirodné kupaliskd — RuZind, Teply vrch
— ORMET, Sastin — Straze, Malé Levare, banské jazero
Pocuvadlo, Ruzind, Jazero v Kosiciach, Liptovskd Mara,
Senec — Slnecné jazera, Zlaté piesky a Nitrianske Rudno.

Metody stanovenia

Smernica WHO' popisuje postup extrakcie mikro-
cystinov zo vzoriek vod na pevnej faze, postupy stanove-
nia cyanotoxinov metédami HPLC, LC/MS/MS, CG/MS
aElisa testami. Aplikany list firmy Dionex® popisuje
postup analyzy mikrocystinov metédou HPLC na chroma-
tografickej kolone Acclaim. V $pecializovanom laborato-
riu kvapalinovej chromatografie Uradu verejného zdravot-
nictva SR sa stanovuje obsah mikrocystinov LR, RR, LA,
YR, LW aLF a cylindrospermopsinu metédou vysokou-
¢innej kvapalinovej chromatografie a metdédou ELISA
testov. V pripade cylindrospermopsinu bola na potvrdenie
pritomnosti analytu v redlnej vzorke pouzita metoda LC/
MS/MS.

Priprava vzoriek

Vzorky vod boli umiestnené do ultrazvukového vod-
ného kuapela z dévodu rozbitia buniek sinic a uvolnenia
toxinov z popraskanych buniek do vody. Nasledne boli
vzorky spracované zakoncentrovanim analytov z jedného
litra vody s pouzitim SPE koloniek. Nasorbované analyty
boli vymyté z koloniek rozpustadlom a zahustené na ro-
tacnej vakuovej odparke do poslednej kvapky. Odparok
bol rozpusteny v presnom objeme (1,0 ml) rozptstadla
a takto pripraveny roztok bol pouzity pre HPLC analyzu.
Biomasa sinicového kvetu bola spracovana lyofilizaciou,
¢o predstavuje vymrazenie a nasledné vysusenie vzorky.
Susina — lyofilizat bol po rozpusteni trikrat homogenizova-
ny najprv na laboratérnom, potom na ultrazvukovom ho-
mogenizatore. Po homogenizacii bola skiimavka s rozto-
kom centrifugovand, supernatant prefiltrovany na napich
do kvapalinového chromatografu.

Chromatograficka analyza

Toxiny boli stanovované metdédou vysokoucinnej
kvapalinovej chromatografie (HPLC) na reverznej faze
Cig. Na delenie sa pouzila gradientova elucia. Detekcia sa
uskutogila v UV oblasti pri vinovej dizke 239 nm pre mik-
rocystiny a 262 nm pre cylindrospermopsin. Na analyzu sa
pouzil kvapalinovy chromatograf fy DIONEX s diode-
array detektorom s menitelnou vlnovou dizkou v rozmedzi
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190-600 nm.
Podmienky chromatografickej analyzy
kolona: reverzna faza C,g firmy VARIAN, 250 x 4,60 mm,
5 um
mobilna faza: A — acetonitril s 0,05 % obsahom TFA
(kyselina trifluéroctova) (v : v)
B — redestilovana voda s 0,05 % obsahom

TFA (v:v)
prietok: 1,0 ml min™'
teplota kolony: 20 °C
objem nastreku: 100 ml
trvanie analyzy: 40 min

Ako kalibracna metdda bola pouzitd metdoda externé-
ho $tandardu v kalibracnom rozsahu pre mikrocystiny od
0,10 do 2,0 mg1™" apre cylindrospermopsin od 0,50 do
10 mg I". Identifikdcia bola vykonand na zaklade retend-
ného casu Standardov a porovnanim charakteristického
spektra Standardu v UV oblasti so spektrom analyzovane;j
latky vo vzorke.

Analyza cylindrospermopsinu metédou LC/MS/MS
Obsah CYN bol overeny metédou kvapalinovej chromato-
grafie s hmotnostnou detekciou. Na analyzu sa pouzil
Triple-Quad LC/MS/MS VARIAN. Matersky ion CYN
o molekulovej hmotnosti 416,4(M+H+) bol rozstiepeny
na dcérske iony 176,3 a 194,1.
Podmienky chromatografickej analyzy:
koloéna: reverzna faza C,g firmy SUPELCO, 100 x 2,1 mm,
3 um
mobilna faza: A — acetonitril s 0,05 % obsahom TFA
(kyselina trifluéroctova) (v : v)

B — redestilovana voda s 0,05 % obsahom
TFA (v:v)
prietok: 0,2 ml min"'
teplota nastreku vzorky: 300 °C
teplota kolony: 20 °C
objem nastreku: 10 pl

Tabulka I

ACP 2012 — Stcasny stav a perspektivy analytickej chémie v praxi

Lectures

trvanie analyzy: 30 min
ELISA test

Pri ELISA testoch st vyuzivané Specifické protilatky
proti cyanotoxinom a naslednd fotometrickd detekcia fa-
rebnych produktov enzymatickej reakcie. Na priamu ana-
Iyzu vzoriek vod boli pouzité ELISA testy firmy Abraxis,
USA s rozsahom merania pre mikrocystiny 0,16-2,5 pg 1™
apre CYN 0,05-2,0 ug 1.

Vysledky

V ramci Ulohy sa validovala metdda vysokoucinnej
kvapalinovej chromatografie s diode-array detektorom na
stanovenie cyanotoxinov vo vode a v biomase sinic s na-
sledovnymi validaénymi parametrami:

Limit kvantifikacie (LOQ) pre vody — pre zakoncetro-
vanie vzorky z 1000 ml na kone¢ny objem 1,0 ml je hod-
nota LOQ pre mikrocystiny 0,10 pg 1, pre cylindrosper-
mopsin 0,50 pg 1.

Limit kvantifikdcie (LOQ) pre biomasu sinic — pre
navazku vzorky 100 mg a konecného objemu po
zakoncentrovani 2,0 ml je hodnota LOQ pre mikrocystiny
2,0 ug g, cylindrospermopsin 10 ng g '

Linearita — korelacny koeficient R > 0,995.
Opakovatel'nost’ — smerodajna odchylka <5 %.
Reprodukovatel'nost’ — smerodajna odchylka < 10 %.
Spravnost’ — vyt'aznost’ procesu upravy vzorky + 20 %.

Uspesnost’ pri ucasti na medzilaboratornych porovna-
vacich testoch organizovanych SZU Praha.

V redlnych vzorkéch sa vysledky pohybovali od nede-
tegovaného obsahu po maximalne namerané hodnoty uve-
dené v tabulke I a II.

Cylindrospermopsin  (CYN) bol potvrdeny len
v jednej vzorke z biomasy sinic z rekreacnej vodnej nadrze

Maximalne hodnoty obsahu mikrocystinov (MCST) v lyofilizate sinicovych vodnych kvetov a vo vodéach v sledovanych
lokalitach. Vysledky boli namerané v ¢asovom intervale rokov 2008-2011

Lokalita Hrinova Klenovec  Malinec Ruzina Teply Sastin- Lipt.
vrch Straze Mara

Obsah MCST v lyofilizate, pg g ' 12,8 - 74 506 41 1626 927

Obsah MCST vo vode, pg I ND ND ND 4,9 0,63 0,15 73

Tabulka II

Maximalne hodnoty obsahu mikrocystinov (MCST) v lyofilizate sinicovych vodnych kvetov a vo vodach v sledovanych
lokalitach. Vysledky boli namerané v ¢asovom intervale rokov 2008-2011

Lokalita Pocavadlo Ruzina Jazerov  Zlaté piesky Senec- Nitrianske
Kosiciach Slnecné Rudno
jazera
Obsah MCST v lyofilizate, ug g ' 3222 415 132 33 - 38
Obsah MCST vo vode, pg I 39 ND 5,0 ND ND 0,58
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Obr. 2. LC/MS/MS analyza $tandardu cylindrospermopsinu 100 pg I a vzorky z rekrea¢nej vodnej nadrie

Nitrianske Rudno. Analyza tohto ukazovatel'a v redlnych
vzorkach je zlozitejSia z dovodu vel’kého mnozstva interfe-
rujucich latok pritomnych vo vzorkach, vysledok bol ove-
reny metodou LC/MS/MS.

Zaver

Validaciou bola overend vhodnost vysokoucinnej
kvapalinovej chromatografie na stanovnie mikrocystinov
v biomase sinicového vodného kvetu a vo vodach. Stano-
venie obsahu mikrocystinov ELISA testami poskytuje
informaciu o sumarnom obsahu, nie je mozna identifikacia
jednotlivych mikrocystinov. Vyhodou ELISA testov je
stanovenie toxinov vo vzorkach vod bez nutnosti zakon-
centrovavania.

Najvyssi obsah mikrocystinov bol zaznamenany
v banskom jazere Poctvadlo (tab. I). Takyto vysoky obsah
bol stanoveny v jazere v roku 2008, v d’alSich rokoch sa

nenamerali také vysoké koncentracie. Cylindrospermopsin
(CYN) sa vyskytol v roku 2009 v lokalite Nitrianske Rud-
no. HPLC analyza bola potvrdend metédou LC/MS/MS
(obr. 2) a stanoveny bol obsah 157 pg g CYN. Vyhodou
LC/MS/MS metody je jej vysoka citlivost, vzorky vod je
mozné merat’ priamo bez zakoncentrovavania. Vo vzor-
kach vod z vodarenskych nadrzi po Gprave nebol namera-
ny obsah mikrocystinov ani cylindrospermopsinu.
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Deoxyribonucleic acid as well as other nucleic acids
and aptamers are utilized for about two decades as biore-
cognition elements at so called nucleic acids biosensors.
These biosensors represent analytical devices that integrate
nucleic acid as the biological recognition element and
a physicochemical transducer, for instance an electrode.
The typical bioanalytical selectivity is not referred to ana-
lyte(s), but to interactions of the surface attached nucleic
acids in general. In this relation, these biosensors could
characterize reactivity of nucleic acids in cells. Investiga-
tion of chemical interactions of nucleic acids is based on
their bioaffinity'. Electrochemical nucleic acid based bio-
sensors are rather popular and represent electrodes chemi-
cally modified by a nucleic acid film/layer. Optical, piezo-
electrotric, and impedimetric nucleic acid biosensors are
also widely developed and used. Thus, the DNA-based
biosensors represent today irreplaceable testing and warn-
ing (bio)analytical devices applied to the detection of nu-
cleic acid sequences with so-called genosensors, detection
of effects of risk chemicals and drugs, evaluation of DNA
damage by physical and chemical agents including the
detection of pro- and antioxidants® .

Detection modes used at electrochemical DNA-based
biosensors have been recently classified in an [UPAC
technical report’. They include intrinsic DNA redox and
tensametric responses, signals of redox indicators, labels
and others. Material of the electrode plays also an im-
portant role at the selection of detection mode. Estimation
of nature of DNA damage belongs to problems using the
biosensor based on a carbon electrode. For this purpose,
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we have suggested application of several voltammetric and
impedimetric modes®’. To ensure detection windows with
necessary sensitivity of the carbon paste-based screen-
printed electrode, an interface formed by carbon nanotubes
with large surface area and good electric conductivity can
be used. The sensors have been exploited both in batch and
flow-through cells. Damage to DNA by various chemical
and physical agents has been investigated and opening of
the helix structure, strand-breaks and total destruction of
the DNA layer have been detected using voltammetric
signals of guanine moiety, redox active DNA intercalators
and redox indicators present in solution. Biosensors with
Nafion, chitosan and other membranes against surface
active compounds have been prepared and applied to in-
vestigation of some food samples.

This work was supported by the Slovak Research and
Development Agency (Project SK-RO-0028-10), the Na-
tional Scholarship Programme of the Slovak Republic
(GZ) and by the Ministry of Education, Youth and Sports
of the Czech Republic (Project MSM 0021620857), the
Charles University in Prague (Project UNCE 2012/44)
and the Grant Agency of the Czech Republic (Project
P206/12/G151) (VV).
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Derivaty substituovanych esterov fenylkarbamovej
kyseliny su potenciadlne lieiva s lokalno-anestetickym,
antiarytmickym, antiinfektivnym, respektive algicidnym
ucinkom, ktoré st v sucasnosti v rozliénych Stadiach ich
vyvoja a vyskumu. Na naSich pracoviskdch sa Studuju
hlavne aspekty ich projekcie syntézy, izolacie, identifika-
cie, molekulové deskriptory, so zameranim na definovanie
najmd vztahu medzi ich chemickou $truktarou, fyzikalno-
chemickymi vlastnostami a ich biologickymi a farmakolo-
gickymi u¢inkami.

V ostatnom Case sa venuje hlavnd pozornost’ najméi
Stadiu ich stereochemickych aspektov, mechanizmu ich
separacie, vyberu stacionarnych faz v HPLC a kinetike
rozkladu v biologickom materidli. Chirdlne separacie
v sticasnosti predstavuju jednu z najdodlezitejSich analytic-
kych trendov. Vel'mi doleZité uplatnenie nasli tieto separa-
cie predovsetkym vo farmaceutickej chémii, kde je vel'mi
dolezité poznat’ ,.enantiomérnu cistotu* pripravovanych
lieciv, nakol’ko vo vécsine pripadov je biologicka aktivita
jednotlivych enantiomérov podstatne rozdielna. Interakcia
medzi biologicky aktivnymi latkami a proteinovymi recep-
tormi je vel'mi Casto stereoselektivna. Pri Studiu interak¢-
ného mechanizmu, ktory je dolezity pri separacii enantio-
mérov sa pouzili homologické rady derivatov piperidino
esterov alkoxyfenylkarbamovych Kkyselin a stacionarna
faza makrocyklické antibiotikum teikoplanin. Zmenou
hodnoty pH mobilnej fazy pridavkom dietylaminu sa moh-
li sledovat’ nabojové interakcie medzi stacionarnou fazou
a separovanymi enantiomérmi, nakol'ko sa menila diso-
ciatna rovnovaha. Vplyv tvorby vodikovych vézieb sa
skimal na zéklade zmeny zloZenia mobilnej fazy. Stérické
efekty sa zistovali zmenou dizky a polohy alkoxylového
retazca na benzénovom jadre v molekulach piperidino
esterov alkoxyfenylkarbdmovej kyseliny. Vplyv molekul
cukrov v Struktare teikoplaninu sa sledoval tym, Ze sa pou-
zila stacionarna faza teikoplaninu, ktora neobsahovala tieto
molekuly. Z vysledkov separécii enantiomérov mozno
urobit’ nasledujice zavery:

Hodnota pH mobilnej fazy ma podstatny vplyv na
hodnotu R;; enantiomérov.

ZlozZenie mobilnej fazy znacne ovplyviiovalo vysledky
separacie, najvyssie hodnoty R;; sa dosiahli pri pouziti
metanolu.
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Vplyv dizky alkoxylového retazca sa sledoval len
vtedy, ak sa nachadzal v polohe 2 na aromatickom
jadre, moZno predpokladat’ tienenie stereogénneho
centra, ¢o zhorSovalo separaciu.

Vplyv polohy alkoxylového ret'azca nebol rozhodujui-
ci pri polohach alkoxylového retazca v polohe 3 a4
na benzénovom jadre.

Molekuly cukru v Struktare teikoplaninu mali negativ-
ny vplyv na separdciu enentiomérov.

Po zisteni najvhodnejsich podmienok separacie enan-
tiomérov uvedenych latok sa sledovala kinetika rozkladu
jednotlivych  enantiomérov v biologickom  materiali.
V pripade rozdielnej kinetiky rozkladu jednotlivych enan-
tiomérov mozno predpokladat’ ich rozdielnu biologicku
aktivitu. Na stadium kinetiky rozkladu niektorych enantio-
mérov  derivatov  kyseliny  alkoxyfenylkarbamovej
v krali¢om krvnom sére sa pouzila kombindcia troch me-
tod: predkoncentracia enantiomérov pomocou malej kolo-
ny, analytickd separdcia racematu v RP systéme
a separacia enantiomérov v chiralnej kolone (Chirobiotic
TAG). Referen¢ny roztok racematu sa pridal do krali¢ieho
krvného séra, vzorka sa udrZiavala pri teplote 37 °C
a v urCitych ¢asovych intervaloch sa Cast’ vzorky analyzo-
vala. Z vysledkov analyz vyplyva:

Pri pouziti kréli¢ieho krvného séra skladovaného
1 rok v chladni¢ke sa enantioméry sledovanych latok
nerozkladali v priebehu 24 hodin.

Pri pouziti krali¢ieho krvného séra, ktoré sa odobralo
kralikom po nadavkovani atropinu sa zistil pomaly
rozklad sledovanych enantiomérov, ¢o dokumentuje
iny mechanizmus rozkladu.

Pri pouziti Cerstvého krali¢ieho krvného séra v prvych
dvoch hodinach bol rozklad rychlejsi, potom rychlost’
rozkladu enantiomérov klesala. Na zéklade ¢asového
priebehu rozkladu a korela¢ného koeficienta sa zistilo,
ze enzymaticka degradacia sa uskutocnuje podla reak-
cie 2. poriadku.

Na kinetiku rozkladu ma vplyv poloha alkoxysubsti-
tuenta v molekule derivatov kyseliny alkoxyfenylkarbamo-
vej. Zo Statistického vyhodnotenia (F test, o = 0,05) vyply-
va, ze hodnoty rychlostnych konstant rozkladu jednotli-
vych enantiomérov nie su $tatisticky vyznamne rozdielne.
Pocet atomov uhlika v alkoxysubstituente ma vplyv na
hodnoty rychlostnych konstant, najnizsia rychlost’ rozkla-
du sa zistila pri 2-hexyloxysubstituente. Medza stanovenia
derivatov kyseliny alkoxyfenylkarbdmovej v kralicom
krvnom sére bola 5,0 pg ml™.

Tato prdaca bola podporovana
¢.1/0164/11.

VEGA grantom
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IN VIVO KVANTITATIVNA ANALYZA METABOLITOV V MOZGU

LADISLAV BACIAK, SVATAVA
KASPAROVA A TIBOR LIPTAJ*

Chemickotechnologicka fakulta STU, Ustav analytickej
chémie, Radlinského 9, 812 37 Bratislava, Slovensko
tibor.liptaj @stuba.sk

Nuklearna magneticka rezonancia (NMR) sa oproti
inym metédam molekulovej spektroskopie vyznacuje ra-
dom Specifickych vlastnosti. Z hl'adiska jej in-vivo aplika-
cii su dolezité najmi jej neinvazivnost' a schopnost’ elek-
tromagnetického Ziarenia vyuzivaného v NMR prenikat
cez tkaniva (rddiofrekvenéné Ziarenie). Primarne vyuzitie
NMR v chémii je zamerané na identifikaciu a uréovanie
Struktary latok aje zalozené na bohatosti Struktirnych
informacii obsiahnutych v NMR spektrach. Bohatost’ in-
formacii vo vSeobecnosti v§ak implikuje zlozitost’ spektier
jednoduchych 1atok, ¢o sa eSte znasobuje v pripade vzoriek
zmesi. Napriek tomu sa NMR Coraz CastejSie vyuziva i ako
metdda kvantitativnej analyzy zmesi. Vyznamnou pred-
nostou NMR rovnaka citlivost’ stanovenia pre vSetky zloz-
ky zmesi, z ¢oho vyplyva jednoduché stanovenie relativne-
ho obsahu komponent zmesi na zdklade porovnania rela-
tivnej intenzit &iar v NMR spektrach. Dalou vyhodou
NMR je nenarocnost’ pripravy vzoriek pre NMR analyzu.
Ztoho vyplyva jej velkd univerzdlnost s moZnos-
tou kvantitativnej analyzy réznych typov vzoriek, o.i. aj

STEAM TE=2ms
By = 9.4 Tesla

vzoriek zijucich objektov a to od urovni mikroorganizmov,
cez tkaniva, organy az po experimentalne zvierata a l'udi.
Z hladiska technického usporiadania, mozno in-vivo NMR
experimenty rozdelit’ na:

a) experimenty v NMR kyvete (experimenty na malych
objektoch — mikroorganizmoch, bunkovych kultarach,
tkanivach, ..), kde NMR kyveta je pripravena ako
bioreaktor, ktory umoziuje kontinualnu vyzivu vzor-
ky. Experimenty sa obvykle uskutociiuju na
»klasickych® NMR spektrometroch s vertikdlnym
magnetom, a

experimenty na velkych objektoch (experimentalne
zvierata, l'udia) kedy cely objekt ( alebo jeho relevant-
na Cast’ ) je umiestnend v magnetickom poli NMR
spektrometra. Experimenty sa uskutociiuju obvykle na
spektrometri s horizontdlnym magnetom a spektro-
meter je vybaveny na NMR zobrazovanie (Magnetic
Resonance Imaging, MRI).

V tomto prispevku sa zameriavame na in-vivo NMR
experimenty na experimentalnych zvieratach. Specifickou
¢rtou tychto experimentov je, ze vyzaduju Specifikiciu
(lokalizaciu) miesta, z ktorého sa NMR spektra meraji.
Tato lokalizacia sa vykonava dvomi spdsobmi, a to vhod-
nym umiestnenym S$pecidlnej meracej cievky (Casto tzv.
povrchova cievka, ktora ma citlivost obmedzenu na prie-
stor, v blizkosti ktorého sa nachadza) alebo pomocou kom-
binacie gradientov magnetického pola a radiofrekvenc-

b)

4.5

4.0

3.5

3.0

2.5

1.0 pPpm

Obr. 1. a) MRI obraz mozgu potkana; obdizniky ozna¢uju vybranu ¢ast tkaniva, uréent na meranie NMR spektier. b) Simulova-
né NMR spektrum ziskané dekonvoliiciou experimentalneho spektra. ¢) Experimentalne in-vivo "H NMR spektrum z vybranej

tasti mozgu potkana'
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Obr. 2. In-vivo *'P NMR mozgu potkana namerané povrchovou cievkou, PCr — fosfokreatin, ATP — adenozintrifosfat, PME — fosfo-

monoestéry, PDE — fosfodiestéry, Pi — anorganicky fosfat

nych impulzov s vhodnou frekvenc¢nou charakteristikou.
V druhom pripade sa lokalizacia vykona za pomoci zobra-
zovacich metoéd NMR.

V in-vivo sa vyuzivaju sa viaceré metody NMR. Naj-
Zastejsie je to '"H NMR metoda, ktord umoziiuje ziskat
informaciu o koncentracii cca 20 nizkomolekulovych,
dobre  pohyblivych  metabolitov s koncentraciou
~1mmol I'" a vysSie, ktoré sa nachadzaju v cytosole bu-
niek, resp. medzibunkovych tekutinach. Velkym technic-
kym problémom pri in-vivo 'H NMR spektroskopii je po-
tlacenie intenzivneho signalu vody, ktorého koncentracia
niekol’ko tisickrat prevySuje koncentrdciu meranych meta-
bolitov. Kvantifikacia obsahu pozorovatelnych metaboli-
tov sa vykonédva dekonvoluciou experimentalneho spektra
na subspektra jednotlivych metabolitov tak, aby ich sucet
(simulované spektrum) sa C¢o najviac zhodoval
s experimentalnym spektrom.

Druhou najcastejSie vyuzivanou metddou v in-vivo
NMR spektroskopie jen *'P NMR, pomocou ktorej je moz-
no sledovat’ koncentracie metabolitov, ktoré hraji kI'icovl
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tlohu v energetickom metabolizme buniek”. Technicky st
in-vivo *'P NMR experimenty I'ahsie preveditelne ako 'H
NMR experimenty, citlivost metddy je vSak mensSia,
apreto obvykle je priestorové rozliSenie menSie ako
v pripade "H NMR spektroskopie.

Prednaska je venovana popisu zakladnych ¢ft vysSie
uvedenych metod a ich aplikacii na stidium metabolizmu
mozgu potkana.

Autori dakuju za podporu grantom VEGA 1/0272/10
a VEGA 1/0972/12.
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ANALYZA VYBRANYCH PRVKOV V POLYMETALICKYCH KONKRECIACH

METODOU AES-ICP A RFS
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Statny geologicky tistav Dionyza Stira, Geoanalytické
laboratoria, Markusovska cesta 1, 052 01 Spisska Novd
Ves, Slovensko

daniela.mackovych@geology.sk

Uvod

Polymetalické konkrécie su prirodné utvary, ktoré
vznikali v oceane dva az tri miliony rokov. Nachadzaju sa
na dne oceanu v hibke od 3tyroch do $iestich kilometrov.
Konkrécie obsahuju priblizne 30 % manganu, 1,2 % medi,
1,2 % niklu a 0,2 % kobaltu, 5,0 % Zeleza a iné pre prie-
mysel zaujimavé prvky. Maju rozny tvar a hmotnost. Vy-
skytuju sa vo forme guli¢iek, hrudiek, alebo tenkych lavic.
Podrla vysledkov prieskumu, na jednom $tvorcovom metri
morského dna je 10 az 40 kilogramov konkrécii. Velké
zasoby zelezo-manganovych konkrécii existuju aj v Indic-
kom oceane a v severnej Casti Atlantického oceanu.

Konkrécie objavila v mensich hibkach britska expedi-
cia plaviaca sa okolo sveta na lodi Challenger v rokoch
1872 az 1876. Vtedy este nikto netusil, ze raz budu vyz-
namnym potencidlnym zdrojom surovin. Prvykrat sa tazba
realizovala v Mexickom zalive v roku 1970, aj to len
z hibky 1000 m nasavanim. Najbohatsie pasmo je v prie-
store medzi Mexikom a Havajskymi ostrovmi'.

Experimentalna ¢ast’

To, ¢o je na polymetalickych konkréciach zaujimavé,
je ich zlozenie. Vzorky boli odobrané z oblasti medzi Me-

Obr. 1. Oblast’ vyskytu polymetalickych konkrécii v Tichom
oceane
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xikom a Havajskymi ostrovmi (obr. 1) adodala
ich organizécia Interoceanmetal (Pol'sko). Velkost' jednot-
livych vzoriek bola od 5 do 15 cm (obr. 2).

Uprava vzoriek

Vzorky pre stanovenie prvkov boli suSené pri teplote
do 40 °C, zdrobiiované drvenim vo valcovom mlyne na
zrnitost’ 1 az 2 mm a nasledne upravované na analyticka
zrnitost pod 0,06 mm bezoterovou homogenizaciou
v achatovom zariadeni.

Chemikalie

Zasobné Standardy a chemikalie boli zakupené od
firmy Merck, Ultra Scientific USA, Analytika CR. Voda
pouzivand na analyzu bola upravovana na ionomenici
(zariadenia RODEM 6 a Milipore).

Analytické metody a pristroje

Na stanovenie sledovanych prvkov boli aplikované
analytické metody: atomova emisna spektrometria
s indukéne viazanou plazmou (AES-ICP) — stanovenie B,
Ce, La, Dy, Er, Eu, Gd, Ho, Lu, Nd, Pr, Sm, Tb, Tm, Yb
a enegriovo disperzna rontgenfluorescenéna spektrometria
(RFS) — SiO,, ALLOs, Fe 03, TiO,, CaO, MgO, MnO,
P,0s, Na,0, K,0 ztavenych perdl a As, Ba, Cd, Cr, Cs,
Cu, Ga, Mo, Nb, Ni, Pb, Rb, Sb, Sn, Sr, Th, U, V, Y, Zn
aZr zlisovanej tablety. Strata zihanim (LOI) bola stano-
vena gravimetricky pri teplote 1050 °C.

Pre stanovenie prvkov metddou AES-ICP bol pouzity
rozklad vzoriek sintraciou s Na,O,. 1g vzorky sa sintroval
s 5 g Na,O, v niklovom tégliku pri teplote 490 °C £ 5 °C
cca 20 min. Slinok sa rozpustil v destilovanej vode

Obr. 2. VzorKky polymetalickych konkrécii
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Prvok Vlnova dizka [nm] Prvok Vlnova dizka [nm] Prvok Vlnova dizka [nm]
B 249,772 Eu 420,504 Pr 410,072
Ce 418,659 Gd 342,246 Sm 359,259
La 408,671 Ho 345,600 Tb 350,914
Dy 353,171 Lu 261,541 Tm 313,125
Er 369,265 Nd 406,108 Yb 328,937
Tabulka IT
Pracovné podmienky merania na RFS
Prvok Ciara Napiétie/Prad Tercik Prvok Ciara Napitie/Prad Tercik
[kV/mA] [kV/mA]
Al Ko 14,5/12 HOPG Ni Ko 40,5/7 B4,C
As Kq 40,5/7 B4,C P K, 14,5/12 HOPG
Ba Ky 53,5/5,6 Al,O5 Pb Lg 40,5/7 B4C
Ca Ko 14,5/12 HOPG Rb Ko 40,5/7 B4,C
Cd Kq 53,5/5,6 Al,O5 Sb Kq 53,5/5,6 ALOs
Cr Ky 30/10 Co Si K, 14,5/12 HOPG
Cs Ko 53,5/5,6 Al O; Sn Ko 53,5/5,6 AlLO;
Cu Kq 40,5/7 B,C Sr Kq 40,5/7 B,C
Fe K, 14,5/12 HOPG Th L, 40,5/7 B4,C
Ga Ko 40,5/7 B,C Ti Ko 14,5/12 HOPG
K K, 14,5/12 HOPG U Lg 53,5/5,6 ALOs
Mg K, 14,5/12 Al v Ky 30/10 Co
Mn Ko 14,5/12 HOPG Y Ko 40,5/7 B4,C
Mo K, 53,5/5,6 AL O; Zn K, 40,5/7 B,C
Na K, 14,5/12 Al Zr K, 40,5/7 B4C
Rozsah prvkov Na (11)-U (92)
Rtg lampa Pd s Be okienkom P,,,,=300 W
Rtg generator U=1-60 kV, I= 1-80 mA, P=do 3,5 kW
Detektor polovodicovy Si(Li) chladeny Ny(1),
RozliSenie 150 keV na &iare K, Mn
Rozptylové terciky Mo, Co, Al,0O3, B4C, Al, HOPG-krystal
Vyveva kapacita 5 m*h™'
Lis hydraulicky HERZOG HTP 40

Indukéné taviace zariadenie 1TZ-1

a roztok sa prefiltroval. Vo filtrate sa stanovil bor. Zrazeni-
na sa rozpustila v HCI1 (1+1) a vo filtrate sa stanovili prvky
La aCe. Prvky vzacnych zemin sa rozkladali rovnakym
sposobom s Na,O,, po rozpusteni v HCI sa k filtratu pridal
NH4OH a Ca*" a kyselina oxélovou. Zrazenina sa vyzihani
pri teplote 950 °C sa nésledne rozpustila s HCl (1+1).
Z roztoku sa stanovili prvky vzacnych zemin®. Na stanove-
nie koncentracii prvkov metédou AES-ICP bol pouzity
pristroj Varian model VISTA MPX. RuSivé vplyvy pri
stanoveni sledovanych prvkov boli minimalizované opti-

malizaciou podmienok merania a vol'bou analytickej Ciary
bez spektralnych ruSivych vplyvov. Fyzikalne rusivé vply-
vy spojené najmé s rozpraSovanim vzorky s vysokym ob-
sahom rozpustenych zloZiek a procesom transportu vzor-
ky, boli eliminované dodrzanim identického prostredia
v kalibra¢nych roztokoch a vzorkéch. V tab. I si uvedené
spektralne Ciary pre jednotlivé prvky.

Stanovenie prvkov metédou enegriovo disperznej
rontgenfluorescencnej spektrometrie (RFS) bol vykonany
dvomi spésobmi: z tavenej perly a z lisovanej tablety. Me-
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Vysledky analyzy vzoriek polymetalickych konkrécii — PMK 1, PMK 2 a referencného materialu NOD-P-1 metédou RFS

Prvok Jednotka PMK 1 + PMK 2 + NOD-P-1 + NOD-P-1 +
Namerana Certifiko-
hodnota vana
hodnota
Si02 % 12,37 0,15 36,76 0,46 13,9 0,17 13,93 0,034
Al203 % 4,46 0,11 11,77 0,17 4,85 0,12 4,8 0,092
Fe203 % 8,58 0,21 5,90 0,15 8,33 0,20 8,3 0,044
CaO % 2,43 0,06 1,37 0,07 3,10 0,07 3,1 0,016
MgO % 3,33 0,09 3,14 0,08 3,31 0,09 3.3 0,014
TiO2 % 0,37 0,02 0,24 0,02 0,50 0,03 0,5 0,003
MnO % 42,85 0,42 17,94 0,22 37,56 0,36 37,6 0,10
K20 % 1,16 0,03 3,17 0,08 1,19 0,03 1,2 0,014
Na20 % 3,1 0,11 4,3 0,16 2,20 0,08 2,2 0,006
P205 % 0,30 0,02 0,33 0,02 0,46 0,02 0,46 0,005
LOI % 15,88 0,40 11,73 0,29 19,8 0,05
v ng/s 518 26 417 21 564 28 570 10
Cr ng/s <300 <300
Ni ug/g 13080 196 2874 72 13350 200 13400 64
Cu pg/g 13204 330 4304 108 11540 288 11500 49
Zn ug/s 1541 77 407 20 1595 80 1600 6
Ga ng/g <50 <50
As ng/'g 70 3,5 22 2,2
Rb ng/g 20 2 55 5,5
Sr ng/g 702 21 585 29 670 18 680 3
Y ng/'g 80 4 60 95 5
Zr ng/g 317 16 188
Nb ng/g <20 <20
Mo ng/g 715 18 301 8 758 760 4
Cd pg/s 30 3 8 1,6
Sn ng/g <20 <20
Sb ng/'g 59 4 29 2
Cs ng/'g <20 <20
Ba ug/g 5903 177 18673 280 3337 100 3350 28
Pb ng/s 310 23 104 8 555 42 560 6
Th pg/s <20 <20
U ng/g <20 <20

ranie bolo vykonané na pristroji firmy Spectro model
SPECTRO X-LAB 2000. Pracovné podmienky s uvedené
v tabulke II. Pre kvantitativne stanovenie prvkov bola pou-
zitd metdda, v ktorej je na zostrojenie kalibracnych kriviek
pouzitych viac ako 50 réznych medzinarodnych certifiko-
vanych referen¢nych materialov v Sirokom koncentra¢énom
rozsahu pozostavajicich z granitov, dioritov, bazaltov,
oxidov prvkov, popoléekov, vapencov, sedimentov, odpa-
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dov a kalov, rdznych rad a inych geologickych materidlov.
Rusivé vplyvy boli eliminované vhodnym vyberom analy-
tickej Ciary, rozptylového tercika a korekénymi faktormi.
Postup pripravy lisovanej tablety: 5 g vysusenej
a zhomogenizovanej vzorky o zrnitosti < 0,06 mm sa
zmieSalo s 1 g vosku vo vibratnom miesaci a v hydrau-
lickom lise sa vylisovala tableta o priemere 40 mm silou
150 kN po dobu 10 sekind. Z takto pripravenej tablety sa
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Tabulka IV
Vysledky analyzy vzoriek polymetalickych konkrécii — PMK 1, PMK 2 a referenéného materialu NOD-P-1 metédou AES-
ICP
Prvok Jednotka  PMK 1 + PMK 2 + NOD-P-1 + NOD-P-1 +
Namerana Informacna
hodnota hodnota

B ng/g 90 5 67

Ce ng/s 332 15 156 8 280 13 290

La ng/g 89 4 50 2 106 5 104

Dy ug/g 22,1 1,1 13,4 0,6 27,6 1,3 27

Er pg/g 9,57 0,4 6,30 0,3 12,2 0,5 12

Eu ng/'g 6,38 0,3 3,58 0,2 7,2 0,3 7,5

Gd ug/g 24,2 1,2 14,9 0,7 28,0 1,2 28

Ho ng/'g 3,78 0,2 2,34 0,2 5,01 0,3

Lu ng/g 1,35 0,06 0,95 0,05 1,7 0,08 1,8

Nd ug/g 104 5 62,8 3 120 6 120

Pr ng/g 25,10 1,2 14,70 0,7 28,8 1,4

Sm ng/g 23,90 1,4 14,00 0,7 29,9 1,5 30

Tb ug/g 4,42 0,2 2,33 0,1 5,4 0,3

Tm pg/g 1,80 0,09 1,21 0,06 2,59 0,12

Yb ng/g 9,61 0,4 6,15 0,3 12,6 0,6 13

stanovili koncentracie prvkov As, Ba, Cd, Cr, Cs, Cu, Ga,
Mo, Nb, Ni, Pb, Rb, Sb, Sn, Sr, Th, U, V, Y, Zn a Zr. Do-
ba merania bola 500 s.

Postup pripravy tavenej perly: pre analyzu sa pouzili
vzorky o zrnitosti <0,06 mm, vyzihané pri 1000 °C. Vzor-
ky pre stanovenie obsahov hlavnych prvkov sa pripravili
tavenim s tetraboritanom litnym. Do PtAu téglika sa nava-
zilo 0,5 g vzorky a 7,0 g taviacej zmesi. Po premieSani sa
téglik so vzorkou vlozil do indukénej pece s teplotou
1100 °C po dobu 2,5-3 min. Do roztavenej vzorky sa pri-
dalo 10 mg jodu a kelimok sa zakryl Pt vieckom. Po 30
sekundach sa opét’ spustilo tavenie po dobu 1 min. Po vy-
chladnuti sa z kelimka vyklopila perla. Z takto pripravenej
perly boli stanovené oxidy prvkov SiO,, Al,Os;, Fe,0;,
TiO,, CaO, MgO, MnO, P,0s, Na,0, K,O. Doba merania
bola 300 s.

Vysledky a diskusia

Analyzovali sa dve vzorky polymetalickych konkrécii
z expedicie z roku 2009. Miesto odberu: PMK 1 — hibka
4,4 km, lokalita — 120 °W , 10 °30'N, PMK 2 — lokalita
119°33'W, 11 °N.

Na kontrolu analytickych vysledkov sa sicasne so
vzorkami analyzoval referencny material US Geological
Survey — Manganese Nodule, NOD-P-1. Material bol pri-
praveny zo vzoriek polymetalickych konkrécii odobranych
z Tichého ocedna z lokality 124 °28'W, 14 °50°N, hibka
4,3 km, ktory sa matricou podobal dodanym vzorkam.
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Vysledky analyz st uvedené v tab. II1.

U analyzovanej vzorky PMK 1 namerané obsahy
prvkov MnO = 42,85 % / Mn = 32,96 %, Cu = 1,32 %, Ni
= 1,31%, Fe,03 = 8,58 % / Fe = 6,12 % su v zhode
s priemernymi publikovanymi obsahmi (30 % Mn, 1,2 %
Cu, 1,2 % Ni, 5,0 % Fe). Vzorka PMK 2 je chudobnejsia
na polymetalické prvky, obsahuje vyssi obsah kremicita-
nov auhli¢itanov. Obsah vzicnych prvkov (REE)
v obidvoch vzorkach koreluje s obsahom Mn, Cu, Ni, Fe,
¢o nasvedCuje tomu, Ze REE sa spoluzrdzaju z vodného
prostredia spolu s polymetalickymi prvkami.

Zaver

Polymetalické konkrécie patria k vyznamnym a per-
spektivnym surovindm vo svete. Pretoze ide o prirodné
bohatstvo celého T'udstva, aj Slovensko ma narok na pri-
merany podiel z tychto zdrojov, ak sa za¢nu tazit. Medzi-
narodna organizacia pre morské dno rozdelila tamojSiu
Cast’ Tichého oceana medzi Staty a priemyselné konzorcia
a kazdému z nich pridelila 150 000 km?”. Jednym z poten-
cidlnych investorov sa stala spolo¢na organizacia Interoce-
anmetal, ktora vznikla v roku 1987 v Pol'sku. Dnes ma tato
organizacia Sest’ ¢lenov: Pol'sko, Rusko, Slovensko, Ceskt
republiku, Bulharsko a Kubu. Zaujimavé st tdaje o prog-
nézovych zdrojoch tychto polymetalickych konkrécii.
Zasoby sa odhaduju na 20 miliard ton. Tazba tychto suro-
vin je zatial’ velmi naro¢na a nakladna'.
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SPECTROMETRY FOR THE DETERMINATION OF INORGANIC SELENIUM

ALENA MANOVA*, ERNEST
BEINROHR, FRANTISEK CACHO,
and LUKAS LAUKO

Slovak University of Technology, Faculty of Chemical and
Food Technology, Institute of Analytical Chemistry,
Radlinského 9, 812 37 Bratislava, Slovakia
alena.mnova@stuba.sk

Abstract

A flow-injection system with electrochemical hydride
generation and atomic absorption detection for the deter-
mination of inorganic selenium is described. This tech-
nique has been developed in order to avoid the use sodium
tetrahydroborate, which is capable of introducing contami-
nation. A simple electrochemical flow-through cell with
powder carbon as cathodic material was used and opti-
mized. The influence of the generation current, concentra-
tion of the catholyte, carrier stream, flow rate of the sam-
ple and interferences by other metals on the generation of
hydrogen selenide were studied.

Introduction

The sodium tetrahydroborate (NaBH,4) — acid reduc-
tion technique has been widely used for hydride genera-
tion (HG) in atomic spectrometric analyses. However, this
technique has certain disadvantages. The NaBH, is capa-
ble of introducing contamination, is expensive and the

Sample

aqueous solution is unstable and has to be prepared
freshly each working day. In addition, the process is sensi-
tive to interferences from coexisting ions'™, and excessive
hydrogen gas can be evolved. Although, it is not a problem
in atomic absorption spectrometry (AAS), it would change
the impedance of the inductively coupled plasma (ICP)
and increase the reflected power; hence extra power
would be required to keep the plasma stable’, and in ex-
treme cases the plasma would be extinguished. Various
proposals have been made to overcome the interferences.
time-consuming matrix separation®, increasing the acidity
of the reaction medium’ and the addition of chemical mod-
ifiers such as KI, ethylenediaminetetraacetic acid (EDTA)
or other chelating agents have been described in the litera-
ture. All methods include the risk of contamination due to
the high concentrations of the agents used. Though the
mechanism is not entirely understood, it is assumed that
the interaction between the interfering ions and the redu-
cing agent NaBH, plays an important role in the mecha-
nism of interference.Thus far, only a few attempts have
been made to solve this problem employing alternative
reducing agents.

In the present work, a flow injection system with
a electrochemical flow-through cell has been developed
for electrochemical hydride generation of hydrogen sele-
nide. This system requires only a small sample volume and
is very easily automated. The electrochemical HG tech-
nique combined with AAS is a well established method for
achieving the required high sensitivity and low detection
limits.

Catholyte

I

B

Anolyte
<«

f\»
Vasanl

AAS

Waste

Argon

Fig. 1. Schematic diagram of the electrochemical HG system; P1, P2 — peristaltic pumps, C — electrochemical flow-through cell, S —

gas-liquid separator, AAS — atomic absorption spectrometry
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Experimental
Instrumentation

A Perkin-Elmer 5000 AAS was used, with an electri-
cally heated quartz tube atomizer. The experimental set-up
of the new electrochemical HG system is shown in Fig. 1.

The electrolyte is continuously conveyed by peristal-
tic pump.The sample solution is introduced into the loop
and transported to the electrochemical cell. A constant
current is applied to the electrolytic cell. The gaseous reac-
tion products; hydrides and hydrogen, formed at the
cathode, are flowed out of the cell with the carrier
stream of an argon and separated from the solution in
a gas-liquid separator. The hydrides are transported to an
electrically heated quartz tube with an argon and deter-
mined under operating conditions for hydride forming
elements by AAS.

The operating conditions of the system are shown in
Table I.

Reagents and standard solutions

All reagents used were of analytical-reagent grade or
higher. Stock solution of Se(IV) 1.0 g dm™ and other ele-
ments were obtained from Slovak Institute of Metrology
(SMU) Bratislava. Standard solutions have been prepared
daily by dilution of the stock solutions. Deionized distilled
water was obtained from a Barnstead NANOpure system.
High-purity HCI, H,SO,4 and sub-boiling distilled HNO;
(prepared in-house) were used for all analyses. Electrolytic
solutions of HCI, HNO; and H,SO, were used to test the
efficiency of Ec HG system.

Sample preparation
Add 2 ml of concentrated HNO; to 0.2 g of sample

and digest at a power of 8 for 10 min in the PMD micro-
wave-assisted digester. Evaporate the solution to dryness

Table I
Operating conditions for the FI-Ec-HG AAS system

ACP 2012 — Stcasny stav a perspektivy analytickej chémie v praxi

Parameter Se
Wavelenght 196.0 nm
Slit-width 2.0 nm
Lamp power 6 mA
Atomizer temperature 900 °C

Sample matrix HSO4 1.0 mol dm™
Anolyte H,SO, 1.0 mol dm™
Sample volume 1.0 ml
Sample flow rate 2.5 ml min™'
Electrolysis current 120 mA
Carrier gas flow rate 300 ml min™
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and dissolve the residue with the electrolyte solution.
Measurement: analyse 1 ml of the sample solution at the
optimum parameter set.

Procedure

The anolyte solution (1 mol dm > H,SO4) was pumped
and continuously recirculated at a flow rate of 5,2 ml min™
through the anode of the electrolytic flow cell. A small
volume, according to loop 1 ml, of the standard or sample
solution was filled into the loop and then injected with the
stream of the electrolyte to the cathode of the flow cell.
Hydrogen selenide was produced at the cathode by elec-
trolysis and HG took place. The reaction products were
passed to a gas-liquid separator; the hydride and other
gases then were transported by a stream of Ar into the
T-tube atomizer for AAS measurements. The operating
conditions of the system are shown in TableI, except
where indicated otherwise. Five parallel analyses were
performed and the average result for each of samples was
taken.

Results and discussion
Composition of the carrier-electrolytic solution

Acids (H,SO4, HCI, and HNO;) were tested as elec-
trolytes. It was found that 1 mol dm~ H,SO, gave highest
absorbance for Se while nitric acid suppressed the Se sig-
nal almost completely probably because of the oxidizing
properties. With HCI, the ClI, evolved would be a pollu-
tant. Hence H,SO, was chosen as the electrolyte. With this
acid smaller interferences from transition metals were
found. Higher acidity would also help to clean the elec-
trodes; 1 mol dm™> H,SO, was finally used as a compro-
mise concentration.

Electrolytic current

The absorbance signals increased in proportion to the
electrolytic current for Se up to —150 mA. In the present
work —120 mA was used for all the analyses. Greater cur-
rent than —150 mA could be use for higher sensitivity but
this might affect the lifetime of the cell.

Carrier stream flow rate

The absorbance signal increased slightly with the
carrier stream flow rate of argon and 300 ml min™' was
chosen.

Interferences in the determination of Se

Interferences from coexisting elements Li, Na, K, Mg,
Ca, Ba, Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd, Hg, Sn, Pb, Sb, Bi
and As for Se have been studied in the present FI - Ec -
HG technique. Some results are shown in Fig.3. It can be
seen that the interferences are negligible for many ele-
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ments whereas the Cu, Sb, Bi interferences are severe.
However, interferences from some elements can be
masked by chelating agents. It was found that the interfe-
rence effects of some elements varied with the used ca-
thode material. Hence it is possible to use an appropriate
cathode to minimize interferences from certain elements.

Detection limits, characteristic concentrations
and precisions

All the values for aqueous solutions are shown in
Table II. The precision is expressed as reletive standard
deviation (RSD). It should be pointed out that the detec-
tion limit and characteristic concentration could be much
improved by changing the experimental set-up and opti-
mizing the operating conditions.

Analysis of real samples

Five samples of different waters, eucaliptus leaves,
vitamin E with Se were analysed by the proposed tech-
nique. Each result in Table III is the average value of five
parallel complete analyses of the sample. It can be seen
that the results obtained by the proposed method are satis-
factory.
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Conclusion

This work shows that the Ec HG technique is an inter-
esting alternative to chemical hydride generation with
NaBH, in determination of inorganic Se. With power car-
bon as cathode material the determination is selective to Se
(IV). This method has several advantages in comparison to
the common hydride generation by sodium tetrahydrobo-
rate: the determination of Se (IV) and total inorganic sele-
nium can take place in one reaction medium, it shows
a higher sensitivity and lower detection limits and in addi-
tion the unstable NaBH, solution can be avoided. The de-
tection limit based on the 3s criteria is 1,4 pgdm for Se
(IV). Linear working range for ECHG-AAS is 3-300 pg dm .
The optimised device parameters for electrochemical gen-
eration SeH, are: generation current —120 mA, flow rate of
Ar 300 cm’, catholyte 1,0 mol dm™ H,SO0,, anolyte 1,0
mol dm™ H,S0,, atomic temperature 900 °C. The results
of interferences Li, Na, K, Mg, Ca, Ba, Cr, Mn, Fe, Co, Ni,
Cu, Zn, Cd, Hg, Sn, Pb, Sb, Bi and As have shown a de-
crease of signal for Se in every case except for Sn. EcCHG-
AAS has been applied for analysis of the real samples.

The authors appreciate the financial support of the
Slovak Grant Agency VEGA (project No 1/0419/12).

Table I
Detection limit, characteristic concentration and relative standard deviation
Element Detection limit (35) Linear working range RSD*

[ug dm™] [ug dm] [%]
Se 1.4 3-300 1.5
* n = 11; analyte concentration 50 pg dm™
Table III
Analyses of real samples (Se)
Sample Found Standard addition Standard addition  Difference

[ng dm™] [pg dm™] found [pgdm™]  [%]

Tap water <5.0 25.0 24.96 + 0.03 +0.16
Mineral water (Salvator) <5.0 25.0 25.10+0.12 -0.40
Surface water (Kuchajda see) <5.0 50.0 50.47 £0.72 -0.94
Sea water (Adriatic sea) <5.0 50.0 48.72 £0.22 +2.56
Waste water (Chlor alkali plant) <5.0 100.0 97.50 £ 0.22 +2.50
Eucaliptus leaves 226"+ 1.81 100.0 91.25+0.44 +8.75
Vitamin E 125+ 1.02 50.0 47.20+£0.32 +5.60

“value inng g’
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PRO VYJADROVANI NEJISTOTY MERENI (GUM:1995) PO SOUCASNOST
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Katedra analytické chemie, Prirodovédecka fakulta, Uni-
verzita Palackého v Olomouci, 17. Listopadu 12, 771 46
Olomouc, Ceskd republika
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V prvni poloviné 90.let minulého stoleti vstoupil
pojem nejistota méfeni do chemickych laboratofi. Prevaz-
na vétsina analytickych chemikd do té doby posuzovala
spolehlivost ¢i nespolehlivost svych vysledk riznymi
zpusoby, Casto podle zvyku dané instrumentalni metody ¢i
dle porozumeni statistice. Snad jen na okraj je tieba upo-
zornit, Ze analyticti chemici neobjevili v nejistoté nic no-
vého, ale zacali aplikovat to, co bylo v nékterych odvét-
vich pramyslu jiz pouzivano. Tento prispévek si klade za
cil struéné predstavit vyvoj konceptu nejistoty a jejiho
vyhodnoceni z pohledu analytické laboratofe a Ctenate
odkazat na patficnou literaturu, kde je mozné ziskat po-
drobné informace.

Do sirsiho podvédomi analytické vefejnosti nejistota
vstoupila diky nové technické normé pouzivané pro akre-
ditaci zkusebnich a kalibra¢nich laboratoti CSN EN ISO/
IEC 17025 (cit."). V kapitole vénujici se technickym poza-
davkim (5.4.6.2) je uvedeno, ze laboratofe musi mit
a pouzivat postupy pro odhad nejistoty méfeni. Odborna
vetejnost tedy zaCala hledat zpusoby odhadu nejistoty
méfeni. Zdkladnim a n€kolik let jedinym dostupnym doku-
mentem byl ISO Guide 98-3, takzvany GUM (Guide to the
expression of uncertainty in measurement)’. Jeho &esky
preklad byl vydan az v roce 2011 jako technicka normali-
zaéni informace (TNI 014109-3) (cit.*). Mimo jiné tyto
dokumenty piindSeji pro chemika uchopitelnou definici
nejistoty a poukazuji na rozdil v pojmu chyba (pojmu pou-
zivaného ve statistice) a nejistota. Tyto dokumenty také
uvadéji pristup k vyhodnoceni nejistoty méteni, ktery dne
nazyvame jako ,slozka po slozce* ¢i ,,zdola nahoru®.
K vyhodnoceni nejistoty se vyuZiva model méfeni a jsou
uvedeny dva zakladni zplsoby: vyhodnoceni standardni
nejistoty zptsobem A a vyhodnoceni standardni nejistoty
zpusobem B. Vyhodnoceni zpisobem A vychazi
z dostupnosti experimentalnich dat (opakovanych méfeni),
predpoklada u nich normalni rozdéleni a vybérovy odhad
smérodatné odchylky ztotoznuje se standardni nejistotou u.
Vyhodnoceni zptisobem B lze pouzit, nejsou-li ptimo do-
stupnd experimentdlni data, ale naopak jiné relevantni
udaje (napft. specifikace vyrobcee, tdaje z certifikatl, nejis-
toty pfipisované referencnim datiim ¢i dfive naméfena data
nebo zkuSenosti). Zde se zvoli ocekavany typ rozdéleni
pravdépodobnosti a snadnym vypoctem ziskame standard-
ni nejistotu. Déle jsou popsany zptisoby urceni kombino-
vané standardni nejistoty u,. pro nekorelovana i korelovana
data. Tento krok je v GUM popsan pon€¢kud komplikované
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s vyuzitim parcialnich derivaci a korela¢nich koeficientil
jednotlivych vstupnich veli¢in. Nékteré odborné spolec-
nosti pfipravily dokumenty vysvétlujici pouZiti téchto po-
stupti a doplnily je o celou fadu praktickych ptikladu.
Z celé fady odbornych spolecnosti se dale budeme podrob-
n&ji vénovat pouze spole¢nostem Eurachem a Eurolab.
Zavéretnym krokem vyhodnoceni nejistoty je vypocet
rozsitené nejistoty U, ktera se pak obvykle uvadi spolu
s vysledkem. Obecné pro velicinu Y se vysledek uvadi Y =
y = U. Naptiklad latkovou koncentraci kyseliny chlorovo-
dikové muzeme udat 0,102 + 0,0016 mol dm’3, pricemz
udaj za + je pravé rozsifena nejistota. Nekteré laboratote
zavedly udavani nejistoty relativné v procentech.

Jednu z prvnich pro chemické laboratofe praktickych
pfiruek na vyhodnocovani nejistot vydala vroce 1995
organizace Eurachem pod nazvem Quantifying Uncertain-
ty in Analytical Measurement. Tato pfirucka je stale do-
stupna na webovych strankach eurachem.org, ale v roce
2000 vyslo jeji revidované vydani a pro rok 2012 je pfipra-
vovano jiz 3. rozsitené vydani. Cesky preklad byl publiko-
van v roce 1996 organizaci Eurachem-CR v fadé piirucek
pro laboratofe jako Kvalimetrie 6 (cit.*). Tato piirucka
uvadi praktické ptistupy pro odhad nejistoty, jeji uvadéni a
jeji velmi cenénou C€asti byly praktické ptiklady vyhodno-
ceni nejistoty z bézné analytické praxe (acidobazicka titra-
ce, stanoveni Cd pomoci AAS, stanoveni organofosforo-
vych pesticidi pomoci GC a stanoveni obsahu masa). Pro
vypocet kombinované nejistoty slozitych modeld méfeni
prezentuje  zpisob  vypoltu popsany Kragtenem’
s vyuZitim béZzné¢ dostupného software Microsoft Excel.
Postupem casu se zacala objevovat cela fada rizné kvalit-
nich dokumentli a pokynii odbornych organizaci pro vy-
hodnocovani nejistoty. Organizace Eurolab v roce 2002
publikovala jako technickou zpravu 1/2002 dokument
vénovany vyhodnocovani nejistot zptisobem ,slozka po
slozce®™ s praktickymi pfiklady pro chemické a fyzikalni
laboratofe doplnénou o témét 90 doporuéenych citaci®.

Pouzivani a zejména ¢asov€ naro¢ného vyhodnocova-
ni nejistoty méfeni zptisobem ,,slozka po slozce* ptivedlo
odborné spolecnosti pomérné rychle k hledani jinych pii-
stupt k vyhodnocovani nejistoty. VSeobecné pfijimanym
dokumentem popisujicim praktické vyhodnoceni nejistoty
piistupem, ktery je oznacovan ,,shora dold* je pokyn Eura-
chem/CITAC Quantifying Uncertainty in Analytical Mea-
surement’ z roku 2000 (v dob& vzniku tohoto piispévku
platné vydani, v roce 2012 vstoupi v platnost vydani no-
vé). Cesky preklad je dostupny jako 11. dil fady prirucek
pro laboratofe Kvalimetrie®. Tento dokument predstavuje
odhad nejistoty s vyuzitim tdaji z vnitrolaboratorni vali-
dacni studie a provedeni odhadu nejistoty na zéklad¢ pred-
chozich daji z mezilaboratorniho vyvijeni metody. Dale
uvadi pfistupy k vyhodnocovani nejistot empirickych a ad
hoc metod. Pozitivné pfijimanou ¢asti pfirucky se opét
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staly praktické priklady. Vyuziti pfistupu ,,shora dolu*
laboratofim zna¢n¢ usnadiiuje praci. Neni zapotiebi prova-
dét Casove naro¢nou sérii dalSich experimentt, ale lze vyu-
Zit jiz jednou v laboratofi namétena data. Alternativni pfi-
stupy k vyhodnocovéni nejistot jsou pro chemiky pfijatel-
nym zpusobem zpracovany ve dvou technickych zpravach
Eurolabu 1/2006 a 1/2007. Oba dokumenty jsou pfistupné
i v &eském prekladu®'®. Dalsimi cennymi zdroji v oblasti
nejistot jsou materialy pristupné na webovych strankach
organizace Nordtest'"'? a Analytical Methods Committee
Royal Society of Chemitry'?.

Dalsi smér, kterym se ubiralo vyhodnocovani nejisto-
ty, spocival v pohledu na ziskani vysledku jako celku sa-
motné analyzy a vzorkovani. Tedy samostatnou a doposud
jesté v legislativé nezavedenou oblasti je nejistota odbéru
vzorkl. Otdzka odbéru vzorkl je snad i komplikovangjsi
nez otazka samotné chemické analyzy, protoze existuje
cela fada odbérovych technik, strategii na nepieberné
mnozstvi vzorki. Presto se v roce 2007 podafilo publiko-
vat prvni podrobngjsi prirucku'®, na které se podileli Eura-
chem, CITAC a také EUROLAB, Nordtest a UK RSC
Analytical Methods Committee. Cesky preklad publikoval
Eurachem-CR jako soudast své fady piiru¢ek Kvalimetrie
15 (cit."®). Dokument zevrubné popisuje empiricky a mo-
delovy pristup odbéru vzorkti a odhadu nejistoty v téchto
ptipadech. A stejné jako dalSi dokumenty Eurachem uvadi
nekolik praktickych piikladl (dusi¢nany v salatu péstova-
ném ve skleniku, olovo v kontaminované ornici, rozpuste-
né Zelezo v podzemni vodé¢, vitamin A v détské ovesné
ka$i, enzym v krmivu pro dribez a kadmium a fosfor
v zemédelské ornici). Soucasti ptirucky jsou i detailni sta-
tistické postupy pro zpracovéani jako jsou parametricka
a neparametrickd analyza rozptylu.

Naopak oblast legislativy zejména z Evropské unie
vedla  kdetailnimu  zpracovani  pouziti  nejistoty
k posuzovéni shody s limitnimi hodnotami. Jak postupovat
v pripadé€, Ze povolenou limitni hodnotu neptekrodil vysle-
dek, ale jeho nejistota ano ¢i naopak vysledek prekrocil
limitni mez, ale jeho nejistota jesté spada pod tuto mez?
Zplasoby vyhodnoceni uvadi jak dokument Eurachem/
CITAC!'® dostupny i v &eském piekladu'® tak i normativni
dokument ISO/IEC Guide 98-4 (cit.'”), ktery je viak pouze
v pracovni verzi. Uvedené dokumenty ptedstavuji relativ-
né jednoduché statistické postupy vyuzivajici hodnotu
standardni nejistoty v blizkosti limitni hodnoty a umoznuji
vypocitat oblasti pfijeti a zamitnuti — tedy zda vysledek
piekrocil ¢i nepiekrodil limitni hodnotu. Vyuziti nejistoty
méfeni pii posuzovani s limitni hodnotou se postupné roz-
Sifuje do fady oblasti po€inaje analyzou potravin.

V poslednich letech se zptisoby vyhodnocovani nejis-
toty méfeni dostavaji i do oblasti, které pro analytické
laboratofe nejsou az tak kliCové. Pracovni skupiny v ramci
organizaci Eurachem a CITAC dokoncuji na dokumentu,
ktery by popisoval i vyhodnoceni nejistoty v blizkosti me-
ze detekce ¢i statisticky sofistikované postupy pro vyhod-
noceni nejistoty u velkych souborti dat. Ke druhé oblasti
pfispélo vydani doplitku k Pokynu ISO/IEC 98-3, kde je
uvedeno pouziti simulacni metody Monte Carlo
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k propagaci nejistoty. Uvedeny Pokyn byl v ¢eském pre-
kladu v loniském roce vydan jako Technicka normalizaéni
informace'®.

Vyznamnou podporou konceptu vyhodnocovani ne-
jistoty méfeni oproti klasickému chybovému modelu pfi-
neslo 3. vydani Mezinarodniho metrologického slovniku
v roce 2007 jako ISO Guidu 99 (cit."”). Tento dokument
zavadi novou definici nejistoty, ta vSak neni v rozporu
s definici z dokumentu GUM a popisuje implementaci
nejistoty méfeni do novych oblasti a novych definici za-
kladnich metrologickych pojm.

Nejistota méfeni a jeji vyhodnoceni ma za sebou dét-
ska 1éta i obdobi dospivani a analytickou vetejnosti je za-
vedena do praxe a pouzivana. Vstup tohoto pojmu do od-
borné  vefejnosti v Ceské republice byl spojen
s nepochopenim a cCastokrat neopodstatnénou kritikou.
Z rigordzniho statistického pristupu méa vyhodnocovani jak
,»zdola nahoru® tak i ,,shora doli“ nékteré slabiny (napf.
pouzivani pouze aditivniho modelu méfeni), ty vsak ve
veétsing piipadi vyznamné neovlivni vyhodnoceni velikosti
nejistoty. Mnoho pocatecnich nedostatkil se za vice nez
15 let pouzivani nejistot v laboratofich podafilo ptekonat
a v poslednich letech cCeli nejistota dalsim vyzvam. Jednou
z nich je jeji pouzivani v klinickych laboratofich. Dal§im
momentalné aktualnim tématem je vyhodnocovani nejisto-
ty u kvalitativnich analyz.

Autor dékuje za financéni podporu MSMT CR v ramci

projektu LG 11010.
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The challenge set by metabolomic research is the
analysis of numerous small molecules and ends with struc-
tural assignments of individual metabolic components.
Due to the immense structural diversity of small molecules
and the inability to decipher spectral information effective-
ly, the structural work remains a huge bottleneck in chemi-
cal and biological sciences.

Widely used library search systems are designed to
identify compounds represented in the reference library. If
the unknown compound is not represented in the library,
the compound cannot be identified by this method. To
overcome this shortcoming, various accurate molecular
mass search techniques into structural databases are often
applied to derive at least a structural proposal of unknown
compound.

A novel integrated mass spectrometric approach
which takes advantage of the structural continuum and
conservation of eukaryotic metabolism will be presented.
Comprehensive empirical data collections in addition to
a fragment search technique and precursor-ion fingerprin-
ting method (PIF) are integrated into this approach.
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In biological compartments, endogenous metabolites
resulting from sequential transformation reactions repre-
sent a chemical continuum of predetermined structural
space, ideally fitting the PIF concept where the success
rate of ion identification depends on previously elucidated
substructural moieties. Furthermore, metabolic constitu-
ents are generally conserved across species and thus share
similar structural scaffolds, allowing the sampling of
a variety of known and commercially accessible eukaryo-
tic metabolites and establishment of an initial library of ion
fingerprints (substructures) which are organism indepen-
dent, but highly specific to molecular space emerged
through natural evolutionary processes. Synergic effects
regarding structural continuum and conservation of euka-
ryotic metabolism and the presented integrated approach
will be demonstrated on dopamine and N-acetyldopamine
biotransformation as part of the tyrosine metabolism path-
way (human) and puparial cuticle sclerotization in Dro-
sophila melanogaster. The relationship between biochemi-
cal pathways and mass spectrometric fragmentation path-
ways will be shown for phenylalanine biotransformation.
An example of complete structure assembly from deter-
mined substructures will be given.
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Chemometrické skiimanie dat, najmid mnohorozmerna
analyza dat a umelé neurénové siete, sa v su¢asnosti pou-
ziva na vysetrenie vzajomnych vztahov v rozsiahlej sérii
dat, ktoré su vysledkom experimentalnych merani a pozo-
rovani rozli¢ného druhu. Délezitou ulohou chemometric-
kych technik je zhodnotenie vztahov medzi zvolenou cie-
lovou premennou a experimentalne zmeranymi deskriptor-
mi skimanych objektov. Cielom tejto prace je ukazat
aplikacie viacerych zobrazovacich a klasifikaénych che-
mometrickych technik v medicine.

Nadorové markery su produkty patologicky zmene-
nych tkaniv, najmd nadorového povodu. Pomahaji spres-
nit'" klinické Stadium, biologicky charakter malignity
amaji vyznam pri monitorovani G¢innosti chemoterapie.
Dosial’ nebol charakterizovany marker, ktory by bol $peci-
fickym pre dany typ nadoru, ani pre rakovinu vseobecne.
Najucinnejsi a v§eobecne uznavany pozitivny test na rako-
vinu pl'ic je zaloZeny na histologickom vySetreni prislus-
nej vzorky tkaniva. Tento spdsob je vSak pomerne invaziv-
ny apredovSetkym zaberd dlhy ¢as. Naopak, pouzivanie
nadorovych markerov je menej invazivne a trva ovela
kratSiu dobu. V naliehavych pripadoch mdze teda zabranit’
strate Casu potrebného na lekarske oSetrenie.

Da sa ocakavat’, ze vhodnou kombinaciou viacerych
markerov mozno predikénua silu nadorovych markerov
znacne zvySsit, a to pouZitim metdéd mnohorozmernej ana-
lyzy dat. Kombinaciou viacerych nadorovych markerov,
ako aj inych dolezitych idajov moZno zvysit mieru Speci-
fickosti, resp. mieru citlivosti. V tejto praci sme demon-
Strovali vyuZitie metdd mnohorozmernej analyzy dat na
analyzu tumorovych markerov vyznamnych v diagnostike
a pri sledovani priebehu nddorového ochorenia pluc’ .

Glykovany hemoglobin (HbA,.) je frekventovane
vyuzivanym dlhodobym ukazovatelom koncentracie glu-
koézy v organizme, ked’ze jeho hodnoty vyjadruju stav za
obdobie 6-8 tyzdiiov. Jeho stanovenie je dolezité pri dia-
gnostike trvalej hyperglykémie, pri priebeznej kontrole
liecby diabetes mellitus (cukrovky) a porovnavani réznych
lie¢ebnych postupov®?. HbA,. vznikd neenzymatickou
adiciou glukézy na vol'né aminoskupiny bielkovinovych
retazcov hemoglobinu. V sucasnosti existuje viac ako
30 sposobov stanovenia glykovaného hemoglobinu, ktoré
poskytuju odlisné vysledky” .
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Na porovnanie dvoch metdd stanovenia HbA,, vyuzi-
vajucich rozdielne referenéné systémy boli pouzité regres-
né metddy, ktoré na rozdiel od beZnej metddy najmenSich
Stvorcov (OLS) uvazuji ndhodnu chybu v oboch porovna-
vanych metoédach, a to Demingovu regresiu, Passingovu-
Bablokovu regresiu a ortogonalnu regresiu®.

Hypertenzia je nielen ochorenim dospelych, ale ako
sa ukazalo v poslednych rokoch, Coraz CastejSie sa s fou
stretavame u deti. Ochorenie prebicha latentne a vyustuje
do poskodenia a nasledne zlyhania délezitych organov. Je
znamych vela rizikovych faktorov, ktoré prispievaju
k vzniku hypertenzie. VSak pravym rizikom pre jej vznik
je ich koincidencia.

Diagnostikovanie hypertenzie u deti je vel'mi zlozité.
Vyzaduje si to dlhodobejsie monitorovanie krvného tlaku
a biochemickych parametrov, ktoré by lekara nasmerovali
k ur€eniu diagndzy. S diagnostikou sa zacina okolo troch
rokov. Cim je dieta mladsie tym je viac pravdepodobnej-
Sie, Ze hypertenzia vznikd na podklade iného ochorenia.
Na hodnotenie hypertenzie udeti sme vyuzili metddy
mnohorozmernej analyzy dat. Vystupom je komplexna
informacia, ktora dokaze poskytnit ucelenejsi vysledok
ako hodnotenie jedného parametra.

Autori dakujii za podporu grantu VEGA 1/0233/12.
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Soucasny vyvoj diagnostickych a 1é¢ebnych metod
v mediciné zahrnuje ¢im dal vice pouziti objektl
v rozmérech mikrometri nebo nanometrd. Pfikladem mutze
byt vyuziti mikroc¢asticové a nanocasticové imunodiagnos-
tiky umoziujici témét homogenni imunoanalyzu (napf. ve
srovnani s klasickou ELISA technikou)', vyuZiti nano&as-
tic jako kontrastni latky pro MRI diagnostiku® nebo vyuziti
mikro- a nanoagregatd pro cilené doruceni IéCiv
v organismu’. Ve viech téchto ptipadech je velice diilezité
dikladné charakterizovat mikro- a nanoobjekty jak z po-
hledu jejich chemického slozeni a struktury, tak z hlediska
jejich koloidniho chovéni a toxicity. Mezi jeden z velice
obtiznych ukolu se fadi pravé studium koloidniho chovéani,
protoze v tomto pfipad€ je nutné analyzovat mikro- a na-
nobjekty v prostfedi s vysokou iontovou silou a obsahuji-
cim celou fadu dalsich latek (v prostfedi organismu). Pro
tento ukol se jevi jako velice vyhodné pouzit kapilarni
elektroforézu, kterd umoziuje nejen praci v takovém pro-
stiedi, ale navic velice dobfe reflektuje koloidni chovani
té&chto vétsich objekta’.

V ramci tohoto prispévku budou diskutovany moz-
nosti pouziti kapilarni elektroforézy pro charakterizaci Ctyf
typt mikro- a nanoobjekti: (/) mikroorganismt a bungk’,
(i) fluorescen¢nich nanoéastic (kvantovych tecek)®, (iii)
magnetickych nano&astic’, a (iv) syntetickych liposoma®.
Vsechny tyto objekty se v kapilarni elektroforéze chovaji
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podobnych zplisobem a je mozno je charakterizovat riizny-
mi metodami (kapilarni zénovou elektroforézou, izoelek-
trickou fokusaci apod.) pfedevsim podle ucelu této charak-
terizace. Prikladem muze byt charakterizace uhlikovych
kvantovych tecek pro aplikaci fluorescencniho znaceni
bun¢k pomoci techniky micelarni elektrokinetické chroma-
tografie, kdy bylo cilem pfedev§im popsat uniformitu dis-
perze syntetizovanych ¢astic jak co do naboje, tak co do
hydrofobicity®. Naopak v ptipadé bunék mize byt zase
cilem analyza agregatd a jejich izoelektrického bodu pro
charakterizaci jejich interakce napiiklad s 16&ivy”.

Obecné lze tvrdit, ze kapilarni elektroforéza je Gcin-
nym nastrojem pro charakterizaci mikroobjektli a nanoob-
jektd a v této oblasti vyzkumu se ukazuje jako neocenitel-
ny nastroj pro dalsi obory od materialové chemie po medi-
cinu.

Prace byla podporena projekty Ministerstva Skolstvi,
mladeze a télovychovy (projekt Operacniho programu
Vyzkum a vyvoj pro inovace CZ.1.05/2.1.00/03.0058
a projekt Operacniho programu Vzdélavani pro konkuren-
ceschopnost CZ.1.07/2.3.00/20.0018).
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Summary

Complex analysis of the influence of growing and
technological processing conditions on selected properties
of group of commercial samples of Slovak and Hungarian
wheat, spelt and rye flours prepared following organically
and conventional production practices was performed.
Solid flour samples were analyzed to ash and dry matter
content as well as to minerals and trace elements content.
Extracts of flours in 50% ethanol were treated by EPR and
UV-VIS spectroscopy to determine the total polyphenols
and flavonoids content as well as some other characteris-
tics of antioxidant properties, including ABTS™
and ‘DPPH tests. Multivariate statistical analysis was sub-
sequently applied on the whole dataset of experimental
characteristics in order to assess the influence of way of
production (organic vs. conventional) and technological
processing (grinding) on sample properties. Besides that,
the possibility of flours differentiation according to the
previously mentioned characteristics as well as their origin
was tested. By means of canonical discrimination analysis,
flour samples were with > 95% correctness discriminated
according to their country of origin. Taking into account
the way of production, organically grown samples were
with ~ 92% discrimination score differentiated from that
produced by conventional production practices. Classifica-
tion of samples according to the way of technological pro-
cessing (grinding) reached ~ 96% and according to varietal
composition, 100% correct classification. As the most
significant experimental characteristics for the purposes of
flour samples differentiation, minerals and trace elements
content, as well as flavonoids content and radical-
scavenging activity of extracts were recognized. The pre-
diction ability of the statistical models was in all cases >
92%, in case of varietal composition, even 100%.

Introduction

Besides the traditional role of cereals as a source of
nutrients, in the recent years, their growing utilization in so
called “functional foods” has been noticed, utilizing either
whole cereals or some their components. The conventional
definition of functional foods is that it is a food where
a new ingredient (or more of an existing ingredient) has
been added and the new so-prepared product has a new
function, frequently related e.g., to health-promotion or
disease prevention. Functional foods must have the charac-
ter of foods and their positive impact will be reflected al-
ready in the consumption quantity corresponding to nor-
mal food. They are not pills or other form of medication or
supplements'. One type of cereals with high potential in
functional foods preparation represents spelt (7riticum
spelta, L.) — a hexaploid species of wheat, being in the past
an important staple in parts of Europe. Nowadays, it has
again found a growing importance in market as a health
food or a component of health beneficial foods, due to its
agronomic, compositional and medical characteristics.
This cereal has similar chemical composition as common
wheat but its content of nutritionally important compounds
is higher. According to some previously published analyti-
cal data, it contains about 57.9 % carbohydrates (excluding
9.2 % fibre), 17.0 % protein and 3.0 % fat, as well as die-
tary minerals and vitamins®. Due to its moderate amount of
gluten, it is suitable for baking purposes. Spelt is most fre-
quently available in several forms (products) e.g., as coarse
pale bread, biscuits, crackers or as spelt pasta. Besides that,
grain of spelt is used in brewing industry and/or as feeding®™.
Comparison of some characteristics of wheat, spelt and rye
whole meal flours is presented in Table I (ref.*").

For the preparation of functional foods containing
cereals or its components, it is necessary to consider sever-
al factors. Although the content of the main components in
the grain changes within the respective variety only statis-
tically, significant effect on the chemical composition of
grain could have soil composition, climatic and agro-
technical conditions, and last but not least, the technologi-

Table I
Comparison of selected averaged characteristics of wheat,
spelt and rye whole meal flours

Parameter Wheat®  Spelt’ Rye®
Proteins (g/100g) 11.55 12.8 11.27
Saccharides (g/100g) 71.03 62 71.76
Dietary fiber (g/100g) 9.1 11.4 133
Minerals (as ash, g/100g) 1.62 1.8 1.72

Riboflavin (mg/100g) 0.11 0.15 0.14




Chem. Listy 106, s225-s230 (2012)

cal procedures/processes used in subsequent post-
harvesting treatment®. All these factors can significantly
affect the properties of grains/flours and the content of
potentially interesting constituents, predetermining thus
their use in functional foods production. In this context,
procedures for the isolation of individual components of
interest from cereal are of great importance, as well.
Therefore, it is necessary to deal in details with the prob-
lems of the isolation of functional components from flour
and aspects of their stability. Besides that, it is also im-
portant to deal with the effects of isolation/extraction con-
ditions on the content of functional components (e.g.,
polyphenols, flavonoids, organic acids).

This contribution, as a part of a complex study, fo-
cused on potential of some cereals to serve as functional
foods components themselves, or after their additivation /
doping by mixing with some other components of natural
origin with known antioxidant potential and health benefi-
cial effects (e.g., anthocyanins, flour or medical herbs ex-
tracts). As an input information for further processing, the
influence of the origin & growing condition (organic vs.
conventional farming practices), technological processing
(degree of grinding) as well as varietal composition on
selected properties of group of 24 commercial wheat, spelt
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and rye commercial flour samples of Slovak and Hungari-
an origin was performed. The basic characteristics of solid
samples, i.e., dry matter and ash content, but also minerals
and trace elements content was evaluated. Besides that,
antioxidant properties of flours extracts were assessed by
means of UV-VIS and EPR spectroscopy, involving sever-
al assays. Amino acids profile was determined by HPLC-
MS system. Results obtained were correlated via simple
correlations with total polyphenols and flavonoids content.
Besides that, the multivariate statistical analysis was used
to evaluate the influence of origin, varietal composition,
way of production and technological processing on sample
properties. In addition, the possibilities of some flour prop-
erties (ash, dry matter content) prediction from spectral
characteristics, was tested.

Experimental

Samples

For the purposes of this study, 24 commercial sam-
ples of Slovak and Hungarian organic and conventional
smooth, semi-smooth, rough and whole meal wheat, spelt
and rye flours were selected. Detailed description of sam-
ples is given in Table II.

Table II
Basic characteristics of the samples of Slovak and Hungarian organic (O) and conventional (C) flours under study
ID Sample Country of Way of ID Sample Country of Way of
characterisation origin* production™®* characterisation origin* production™®*
F1 Wheat, whole meal, SK O F13 Rye, whole meal, SK C
smooth smooth
F2 Wheat, whole meal HU (0] F14 Spelt, whole meal, SK (@)
smooth
F3 Wheat, whole meal, HU (@) F15 Spelt, whole meal HU (@)
stone mill
F4 Wheat, smooth HU O F16 Spelt, whole meal, HU (0]
stone mill
F5 Wheat, whole meal, SK C F17 Spelt, smooth HU O
smooth
Fo6 Wheat, semi-smooth SK C F18 Spelt, whole meal, SK C
smooth
F7 Wheat, rough SK C F19 Spelt, smooth SK O
F8 Wheat, smooth SK C F20 Spelt, whole meal, SK (@)
rough
F9 Rye, whole meal, SK (@) F21 Spelt, smooth HU (@)
smooth
F10 Rye, whole meal HU O F22 Spelt, whole meal HU O
F11 Rye, whole meal, HU (0) F23 Spelt, whole meal HU (0)
stone mill
F12  Rye, smooth HU o F24 Spelt, HU o

semi-smooth

* HU — Hungary, SK- Slovak Republic;** O — organic, C — conventional
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Basic characteristics of solid flours

Solid flour samples were evaluated to dry matter and
ash content using the standard AOAC methods”'’. Mine-
rals and trace elements content (Ca, Cu, Fe, K, Mg, Na and
Zn) was determined using the atomic absorption spectrom-
etry — AAS. For these purposes, Perkin Elmer 4100
(Perkin Elmer, USA) spectrometer, equipped with a deu-
terium lamp background-correction system was employed,
using an air/acetylene flame and the flame-ionization de-
tector''. Besides that, total nitrogen content was deter-
mined using the routine Kjeldahl method'%.

Extracts preparation

For EPR and UV-VIS experiments, exactly 50 ml of
50% ethanol/water solution (v/v) was poured over 2.5 g of
respective flour sample and the extraction was performed
at ambient temperature. The mixture was shaken on labor-
atory shaker (Innova 2000, USA) for 1h at 150 rpm. Sub-
sequently, the supernatant was separated from the solid
matter using the laboratory ultracentrifuge (SciQuip, UK)
at 9200 rpm at ambient temperature during 10 min. The so
prepared extracts were stored at ambient temperature in
darkness between the experiments. For HPLC analysis, 1 g
of flour sample was mixed with 20 ml of acetic acid solu-
tion in water (0.1 M) and the aliquot of internal standard
d3-Glu (50 pl) was added. The mixture was shaken at
150 rpm for 30 min in laboratory shaker at ambient tem-
perature and centrifuged at 10 000 rpm for 10 min at the
temperature of 0 °C. After the filtration, the supernatant
(200 pl) was mixed with 100 pl of isotopically labelled
internal standard and 800 pl 0.1% solution of acetic acid
(in water, v/v) and used in analysis.

HPLC-MS, UV-VIS and EPR spectral characteristics

Amino acids (AA)profile and their quantification was
performed by HPLC-MS-MS with positive electrospray
ionization using an Agilent 6410 Triple Quad detector
(Agilent Technologies, Palo Alto, USA) coupled to
a HPLC system Agilent 1200 series (Agilent Technolo-
gies, Palo Alto, USA) consisting of a binary pump, a vacu-
um degasser, a autosampler, and a thermostated column
compartment. The analytical separation was performed on
an a Purospher® STAR RP-8ec (150 mm x 4.6 mm, 3 pum)
(Merck, Darmstadt, Germany) using an isocratic mixture
of 100 ml acetonitrile and 500 ml of water solution of per-
fluorooctanoic acid (PFOA) (0.05 mM) at the flow-rate of
0.5 ml min" at temperature of 25 °C. Free individual ami-
no acids was quantified using linear calibration curve es-
tablished with standard solution using the L-amino acids
kit containing the 98% purity standards of 20 amino acids
(Sigma — Aldrich). As an internal standards, a lyophilised
mixture of isotopically labelled L-amino acids
(ChromSystems, Miinchen, Germany) and standard of d3-
glutamic acid (d3-Glu, 97%, Cambridge Isotope Laborato-
ries, Andover, USA) were used. Quantification was per-

ACP 2012 — Stcasny stav a perspektivy analytickej chémie v praxi

s227

Lectures

formed by comparison of the peak area ratio of selected
amino acids with relevant internal standard monitored
using the MRM transitions. The following instrumental
(ion source) parameters were used for amino acids analy-
sis: drying gas (N2) flow, 8 L min'; gas temperature,
320 °C; nebulizer pressure 50 psi; capillary voltage,
3.0 kV; fragmentor voltage, 50-100 V (depending on ana-
lyte); collision energy, 2-30 eV (depending on analyte);
dwell time, 50 ms. All the samples were analysed in two
parallel repetitions. The determined concentrations of 21
free amino acids were counted together and the result was
presented as total amino acids content.

UV-VIS experiments were carried out with both, ex-
tracts and solid samples, using a UV-VIS-NIR spectropho-
tometer Shimadzu 3600 with accessory. The experiments
with solid samples were performed in attenuated reflec-
tance mode using the Large Integrating Sphere Assembly
LISR 3100 (Shimadzu, Kyoto, Japan) employing quartz
cell enabling reflection measurements from the surface of
defined upper layer of flours samples. The reflectance
spectrum of the respective flour sample was recorded in
triplicates in the spectral range from 200 to 2500 nm and
averaged for use in the data analysis. Flours reflectance
spectra visualisation and comparison was performed using
the spectroscopic data evaluation environment of Panora-
ma 3.1 (Labcognition GmbH & Co. KG) enabling the mul-
tivariate transformation of spectra by the method of princi-
pal component factoring (PCF). Before the PCF all the
spectra were smoothed by the Savitzky-Golay method to
remove baseline shifts and superimposed peaks and nor-
malised by data scaling and centering techniques. Radical-
scavenging activity of solid samples was characterized by
UV-VIS, employing the modified Quencher method". The
content of total polyphenols (TPC) expressed as Gallic
acid equivalents' and of flavonoids (TFC) expressed as
Rutine equivalents was determined in the extracts. Besides
that, radical-scavenging activities of extracts were evaluat-
ed using the solution of 2,2-diphenyl-1-picrylhydrazyl
(DPPH) free radical and 2,2'-azino-bis(3-ethylbenz-
thiazoline-6-sulfonic acid) cation-radical (ABTS™), re-
spectively. All the experiments were performed in dupli-
cates.

The entire EPR experiments were performed in dupli-
cates, using a portable X-band EPR spectrometer e-scan
(Bruker Biospin, GmbH, Karlsruhe, Germany) with acces-
sory. The ability of flour extracts to terminate ‘'DPPH and
ABTS™ radicals was evaluated. The ABTS™/'DPPH radi-
cal-scavenging activities were expressed as Trolox equiva-
lents (TEACABTS'+/'DPPH)14-

Multivariate statistical methods were used to distin-
guish the samples according to selected characteristic, i.e.,
origin, way of production, varietal composition, way of
technological processing, employing methods of principal
component analysis, principal component factoring, ca-
nonical, and k™ neighbour discriminant analysis and classi-
fication. These calculation were performed by means of
Unistat®6.1 (Unistat, London, United Kingdom) statistical
software, taking into consideration all the experimental
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data obtained from HPLC-MS, AAS, UV-VIS and EPR
experiments. The recognizability of discriminant model
was determined as the percentage of the correctly classi-
fied samples in the training data set. The prediction ability
was tested, as the percentage of the samples correctly clas-
sified in the leave-multiple-out cross-validation ap-
proach'®.

Results and discussion

As the basic parameters of the studied flour samples,
ash and dry matter content were determined. Results ob-
tained indicated, that there is not a clear difference be-
tween the samples following neither from their origin, way
of production, nor varietal composition, as the results
within the common groups are statistically distributed.

Regarding the total nitrogen content, it is obvious that
samples from Hungary reveal in average its slightly higher
contents than the Slovak ones, exception for some case,
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where practically either none or only statistically negligi-
ble differences were found. There is also not clear relation-
ship between the nitrogen content and the varietal compo-
sition of flours, the same for the way of production. For
the later mentioned, with respect to presupposed much
more intensive fertilization in conventional farming, one
could expect at least slightly higher content of nitrogen,
but this expectation was not supported by the results. Re-
sults presented in Table III also indicate that there exist
some relationship between the amino acids content and the
way of sample processing (grinding), which is most proba-
bly the result of modified extraction ability of amino acids
from respective flours in dependence on the degree of
grain micronization. Practically the same, unambiguous
trends and relationships were obtained also for other eva-
luated parameters of flours and their extracts, as was also
observed for the results of Quencher assay, content of
polyphenols or flavonoids.

Table 111

Averaged results (mean+ SD, n=2) of some characteristics of solid flour samples and their extracts in 50% EtOH (v/v)

ID Ash Dry matter [%] Total nitrogen Total AA content  Quencher TPC TFC
[%] content [%] [mg kg '] [mg kg'] [mg kg'] [mg kg ']
F1 1.9£0.0 89.2+0.0 1.8+0.1 919.3+0.9 11.3+1.0 1433.2+16.6 310.3+43.2
F2 1.6+0.0 89.2+0.0 2.3+0.1 1473.6+5.3 12.742.3 1734.7+70.4 163.8+2.5
F3 1.9+0.4 89.4+0.1 2.3+0.1 1448.1£3.5 11.8+1.4 1719.2+55.6 185.8+3.8
F4 0.8+0.0 89.0+0.0 2.3+0.1 989.0+6.5 10.8+£2.0 1548.2+51.2 560.9+19.3
F5 1.9+0.0 88.7+0.1 1.9+0.1 1273.1+£8.5 14.2+1.7 1580.6+29.5 127.5+1.8
F6 0.6+0.4 88.5+0.1 1.6+0.1 503.0+6.7 8.3+3.1 1492.743.7 441.5+9.6
F7 0.4+0.0 89.4+0.0 1.7+0.1 482.4+8.0 8.6£1.7 1273.5+£55.2 294.7+15.7
F8 0.5+0.0 88.5+0.0 1.7+0.1 526.9+2.9 10.9£2.4 1330.0+39.4 182.5+6.1
F9 1.6+0.0 89.440.1 1.340.1 2173.9£1.3 11.0£1.3 1376.3£3.4 432.9£6.6
F10 1.7£0.0 89.5+0.3 1.6+0.1 2488.8+12.8 14.6+0.2 1395.6+15.6 558.5+4.4
F11 1.9+0.0 89.0+0.1 1.240.1 1736.2+28.5 12.9+0.9 1677.5£71.2 480.9£15.9
F12 0.7+0.0 88.2+0.8 0.8+0.0 1168.9+£7.5 10.2+1.2 833.1£12.9 417.0+4.3
F13 1.6+0.0 89.2+0.0 1.3+0.1 1733.943.2 13.2+1.6 1328.3+£81.3 770.5+12.1
F14 2.1+£0.0 89.740.1 2.3+0.1 1495.8+30.7 12.4£2.0 1825.8£221.4  271.8+£37.8
F15 2.2+0.0 89.8+0.0 2.6£0.1 1488.1£5.9 13.943.1 1964.9+427.5  214.8+25.7
Fl16 2.1+£0.0 89.8+0.0 2.6+0.1 1428.9+18.2 12.0+£3.2 1569.843.5 182.7+0.6
F17 1.0£0.0 89.3+0.0 2.4+0.1 818.6+2.1 9.5+3.4 1392.3+0.8 114.9+13.4
F18 2.5+0.0 90.3+0.0 2.2+0.1 1521.9£19.4 12.1+£3.3 1411.5£74.6 274.9£6.9
F19 1.1£0.0 89.4+0.0 2.3+0.1 1002.246.6 13.0+£3.2 1390.9+44 .4 143.5+14.8
F20 1.4+0.0 89.8+0.0 2.1£0.1 1263.5+38.9 9.6+2.0 1433.0+54.6 129.8+4.5
F21 0.8+0.0 89.7+0.0 2.1+0.1 771.0£6.6 10.8+0.1 1339.3+64.5 187.8+£6.7
F22 2.1+£0.0 90.1+0.1 2.2+0.1 1379.1+17.3 12.8+1.2 1728.2+28.6 181.2+13.1
F23 1.1£0.0 88.440.1 1.5+0.1 810.1+£7.9 10.2+1.1 1276.8+26.5 143.5+3.4
F24 1.1£0.0 89.0+0.3 1.340.1 722.0£0.2 9.840.6 1110.1£57.8 95.0+6.1
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Fig. 1. Wheat, rye and spelt flours spectral reflection data
projection by principal component factoring (each point repre-
sents a reflection spectrum of sample in VIS spectral region). For
the differentiation purposes, flour samples were classified into
two sub-groups as graham (whole meal) and white (the rest)

Correlation matrix of all determined characteristics
(data not presented) indicates moderate correlations of
majority of determined characteristics, revealing R* values
within the range of <0.4-0.6>; however, in some cases,
strong correlations were confirmed e.g. between the total
amino acids content and TEAC values evaluated both from
UV-VIS and EPR measurements with ABTS™ and ‘DPPH
radicals.

However, considering the results of all methods
and assays used, it can be concluded, that any single ana-
lytical method or their combination and/or simple mutual
correlation do not offer an unambiguous answer on the
topics of the similarities/differences between the samples
from their origin, way of production, processing or varietal
composition points of view. Thus, multivariate statistical
analysis was employed to find the similarities and diffe-
rences within the group of samples of common character-
istics and between the individual groups and to perform
the differentiation and classification of individual flour
samples.

By the method of principal component factoring
(PCF), the whole UV-VIS-NIR reflection spectra were

Table IV

processed, separately for respective spectral regions (UV,
Visible and NIR). While the spectra from UV and NIR
regions do not offer clear differentiation of samples into
subgroups by any of chosen criteria (origin, way of pro-
duction, varietal composition, way of grinding & pro-
cessing), this is not the case of VIS-spectra (part of complex
reflection spectra recorded in the spectral range 330-780
nm). As is clearly indicated on Fig. 1, from the UV-VIS-
NIR reflection measurements of flours the data obtained in
the visible spectral range, it is possible to differentiate the
wheat flours according to way of grinding. From practical
reasons, samples were classified only into two sub-groups
— one for whole meal flours (labelled as graham) and the
2" for the remaining samples (refer to Table II for further
details).

Very promising results offered the processing of the
entire group of experimental characteristics by the me-
thods of principal component analysis, canonical discrimi-
nation analysis and k™ nearest neighbour classification.
Principle component analysis was able to explain in all
studied cases the variability of the dataset by 78 % and
83 % of the variability of the dataset (taking into consider-
ation the cumulative % of variance of first 3 and 4 princi-
pal components, respectively). Eigenvalues indicates that
in the differentiation by PCA, very important role have the
total nitrogen content, content of amino acids and total
polyphenols. The other characteristics contributed to prin-
cipal components construction by various, but usually
lower significance.

CDA, in dependence on the selected discrimination
criterion, possessed very high recognition scores, reflect-
ing the successfulness of the discrimination of the samples
into respective groups on the basis of their experimental
characteristics, as clearly indicated in Table IV. The low-
est recognition was obtained in classification of samples
according the way of production (farming), in which 3
organically and 1 conventionally produced sample were
misclassified. As regards the importance of individual
characteristics for the discrimination, it should be noted
here that it vary with the selected criterion, however, im-
portant role of individual minerals and trace elements,
followed by TPC/TFC and last but not least, individual

Results of canonical discrimination analysis, k™ nearest neighbour classification and prediction tests by means of CDA, of
flour samples under study and their extracts according to various discrimination parameters. The whole dataset of experi-

mental characteristics was taken for the discrimination and
samples

classification. Results are expressed as % of correctly classified

Method Origin [%] Way of farming Varietal Technological processing
[%] composition [%] (grinding) [%]
Canonical discrimination 95.8 91.7 100 95.8
K™ nearest neighbour k=1 100 100 100 100
k=2 95.8 100 100 95.8
Prediction ability by CDA 92.9 97.7 100 97.7
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Fig. 2. Plot of factors (Varimax rotation) indicating the im-
portance of individual experimental characteristics of flour
samples and their extracts for the purposes of samples differ-
entiation according to chosen criteria

characteristics of antioxidant properties. Similar results
give also processing of the data by the principal compo-
nent factoring in varimax rotation. As follows from the
plot of factors depicted on Fig. 2, 4 vectors are lying in
different sectors of the plot than those of rest of the group,
corresponding to the content of nitrogen, total flavonoid
content, as well as sodium content and ABTS™ radical-
scavenging ability assessed by UV-VIS.

Prediction ability is one of the most important charac-
teristics of the classification model/procedure, reflecting
the ability of the statistical model to correctly classify the
unknown samples (samples of unknown affiliation), just
on the basis of comparison of its characteristics with those
of already classified samples. For the purposes of this
study, the prediction ability was tested by CDA in leave-
multiple-out approach, assigning in turn up to 20 % of the
samples as unknown. Percentage of correctly predicted
samples reached in each cases high value, as indicated in
Table II, the lowest in prediction of sample origin and the
highest in the prediction of sample varietal composition.

Conclusion

The spectral characteristics of 24 commercial flour
samples and their extracts in 50% EtOH were studied by
UV-VIS-NIR, EPR, AAS and HPLC-MS methods, in or-
der to assess the influence of several factors, i.e., origin of
sample, growing conditions, varietal composition and
technological processing on their properties. As follows
from the results, besides the antioxidant properties, the
content of minerals and trace elements, but also the total
nitrogen and amino acids content is significantly influ-
enced by the above-mentioned conditions. Additional ex-
periments with samples of identical origin but various
growing conditions are in progress, in order to specify the
most proper conditions for grain production and pro-
cessing, from functional components content and health-
beneficial properties maintenance points of view.
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Kombinacia HPLC s NMR poskytuje moznost’ latky
nielen stanovit,, ale ich aj identifikovat’. Budll prezentova-
né vysledky experimentalnej prace aukazané moznosti
odstranenia problémov a namerania spektier potrebnych na
identifikaciu stanovovanych latok. Vo vSeobecnosti pre-
vlada néazor, ze kombinacia vysokoucinnej kvapalinovej
chromatografie s nuklearnou magnetickou rezonanciou je
ekonomicky vysoko naro¢nd, ale poskytuje unikatne vy-
sledky o Struktire analytu.

Spojenie HPLC s NMR kladie nestandardné naroky
na podmienky separacie v HPLC a identifikaciu v NMR.
HPLC podmienky je nutné prisposobit’ extrémne vysokym
hmotnostnym koncentracidm /v rozsahu 5 az 10 mg ml™
analytu /asamotnd separdcia sa uskutoCnuje skor
v preparativnych podmienkach a Casto ani takto ziskana
koncentacia nie je dostatocnd na identifikdciu latky
a vyzadujl sa r6zne postupy zakoncentrovania analytu na
vystupe s chromatografickej kolony. Pre NMR st koncen-
tracie po HPLC separicii spravidla pod medzou detekcie
a preto su nutné postupy odstranovania vplyvov pouzitych
rozpustadiel, nakol’ko modze prichddzat k interferencii
(prekrytie ¢asti NMR spektra) je nutna fokusacia na hl'ada-
né funkéne skupiny, ziskanie plnohodnotného NMR spek-
tra je takmer nemozné. NMR stanovenie vyzaduje pracu
v deuterovanych, izotopicky stabilnych rozpustadlach, ich
cena je vacsinou prili§ vysoka a preto je nutné ich nahra-
dzovat’ lacnej$imi, stanovenie komplikujucimi rozpustad-
lami. Velmi dolezitym aspektom je aj cas analyzy,
s klesajiicou koncentraciou exponencialne rastie dizka
analyzy atym aj naroky na strojovy Cas, Co pri zariade-
niach cenovej kategérie NMR predraZuje ceny analyz.
Niekedy HPLC-NMR meranie trva niekol’ko hodin az
tyzdiiov, ¢im sa nielen komplikuje vyuzitie NMR na iné
ucely, ale aj hrozi rozklad alebo premena skiimaného ana-
lytu.

Pri extrémnom prekroceni kapacity chromatografickej
kolony , prichadza k zhorSeniu separacie, pripadne dokon-
ca k skrateniu zivotnosti kolony alebo jej zniCeniu. Za
ucelom dosiahnutia identifikacie zlozky systému sa vyuZzi-
vaji metody umoziujice zvysSenie koncentracie zakoncen-
trovanim, predizenia zdrzného &asu v NMR kyvete
a vymeny nevhodnych nedeuterovanych rozpustadiel za
deuterované.
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Jednym z prikladov praktického vyuzitia HPLC-NMR
v praxi je identifikacia a stanovenie niektorych flavonoi-
dov v pive. Flavonoidy st vyznamnou skupinou antioxi-
dantov, uvolnuji sa napriklad tepelnym spracovanim rast-
linnych materialov. Pri priprave piva st jednym z ich hlav-
nych zdrojov chmel’! a ja¢men”. Pivo je velmi obltibeny
produkt a jednym z parametrov jeho kvality by mohol byt
obsah antioxidantov. Vel'mi ¢asto opominanou skupinou
latok su produkty degradéacie antioxidantov, ktoré maju
Casto mutagénne a karcinogénne u¢inky a prave preto je
podstatné ich sledovanie a identifikdcia. NMR je jednym
z unikatnych moznosti ich identifikacie. Pivo predstavuje
velmi komplikovani matricu obsahujticu alkohol, cukry,
bielkoviny a d’al§ie lipofilné zluceniny, ktoré vyrazne
komplikuji stanovenie fenolickych antioxidantov. Preto
prvym krokom musi byt odstranenie vacsSiny tychto inter-
ferujucich latok a to sa uskutociiuje pomocou modifikova-
nych metod SPE (solid phase extraction).

Dalsim krokom je zakoncentrovanie pozadovanych
latok do najvyssich moznych koncentracii, pri ktorych este
neprichadza k poskodeniu HPLC kolén a sucasne su latky
rozpustné v mobilnej faze. Dalsou moZnostou je skoncen-
trovanie vzorky v predkolone alebo na hlave kolony. Pod-
mienkou UspeSnej separacie je najdenie chromatografic-
kych podmienok, ktoré su kompatibilné s NMR detekciou
napr. limitacia v pouZiti tlmivych roztokov v mobilnej faze
alebo rozpustadiel s vacSim poctom neekvivalentnych
protonov. Pocas separacie zmesi s komplikovanou matri-
cou a vel'mi koncentrovanych roztokov mdze prist’ k zhor-
Seniu separdcie stanovovanej latky od pripadnych interfe-
rujucich latok a preto sa pred vstupom do NMR detektora
sa umiestiiuje nedeStruktivny detektor . Pre antioxidanty je
jednym z idealnych detektorov elektrochemicky detektor’,
ktory je deStruktivny a tak vznikd nutnost’ pouzit’ UV-VIS
detekciu. Pri HPLC separéacii Casto prichadza k zriedeniu
hl'adanych analytov a sti€asne pri preparativnej chromato-
grafii prichadza k stibeznej elucii viacerych latok, preto je
Casto potrebné vyuzit' viacdimenziondlnu chromatografiu
a viacnasobné opakovanie separacii, Co cCasto vedie
k velkym narokom na pristrojové vybavenie, ktoré nie
vzdy spiiiaji az prili§ automatizované robotické systémy.
V naSich podmienkach vznikla nutnost hardwarovo aj
softwarovo upravit a prispOsobit’ starSie zariadenia na
poziadavky jednotlivych aplikéacii. Za Gi¢elom dosiahnutia
potrebnej koncentracie pre NMR na vystupe z HPLC kolo-
ny je potrebné pouzit' rézne techniky zakoncertovania
analytov. Najjednoduchsi je opakovany zber frakcii, na-
sledné odparenie Casti organickych rozpustadiel a klasicka
extrakcia alebo SPE. Vécsinou je nutné d’alSie zakoncen-
trovanie, napriklad odparenim a rozpustenim vzorky
v minimalnom objeme deuterovaného rozpustadla. Problé-
mom antioxidantov je tepelna nestalost’ a 'ahkda moznost’
oxidacie kyslikom alebo d’al§imi zlozkami systému. Vyho-
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dou SPE je moZnost’ odstranenia mnohych tychto negativ-
nych vplyvov v on-line SPE mode, nevyhodou je ale cena
a nutnost’ premyvania velkymi nadbytkami deuterovanych
rozpustadiel najmd D,O. Nevyhnutnym predpokladom
uspesného vyuZitia SPE je znalost’ kapacity danej kolonky
pre danu latku v danej matrici a rovnako aj vytaznost.

Za ucelom identifikacie neznamych flavonoidov boli
prvé testy robené so Standardmi latok, ktoré sa nachadzajt
v zmesi a patria do tej istej skupiny latok. Boli pripravené
referencné roztoky soznamymi koncentraciami a tzv.
,umelé pivo®. ,,Umelé pivo* je roztok obsahujuci hl'adané
latky, kde matrica vzorky je simulovana pridavkom alko-
holu, cukrov alebo d’alSich latok za i¢elom zistenia vplyvu
interferentov na analyzu. Po odmerani referenénych rozto-
kov a ,,umelého piva®, je mozné jednoznacne identifikovat’
piky  voblasti aromatickej casti NMR  patriace
k jednotlivym (fenolickym) antioxidantom. Nésledne je
mozné zmerat' R spektrum piva. Na potvrdenie identity
a kvantity jednotlivych pikov je mozné pozitie vnitorného
Standardu (nitro-fenoly) alebo pridavok zndmeho mnoz-
stva referencnych latok do piva.

Teoreticky najvyhodnej$im spojenim, ktoré nam po-
skytuje najviac informacii o skimanom systéme je priame
on-line on-flow, ked’ st pouZité deuterované rozpustadla
a vystup z HPLC kolony je priamo spojeny s celou v NMR
magnete, prkladom je sledovanie asociacnych komple-
xov. Pri tomto spojeni sa pouziva deuterovand voda, na-
kolko voda obsahuje velmi vela 'H (110 mol 1’1) ajeho
signal je velmi §iroky, latky s koncentraciami mmol 1" nie
sme principidlne schopny detegovat . Pri acetonitrile doka-
zeme pracovat’ aj s nedeuterovanym rozpustadlom strati-
me vSak oblast NMR spektra, v ktorej sa nachadzaju che-
mické posuny daného rozptstadla, ani to nie je mozné
robit’ priamo, nakolko aj tento signl by prekrocil dyna-
micky rozsah detektora, ale je tu moznost’ potlacit’ tento
signal vhodne zvolenou pulznou frekvenciou danej oblasti
pomocou SCAUT SCANu (identifikacia majoritnych sig-
nalov  rozpustadla) apomocou WET frekvencie
(dekapling) tieto oblasti odfiltrujeme. Samozrejme tym
stracame informécie z danych oblasti NMR spektra a ich
okolia.

Nezanedbatelnym problémom je tvorba "*C satelitov,
ktoré su v klasickych 'H spektrach zanedbatelné. Pri kom-
binacii HPLC-NMR st jednozna¢ne najdominantnejSimi
signalmi v spektre. Sledovanie asociacnych komplexov je
velmi vyznamné najmd urdznych farmaceutik nakolko
ich vytvaranim napr. s alkoholom prichadza k zmene G¢in-
ku daného lieciva prikladom moézu byt niektoré derivaty
diazepamu, ked prichadza k zmene sedativneho u¢inku na
narkoticky a priame spojenie HPLC s NMR ndam v tomto
pripade dokaze dat’ niektoré odpovede tykajuce sa pritom-
nosti a aj $truktiry danych systémov. Dalsim délezitym
aspektom je ¢asovo narocnost’ merania. PouZziva sa preru-
Senie prietoku mobilnej fazy s naslednym zadrzanim ana-
lytu v NMR magnete. Takto napriklad mozno sledovat’
rozpadové charakteristiky vznikajicich komplexov, pri-
padne zistit’ viac inform4cii o danych latkach v tomto mo-
de mozno ziskat’ klasické protonové spektrum. Chromato-
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grafické podmienky su ale ¢asto za hranicou stability kolo-
ny, ¢o vedie k rychlej degradacii HPLC kolony. Rovnako
tieto metddy vyZaduju aspoii priblizni optimaliziciu sepa-
racie, nakolko casto prichadza k ,prerazeniu®“ kolony
a vd’aka tomu strate separacnych vlastnosti. BeZne pouzi-
vany parameter v kvapalinovej chromatografii je ionova
sila a zmena pH. Tieto maji velky vplyv na zmenu pod-
mienok v magnetickom poli. V naSom pripade prave pri
sledovani tvorby komplexov zvySovanim idnovej sily
viedlo k zzeniu pikov atym aj efektivnej koncentracie
analytu v NMR cele, sucasne ale pritomnost’ iénov viedla
k destabilizacii magnetického pol'a a bolo nutné pracovat’
s roztokom s ¢o najniZSou i6novou silou. Vel'mi podstat-
nom parametrom pri on-line merani je aj stabilita prietoku
a tlaku v NMR cele a stym spojena stabilnost’ zloZenia jej
obsahu aj najmensie vychylky sa vyrazne prejavia na kva-
lite zmeraného spektra. Samotné NMR meranie je zaloZze-
né na priamom scitani jednotlivych scanov (Sum sa sprie-
meruje a signdl sa zvyrazni), ak st v§ak polohy pikov ne-
dostatocne stabilné vedie to k rozsireniu pikov atym aj
poklesu pomeru signal/Sum.

Velmi vd’aénym prikladom vyuzitia HPLC-NMR su
analyzy neznamych latok v odpadovych vodach. Ako pri-
klad uvedieme jeden neStandardny model ked” bola snaha
zistenia povodcu znecistenia odpadovej vody celkovym
organickym a anorganickym dusikom. Odpadova voda na
vstupe z viacerych zdrojov obsahovala minimum celkové-
ho dusika, na vystupe z viacstupniovej Cistiarne vSak obsa-
hovala nadlimitné hodnoty. Mnohé organické latky obsa-
hujtice N st stabilné voci oxid4cii pri stanovovani celko-
vého dusika, preto bola skiimana ich pritomnost’. Odpado-
véa voda je velmi vhodna vzorka pre identifikdciu majorit-
nych zloziek, nakolko vécSinou je mozné pouzit SPE
predkoncentraciu bez nutnosti d’alSej Gpravy. V stabilnej /
chemicky upravenej a odstatej / odpadovej vode su uz
vic§inou dominantné latky v stabilnom stave a preto nie je
nutné venovat' tol’ko pozornosti ich stabilite a oxidacii.
Vel'mi vyhodnou metédou je pouzitie off-line spojenia
HPLC s NMR, ked’ sa v klasickych HPLC podmienkach
uskutocni separacia pridanim vody sa znizi elucna sila
a pouzitie d’alsej SPE vedie k vymene nedeuterovaného
rozpuitadla za deuterované. Pokusy ziskat' "N NMR ne-
boli Gspesné, 'H spektra poukazali na cukor pripominajucu
velktl molekulu, pochadzajicu z priemyselného detergen-
tu. Tymto sposobom sa podarilo identifikovat’ hlavna zloz-
ku znecistenia a nasledne sa zistilo, ze niektoré mikroorga-
nizmy sa prispdsobili, zacali tento produkt degradovat, zo
vzduchu prijimali dusik vo forme N, potrebny k existencii,
vytvorili si vlastné /toxické/ prostredie a tym sposobom
zvySovali celkovy dusik v odpadovej vode. Problém bol
odstraneny prave pridavanim biologického substratu boha-
tého na dusik v procese Cistenia odpadovej vody.

Praktické skusenosti s NMR poukazuju na experi-
mentalnu naroénost’ spojenia HPLC-NMR. Uspesne boli
namerané on-line on-flow NMR spektrd komplexov, on-
line stop-flow NMR spektra vysokokoncentrovanych latok,
off-line NMR spektra piva, off-line s vyuzitim SPE NMR
spektra odpadovych vod. Experimenty dalej pokracuju
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najmé v off-line moéde s vyuZitim SPE technik.

Cheeli by sme sa podakovat prof. J. Cizmarikovi, Ing.
N. Pronayovej, Ing. M. Kalinakovi, Bc. M. Karabinovi,
a Ing. J. Kovdcovej za pomoc a podporu. Grantovej agen-
ture Slovenskej republiky (VEGA 1/0164/11) a Narodnému
programu na podporu NMR infrastruktiry na Slovensku
dakujeme za financénu podporu, bez ktorej by nebolo moz-
né uskutocnovat vyskum v tejto oblasti.
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SKUSKY SPOSOBILOSTI AKO UCINNY NASTROJ ZABEZPECENIA KVALITY
VYSLEDKOV SKUSOK V SKUSOBNOM LABORATORIU STATNEHO
VETERINARNEHO A POTRAVINOVEHO USTAVU BRATISLAVA

LUBICA STULLEROVA
a OCGA KOVAROVA

Statny veterindrny a potravinovy iistav Bratislava, Bota-
nicka 15, 842 52 Bratislava, Slovensko
stullerova@svuba.sk, kovarova@svuba.sk

Struéna charakteristika organizacie

Statny veterinirny a potravinovy Ustav Bratislava
(dalej len SVPU Bratislava) je organizacia s bohatou his-
toriou (bol zalozeny v roku 1941), pocas ktorej prechadza-
la r6znymi organiza¢nymi zmenami. V poslednych rokoch
to bolo hlavne zaclenenie laboratorii zrusenej Slovenskej
pol'nohospodarskej a potravinovej inspekcie (dalej len

SPPI) v roku 2002 a v roku 2007 zluéenie so Statnym ve-
terindrnym a potravinovym ustavom Nitra.

SVPU sa bytostne dotykajii dva zakony: Zakon ¢&.
39/2007 Z. z. o veterinarnej starostlivosti v zneni neskor-
Sich predpisov a Zékona ¢. 152/1995 Z. z. o potravinach
v zneni neskorsich predpisov.

Hlavnym predmetom ¢&innosti SVPU je skiisanie
uradnych vzoriek potravin zivoc¢isneho a rastlinného povo-
du, uradnych vzoriek krmiv, vod, tabaku a tabakovych
vyrobkov a zabezpecenie veterinarnej ochrany tizemia SR,
na useku veterinarnej starostlivosti.

NaSe skasobné laboratoria su akreditované podla
poziadaviek ISO/IEC 17025:2005, pre nasledovnu oblast’
akreditacie:

Senzorické, mikrobiologické, chemické, molekularno-
biologické skusanie a stanovenie radioaktivity v potra-
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Obr. 1. Organiza¢na $truktiara SVPU Bratislava
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vinach, krmiviach a kfmnych komponentoch zivocis-
neho a rastlinného pévodu, tabaku, tabakovych vyrob-
kov, vo vode a v zloZkach Zivotného prostredia.
Sérologické, virologické, parazitologické, mykologic-
ké, bakteriologické, patologicko-anatomické, moleku-
larno-biologické a toxikologické skusanie biologic-
kych materidlov a diagnostikovanie priin ochoreni
a hynuti zvierat.

Vyjadrovanie ndzorov a interpretcii.

Sme laboratoria s fixnym aj flexibilnym rozsahom
akreditacie. V ramci flexibilného rozsahu mame akredito-
vanych 659 parametrov/analytov a 8 principov metéd. Vo
fixnom rozsahu je 46 principov s 388 analytmi.

Ako vidiet zorganizacnej Struktiry nasho ustavu,
okrem laboratérnej diagnostiky (skusSobnych laboratorii),
ktora tvori prevazni va&sinu &innosti Gstavu, SVPU Brati-
slava ma aj akreditovany Certifikacny orgéan pre certifika-
ciu pracovnikov vykonavajicich senzorické posudzovanie
potravinarskych a pol'nohospodarskych vyrobkov, ktory
vykonava certifikaciu osdb v oblasti senzorického posu-
dzovania potravinarskych a pol'nohospodarskych vyrob-
kov, v oblastiach akreditacie:

Potravinarske a pol'nohospodarske vyrobky,
vina.
podla poziadaviek ISO/IEC 17024:2003.

Historia akreditacie naSich laboratérii je uzko spita
s histériou SNAS a siaha do devétdesiatych rokoch minu-
lého storocia, kedy v roku 1993 z Rozhodnutia predsedu
UNMS SR bol vytvoreny Slovensky narodny akreditaény
systém. Nasledne vroku 1994 zacala cesta akreditacie
nasich laboratorii (vtedy to boli laboratoria SPPI) spolu-
pracou s Ing. Obernauerom, ktory vtedy riadil technicky
vybor SNAS na akreditaciu laboratorii. A tak sme sa zara-
dili medzi prvé akreditované subjekty na Slovensku.

V ramci systematickej kontroly kvality prace sa Sku-
Sobné laboratoria SVPU Bratislava dlhé roky zucastiuju
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Obr. 2. PoCet testov a pocet analytov (parametrov) vykona-
nych v rokoch 2005 az 2011 v SVPU BA; M pocet testov, ll
pocet analytov (parametrov)
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medzilaboratornych testov (MT), jednak medzindrodnych
ako aj tuzemskych organizovanych FAPAS, FEPAS,
GeMMA, VUVH, UKZUZ Brno ainymi organizdciami,
s vybornymi vysledkami. Prehl'ad poctu medzilaborator-
nych testov a analytov, resp. parametrov, ktorych sa naSe
laboratoria zicastnili v poslednych rokoch je uvedeny na
obr. 2.

Z uveden¢ho vyplyva, ze naSe laboratoria aj
v minulosti, prikladali velkt vaznost' Gcasti na skuskach
sposobilosti, medzilaboratérnych porovnaniach (d’alej len
PT/MP). Zponuky organizovanych PT/MP (hlavne
z ponuky FAPAS, FEPAS) sme si vyberali takmer vsetky
PT/MP, ktoré suviseli s nasimi akreditovanymi skuSkami.
Hospodarska kriza zasiahla samozrejme aj nasu organiza-
ciu a primédla nés stanovit’ si pravidla na prihlasovanie sa
do PT/MP. Uz sme sa neprihlasovali, tak ako to bolo zvy-
kom v minulosti, na vSetky pontikané analyty, vo vSetkych
matriciach, kazdy rok. Kym v minulosti ro¢né finanéné
néklady na MP sa pohybovali okolo 1 miliéna Sk, v roku
2011 dosiahli hodnotu ,,len“ 25 000 €, ¢o predstavuje cca
750 000 Sk.

Pravidla uéasti SL SVPU v medzilaboratérnych
porovnavaniach v sicasnosti

V sulade s Politikou SNAS na tcast’ v skuskach spo-
sobilosti a v silade s MSA-1L/14 sme spracovali stratégiu
Gcasti SVPU BA na vhodnych PT/MP, na jeden akreditad-
ny cyklus, ¢o je v nasom pripade do roku 2015.

Postup bol nasledovny:

identifikovali sme podoblasti, ktoré su pokryté rozsa-
hom akreditacie a v ktorych prostrednictvom ucasti
v jednom porovnavacom teste mozno vztiahnut kvali-
tu ziskanych vysledkov na ostatné techniky, vlastnosti
a predmety v ramci jednej  podoblasti.
Pri definovani podoblasti sme postupovali od techniky
merania/principu metody, cez vlastnost/parameter po
predmet/matricu. Definovanim podoblasti sme si urci-
li ,,rozsah Gcasti®.

urcili sme si frekvenciu ucasti pre kazda podoblast
(pre kazdi podoblast’ rozne, ale minimalne jedenkrat
pocas akreditaéného cyklu),

definovali sme si, ze Stratégiu ucasti na PT budeme
preverovat’ a prehodnocovat jedenkrat rocne pocas
preskiimania manazmentom tak, aby bola splnena
poziadavka SNAS: , Laboratoria sa pocas jedného
akreditacného cyklu musia zucastnit skusok sposobi-
losti alebo inych vhodnych medzilaboratornych porov-
nani a dosiahnut' v nich uspokojivé vysledky v kazdej
podoblasti  cinnosti, ktora je definovana v ich
,,Rozsahu akreditacie”, ak sa takéto porovnania orga-
nizuju, su dostupné a vhodné. V pripade neuspokoji-
vych vysledkov v MP je nutna opdtovna ucast’.

ak pre niektorh podoblast’ nie su dostupné vhodné
medzilaboratdrne porovnania, je mozné pouZzit’ napri-
klad:

porovnania zamerané¢ na hodnotenie vykonnost-
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nych charakteristik metod

— zaslanie internej vzorky alebo predmetu do iného
alebo viacerych externych laboratorii za ucelom
porovnania dat

— stanovenie charakteristik referenénych materidlov
(¢o vyuzivame aj ako jeden z prvkov zabezpeco-
vanie kvality vysledkov skuSok. Spravnost’
a presnost’ vysledkov kontrolujeme pravidelnym
zaradovanim CRM alebo RM medzi beZzne analy-
zované vzorky. Vysledky analyz CRM a RM
v priebehu urcitého Casového rozpitia priebezne
zaznamenavame vo forme regulacnych diagra-
mov, v ktorych sledujeme a vyhodnocujeme tren-
dy.)

— porovnanie vysledkov dvoch alebo viacerych
laboratérii na zaklade ich vlastnej iniciativy,
(V takychto pripadoch je vSak potrebné, aby boli
jasne dopredu definované kritéria a postupy, na
zéaklade ktorych budu vysledky MP vyhodnotené
tak, aby boli akceptovatel'né pre Gcely PT. VSetky
takto organizované MP, ktoré budu vyuzivané aj
pre uéely PT, musia spliiat’ relevantné poziadavky
normy ISO/IEC 17043: 2010.)

— ak ni¢ vhodné nendjdeme, je nutné problém pre-
konzultovat’ so SNAS (Pitevné metddy: Priciny
uhynu vtakov, plazov a ryb, Pri¢iny tthynu cicav-
cov).

Co v pripade netspeSnej ucasti
v medzilaboratérnych porovnavaniach

Vyhodnotenie uspesnosti v PT/MP vykonavame prie-
bezne anavySe celkové vyhodnotenie vysledkov ucasti
laboratorii na skuskach spdsobilosti alebo inych medzila-
boratornych porovnavaniach za celti organizaciu, robime
raz rocne, pri preskimani manazmentom. Priebezné sledo-
vanie uspeSnosti vykondvaju veduci oddeleni — vyplnenim
interného formularu — ,,Zaznam o medzilaboratéornom tes-
te” a pripadnym prijatim napravnych opatreni vyplyvaji-
cim z netspesnej Gcasti na medzilaboratornom teste, ktoré-
mu samozrejme vZdy predchadza ddsledna analyza pricin.
V pripade neuspesnej ucasti v PT/MP vzdy analyzujeme
pri¢iny takejto situdcie a prijimame také népravné opatre-
nia a vykoname také Cinnosti, ktoré zabezpecia, aby sa
problém trvalo odstranil a v budiicnosti sa neopakoval.

Vhodnost’ a G¢innost’ prijatych napravnych opatreni
preskima manazér kvality. Zaznamy o overeni U¢innosti
prijatych NO urobi manazér kvality priamo do formuléara
NO, v ¢asti ,,Overenie uc¢innosti NO*.

Zaver

SVPU Bratislava tak ako v minulosti, tak aj dnes pri-
klada velka vaznost’ skiiskam sposobilosti a povazuje ich
za Uucinny nastroj zabezpecenia kvality vysledkov skusSok.
Utast v PT vnimame ako jedno z délezitych ,koliesok*
pomyselnych hodin neformalneho fungovania systému
kvality na nasom ustave. Snahou je nerobit’ ,strasiaka“
z neuspesnej Ucasti v PT/MP, ako aj z inych nezhdd ziste-
nych, napriklad z internych auditov. Nasim cielom je cha-
pat situaciu ako proces neustaleho zlepSovania.
V priatel'skej atmosfére vSetkych zainteresovanych pra-
covnikov, v zmysle 'udového porekadla ,,Viac hlav, viac
rozumu®, dosledne zanalyzovat' priiny nezhody a ndjst’
sposob rieSenia, vykonat také cinnosti, opatrenia, ktoré
zabezpecia, Ze sa problém trvalo vyriesi a v budicnosti sa
dana nezhoda uz nebude opakovat. Popritom by sme ni-
kdy nemali zabudat’ na ¢loveka ako Iudsku bytost’. Nasim
cielom nie je l'udi trestat za zistené nedostatky. Tresty
vyvolavajl strach a nedoveru a vedu ku klamstvu a utajo-
vaniu zavaznych skutocnosti. Pozitivna motivacia je
omnoho uc¢innejsia ako sankcie.

Pouzité skratky

CRM Certifikovany referen¢ny material

FAPAS Food Analysis Performance Assessment
Scheme

FEPAS Food Examination Performance Assessment
Scheme

GeMMA Genetically Modified Material Analysis

MSA Metodicka smernica na akreditaciu

NO Napravné opatrenie

PT/MP Skuska sposobilosti/medzilaboratorne
porovnanie

RM Referencny material

SNAS Slovenska narodna akredita¢na sluzba

SPPI Slovenska pol'nohospodarska a potravinova
inSpekcia

SVPUBA  Stitny veterinarny a potravinovy tstav Bra-
tislava

UKZUZ Ustfedni kontrolni a zkusebni tstav zemé-
délsky

UNMS SR Urad pre normalizéciu, metrologiu
) a sktSobnictvo Slovenskej republiky
VUVH Vyskumny ustav vodného hospodarstva

LITERATURA

1. Politika SNAS na ucast v skuskach spésobilosti RR-
P23, vydanie 1, SNAS, Bratislava 2011.

2. MSA-L/14: Stanovenie rozsahu a frekvencie ucasti
v skuskach sposobilosti, vydanie 1, SNAS, Bratislava
2011.
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DOPOVANEJ DIAMANTOVEJ ELEKTRODY

LUBOMIR SVORC**, JOZEF SOCHR?,
PETER TOMCIK®, MIROSLAV RIEVAJ*
a DUSAN BUSTIN?

“ Ustav analytickej chémie, Fakulta chemickej

a potravinarskej technoldgie, Slovenskd technicka univer-
zita v Bratislave, Radlinského 9, 812 37 Bratislava,
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zita v Ruzomberku, Hrabovska cesta 1, 034 01 Ruzombe-
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Analyza lieCiv je nevyhnutnou sucastou analytickej
chémie zohravajuca vyznamn( Ulohu v klinickej chémii
najmd pri intoxikacii pripadne podozreniach na predavko-
vanie lie¢ivami. Studované latky — paracetamol a penicilin
V — sa pouzivaju pri ochoreniach infekéného charakteru,
ktoré su zvyc€ajne spojené s bolestami hlavy a vysokymi
teplotami. V biologickych vzorkach sa najcastejSie stano-
vujui vysokoucinnou kvapalinovou chromatografiou. Praca
sa zaobera vyvojom novej elektrochemickej metdody na
stanovenie stopovych mnozstiev paracetamolu a penicilinu
v P'udskom mo¢i vyuzitim bérom dopovanej diamantovej
elektrody ako citlivého a selektivneho elektrochemického
senzora bez nutnosti modifikacie a elektrochemickej pred-
upravy jeho povrchu. Elektrochemicky mozno Studované
lie¢iva stanovit’ ich oxidaciou pri vyssich kladnych poten-
cidloch (+0.9 Vwvs. Ag/AgCl uparacetamolu resp.
+1.25 V vs. Ag/AgCl u penicilinu V). Dostato¢né rozlise-
nie potencidlovych maxim a symetricky tvar oxidac¢nych
pikov umoziuju ich simultanne stanovenie. Ciel'om prace
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bol vyber vhodného elektrolytu, Stidium elektrodovych
dejov a optimalizacia experimentalnych a inStrumen-
talnych podmienok pre simultanne stanovenie Studovanych
lieCiv (vplyv pH a polarizacnej rychlosti) v acetatovom
pufri s pH 5.0 pomocou cyklickej a ,,square-wave* voltam-
pérometrie.

Dosiahnuté analytické parametre charakterizujuce
vykonnost’ metddy pre paracetamol resp. penicilin V boli:
medza detekcie LOD = 0.21 a0.32 pmol L', linearny
koncentraény rozsah 0.4-100 pmol L™ a opakovatelnost
RSD = 1.5 a 2.1 %. Metoda je vysoko selektivna, interfe-
renty bezne pritomné v moci (cukry, kyselina askorbova a
kyselina mocova) ani vo vysokom nadbytku neovplyviuji
oxida¢né signaly paracetamolu a penicilinu V. Vysoké
vytaznosti v pripade modelovych vzoriek T'udského mocu
(od 98 do 105 % pre paracetamol a 95 do 102 % pre peni-
cilin V) poukazuju na spravnost navrhovanej metody.
Prakticka aplikovatelnost’ metddy bola overend na real-
nych vzorkach l'udského mocu u chorych pacientov uziva-
jucich komer¢né tablety PARALEN a PENICILIN V. Na-
vrhovana analytickd metdda je v porovnani s chroma-
tografickymi a optickymi metodami rychla, lacna
a jednoducha, bez potreby predkoncentracného kroku.
Praca nadvizuje aj na aktualny trend v oblasti vyvoja no-
vych elektrochemickych metdd stopovej analyzy a vyuzi-
tia novych elektrodovych materidlov na rieSenie klinic-
kych, potravinarskych a environmentalnych problémov.

Tato praca bola podporena Vedeckou grantovou
agenturou VEGA Ministerstva Skolstva SR a Slovenskej
akadémie vied (projekty ¢. 1/0182/11 a 1/0008/12) a Prog-
ramom na podporu mladych vyskumnikov (¢. 6406).
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Summary

In connection with still developing sector of organic
farming including viticulture, and the growing production
of organic food products, there is a legitimate demand of
both, food control authorities and consumers towards ob-
jective methods applicable on unambiguous proving of
wine origin from agricultural and production practices
points of view. Objective qualitative markers/methods
enabling the reliable differentiation of organic and conven-
tional wines are the subject of intensive research.

In this contribution, the utilization of multivariate
statistical methods (principal component analysis (PCA),
principal component factoring (PCF) as well as methods of
discrimination analysis — canonical discrimination (CDA)
and k™ neighbour discrimination) on experimental UV-
VIS and EPR characteristics of group of Slovak organic
and conventional white and red wines were applied, in
order to test the possibilities of their utilization for the
discrimination of wines according to the way of produc-
tion as well as to test the prediction and recognition ability
of the statistical models used. Results obtained clearly
indicated that the statistical evaluation of objective spectral
characteristics enable with high correctness differentiate
and classify the wine samples. Without respect on wine
variety or type (red vs. white), CDA possessed 95.8 %
correct classification, in case of k™ neighbour discrimina-
tion, 100 % (k=1) and (75 %) correct classification accord-
ing to the way of production was obtained, respectively.
The prediction ability tests possessed also very promising
results, as the classification score reached 95 %. All the
previously mentioned statistical data were obtained with-
out respect on type of wine. In case wine samples of the
same type are subjected to discrimination, and classifica-
tion, the results of statistical analysis are very similar or
even better.

Based on these findings, spectroscopic characteristics
are suitable for the purposes of verification of origin —
affiliation — of wine sample/s to the individual wine pro-
duction system, involving selected methods of multivariate
statistics. Further spreading of the sample set is desirable
to improve the robustness of the differentiation procedure.
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Introduction

In recent years, the growing consumer’s demand for
products that meet health and food safety requirements has
led to increased development of organic agriculture. Alt-
hough there exist fundamental differences in organic and
conventional production practices, only limited infor-
mation is available on their impact on the nutritional quali-
ty, especially in terms of health-related antioxidants of
food crops. Organic systems emphasise the accumulation
of soil organic matter and fertility over time through the
use of cover crops, manures, and composts. Conventional
practices utilise fertilizers containing soluble inorganic
nitrogen and other nutrients, which are more directly avai-
lable to plants. The availability of inorganic nitrogen influ-
ences the synthesis of secondary plant metabolites, pro-
teins, and soluble solids'.

Crucial part of still developing sector of organic agri-
culture represents organic viticulture. Based on the availa-
ble statistical data from 2011, at the end of 2009 in Europe
more than 167°000 hectares of vineyards were managed
organically, corresponding to around 3.8 % of all vine-
yards. The biggest producers were Spain, Italy and
France’.

In the European Union, the practices of organic wine
production are based on the Council Regulation (EC)
834/2007, that laid down in the objectives and principles
for organic wines production and the general production
rules, starting with soil & vineyard management, wine-
making practices, as well as some technical information
regarding hygiene standards, handling conditions, etc’.
The primary aim of organic viticulture is to improve the
wine quality as well as reduce the impact on the environ-
ment, compared to conventional methods which include
use of potentially harmful chemical pesticides, or herbi-
cides, in addition to other additives and preservative.

Wines represent rich source of biological active sub-
stances, especially phenolic compounds with multiple
biological effects, including antioxidant activity. The
quantities and composition of these compounds vary de-
pending on many factors, such as grape variety, grape
maturity, environmental and grown conditions or geo-
graphical location. Besides, different vinification tech-
niques may also affect changes in bioactive compounds
composition. Up to the present, there are only few studies
focused on the impact assessment of production systems
and wine-making practices on organic and conventional
grapes and wines quality. Main differences between them
have been found right in the content of phenolic com-
pounds, organic acids or anthocyanins. Organic wines
were also characterized by the higher concentration of
minerals and essential elements, especially Ca, K, Mg or
Cu'*®. But these differences are still ambiguous.
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Another problem is that continuous development of
organic viticulture leads to legitimate demands on quality
control and authenticity of organic products, including
wines. However, although up to date, there are various
methods used for organic and conventional wines differen-
tiation, there are no validated methods suitable for their
unambiguous differentiation and verification of their
origin. The correctness of the individual differentiation
methods is still non-satisfactory'*®. Therefore, it is neces-
sary to find characteristics — markers indicating pertinence
of wines to these viticulture production systems and to
develop the reliable methods/practices enabling unambigu-
ous provement of the affiliation of individual wine to the
respective production system.

In this contribution, the utilization of multivariate
statistical methods (principal component analysis (PCA),
principal component factoring (PCF) as well as some
methods of discrimination analysis, i.e., canonical discrim-
ination (CDA) and k™ neighbour discrimination) for the
purposes of wine origin authentication is tested. For these
purposes, objective spectral characteristics obtained on
group of 12 organic red and white wines and their corre-
sponding conventional counterparts by EPR and UV-VIS
methods were obtained. Wine sample of the same vintage
were tested to their ability to scavenge ‘DPPH, ABTS™
and TEMPOL radicals, their antioxidant activity to-
wards ‘OH radicals directly generated in samples via
chemical reaction was evaluated as well. Besides that, the
content of polyphenolic compounds (TPC) as well as the
formation of oxidative products (TBARS) and their ferric
ions reducing ability was assessed.

Table I

List of representative wine samples and their characteristics
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Experimental
Samples

Table I summarizes representative wine samples ori-
ginating from Slovak wine-making region Modry Kameri.
For each variety, samples from organically (O) and con-
ventionally (C) cultivated vineyards were selected

UV-VIS experiments

The UV-VIS experiments were carried out using UV-
VIS-NIR spectrophotometer Shimadzu 3600 with accesso-
ry. The experiments were performed in duplicates. Radical-
scavenging activities (RSA) of wine samples were evaluat-
ed using the solution of 2,2-diphenyl-1-picrylhydrazyl
(DPPH) free radical and 2,2"-azino-bis(3-ethyl-
benzthiazoline-6-sulfonic acid) cation radical (ABTS™),
respectively. For both radicals, radical-scavenging ability
was determined as previously described by Polovka et. al’.
In addition, total phenolic compounds content was estimat-
ed by Folin-Ciocalteau modified method, using standard
solution of Gallic acid for calibration curve construction.
Result were expressed as Gallic acid equivalent (GAE,
mg I'). In addition, the capability of wine samples to re-
duce Fe** to Fe*', as well as the formation of oxidation
products (expressed as tiobarbituric acid reactive substanc-
es ("I;BARS) number), was tested as described by Suhaj
et. al’®.

EPR experiments

The entire EPR experiments were performed in dupli-
cates, using a portable X-band EPR spectrometer e-scan
(Bruker Biospin, GmbH, Karlsruhe, Germany) with acces-
sory. The ability of wine samples to terminate ‘DPPH,

Organic viticulture

Conventional viticulture

ID Sample Category  Type ID Sample Category Type
01 Chardonnay 2008 Dry White CI Chardonnay 2008 Dry White
02 Chardonnay 2009 Dry White C2 Chardonnay 2009 Semidry White
o3 Pinot blanc 2008 Dry White C3 Pinot blanc 2008 Dry White
04 Pinot blanc 2008 Dry White Cc4 Pinot blanc 2008 Dry White
05 Pinot blanc 2009 Dry White Cs5 Pinot blanc 2009 Dry White
06 Roter traminer 2003 Dry White co6 Roter traminer 2003 Dry White
o7 Roter traminer 2008 Dry White c7 Roter traminer 2008 Semisweet White
08 Blaufrankisch 2008 Dry Red Cc8 Blaufriankisch 2008 Dry Red
09 Pinor noir 2009 Dry Red c9 Pinor noir 2009 Semisweet Red
010  Cabernet Sauvignon 2008 Dry Red C10  Cabernet Sauvignon 2008  Dry Red
Ol11  Cabernet Sauvignon 2008 Dry Red Cl1  Cabernet Sauvignon 2008  Dry Red
012  Cabernet Sauvignon 2009 Dry Red CI12  Cabernet Sauvignon 2009  Dry Red
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ABTS™ and TEMPOL free radicals was examined as pre-
viously described by Polovka et. al’. The ABTS™"/'DPPH
radical-scavenging activities were expressed as Trolox
equivalents (TEACaprs.+/-pppn), in case of TEMPOL as
Ascorbic acid equivalent (AAE). Kinetic aspects of indi-
vidual radicals decay resulting from their reaction with
antioxidant (radical scavengers) present in respective wine
samples were evaluated by fitting the observed time-
dependent decrease of corresponding EPR signal to the
model of proper kinetic equation. The k parameter was
evaluated with the meaning of formal rate constant of
ABTS™, ‘DPPH and TEMPOL radicals decay, respective-
ly’. To monitor the antioxidant activity of wine samples,
hydroxyl radicals were generated via thermal decom-
position of radical initiator (K,S,0g) and trapped by
5,5-dimethyl-1-pyrroline-N-oxide (DMPO). Results of
antioxidant activity test were expressed as % of radicals
scavenged (% RS)’.

Statistical analysis

To distinguish the organically produced wines from
those of conventional production, multivariate statistical
calculations employing methods of principal component
analysis, principal component factoring, canonical, and k™
neighbour discriminant analysis and classification were
performed by means of Unistat®6.1 (Unistat, London,
United Kingdom) statistical software, taking into consider-
ation all the experimental data obtained both from UV-VIS
and EPR experiments. The recognizability of discriminant
model was determined as the percentage of the correctly
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classified samples in the training data set. In addition, the
prediction ability was tested, as the percentage of the sam-
ples correctly classified in the leave-multiple-out cross-
validation approach’.

Results and discussion

Characterisation of antioxidant and radical-
scavenging properties by UV-VIS and EPR

In accord with our expectations, results of EPR and
UV-VIS experiments proved generally the higher values of
all evaluated characteristics for samples of red wines,
without respect on whether organic or conventional. This
is especially the case of total polyphenolic compounds
content (Fig. la), but the same trend is visible in the for-
mation of oxidative products, herein expressed as TBARS,
the ability of wines to reduce ferric ions (FRP) and all the
antioxidant properties characteristics evaluated.

As regards the radical-scavenging and antioxidant
properties of wines assessed either by UV-VIS or EPR
spectroscopy, all wine samples exhibited significant radi-
cal-scavenging and antioxidant properties in all the assays
used. Again, generally higher radical-scavenging and anti-
oxidant properties of red wines in comparison to white
ones were proved, however, great variability of results
even within respective group with common general pro-
perties (red vs. white wines, organic vs. conventional) do
not allow to distinguish the organic and conventional
wines on the basis of differences in these properties. This
variability is well documented on Figure 1b, depicting the
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Fig. 1. a: Averaged content of total polyphenolic compounds determined in organic and conventional wine samples, expressed as
Gallic acid equivalents (GAE, mg I'"). b: ABTS™ radical-scavenging ability of organic and conventional wine samples character-
ised by UV-VIS spectroscopy expressed as Trolox-equivalent antioxidant capacity (TEAC, mmol I'")
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results of ABTS™ radical-scavenging ability of organic
and conventional wine samples characterised by UV-VIS
spectroscopy. For the purposes of direct comparison, all
the experimental results were re-calculated and expressed
as Trolox-equivalent antioxidant capacity (TEAC). It is
obvious, that in some cases, the better RSA exhibited or-
ganic wines (e.g., O vs. CI, or O12 vs. C12), in the others
the results are comparable or within the measurement un-
certainty (e.g., O10 vs. C10), and logically, in some cases
the better radical scavengers are the conventional samples.
Practically identical observations were obtained in ‘DPPH
assays. It is also obvious very good correlation between
the TEAC values evaluated from EPR and UV-VIS assays.

Antioxidant activity of wine samples evaluated as
their ability to terminate the ‘OH radicals and expressed as
% of radicals scavenged (%RS). Again, in accord with
expectations, white wines revealed the lower %RS values
than the red ones, however, it is obvious from the results
obtained, that in average higher %RS values were obtained
for white organic wines in comparison to their convention-
al counterparts.

Single-correlation matrices of all determined charac-
teristics calculated separately for organic and conventional
wines indicated high positive correlations of most of cha-
racteristics determined by UV-VIS and EPR with the con-
tent of polyphenols, exception for ascorbic acid equiva-
lents and the values of krgzypor, both evaluated from
TEMPOL assay, for which very weak or even negative
correlations with all other characteristics were determined
for both, organic and conventional wines. However, com-
parison of correlation coefficients does not lead to clear
differentiation of organic and conventional wines, alt-
hough their values are in case of conventional wines some-
what lower.

Component 2

Component 1

ACP 2012 — Stcasny stav a perspektivy analytickej chémie v praxi

Lectures

Processing of experimental data set by the methods
of multivariate statistics

In view of high variability of results, the ambiguous
trends even within individual groups, it can be concluded
that single correlation or processing of information from
any single assay used for samples characterisation sepa-
rately, do not allow to perform unambiguous differenti-
ation of wine samples according to the way of production.
Thus, methods of multivariate statistical analysis were
applied on the whole dataset of experimental characteris-
tics for the purposes of their discrimination. Two general
approaches were used, first, wines were differentiated ac-
cording to their affiliation to either organic or conventional
production system without respect on their type (red/
white), and then, the discrimination was performed sepa-
rately for the red and white wines. For these purposes,
principal component analysis — PCA, principal component
factoring — PCF, as well as discriminant analysis — both
canonical — CDA and k™ neighbour discrimination and
classification were utilized. The recognition and prediction
ability of the methods used for discrimination were tested,
as well.

Plot of principal components depicted on Fig. 2a
clearly indicates that that the successful differentiation of
wines was obtained by the PCA, utilizing the entire group
(12) of experimental characteristics for the principal com-
ponents construction. As is obvious from the data depic-
ted, there exist two main discrete groups of eigenvectors,
corresponding to organic and conventional wine samples,
without respect on whether red or white. As also follows
from the results of PCA, first three principal components
cumulatively explain more than 85 % of the whole varia-
bility of dataset of experimental characteristics. At the
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Fig. 2. a: Differentiation of Slovak organic and conventional red & white wines on the basis principal component analysis of 12
descriptors of antioxidant and radical-scavenging activity (O — organic wines, C — conventional wines). Both, red and white wines
were subjected to differentiation altogether. b: Plot of factors (varimax rotation) indicating the importance of individual descriptors
for the purposes of organic and conventional wines differentiation on the basis of correlations of descriptor vectors with individu-

al samples vectors
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same time, as follows from table of eigenvectors (data not
presented), the values of TPC and TEACs play the domi-
nant role in the construction of the 1* principal component,
while in the 2™, values of AAE and in the 3", kinetic pa-
rameters kpppy and krgypo are of high significance.

As it is necessary to differentiate and discriminate
two types of objects (organic vs. conventional samples),
one discriminant function was constructed by CDA. For its
construction, AAE values, as well as %RS and kzzyror
values were utilized as the most powerful discriminators.
By means of CDA, 95.8 % correct classification of wines
was obtained according to their affiliation to respective
production system. In fact, from totally 24 classified sam-
ples, only one sample — C5 — was misclassified as to be the
organic wine.

Regarding the significance of individual experimental
characteristics on the discrimination process, high im-
portance of AAE and krgypor, as well as of %RS, was
confirmed also by the principal component factoring in
varimax rotation, and is obvious from the plot of vector
scores (Fig. 2b). Vectors corresponding to the previously
mentioned characteristics lay in different sectors or far
apart from the rest.

K™ nearest neighbour classification procedure was
performed in two approaches — for k=1 and k=2, classify-
ing the selected object into groups by comparison its prop-
erties to 1 and 2 nearest objects in its neighbourhood, re-
spectively. The former approach possessed 100 %, while
the later, only 75 % correct classification, considering
6 samples of conventional wines as the organic. This clas-
sification procedure was also used to test the prediction
ability of the model in cross-validation test. Results ob-
tained indicated, that the prediction ability is very high, as
the classification score reached 95 %.

When all the statistical methods are applied separately
on the group of red and white wines, they give somewhat
different results in some aspects. PCA in case of white
wine samples was able to differentiate the organic and
conventional samples, while in case of red wines, the vec-
tors corresponding to organics and conventional wines are
not so clearly separated. This is probably caused by the
changed variability of the system — reduced numbers of
samples and thus, the increased role of individual sample
characteristics (and their variability) for the differentiation
and classification of the whole group. This assumption
also supported the eigenvectors tables, from which the
increased role of e.g., TPC, FRP and TBARS, but de-
creased role of AAE and %RS is obvious, both, for red and
white wines. While in case of white wines 100% correct
discrimination of organic and conventional samples was
obtained by CDA, this procedure could not be applied on
red wine samples as due to the reduced number of samples
the singular matrix was obtained. Using the k™ nearest
neighbour classification, in case of white wine samples,
100 % and 85 % correct classification was reached for k=1
and k=2, respectively. In case of red wine samples, practi-
cally identical results were obtained.
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Conclusion

Characteristics of radical-scavenging properties of
Slovak conventional and organic wines can be effectively
used for the purposes of their differentiation from the way
of production points of view, involving methods of multi-
variate statistics. To increase the reliability and robustness
of the discrimination models, further experiments are ne-
cessary to spread out the dataset of experimental characte-
ristic, increasing thus the variability of the data set. In this
context, the analysis of additional wine samples of corre-
sponding counterparts is desirable. Another possibility of
widening of number of samples is the consideration of
regional effects, i.e., to compare the characteristics of or-
ganic and conventional wines from different regions/
countries.

This contribution is the result of the project imple-
mentation ,,Centre of Excellence for Contaminants and
Microorganisms in Food* supported by the Research &
Development Operational Programme funded by the
ERDF. Wine producers Vino Natural Domin&KuSicky and
Agro Movino Velky Krtis are gratefully acknowledged for
their kind cooperation and free samples provision.
REFERENCES

1. Vréek 1., Bojié M., Menda$ G., Medié-Sari¢ M.: Food

Chem. 124, 1 (2011).

Research Institute of Organic Agriculture FIBL. Or-

ganic Grape Area: Development by Region 2005-

2009. (2011) <http://www.organic-world.net/statistics

-data-sources.html>.

. Trioli G., Hofmann U. ORWINE: Code of Good Or-
ganic Viticulture and Wine-making. (2009). <http://
www.orwine.org/intranett/libretti/-orw%20gb%
20bassa_264 01 0 .pdf>.

. Mulero J., Pardo F., Zafrilla P.: J. Food Compos Anal.
23,6 (2010).

. Cozzolino D., Holdstock M., Damberds R.G., Cynkar
W.U., Smith P.A.: Food Chem. /16, 3 (2009).

. Provenzano M.R., El Bilali H., Simeone V., Baser N.,
Mondelli D., Cesari G.: Food Chem. /22, 4 (2010).

. Polovka M., Stavikova L., Hohnové B., Karasek P.,
Roth M. J.: Chromatogr., A 1217, 51 (2010).

2.

8. Suhaj M., Racova J., Polovka M., Brezova V.: Food
Chem. 97, 4 (2006).
9. Berrueta L.A., Alonso-Salces R.M., Héberger K.:

Chromatogr., A 1158, 1-2 (2007).



Chem. Listy 106, s243 (2012)

ACP 2012 — Stcasny stav a perspektivy analytickej chémie v praxi

Lectures

METODY SKUMANIA KRIMINALISTICKEJ CHEMIE
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Kriminalisticky a expertizny tstav Policajného zboru
Slovenskej republiky je znalecky tUstav, ktorého icelom je
zabezpecenie kriminalisticko-technickej a expertiznej ¢in-
nosti pre potreby Policajného zboru Slovenskej republiky,
organov ¢innych v trestnom konani a sudov, ako aj na
zabezpecenie vedecko-technického rozvoja v tejto oblasti.
V prednéaske sa budem zaoberat’ blizSie ¢innostou oddele-
nia chémie a toxikologie, ktorého t'aziskovou napliou je
vyuzivanie metdd kriminalistickej chémie.

Kriminalisticka chémia skima chemické a fyzikalno-
chemické vlastnosti prostredia, materidlov a dejov dolezi-
tych pre dokazovanie v trestnom konani. K tomu vyuziva
metody vSeobecnej, analytickej a fyzikdlnej chémie a fyzi-
ky, ktoré aplikuje a rozvija v smeroch ddlezitych pre ob-
jastovanie krimindlne relevantnych udalosti. Tak ako sa
vyvija trestna ¢innost ajej ,rafinovanost™, tak sa musi
vyvijat' aj spdsob jej odhalovania, priCom sa vyuzivaju
najnovsie poznatky a Spickové techniky a postupy. Uz
v zaciatkoch kriminalistiky sa vyuzivali chemické dokazo-
vé reakcie na rozne dokazy sluziace pri odhal'ovani pacha-
telov trestnych ¢inov. Aj v sti€asnosti sa niektoré este stale
vyuzivaju, ale najcastejsie ako skriningové metody. Potom
nasleduje dokazovanie za pouzitia pristrojovej techniky,
ktora spiiia kritéria objektivnej overitelnosti a vedecke;
oddvodnitel'nosti.

Pouzitie chemickych analytickych metdd a postupov
v kriminalistickej chémii mé niektoré Specifikd, ktoré st
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dané tym, pri vySetrovani akého trestného ¢inu sa pouZziju.
V niektorych pripadoch je potrebna identifikacia neznamej
chemickej latky, ktorej je dostatok ( niekedy aj stovky
kilogramov), ale niekedy je vzorky ovela mene;j.
V pripade zneuZivanych omamnych a psychotropnych
latok (tzv. drogy) je potrebné tato latku identifikovat
a uréit’ jej koncentréciu, teda mnozstvo ucinnej latky. Cas-
to postauje iba materidlové porovnanie — potvrdenie
zhodnosti dvoch resp. viacerych stop bez hlbokého pozna-
nia konkrétneho zlozenia vzorky ako napr. v pripadoch
ulomkov autolakov v pripade dopravnych nehod. To ale
neznamena, Ze na toto porovnanie sa nepouZziva Spickova
technika. Kriminalisticka chémia pouziva aj techniky sto-
povych analyz amikroskopickych analyz hlavne
v pripadoch stop vybus$nin na povybuchovych zvyskoch,
stop akcelerantov poziarov alebo pri skiimani povystrelo-
vych splodin. Pri tychto skimaniach na nasom pracovisku
pouzivame metddy:

plynova chromatografia s hmotnostne spektrometric-

kym detektorom,

— plynova chromatografia s plamenovo ionizatnym
detektorom,

— plynové chromatografia s detektorom elektronového
zachytu,

i6nova chromatografia,

kvapalinova chromatografia s hmotnostne spektromet-
rickym detektorom

infratervend spektrometria s Fourierovou tranforma-
ciou,

mikroinfraervena spektrometria s Fourierovou trans-
formaciou,

energiovo disperzna RTG spektrometria,

rastrovaci elektronovy mikroskop s mikrosondou.
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THE MONITORING OF EMERGING SUBSTANCES OF MUNICIPAL
AND INDUSTRIAL WASTE WATER FROM NOVI SAD AREA DISCHARGED

IN TO THE DANUBE RIVER

MIRJANA VOJINOVIC MILORADOV*?,
IVAN SPANIK®, JELENA RADONIC?,
MAJA TURK SEKULIC? DUSAN
MILOVANOVIC?, MAJA POGO?,

and OLGA VYVIURSKA"

“ Faculty of Technical Sciences, Department for
Environmental engineering and occupational health,
University of Novi Sad, Trg Dositeja Obradovica 6, 21000
Novi Sad, Serbia, " Institute of Analytical Chemistry,
Faculty of Chemical and Food Technology, STU,
Radlinského 9, 812 37 Bratislava, Slovakia
miloradov@uns.ac.rs

The water supply system in Novi Sad municipality is
based exclusively on using the groundwater from alluvial
aquifers (Qtot,av=47 Mio. m*/yr), tapped by more than 20
horizontal wells situated at three locations along the Da-
nube River. These aquifers belong to the so-called “rapidly
rechargeable aquifer” category, since they depend on the
hydrological regime of river. The abstraction of water is
achieved using bank filtration, meaning that approximately
80-90 % of water in these layers originates from the Da-
nube River and 10-20 % from the backland. Deriving
drinking water either from the Danube River or from se-
veral groundwater reservoirs, the city of Novi Sad faces a
specific problem. Two of three sources of drinking water
in Novi Sad are located only a few hundred meters down-
stream of discharges of the Novi Sad two main sewers,
GC1 and GC2. Additionally, all of groundwater abstrac-
tion points are located under densely populated urban are-
as, and one of them is located in the proximity of the oil
refinery and heating&power plant. The oil refinery in Novi
Sad could emit mineral oils and derivatives of mineral oils
into the soil and water. Moreover, the quality of drinking
water is influenced by different forms of land-use in the
backland, such as agricultural lands and drainage canal
systems. Mix of communal and industrial waste water is
discharged directly into the Danube River in Novi Sad
area.

At present, the available information about pollution
of water used for abstraction of drinking water in Novi Sad
municipality are insufficient for monitoring and risk ma-
nagement for the protection of inhabitants. Screening ap-
proaches are either not used at all or very scarcely and
most of monitoring is limited just to the selected physical
chemical parameters and target compounds. Within the
last 5 years, no detailed and systematic monitoring pro-
gramme for the screening of river pollutants and emerging
substances in Novi Sad municipality was performed. How-
ever, environmental monitoring of selected target sub-
stances was a subject of several domestic research pro-
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jects. As the most common pollutants in the drinking water
in Novi Sad, high residue values of chlorine, chloroform,
ratio of dichlorbromomethane/chloroform and cations of
manganese and iron has been reported.

The Danube River is the most important drinking wa-
ter source in entire Europe. The International Commission
for the Protection of the Danube River (ICPDR) monitors
physical, chemical and biological parameters in the Da-
nube and its major tributaries since 1996. In 2001, the first
Joint Danube Survey (JDS1) was carried out by the
ICPDR, as the most homogenous analysis of the water
quality and the ecological status of the Danube River. The
second Joint Danube Survey (JDS2) was organised during
the August and September 2007. The most relevant polar
compounds identified in the Danube River basin in terms
of frequency of detection, persistency, and concentration
levels were 1H-benzotriazole (median concentration 185
ng/L), caffeine (87 ng/L), tolyltriazole (73 ng/L),
nonylphenoxy acetic acid (49 ng/L), carbamazepine (33
ng/L), 4-nitrophenol (29 ng/L), 2,4-dinitrophenol (19 ng/L),
PFOA (17 ng/L), sulfamethoxazole (16 ng/L), de-
sethylatrazine (11 ng/L), and 2,4-D (10 ng/L), which be-
long to the open list of 700 emerging substances defined
by NORMAN (Network of reference laboratories for
monitoring of emerging environmental pollutants).

The main objective of the study presented in the paper
was to gain more insight into organic and inorganic con-
taminants present in the raw water used for drinking water
production at Novi Sad and to evaluate the risks for human
health and the environment, in order to reduce and prevent
risks related to environmental quality of surface water and
related aquifers used for abstraction of drinking water.

Within the first survey of the research, 10 individual 1
L water samples were taken on 12" December 2011. Two
of them were chlorinated and raw drinking water obtained
from Public Utility Company Novi Sad. Sampling of waste
water was conducted at discharges GC1, GC2, Sever IV
and Rokov potok, while samples of surface water from
Danube River were taken 100 meters downstream of the
respective discharges: 45°15'5,42"N, 19°5122,95"E; 45°
15'44,4"N, 19°51'28,46"E; 45°15'11,84"N, 19°54'40,18"E;
45°15'2,2"N, 19°54'9,92"E (Figure 1). Screening analyses
for possible contaminants were performed at the Institute
of Analytical Chemistry STU in Slovakia, using gas chro-
matography coupled to mass spectrometry. Organic com-
pounds were extracted by liquid-liquid extraction. Water
samples (1000 ml) were placed in a 1000 ml glass separa-
tory funnel and extracted with two 50 ml portions of di-
chloromethane for 20 minutes using automatic shaker de-
vice. After extraction, both extracts were combined, dried
and placed into heart-shape flask for evaporation to final
volume 1 ml. Large volume injection was used for intro-
duction of 30 pl extract to GC system. The GC analysis
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Fig. 1. Surface water sampling locations (100m downstream of
the discharges)

was performed using Agilent 6890 gas chromatograph
coupled to Agilent 5973 mass spectrometric detector
(MSD; Agilent Technologies, Little Falls, DE, USA). The
system was equipped with PTV injector system. The PTV
was ramped from 70 °C to 250 °C (5 minutes) at a rate of
720 °C/s. Capillary GC analysis was performed on a 30 m
x 250 mm LD., 0.25 mm df HP-5MS column (Agilent
Technologies). The oven was programmed from 70 °C
(2 minutes) at 10 °C/min to 150 °C, at 8 °C/min to 200 °C
and finally at 10 °C/min to 280 °C (10 minutes). Helium
was used as carrier gas. The MSD was used in the SCAN
mode for all samples.
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The obtained results will undergo further evaluation
using risk prioritization strategies in order to select toxic
contaminants found at high enough concentration levels to
present a significant hazard for the population of Novi
Sad. The monitoring of the quality of waste water and
discussing the results of analytical analysis are in progress.

This research was supported by NATO Science for
Peace Program (ESP.EAP.SFP 984087), Ministry of
Education and Science, Republic of Serbia (I1146009) and
SRDA project No. SK-SRB-0022-11.
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VYSKYT MYKOTOXINOV V POTRAVINACH RASTLINNEHO A ZIVOCISNEHO

POVODU A V KRMIVACH

IVETA VOJSOVA a ALEXANDRA
SLEZAROVA

Statny veterindrny a potravinovy istav Bratislava, Bota-
nicka 15, 842 52 Bratislava, Slovensko
yvojsova@svuba.sk

Mykotoxiny st vo v§eobecnosti povaZzované za neod-
vratitelné kontaminanty potravin a krmiv a st vaznym
eckonomickym a zaroven aj filozofickym problémom
v celom svete. Zaujem o tieto prirodne sa vyskytujice
chemické latky je velky kvoli ich poskodzujucim a karci-
nogénnym uc¢inkom nielen na ludské zdravie, ale aj na
zdravie zvierat. Analyzy mykotoxinov v potravinach rast-
linného a Zivoc¢isného pdovodu a v krmivach sa v ramci
tiradnej kontroly vykonavaju aj na Statnom veterinirnom
a potravinovom tstave v Bratislave (SVPU).

Odber  vzoriek,  kritéria  pripravy  vzorky
a analytickych metdéd pouzivanych na uradnu kontrolu
hodn6t mykotoxinov v potravinich a v krmivach, maxi-
malne hodnoty obsahu jednotlivych mykotoxinov st defi-
nované  platnymi  Nariadeniami Komisie(ES).
K najdolezitejSim  patri Nariadenie Komisie (ES)
¢.401/2006 v zneni neskorsich predpisov, ktorym sa stano-
vuju metddy odberu vzoriek a analytické metody na urad-
ni  kontrolu hodn6ét mykotoxinov v potravinich
a Nariadenie Komisie (ES) ¢.1881/2006 v zneni neskor-
Sich predpisov, ktorym sa ustanovujii maximalne hodnoty
obsahu niektorych kontaminantov v potravinach.

Principy stanovenia jednotlivych mykotoxinov vycha-
dzaju z aktualne dostupnych STN EN ISO noriem plat-
nych pre uUradni kontrolu potravin a krmiv a spocivaju
v precisteni vzorky na imunoafinitnej kolone a naslednom
stanoveni kvapalinovou chromatografiou s vyuZitim fluo-
rescencného detektora, prip. UV detektora. Analytické
metdody na stanovenie mykotoxinov v potravinich
a v krmivach pouzivané na SVPU Bratislava st akredito-

vané a validované v zmysle platnej eurdpske;j legislativy.

Laboratérium SVPU Bratislava stanovuje nasledovné
mykotoxiny v r6znych komoditach (obr. 1).

Maximalne exponované substraty z hl'adiska vyskytu
mykotoxinov st predovSetkym orechoviny, podzemnica
olejna, susené ovocie, kava, koreniny, obilniny, vino, ces-
toviny, chlieb, pekarenské vyrobky, ceredlne vyrobky,
ovocie a vyrobky z neho, mlieko, krmiva.

Odber vzoriek je koordinovany v zmysle Potravino-
vého dozoru SR, kontroly importu aj vratane importu
z tretich krajin, cielenych monitoringov a Monitoringu
spotrebného kosSa. Prehlad percentualneho zastipenia
nadlimitnych vzoriek z celkového poctu vysetrenych vzo-
rieck v rokoch 2009-2011 je vyjadreny na obr. 2.
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Obr. 2. Percentudlne  zastupenie nadlimitnych  vzoriek
z celkového poétu vySetrenych vzoriek vr. 2009-2011; H
celkovy pocet vySetrenych vzoriek, B pocet nadlimitnych vzoriek

Mykotoxin Komodita

Aflatoxin B1-G2

pistacie, arasidy, lieskovce, iné orechy a olejnaté semena, koreniny, paprika, ryza, obilie, susené

ovocie, muka a vyrobky z nej, pecen, krmiva

Aflatoxin M1
Ochratoxin A

mlieko, mliecne vyrobky

Zearalenon
Deoxynivalenol
Fumonizin B1, B2
T-2, HT-2
Nivalenol

Patulin jablkové vyrobky

kava, miika a vyrobky z nej, potravinarske obilie, hrozienka, koreniny, pecen, krmiva
obilie, muka, kukurica a vyrobky z nich, chlieb, krmiva

obilie, muka, kukurica a vyrobky z nich, cestoviny, chlieb, krmiva

nespracovana kukurica, potraviny na baze kukurice, krmiva

nespracované obilie a vyrobky z obilia , krmiva

potravinarska psenica, jacmen, raz, slad, muka, krmiva

Obr. 1. Sledované mykotoxiny v potravinach rastlinného a Zivoti¥ného pévodu a v krmivach na SVPU Bratislava
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VYUZITI ELEKTROCHEMICKYCH BIOSENZORU V KLINICKE ANALYZE

VLASTIMIL VYSKOCIL* a JIRI BAREK

Univerzita Karlova v Praze, Prirodovédecka fakulta, Ka-
tedra analytické chemie, UNESCO laborator elektroche-
mie Zivotniho prostiedi, Hlavova 8, 128 43 Praha 2, Ceskd
republika

viastimil.vyskocil@natur.cuni.cz

Jelikoz klinické analyzy ve specializovanych labora-
tofich predstavuji drahé a ¢asové narocné procesy, je stale
vice analyz provadéno mimo tyto laboratofe (napf. na ne-
mocniénich oSetfovnach ¢i pfimo u pacienta doma). Jednu
z nejvetsich vyzev soucasné analytické chemie predstavuje
vyvoj metod umoznujicich takovéto rychlé in situ analyzy.
Tyto metody musi byt citlivé, pfesné a schopné stanovit
Siroké spektrum latek nachazejicich se v riznorodych real-
nych vzorcich. Elektrochemické biosenzory jsou pro tyto
nové aplikace v klinické analyze velmi vhodné, predevsim
diky své vysoké citlivosti a selektivité, rychlé odezve,
snadné prenosnosti a nizké pofizovaci i provozni cend'.

Elektrochemické biosenzory se staly predmétem za-
kladniho i aplikované¢ho vyzkumu pred padesati lety. Le-
land C. Clark pfedstavil vroce 1962 na sympdziu Ne-
wyorkské akademie véd princip prvni enzymové elektrody
s imobilizovanou glukosa oxidazou®. Prvni komeréng vy-
rabény biosenzor firmy Yellow Springs Instruments
(Yellow Springs, OH, USA) byl uveden na trh v roce
1975. Toto zafizeni bylo vyuzivdno pro rychlé zjiSté€ni
hladiny cukru v krevnich vzorcich diabetiki’.

V soucasnosti existuje mnoho navrzenych a rovnéz
i komeréné dostupnych zafizeni zalozenych na principu
biosenzoru (napf. pro detekci patogend a toxint), nékteré
znich pracuji i ve vicekanalovém usporadani®®. Nejb&z-
néjsi soucasti elektrochemickych biosenzori je vhodny
enzym piitomny v biorozpoznavaci vrstvé vytvarejici elek-
troaktivni systém pro detekci prostfednictvim fyzikalng-
chemického pievodniku poskytujictho méfitelny signal.
Nativni enzym muze byt pouzit jako biorozpoznavaci
komponenta; v tomto pfipadé je analyt zaroven substrat
enzymu, popi. mize slouzit jako jeho inhibitor. Kromé
toho mohou byt enzymy pouzity jako zna¢ky navazané na
protilatky, antigeny ¢i oligonukleotidy se specifickymi
sekvencemi (tzv. afinitni biosenzory)®. I kdyZ moderni
biotechnologie nabizi pomérn¢ Sirokou Skalu dostupnych
enzymatickych systémi, pouze pomérné omezeny podcet
enzyml byl zatim vyuzit pro monitorovani klinickych
metabolitl. Jednalo se pfedev§im o enzymy ze skupiny
oxidoreduktéz: glukosa oxidasa’ a glukosa dehydrogenasa®
pii detekei glukosy, alkohol oxidasa pii detekci ethanolu®,
NADH dependentni laktatdehydrogenasa'® a laktat-
cytochrom ¢ oxidoreduktasa pii detekci laktatu''™, ureasa
pii detekci mocoviny'* a cholesterol oxidasa imobilizova-
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na spolu s cholesterol esterdzou pii detekci cholesterolu'.
Peroxidasa a alkalicka fosfatasa jsou nejbéznéjsi enzymo-
vé znacky pro elektrochemické afinitni biosenzory'®.

V tomto piispévku budou predstaveny elektrochemic-
ké biosenzory, které se v soucasné dobé& nejvice uplatiiuji
v praktické klinické analyze. Pozornost bude vénovéana
pfedev§im enzymatickym a afinitnim biosenzorim
(imunobiosenzorim a DNA biosenzortim)'"*'®,

Na tomto misté bychom radi podékovali za financni
podporu Ministerstvu Skolstvi, mladeze a télovychovy Ces-
ké republiky (projekt MSM 0021620857) a ddle Univerzite
Karlové v Praze (projekt UNCE 2012/44) a Grantové
agenture Ceské republiky (projekt P206/12/G151).

LITERATURA

1. Thevenot D. R., Toth K., Durst R. A., Wilson G. S.:

Biosens. Bioelectron. 76, 121 (2001).

2. Clark L. C., Lyons C.: Ann. N.Y. Acad. Sci. 748, 133
(1962).

3. Wang J.: Electroanalysis /3, 983 (2001).

4. Pohanka M., Jun D., Kuca K.: Drug Chem. Toxicol.
30,253 (2007).

5. Pohanka M., Skladal P., Kro¢a M.: Def. Sci. J. 57,
185 (2007).

6. Bakker E.: Anal. Chem. 76, 3285 (2004).

7. Kafi A. K., Lee D. Y., Park S. H., Kwon Y. S.: J. Na-
nosci. Nanotechnol. 6, 3539 (2006).

8. Antiochia R., Gorton L.: Biosens. Bioelectron. 22,
2611 (2007).

9. Yildiz H. B., Toppare L.: Biosens. Bioelectron. 27,
2306 (2006).

10. D'Auria S., Gryczynski Z., Gryczynski 1., Rossi M.,
Lakowicz J. R.: Anal. Biochem. 283, 83 (2000).

11. Stein E. W., McShane M. J.: IEEE Trans. Nanobiosci.
2, 133 (2003).

12. Garjonyte R., Melvydas V., Malinauskas A.: Bio-
electrochemistry 68, 191 (2006).

13. Pohanka M., Zbotil P.: Food Technol. Biotechnol. 46,
107 (2008).

14. Barhoumi H., Maaref A., Rammah M., Martelet C.,
Jaffrezic-Renault N., Mousty C., Cosnier S., Perez E.,
Rico-Lattes E.: Biosens. Bioelectron. 20, 2318 (2005).

15. Singh S., Singhal R., Malhotra B. D.: Anal. Chim.
Acta 582, 335 (2007).

16. Skladal P.: Electroanalysis 9, 737 (1997).

17. Pohanka M., Skladal P.: J. Appl. Biomed. 6, 57
(2008).

18. Monosik R., Stred’ansky M., Sturdik E.: J. Clin. Lab.

Anal. 26, 22 (2012).



Chem. Listy 106, s248—s249 (2012)

ACP 2012 — Stcasny stav a perspektivy analytickej chémie v praxi

Posters
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The current task of chemical analysis is small quanti-
ties detection of new substances, often in increasingly
complex matrix of the sample. Meeting this objective re-
quires constantly demanding experimental technique ena-
bling highly efficient separation and sensitive, eventually
selective detection of individual components of the mix-
ture. Using of sensitive and selective chemical biosensors
in combination with simple measuring equipments repre-
sents an alternative procedure for solving specific tasks,
especially in small testing laboratories.

Biosensors based on surface-modified electrodes suc-
cessfully extend possibilities of electroanalytical instru-
ments. The biosensor represents an important element of
the measurement system that includes a biological compo-
nent and an electrode as the physico-chemical transducer
and ensures certain degree of selectivity in analysis of
samples with complex matrices. Currently there are many
instrumental methods for the determination of trace con-
centrations of elements, species and compounds in com-
plex mixtures. Their disadvantages are time demand, high
price and inability to be applied to large number of sam-
ples in short time. The use of specifically designed biosen-
sors appears to be a suitable alternative.

In practice, amperometric biosensors are the most
commonly used type of devices. Chemically modified
electrode as a functional part of the biosensor represents
from constructive views conventional electrode made from
carbon, carbon paste or inert metal and appropriately
modified by system of thin layer(s) that is (are) enabled for
selective determination of an analyte. This rational chemi-
cal modification markedly ensures chemical, electrochemi-
cal, transport and other properties of the electrode. One of
the serious problems associated with using of amperomet-
ric biosensors in complex matrices are interferences
caused by electroactive as well as surface active species.
Multilayer systems used at the construction of biosensors
are trying to achieve high selectivity and eliminate inter-
ferences. We focus on the use of polymeric films applied
to the biosensor surface in terms of selectivity enhance-
ment, interference elimination and biocompatibility im-
provement, particularly at enzyme and DNA biosensors.

DNA biosensors represent rather new and specific
group of chemical sensors directed to the investigation of
reactivity of surface attached DNA. Till now, they have
been used for investigation of DNA association interac-
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tions and damage to DNA in media with simple matrices
like buffer solution or simple, mostly aqueous extracts'™.
Among examples of the multilayer applications, am-
perometric DNA biosensors designed as DNA films on a
cellulose nitrate layer and chitosan layer for the determina-
tion of auto-antibodies® and detection of damage to DNA’,
respectively, can be mentioned. Layered films of enzyme
and DNA were shown to be able of in vitro biochemical
transformation of chemicals and of testing of potential
toxic chemicals like styrene®. Other layered films of poly
(styrene-sulfonate), poly(diallyldimethylammonium) and
dsDNA on the pyrolytic graphite electrode were used at
the biosensor for the detection of damage to natural DNA®.
Layer-by-layer films of DNA and glucose oxidase were
used for specific formation of DNA cleavage agents like
hydrogen peroxide and hydroxyl radicals within the DNA
layer'®. Very thin (10100 nm) films of polymers (based
on phenol, phenol derivatives, phenylenediamines,
overoxidized or electroinactive polypyrrole) were used to
design amperometric enzyme biosensors. The film thick-
ness was controlled by self-limited growth. The permselec-
tive properties of the films can be utilized for the elimina-
tion of electrochemical interference' . Other examples
of a control of the detection capability, selectivity,
biocompatibility and other properties of enzyme and DNA
amperometric biosensors will be presented in this
contribution.

This work was supported by the Scientific Grant
Agency VEGA of the Slovak Republic (Project No.
1/0182/11) and the European Fund for Regional Develop-
ment (ITMS project code 26240220072).
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A pesticide is defined as any substance or mixture of
substances intended for preventing, destroying, or control-
ling any pest, including vectors of human or animal
disease, unwanted species of plants or animals that cause
harm during the production, processing, storage, transport,
or marketing of food and wood as well as wood products,
or animal feedstuff, or which may be administered to ani-
mals for the control of insects, arachnids, or other pest in
or on their bodies'. The use of pesticides in food produc-
tion has provided numerous benefits in terms of increasing
production and quality but on the other hand pesticide resi-
dues are of concern in food safety because they are poten-
tial health hazards and ubiquitous contaminants in the en-
vironment. Therefore, the analytical determination of these
compounds is absolutely necessary and for diverse rea-
sons, such as the large number of substances applied for
this purpose (over 800) and their widespread use in a vari-
ety of crops, cumbersome?.

The key step of analytical procedure for determina-
tion of pesticide residues is the pretreatment of the sample
to isolate interesting compounds from the matrix using ap-
propriate and efficient methods®. Recently, a new microex-
traction method, dispersive liquid-liquid microextraction
(DLLME), has been developed by Assai and co-workers®
as an efficient sample preparation and preconcentration
method. Essentially, DLLME consists in the rapid addition
to an aqueous sample contained in a conical test tube of
amixture of two selected solvents, few microliters of
a water-immiscible extraction solvent with high density
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than water jointly with a dispersive solvent with high mis-
cibility in both extractant and water phases, in order to
form a cloudy solution consisting of small droplets of ex-
traction solvent which are dispersed throughout the aque-
ous phase. In consequence of the very large surface area
formed between the two phases, hydrophobic solutes are
rapidly and efficiently enriched in the extraction solvent
and, after centrifugation, they can be determined in the
phase settled at the bottom of the tube’.

The aim of this study was to develop a sample prepa-
ration method that combines QUEChERS and dispersive
liquid-liquid mikroextraction. The effect of several extrac-
tion parameters, such as selection of extractive solvent and
its volume and volume of dispersive solvent has been
tested. Extract acquired after liquid-liquid extraction by
QuUEChERS method was used as dispersive solvent.
Analyses were performed by gas chromatography coupled
with mass spectrometry using selective ion monitoring
mode. Good results of linearity, limits of detection and
limits of quantification were acquired by proposed sample
preparation method. Satisfactory recoveries at three
studied concentration levels were obtained. Developed
method was applied to the analysis of real orange samples.
Only one out of eleven samples was without positive
findings of pesticide residues above limit of detection.

This research was supported by the Scientific Grant
Agency (VEGA, project No. 1/0647/11).
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Many small molecules which are bound to DNA and
cleave DNA duplex are effective pharmaceutical agents,
especially in cancer therapy. DNA has a number of sites in
which molecule can be bound: between two base pairs
(intercalation), in the minor or major grooves and on the
outside of the helix. Upon binding to DNA, small mole-
cules are stabilized through a series of weak interactions
such as m-stacking interactions of aromatic heterocyclic
groups between the base pairs, hydrogen bonds and van
der Waals interactions in the case of binding to the DNA
helix groove.

Circular dichroism, fluorescence emission spectrosco-
py and electronic absorption spectroscopy are widely ap-
plied to determine the binding characteristics of metal
complexes with DNA. The metal complex — DNA interac-
tion can be detected by UV-Vis absorption spectroscopy
by measuring changes in the absorption properties of the
metal complex (a drug) or the DNA molecules. The ab-
sorption spectrum of DNA exhibits a broad band in the
UV region with a maximum at 260 nm. Both, hyper-
chromic and hypochromic effects are the spectral features
of DNA concerning to its double helical structure. Hypo-
chromism indicates that the DNA — metal complex binding
mode is electrostatic interaction or intercalation which can
stabilize the DNA duplex and hyperchromism means
a breakage of the secondary structure of DNA. After in-
teraction with the base pairs of DNA, the " orbital of the
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bound ligand can couple with the m orbital of the base
pairs due to the decrease of the m—n’ transition energy,
which results in batochromic shift in DNA spectruml‘z.

After binding to DNA, the transition metal complexes
can oxidatively modify DNA bases and/or the sugar moie-
ty and thus induce DNA strand breaks. Very sensitive and
reliable method for detecting DNA damage at the cellular
level is single-cell gel electrophoresis (SCGE, or the comet
assay)’. The cells, such as isolated peripheral human lym-
phocytes or cultured cells, are embedded in agarose on
a microscope slide, lysed with detergent and treated with
high salt concentration. DNA strand breaks allow DNA to
extend from lysed and salt-extracted nuclei, or nucleoids,
to form a comet-like tail on alkaline electrophoresis. The
amount of DNA in the tail reflects the number of relaxed
loops and, therefore, the number of breaks in DNA.
Comets from undamaged cells have tightly packed super-
coiled DNA and no tail. The comet assay is not the only
way to measure oxidative DNA damage, but it is also one
of the most sensitive and accurate way, being relatively
free of artefacts”.

This work was supported by the Scientific Grant
Agency VEGA of the Slovak Republic, the project No.
1/1133/11.
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Summary

An effective sample preparation procedure was estab-
lished for the determination of acrylamide in bakery
products by a liquid chromatography-tandem mass spec-
trometry. The method entails extraction of acrylamide with
acidified water followed by cleanup with ethyl acetate.
The chromatographic separations were performed on a oc-
tadecyl silica column with 1% methanol in water as the
mobile phase. The present study is focused on the com-
parison of two LC-MS-MS systems using simple or im-
proved electrospray ionization. The limit of quantification
(LOQ) was 2 ng mL" for simple ESI and 0.4 ng mL ™" for
improved ESI which represent 25 ng g’ and 5 ng g, re-
spectively, in real bakery products.

Introduction

Since the first mentioning of acrylamide, a toxic and
potentially carcinogenic chemical, in heat-treated food',
several research groups have been participated in the de-
velopment of rapid and reliable analytical methods for its
quantification in a large variety of foodstuffs and were re-
viewed by several authors”®. Most of the published
methods are based on either gas chromatography — mass
spectrometry (GC-MS) or high performance liquid chro-
matography — tandem mass spectrometry (HPLC-MS/MS).
Current applied methods of acrylamide determination in
foods typically include several sample preparation steps
(impurity removal, analyte extraction, centrifugation, clean
-up, pre-concentration) due to the complexity of food sam-
ples and low levels of acrylamide. On the other hand new
challenges can emerge (e.g. extraction solvents, time and
temperature, de-fatting, sample particle size etc.). Some of
them have been studied in detail by Petersson et al.” and
Goldmann et al.®,

Acrylamide does not show any specific wavelength
absorption maxima and this fact complicates its detection.
For detection of acrylamide after LC separation, tandem
mass spectrometry using electrospray in positive mode is
the most frequent method of choice’®. LC-MS/MS,
working in multiple reaction monitoring (MRM) mode, in
which the transition from a precursor ion to a product ion
is monitored, has some advantages: a) high selectivity; b)
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sensitivity; c¢) a powerful technique for the quantitative
analysis. Improvement of the ion source assembly declared
by manufactures to produce dramatic gains in sensitivity is
patent-protected’.

Quantification is performed by adding different kinds
of internal standards’®. An isotope-labelled acrylamide
(e.g. PCs-acrylamide or ds-acrylamide) is usually recom-
mended to be used for improving the repeatability of the
whole procedure which is important for the complex matrix
of the sample where extraction yields could be varied
strongly.

This paper presents validation of simple LC-ESI-MS-
MS method for acrylamide determination in bakery
products and selected validation parameters were used to
compare two types of ESI.

Experimental
Chemicals and reagents

Acrylamide (purity 99 %), ethyl acetate (HPLC-
grade) and methanol (HPLC-grade) were purchased from
Sigma-Aldrich (Steinheim, Germany). 2,2,3-d;-acrylamide
(purity 98 %) was obtained from Cambridge Isotope
Laboratories (Maryland, USA). Glacial acetic acid,
potassium hexacyanoferrate trihydrate and zinc sulphate
heptahydrate were analytical grade and obtained from
Merck (Darmstadt, Germany). Deionised water was
purified with a purification system PURITY Select (HP,
Oxon, UK). Nylon syringe filters 0.45 um were purchased
from Millipore (Billerica, MA, USA).

Stock solution of acrylamide (0.5 mgmL™") and ds-
acrylamide (0.2 mgmL™) were each prepared by
dissolving the compounds in deionised water and stored at
4 °C. Working solution was prepared daily by appropriate
dilution of the stock solution.

Carrez I solution was prepared by dissolving 15 g of
potassium hexacyanoferrate trihydrate in 100 mL of water,
and Carrez II solution was prepared by dissolving 30 g of
zinc sulphate heptahydrate in 100 mL of water.

Sample preparation

A finely ground or homogenized dry sample (1.000 g)
was weighed into a 10 mL centrifuge tube with a cap, and
50 uL of the internal standard ds-acrylamide (500 ng) and
9 mL of diluted acetic acid (0.1 %, v/v) were added. After
shaking by a vortex mixer for 30 s, the mixture was soni-
cated for 5 min. Then, 500 uL of Carrez I solution and
500 pL of Carrez II solution were added and shaked for
1 min. After that, the mixture was centrifuged at 8720 g
for 10 min and a clear supernatant was obtained.

A volume of 5 mL of the clear supernatant was trans-
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ferred to a separatory funnel and extracted with ethyl ace-
tate (3 x 5 mL). The combined organic layers were evapo-
rated at 35 °C to dryness. The residue was dissolved in 1
mL of diluted acetic acid and filtered through a 0.45 um
pore size nylon syringe filter prior LC analysis.

HPLC-MS-MS analysis

The quantification of acrylamide was performed by
HPLC-MS-MS with positive electrospray ionization
(ESI+) using two different devices of triple quadrupole
mass spectrometers (Agilent 6410 and 6460 Triple Quad
detector, Agilent Technologies, Palo Alto, USA) coupled
to two HPLC systems Agilent 1200 and 1260 series con-
sisting of a binary pump, a vacuum degasser, an au-
tosampler, and a thermostated column compartment. The
analytical separation was performed on Atlantis dC18
column (100 mm x 2.1 mm, 1.8 pm particle size; Waters,
Milford, MA, USA) using isocratic mixture of 1% of
methanol and 0.2 % of glacial acetic acid in water at flow
rate 0.4 mL min' at ambient temperature. The sample
volume injected in both systems (LC-QQQ6410 and LC-
QQQ6460) was 20 pL and 10 pL, respectively.

Acrylamide was identified using multiple reaction
monitoring (MRM) experiments which are based on in-
source generation of the protonated molecular ions of
acrylamide and the internal standard (ds-acrylamide), as
well as a collision-induced production of specific fragment
ions. Instrumental parameters used for the acrylamide
analysis in the ESI+ mode are summarized in Table 1.

Acrylamide was quantified using a linear calibration
curve established with a standard solution of acrylamide

Table I
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dissolved in water. Concentrations were between limit of
quantification (LOQ) to 200 ng mL'. Quantification was
performed by comparison of the peak area ratio of acryla-
mide with internal standard, ds-acrylamide (50 ng mL™"),
monitored using the MRM transitions at m/z 72 — 55
(acrylamide) and 75 — 58 (ds-acrylamide).

HPLC system, the ionization interface and the mass
spectrometric detector were controlled and data were ana-
lysed by MassHunter software (Rev.B.01.03, Agilent, Palo
Alto, USA).

Results and discussion
Setting of MS-MS conditions

Electrospray ionization is a sensitive technique that is
used for the analysis and identification of small molecules.
Manufacturers try to achieve/enhance sensitivity in ESI-
MS by improving the desolvation and spatial focusing of
ions’. Thus, we can compare results obtained by two types
of constructed ion sources with optimized setting parame-
ters which are shown in Table I. LC-MS/MS working in
MRM has a high selectivity, therefore the relevant MRM
transitions for acrylamide and internal standard were se-
lected and optimized. Acrylamide gives the precursor ion
with m/z ~ 72 assigned to its pseudo-molecular ion [M+H]"
and fragment ions with m/z 55 (probably formed by am-
monia elimination of precursor ion [M+H-NH;]") and two
complementary fragment ions with m/z 44 and 27. The
first transition at m/z 72 — 55 has been selected for quanti-
fying because it shows a relatively high intensity. The se-
cond transition at m/z 72 — 27 has been used for verifica-

Instrumental parameters used for acrylamide analysis using electrospray ionization in positive mode by two types of ion

sources (where AA = acrylamide)

Source parameter QQQ 6410 QQQ 6460
Specification ESI JetStream

Gas temperature [°C] 350 300

Drying gas (N,) flow [L min'] 10 10

Nebulizer pressure [psi] 50 60

Capillary voltage [kV] 2.5 3.5

Sheath gas heater - 250

Sheath gas flow - 11

Fragmentor [V] 45 50

Dwell [ms] 50 50

Cell accelerator [V] - 4

Acquisition parameters AA d;-AA AA d;-AA
Precursor ion m/z 72 75 72 75
Product ion m/z 55 27 58 30 55 27 58 30
Collision energy [V] 6 14 6 14 10 18 10 18
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tion of acrylamide presence by calculating ratio of quali-
fier response to quantifier response. In any given MS/MS
conditions, the relative ratio of acrylamide qualifier to
quantifier is 12 % calculated for the standard solution and
+ 20 % of uncertainty of presented value is a satisfactory
range in real matrices.

Internal standard (ds-acrylamide) gives the precursor
ion with m/z ~ 75 and fragment ions with m/z 58, 44 and
30, respectively. The relative ratio of ds-acrylamide quali-
fier to quantifier is 16 % calculated for standard solution.

Sample treatment

Numerous methods have been developed to determine
acrylamide in different heat-treated food samples. Most re-
searchers use reverse-phase chromatography”® with mo-
bile phase containing predominantly aqueous 0.1% acetic
acid or 0.05% formic acid for the chromatographic separa-

Table II
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tion of acrylamide. Whereas, our choice was Atlantis dC18
column and aqueous 0.2% acetic acid containing 1%
methanol as the mobile phase, as well.

Hoenicke et al.'® published a method for reliable
quantification of acrylamide in complex matrices as well
as in lower concentrations (up to 5 ng g™') based only on
liquid-liquid extraction with ethyl acetate. They used water
extraction at 60 °C followed by removing the fat layer
with iso-hexane. Clear aqueous phase obtained after cen-
trifugation was extracted twice with ethyl acetate. The
combined organic phases were reduced to 1 % of original
volume and analyzed directly by GC-MS/MS. According
to other published results”® we slightly change the above
mentioned procedure as follows: a) extraction with acidi-
fied water at ambient temperature; b) skip removing the fat
layer; c) centrifugation of the sample at higher rpm; d) re-
ducing the extraction amount of ethyl acetate while ex-
tracting 3-times; e) evaporation of ethyl acetate to dryness

Comparison of single and multi-stage aqueous extractions of acrylamide (SD = standard deviation, n = 6)

Aqueous extraction Area AA +SD Area d;-AA + SD Ratio (AA/d;-AA) + Lord’s test
(stage) SD (Ui = 0.250)
1 4327 £492 7318 =728 0.591 +£0.028 —

o 1126 £ 119 1906 + 207 0.591 +£0.018 u;,=0.003
31 385+ 41 653 + 70 0.590 + 0.020 u;3=0.010
merged (1% + 2™) 2914 £ 58 4955 £ 140 0.588 £ 0.026 u;=0.039

Table III

Comparison of analytical characteristics of the proposed methodology for the determination of acrylamide (linear calibra-
tion equation (y= a.x + b) was calculated; where x represents relative concentration of acrylamide vs. internal standard; y
represents relative peak area of acrylamide vs.ds;-acrylamide; s,, s, represent standard deviations of calculated parameters

of linear regression)

LC-QQQ 6410 LC-QQQ 6460
Retention time, min 2.2 2.2
Aqueous calibration
b -intercept of regression equation, =+ s, —0.0005 +0.0021 0.00102 + 0.00066
a -slope of regression equation, £s, 0.893 £0.011 0.9812 £ 0.0012
Correlation coefficient, R” 0.9994 0.9998
Limit of detection (LOD), ng mL " 0.5 0.1
Limit of quantification (LOQ), ng mL™" 2.0 0.4

Matrix calibration

Spiked levels, ng g

25, 50, 100, 250 and 500

12.5, 25, 50, 100 and 250

b -intercept of regression equation, = s 0.148 = 0.005 0.0552 £0.0011
a -slope of regression equation, £ s, 0.885+0.011 0.9841 + 0.0012
Correlation coefficient, R 0.998 0.9994
Limit of quantification (LOQ), ng g 25.0 5.0
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Fig. 1. Overlaid extracted MRM chromatograms of acrylamide (transition at m/z 72 — 55) in standard aqueous solution
(concentration level 1 ng mL™; dotted line) and in crisp bread (in case A — determined below LOQ, in case B — determined 28 ng g™';
solid line) in two LC-MS-MS systems (A/ HPLC- ESI-QQQ6410 — simple ESI+; B/HPLC-ESI- QQQ 6460 — improved ESI+)

and dissolution in 1 mL of acidified water.

In this study, cereal based matrices were used as the
test material for resolving a problem how many extraction
stages are required for acrylamide determination. The in-
ternal standard ds-acrylamide (500 ng) was added to one
gram of ground sample and extracted three times with
acidified water. There were six replicates in each stage in
order to calculate the relative responses of acrylamide area
and internal standard (Table IT). Although the ratios of are-
as in particular stages were similar, a considerable de-
crease of areas was observed, which is in good agreement
with Gékmen ez al.!', who claimed that at least two extrac-
tion steps were required for complete extraction of acryla-
mide from cereal and potato based food products. The di-
lution caused by triple extraction was not advantageous for
our purposes. What is more, due to the use of internal
standard, a single extraction proved sufficient. According
to the presented results, our sample preparation procedure
consists of one step aqueous extraction with protein pre-
cipitation followed by simple ethyl acetate extraction and
then again dissolving in water.

Method performance comparison on two LC-MS
systems

To check performance of the developed analysis
method of acrylamide, parameters such as limit of detec-
tion (LOD), limit of quantification (LOQ) and linearity
were calculated (see Table III). Quantification was per-
formed on the basis of calibration line of the peak area ra-
tio against the concentration ratio of acrylamide with inter-
nal standard, ds-acrylamide. The calibration curves for the
determination of acrylamide in water were linear over the
range of relevant LOQ to 200 ng mL ™" with 50 ng mL™" of
ds-acrylamide and correlation coefficients (r?) obtained
were > 0.995. Limit of detection (LOD) and limit of quan-
tification (LOQ) were calculated from linear regression by
following equations: LOD = 3* (sy/a) and LOQ = 10* (sy/
a), respectively.

Two real samples of crisp bread (marked as A, B)
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were spiked at five different levels of acrylamide standard
and matrix calibration curves were estimated. Similar ap-
proach for the estimation of LOQ was applied in real ma-
trices. The obtained results are shown in Table III.

The concentration of acrylamide in crisp bread A and
B calculated from aqueous calibration were 175+10 ng g™*
and 27.6+0.9 ng g ', respectively, and estimated from ma-
trix calibration were 167+14 ngg' and 28.1+1.0 ngg ',
respectively. Comparing results obtained from aqueous
and matrix calibration curves it was concluded that the
preparation of aqueous calibration of acrylamide with in-
ternal standard is usable for its quantification in real matri-
ces.

However, the changed volume of the sample injection
(from 20 pL to 10 uL) was not taken into account, it is
clear that LOD and LOQ of the method were reduced 5-
times only by using the improved technology of ionization.
Fig.1 shows overlaid MRM chromatograms of the
acrylamide standard solution (at concentration level 1
ngmL"') and acrylamide determined in crisp bread
(approximately 25 ng g™') measured by the two HPLC-MS
-MS systems.

Analysis of test food materials

Moreover, the accuracy of the method was observed
in analyses of different test materials in three consecutive
days. Six independent measurements of the test materials
supplied from the Food and Environment Research Agen-
cy (Fera, York, UK) were carried out each day which re-
sulted in average acrylamide concentration of 7915 g kg™
in crisp bread (FAPAS test material T3018, satisfactory
range of 57-145 pg kg™); 288420 pg kg™ and 315+20
ugkg' in crisp bread (FAPAS test material T3025,
satisfactory range of 200-444 g kg™) and 1180+180
ugkg' in biscuit (FAPAS test material T3019,
satisfactory range of 867-1644 ngkg™) (Table IV). Our
method is sufficiently robust and has been successfully
used for acrylamide determination in materials such as
cereal based fried or baked products'*".
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Accuracy and repeatability of acrylamide determination
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AA (ng/g) determined

FAPAS test materials

T3018 (crisp bread) 1* day
Mean value 101 ng g’ 2" day
Satisfactory range: 3" day
(57-145)ng g average
T3019 (biscuit) 1* day
Mean value 1256 ng g’ 2™ day
Satisfactory range: 3 day
(867-1644)ng g average
T3025 (crisp bread) 1* day
Mean value 322 ng g* 2" day
Satisfactory range: 3" day
(200-444)ng g average

by LC —QQQ 6410

83+5
915
72+5

by LC — QQQ 6460

79+ 15 -
1288 + 60 -
1264 + 60 _
1058 = 60 -

1180 + 180
289+ 5
298+ 10
278+ 7
288 +20

309+6

330+9

305+6
315+£20

Note: Test materials T3018 and T3019 are analyzed in years 2008 and 2009

Conclusion

The results presented in this study demonstrate that

LC-ESI-MS/MS performed in both of two devices is
a suitable technique for the quantitative analysis of
acrylamide in such complex matrices as cereals products.
The obtained data demonstrate that LOD and LOQ by im-
proved electrospray ionization technology were reduced 5-
times.

This work was supported by the Agency of the Minis-

try of Education of the Slovak Republic for the Structural
Funds of the EU under the contract No. 26240120024 and
2624020050.
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METODIKA SPME-GC-MS ANALYZY PRCHAVEJ FRAKCIE OVOCNYCH DZUSOV

VERONIKA GRIGEROVA a EVA
BENICKA*

Ustav analytickej chémie, Fakulta chemickej a potra-
vindrskej technologie STU v Bratislave, Radlinského 9,
812 37 Bratislava, Slovensko

eva.benicka@stuba.sk

Praca je zamerana na analyzu prchavych zlucenin
v ovocnych dzasoch, ktoré vo velkej miere ovplyviiuju ich
senzorické vlastnosti. Prchavé latky podielajuce sa na
tvorbe aromatického profilu mozeme =zaradit medzi
chemické zluceniny, ako st aldehydy, ketony, alkoholy,
estery, laktony, terpény. Podla literatiry boli pouzité rdzne
izolaéné a separacné metddy, ako SPE, SPME, SBSE
apriama extrakcia kvapalina-kvapalina. K naslednej
separacii sa vyuzivalo spojenie plynovej chromatografie
s hmotnostnou spektroskopiou, vysledky analyzy vsak
vyrazne ovplyviiuje vyber vhodnej izola¢nej metddy.
Aromaticky profil jednotlivych dziisov sa 1isil v zavislosti
od druhu ovocia, pouzitych metdd izolacie a separacie, ako
aj spdsobu spracovania, uskladnenia. Informacie
o profilovom zlozeni dzusov umoziiuji rozliSenie medzi
pravymi organickymi dzismi a dzasmi s pridavkom
umelych sladidiel.

Ovocné dzisy su produktmi spracované¢ho ovocia.
Analyza umoziuje identifikdciu a stanovenie zastipenych
vonnych a nevonnych prchavych zlucenin, ktoré vplyvaja
priamo na senzorické vlastnosti produktov. Senzorické
vlastnosti vonnych zlGcenin, obzvlast ich hrani¢né
vnimanie, sa mdze menit v zavislosti od kombinacie
prchavych zligenin'2. Potrebné je poznat’ profil prchavych
zlicenin. Vonné vlastnosti Stiav st ovplyvnené fyzikalnym
stavom, chemickymi vlastnostami prchavych zlucenin,
interakciami medzi nimi poc¢as spracovania a skladovania.

Tieto potravinové komodity obsahuju vysoké
mnozstvo zluCenin, avSak len niekol’ko z nich mézeme
zaradit' medzi latky zodpovedné za ich charakteristicky
vonny a chut'ovy profil produktov. Kazdy druh ovocia
mozeme charakterizovat’ viac ako 100 prchavymi
zliCeninami, v zavislosti od ich stupiia zrelosti. Vonné
zltCeniny charakteristické pre citrusové plody ako su
pomarance a citrony st monoterpény, seskviterpény a ich
derivaty. Pre ostatné necitrusové druhy ovocia su
charakteristické estery, aldehydy, napr. pre bandny,
jahody, jablk4®. Podra literatiry bolo HRGC-MS metédou
v dzasoch identifikovanych 80 zlucenin. V pdvodnom
dzuse prevladali 1-hexanol, 1-butanol, E-2-hexenal, E-2-
-hexenol a butylester kyseliny octovej. V koncentrovanych
jablkovych dzisoch sa nachadzala vécésina prchavych
zlicenin typickych pre jablkd iba v stopovych
koncentraciach. Pritomnost’ malého mnozstva alkoholov
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ako je 1-hexanol a 1-butanol je mozné vysvetlit’ vyskytom
v glykozidickych védzbach, z ktorych st uvolnované pri
tepelnom spracovani v kyslom prostredi. Hlavnou zlozkou
v koncentrovanych dzasoch je furfural.

U réznych dzisov je rozdiel v mnozstve vonnych
zliCenin. Moze to byt sposobené druhom ovocia,
pasterizaciou,  umiestiiovanim do  flia§, balenim
a skladovanim®. Prchavé zlugeniny ovplyviluju senzorické
vlastnosti Cerstvého ovocia a pripravenych ovocnych
produktov. Chut a vona ovocia st tvorené komplexom
skupin chemickych zlucenin ako st aldehydy, alkoholy,
ketony, estery, laktony, terpény a iné. Informacia
o aromatickom profile prchavych latok nadm umoziiuje
rozlisit’ prirodné dzusy od napojov s umelymi sladidlami.
Koncentracia tychto prchavych zluc¢enin je vel'mi nizka
(ugI'Y). Ovplyviuju ju dva faktory: polnohospodarsky
(druh, klimatologické podmienky, stupenn zrelosti)
a technologicky (podmienky pri zbere urody, skladovanie
a podmienky spracovania).

Z porovnania ziskanych informacii je zrejmé, zZe
zlozenie dzasov jednotlivych druhov ovocia je vo velkej
miere ovplyvnené druhom, podmienkami skladovania
a sposobom spracovania ovocia a §tavy. Velky vplyv na
stanovené mnozstvo prchavych zlicenin mal aj sposob
izolacie a samotna separacia latok.

Enzymatické hnednutie je neZiadicim procesom
sposobujucim  znizovanie kvality, kde kla¢ovymi
enzymami st polyfenolové oxidazy. Tieto enzymy si
pritomné vo vSetkych rastlinach, vo vi¢Som mnozstve sa
vyskytuji v jablkach, hruskach, mangu a i. Prebieha
oxidacia fenolového substratu polyfenolovou oxidazou na
reaktivny o-chindn a nasledne dochéadza k polymerizaciu
o-chindénu na pigment hnedého sfarbenia. Enzymatické
hnednutie nemda vplyv iba na sfarbenie, ale aj na vyzivné
ainé senzorické vlastnosti, vratane voOne, chuti.
V potravinarskom priemysle sa pouziva 5 metéd na
kontrolovanie tychto enzymatickych procesov. Tepelné
spracovanie, kontrola pH, vylu¢ovanie kyslika (sposobuje
znizenie  produkcie prchavych latok), pouZivanie
prirodnych aditiv, pouZzivanie cinidiel s protihnednicim
uc¢inkom. Najpouzivanej§im Cinidlom je kyselina
askorbova, ktora redukuje o-chindén na povodnu fenolovu
zlGCeninu sk6r nez nastane vytvorenie pigmentu.
Nevyhodou je, ze kyselina askorbovd mé negativny vplyv
na zlozenie vonnych zlifenin v jablkovych dzusoch,
dochddza k zmene koncentracii niektorych prchavych
zluéenin zodpovednych za aromaticky profil’.

Proces pasterizacie je zalozeny najméd na tepelnej
energii, na redukciu mikroorganizmov sa pouzivaju aj
metddy ako je pouzitie vysokého tlaku a pulzné elektrické
pole, vdaka ktorym nedochadza k =zhorSeniu kvality
sposobenej teplom. Spracovanie oxidom uhlicitym
prebieha pri nizSej teplote, a tym dochadza k menSiemu
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pdsobeniu na nutriéné a fyzikalnochemické vlastnosti. Pri
tomto spracovani pomarancovych, mrkvovych,
mandarinkovych a inych dzisov nedoSlo k zmene
fyzikadlnych ani chemickych vlastnosti. Doslo k zmene
sfarbenia: zIt¢ a svetlé sfarbenie vzrastlo a cervené
pokleslo®.

V praktickej praci sa pouzila technika SPME so
skoncentrovanim zloziek z parnej fazy nad vzorkou vo
vzorkovnici. Sledoval sa vplyv parametrov ako typ vldkna,
uprava pH, pridavok soli, Cas a teplota expozicie vlékna,
parametre davkovacej techniky pre GC-MS. Vo vzorkidch
dzusov sa identifikovali zlozky so zastipenim viac ako
1% v izolovanej zmesi latok parnej fazy. Podla
izolovaného = mnozstva  vybranych  zlucenin  sa
optimalizovala metodika spracovania dZisov.

Autori vyjadrujii podakovanie Vedeckej grantovej
agentire VEGA MS SR a SAV za podporu (grant ¢.
1/0483/11).
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GC ANALYSIS OF THE EFFECT OF EWE INDIVIDUALS ON MILK FATTY ACID
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The experimental flock of 328 ewes belonging to
three breeds (148 Tsigai, 124 Improved Valachian, and 56
Lacaune) with ewes’ parity 1 till 8 was grazed on pasture
and milk was sampled on the same day in the morning.
Fatty acid (FA) milk fat content in particular the content of
conjugated linoleic acid (CLA), oleic acid (OA) and 12:0
— 16:0 saturated FA (SFA) was examined with regard to
variation among individual ewes, breed, parity and
relationship to milk yield. Individual ewes showed the
most significant effect on the FA milk fat profile. The
CLA milk fat content varied in the wide range of 5-26
mgg' FA, thus fivefold among individual ewes.
Similarly, the values of A-9 desaturase indexes varied
within a triple range. The ewes’ breed and parity had
significant effect on some milk FA and atherogenicity
index, and systematic trends were found. The ewes’ milk
yield varied within a 12-fold range, and that of Lacaune
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ewes was significantly higher (P < 0.05) compared with
other two breeds. An inverse not quite significant relations
(P = 0.05) between the milk yield and the CLA milk fat
content were found in Tsigai and Lacaune breeds, and
significant for Improved Valachian (P < 0.001). With
increasing milk yield we observed a decrease also in the
content of a-linolenic acid and 18:0 SFA and an increase
in 4:0 — 16:0 SFA content in particular that of 14:0 and
10:0 SFA. Variations in the content of OA and linoleic
acid were insignificant. The average milk yield of ewes’
flock was similar with 1-3 parities, and it decreased
approximately by 60% with increasing parities up to 7.
The milk fat content of 6:0 — 16:0 SFA (P = 0.05-0.001
for the individual acids), slightly CLA (P = 0.05), and a-
linolenic acid (P < 0.05) increased while that of OA (P <
0.001), cis-9 16:1 (P = 0.05), and linoleic acid (P < 0.001)
decreased with rising parity up to tri-pentaparous ewes
from the flock. A higher OA content and a lower myristic
acid (P < 0.001) content for primiparous ewes for flock as
well as for all the three breeds was the most striking
difference between primiparous and multiparous ewes.
Genetic selection of experimental flock ewes based on the
content of nutritional beneficial milk FA can be initiated
by selecting ewes with a higher CLA milk fat content and
higher milk yield.

This work was supported by the Slovak Research and
Development Agency under the contract Nos. APVV-0416-
10, APVV-0458-10, APVV-0163-06, LPP-0198-06 and
LPP-0098-06.
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ELEKTROCHEMICKE STANOVENIE KOFEINU V NAPOJOCH S VYUZITIM

PRIETOKOVEJ INJEKCNEJ ANALYZY

FRANTISEK CACHO*, LUKAS
JANKUV, LUKAS LAUKO, ALENA
MANOVA a ERNEST BEINROHR

Ustav analytickej chémie FCHPT STU v Bratislave, Rad-
linského 9, 812 37 Bratislava, Slovensko
[frantisek.cacho@stuba.sk

Kofein je alkaloid zo semien kavovnika (Coffea) —
najcastejSie Coffea arabica a Coffea canephora. Nachadza
sa v8ak aj v inych rastlinaich. Ma povzbudzujuce ucinky na
centralnu nervovu sustavu a pouZziva sa ako sucast’ mno-
hych povzbudzujucich napojov. Na stanovenie kofeinu
v roznych matriciach sa pouZiva najmid metéda HPLC',
avSak v mnohych pripadoch sa uplatiuji aj d’alSie analy-
tické metodiky (UV/VIS/IC spektrometria, elektrochemic-
ké analyza a podobne)™”.

Jednym z moznych postupov je elektrochemické oxi-
dacia kofeinu na elektrode zborom dopovaného
diamantu®. V nasej praci sme sa rozhodli pouzit' pracovni
elektrédu z porézneho sklovitého uhlika. Tato sme pre
zvySenie UCinnosti upravili nanesenim vrstvy nafionu. Na
samotné merania sme pouzili elektrochemicky prietokovy
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injek¢ny analyzator, ktory umoznil automatické mieSanie
vzorky s elektrolytom a aj Ciastocné riedenie vzorky. Ob-
sah kofeinu sme stanovili v niekol’kych druhoch energetic-
kych a kolovych napojov ako aj vo vyzivovych doplnkoch.
Z jednotlivych napojov sme pred analyzou odstranili CO,
pomocou ultrazvuku, nasledne sme tieto zriedili deminera-
lizovanou vodou a analyzovali. Vyzivové doplnky vo for-
me tabliet sme rozpustili za varu v Kyseline sirovej
s koncentraciou 0,1 mol dm™, zriedili vodou a analyzovali.

Praca vznikla vdaka podpore projektu Drinking Wa-
ter Quality Risk Assessment and Prevention in Novi Sad
municipality Serbia NATO Science for Peace project SfP
984087 a projektu APVV SK-SRB-0022-11.
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FOR ASSESSMENT OF NEUROTRANSMITTERS INVOLVED

IN NEURO-DEGENERATIVE DISEASES
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DAVID
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Av. 90-92, 050671 Bucharest, Romania
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Chemically modified electrodes (CMEs) have at-
tracted great interest over the past four decades as re-
searchers attempted to exert more direct control over the
chemical nature of an electrode surface. One of the most
important properties of CMEs is their ability to catalyze
the oxidation or reduction of solute species which exhibit
high overvoltages at unmodified surfaces. As a major elec-
trocatalysis effect, CMEs lower the potential required for
the electrolysis of the redox system and, therefore, these
electrodes possess direct application in a variety of analyti-
cal situations, enhancing the sensitivity and selectivity of
the detection method. In this respect, carbonaceous elec-
trodes materials have been used in our laboratory for
several purposes: a) In biocomposites materials for immo-
bilization of biological molecules; b) Signal transducing
platforms for designing a variety of biosensors; ¢) Electro-
catalysis of different analytes.

Dopamine (DA) and serotonin (5-HT) belong to the
family of chemical neurotransmitters and there is con-
siderable interest in their electrochemical determination
with the challenge of removal the ascorbic acid (AA) inter-
ference. In our recent work', an electrocatalytic action of
iron phthalocyanine (FellPc) at the voltammetric oxidation
of DA and 5-HT has been investigated. In these studies
carbon nanotube paste electrodes modified with FellPc
have been employed. Due to very poor solubility of
phthalocyanines in most solvent systems, these compounds
have been employed in CMEs prepared by direct deposi-
tion onto a variety of electrode substrates, or included in
the electrode materials. The interferences of other electro-
active species like AA, uric acid (UA), paracetamol etc.
appearing in biologic samples have been also investigated.
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A new carbon paste electrode incorporating the ani-
onic surfactant SDS in the paste was tested by cyclic
voltammetry toward DA. The modified electrode discrimi-
nates effectively between the cationic form of DA and the
anionic electroactive species existing normally in biologi-
cal fluids at the physiological pH. On this principle, a DPV
method for DA determination has been developed. It has
the detection limit comprised in the submicromolar range
and the capability to remove completely the interference of
AA and to diminish significantly the interference of UA.
The method has been tested with good results on real sam-
ples of deproteinized serum?.

Recently, films of electrochemically formed poly-
ethacridine imprinted with dopamine template have been
applied on the measuring surface of glassy carbon elec-
trodes®. The performance of those modified electrodes for
the voltammetric determination of DA in various media
has been investigated. Owing to the property of the mo-
lecular imprinted layer, the DA determinations in
micromolar range could be performed in the presence of
high, physiological concentrations of electroactive species
like AA, UA, etc. The electropolymerization was carried
out in aqueous buffered solutions at pH 5.0. By using the
differential pulse voltammetric (DPV) technique a limit of
DA detection as low as 4.4 nmol/L could be achieved.
Satisfactory recoveries were obtained in artificial cerebro-
spinal fluid containing an excess of AA relative to DA of
2000:1.

This work was supported by the UEFISCDI
Romanian Agency (Project no. 251/2011 and the Project
RO-FR-497-2011).
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OF GUANINE AT A COBALT PHTHALOCYANINE MODIFIED CARBON
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The development of sensors and biosensors for as-
sessment and monitorization of risk chemicals of environ-
mental origin and selected drugs upon DNA damage is an
obvious necessity of the society, with economical implica-
tions. This is the reason why the field specialists continue
to search the realization of new analytical nanotechnolo-
gies based on new bioanalytical instruments (like micro-
biosensors) for the detection and assessment of the men-
tioned compounds in complex matrices.

In the last years, a relative impressive number of in-
ventive designs sensors and biosensors for risk chemicals
of environmental origin detection have appeared. Novel
materials with unique physical and chemical properties
and their introducing into the construction of biosensors
with a high performance are the subject of great research
interest. Electrodes based on nanostructured materials
(mostly carbon based), benefit of their reduced size which
make them very attractive in development of miniaturized
biosensors. The compatibility with micro-fabrication tech-
nology and the low cost of these devices make them
promising tool for the rapid and inexpensive detection of
many important chemical compounds in different matrices.

The incorporation of electroactive materials into a
carbon nanotubes paste electrode is advantageous and has
been widely applied in the electroanalytical community'.
Metallophthalocyanines are a possible choice for preparing
voltammetric modified sensors due to their catalytic activi-
ty for a wide range of redox processes™. The sensitivity
and the selectivity of the (bio)sensors can be greatly im-
proved as a result of the electrocatalysis by metal-
lophthalocyanines*’. Recently, immobilization of phthalo-
cyanines and metallophthalocyanines at the surface of car-
bon nanotubes has been achieved®’. The resulting phthalo-
cyanine-nanotube complexes (nanocomposites) possess
the catalytic properties of phthalocyanine without any de-
struction of the electrical properties and structures of the
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nanotubes and thus noncovalent functionalization of car-
bon nanotubes is important for developing new nano-
materials.

A sensitive and reliable electrochemical method is
proposed for the determination of guanine utilizing the ex-
cellent properties of CoPc and CNT as electrode material.
The results indicated that the modification of a CNTPE
with this compound results in amplification of the guanine
oxidation response in contrast to that on the unmodified
CNTPE. The electrochemical behavior of the modified
electrode and the mechanism of the oxidation of guanine
were investigated using cyclic voltammetry (CV) and dif-
ferential pulse voltammetry (DPV). The methods parame-
ters were optimized. A detection limit of 1.3-10”" mol L™
was obtained for guanine using the electrocatalytic oxida-
tion signal corresponding to the Co(II)/Co(III) redox pro-
cess.

Analytical methods, like the one proposed here
making use of nanostructured carbonaceous materials
(CNTs) and electrocatalyst (CoPc) offers new solutions for
efficient, rapid, and selective detection of risk chemicals of
environmental origin and of evaluation of their action and
of selected drugs upon DNA damage in complex matrices
and thus can be used for the purpose of improving the
ways of control of human health and of environmental pol-
lution.

This work was supported by the UEFISCDI
Romanian Agency (Project RO-SK-477-2011).
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DETAILED ANALYSIS OF C6-C12 AROMATIC HYDROCARBONS IN LOW BOILED
PETROCHEMICAL PRODUCTS BY FLOW MODULATED COMPREHENSIVE TWO
DIMENSIONAL GAS CHROMATOGRAPHY

ROMAN GOROVENKO, JAN
KR’UPCIK*, PAVEL MAJEK, and IVAN
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Food Technology, Slovak University of Technology in Bra-
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Comprehensive two-dimensional gas chromatography
analysis of C6-C12 aromatic compounds in low boiled
petrochemical products shall be presented in this paper.
Experiments were performed using an Agilent 7890A GC
quipped with flow modulator, flame ionization and quad-
rupole mass spectrometric detector (Agilent Technolo-
gies). Both, normal phase column setup (DB-5ms (30 m x
250 wum x 0.25 pm of poly(5%-phenyl-95%-methyl)
siloxane, Agilent Technolgies) connected to HP-
INNOWax (5 m x 250 pum x 0.15 pm of polyethylene gly-
col)), as well as reversed phase column setup (ionic liquid
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SLB-IL 100 (30 m x 250 um x 0.20 um film thickness,
Sigma-Aldrich) connected to HP-5ms (5 m x 250 pum
coated with 0.25 pum of poly(5%-phenyl-95%-methyl)
siloxane, Agilent Technolgies)) were used in this study.
GCxGC-FID as well as GCxGC-qMSD measurements
were registered simultaneously.

Mass spectra obtained by GCxGC-qMSD measure-
ments together with compound boiling points were used
for identification purposes. Quantitative measurements
were performed both by modulated GCxGC-FID as well
as non modulated GC-FID. Practically equal quantitative
results were obtained by one dimensional and comprehen-
sive (two dimensional) techniques. The identity of C6-C12
aromatic hydrocarbons present in studied samples based
on the mass spectra and boiling points as well as GC-FID
and GCxGC-FID quantitative data will be depicted.

Authors are thoroughly grateful to Agency of the
Ministry of Education, Science, Research and Sport of the
Slovak Republic for the Structural Funds of EU (ITMS
26240120001 and 26240120025) for financial support.
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RIVER SAMPLES BY HPLC
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Introduction

Surface water is often used as a source for a drinking
water production or for leisure and recreational activities.
Surface waters are contaminated with thousands of chemi-
cal compounds originating from industry, agriculture,
household use which number is still increasing. The safety
of surface water systems should be an imperative for each
society since contaminations of these systems can cause
serious effects on human health. New group of environ-
mental pollutants are often identified as ,,emerging sub-
stances” and are widely perceived as unregulated
substances. Emerging substances include global organic
and some inorganic contaminants, such as pharmaceuti-
cals, personal care products, flame retardants, endocrine-
modulating compounds, industrial chemicals (new and re-
cently recognized), nanoparticles, biological metabolites,
toxins and many other chemicals from the NORMAN
open list of the currently most frequently discussed
emerging substances and emerging pollutants (latest up-
date approved March 2011). It is almost inevitable that
small amounts of these compounds, which are manufac-
tured to protect human health, improve consumer goods or
optimize agricultural production, are unintentionally re-
leased into the environment. Pharmaceuticals and other
polar emerging contaminants are present up to the ug L™
range in surface water, rivers, lakes and groundwater as
a consequence of the systematic input of wastewater. Rela-
tively recent improvements in sophisticated laboratory
analytical methods have enabled the identification and
quantification of these substances, in very low concentra-
tions (ppb, ppt and lower), which likely have been present
in waters for decades. By contrast with regular persistent
organic pollutants, which often have longer environmental
half-lifetimes, the continuous discharge in the environmen-
tal mediums may make emerging substances “pseudo-
persistent” contaminants.
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In the past decade the presence of pharmaceutical
residues in the environment has, become a subject of
growing concern. Due to the continuous input that leads to
the long-term adverse effects on the aquatic and terrestrial
organisms, the special attention is being paid to their con-
centration levels in the aquatic environment. Up to 95% of
the administered dose of human or veterinary drugs can be
excreted unmetabolized and discharged into wastewater.
Most of the pharmaceuticals could not be completely re-
moved using wastewater treatment plants (WWTPs) and,
accordingly, they are released into natural waters. Pharma-
ceuticals are usually highly water soluble and poorly de-
gradable. Therefore, they can pass through all natural fil-
trations and reach ground water and ultimately drinking
water.

Caffeine, an emerging organic substance, is found to
be a good indicator for human sewage because of its rela-
tively high concentrations in surface water and its unam-
biguous anthropogenic origin. It is present in food,
beverages and drugs and main paths to enter wastewater
stream are either in urine or when caffeine-containing
products are discharged through household pipelines or
SeWers.

Objective

There is a general lack of information on the levels of
emerging environmental pollutants in the countries of
West Balkan region. No data on most pharmaceutical
levels in water samples is available from any monitoring
or research activities in Serbia. The main goal of the inves-
tigation was to gain more insight into new organic con-
taminants present in the water used for drinking water pro-
duction at the city of Novi Sad, Serbia, to fill data gaps
and evaluate their risks for human health and the environ-
ment. The objective of the study was identification and
quantitation of caffeine, as an indicator of human waste, in
the Danube river samples by reversed phase High-
performance liquid chromatography (RP HPLC).

Materials and methods

The standard of caffeine (99% purity), acetonitrile
and methanol were obtained from Sigma (Deisenhofen,
Germany). Chloroform was purchased from Mallinckrodt
Baker Inc. (Phillipsburg, NJ, USA). Ultra pure water was
used for the preparation of all solutions (Milli-Q-quality).

Samples were collected in amber bottles from seven
representative locations of the Danube River (Table I,
Fig. 1) on the territory of Novi Sad, Serbia, and stored at
4 °C until analysis. All samples were taken in the middle
summer (July) of 2011 under comparable meteorological
conditions at all sites (median atmospheric temperature
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Table 1

List of the spot sampling sites in the Danube River

No. Location Code Norten latitude Eastern

longitude

1 Cepelin GC1 45°15'542"N  19°51'22,95"E

2 Beogradski GC2 45°15'444"N  19°51'28,46"E
kej

3  Ratnoostrvo RO  45°15'11,84"N 19°54'40,18"E

4 Danube RP  45°14'3491"N 19°54'55,53"E
middle

5 Danubeleft DL  45°14'33,24"N 19°55'5,08"E

6  Danuberight DR 45°14'30,61"N 19°54'48,52"E

7  Rokov potok DM  45°152,2"N 19°54'9,92"E

21 °C, atmospheric pressure 995.4 hPa, wind direction N,
wind speed 3 m s, humidity 60 %). Average Danube wa-
ter temperature during the spot sampling period was 22.4 °©
C.

Determination of caffeine in the Danube River sam-
ples was performed by solid-phase extraction (SPE) fol-
lowed by HPLC'. The chromatography was using two-
solvent isocratic elution. The HPLC-diode array detection
(DAD) model Agilent HP 1100 system equipped with an
autosampler (Waldbronn, Germany) was used. The analyt-
ical column was the Zorbax Eclipse XDB-C8 column (4.6
mm x 150 mm, i.d., 5 pum particle size). Mobile phase was
water (pH 8) — acetonitrile (90:10) with a flow rate of
0.8 mL min .
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Results and discussion

HPLC analysis of the collected Danube River samples
showed the presence of caffeine in 4 samples. Caffeine
amount ranged 0-84 ngL ' Representative HPLC
chromatogram of the sample No. 3, collected near the
location of the water supply source ,,Ratno ostrvo* in Novi
Sad, Serbia, is presented on Fig. 2.

The presence of caffeine confirmed the existence of
human waste in the Danube River. Median value of de-
tected caffeine concentration in the Danube River samples
of our study was 12.067 ng L™". Loos et al. (2010) in resent
study found median caffeine concentration in the Danube
River to be 87 ng L™ which is significantly higher value
then one obtained in our study. Comparing obtained results
of caffeine in the Danube River with other rivers in
Switzerland (6250 ng L") or in the Mississippi River,
USA (10-100 ngL") it appears that similar level of
human contamination as in our study is found.

Conclusions

Median value of detected caffeine concentration in
the Danube River samples in our study was 12.067 ng L.
The presence of caffeine confirmed the existence of hu-
man waste in the Danube River on the territory of Novi
Sad, Serbia. The data suggested that the proposed HPLC
method could be used for caffeine detection in a surface
water samples. These determinations in Serbia are very
scarce and performed for the first time in the vicinity of
Novi Sad city.

Fig. 1. Map of the sampling areas showing sampling sites
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min

Fig. 2. HPLC chromatogram of the Danube River sample No.3 (,,Ratno ostrvo*): a) Caffeine

The work was financially supported by Ministry of

Education and Science, Republic of Serbia (I1146009) and
NATO Science for Peace Project ,, Drinking Water Quality
Risk Assessment and Prevention in Novi Sad municipality,
Serbia“ (ESP.EAP.SFP 984087).
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Uvod

Studie byla zamétena na stanoveni obsahu vybranych
liposolubilnich vitamin — retinolu a tokoferolu v kozim
mléce. Krmni davka koz se suplementovala méd’natymi
ptipravky. Na suplementaci byla pouZita organick4 a anor-
ganicka forma médi. Na analyzu jednotlivych kozich mlék
byla pouzita vysokou€inna kapalinova chromatografie
s UV deteket, pii vinovych délkach 205 a 325 nm. Primér-
ny obsah retinolu se pohyboval ve zralém mléce v rozmezi
1,8-4.,8 mg kg’1 mléka a obsah tokoferolu mezi 1,8-3,0
mgkg .

Kozi mléko se v dnesni dobé dostava do poptedi za-
nutricné vyznamnych a bioaktivnich slozek v ném a klade-
ny poZadavky na metody jejich stanoveni. Chovatelé pfi-
davaji do krmnych davek ptezvykavct rizné mikro-
a makroelementy, aby zvysili koncentraci téchto prvki
a tim i latek, jejichZ obsah ve tkanich tyto prvky ovliviiuji.
Nutri¢ni diblezitost lipofilnich vitamint je zatadila do slo-
zek, které tieba analyzovat a vyvijet metody pro jejich
stanovovani.

Liposolubilni vitaminy jsou dodavané do organizmu
po vétsin€ rdznymi druhy potravin. Jejich obsah zavisi na
druhu potravin a technologickém zpracovani. Doporuc¢ena
denni davka vitaminG se udava pro vitamin A 800 pg
a vitamin E 10 pg.

Vitamin A je dulezity pro zrak a spolecné
s vitaminem E jsou potfebné pro fyziologickou funkci
reprodukéniho systému a spravnou funkci imunitniho sys-
tému. Organizmus novorozence vyzaduje vitamin E na
ochranu proti oxidativnimu stresu, chrani polynenasycené
mastné kyseliny bunééné membrany a lipoproteiny proti
oxidaci. Vitamin E zahrnuje 2 skupiny: tokoferoly a toko-
trienoly, ale jen tokoferoly plni vétsinu fyziologickych
funkcii.
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Vitamin A je skupinou riznych forem tohoto vitami-
nu, zahrnuje retinol, retinal, kyselinu retinovou, retinyl
estery a provitamin A, karotenoidy a B-karoten. V nasi
praci jsme stanovovali celkovy obsah obou vitaminQ
v kozim mléce.

Material a metoda

Odber vzorkit mléka: Vzorky koziho mléka pochazely
z chovu Veterinarni a farmaceutické univerzity Brno, kde
jsou chovany kozy bilé kratkosrsté. Celkovy pocet vzorkl
v jednom odbéru byl 22. Vzorky mléka byly rozdéleny do
3 skupin. Prvni skupinu tvofily kontrolni vzorky (n=8),
druhou skupinu vzorky (n=8) od koz, do jejichz krmné
smési byla pridivana anorganickd méd ve formé
CuSO;. 5 H,0. U tfeti skupiny byla krmna smeés suple-
mentovana organickou médi — chelatem médi (n=6). Pii-
davky médi byly podavany peroralné¢ od doby porodu az
do odstaveni mlad’at v davce 15 mg/den a po odstaveni po
dobu 8 tydnl v davee 30 mg/den. Vzorky byly odebirany
2., 6. a 8. tyden po odstaveni.

Pracovni postup: Byl navaZen 1g vzorku do varné
banky, pfiddno malé mnozstvi antioxidanti (hydrochinon
a kyselina askorbova). Vzorek byl saponifikovdn methano-
lickym roztokem KOH (1 v/v KOH, 9 v/v metOH) po
dobu 30 min. Nasledné byly analyty extrahovany do hexa-
nu po dobu 10 min tfepanim. Hexanova vrstva byla oddé-
lena pomoci separa¢niho néstavce, promyta destilovanou
vodou do neutralni reakce a vysuSena siranem sodnym.
Pak byl odebran alikvotni podil a odparen na rotacni vaku-
ové odparce pravé dosucha. Odparek byl rozpustén v me-
thanolu, zfiltrovan ptes 0,45 um nylonovy filtr a preveden
do HPLC vialky.

Podminky HPLC stanoveni: mobilni faze pouzita pro
separaci vitaminti byla: methanol/voda (95:5), izokraticka
eluce, pratok 1,0 ml min~!, nastiik 20 pl, teplota kolony
30 °C, detekce pii A = 205 nm (tokoferol) A = 325 nm
(retinol). Doba analyzy 12 min a kvantifikace byla prova-
déna metodou vnéjsi kalibrace.

Kazdy vzorek byl analyzovdn minimdlné ve dvou
paralelnich stanovenich, s kazdou sérii byl méfen slepy
vzorek. Celkem bylo analyzovano 66 vzorku.
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Obr. 1. Obsah retinolu v kozim mléce
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Obr. 2. Chromatograficky zaznam analyzy retinolu v kozim mléce p¥i A = 325 nm
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Zavér

Koncentrace obou vitaminl jsou ovlivnény ve velké
mife individualitou jedince, genetickou predispozici, lakta-
ci a krmni davkou podavanou v daném obdobi. Vysledky
v nasi studii ukézaly, Ze individualita jedince hraje vétsi
roli v obsahu lipofilnich vitaminli nez samotné podavani
méd’natych piipravki. Koncentrace vitamind ve vzorcich
mléka byly nejvyssi v prvnim tydnu odbéru vzorku.
V tomto obdobi m¢l sekret jesté charakter nezralého mlé-
ka, proto byly primérné hodnoty vitamint vyssi. Koncen-
trace retinolu se pohybovaly v druhém tydnu laktace od
2,04 mgkg' do 5,05 mgkg', v Sestém tydnu od 1,79
mg kg ' do 2,65 mg kg ' a v osmém tydnu od 1,97 mg kg
do 5,05 mgkg'. Obsah tokoferolu byl vdruhém tydnu
1,43-2,43 mg kg", vsestétm 1,35-2,38 mg kg’l,
a v poslednim odbéru 1,46-2,82 mg kg '. Studie neproka-
zala statisticky vyznamnou zavislost mezi obsahem retino-
lu a tokoferolu v mléce a suplementaci krmné davky médi.

Retinol a tokoferol patfi mezi nutricné vyznamné
slozky potravy a proto vyzaduji dalsi analyzu a studium
exogennich a endogennich vlivli plsobicich na jejich ob-
sah v matrici. Stanoveni vitaminti je vhodné také podle
vyhlasky ¢. 450/2004 Sb. ve znéni vyhlasky ¢. 330/2009
Sb., kterd vyZaduje oznaCovéani hodnot vitamini, pokud je
jejich obsah vyssi nez 15 % doporucené denni davky ve
100 g nebo ve 100 ml potraviny nebo v jednom baleni ¢i
jednotlivé porci potraviny.
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USE OF 7-HYDROXYCOUMARIN MOLECULARLY IMPRINTED POLYMER
IN ANALYSIS OF PROPOLIS AND PLANT SAMPLES

ANDREA SPEVAK®, KATARINA
HROBONOVA™, JOZEF LEHOTAY",
and JOZEF CIZMARIK"
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katarina.hrobonova@stuba.sk

Coumarins are benzo-o-pyrone derivatives, and
constitute an important group of natural products. Many of
their analogues are found to be biologically active and
have been proven to exhibit pharmacological activity'.
Molecularly imprinted polymers (MIPs) are selective
sorption materials with a predefined selectivity for a given
analyte or closely related compounds for which they were
synthetized®.

The MIP made with 7-hydroxycoumarin (umbelli-
pherone) as template molecule for imprints formation was
prepared and tested for selective extraction of coumarin
derivative from plant and propolis extract. In this work the
influence of polymerization mixture composition on
polymer properties and binding capacities were studied.
MIP was prepared with acrylamide or methacrylic acid as
functional monomer, ethylene glycol dimethacrylate as
crosslinking monomer and ethanol, methanol, and acetoni-
trile as porogen. The specific binding capacity and the se-
lectivity of prepared MIP were investigated towards struc-
turally related coumarin derivatives. Non-imprinted poly-
mers (NIPs) were prepared for each imprinted polymer by
the same procedure. All MIPs and NIPs were prepared by
non-covalent approach by bulk polymerization.

The binding capacities of prepared MIPs were evalu-
ated in different solvents. The same procedure was per-
formed on MIPs and NIPs, respectively. The type of poro-
gen plays an important role during the formation of pre-
polymerization complex. Capacities of polymers prepared
with ethanol as porogen are very low, therefore the ethanol
as porogen is not suitable for this type of template. When
we compare the polymers prepared in different porogens,
the higher capacities were obtained for less polar solvent.
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The nature of solvent used for capacity studies influenced
the relative swelling of the polymer which caused changes
in the binding cavities and also is responsible to solvata-
tion process. The highest value of specific capacity (MIP
capacity — NIP capacity) was obtained for polymers pre-
pared with acetonitrile as porogen and for mixture metha-
nol:water 1:1 (v/v) as solvent for capacity studies. The
specific capacity value was 74.5 pg of 7-hydroxycoumarin
for 100 mg of polymer. When the water was used as ca-
pacity determination solvent the very high binding capaci-
ties were obtained for all prepared MIPs and also for NIPs
because the whole amount of loaded template
(concentration 100 pgcm™) was sorbed onto the poly-
mers. The results indicate that non-specific interactions
(hydrophobic interactions) were responsible for 7-
hydroxycoumarin retention. From this is evident that water
samples are appropriate for extraction.

Since the main aim of this work was to incorporate
the MIP prepared to 7-hydroxycoumarin into a SPE, the
MIP was packed into cartridges a used for of-line proce-
dure. To optimize the extraction, the wash step and the
elution step were varied. The wash procedure was
examined including 100% water and mixture methanol/
water (50/50 v/v). On the base of HPLC analysis of frac-
tions the water was selected as washing solvent, whereas
some 7-hydroxycoumarin was eluted when mixture
methanol/water were employed. The volume 2 ml of wash
solution was found to be the most suited. The suitable elu-
tion solvent was methanol. It gave rise to the best re-
coveries (more than 92 %). Poor recovery (les than 30 %)
was found with mixture methanol/water (80/20 v/v).

The prepared molecularly imprinted polymer was
applied to selective sorption of 7-hydroxycoumarin form
propolis and plant samples. The MIP-SPE procedure
shows effective clean-up ability. The extract were ana-
lysed by HPLC with fluorescence detection.

This study was financially supported by the Grant
Agency VEGA of Slovak Republic (grant no. 1/0164/11).
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DEVELOPMENT OF FAST GAS CHROMATOGRAPHY METHOD
FOR DETERMINATION OF PYRIDALYL IN FRUIT AND VEGETABLES
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Pyridalyl  (2,6-dichloro-4-(3,3-dichloroallyloxy)
phenyl 3-[5-(trifluoromethyl)-2-pyiridyloxy]propyl ether)
belongs to a new class of insecticides that has a phenoxy-
pyridaloxy derivative structure. This compound displays
a killing effect on the pests of order Lepidoptera and
Thysanoptera on vegetables'. Pyridalyl starts to be broadly
used to control a key pest in Egypt. After application of
pesticides some residues may remain in crops. In order to
protect consumer’s health and the environment, there is the
growing interest in the identification and determination of
such compounds in various matrices. For this purpose, an
appropriate analytical method must be developed and
validated.

The determination of pesticide residues is usually
accomplished by chromatographic techniques and involves
many preliminary steps like sampling, extraction, and
clean-up for interference removal. For GC-amenable vola-
tile/semivolatile pesticide residues gas chromatography
(GC) methods are scientifically valid methods for the
analysis at low concentration levels. The need for positive
identification can be performed only by mass spectrometry
(MS) detection. Negative chemical ionization (NCI) mode
of GC-MS technique offers the advantage of chromato-
grams with less chance for the interference ions derived
from the sample matrix, better signal-to-noise (S/N) ratio,
higher sensitivity and selectivity and the determination of
organic compounds at the ultratrace concentration level
with low LODs’. Fast GC as a modern analytical tech-
nique combined with mass spectrometry was shown to
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satisfy the present-day demands on faster and cost-
effective analysis with the desired resolution and efficien-
cy achieved™*. Fast GC method utilizing narrow-bore
column in combination with quadrupole MS detector in
negative chemical ionization (NCI) mode was introduced
by our research group”.

The aim of this paper was to develop the fast GC-MS
method for the determination of pyridalyl in a complex
matrix — non-fatty fruit and vegetable samples. Narrow-
bore column approach to the fast GC-NCI-MS for the
analysis of pyridalyl residues was compared to the analysis
with EI (electron ionization)-MS set-ups, both operating in
SIM (selected ion monitoring) mode. Both ionization tech-
niques were compared in terms of selectivity and sensitivi-
ty. The focus was also on trueness of the proposed
methodology in terms of recovery assays. Matrix-matched
standards and analyte protectants as a tool to solve matrix
effects were searched.

The proposed method was applied to the determina-
tion of pyridalyl residues in samples available on Slovak
market. None of the samples contained detectable amounts
of residues.

This work was supported by the Scientific Grant
Agency of the Slovak Republic VEGA (project No.
1/0647/11).
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Uvod

V poslednom obdobi vzrastd zaujem verejnosti
o zlepSovanie kvality Zivota. Tieto zmeny suvisia tak so
zabezpecenim dostatocnej kvality Zivotného prostredia ako
aj kvality zivota l'udskej populacie. R6znorodou skupinou
chemickych zlucenin, ktoré su schopné pomdct’ zabezpe-
¢it' vysoké vynosy a dostatocnu kvalitu pol'nohospodar-
skych produktov st pesticidy. Napriek mnohym kladom sa
pesticidy radia medzi toxické, velakrat nestabilné a mobil-
né latky v Zivotnom prostredi'. Stéle pouzivanie pesticidov
zvySuje obavy zo zneCistenia pol'nohospodarskej pody, ale
1 ostatnych zloziek Zivotného prostredia. Preto je dolezité
sledovat’ pouzivanie pesticidov a kontrolovat’ ich rezidua
a metabolity v Zivotnom prostredi®.

V sucasnosti viac ako 25 % komeréne dostupnych
pesticidov patri do skupiny chiralnych latok’. Chiralita
ovplyviuje biologicka aktivitu!, a tym aj ich toxicitu’.
Pri¢inou optickej aktivity organickych molekul je najcas-
tejdie asymetricky substituovany uhlik®, t.j. uhlik, na kto-
rom je kazdy substituent iny. Chiralne zlu€eniny medzi,
ktoré patria i chiralne pesticidy sa v sucasnosti vo vacsine
pripadov aplikuju ako racemické zmesi, v ktorych obvykle
iba jeden enantiomér je biologicky aktivny a ostatné enan-
tioméry sa prejavuju v lepSom pripade ako inaktivna necis-
tota preto narastaju snahy nahradzat’ racemické zmesi chi-
ralnych pesticidov enantiomérmi, ktoré st nositel'om bio-
logickej aktivity, ¢o ma za nasledok vyznamné znizenie
rizik spojenych s ich pouzivanim.

Pyretroidy su perzistentné zliceniny s vysokou hyd-
rofobicitou a nizkou rozpustnostou vo vode®. Permetrin vo
svojej molekule obsahuje dve chiralne centra a teda vytva-
ra Styri stereoizoméry. Jeho akceptovatelna davka pre
60 kg ¢loveka je 3 mg/deti (cit.”). Cypermetrin obsahuje tri
chiralne centra a je racemickou zmesou dsmich izomérov.
Tieto izoméry sa rozdeluju na Styri cis- a Styri trans-
izoméry. Cis-izoméry su ucinnejsie voci hmyzu ako trans-.
NajcastejSie sa vyuziva v polnohospodarstve na ochranu
plodin vo¢i hmyzu napadajucim listy. Akceptovatelna
davka pre konzumaciu Zivo¢ichmi je 0,01-0,2 mg kg
(cit.'). Poslednym zo §tudovanych analytov je epoxikona-
zol, ktory patri medzi triazolové fungicidy so Siroko-
spektralnou aktivitou proti rastlinnym patogénom v obilni-
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néach. Zaciatok jeho uvedenia na trh sa datuje rokom 1970.
Triazolové fungicidy sa vyznacuju 1 alebo 2 chirdlnymi
centrami, ktoré su lokalizované na susednom mieste 1,2,4
triazolového kruhu, ktory je kostrou zlugeniny''.

Experimentalna ¢ast’
Chemikélie a roztoky

Standardy analyzovanych latok boli: epoxikonazol
93,5% — (2RS, 3SR-1-[3-(chlorofenyl)-2,3-epoxy-2-(4-
-florofenyl)propyl]-1H-1,2,4-triazol, cypermetrin 95,8% -
(RS)-a-kyano-3-fenoxybenzyl(1RS,3RS;1RS,3RS)-3-(2,2-
dichlorovinyl)-2,2-dimetylcyklopropankarboxylat, permet-
rin 97,3% — 3-fenoxybenzyl(1RS,3RS;1RS,3RS)-3-(2,2-
dichlorovinyl)-2,2-dimetylcyklopropankarboxylat, Riedel-
de Haén (Nemecko). Metanol gradien grade, Merck, Dar-
mstadt, (Nemecko). Ultracista voda Simplicity® UV,
(Millipore S.A.S., Franctzsko).

Zasobné roztoky Standardov v rozmedzi koncentracii
380-560 pg ml™ boli pripravené v 100% metanole. Rozto-
ky boli uchovavané pri teplote —18 °C a pred svetlom boli
chranené hlinikovou foliou. Standardné roztoky epoxiko-
nazolu, cypermetrinu a permetrinu boli pripravené riedenim
z metanolickych zasobnych roztokov do 70% metanolu.

Pristroje

HPLC zariadenie: Kvapalinovy chromatograf Lich-
rograph (Merck — HITACHI, Darmstadt, Nemecko), po-
zostaval z pumpy Inteligent Pump L-6200 A (Merck, Dar-
mstadt, Nemecko), UV-VIS detektora Model L-4250
Merck, Darmstadt, (Nemecko), mixera, Hitachi, Ltd. To-
kyo, (Japonsko), 2 dvojcestnych Sest'vstupovych ventilov
Rheodyne 7125 a 7010 Cotati, California, (USA), vysoko-
tlakovej pumpy Knauer, HPLC pump 64 (Nemecko), dru-
hého detektora Knauer variable wavelenght monitor, D —
1000 Berlin, (Nemecko).

Kratka achirdlna koléna Silasorb Fenyl 30x3 mm, 5 pm
Castice, Tessek, Praha (CR), chiralna kolona Chiradex
250 x4 mm, 5 um castice Merck (Darmstadt, Nemecko).
Namerané udaje boli vyhodnotené pomocou programu
CSW verzia 1.0, s 20 bitovym integracnym sigma delta A/
D prevodnikom (DataApex s.r.o., Praha, CR).

Chromatografické podmienky

Ako mobilnd faza bola pouZzitd zmes metanol:voda s
obsahom metanolu v koncentraénom rozmedzi 50-80 %.
Prietok mobilnej fazy 0,5-1 ml min . Injektovany objem
standardov bol 20 pl. Detekéna vinova dizka bola 230 nm.
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Vysledky a diskusia

Vyber podmienok separdcie analytov na chirdlnej
stacionarnej faze

Na chiralnej kolone Chiradex, ktora patri do skupiny
cyklodextrinovych stacionarnych faz bola uskuto¢nena
séria merani zavislosti zakladnych chromatografickych
parametrov od % obsahu organického modifikatora aceto-
nitrilu, metanolu v mobilnej faze, prietoku mobilnej fazy
a od doby prenosu analytu z achirdlnej na chiralnu kolonu.
Acetonitril ako organicky modifikator sa pri analyze Stu-
dovanych pesticidov neosved¢il. Chromatografické zazna-
my separacie epoxikonazolu v zavislosti od obsahu meta-
nolu v mobilnej faze su na obr. 1. NajvysSie rozliSenie
enantiomérov epoxikonazolu bolo dosiahnuté v mobilnej
faze metanol:voda (50:50, v/v) s prietokom 1 ml min”!
s hodnotou 1,2 a s reten¢nym faktorom 1,82 pre prvy pik
el a 2,15 pre druhy pik e2 (obr. 1d).

Najlepsia separacia enantiomérov cypermetinu (cl-
c7), ¢o do poctu Ciastocne separovanych jeho enantiomé-
rov sa dosiahla v mobilnej faze metanol:voda (55:45, v/v)
s prietokom 1 ml min~'. Bolo ziskanych 5 &iastoéne sepa-
rovanych pikov. 6 a 7 pik sa separovali na nulovu liniu
s rozliSenim 1,5 (obr. 2). Reten¢ny faktor k” sa pohybuje
v rozmedzi 1,16-18,11.

Na chiralnej kolone sa permetrin separoval na Styri
enantioméri (pl-p4). Rozlisenie enantiomérov permetrinu
pl-p2 malo v mobilnej faze metanol:voda (60:40, v/v)
hodnotu 1,52 a rozliSenie enantiomérov p3-p4 bolo 13,39
(obr. 3b). Rozlisenia enantiomérov permetrinu pl-p2
v mobilnej faze metanol:voda (70:30, v/v) bolo 1,16 a pre
enantioméry p3-p4 bolo 2,2 je (obr. 3a).
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Obr. 1. Chromatografické zaznamy separacie enantiomérov
el a e2 epoxikonazolu na koléne Chiradex (250x4 mm, 5 pm)
v zavislosti od zloZenia mobilnej fazy. Mobilna faza meta-
nol:voda a) (70:30, v/v); b) (60:40, v/v); c) (55:45, v/v); d)
(50:50, v/v) s prietokom 1 ml min™'; UV detekcia pri 230 nm
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Obr. 2. Chromatograficky zaznam separacie enantiomérov cl1-
¢7 cypermetrinu na koléone Chiradex 250x4 mm, 5 um. Mobil-
né faza metanol:voda (55/45, v/v), s prietokom 1 mlmin™', UV
detekcia pri 230 nm
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Obr. 3. Chromatografické zaznamy separacie enantiomérov
pl-p4 permetrinu na koléne Chiradex (250x4 mm, 5 pm)
v zavislosti od zloZenia mobilnej fazy. Mobilna faza meta-
nol:voda a) (70:30, v/v); b) (60:40, v/v) s prietokom 1 mlmin';
UV detekcia pri 230 nm

Zakoncentrovanie analytov na achiralnej kolone,
vymytie technikou spdtného toku (back-flush) a ich
enantiomérna separacia na chiralnej kolone

Ako achiralna napln v kratkej sklenej CGC kolone
(30x3 mm) bol pouzity sorbent Silasorb Fenyl s 5 pum
Casticami. Pri vybere sorbentu pre achiralnu kolénu sme
vychadzali z literatary'>"?. Na kratkej sklenej kolone napl-
nenej sorbentom Silasorb Fenyl dochadza k Cisteniu extra-
ktu od koextraktov z komplexnej matrice a k zakoncentro-
vaniu analytu vo forme tzkej zony (fokusacia) na vstupe
achiralnej kolony. Kratka kolona pred zakoncentrovanim
analytu bola premytd 100% metanolom a nasledne bola
kondicionovanad 5 ml 2% metanolu. Na takto pripravenu
kolonu bolo nadavkovanych 20 pl analytu, na ktorého trans-
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port boli pouzité 2 ml zmesi metanol:voda (50:50, v/v). Na
pripojenom detektore D2 sa sledovala elucia analytu
z kratkej kolony. Zo Sirky chromatografického zdznamu na
detektore je mozné urcit’ ¢as a dobu prepnutia prepinacie-
ho ventilu, kedy sa analyt technikou spétného toku (back-
flush) z kratkej kolény vymyva mobilnou fizou na chiral-
nu kolonu, kde dochadza k separacii diastereoizomérov na
enantioméry. ZloZenie mobilnej fizy na chirdlnej kolone
Chiradex pre epoxikonazol bolo metanol:voda (50:50, v/v),
pre permetrin metanol:voda (70:30, v/v) a pre cypermetrin
metanol:voda (55:45, v/v).
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Obr. 4. Chromatograficky zaznam separacie enantiomérov
epoxikonazolu po vymyti analytu z achiralnej kolony Silasorb
Fenyl (30x3 mm, 5 pm) spitnym tokom (back-flusch) na kolo-
nu Chiradex (250x4 mm, 5 pm). Zaciatok vymyvania analytu
spatnym tokom mobilnej fazy metanol:voda 50:50 v/v s prieto-
kom 1 ml min~' na kolénu Chiradex v 5 min; doba prenosu analy-
tu z kratkej kolony na koléonu Chiradex bola 2 min. Detekcia
v UV oblasti pri 230 nm
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Obr. 5. Chromatografické ziznamy separicie enantiomérov
permetrinu v zavislosti od koncentricie analytu. a) 10 pgml™';
b) 5 ugml™, ¢) 1 pugml™; UV detekcia pri 230 nm. Zadiatok
vymyvania analytu spiatnym tokom mobilnej fazy metanol:voda
70:30 v/v s prietokom 1 mlmin"' na kolénu Chiradex v 5 min;
doba prenosu analytu z kratkej kolony na kolonu Chiradex bola
2 min. Detekcia v UV oblasti pri 230 nm

ACP 2012 — Stcasny stav a perspektivy analytickej chémie v praxi

s275

Posters

Voltage [nV]

-5 T T T T T T
10 15 20 25 30

Time [min.]

Obr. 6. Chromatografické ziznamy vymytia cypermetrinu
spiatnym tokom z kolény Silasorb Fenyl (30x3 mm, 5 pm) na
kolénu Chiradex (250x4 mm, 5 pm). Zaciatok vymyvania ana-
lytu spatnym tokom na kolénu Chiradex v 3 min; doba prenosu
analytu z kratkej kolony na kolonu Chiradex 3 min. so zlozenim
mobilnej fazy na chiralnej kolone a) metanol:voda (60:40, v/v), b)
metanol:voda (55:45, v/v), s prietokom 1 ml min'. Detekcia pri
230 nm

Separacia epoxikonazolu technikou spdtného toku

Standard epoxikonazolu ma vo svojej molekule jedno
chiralne centrum. RozliSenie enantiomérov epoxikonazolu
el a e2 malo hodnotou 1,23 (obr. 4).

Separacia permetrinu technikou spédtného toku

Na obr. 5a-c st znazornené chromatografické zazna-
my rozliSenia enantiomérov permetrinu od ich koncentra-
cie v rozmedzi 1-10 pg ml™ pri prenose z achiralnej na
chirdlnu kolénu Chiradex. RozliSenie enantiomérov per-
metrinu p1-p2 bolo 1,16 a p3-p4 bolo 2,27 (obr. 5).

Separacia cypermetrinu technikou spdtného toku

Cypermetrin bol z davkovacej slucky s objemom 20 pl
vymyty 2ml zmesou metanol:voda (50:50, v/v)
s prietokom 0,1 ml min™' na kratku koloénu plnent sorben-
tom Silasorb Fenyl. Na obr. 6a-b st zndzornené chromato-
grafické zaznamy pre dve rozne zloZzenia mobilnej fazy na
kolone Chiradex. Po zakoncentrovani cypermetrinu na
kratkej kolone oto¢enim prepinacieho ventilu v tretej mi-
nute analyzy na dobu 3 min v mobilnej fdze metanol:voda
(55:45, v/v) (obr. 6b) doslo k jeho Ciastocnej separacii na
sedem pikov cl-c7 s rozlisenim c1-c2: 0,67; c2-c3: 1,29;
c3-c4: 0,86; c4-¢5: 1,1; ¢5-¢6: 0,42; c6-c7: 1,3.

Zaver

Na zéklade ziskanych vysledkov mozeme konStato-
vat, ze navrhnutd optimalizacia separacie enatiomérov
Studovanych Standardov chirdlnych pesticidov
(cypermetrinu, permetrinu a epoxikonazolu) metédou RP-
HPLC s vyuzitim prepinania achirdlnej a chirdlnej kolony
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(column-switching) so spiatnym vymyvanim z achiralnej
kolony na chiralnu kolonu Chiradex je vhodna pre d’alSie
studium a aplikaciu pre separaciu vys$sie uvedenych analy-
tov z réznych druhov pddnych vzoriek. Vyhodou prezen-
tovanej metdody je moznost' pouzitia malych hmotnosti
vzorky pody cca 200 mg, vyuZitia on-line extrakcie analy-
tu z tuhej vzorky pddy s naslednym zakoncentrovanim na
kratkej achiralnej kolone a naslednou enantiomérnou sepa-
raciou na chiralnej stacionarnej faze.

Prdca vznikla za podpory projektov APVV-0595-07
a VVCE-0070-07.
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ivan.spanik@stuba.sk

Abstract

In this work, the capillary gas chromatographic enan-
tiomer separation of chiral 2-alcohols, 3-alcohols and
1,2-diols on 6-O-tert-butyldimethylsilyl-2,3-di-O-ethyl-f3-
-cyclodextrin (6-O-TBDMS-2,3-di-O-Et-3-CD), 6-O-tert-
-butyldimethylsilyl-2,3-di-O-ethyl-y-cyclodextrin ~ (6-O-
-TBDMS-2,3-di-O-Et-y-CD), 2,6-di-O-methyl-3-O-pentyl-
B-cyclodextrin (2,6-di-O-Me-3-O-Pe-B-CD) and 2,6-di-O-
-methyl-3-O-pentyl-y-cyclodextrin  (2,6-di-O-Me-3-O-Pe-
-y-CD) stationary phases has been studied. By selection of
proper compounds various aspects of chiral separation was
studied in details. The first aspect includes the study of ef-
fect of prolongation of alkyl chains in 2- and 3-alcohols
and chiral diols on quality of the enantiomer separation.
The second, effect of position of hydroxyl group in alcohol
molecule was also studied. Finally, the effect of addition
of another hydroxyl groups on carbon chain on separation
factors was studied. The effect of cavity size was studied
on cyclodextrin with the same substituents, however, with
different number of glucose units in cyclodextrins.

Introduction

Many natural compounds are chiral so it can be said
that chirality is a fundamental property of living matter.
Therefore, much attention is paid to monitoring of ste-
reoselective behavior and consequences for the application
of pharmaceuticals, agrochemicals and in the control of
food ingredients. Enantioselective analysis can be used to
control the technological process, identification of impuri-
ties, control of fermentation processes, aging, assessment
of microbial contamination and storage conditions, deter-
mine the geographical origin and the study and control of
flavors and additives in foods and beverages. Therefore,
the analysis of optically active compounds is one of the
important and also the specific functions of the existing
analytical chemistry. Since the first separation of enantio-
mers, until today a variety of chiral stationary phases was
introduced, which include derivatives of amino acids,
complex metal compounds, calixarenes, rezorcinarens or
chiral crown ethers. From those, the most common are cy-
clodextrin stationary phases', which are used to separate
enantiomers of most chiral compounds. The cyclodextrins
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are cyclic oligomers containing 6—8 glucose units in the D(+)
configuration and chair conformation®. Cyclodextrin shape
looks like a torus with free hydroxyl groups bounded to
carbon atoms at positions 2, 3 and 6. Hydroxyl groups
bounded to carbon atoms in positions 6 can rotate and
cause partial closure of narrow end of the cavity. Hydroxyl
groups bounded to carbon atoms in positions 2 and 3 are
located at the wider end of the cavity. Hydroxyl groups on
the second carbon atom are oriented in the direction of the
cyclodectrin cavity axis, while the hydroxyl groups at the
third carbon atom are oriented towards the interior cavity”.
Packing conformation consists of glucose units linked
through oxygen atoms bound to the first and fourth carbon
atom. Conformation is stabilized by hydrogen bonds be-
tween the hydroxyl groups on the second and third carbon
atom. The cavity has a hydrophobic nature, in contrast to
the hydrophilic surface of the cyclodextrin. In a previous
paper, the separation of enantiomers of N-TFA-O-alkyl
amino acid derivatives on 2,6-di-O-Me-3-O-Pe-B-CD and
2,6-di-O-Me-3-O-Pe-y-CD stationary phases has been
studied in details. It was shown that separation of the enan-
tiomers of studied amino acid derivatives depends on the
length of linear alkyl chain bound stereogenic carbon and
an ester group of amino acid derivative. The cyclodextrin
cavity size also affected selectivity”.

In this work, the separation of enantiomers of alcohol
on the 6-O-TBDMS-2,3-di-O-Et-B-CD, 6-O-TBDMS-2,3-
-di-O-Et-y-CD, 2,6-di-O-Me-3-O-Pe-B-CD and 2,6-di-O-
-Me-3-O-Pe-y-CD stationary phases has been studied. The
mechanistic aspects of separation of enantiomers of alco-
hols and the chiral recognition process on the four cy-
clodextrin derivative stationary phases were investigated
using gas chromatography. The chiral recognition process
on cyclodextrin stationary phases is mainly influenced by
the steric parameters of stationary phases and the structure
of enantiomers.

Experimental
Equipment

Capillary GC was performed using Agilent 7890A
gas chromatograph equipped with a split-splitless injector
and a flame ionization detector (FID). Helium with a flow
rate 25-30 cm s was used as a carrier gas. Signal of FID
was monitored by a Agilent Chemstation software. 1 pl of
samples was injected into the column by split injection
with a split ratio of 50:1.

Columns

Column A: 24 m capillary column with 0.25 mm i.d.
coated with 0.25 um film thickness of a mixed stationary
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phase 2,6-di-O-Me-3-O-Pe-B-CD diluted in a OV-1701
silicone polymer in ratio 3:7.

Column B: 24 m capillary column with 0.25 mm i.d.
coated with 0.25 um film thickness of a mixed stationary
phase 2,6-di-O-Me-3-O-Pe-y-CD diluted in a OV-1701
silicone polymer in ratio 3:7.

Column C: 25 m capillary column with 0.25 mm i.d.
coated with a 0.25 um film thickness of 6-O-TBDMS-2,3-
-di-O-Et-B-CD dissolved in polysiloxane.

Column D: 25 m capillary column with 0.25 mm i.d.
coated with a 0.25 um film thickness of 6-O-TBDMS-2,3-
-di-O-Et-y-CD dissolved in polysiloxane.

Samples

The effect of alkyl substituents length in alcohols as
well as position of OH group on resolution of enantiomers
was studied in details. Similarly, the effect of cyclodextrin
cavity size and prolongation of alkyl substituent in the po-
sition 3 on the columns A and B as well as in the position
6 on the columns C and D was studied. The alcohols were
divided into three groups: the first group contains 2-alcohols
(C4-C9), the second group contains 3-alcohols (C5-C8),
and the third group contains 1,2-alcohols (C4-C6, C8).

A

1,2-butanediol
o=1.02

1,2-pentanediol
a=1.01

1,2-octanediol
a=1.03

1,2-hexanediol
a=1.01

100

80 4

60 4

40 -

Detector response

20 4

T
64 68 72

3-pentanol
a=1.00

Detector response
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Results and discussion

The separation of enantiomers of 3-alcohols and
1,2-diols by capillary gas—liquid chromatography on 2,6-di-
-O-Me-3-O-Pe-f-CD  and  2,6-di-O-Me-3-O-Pe-y-CD
columns are shown in figures 1A, 1B and 1C. On both
columns, the separation was obtained for enantiomers of
3-alcohols and that of 1,2-diols was obtained only on 2,6-di-
-O-Me-3-0O-Pe-B-CD. The enantiomers of 2-alcohols were
not separated on these stationary phases.

Increasing of cyclodextrin cavity size improves sepa-
ration of enantiomers of 3-alcohols, while opposite effect
was observed for resolution of enantiomers of other
studied compounds. Similar behavior is observed also on
columns  6-O-TBDMS-2,3-di-O-Et-B-CD and  6-O-
-TBDMS-2,3-di-O-Et-y-CD. The separation of
enantiomers of 2-alcohols and 3-alcohols was obtained on
the both stationary phases, while enantiomers of 1,2-diols
were separated just on 6-O-TBDMS-2,3-di-O-Et-B-CD.
Figure 2 shows the separation of enantiomers of 2-alcohols
and 3-alcohols on 6-O-TBDMS-2,3-di-O-Et--CD and
6-O-TBDMS-2,3-di-O-Et-y-CD.

A comparison of the chromatograms in Figures 1 and
2 shows that capillary columns coated with 2,6-di-O-Me-3-

B

3-hexanol
a=1.00

3-pentanol
a=1.00

3-octanol
a=1.01

3-heptanol
a=1.02

Detector response

T T T T T T T T
4.4 84 88 9.2 20 45 48 51

Time

3-heptanol
a=1.03

3-octanol
«=1.09

Time

Fig. 1. Separation of enantiomers of 1,2-diols at 100 °C (A), 3-alcohols at 60 °C (B), obtained on 2,6-di-O-Me-3-O-Pe-3-CD
and 3-alcohols at 60 °C obtained on 2,6-di-O-Me-3-O-Pe-y-CD (C)
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-O-Pe-CD stationary phases exhibited lower separation
efficiency than the 6-O-TBDMS-2,3-di-O-Et-CD for all
studied analytes. Figure 3 shows the dependence of separa-
tion factor o (o0 = kp/ks =t’,#/ t’.s, k - retention factor and
t’, - reduced retention time of enantiomers R and S) ob-
tained for enantiomers of all studied alcohols on the num-
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ber of glucose units in the cyclodextrin derivative mole-
cule (6-O-TBDMS-2,3-di-O-Et-CD). It is clear that the
separation of enantiomers of 3-alcohols improves with in-
creasing number of glucose units in the cyclodextrin mole-
cules. On the contrary, the separation of diols enantiomers
becomes worse. The separation factor obtained for enanti-

1,2-butanediol 1,2-pentanediol 1,2-hexanediol 1,2.octanediol P 3-h I 3-h 1 3
a=1,04 a=1,02 «=1,02 «=1,04 = a=1 a= 101 «=1,03
r r T 1
4 12 24 25 23 9 10 19 36 37 35 64 68 72
Time (min.) Time (min.)
C 2-butanol 2-.pentanol 2-hexanol 2-heptanol 2-octanol 2-nonanol
a=1,05 a=1,01 a=1,03 a=1,05 a-102 a=1,01
R- S- R- S’ s- R- S- R- - S- R-
T r 1T T J T
4 6 10 12 18 20 22 32 36 40 63 66 69 123126129
Time (min.)
2-butanol 2-pentanol 2-hexanol 2-heptanol 2-octanol 2-nonanol 3-pentanol 3-hexanol 3-heptanol 3-octanol
o =1,00 a =1,00 e =1,02 a-103 a=1,03 a—102 a=1,00 a=1,03 a=1,05 o =1,09
S-RV | M
T T T T T T
2.9 4.6 4.7 4.8 9.6 9.9 45 46 56 88 90 18 20 22 44 46 48 50 52 54
Time Time

Fig. 2. Separation of enantiomers obtained on 6-O-TBDMS-2,3-di-O-Et-B-CD for 1,2-diols at 120 °C (A), 3-alcohols (B), 2-alcohols
at 70 °C (C), and on 6-O-TBDMS-2,3-di-O-Et-y-CD for 2-alcohols (D) and 3-alcohols (E) at 50 °C
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1,2-butanediol

1.05 4

1.04 4
*

2-heptanol

— 3-octanol
1,2-pentanediojr "

e

1.03 4

2-hexanol

1.02 4 3-heptanol

o
1,2-hexanediol
—<—___2-octanol

1.014
2-nonanol

2-pentanol
3-hexanol

1.00 4

#% 2-butanol

T T
7 8

size cavity

Fig. 3. Influence of the CD cavity size of 6-O-TBDMS-2,3-di-O-
-Et-CD on the separation factor a obtained at 90 °C

omers of 2-alcohols slightly improves with the increasing
number of glucose units for alcohols with longer carbon
chain, while for compounds with shorter carbon chain
sharply decreases.
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Conclusions

In this work, the capillary gas chromatographic enan-
tiomer separation of chiral 2-alcohols, 3-alcohols and 1,2-
-diols on the 6-O-TBDMS-2,3-di-O-Et-B-CD, 6-O-
-TBDMS-2,3-di-O-Et-y-CD,  2,6-di-O-Me-3-O-Pe-3-CD
and 2,6-di-O-Me-3-O-Pe-y-CD stationary phases has been
studied. On all studied columns only the separation of
3-alcohols enantiomers was achieved. The enantiomers of
1,2-diols were resolved only on the stationary phases
containing CD with seven glucose units with better
separation factor observed on the phase with TBDMS
group in the 6 position.

This work was supported by VEGA grant No.
1/0972/12.
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APLIKACIA DIFERENCIALNEJ SKENOVACEJ KALORIMETRIE PRI TESTOVANI
NOVYCH KOMPOZITNYCH MATERIALOV
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V prispevku sa venujeme vyuzitiu diferencialnej ske-
novacej kalorimetrie pri testovani kompozitnych materia-
lov, vyrobenych na baze textilii z opotrebovanych pneu-
matik. Kompozitné materialy s tvorené termoplastickou
matricou — polyvinyl butyralom (PVB) a textilnou zloz-
kou, ziskanou z opotrebovanych pneumatik. Na stanovenie
teplot skleného prechodu, teplot topenia, tepelnej stability
a zlozenia, sme pouzili diferencialnu skenovaciu kalori-
metriu. Tato metdda bola vyuzita na identifikaciu jednotli-
vych zloziek obsiahnutych v opotrebovanych pneumati-
kach, konkrétne textilie, gumovej zlozky a tiez zhomoge-
nizovanej zmesi polyvinyl butyralu a odseparovanej texti-
lii.

Uvod

Aktudlna situdcia v Eurdpe poukazuje na zvySenu
aktivitu ~ pre  oblast  odpadového  hospodarstva
s opotrebovanymi pneumatikami. Podl'a zakona
¢.223/2001 Z.z. — O odpadoch, su drzitelia odpadov povin-
ni zbavovat’ sa odpadov, podl'a moznosti ho zhodnocovat’,
musia uprednostnit’ zhodnotenie materialové pred energe-
tickym vyuzitim (spalovanim). Momentélne sa vyskumné
spolo¢nosti snazia o vyvoj novych vyhodnejSich metod
spracovania odpadovych pneumatik, ako aj pouzitie zna-
mych spdsobov zhodnocovania a ich neustale inovovanie.
Vyuzivanie odpadovych pneumatik len pre samotnu recyk-
laciu nema zmysel. V celej Eurdpe sa zaobera recyklaciou
pneumatik viac ako 100 nezavislych firiem vo vsetkych
Clenskych statoch. Spoloc¢nosti, ktoré sa zaoberaji zbiera-
nim a spracovavanim informdcii o zhodnocovani alebo
zneSkodnovani opotrebovanych pneumatik vo svete
a konkrétne v Eurdpe je vel'a. Jednou z hlavnych organiza-
cii je spolo¢nost’ ETRA, (z angl. ,,European Tyre Recyc-
ling Association), ktora zhromazd’'uje informacie, Statis-
ticky spracovava, hodnoti a informuje obyvatel'stvo
o novych moznostiach zhodnotenia a nasledného vyuzitia
tejto komodity. Z opotrebovanych pneumatik sa ziskava
cenna surovina, ktorou je gumova drvina. Ma Siroké vyu-
zitie ako primes do asfaltov, vyplii betonov, podkladové
vrstvy vozoviek, kol'ajové prechody, natery, farby, bezec-
ké drahy, detské ihriska a pod. Oddelené ocelové Casti su
dalej vyuzivané v strojarskom alebo  hutnickom
priemysle'”. Ostiva poslednd zlozka opotrebovanych
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pneumatik — textilie. Ich délezitymi vlastnostami si zvu-
kova pohltivost,, sorpéna schopnost’, tepelnoizolacné vlast-
nosti, pruznost’ a elasticita. V sucasnosti su zname rdzne
technické rieSenia na spracovanie opotrebovanych pneu-
matik a ich zloZiek. Gumené materialy s deliacimi zaria-
deniami spracovavané na malé kusky alebo granulat, ktoré
su nasledujico pridavané do asfaltov, beténovych vyrob-
kov ¢i do Zelezni¢nych podvalov. Nevyhodou tychto riese-
ni je neefektivne hodnotenie gumenych materidlov
amozné ekologické nebezpecenstvo pri ich likvidacii.
Jednotlivé zlozky zo zhodnotenych pneumatik su stale
definované ako cenné zdroje surovin, rovnako ako zivota-
schopné prostriedky na dosiahnutie udrzatelného rastu
arozvoja. Samotna recyklacia zohrava vyznamna ulohu
pri plneni cielov EU, ¢o sa tyka vyuZitia druhotnych suro-
vin, konkrétne zniZovanie spotreby energie a nové mate-
ridly. Existujici a potencialni uzivatelia su nakloneni
k pouzivaniu  druhotnych materidlov, v porovnani
s tradi¢nymi, Casto zist'ujl, Ze to je podstatne viac ekono-
mické adochadza tak k Setreniu zivotného prostredia.
Efektivna recyklacia pneumatik, teda produkty recyklacie
sa pokusaju kopirovat’ vlastnosti prirodnych materialov.
Na trhu s tymito materialmi bolo preukazané, ze st pova-
zované za najvhodnejSie a pouZiteIné pre Sirok Skalu
aplikacii. Nedavny vyskum na Technickej univerzite vo
Viedni pod vedenim prof. Mariniho pomohol ur¢it’ Siroké
spektrum novych produktov a aplikacii, ktoré sa spoliehaju
na chemické a fyzikalne vlastnosti recyklovanych pneuma-
tik, hlavne Co sa tyka Cistenia textilnej zlozky a vyuzitiu
tejto odseparovanej zlozky™*.

V nasledujtcich kapitolach sa budeme venovat kom-
pozitnym materidlov vyrobenych na baze textilii
z opotrebovanych pneumatik a identifikacii ich zloziek
pomocou diferencidlnej skenovacej kalorimetrie. Vo vSe-
obecnosti je zname, ze ak je sledovanou fyzikalnou vlast-
nost'ou rozdiel tepelnych tokov do vzorky a referencnej
latky, hovorime o diferencialnej kompenzacénej kalorimet-
rii. Pre tuto metodu je zauzivana skratka DSC pochadzaju-
ca z anglického nazvu ,,differential scanning calorimetry*.
Oblast’ pouzitia DSC kalorimetrov je vicsinou udavana
pre teploty v rozmedzi od —180 °C do +500 °C. Horny
teplotny limit je determinovany tym, ze straty tepla Ziare-
nim su amerné $tvrtej mocnine absolitnej teploty a v do-
sledku tepelnych strat Ziarenim nad hornym limitom by
merany signal zanikol v Sume. Metéda DSC je vhodna na
meranie charakteristickych teplot fazovych prechodov 1. aj
II. druhu ako aj na kvantitativne stanovenie entalpickych
charakteristik spojenych s fyzikdlnymi aj chemickymi
premenami latok v kondenzovanych ststavach. Na obr. 1
je znazornena schéma zariadenia pre diferencialnu skeno-
vaciu kalorimetriu. Mozno ju vyuzit' na meranie tepelnej
kapacity, stanovenie Cistoty latok, popis reakénej kinetiky
a na iné $pecialne ucely*.
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Obr. 1. Schéma zariadenia pre diferencidlnu skenovaciu
kalorimetriu’

Pri tejto metdde sa vzorka podlieha linedrnemu ohre-
vu a rychlosti tepelnému toku vo vzorke, ktory je umerny
okamzitému mernému teplu. Vnutri merného plast’a, ktory
je normalne udrziavany na izbovej teplote (cca 20 °C), st
vmontované dve symetrické nadobky. Odporovy teplomer
a zahrievaci €len zabudovany v nosi¢i vzorky sluzi ako
primarna teplotna kontrola systému. Sekundarny teplotny
kontrolny systém meria teplotntl diferenciu medzi oboma
nosi¢mi a tento rozdiel upravuje na nulovu kontrolu tepel-
ného pridu, ktory je merany™”. Inak sa da povedat, Ze
teplota vzorky je udrziavana izotermicky so vzorkou po-
rovnavacou (alebo blokom) dodavanim tepla do porovna-
vacej vzorky. Toto mnozstvo, potrebné k udrzaniu izoter-
mickych podmienok, je zapisované (zakresl'ované) v za-
vislosti na Case alebo teplote. Pouzivaji sa malé vzorky
(miligramové mnozstva), ktoré su umiestnené na kovo-
vych foliach, to znizuje tepelny spad na minimum. Mala
tepelnd kapacita celého systému dovoluje pouzit velké
rychlosti ohrevu (desiatky °C min™') a zaistuje velki roz-
liSovaciu schopnost. Mnozstvo uvolneného tepla je preto
umerné mnozstvu elektrické energie spotrebovanej na
zahriatie vzorky”. Nasledujuca kapitola je uz priamo veno-
vana naSmu experimentu, ktory bol realizovany v labora-
tornych priestoroch Technickej vysokej skoly vo Wildau,
Nemecko (Technische Hochschule Wildau) pod vedenim
profesora Michaela Herzoga.

Vstupny material a podmienky merania

Vychodiskovym materialom pri realizacii experimen-
tu boli opotrebované pneumatiky, konkrétne textil z opot-
rebovanych pneumatik, poskytnuty spolo¢nostou V.0.D.S
a.s., KoSice. Zber opotrebovanych pneumatik sa vykonava
prostrednictvom externej spolo¢nosti, ktora opotrebované
pneumatiky po zhromaZdeni na zbernych miestach pro-
strednictvom velkokapacitnych kontajnerov odvéaza pria-
mo ku spracovatel'ovi. Spracovanie opotrebovanych pneu-
matik prebiecha na technologickej linke ELDAN, ktora
spiiia poziadavky kladené na technologie BAT (z angl.,,
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Best Available Technologie“) a BATNEEC™®

v

(ide

a certifikaciu podla eurdpskej normy na vyrobky. Matri-
cou je termoplast s ndzvom polyvinyl butyral (PVB). Ide o
termoplast, ktory sa zvyc€ajne pouziva pre aplikacie vyza-
dujtce silné vizby, optické vlastnosti (priehl'adnost), pri-
I'navost’ k mnohym plocham, pevnost’ a pruznost'®'%. Pri-
pravuje sa z polyvinylalkoholu po reakcii s butyraldehy-
dom. Medzi hlavné aplikacie pouzitia je pouzitie na vrst-
vené bezpecnostné sklo pre automobilovy priemysel.

Pri merani boli pouzité nasledujice materialy
a pristroje:
vzorka textilii z opotrebovanych pneumatik (obr. 2),
vzorka recyklovaného polyvinyl butyralu (obr. 3),
pristroj DSC 204 zn. NETZSCH (obr. 7),
vyhodnocovaci program NETZSCH Proteus,
nadoba na vzorku z ,,Al* (priemer cca 5 mm, obr. 5).
V tab.I si uvedené vstupné parametre merania.
Hmotnost’ skuSobnej vzorky je 8,6mg. Teplota je
v rozmedzi od —50 °C az 300 °C. Priebeh merania zacina
najprv ochladzovanim vzorky na —180 °C a naslednym

ARTITMLTH

Obr. 3. Recyklovany polyvinyl butyral
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Tabulka I
Zakladné charakteristiky merania

ACP 2012 — Sucasny stav a perspektivy analytickej chémie v praxi

Charakteristika merania Hodnota
Hmotnost’ skiisobnej vzorky 8,6 mg
Pociato¢na teplota —50°C
Konec¢na teplota +300 °C
Teplota v miestnosti 20,5 °C
Vlhkost’ vzduchu 50 %
Norma ISO 113 57

Obr. 4. Zhomogenizovana zmes PVB a textilii

Obr. 5. UloZenie vzorky do skuSobného ,,téglika“

zahrievanim'*'*. Ked' sa pri zahrievani dosiahne tep-
lota =50 °C, spusti sa meranie. Vzorka podlicha ohrevu az
po hodnotu +300 °C.

Cas analyzy vzorky bol stanoveny priblizne na 2 h.
Pocas tejto analyzy sa sledoval priebeh kriviek, teplota
sklen¢ho prechodu ,, Tg* a teplota topenia materialu ,,Tm®.

s283

Posters

Obr. 6. Vzorka uloZena v pristroji DSC 204 NETZSCH

Obr. 7. Pristroj DSC 204 NETZSCH

Na obr. 5 je textilia uloZzend vo wvnutri skiSobného
Htéglika® vyrobeného z hlinika — ,,Al“. Na obr. 6 je znazor-
neny pristroj DSC 204 NETZSCH. Vzorka je v pristroji na
pravej strane. Na Tlavej strane je umiestnena referencéna
vzorka, ktora je prazdna.

Po uplynuti stanoveného Casu merania sa analyza
ukoncila. V programe NETZSCH Proteus sa nasledne
vyhodnotili Gdaje, ktoré sa pocas merania ziskali.

Vysledky merania a diskusia

Rozdiel medzi prvym a druhym ohrevom neukazuje
vyrazné rozdiely v teplotach pre jednotlivé zlozky. Prvé
a druhé zahrievanie sa vykonava z dévodu odchylok, ktoré
vznikli medzi skaSobnou vzorkou a pristrojom. Na obr. 8
je vidiet hodnoty 215 °C a 252,8 °C, znamena to, ze texti-
lia je tvorena dvoma typmi polyamidov PA6 a PA6.6
(cit.'"). Na zagiatku grafu je vidiet' ,krater”, ktory je pri-
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Obr. 8. Analyza textilii pomocou DSC — 2. ohrev
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Obr. 9. Analyza gumovej zlozZky pomocou DSC

znacny hlavne kvoli pritomnosti vody alebo etanolu, tiez je
tu moznost’, ze su to zvysky rozpustadla. Obr. 8 popisuje
gumovu zlozku, ktord je obsiahnutd v samotnych texti-
lidich. Hodnota Tg je 89,6 °C. Rozdiel medzi prvym
a druhym zahrievanim znamend, Ze v prvom pripade
vznikli anomalie medzi vzorkou a snimacom, napr. nerov-
nomerné ,,sadnutie” vzorky do skusobnej hlinikovej nado-
by, v druhom pripade dostdvame definitivnu krystalinitu
vzorky a analyzu materialu ako takého. Tiez je zabezpeCena
lepsia prilnavost’ vzorky a nadoby. Hodnota 89,6 °C pri gu-
movej zlozke znamena topenie alebo vyparovanie vzorky,
z grafu je vidiet, ze ide o gumovy material vysokej pevnosti.

Prvé a druhé zahrievanie sa vykonava z dévodu od-
chylok, ktoré vznikli medzi skuSobnou vzorkou
a pristrojom. V prvom pripade, je na obr. 9 vidiet’ hodnotu
73,33 °C, znamena to, ze vo vzorke bola pritomna voda
alebo etanol, tiez je mozné, ze su to zvysky rozpustadla.
Tieto hodnoty platia pre testovanie odseparovanej textilie,
hodnota Tg 89,6 °C. Obr. 10 predstavuje suhrne zobraze-
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Obr. 10. Analyza textilii a gumovej ¢asti; Glasiibergangstempe-
ratur — teplota skleného prechodu, Glasiibergang — skleny pre-
chod, Peak — vrchol, najvyssia hodnota, Temperatur — teplota,
Mittl. — stredné hodnota nameranych hodnot

Glasiibergang:
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Obr. 11. Analyza kompozitného materialu s obsahom textilii
od 10 % do 40 %; Glasiibergangstemperatur — teplota sklené¢ho
prechodu, Glasiibergang — skleny prechod, Peak — vrchol, najvy-
§8ia hodnota, Temperatur — teplota, Mittl. — stredna hodnota na-
meranych hodnét

nie priebehu ohrievania vzoriek kompozitného materialu s
obsahom textilii od 10 % do 40 % textilii.

Diferencialnou skenovacou kalorimetriou sa pri ana-
lyze jednotlivych zloziek *'° (obr. 11) z opotrebovanych
pneumatik dospelo k nasledujicim zaverom. Teplota skle-
ného prechodu pre gumovu zlozku, ktord tvori sucast’ tex-
tilii, ma hodnotu 89,6 °C. Teploty topenia Tm pre 10%
podiel textilii st 216 °C a 252 °C. Z analyzy sa zistilo, ze
textil je tvoreny minimalne dvoma rozdielnymi typmi po-
lyamidov. Na zéklade teoretickych podkladov'? sa stanovi-
lo, Ze hodnote 216 °C prislucha polyamid PA6. Hodnota
Tm 252 °C zodpoveda polyamidu PA 6.6; okrem tychto
zloziek sa v minimalnom mnozstve nachadzal vo vzorke aj
polyester. PoCas merania vzorky podliehali dvom ohre-
vom. Pri prvom ohreve sa eliminuju neziaduce vplyvy,
akymi st nedokonalé sadnutie vzorky do skuSobnej nado-
by, prili§ velka necistota vzorky a pod. V priebehu druhé-
ho ohrevu uz dochadza k samotnému meraniu a stanoveniu
pozadovanych charakteristik.
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Zaver

Hlavnym prinosom prace bolo stanovenie zlozenia
vstupnych surovin pomocou diferencidlnej skenovacej
kalorimetrie. Vyuzitim dvoch druhotnych (odpadovych)
surovin a vytvorenie nového materialu s réznou moznos-
tou aplikacie a vyuzitelnosti sme docielili Setrenie vstup-
nych — primarnych surovin. Spracované vysledky pomo6zu
pri d’alSom skiimani tejto problematiky, ¢o sa tyka poznat-
kov o ,,novych® kompozitnych materiadloch s obsahom
textilif z opotrebovanych pneumatik a tiez vyuzitelnosti
druhej recyklovanej zlozky a to polyvinyl butyralu. Vyuzi-
tim diferencialnej skenovacej kalorimetrie sme zistili zlo-
zenie obidvoch zloZiek, tvoriacich kompozitny materidl.
Textilie z opotrebovanych pneumatik st tvorené PA 6, PA
6.6 aPET. Prednostou tejto metédy bolo, Ze poznanie
zlozenia materidlu, nam ul'ah¢ilo hl'adanie vhodného ma-
teridlu, potrebného k vytvoreniu kompozitného materidlu
(vzhladom na teploty Tg a Tm) a tym aj k vyberu vhodnej
technologie spracovania kompozitného materialu.
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DEVELOPMENT OF AN ANALYTICAL METHOD FOR THE DETERMINATION
OF PLATINUM AND PALLADIUM IN ENVIRONMENTAL SAMPLES

RENATA KOMENDOVA* and LUMIR
SOMMER

Institute of Environmental Chemistry and Technology,
Faculty of Chemistry, Brno University of Technology,
Purkyriova 118, 612 00 Brno, Czech Republic
komendova@fch.vutbr.cz

Platinum group metals (PGMs) occur in the environ-
ment in very low concentrations (Pt 0,010 mg kg and Pd
0,015 mg kg ") and mainly platinum and palladium have
the greatest economic importance. The introduction of
platinum and palladium in automotive catalytic converters
from 1990s to remove toxic components of vehicle ex-
haust gases leads to their occurrence in the environment.
During this catalytic process micro amounts of platinum
and palladium (and rhodium too) are released into the ex-
haust gases and spread into the air. These metals were de-
tected in air, airborne particles, road dust, soils, plants and
river sediments near to high ways and in tunnels. Thus,
cars are the mobile and main sources of these metals' ™.

Moreover, many chemical processes employ platinum
group metals catalysts to improve the efficiency of various
reactions. Platinum and palladium catalysts have now been
used in the production of nitric acid for a century. During
this process the losses of platinum can be as high as
300 mg per ton of acid produced. Some amounts of PGMs
may also escape into the environment by nitrogenous ferti-
lizers.

Platinum has the ability to inhibit the living processes
of the cells. The discovery of this property in 1969 led to
the development of platinum-based drugs to treat a wide of
cancers. The first platinum anti-cancer drug — Cisplatin
(1977), began to be used in treatment of testicular, ovarian
and lung cancer, but this drug had a lot of negative toxic
and carcinogenic effects. In 1986 was developed
a compound similar to Cisplatin in terms of activity, but
much less toxic — Carboplatin. Recent research has
brought new platinum compounds which would treat tu-
mors which do not respond to or which become resistant to
Cisplatin and Carboplatin — Oxaliplatin and Satraplatin’.
Pd(IT) complexes containing various donor atom in ligands
may have also anti-viral, -malarial, -fungal, -microbial and
anti-tumor activities®. Platinum was monitored in the body
fluids and tissues during cancer treatment and Pt(II) may
appear on the equipment in hospitals and in waste waters
of this institutions.

This is important because of several compounds of Pt
(IV), especially PtCls> are gastrointestinal irritants and
strong allergens already in the nano gram level for sensi-
tive person and some their compounds may have toxic and
carcinogenic properties'.

In spite of these facts, traces of platinum and palladi-
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um are still available in the environment, in comparison to
common metals. For this purpose the preconcentration and
separation by solid phase extraction (SPE) of platinum and
palladium is often necessary and advantageous prior to
their determination by inductively coupled plasma atomic
emission spectrometry (ICP-AES).

Various modified and unmodified silica coated with
more and less strongly retained organic reagents or surfac-
tants have been already reported for preconcentration and
separation of platinum group metals from environmental
samples’.

Modified silica gel sorbents Separon™ (octadecyl,
octyl, phenyl, cyanoethyl, aminopropyl) and organic
sorbents Amberlite XAD 2 and 4 were tested for precon-
centration of platinum (II, IV) and palladium (I)*. The
principle of preconcentration based on the sorption of ion
associates of halogeno complexes of PGMs with the cati-
onic surfactants’, such as carbethoxypentadecyltrime-
thylammonium bromide (Septonex®), dimethyllaurylben-
zylammonium bromide (Sterinol®), hexadecyltrime-
thylammonium chloride (CTAC) and tetradecyltrime-
thylammonium bromide (TTAB). The recovery of precon-
centrated metals was evaluated by ICP-AES.

Solutions were pumped through plastic cartridges
with the sorbents placed in a water-pump-operated vacuum
suction device DORCUSO (Tessek, Prague, Czech Repub-
lic). A peristaltic pump UNIPAP 315® (Poland) was at-
tached with 3 mm silicone tubing to the cartridges and
operated with an optimized solution flow rate of 1 cm® min™".
The cartridge with the sorbent was first washed with
10 cm® of 96% ethanol and then conditioned with 10 cm’
of surfactant solution with selected concentration. Optimi-
zation studies were carried out with 50 cm® of sample so-
lution containing 0.4 pg cem” of Pt(IV) and Pd(II), 0.1
mol dm™ HCI and selected surfactant concentration. The
elution of platinum metals was performed by 10 cm’ of
acetonitrile. After evaporation of eluate on TeflonO dish in
the presence of 0.1 mol dm™ HCI, the residue was diluted
to 10 cm’ volumetric flask and analyzed by ICP-AES.

A 100 % recovery for Pd(Il) and Pt(IV) was obtained
for all tested sorbents based on modified silica and Amber-
lite XAD sorbents in the presence of 6 mmol dm™ Sep-
tonex® or 3 mmol dm > Sterinol®, 6 mmol dm> TTAB
and ®, 6 mmol dm> CTAC. The sample volume between
50-1000 cm’, little influence the sorption efficiency and
the enrichment factor was easily reached up to 100. No in-
terference of 0.02—1 mol dm > of chloride, nitrate, sulfate
or 200 mg dm™ of AI(III), Fe(IIT), Ca(II), Mg(I), Na(I), K
(I) was observed. Similar results to the recovery of chloro
complexes of Pt(IV) and Pd(II) were obtained for bromo
complexes. The sorptions in this case were performed
from solutions containing 0.1 mol dm > HBr.

This sorption and preconcentration process, under op-



Chem. Listy 106, s286—s287 (2012) ACP 2012 — Stcasny stav a perspektivy analytickej chémie v praxi Posters

timized conditions, was tested with spiked matrices of soil
extracts, power station dust extract samples, both in aqua
regia, and natural waters such as river and humic con-
taining water. The recoveries for Pt(IV) and Pd(II) were
from these all matrices again around 100 %.

This work was supported by the Ministry of Educa-
tion, Youth and Sports of the Czech Republic under the re-
search project, number 1727, FCH-S-12-4.
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MOZNOSTI VYUZITIA RP-HPLC S TANDEMOVOU MULTIDETEKCIOU
NA CHARAKTERIZOVANIE VZORIEK PROTEINOVYCH VYZIVOVYCH

DOPLNKOYV S LIECEBNYM UCINKOM

MILAN HUTTA* a VERONIKA
KOMOROWSKA

Univerzita Komenského v Bratislave, Prirodovedecka fa-
kulta, Katedra analytickej chémie, Mlynska dolina CH-2,
842 15 Bratislava, Slovenskd republika
hutta@jfns.uniba.sk

Uvod

Proteiny su zékladnou stcastou vsSetkych zivych bu-
niek, predstavuju latkovy zaklad zivota. V organizme za-
bezpecuju funkcie takmer na vSetkych trovniach od sta-
vebnej, cez pohybovi, transportnu, regulacnu, katalyticka
az po obrannu. Preto je prirodzené, Ze stanovenie protei-
nov v biologickych vzorkach je vel'mi dolezitym aspektom
v diagnostike a lie€be mnohych chorob.

Vdaka najnovSiemu pokroku v oblasti molekulovej
bioldgie, genomiky, proteomiky a bioinformaiky rastie
pocet biotechnologickych preparatov s lieGebnym ucinkom
obsahujucich zlozit¢é makromolekulové latky enzymovej
povahy, ktoré sa ziskavaju ¢i uz izolaciou zo zivociSnych
tkaniv a rastlinnych pletiv alebo su produkované rekombi-
nantnymi technikami'. Potreba analyzy biotechnologic-
kych proteinovych vzoriek je stfastou kontroly kvality
komer¢ne dostupnych preparatov ako aj naplne-
nim poziadaviek kladenych na kvalitu proteinov produko-
vanych rekombinantnymi technikami.

Vysokoucinna kvapalinova chromatografia (HPLC)
patri popri elektroforetickych technikach medzi najpouzi-
vanejSie analytické techniky na stanovenie proteinov. Na
separaciu proteinov sa zjednoduchych chromatografic-
kych technik pouziva vysokoucinna kvapalinova chroma-
tografia na obratenych fizach (RP-HPLC)>’, iénovo vy-
menna  chromatografia*®,  afinitnd  chromatografia
v roznych variaciach’® a gélova chomatografia'®''. Spo-
menuté separacné techniky si kombinované s detektormi
vhodnymi pre detekciu proteinovych zloZziek vzorky na
principe hmotnostnej spekrometrie s elektosprejovou ioni-
zéciou (ESI-MS) alebo MALDI-MS'2.Okrem hmotnostne
spektrometrickej detekcie je vhodna aj spektrofotometric-
ka detekcia® . Ked'ze aminokyseliny ako fenylalanin &i
tryptofan obsahuji fluoroforne centra, je pre proteinové
vzorky mozné pouzit’ aj fluorimetrickti detekciu'*'°.

V predkladanej praci sme sa venovali §tadiu podmie-
nok gradientovej eliicie v systéme RP-HPLC a Stadiu
vplyvu pH prostredia mobilnej fazy na rozliSenie a stabili-
tu enzymovo aktivnych latok obsiahnutych vo zvolenej
modelovej vzorke, ktoru predstavoval vyzivovy doplnok
s lieCebnym ucinkom s komerénym nédzvom Wobenzym.
Praca bola tiezZ zamerana na pociato¢né overenie moznosti
kombinovanych detekénych technik (spektrofotometricka
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technika s vyuZitim DAD a rychla fluorimetricka detekcia)
na charakterizovanie a analyzu komplexnych komerénych
vzoriek proteinov.

Experimentalna ¢ast’
Pristroje a zariadenia

Na analyzu bol vyuZzivany kvapalinovy chromatograf
od Agilent Technologies, ktory pozostaval z nasledujtcich
modulov: vakuovy odplynova¢ mobilnych faz (G1379B),
dvojkanalovd vysokotlakovd bindrna pumpa (G1312B),
automaticky davkova¢ (G1329B), kolonovy termostat
(G1316B), detektory DAD (G1315), FLD (G1321A).

Pracovné podmienky detektorov:

DAD: sniman¢ vlnové diiky 190—400 nm, krok 2 nm,
Sirka Strbiny 4 nm

FLD: excitatna vlnova dizka 250 nm , emisna vlnova
dizka 300 nm, snimané vlnové diiky 300-700 nm, krok
5 nm

Stcastou systému bola kolona LiChrospher® WP
300 RP-18 (dizka kolony 250 mm, 4 mm vnutorny prie-
mer, 5 um Castice, vel'kost’ pérov 30 nm) termostatovana
na pracovnu teplotu 35+0.1 °C.

Pre zaznam a vyhodnotenie chromatografickych
udajov sa pouzil program Agilent ChemStation.

Roztoky a chemikalie

Ultracistd voda Simplicity (Molsheim, Francizko),
kyselina mravéia 98-100% p.a., kyselina octova 96% p.a.,
vodny roztok amoniaku 28-30 % p.a., acetonitril (ACN)
99,9% p.a. (vSetko Merck, Darmstad, Nemecko), komerc-
ne dostupné tablety Wobenzym (MUCOS Pharma CZ,
Prithonice, Ceskd republika), rutin (Sigma Aldrich, St.
Louis, USA).

Priprava roztoku vzorky z pripravku Wobenzym

Tabletu Wobenzym sme pomocou skalpela zbavili
povlaku, ktory chrani enzymy obsiahnuté v pripravku pred
ucinkom nizkeho pH traviacich stiav. Nasledne sme table-
tu rozdrvili v porceldnovej trecej miske. Zo vzniknutého
prasku sme navazili do odmernej banky tol’ko, aby vysled-
ny roztok v odmernej banke, po doplneni ultra¢istou vodou
Simplicity po rysku, mal hmotnostni koncentraciu
1 mg ml™'. Takto pripraveny roztok sme premiesali a ne-
chali 16 min v ultrazvukovej vani (UCM9, ECOSON,
Slovensko) pri teplote 20 °C a vykone 100 %. Nakoniec
sme roztok vzorky nechali 10 min. centrifugovat
(Eppendorf AG, Hamburg, Nemecko) pri 13 400 otackach
za minutu, aby sme odstranili nerozpustné zlozky vzorky.
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Tabulka I
Enzymatické zlozenie pripravku Wobenzym a niektoré fyzikalno-chemické vlastnosti danych enzymov
Nazov enzymu Mnozstvo® Substratova pH katalytické Izoelektricky Relativna
[mg] $pecifickost’ optimum bod molova hmotnost’
Amylaza 10 polysacharidy 77 6,34'® 55 905"
Bromelain 45 proteiny, peptidy, 4,5-7,5% 9,55% 28 500%!
amidy
Chymotrypsin 1 peptidy, amidy, 8% 8,87 25 000*
estery
Lipaza 10 triacylglyceroly, 7,7 5,.8% 45 000%
oleje a tuky
Papain 60 proteiny, peptidy 477 9,5% 23 453%
Trypsin 24 peptidy 7,5-8,5%° 10,5 23 500™
Pankreatin” 100 - - - -

*Mnozstvo daného enzgmu na 1 tabletu deklarované vyrobcom. ® Pankreatin je zmes enzymov z pankreasu cicavcov. Jeho
sucastou su protedzy (trypsin a chymotrypsin) ako aj enzymy exokrinnej Casti pankreasu (a-amyldza a lipaza), priCom
obsahuje aj iné enzymy a d’alSie latky bez enzymatickej activity

Priprava mobilnej fazy A

Mobilna faza A's hodnotou pH 2,50 pozostavala
z kyseliny mravcej riedenej s vodou na latkova koncentra-
ciu 56 mmol I'". Pri ostatnych hodnotach pH pozostavala
mobilnd faza A z tlmivého roztoku kyselina mravcia/
mravéan amoénny (pH 2,90; 3,30; 3,75; 4,10; 4,67) alebo
kyselina octova/octan amonny (pH 3,75; 4,10; 4,67; 5,10;
5,50). Pri priprave oboch tlmivych roztokov sme postupo-
vali rovnako. Do 1 litra ultracistej vody Simplicity sme
zriedili kyselinu mravciu alebo kyselinu octovi na latkova
koncentrdciu 56 mmol 1. Nasledne sme pomocou pH
metra s kombinovanou sklenou/chlorido-striebornou elek-
trodou (WTW InoLab pH 730, Wellhelm, Nemecko) titro-
vali roztok kyseliny roztokom amoniaku na pozadovanu
hodnotu pH.

Priprava mobilnej fazy B

Mobilna faza B pozostavala z ACN a vody v pomere
70/30. K mobilnej faze B sme pridali taky objem kyseliny
a roztoku amoniaku, aky sa spotreboval na pripravu mobil-
nej fazy A s danym pH.

Mobilnu fazu sme pred pouzitim odplyiiovali 20 min
v ultrazvukovej vani pri teplote 20 °C a vykone 100 %.

Gradienty pouzité pri prietoku 1 ml min™

Program Gradient 1 bol nastaveny od 0-3 min ako
izokraticka elucia so 100% A, od 3-33 min lineane stupal
z 0% B na 95% B v A, nasledovala 2 min izokraticka ela-
cia s 95% B v A, od 35-40 min lincarne klesal z 95% B
v A na 100% A, nasledovala 5 min izokraticka elacia so
100% A.
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Program Gradient 2 bol nastaveny 0—3 min ako izo-
kraticka elucia so 100% A, od 3-40 min linearne stipal
z0% B na 70 % B v A, nasledovala 5 min izokraticka
elicia so 70% B v A, od 4549 min linearne klesal zo 70%
B v A na 100 % A, nasledovala 6 min izokraticka eltcia so
100% A.

Vysledky a diskusia

Stadium vplyvu doby statia roztoku vzorky
od pripravy po detekciu na reprodukovatelnost’
HPLC analyzy

Z porovnania chromatogramov, ktoré sme ziskali
analyzovanim vzorky Wobenzym s odstupom niekol’kych
hodin, sme zistili, Ze doba statia roztoku vzorky ma vplyv
na reprodukovatelnost’ merani. Casovy faktor sa prejavuje
ako strata respektive pribudanie novych pikov vo viace-
rych oblastiach ziskanych chromatografickych zaznamov,
ato najmi v oblasti do 12. minuty separacie. Reproduko-
vatel'nost’ merani klesala so stipajicim pH, ¢o sa prejavo-
valo najma v oblasti skimanych hodndt nad pH 4. Ked'ze
sa jedna o vzorku enzymov, v ktorej sa nachadzaju 4 pro-
teolytické enzymy, je na mieste predpoklad, Ze méze do-
chadzat’ k ich vzajomnej proteolyze. Preto, aby sme zabez-
pecili ziskanie spravnych vysledkov, sme pred kazdou
separéciou pripravili novy roztok vzorky, pricom sme do-
drziavali vzdy rovnaky ¢as od pripravy roztoku vzorky po
jej HPLC analyzu.
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Vyber vhodného gradientu elu¢ného cinidla
na separaciu zloziek pripravku Wobenzym

Pri rieSeni problému vyberu tvaru gradientu sme pou-
zili dva rézne gradienty elu¢ného cinidla. Zaznamy ziska-
né pri separdcii s pouZitim Gradientu 1 vykazujl, v porov-
nani so zdznamami pri pouziti Gradientu 2, vac¢Sie mnoz-
stvo viditelnych pikov (viz obr. 1). Tato tendenciu maju
zaznamy ziskané pomocou DAD ako aj fluorescen¢ného
detektora.

To, Ze pozorujeme viac pikov pri pouziti Gradientu 1,
pripisujeme zlozitosti vzorky a velkej dynamike signalov
analytov. Ked’ze Gradient 1 je strms$i ako Gradient 2, do-
chadza k situdcii, kedy je pikova kapacita sustredena do
mensicho separacného priestoru kolony v dosledku ¢oho
moze dochadzat’ k s¢itaniu malych signalov a tvorbe mul-
tipletovych pikov. MiernejSie zvySovanie elucenej sily
vedie k lepSej separacii, a tym k splynutiu odseparovanych
pikov s nulovou liniou. Zaznamy ziskané pri Gradiente 2,
preto vykazuju zdanlivé zjednoduseniu matrice.

Na zaklade vedeckych tivah uvedenych vyssie a pred-
pokladu, ze pozvolnejSie zvySovanie koncentracie orga-
nického rozpustadla v mobilnej faze bude viest’ k lepsej
separacii analytov, sme pre nasledujice analytické postupy
vybrali Gradient 2.

Stadium vplyvu hodnoty pH mobilnej fazy na HPLC
analyzu modelovej vzorky proteinov

Z uvedenych chromatogramov (obr. 3) je zrejmé, ze
hodnota pH mobilnej fdzy mé4 vyznamny vplyv na separa-
ciu a tvar zaznamu. Hoci st zdznamy vzorky pripravenej
z tablety Wobenzym vel'mi komplexné a zloZité, je mozné
na ich zaklade spravit’ jednoduché zavery ohladne vplyvu
pH mobilnej fazy na separaciu naSej vzorky.

QQQQQ

Obr. 1. Chromatografické ziaznamy roztoku vzorky Woben-
zym ziskané pri dvoch réznych gradientoch. Krivky: 1 — chro-
matogram ziskany pri pouziti Gradientu 1, 2 — chromatogram
ziskany pri pouziti Gradientu 2. Chromatograficka kolona LiCh-
rospher 300 RP-18 vyhrievana na pracovnu teplotu 35 °C, injek-
tovany objem roztoku vzorky 100 pl, mobilna faza A: pH 2,5
kyselina mravc¢ia, mobilnd faza B: ACN, Gradient 1 a Gradient 2
pri prietoku 1 ml min™', UV detekcia pri 280 nm
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Pri porovnani chromatografickych zadznamov vzorky
ziskanych pri rozdielnych hodnotach pH mobilnej fazy A
(viz obr. 3), je jednoznacne najvyraznejsou ¢rtou odliSnost’
chromatogramu ziskaného pri separacii s mobilnou fazou s
pH 2,5 od vsetkych ostatnych chromatografickych zazna-
mov. Tento chromatogram je na piky, a tym aj na informa-
cie podstatne chudobnej$i nez tie chromatogramy, ktoré
boli zostrojené z merani pri vy$sich hodnotach pH, pricom
sa tento trend objavuje na zaznamoch z DAD ako aj z fluo-
rescencného detektora. Uvedeny jav moZe stvisiet’ s dena-
turaciou niektorych analytov, ku ktorej dochadza pri ta-
kom nizkom pH. Tento zaver suhlasi s udajmi v odbornej
literature, kde sa uvadza, ze denaturacii pri pH niz§om ako
3 resp. 2,8, z enzymov pritomnych vo vyZivovom doplnku
Wobenzym, podlicha chymotrypsin®® a papain’’. Preto
hodnoty pH niz8ie ako 3 nepovaZujeme za vhodné na ana-
lyzu nasej vzorky.

Pre analyticky proces v ktorom je cielom systematic-
ké skumanie separacie a stanovenia enzymov, je nevyhod-
né ak pH v systéme nadobudne hodnoty, pri ktorych su
dané analyty enzymaticky aktivne, ¢o by malo za nasledok
znizenu reprodukovatelnost’ celého postupu. RieSenim je
pouzitie vhodného tlmivého roztoku s takym pH, aby sa
pocas separacie vylucilo dosiahnutie takych hodndt pH, pri
ktorych sa dané enzymy stavaju aktivnymi. Zo ziskanych
zaznamov (obr. 2) je vidiet’, Ze pri pouziti pH vyssich ako
5 dochadza k znacnej strate poc¢tu pikov oproti separaciam
pri niz8ich hodnotach pH. Vzhl'adom na tieto skutocnosti
a na informacie ziskané z odbornej literatiry o katalytic-
kom optime proteolytickych enzymov v naSej vzorke
(tab. I) sme zhodnotili, Ze pre separaciu tejto zmesi enzy-
mov su vhodné hodnoty pH v rozmedzi od 3 do 4.
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Obr. 2. Chromatografické ziznamy roztoku vzorky Woben-
zym ziskané pri tandemovom zapojeni detektorov. Krivky: 1—-
chromatograficky zaznam ziskany z fluorescenéného detektora:
excitaéna vlnové dizka 250 nm, emisna vlnova dizka 300 nm, 2 —
chromatograficky zdznam ziskany z DAD detektora pri 280 nm.
Chromatograficka koléna LiChrospher 300 RP-18 vyhrievana na
pracovnu teplotu 35 °C, injektovany objem roztoku vzorky 100 pl,
mobilnd faza A: pH 3,3 kyselina mravéia/mravéan aménny, B:
ACN/H,0 70/30 (v/v), Gradient 2 pri prietoku 1 ml min™*
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Obr. 3. Chromatografické zaznamy roztoku vzorky Wobenzym ziskané pri réznych hodnotach pH mobilnej fazy A. Chromatogra-
ficka kolona LiChrospher 300 RP-18 vyhrievana na pracovnu teplotu 35 °C, injektovany objem roztoku vzorky 100 pl, mobilna faza A:
pH 2,5 kyselina mrav¢ia, mobilna faza A: pH 2,9; pH 3,3; pH 3,75; pH 4,1 a pH 4,67 kyselina mrav¢ia/mravéan amonny, mobilna faza A:
pH 5,1 a pH 5,5 kyselina octova/octan amoénny, mobilnd faza B: ACN/H,O 70/30 (v/v), Gradient 2 pri prietoku 1 ml min™', UV detekcia
pri 280 nm
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Porovnanie dvoch réznych tlmivych roztokov

V oblasti pH hodndt od 3,7 do 4, 7 je mozné pouzit’
oba tlmivé roztoky (kyselina mravéia/mravéan amonny,
kyselina octové/octan amonny) pretoZe v tejto oblasti pH
nie je ich tlmiva kapacita mensSia nez 20 % z celkovej tlmi-
vej kapacity.

Tlmivé roztoky sme porovnavali na zaklade chroma-
togramov ziskanych pri troch hodnotach pH (3,75; 4,1;
4,67). Zistili sme, Ze dané tlmivé roztoky maju voéi sepa-
rovanym latkam mierne rozdielnu selektivitu a rozdielnu
eluénu silu. Tlmivy roztok kyselina octova/octan amonny
ma vysSiu eluénu silu v dosledku ¢oho majii separované
latky o nieo niz8iu retenciu, ¢o je mozné pozorovat' na
chromatogramoch ako posun pikov k niz§im retenénym
Casom (viz obr. 4). Tento jav si vysvetlujeme pritomnos-
tou metylovej skupiny v molekulach tlmivého roztoku
kyselina octova/octan aménny, ¢im maju molekuly timivé-
ho roztoku va¢siu moznost’ tvorit’ interakcie hydrofobneho
charakteru s nepolarnou stacionarnou fazou a tiez s nepo-
larnymi ret'azcami aminokyselinovych zvyskov proteinov.

Casovy posun detektorov v tandemovom zapojeni

Na zistenie ¢asového posunu detektora DAD voci
fluorescenénému detektoru sme pouZili nizkomolekulovi
Standardnt latku neproteinovej povahy snazvom rutin.
Danu latku sme podrobili HPLC analyze s vyuzitim vyssie
spomenutych typov detekcie pri tych istych podmienkach
ako pri separacii modelovej vzorky. Prepoctom je ziskany
objemovy ekvivalent merania medzi DAD a fluorescen-
¢nym detektorom rovny 40+1 pl.

=

Obr. 4. Chromatografické ziaznamy roztoku vzorky Woben-
zym ziskané pri réznych druhoch mobilnej fazy A. Krivky: 1—
chromatogram vzorky pri pouziti mobilnej fazy A spH 3,75:
kyselina octové/octan amonny, 2 — chromatogram vzorky pri
pouziti mobilnej fazy A spH 3,75: kyselina mravc¢ia/mravcan
amonny. Chromatograficka kolona LiChrospher 300 RP-18 vy-
hrievana na pracovnu teplotu 35 °C, injektovany objem roztoku
vzorky 100 pl, mobilna faza B: ACN/H,0 70/30 (v/v), Gradient 2
pri prietoku 1 ml min™", fluorescenéna detekcia: excitaéna vinova
dizka 250 nm, emisn4 vlnové dizka 300 nm
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Zaver

V predloZenej praci sa nam podarilo splnit’ vSetky
stanovené ciele Stadie, ktorti sme vykonavali na modelove;j
vzorke. Za modelovi vzorku proteinov sme zvolili vyZivo-
vy doplnok s liecebnym uc¢inkom s komerénym nazvom
Wobenzym. Pre potreby nasho vyskumu je vhodny vdaka
viacerym skuto¢nostiam. Z ekonomického pohladu je
vyhodna jeho cenova dostupnost’ oproti Standardom enzy-
mov produkovanym a preddvanym na analytické ucely.
Z hladiska experimentalneho, je vhodna tabletova forma
v ktorej sa nachadza a ktorej sucastou je Specialny obal
chréniaci enzymy pred neziaducimi javmi ku ktorym moze
dochadzat’ v priebehu skladovania, ako je oxidécia ¢i de-
naturacia. Vd’aka dobrej stabilite a nemennosti enzymov je
mozné dosiahnut’ reprodukovatel'né experimentalne vy-
sledky.

Pre stidium podmienok gradientovej elucie v systé-
me RP-HPLC sme pouzili dva gradienty elu¢ného ¢inidla,
ktoré sa lisili svojim sklonom. Na zaklade nameranych
merani a predpokladu, Ze pozvolnejSie zvySovanie kon-
centracie organického rozpustadla bude viest k lepSej
separdcii analytov, sme pre nasledujiice analytické postupy
vybrali tvar Gradientu 2.

Pri $tadiu vplyvu pH prostredia mobilnej fizy na
retenciu enzymovo aktivnych latok v systéme RP-HPLC
sme pouzili dva tlmivé roztoky (kyselina mrav¢ia/mravcan
amonny; kyselina octova/octan aménny), pri vybere kto-
rych sme brali ohl'ad najméi na potreby detekcie. Kombina-
ciou uvedenych tlmivych roztokov sme modelovali pH od
hodnoty 2,5 az po 5,5. Z nameranych chromatografickych
zaznamov a na zaklade informacii ziskanych z odbornej
literatary sme usudili, Ze pre separaciu danej zmesi enzy-
mov je vhodné pouzit' tlmivé roztoky s hodnotami pH
v rozmedzi od 3 do 4, pretoze pri tychto hodnotach pH by
nemalo dochadzat’ k denaturacii danych enzymov
a zaroven by enzymy mali dosahovat’ minimum enzyma-
tickej aktivity ¢o je podstatné z pohladu reprodukovatel-
nosti celého postupu.

V predlozenej praci sme na detekciu vyuzili dve de-
tekéné techniky (spektrofotometrickd technika s vyuzitim
DAD a rychla fluorimetrickd detekcia). Detektory boli
zapojené tandemovo, Co predstavuje vyhodu z hladiska
mnozstva informdcii, ktoré je mozné ziskat" v priebehu
jedného experimentu. Ked'ze fluorescencény detektor je
selektivny na isté Struktirne Crty analytov, poskytuje kva-
litativne odlisné informacie ako detektor DAD (obr. 2), ¢o
mozno v kone¢nom doésledku zuzitkovat’ pri problematike
indentifikacie jednotlivych zloziek vzorky.

Predlozend praca predstavuje pociato¢né Stadium
vyskumu v oblasti proteinov na naSom pracovisku.

Tato praca vznikla vdaka podpore projektu Priemy-
selny vyskum novych lieciv na bdze rekombinantnych pro-
teinov, ITMS projektu: 26240220034. Agentura Minister-
stva Skolstva, vedy, vyskumu a Sportu SR pre Strukturalne
fondy EU: Podporujeme vyskumné aktivity na Slovensku/
Projekt je spolufinancovany zo zdrojov EU.
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SLEDOVANI OBSAHU CHOLESTEROLU V KOZIiM MLECE PO SUPLEMENTACI

KRMNE DAVKY CHLORELLOU
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cii, FVL VFU Brno, Palackého 1-3, 612 42 Brno, Ceska
republika

kostrhounovar@yvfi.cz

Uvod

Cholesterol (obr. 1) je steroidni sloucenina, kterd je
prirozenou soucasti zivo¢isnych tkani. Je kli¢ovou kompo-
nentou fady biochemickych procesti. Pfijem cholesterolu
z potravin zivo¢isného pivodu je vyznamny pro lidské
zdravi, je spojovan se zvySenym rizikem kardiovaskular-

nich  onemocnéni.  Znalost obsahu cholesterolu
v potravinach je proto vyznamna pii feSeni zdravotnich
problémd.

V nasi studii jsme se zabyvali stanovenim celkového
cholesterolu v syrovém kozim mléce z chovu VFU. Byl
sledovan vliv suplementace krmné davky chlorellou na
obsah cholesterolu v odebraném mléce. Jako metoda sta-
noveni cholesterolu byla pouzita vysokotuc¢inna kapalinova
chromatografie na reverzni fazi s isokratickou eluci a de-
tekei v UV oblasti spektra pii vinové délce 205 nm. Vlast-
nimu chromatografickému stanoveni predchazela izolace
celkového cholesterolu z matrice saponifikaci alkoholic-
kym roztokem hydroxidu draselného a naslednd extrakce
do hexanu.

Material a metody

Odbeér vzorkii mléka: Vzorky koziho mléka pochazely
z chovu VFU od koz bilych kratkosrstych. Celkovy pocet
vzorkll v jednom odbéru byl 22. Vzorky mléka byly rozdé-

HO

Obr. 1. Struktura cholesterolu
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leny do 2 skupin. Prvni skupinu tvofily kontrolni vzorky
(n=11), druhou skupinu vzorky od koz, jejichz krmna dav-
ka byla suplementovana chlorellou (#=11). Pfidavky chlo-
relly byly podavany peoralné po dobu 6 tydnd v obdobi
0d 30. 6.do 11. 8.2011.

Chemikalie a standardy: cholesterol (Sigma-Aldrich,
USA), methanol, hexan (Merck, Némecko), fenolftalein,
hydroxid draselny, siran sodny (Penta, CR). Viechny pou-
zité chemikalie byly p.a nebo HPLC kvality. Ze zasobniho
roztoku cholesterolu o koncentraci 1000 mg 1™ byly pii-
praveny pracovni roztoky v metanolu v koncentracnim
rozsahu 1-500 mg 1", Tyto roztoky byly pouZity pro se-
strojeni kalibra¢ni kiivky.

Pristroje a vybaveni: Stavebnicovy kapalinovy chro-
matograf Breeze (Waters, USA), skladajici se z modult:
2487 Dual A Absorbance Detector, 1525 Binary HPLC
Pump, 717 plus Autosampler, termostat kolon. Chromato-
graficka kolona Zorbax Eclipse XDB C8, 150 x 4,6 mm,
5 um (Agilent, USA) Analytické vahy (Kern, Némecko),
laboratorni tfepacka, sklokeramicka topna deska, rotacni
vakuova odparka.

Pracovni postup: 1 g vzorku mléka byl umistén do
50ml varné bariky a bylo pfidano 10 ml methanolického
roztoku KOH (1 dil 10M KOH a 9 dilti methanolu). Smés
byla zahfivdna pod refluxem 30 min. Po ochlazeni na
laboratorni teplotu bylo pfidano 5 ml deionizované vody
a 10 ml hexanu a intenzivné tfepadno 10 min. Pomoci sepa-
racniho nastavce byla odd€lena hexanova vrstva, byla
promyvéana destilovanou vodou do neutralni reakce a vysu-
Sena siranem sodnym. Maximalni alikvotni podil hexanu
byl na rotacni vakuové odparce odpaten téméf dosucha.
Odparek byl rozpustén ve 2 ml methanolu, zfiltrovan pres
0,45 pm nylonovy filtr a pfenesen do HPLC vialky.

Podminky HPLC stanoveni: mobilni fize: methanol/
voda (95:5), isokraticky rezim, pritok 1,0 mlmin”', na-
stfik 20 pl, teplota kolony 30 °C, detekce pfi A = 205 nm.
Doba analyzy byla 12 min, kvantifikace provadéna meto-
dou wvnéjsi kalibrace. Kazdy vzorek byl analyzovan
v minimaln¢ dvou paralelnich stanovenich, s kazdou sérii
byl méfen slepy vzorek. Celkem bylo analyzovéno
132 vzorkd.

Vysledky a diskuse

Chromatogram vzorku koziho mléka je uveden na
obr. 2. Naméiené hodnoty cholesterolu v kozim mléce pro
kontrolni skupinu i skupinu s krmnou déavkou obohacenou
chlorellou jsou uvedeny na obr. 3.
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Obr. 2. Chromatogram vzorku syrového koziho mléka
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Obr. 3. Grafické znazornéni obsahu cholesterolu v kozim mléce, suplementace chlorellou (Koza 6 — Koza 29), kontrola (Koza 1 —

Koza 23)

Zavér

Byl sledovan vliv suplementace krmné davky chlore-
llou na obsah cholesterolu v kozim mléce. Vzorky byly
odebirany v intervalu 30.6.-11.8. 2011. Vzorky byly roz-
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déleny do dvou skupin — vzorky kontrolni a vzorky suple-
mentované chlorellou. Obsah cholesterolu u kontrolnich
vzorkii se pohyboval v rozmezi 57-123 mg kg ', u vzorki
s chlorellou  62-131 mgkg'. Pfi piepoétu koncentrace
cholesterolu na g tuku se vysledky neliSily. Nebyla tedy
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nalezena vyznamna zavislost mezi obsahem cholesterolu
v mléce a suplementaci krmné dévky chlorellou.

Prdce vznikla za financni podpory vyzkumného zdame-
ru MSM6215712402.
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GC-MS ANALYZA MASTNYCH KYSELIN V RIASACH

ROBERT KUBINEC**, JAROSLAV
BLASKO?, RENATA GOROVA?,
GABRIELA ADDOVA? IVAN
OSTROVSKY?, LADISLAV SOJAK®,
PETER PODOLEC?, ALEXANDRA
SZABOOVA?, JOZEF VISNOVSKY?
a JOZEF MIKULEC"

* Chemicky ustav, Prirodovedeckd fakulta Univerzity Ko-

menskéeho v Bratislave, Mlynska dolina CH-2, 842 15 Bra-
tislava 4, bSlovnaft VURUP, Vicie hrdlo, 820 03 Bratisla-
va 23, Slovenska republika

kubinec@fns.uniba.sk

Pripravené metylestery mastnych kyselin Cg—C,4 sa
separovali vysoko rozliSovacou kapildrnou plynovou chro-
matografiou v 100 m dlhych kolonach s polarnou stacio-
narnou fazou CP-Sil 88 sMS detekciou. Pozornost' sa
zameriavala na separaciu a identifikdciu najobtiaznejSie
separovatelnych trans-izomérov kyseliny olejovej. Na
identifikaciu separovanych izomérov sa vyuzili dostupné
Standardné referencné materidly, koreldcia retencia-
Struktara, publikované charakteristiky a hmotnostna spek-
trometria.

Kultivacia sa uskutocnila s riasami: Auxenochlorella
prothotecoides, Chlorella vulgaris, Scenedesmus obliquus,
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Chlamydomonas reinhardtii, Chlorella kessleri. Kultivicia
rias prebichala v klimatizovanej komore, pod svetelnou
rampou fluorescenéného Ziarenia Styroch Ziariviek (8000
az 9000 lux) na trepacke (rpm = 110) bez prebublavania.
Najviac sa darilo v raste Scenedesmus obliquus, Chlorella
kessleri a Chlorella vulgaris.

Lipidy boli z vysuSenych rias extrahované pomocou
chloroformu v Soxhlete resp. extrakciou v extraktore TE-
CAT. Po odpareni sa lipidy (trans)esterifikovali metano-
lom za katalyzy BF3-etanolatu.

ZlozZenie lipidov extrahovanych z jednotlivych kulti-
vovanych rias je vyznamne odli$né. Na zlozenie lipidov
ma vplyv aj zloZenie kultivacného média a pravdepodobne
aj koncentracia CO, pri kultivacii. Pri nizkej koncentracii
CO, vznikaju acyly s vys$§im stupfiom nenasytenia. Identi-
fikovali sa tiez kyseliny s neparnych poctom uhlikov, ktoré
nie sl bezne pritomné v olejoch z rastlin.

Tato publikacia bola vytvorend realizaciou projektu
., Vyskum a vyvoj novych technologii chemickej analyzy
pre metabonomiku/metabolomiku* ITMS: 26240220007
a projektu ,,Dobudovanie centra excelentnosti metod
a procesov zelenej chémie* ITMS: 26240120025 na zakla-
de podpory operacného programu Vyskum a vyvoj finan-
covaného z Europskeho fondu regiondlneho rozvoja. Pra-
cu podporila Agentura na podporu vyskumu a vyvoja pod
cislom projektu APVV-0416-10 a APVV-0665-10.
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LC/MS METHOD DEVELOPMENT FOR THE DETERMINATION
OF DEGRADATION PRODUCTS OF ANTHOCYANIN DYES

LUKAS KUCERA*, ONDREJ KURKA,
and PETR BEDNAR

RCPTM, Department of Analytical Chemistry, Faculty of
Science, Palacky University, 17. listopadu 12, 771 46 Olo-
mouc, Czech Republic

lukaskucera@volny.cz

Anthocyanins are water soluble pigments belonging
to the group of flavonoids. Those compounds are responsi-
ble for color of plant tissues. Anthocyanins are considered
as natural and safe food colorants with many positive
effects on human health! The stability of anthocyanins is
strongly influenced by many factors such as pH, tempera-
ture, concentration, presence of oxygen or enzymes, irradi-
ation, etc.”. Quality of food with respect to anthocyanins is
therefore sensitive to insufficient change of technology or
storage conditions. During degradation of anthocyanins
a cleavage of sugar moiety and formation of phenolic acids
(i.e. protocatechuic, p-hydroxybenzoic, 3,4-dihydroxy-5-
-methoxybenzoic, syringic, vanillic and gallic acid de-
pending on B-ring substitution) and phloroglucinaldehyde
is commonly described to occur’ . Those compounds can
be therefore used as potential markers of food quality (e.g.
controlling of winemaking technology and/or wine
storage). However, such application requires a minute
knowledge of degradation products profile. The aim of the
contribution is to investigate the processes of anthocyanin
degradation in detail by means of combination of liquid
chromatography with high resolution tandem mass spec-
trometry.

First part of the study involved development of HPLC
method with UV/VIS detection. Separation selectivity and
efficiency towards standard mixture of six commercially
available phenolic acids and phloroglucinaldehyde was
tested on three chromatographic reversed-phase columns —
one fully porous column Gemini C18 and two core-shell
columns Kinetex C18 and Ascentis Express C18. The best
results described by resolution of critical pairs and COF
function® were achieved using core-shell column Ascentis
Express C18. This column was used for consequent ex-
periments.
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Then, optimized LC system was hyphenated with
mass spectrometer (Acquity UPLC/Q-TOF Premier, Wa-
ters, Milford, USA) and used for study of degradation of
cyanidin chloride, malvidin-3-galactoside and florogluci-
naldehyde. Very fast decomposition was observed when
the model solutions was heated (i.e. 7=95 °C, pH = 1.0;
3.5 or 7.0) In one hour anthocyanins completely disap-
peared and significant increase of phenolic acids (syringic
in solution of malvidin-3-galactoside and protocatechuic in
solution of cyanidin) was observed. Surprisingly
phloroglucinaldehyde was not observed at all. When
a solution of phloroglucinaldehyde standard was heated,
a very fast decomposition was observed as well (in one
hour decrease on 11.3 % of total amount, calculated from
peak areas). From those experiments we can conclude that
concentration of phenolic acids is potentially utilizable pa-
rameter describing the anthocyanin decomposition. On the
other hand stability of phloroglucinaldehyde is not suffi-
cient for such purpose at least at heated solutions (used for
instance during a “hot maceration“ involved in some wine-
making processes). Identification of products of phloroglu-
cinaldehyde decomposition and study of real wine degra-
dation is now in progress.

Authors thank to the Grant Agency of Czech Republic
(GACR P206/10/0625), Ministry of Education Youth and
Sports of Czech Republic (project
CZ.1.05/2.1.00/03.0058, Operational Program Research
and Development for Innovations — European Social
Fund) and  Palacky  University  (project  No.:
PrF 2012 _020) for financial support.
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COMPARISON OF PROCEDURES FOR EXTRACTION OF SACCHARIDES FROM
WHEAT FLOUR - ACCELERATED SOLVENT EXTRACTION VS. SONICATION

AND ORBITAL SHAKER

ELENA BELAJOVA, KRISTINA
KUKUROVA*, and ZUZANA
CIESAROVA

Vyskumny ustav potravindrsky, Priemyselna 4, 824 75
Bratislava, Slovakia
kukurova@vup.sk

Introduction

Wheat flour is a rich source of saccharides. It contains
65—74 % of starch and up to 3.5 % of simple saccharides
(fructose, glucose, sucrose and maltose)'. Depending on
flour type, protein content ranges from 7 to 13 %. Other
constituents such as water, fibre, fat, minerals and vitamins
complement the composition of wheat flour.

For analytical purposes of saccharides determination,
several procedures have been used to isolate extractable
saccharides from flours using water and various water-
ethanol mixtures®*, which are frequently assisted by tem-
perature. Crude flour extracts usually need to be cleaned
up due to some amount of present soluble protein and
other natural flour components. Deproteinization of such
extracts has been achieved by chemical precipitation with
Carrez 1 and II solutions4‘5, perchloric acid6, or trichloro-
acetic acid’. According to some published information
sample clean-up has been applied on crude extracts from
flour, dried bakery products and dough by SPE cartridge
with reversed phase RP18*’ or by thin layer chroma-
tography on silica gel plates®.

Accelerated solvent extraction (ASE) is an automated
technique using solvents for extraction under increased
pressure and temperature conditions. A big advantage of
ASE technique is a short time, less labour and saving sol-
vents in comparison to other common extraction tech-
niques. Up to now, ASE technique has been applied in ex-
traction of different plant and food materials, information
on extraction of flour matrix have not yet been revealed.

The aim of this preliminary study was to adjust an ex-
perimental ASE technique for extraction of soluble mono-
and disaccharides from wheat flour and compare the effi-
ciency of this method with some classic isolation proce-
dures. Detection and quantitative determination of saccha-
rides were performed using a high performance liquid
chromatography with use of amino-bounded stationary
phase and refractive index detection (RID).
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Experimental
Chemicals, materials and samples

All used chemicals and solvents were of analytical
and HPLC purity grade — fructose, glucose, sucrose, Xxy-
lose, acetonitrile isocratic grade, ethanol (Merck, Darm-
stadt, Germany) and maltose (Sigma Chemical Co., St.
Louis, USA). Potassium hexaferrocyanate and zinc sul-
phate p.a. (Slavus Bratislava, Slovakia) were used for
preparation of Carrez Iand II solution. Water was pro-
cessed in Rodem 6 purification device (Ecotest Zemné,
Slovakia). A syringe micro — filters with 0.45 um pore size
and cellulose membrane from Agilent (Germany) were
used for micro-filtration. Diatomaceous earth — ASE Prep
DE from Dionex was used as a dispersing agent in ASE
procedure.

Aqueous standard  solutions containing  fructose
0.0125-10 g1™), glucose (0.025-10 gI™"), sucrose
(0.0125-10 g 1) and maltose (0.025-10 g1") were used
for external calibration. Xylose (aqueous solution 1 g 1)
was used as an internal standard (IS) and it was added to
the sample prior to extraction in a constant volume.

Finely, milled white wheat flour Specidl 00 Extra,
type 530 (Castello), was used throughout the experiments.

Accelerated solvent extraction procedure

ASE procedure was performed with Dionex ASE 350
instrument (Sunnyvale, CA, USA). 5 g of flour was mixed
with a dispersing agent and loaded in a 34 ml stainless-
steel extraction cell. The cell was placed in the cell tray
and the extraction cycle started as follows: the cell was
loaded into tempered oven and filled with an extraction
solvent of ethanol:water, 60:40, v/v under pressure. Once
the pressure 1500 psi (10.34 MPa) was reached the cell
was heated to 60 °C during 5 min. After thermal equilibra-
tion a static extraction was accomplished within 5 min.
Then, the cell was rinsed with fresh extraction solvent (the
solvent volume was adequate to 60 % of the extraction cell
volume) and the extract was purged out of the cell with ni-
trogen (for 100 seconds) into a collection glass bottle. The
extraction was performed in three cycles maximally and
the obtained extracts from each cycle were sampled and
treated separately.

0.5 ml of 15% Carrez I and 0.5 ml of 30% Carrez II
solution were added to the supernatant in a centrifugation
tube, each tube was shortly shaken, left for 5 min to pre-
cipitate present proteins and centrifuged in MLW T52.1
centrifuge (VEB MLW Zentrifugenbau, Engelsdorf, Ger-
many) at 1,957 x g for 10 min. Protein precipitation step
was repeated again. In next step an extract was evaporated
in a vacuum evaporator to dryness at water bath tempera-
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ture 50 °C, a residue was dissolved in 1 ml of mobile
phase by ultrasonic bath assistance and filtered through a
micro-filter before HPLC analysis.

Comparing extraction procedures

Ultra-sonication: 5 g of flour was dispersed in 40 ml
of extraction mixture in an Erlenmeyer flask and inserted
in ultrasonic bath K-5.E with a programmable temperature
(Kraintek, Podhajska, Slovakia) for 20 min. Extraction
was carried out at ambient temperature and 60 °C.

Orbital shaker: 5 g of flour was dispersed in 40 ml of
extraction mixture in an Erlenmeyer flask which was
placed in the orbital shaker OS-20 (Boechel & co., Scien-
tific Equipment Hamburg, Germany). The mixture was
shaken for 20 min at the velocity level 200. The extraction
was performed in one step.

For both methods, further treatment of the sample is
described in ASE procedure.

HPLC analysis

For determination of saccharides in flour a high per-
formance liquid chromatography HPLC-RID method was
used, previously validated for quantification of separate
saccharides present in liquid matrices.

A HPLC system Agilent Technologies 1100 Series
equipped with RID, quartenary pump, degasser, column
thermostat and autosampler (Agilent, Waldbronn, Germa-
ny) was used. The separation of saccharides was carried
out on a Kromasil 100-5NH, column, 250 x 4.6 mm i.d.
(EKA Chemicals AB, Bohus, Sweden) at 30 °C. The RID
optical unit was tempered at 40 °C. Isocratic elution was
performed with acetonitrile:water, 75:25 (v/v) at the flow
rate 1.0 ml min~'. Samples were injected in 20 ul volume.

Individual saccharides were identified by retention
times and quantified via calibration curve designed by ex-
ternal calibration, with respect to pre-concentration of the
sample. Extraction process was checked by constant addi-
tion of the internal standard solution (D-xylose, 1 g17).

Results and discussion

For optimization of ASE method particular parame-
ters such as extraction temperature (50, 60, 70 °C), portion
of ethanol in water (40 % and 60 %) and number of extrac-
tion cycles (up to 3) were tested.

It was observed that the efficacy of extraction was in-
creased by temperature. On the other hand, at the tempera-
ture above 60 °C starch gelatinization, protein denaturation
and inactivation of alpha amylase can be in-
duced®. Therefore this temperature was considered as a
limit for ASE procedure.

Based on preliminary results, the extraction solvent
ethanol:water, 60:40, v/v and temperature 60 °C were cho-
sen. At these conditions, a volumetric yield of extracts was
examined after one extraction cycle (i.e. 36.0 + 3.6 ml of
the initial fresh solvent volume of 40 ml). A partial gelati-
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nization of starch normally occurs in wheat flour at about
60 °C (ref.’), accordingly a small portion of water from ex-
traction solvent might have been presumably consumed by
starch swelling. Further consequence of ASE procedure
was a presence of proteins in extract, likely water soluble
albumins and partially gliadins that are native constituents
of wheat flour. For this reason extracts were hard to evapo-
rate under vacuum because of excessive foaming. The ap-
plication of Carrez solutions for clarification led to an ex-
tract with few residual proteins, but on the other hand,
with an increased salt content. Therefore an optimal addi-
tion of Carrez I and II solution was investigated in order to
facilitate next extract processing. The impact of Carrez so-
lution addition in various volumes and precipitation steps
is illustrated for glucose yield in Fig. 1. Salts from Carrez
solutions were precipitated from extract at final operation
and removed by micro-filtration.

Application of three cycles in ASE procedure showed
higher extraction completeness for all saccharides,
checked by an internal standard (IS) recovery. The choice
of D-xylose as IS was conditioned by its good solubility in
both water and ethanol. In the first, second and third ex-
traction cycle the recovery of IS was 52+4 %, 22+2 % and
1245 %, respectively. The peak of IS was recognized from
slightly interfering matrix compound as depicted in Fig. 2.
The extracts were cleared sufficiently for simplier quantifi-
cation of saccharides.

For assessment of ASE efficiency, several techniques
commonly used in extraction of various saccharides were
compared to ASE, i.e. extraction by ultra-sonication and
shaking. In the first one, ASE temperature condition was
simulated by heating a water bath of the ultrasonic device.
In contrast to ASE technique, only one-step extraction was
carried out in comparing procedures. All extraction tech-
niques comprised coincident sample batch (n = 4). In
ANOVA statistical assessment the significance between
mean values of individual saccharides was set at P < 0.05
(95 % confidence level). The results of the comparative

25 -

20 +

Glucose (mg/100 g flour)

v=0.5ml, n=1 v=1.0ml, n=1 v=0.5 ml, n=2

Fig. 1. Impact of clarification procedure by Carrez solutions
on glucose yield after one cycle ASE with 60 % aqueous etha-
nolic solution (variabels: v — volume of each Carrez solution I
and II; n — number of extraction steps)
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Fig. 2. HPLC-RID records of saccharides: F — fructose, G —
glucose, S — sucrose, M — maltose and Xyl — xylose; A — stand-
ard solution of saccharides, 1 g I'!; B — internal standard solution,
1 g1, C — sample of flour, extract after the first cycle of ASE
with ethanol:water, 60:40, v/v at 60 °C

examinations are summarized in Fig. 3 that demonstrate
different quantitative composition of saccharides in ex-
tracts.

It is evident that ASE technique can compete success-
fully with other extraction procedures. Regarding the re-
producibility of ASE method the relative standard devia-
tions (RSD) obtained by this technique were proportional
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ASE, 60°C
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ASE, 60 °C sonication  sonication, 60 °C orbital shaker
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to those obtained by comparing techniques, even a bit bet-
ter (the highest RSD 19.9 % was calculated for fructose in
ASE). The dispersion ranged from 11.4 to 13.8 % for glu-
cose, sucrose and maltose whereas maximum RSD 22.8 %
was acquired for comparing techniques. The yield of fruc-
tose and maltose was not significantly different (P > 0.05)
using any extraction procedure tested. Extraction via ultra-
sonication with bath warming led to significantly lower
yields of sucrose (P < 0.002998). Anomalous results were
achieved for glucose (Fig. 3B) which was significantly low
(P < 0.04793-0.020013) when any of comparing proce-
dures was applied.

Conclusion

This study performs the initial investigation focused
on determination of content of soluble saccharides in flour
that represent significant precursors of acrylamide for-
mation in the process of Maillard reaction in baked cereal
products such as biscuits or bread. The main target of pre-
sented part of the research was to use ASE technique, as
amodern promising method, for isolation of soluble
saccharides from flour for further HPLC-RID determina-
tion.

ASE extraction method was optimized and compared
with other commonly used extraction procedures using ul-
tra sonication and orbital shaker. ASE method proved out
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Fig. 3. Impact of extraction procedure (ASE, ultra-sonication at laboratory temperature, ultra-sonication with heating of water bath at
60 °C, orbital shaker at laboratory temperature) on individual saccharides yield (A — fructose, B — glucose, C — sucrose, D — maltose)
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to have the highest yield, especially for glucose, neverthe-
less all tested extraction procedures are acceptable for ex-
traction of soluble saccharides from flour with comparable
efficacies.

It has to be mentioned that flour is not so suitable
food matrix for ASE technique due to high content of
starch and protein which results in a turbidity of superna-
tant. For this reason the final clarification of extracts using
Carrez solutions with two-step addition is highly recom-
mended.

This contribution is the result of the project
implementation ~ The Centre of Excellence for
Contaminants and Microorganisms in foods "supported by
the Research & Development Operational Programme
funded by the ERDF.
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Abstrakt

Praca je zamerana na stanovenie prchavych aromatic-
kych zlucenin Gpravou injektora plynového chromatografu
s hmotnostnospektrometrickym detektorom, pre pouzitie
mikroextrakcie na tuhi fazu v mikrokolone (SPMCE).
Optimalizacia metody umoznila stanovit' viac senzoricky
aktivnych metabolitov jednou analyzou vin, v porovnani
s vysledkami pred upravou pristroja.

Uvod

Najpouzivanej$imi metdédami na meranie prchavych
zlt¢enin vo fermentovanych napojoch st plynova chroma-
tografia (GC) aplynova chromatografia shmotnostno-
spektrometrickym detektorom (GC-MS). Priamy nastrek
fermentovanych napojov nie je vhodny na kvantitativnu
analyzu vzoriek, pretoze obsahuje vel'ké mnoZzstvo nepr-
chavych zlucenin, ktoré moézu znehodnotit’ koléonu. Meto-
dou headspace (HS) st odoberané len prchavé zluceniny,
¢o je vyhodnejsie ako priame davkovanie, nevyhodou je
niz§ia citlivost. Bolo preskiimanych niekol’ko extrakénych
metdd, ktoré mozno pouzit’ na pripravu vzoriek pred mera-
nim prchavych latok. Z nich st najvhodnejSie mikroex-
trakcia na tuht fazu (SPME), mikroextrakcia jednotlivych
kvapiek (SDME)'  amikroextrakcia na tuht fazu
v mikrokolone (SPMCE). Tieto extrakéné metody sa daji
kombinovat’ s headspace technikami.

Metdédu SPME navrhol v polovici 90. rokov Janusz
Pawliszyn na Univerzite of Waterloo Ontario, Kanada.
Jedna sa ovelmi jednoducht aucinni adsorpcno-
desorpéntl techniku zakoncentrovania analytu, urcent na
analyzu organickych latok znecist'ujticich zivotné prostre-
die, vonnych alebo chutovych latok a pod. Vol'bou vhod-
ného typu vlakna mozno dosiahnut’ reprodukovatelnost
vysledkov aj pre nizke koncentracie analytov. SPME je
perspektivna metdda najmi na analyzu prchavych nepolar-
nych latok vo vodach, vodnych roztokoch, vzduchu, pody,
kalu, piesku, vyfukovych plynov, kondenzatu cigaretového
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dymu a pod®. Meranim pomocou SPME st analyty zo
vzorky adsorbované na polymérne vladkno. Nasledne sa
tepelne desorbuju v davkovacom priestore GC a nosnym
plynom sa vedu do koldony. Sucasne tak mozno merat’ roz-
ne typy alkoholov, esterov ako aj uhl'ovodikov. Je to rych-
la, citliva a bezrozpustadlova metoda. SDME metoda je
jednoduché a lacnej$ia v porovnani so SPME**.

Mikroextrakcia na tuhu fazu je vyhodna na zachytenie
vysoko prchavych zlugenin®. Je to bezrozptistadlova meto-
da, s reprodukovatel'nymi vysledkami. Pri tejto technike sa
znamy objem vzorky nadévkuje do mikrokolony naplne-
nou adsorbentom. Naadsorbované analyty z mikrokolony
sa tepelne desorbuji do davkovacieho priestoru a pridom
nosného plynu sa pretla¢ia na kapilarnu kolonu
a analyzuju®. Pocas analyzy zostava mikrokolona v déav-
kovacom systéme GC a je Cistena pradom nosného plynu.
Dodato¢né kondiciovanie adsorbenta medzi dvomi
meraniami’ nie je potrebné.

Pouzitie mikrokolony vyzaduje upravu GC davkova-
cieho systému’, ktory je znédzorneny na obr. 1 a je lacnej-
Sou alternativou termalnej desorpcnej jednotky. Upraveny
davkovaci systém je mozné vratit do povodného stavu
split/splitless behom niekol’kych minut’.

Kapilarna koldéna vycnieva z dna jamky, do ktorej je
vsunutd mikrokoldona, pricom plynovochromaticka kolona
siaha 1-2mm do mikrokolény. Spoj medzi septom
a mikrokolonou je plynotesny avSak nie mechanicky pev-
ny, ¢o umoziuje jej vytiahnutie po skonceni analyzy. Vy-
hodou tohto usporiadania je vyradenie mftveho objemu
povodného davkovacieho priestoru z chromatografického
systému. Sucasnym davkovacim priestorom je vlastne
mikrokoléna, o sa prejavuje potlatenim rozmyvania pi-
kov na chromatogramoch. V skutocnosti ide o priame dav-
kovanie na kolonu®. Mikrokolonu je mozné pouzit’ na vel-
ké mnozstvo analyz s minimalnym vplyvom na jej adsorp-
&nii Géinnost”.

Obr. 1. Mikrokoléna naplnena adsorbentom a ¢ast’ upravené-
ho davkovacieho systému’
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Dalsou moznostou ako zabranit' zriedovaniu vzorky
nosnym plynom je znizovanie jeho prietoku pocas desor-
pcie. Preto je chromatograficky proces rozdeleny na dve
Casti, a to na Cast’ desorpcie pri nizkom prietoku a na Cast’
chromatografickej separacie pri zvySenom, optimalnom
prietoku. Experimentélne bol zisteny optimalny prietok pri
desorpcii 5-10 kPa (cit."'?).

Na rozmyvanie pikov pdsobi aj doba desorpcie, ¢im
je dlhdia, tym viac sa uplatiuje pozdizna difuzia. Doba
desorpcie, okrem uz spominanych parametrov, zavisi aj od
velkosti povrchu adsorbenta. Pre najuniverzalnejsi adsor-
bent Tenax st postacujucou dobou desorpcie len 2 min
(cit.”). Kralovi¢ova akol."” pouzili SPMCE metédu na
meranie emisie koze. Pouzili 15 mg Tenaxu o zrnitosti 60
az 80 mesh a plynovou chromatografiou s FID detektorom
namerali aceton, metylizopropylketon a izopropylbenzén,
ktoré st hlavnymi zloZkami spracovanej koze. Hriviidk
akol." pouzili SPMCE metédu na stanovenie prchavych
zltCenin vo vine, od acetaldehydu po 2-fenyletanol. Na
stanovenie prchavych organickych zlucenin pouzili len
2,5 mg Tenaxu. Vel'mi dobré vysledky stanovovania aro-
matickych latok pomocou mikrokolony dosiahol Hriviiak
a kol.">!' aj pri analyze piva.

Za predpokladu, Ze mitvy objem mikrokolony je
kompatibilny s mftvym objemom kolony, stava sa mikro-
kolona s adsorbentom prakticky Cast'ou kapilarnej kolony,
¢o sa prejavuje moznostou plného vyuzitia i€innosti kapi-
larnej kolony. V tychto pripadoch je mozné pouzit’ aj men-
Sie priemery kolén s tenkymi filmami stacionarnej fazy®.

Metdéda SPMCE mozno pouzit’ na stanovenie prcha-
vych organickych zlicenin nachéadzajucich sa nielen
v pive. Hriviiak a kol.” vo svojej praci pouzili metodu he-
adspace SPMCE na pripravu vzoriek z papiera pre stano-
venie prchavych latok pomocou plynovej chromatografie
(GC) s hmotnostnospektrometrickym detektorom (MS).
Vdaka tejto priprave vzoriek sa im podarilo identifikovat
21 prchavych organickych zlucenin z papiera jednou ana-
Iyzou. Uvedenou metédou boli uspesne analyzované
BTEX (benzén, toluén, etylbenzén a xylény) v plynnych
a vodnych vzorkach®'”.

Experimentalna cast’

Do 500ml Erlenmeyerovej banky sa nalialo 100 ml
vzorky vina (riedenej 50- a 100krat) a pridalo 20 g NaCl.
Po 1 minutovom pretrepavani uzavretej banky, bolo odob-
ranych 10 ml (2-3 ml min™) zo vzduchu nad hladinou
kvapaliny sklenenou injek¢énou striekackou priamo do
mikrokolony s adsorbentom Tenax TA (2,5 mg, zrnitost
60—-80 mesh, Alltech, Deerfield, IL, USA).

Mikrokolona bola vlozena do upraveného davkova-
cieho systému pristroja GC-MS 2010 (Uprava Ing. Hriv-
nak), ktory bol vyhriaty na 220 °C. Pocas 1 minutovej
desorpcie v split méde (1:30) bola teplota kolony 40 °C
a tlak 10 kPa, potom teplotny gradient 5 °C min™' do 200 °
C atlak sa zvysil na 60 kPa v priebehu 1 min. Konecna
teplota kolony bola udrziavana este d’alSich 6 min. Pouzita
chromatograficka kolona bola VF-WAXms 30 m * 0,25
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mm * 0,25 um (Varian, Lake Forest, CA, USA) a nosny
plyn hélium. Energia ionizujlcich elektrénov — 70 eV
a teplota i6onového zdroja — 200 °C. Rozsah skenovanych
hmotnosti m/z bol od 50 do 350.

Arémagramy boli merané programom fy. Shimadzu
a vSetky vzorky boli analyzované dvakrat. Chyba merania
bola > 5 %. Zlu¢eniny nameranych hmotnostnych spektier
boli identifikované porovnanim so spektrami v kniZnici
NIST a v nizsie uvedenych pripadoch potvrdené kvantita-
tivhym vyhodnotenim Standardov.

Na potvrdenie identifikacie niektorych pikov sa pou-
zili tieto Standardy; izobutylacetat (Chem Service), etylbu-
tyrat (Fluka), butylacetat (Z. D. Chemipan), butanol (Z. D.
Chemipan), izoamylacetat (Merck), amylacetat (Merck),
etylhexanoat (Merck), etyldekanoat (Merck), hexylacetat
(Fluka), etyloktanoat (Merck), hexanol (Fluka), heptanol
(Fluka). Kvantitativne vyhodnotenie odmeranych Standar-
dov bolo pomocou modelovych vzoriek, z ktorych sa zo-
strojila kalibra¢na krivka.

Vysledky a diskusia

Déavkovaci systém plynovej chromatografie s MS
detektorom bol upraveny podl'a obr. 2. Upraveny davkova-
ci systém zabezpecuje tesnost’ systému, preto sa po vloZeni
mikrokolony do systému dosiahne prednastaveny tlak uz
za par sekund a moze byt’ spustena analyza.

Pre pritomnost’ vysokych koncentracii aromaticky
vyznamnych latok boli vzorky vin riedené 50krat a kvoli
vysokému obsahu 3-metylbutanolu 100krat. Chromato-
gram aromatickych zloziek vin analyzovanych podla vys-
Sie uvedenych podmienok (vid® Experimentalna cast) je
znazorneny na obr. 3. Identifikovali sa zlticeniny 16 pikov
za pomoci kniznice NIST, ¢o znazoriiuje tab. . Z toho
10 pikov bolo potvrdenych analyzou Standardov za rovna-
kych podmienok. Kvantitativne stanovenie zlucenin vo
vzorkach vin bola uskuto¢nena pomocou 5 bodovej kalib-
racnej krivky a vysledky su zaznamenané v tab. I. Butyla-
cetat a amylacetat neboli detegované v bulharskych odro-
dovych vinach, 2010.

Obr. 2. Upraveny injektor GC-MS pre pouZitie SPMCE metédy
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Tabulka I
Identifikécia zlu¢enin pomocou kniznice NIST, koncentracia niektorych identifikovanych zlicenin, ich retencné casy, plo-
cha a vyska pikov v analyzovanom bulharskom odrodovom vine Muskat Ottonel, Bulharsko, ro¢nik 2010

Retencny cas Plocha piku Vyska piku Identifikacia pomocou NIST Koncentracia
[min] [zhoda] [ui
5,696 848325 340038 izobutylacetat 95% 0,11
6,257 2450926 955964 etylbutyrat 96% 0,33
6,323 1191253 449296 1-propanol 80% -
6,632 161219 77994 etyl, 2-metylbutyrat 81% -
7,013 278753 124927 etylizovalerat 80% -
7,835 34522794 13025811 izobutanol 96% -
8,485 23618327 8114381 izoamylacetat 98% 1,70
9,222 114267 55840 1-butanol 92% 0,98
11,014 79009816 26322827 izoamylalkohol 95% * -
11,732 19160256 7195181 etylhexanoat 98% 1,21
12,894 241178 110757 hexylacetat 88% 0,02
15,225 362570 148629 1-hexanol 92% 0,95
17,516 33086467 12195566 etyloktanoat 97% 2,08
18,087 670359 214312 1-heptanol 91% 0,69
20,555 8607591 3215326 linalool 95% -
22,880 5930804 2183122 etyldekanoat 95% 0,99

* Informdcie dosiahnuté pri riedeni vzorky 100krat

(*1,000,000}
5
E 1 L —_ i
5 L2 y ) 1 )]
E o l ] ]
0 1= = n i

10 ' 20

Obr. 3. Chromatogram aromatickych latok stanovovanych v bulharskych odrodovych vinach, ro¢nik 2010; 1 — Dimyat, 2 — Muskat
Vrachansky, 3 — Muskat Ottonel, 4 —Rizling, 5 — Chardonnay

S pribudajucim mnozstvom vykonanych analyz nedo- LITERATURA
chéadzalo k zhorSovaniu odozvy jednotlivych pikov. Meto-

da je jednoduchad a rychla na pripravu vzorky, ¢o ju upred- 1. Kobayashi M., Shimizu H., Shioya S.: J. Biosci. Bio-
nostiiuje pred pouzitim extrakcie aromatickych latok do eng. 106, 317 (2008).
organického rozpustadla, ale aj pred SPME technikou. 2. http://www.lambda.sk/pdf/metodiky/SPME.pdf,
02.03.2012
Praca bola financovand Agenturou na podporu 3. Pinho O., Ferreira I., Santos L.: J. Chromatogr., A
vyskumu a vyvoja, projekt ¢islo APVV 550-07 1121, 145 (2006).

a SK-BG-0012-08.
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Abstract

Headspace method for analysis of spectrum spirit aro-
ma compounds (from methyl acetate to octanol) using mi-
crocolumn filled with 2.5 mg of Tenax TA (60-80 mesh)
was presented. In this study aromatic profile of Slovak dis-
tilled spirit was measured by headspace solid-phase micro-
column extraction gas chromatography with flame ioniza-
tion detector.

Introduction

Both gas chromatography and gas chromatography-
mass spectrometry are widely used for measuring concen-
tration of volatile compound in beverages. Direct injection
is not suitable for the quantitative analysis of beverages
samples because they contain large amounts of non-
volatile compounds that may damage the column.
Although the headspace sampling technique has an ad-
vantage over direct injection when only the volatile com-
pounds in the sample can be injected, its sensitivity is low.
Three main types of extraction method have been investi-
gated: solid-phase microextraction (SPME), single-drop
microextraction (SDME)' and solid-phase microcolumn
extraction (SPMCE)*.

Solid-phase microextraction is a solvent-free extrac-
tion method introduced by Pawliszyn and co-workers*”.
However, conventional SPME has some drawbacks such
as fibre fragility, and low sorption capacity*®. In SDME
microdroplets is held in a large flowing aqueous phase or
above an aqueous sample solution and the analytes in the
sample are extracted into the droplet' .

Lakatoova et al.” and KruZlicova et al.® quantita-
tively analysed wines and Hriviiak et al.”'® quantitatively
analysed beer by GC using SPMCE performed in a glass
microcolumn inserted into the GC inlet. The volatile com-
pounds, creating beverages aroma, were extracted from the
headspace into a Tenax microcolumn. The microcolumn
was then transferred into a modified GC injection port for
thermal desorption and the compounds were released and
analyzed.
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Material and methods

The distilled spirits were obtained from small dis-
tillery in Slovakia. A volume of 100 ml of diluted spirit
sample (10times) plus 20 g NaCl was transferred into
a 500 ml volumetric flask and the flask was vigorously
shaken for 2 min at ambient temperature. Immediately af-
ter shaking, an appropriate volume of headspace (10 ml)
was taken through the microcolumn using a glass syringe
with a glass plunger lauer (Poulten and Graf, Wertheim,
Germany). The distance between the microcolumn and the
surface of the liquid was about 1 cm. The loaded micro-
column, with sorbed volatile compounds, was transferred
into the GC inlet at the pressure of 20 kPa of carrier gas
and the desorbed compounds were analysed.

Analyses were carried out on Shimadzu GC model
14A, modernized by Hriviidk in 2010. The outlet of the
microcolumn afforded a tight connection with the capillary
column. The fused silica capillary column DB-FFAP with
parameters 60 m * 0,25 mm * 0,25 pm (Supelco, Bellefon-
te, Pennsylvania, USA) was used. The GC inlet tempera-
ture was 230 °C and the detector temperature was 250 °C.
The initial column temperature was maintained at 40 °C.
Thermal desorption was performed at apressure of
20 kPamin™', then the pressure was increased to 60 kPa
and the column temperature was programmed at a rate of
3°Cmin™ up to 220 °C and maintained at 220 °C for
5 min. Helium was used as a carrier gas. Analysis of each
spirits sample was repeated twice.

A computer program Class-VP 7.2 SP1 (Shimadzu,
Columbia, Maryland, USA) was used for data acquisition.

Chemicals

Methyl acetate, ethyl acetate, propanol, butanol, pen-
tanol, hexanol, heptanol, octanol, 2-butanol, isobutanol,
butyl acetate, amyl acetate, hexyl acetate, ethyl isovalerate,
ethyl butyrate, isoamyl acetate were used like inside
standards for qualitative interpretation and for created cali-
bration rate.

Results and discussion

Aromatic compounds were analyzed by headspace
solid phase microcolumn extraction gas chromatography.
There were analyzed alcohols — propanol, butanol, 2-bu-
tanol, isobutanol, hexanol, heptanol and octanol, esters —
methyl acetate, ethyl acetate, propyl acetate, isobutyl ace-
tate, ethyl butyrate, ethyl isovalerate, butyl acetate, iso-
amyl acetate, amyl acetate and hexyl acetate. Fig. 1 shows
a chromatogram of cherry spirit with aroma compounds
which were analysed according to previous conditions.
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Fig. 1. Chromatogram of cherry spirit. Peaks: (1): methyl acetate, (2): ethyl acetate, (3):propanol, (4): 2-butanol, (5): ethyl butyrate,
(6): ethyl isovalerate, (7): butyl acetate, (8): butanol, (9): amyl acetate, (10): isobutanol, (11): isoamyl acetate, (12): pentanol, (13): hexyl

acetate, (14): hexanol, (15): heptanol, (16): octanol

The identification of peaks was performed by analysing
model mixtures which contain pure compounds.

The static headspace was preferred, because in a rela-
tively short time the highest possible concentration of ana-
lytes in the gas phase can be obtained. The limiting factor
of the amount of an adsorbent in the microcolumn is the
breakthrough volume of analytes and the aspirated volume
of headspace. 2,5 mg of Tenax TA in the microcolumn
was used and worked beyond the breakthrough volume of
ethanol. In such condition, the compounds obtaining up to
3—4 carbon atoms are beyond their breakthrough volumes,
therefore their peaks are lower and the ethanol peak
narrower, but still can be used for analysis®.

Advantage of the method is the low dead volume of
the microcolumn. The distance between the adsorbent and
the head of a column in the inlet is only 10 mm (0.25 mm
I.D.). This means that the microcolumn is practically a part
of the capillary column and these results in obtaining of
non-dispersed peaks even at the beginning of a chromato-
gram (without cryofocusation or subambient temperatures)”.

Conclusion

A simple and inexpensive headspace method for
analysis of aroma compounds of spirits was described.
Sixteen volatile compounds (from acetaldehyde up to
octanol) was analysed by microcolumn filled with 2,5 mg
of Tenax TA. The microcolumn was thermally desorbed in
the modified inlet of gas chromatograph (Shimadzu A14)
during analysis, conditioning was not necessary between
two analyses.
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DETERMINATION OF ALCOHOL, SUGAR, AND VOLATILE ACIDS IN WINE

BY FTNIR

JARMILA LASTINCOVA** UBICA
POSPISILOVA®, and ERNEST
BEINROHR®

“Central Controlling and Testing Institute in Agriculture,
Matiskova 21, 833 16 Bratislava, Slovakia, ”Mendel
University in Brno, Faculty of Agronomy, Zemédélska 1,
613 00 Brno, Czech Republik, ¢ Slovak University of Tech-
nology in Bratislava, Faculty of Chemical and Food Tech-
nology, Radlinskeho 9, 812 37 Bratislava, Slovakia
lastincovaj@uksup.sk

In Slovakia there are 6 wine growing regions (Tokaj,
East Slovakia region, South Slovakia region, Middle Slo-
vakia region, Nitriansky region and Small-Carpathian re-
gion) where the quality wines with protected designation
of origin /PDO/ are produced. The Central Controlling and
Testing Institute in Agriculture in Bratislava has an
accreditated laboratory for testing wine products before in-
troducing them to the market.

A novel method for measuring of some important pa-
rameters in wine like sugar, alcohol, and volatile acids by
FT/NIR was tested. The calibrations were made for
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numerous wines from Slovakian regions. These wines al-
ways contain different sugar content depending of region
and year of harvest. The southern regions wines are
sweeter than northern and therefore the alcohol content
could be higher. The content of volatile acids depends on
the technological procedure. We determined these three
parameters in 359 wine samples which were from vintage
year of 2008. All studied parameters were first determined
by commonly used standard methods and the results were
used to perform calibrations for the same samples by FT/
NIR spectroscopy. In the white and red dry wines there
were no significant differences between measurement re-
sults of alcohol and both methods can be used. We reached
correlation coefficient 0.9963 for alcohol in 2 mm cuvetts.
The reducing sugars were determined with the correlation
coefficient of 0.9983 while volatile acids with the correla-
tion coefficient of 0.9848. Today, Fourier transform infra-
red spectroscopy in combination with multivariate re-
gression is used as a screening of beverages, which allows
us to determine alcohol content in less than 2 minutes.

The work was done with support of the projects
MSMT2B08039 a OH 72039 and QH 81200.
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MEDZILABORATORNE POROVNAVACIE SKUSKY V AKREDITOVANYCH

SUBJEKTOCH

JARMILA LASTINCOVA™, LUBICA
POSPISILOVA" a ERNEST BEINROHR®

“ Ustredny kontrolny a skiisobny tistav polnohospoddrsky,
Odbor vinohradnictva a vindrstva, Matuskova 21, 833 16
Bratislava, Slovensko, " Mendelova zemédélska univerzita
v Brné, Agronomickd fakulta, Ustav agrochemie, piidoznal-
stvi, mikrobiologie a vyzivy rostlin, Zemédelska 1, 613 00
Brno, Ceskd republika, © Slovenskad technicka univerzita v
Bratislave, FCHPT, Ustav analytickej chémie, Radlinské-
ho 9, 812 37 Bratislava, Slovensko
Jarmila.Lastincova@uksup.sk

Medzinarodné kruhové testy tzv. ,,Proficiency tests“
su vybornou metddou potvrdenia spravnosti merani
v akreditovanom laboratoriu. Preto akreditacné organy
vyzaduju k procesu uznania certifikacie resp. akreditacie
uspesnost’ v medzinarodnych testoch spdsobilosti. Progra-
my porovnavacich skuSok medzi jednotlivymi akreditova-
nymi laboratoriami sa uskuto¢iiuju na narodnej aj medzi-
néarodnej Grovni. Pravidelné nezavislé hodnotenie technic-
kej vykonnosti skisobného laboratoria je vo vSeobecnosti
odporuc¢ané ako dolezitda pomocka pre zistenie kvality
analytickych merani'.

V stu¢asnom obdobi je v zaujme Eurépskej Unie aby
vSetky laboratérid zaoberajlice sa analyzou potravin a na-
pojov ako vino spliiali najprisnejsie kritéria vychadzajice
z nariadeni EU. Ked’Ze je vol'n4 zona obchodu v rdmci EU
vino s chranenym oznacenim pdvodu pred jeho uvedenim
na trh musi byt riadne preskiSané, zatriedené
a certifikované®’. Nage akreditované pracovisko Skugob-
fia vindrska (SV) na Odbore vinohradnictva a vinarstva,
UKSUP v Bratislave sa pravidelne zi&astiiuje medzilabo-
ratornych testov sposobilosti (MTS)*.

Ciel'om tohto odborného prispevku je zoznamit Cita-
telov s vysledkami medzindrodnych testov FAPAS
vr. 2010 a 2011 (testovaci material bol distribuovany me-
dzi Gcastnikov z 28 krajin sveta) a medzinarodnych testov
sposobilosti laboratorii (MTZL) organizovanych Statnou
pol'nohospodarskou a potravinarskou inspekciou (SZPI) v
Brne v r. 2010 pre akreditované skuSobné laboratoria ana-
lyzy vina v CR a na Slovensku.

Material a metoda

Skusanie vin spocivalo v stanoveni parametrov ako su
alkohol, cukry, prchavé kyseliny, celkové kyseliny, SO,
celkovy, alebo iné cudzorodé latky vo vinach. Na stanove-
nie sme pouZili klasické metddy schvalené Medzinarodnou
organizaciou pre vini¢ a vino (OIV).

Nase akreditované skusobné laboratorium dostalo
vzorku vina na stanovenie od SZPI v CR, ktora
vr.2010 pre 33.kolo IX série pripravila 2 rady vzoriek.
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Vzorka A — testovany materidl biele vino bolo odobrané
u vyrobcu z tanku a stocené do 25 flia$ o objeme 0,75 litra,
ktoré boli hermeticky uzavreté. Vzorka B bolo vino odob-
rané ztanku a fortifikované roztokom etanolu, glukdzy
a fruktézy a po dokladnom zhomogenizovani v bareli bolo
sto¢ené do 25 flia§ o objeme 0,75 litra. My sme robili len
vzorku A lebo sme nestanovovali glukézu a fruktozu.

Druhy test FAPAS bol organizovany Centralnymi
laboratériami v Yorku (Anglicko) a pouzity testovany
material bolo biele vino v r. 2010 a v r. 2011 bol testovany
materidl pripraveny z Cerveného australskeho vina
(FAPAS Wine Report 1355, 1360)*°. Vzorky boli sklado-
vané pri teplote +4 °C. Tieto inStitucie nam zaslali vzorku,
ktora bola uz homogenizovana a bol urobeny aj test stabili-
ty a homogenity”*®.

Vysledky a diskusia

Prehlad vysledkov medzilaboratornych testov SZPI-
Brno zroku 2010 a Statistické spracovanie tohto testu
MTZL: Serie IX Klasické metody zkouseni a serie II. sta-
noveni aditivnich latek’ bolo dokladne vyhodnotené. La-
boratoria SV uspeli v tychto testoch dobre (vid' tabulka
IalIl). Za uspokojivé sa povazuju hodnoty z-skore od —2
do +2. Za neuspokojivé sa oznacuju hodnoty z-skore, ktoré
su mimo intervalu +2 a za sporné mozno povazovat' hod-
noty z-skére vidsie nez 3. Cislo nasho laboratoria je vy-
znacené v prislusnej tabulke inou farbou. V testovanom
materialy (vzorka A) boli sledované analyty: alkohol, pr-
chavé kyseliny, celkové kyseliny abezcukorny extrakt.
Kazdému vysledku bolo priradené z-skoére vypocitané zo
vztahu: z = (x—x,)/o, kde x je koncentracia analytu, x; je
vzt'aznd hodnota (prijata referencna hodnota), urcena ako
najlepsi odhad spravnej hodnoty koncentracie analytu a ¢
je cielova hodnota smerodajnej odchylky pre hodnoty x.

Vysledky a vyhodnotené z-skore pre jednotlivé labo-
ratoria su v tabulke Ia II ast uvedené anonymne pod
Ciselnym kodom. Zucastnené laboratéria pouzili rozne
metddy stanovenia. Jedna sa zvac$a o metody analyzy vina
podra nariadenia Komisie EU ¢&. 2676/90 (cit."’) a podla
metodik O.I.V. Nase laboratorium pouzilo metody OIV
pre stanovenie relativnej hustoty — pyknometrické stanove-
nie, pre stanovenie skuto¢ného alkoholu — pyknometrické
stanovenie, pre stanovenie prchavych kyselin titraciu po
destilacii, pre bezcukorny extrakt vypocet po od¢itani cuk-
ru z celkového extraktu a pre celkové kyseliny titraciu.

Prehl'ad vysledkov medzindrodnych testov v roku
2010 a2011 na jar (februar—marec), ktoré¢ organizoval
FAPAS na stanovenie alkoholu, SO,, celkovych kyselin
a prchavych kyselin je vyhodnoteny v tabulke III a IV.
Tento test je skuskou Sikovnosti a kompetentnosti Statnej
organizacie s akreditovanym laboratoriom na skuSanie
kvality potravin a vina a je v stllade s €l. 12 nariadenie EU
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Tabulka I
MTZL série IX, 33: Klasické metody skusania vin, rok 2010

C. lab. Alkohol 11,35 Prchavé 0,49 Bezcukor- 25,1 Kyseliny 7.2

[%] kyseliny ny extrakt (g™
[g1] [g1]
vysledok z-skore vysledok z-skore vysledok z-skore vysledok z-skore

1 11,27 -1,0 0,54 1,8 25,2 0,2 7,0 -0,7
2 11,22 -1,6 0,44 -1,8 25,3 0,4 7,3 0,3
11 11,35 0,0 0,49 0,0 25,0 -0,2 7,1 -0,3
12 11,31 -0,5 0,49 0,0 25,1 0,0 7,1 -0,3
13 11,80 5,5 0,51 0,7 26,6 2,8 7,4 0,7
14 11,36 0,1 0,75 9,1 24,9 -0,4 7,7 1,7
15 11,36 0,1 0,44 -1,8 22,5 4.8 7,2 0,0
16 11,40 0,6 0,50 0,4 25,3 0,4 7,3 0,3
17 11,34 -0,1 0,44 -1,8 25,0 -0,2 7,1 -0,3
Tabulka IT
MTZL.: serie II: Kolo 25: Stanovenie aditivnych latok vo vine, rok 2010

C. lab. SO, volny z-skore SO, celkovy z-skore Kyselina z-skore

36 [mg 1] 245 [mg 1] sorbové
149,0 [mg 1]

1 30 -1,8 144 -18,9 153 0,4

2 35 -0,3 249 -0,8 - -

3 42 1,8 243 -0,4 152 0,3

4 28 24 268 4,3 150 0,1

5 41 1,5 252 1,3 147 -0,2
6 38 0,6 227 -34 149 0,0

8 37 0,3 235 -1,9 - -

9 38 0,6 249 0,8 135 -1,3
10 35 -0,3 233 22 - -

11 36 0,0 243 -0,4 - -

882/2004 (cit.'") ako aj s ISO 17025:2005 (cit.'?). Ak
ucastnik testu lezi v intervale z-skore +2 jeho vysledky st
Statisticky normalne rozlozené. Ak ma z-skore viac ako 2,
je Sanca 1:20, ze vysledky st akceptovatelné v extrémnej
distribucii a ak je z-skore vécsie ako 3 je Sanca len 1:300
ze su vysledky akceptovatelné. Kazdy ucastnik dostal
testovaci material, zOcCastnilo sa az 70 laborato-
rii, stanovena hodnota bola vypocitand ako konsenzus
z vysledkov poskytnutych tcastnikmi, vylacené boli vy-
sledky ktoré boli odchylené¢ 10, 100, alebo 1000x viac
(menej) ako vécsina vysledkov laboratorii a preto tieto boli
povazované za chybné stanovenia. Ked’Ze merania celko-
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vého SO, vr. 2011 boli medzi laboratoriami vel'mi odlis-
né, nedala sa stanovit’ hodnota vacSiny a tym padom ani
vypocitat’ z-skore. Preto u tohto testu vyhodnotili len alko-
hol (stanovend hodnota 12,13 %), z-skore menej ako 2
malo 48 laboratérii, celkové kyseliny (stanovend hodnota
5,99 gl1™") az-skore malo vnorme 35 uéastnikov a pre
prchavé kyseliny (stanovend hodnota 0,549 gl)
a v intervale £2 bolo 35 laboratorii. Vysledky niektorych
ucastnikov testu spdsobilosti su uvedené v tabulkach
a naSe vysledky su vyznacené tu¢nym pismom.
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Tabulka III
Vysledky stanovenia alkoholu, SO,, celkovych kyselin a prchavych kyselin. FAPAS test v roku 2010
C. lab. Obsah z-skore Celkové z-skore Celkovy z-skore Prchavé z-skore
alkoholu kyseliny SO, kyseliny
15,23 [%] 4,09 [g1™] 117,5 0,226
[mg 1] [g1]
016 7,63 -30 4,19 0,5 107 -1,1 - -
017 15,12 -0,5 4,07 -0,1 117 -0,1 0,07 -2,1
018 14,70 -2,1 4,10 0,1 152 3.8 1,0 10,4
019 14,90 -1,3 4,06 -0,1 107 -1,1 0,25 0,3
020 15,30 0,3 4,20 0,6 116 -0,2 0,30 1,0
023 15,24 0,0 4,01 -0,4 118 0,1 0,12 -1,4
024 15,20 -0,1 4,01 -0,4 86,4 34 0,312 1,2
026 15,26 0,1 4,00 -0,5 126 0,9 0,22 -0,1
027 14,85 -1,5 4,35 1,4 127,2 1,1 - -
028 15,3 0,3 - - 118 0,1 - -
029 15,10 -0,5 3,99 -0,5 107 -1,1 0,61 52
030 15,28 0,2 4,08 0,0 119 0,2 0,08 -2,0
Tabulka IV
Vysledky stanovenia alkoholu, SO,, celkovych kyselin a prchavych kyselin. FAPAS test v roku 2011
C. lab. Obsah z-skore Celkové z-skore Celkovy z-skore Prchavé z-skore
alkoholu kyseliny SO, kyseliny
12,13 [%] 599 g1 [mg 1] 0,549
[gl]
018 12,19 0,2 5,97 -0,1 72 - 0,55 0,0
019 11,64 -2,0 5,90 -0,3 54 - 0,59 0,2
021 12,20 0,3 6,35 1,4 46 - 0,49 0,3
023 12,13 0,0 6,1 0,4 53,1 - 0,61 0,3
024 12,40 1,1 6,40 1,6 46 - 0,57 0,1
027 11,60 -2,1 3,01 —-11 102 - 0,34 -1,2
028 12,51 1,5 5,91 -0,3 34 - 0,31 -1,3
029 12,15 0,1 6,40 1,5 72 - 0,67 0,7
030 12,64 2,0 6,26 1,1 56 - - -
031 11,20 -3,7 5,90 -0,3 81,2 - 0,65 0,6
032 12,30 0,7 0,58 =20 32,2 - 0,54 0,0
Zaver vSetkych parametroch ukazovatele na pozadovanej Urovni

Z vysledkov vyplyva, ze akreditdcia kazdej skusky je
dolezita. Neakreditované skisky mézu TFahko skiznut
a sposobit’ systematicku chybu, ked’Ze nie st pravidelne
zapajané do porovnavacich testov. VSetky laboratoria,
ktoré majui z-skore hodnotu vécsiu ako 2 nevyhoveli a ich
vysledky su neuspokojivé. Nasledne by preto mali byt
prijaté napravné opatrenia. NaSe laboratorium splnilo vo
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a vysledky sa nevymykajt limitu, takze moézeme konstato-
vat, ze prezentované vysledky st presné a spravne.
Poziadavky na akreditované skuSobné laboratoria su
vysoké, ale iba tak je moZné zabezpecit, Ze budl spravne
vykonané a vyhodnotené vsetky Specifické cinnosti
v oblasti Statneho odborného dozoru akontroly nielen
v SR, ale v ramci celej EU. Znamena to, ze zakaznik si
moéze dat’ zanalyzovat a vyhodnotit’ svoju vzorku
v akomkol'vek akreditovanom laboratériu EU. Podla na-
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riadenia Komisie EU sa prevadzaji kontroly a hodnoti sa
systém vykonu auditov, ktory je velmi dobre prepracova-
ny najmé v oblasti potravin rastlinného povodu.
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VYUZITIE UV ROZKLADU V PRIETOKOVYCH ELEKTROCHEMICKYCH

ANALYZATOROCH

LUKAS LAUKO* a ERNEST BEINROHR

Ustav analytickej chémie, Fakulta chemickej a potravindr-
skej technologie, Slovenska technicka univerzita v Brati-
slave, Radlinskeho 9, 812 37 Bratislava, Slovensko
lukas.lauko@centrum.sk

Je dobre zname, ze elektroanalytické metddy, najma
voltametrické techniky, umoznuju rozliSovanie volnych
i6nov, nestalych kovovych ioénovych komplexov ale aj
kovov silne viazanych do komplexov'. Vo vigsine pripa-
dov sa na stanovenie takychto kovov vyuziva anodicka
rozpustacia voltampérometria (ASV). Ak st kovové i6ny
viazané do rozpusteného organického materidlu silno je
potrebné este pred samotnym stanovenim pomocou ASV
pouzit’ nejaky typ rozkladu. Na stanovenie celkového ob-
sahu kovov sa najcastejSie vyuZivajii mokré rozklady.

Hlavnou vyhodou UV rozkladov oproti mokrym roz-
kladom je to, Ze nevyZaduju velké pridavky oxida¢nych
¢inidiel, o z nich robi ¢isti metddu na upravu vzoriek.
Okrem toho su efektivne a pomerne I'ahko zabudovatelné
do elektrochemického prietokového systému?. Kombinacia
prietokovych technik FIA (prietokova injekénd analyza)
a STA (sekvencna injekcna analyza) s voltampérometricky-
mi metédami je vyhodna z toho dovodu, Ze zvySuje stupen
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automatizacie a priepustnost’ vzoriek. NajcastejSie sa pou-
7ivaju rézne typy pevnych pracovnych elektrod®, ale
v praxi nie su vynimkou ani rozli¢né ortutové elektrody.
Druhé menované maju sice vyssiu citlivost’ a reprodukova-
telnost’ avSak aj ovela zloZitejSiu konStrukciu meracej
cely®.

V tejto praci sa pouzil ako zdroj UV ziarenia UV
lampa s vykonom 11 W. Prietokovy reaktor bol vyrobeny
z PTFE hadi¢iek (d=1mm) obtoCenych okolo lampy
zabaleny do hlinikovej folie. Ako oxida¢né ¢inidlo sa pou-
zil peroxid vodika, pri€om sa autori zamerali hlavne na
uréenie vhodnej koncentracie peroxidu a na zistenie Casu
potrebného na dokonalé rozlozenie organickej matrice.

Praca bola podporovana grantovou agenturou VEGA,
C. projektu 1/0419/12.
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Uvod

Borievka obyc€ajna (Juniperus communis) je kerovita
az  stromovitd drevina z celade  cyprusovité
(Cupressaceae). Plody (Fructus juniperi) su ¢ierno-modré,
maju  silnt aromu a rozne fyziologické uCinky
(protizapalovy, mocopudny, antimikrobidlny), a preto sa
vyuzivaji ako koreniny, v ardmach, parfumoch,
farmaceutickych  pripravkoch, na  aromatizovanie
alkoholickych napojov (gin, borovicka), vyraba sa z nich
aj lekvéar. Niektoré druhy sa pouZivali aj na vyvolanie
potratu, z coho prameni 'udové pomenovanie borievky —
jalovec.

Zlozenie  plodov, drevaaihli¢ia  borievok
a éterickych olejov, ktoré sa z nich pripravuju, zavisia od
roznych faktorov ako su geograficka poloha, typ porastu,
vek borievky, zlozenie pody, zrelost’ plodov a iné. Plody
borievky obsahuju 2-6 % éterickych olejov, 10-30 %
tukov, 20 % bielkovin, 10 % zivice, 5 % trieslovin,
sacharidy (glukdéza a fruktoza), horké latky (juniperin),
kumarin, kyselinu askorbovi, kyselinu mravéiu, kyselinu
octovll, kyselinu jablént, flavonoidy (flavonové
glykozidy), biflavonoidy. NajvyznamnejSie lie¢ivé ucinky
vykazuju silice— zmes vonavych prchavych latok —
zlozené hlavne zterpénov a seskviterpénov. Asi 58%
obsahu esencialneho oleja ziskaného z plodov borievky
tvoria monoterpény (o-pinén, sabién, myrcén, B-pinén,
limonén, p-cymén, terpinén-4-ol) a asi 32 % seskviterpény
(germacren- D)'. Specifickd chut zavisi hlavne od
prchavych olejovych zlucenin. Plody borievky obsahujt
polyfenoly a flavonoidy, ktoré vykazuju antioxida¢nu
aktivitu?. Celkovy obsah polyfenolov’ v borievkovych
plodoch je okolo 190 mgg', celkové mnoZstvo
flavonoidov> sa  pohybuje vintervale 1-4mgg™"
a biflavonoidov od 1 az do 1,4mgg . Zrelé plody su
zakladom pre viaceré napoje, napr. borovicky, gin, grappa,
talianske gineprino, bittery (horké lichoviny).

Liehoviny aromatizované borievkami st lichoviny,
ktoré sa vyrabaji aromatizovanim liehu, obilného destilatu
alebo obilného brandy latkami ziskanymi z bobual
borievky oby&ajnej (Juniperus communis L)*. Mozno
k nim pridavat’ vonné latky a chutové latky, voa a chut’
borievok musi byt rozlisitelna. Lichoviny, ktoré sa
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vyrabajii na Slovensku aromatizovanim liehu, obilného
destilatu alebo obilného brandy latkami =ziskanymi
destildciou z bobul' borievky cédrovitej (Juniperus
oxicedris L.), do ktorych mozno pridavat vonné a chut'ové
latky; vona a chut’ borievok musi byt rozliSiteI'na; takto
vyrobent lichovinu mozno nazvat’ ,,borovicka".

Spektrometrické metddy, obzvlast infracervena
spektrometria,  nukledirna  magnetickd  rezonancia
a hmotnostnd spektrometria, su Siroko pouZivané pri
autentifikacii potravin. Casto sa vyuZivaju v kombinacii
s chemometriou, ktora pouziva matematické a Statistické
metddy na ziskanie maximalnej chemickej informacie
analyzovanim chemickych dat’. Volba metody zavisi
hlavne od chemickych vlastnosti a fyzikalneho stavu
vzorky, predoslych znalosti o vzorke a ¢asu potrebného na
ziskanie vysledkov®. Dalsie vyznamné faktory su cena
samotného zariadenia a jeho prevadzkové naklady.

UV-VIS absorp¢na spektrometria predstavuje lacna
ajednoduchu techniku, ktord nasla Siroké uplatnenie
v analyzy potravin. Medzi dobre zname aplikacie mozno
zahrnut' stanovenie obsahu proteinov podl'a Bradforda,
sledovanie hydrolyzy proteinov pouzitim ninhydrinu,
fotometrické stanovenie pigmentov (napriklad
karotenoidov v margarine’), ale aj zistenie fal3ovania
panenského olivového oleja rafinovanymi druhmi oleja.
Neddvno bola publikovand klasifikdcia Ligurianského
olivového oleja viacrozmernou analyzou dat ziskanych
UV-VIS spektrofotometriou®. Prenosny spektrofotometer
sa pouzil pri uréovani autenticity 8kotskej whisky’. Dalsie
zaujimavé pouzitie UV-VIS spektrofotometrie je
stanovenie celkového obsahu antokyaninovych pigmentov,
ktoré vykazujui typicky absorpény pds v oblasti 490 az
550 nm. Tvar spektra antokyaninov moze poskytnat
informaciu aj ¢o sa tyka poCtu apozicie glykozidovej
substiticie a acylacie sacharidového podielu'®. Napriek
nepochybnym vyhoddm UV-VIS spektrofotometrie, tato
technika  nepresla  velkym  mnoZstvom  inovacii
v porovnani s inymi metédami pouzivanymi
v potravinovej autentifikacii.

Experimentalna cast’
Pristroje a zariadenia

Na meranie UV-VIS absorpénych spektier sa pouzil
Shimadzu UV Spectrophotometer 18000, ktory bol
pripojeny k pocitacu. Merali sa absorpéné spektra vzoriek
destilatov v 1x1 cm kremennej kyvete v rozsahu vinovych
dizok 200-500 nm. Na statistické zhodnotenie sa pouzil
Statisticky balik STATISTICA, ver. 7.1 na osobnom
pocitaci PC Pentium 4 s opera¢nym systémom Windows
XP 2.6 GHza 1 GB RAM.
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Vzorky destilatov

Merali sa absorpéné spektra 39 vzoriek destilatov
slovenskych  producentov ~ (S01-S39)  zakupenych
v maloobchodnej sieti v SR (napr. Prava Zbojnicka
borovicka Original (St. Nicolaus) obsahujuca bobule
borievky, Liptovium borovicka (St. Nicolaus), Borovicka
Slovenska (St. Nicolaus), Borovicka Inovecka (St.
Nicolaus), Slovenska borovicka Juniperus (Old Herold),
Slovenska borovicka Koniferum (Old Herold), Borovicka
Slovenské4 (Old Herold), Original Slovak Juniper brandy
(Imperator), Spisska borovicka (Frucon Trade Kosice)),
3 Ceskych (C01-C03) (Slovacka borovicka (R. Jelinek)),
6 nemeckych (GO01-G06) (napr. Landwirth’s Steinhédger
(Landwirth’s GmBh)), 12 belgickych (B01-B12) (napr.
Smeets Extra Hasseltse (graanjenever), Hasselt Smeets
(Genievre de Grain), Balegemsche Graangenever)
a3 britské borievkové destilaty (U01-U03) (napr.
Plymounth English Gin (Black Friars Distillery, V&S
Plymonth Ltd.)).

HCA

Na hodnotenie a porovnanie jednotlivych vzoriek sa
pouzili viacrozmerné Statistické metédy PCA a HCA.
HCA je klasifikaéna technika, ktora zoskupuje podobné
objekty do zhlukov (klastrov) na zéklade miery
podobnosti. Miera podobnosti je definovana pomocou
vzdialenosti (Stvorec Euklidovej vzdialenosti, Euklidova
vzdialenost a Hammingova vzdialenost (city-block
distance, Manhattan distance)). Objekty su tym
podobnejsie, ¢im mensia je vzdialenost’ medzi nimi — vo
vypocitanej matici podobnosti sa nachadzaju vzdialenosti
vSetkych parov, ktoré mozno z objektov vytvorit.
Hierarchické algoritmy CA ako finalny vystup poskytuju
dendrogram, na ktorom vidiet postupné spéjanie
objektov — od najpribuznejsich az po najmenej pribuzné''.
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PCA

PCA je najpouzivanejSou metodou na redukovanie
velkého poctu vzijomne suvisiacich premennych na
hlavné komponenty, pri ¢o najmenSej strate informdcii.
Vyuziva taki  linearnu  kombinaciu  pdvodnych
premennych, ktord vysvetluje variabilitu dat (zachovava
rozptylenie dat v najvdcSej moznej miere). Hlavné
komponenty PCj, ... PC, st nové (latentné) a nekorelo-
vané¢ premenné, hierarchicky usporiadané. Pocet
r hlavnych komponentov PC je obvykle mensi ako pocet
p originalnych premennych: r<p. ObycCajne na opis
systému postacuje len limitovany pocet »<p z hlavnych
komponentov, ostatné premenné tvoria Sum. Tento postup
podstatne zmen$i rozmernost dat, umoziluje ucinné
zobrazenie, klasifikaciu a regresiu viacrozmernych dat'2.

Vysledky a diskusia

UV-VIS spektrometria

Na obr. 1 st uvedené¢ absorpéné spektra vzoriek
slovenskych a zahrani¢nych borievkovych destilatov.
Vsetky slovenské borovicky vykazuji absorpény pas
vintervale vlnovych dizok 245-285nm s maximom
intenzity okolo 260 nm a nulovou absorpciou od 320 nm.
Pre vsetky zahrani¢né vzorky borievkovych destilatov je
charakteristicky intenzivnej$i absorpcny pas v oblasti 240
az 300 nm, pri¢om maximum je okolo 275 nm. Jednotlivé
borievkové destilaty sa odliSuji nielen polohou maxim
absorpcnych pasov, ale hlavne intenzitou absorpcie v tejto
oblasti.
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Obr. 1. Absorpéné spektra liehovin aromatizovanych borievkami a) slovenski vyrobcovia, b) zahrani¢ni vyrobcovia
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PCA

Na zistenie rozdielov medzi jednotlivymi vzorkami sa
pouzila analyza hlavnych  komponentov  (PCA).
Vstupnymi datami boli spektrd namerané pre vsetky
vzorky v intervale 250-325nm. Dve nové latentné
premenné opisu rozptyl nameranych dat v datovej matici
s celkovou hodnotou 99,73 %, pricom prvy komponent
PC1 svlastnou hodnotou (eigenvalue) 56,50 opisal
89,68 % a druhy komponent PC2 s vlastnou hodnotou 6,33
vysvetluje 10,04 % z celkového rozptylu dat. Na obr. 2 je
2D priemet koeficientov = novych  premennych,
ktory umoznuje dobré rozliSenie medzi jednotlivymi
liehovinami. Z grafického vyjadrenia vysledkov mozno
vidiet' odlisené dve oblasti, pricom prva je tvorena
slovenskymi a ¢eskymi vzorkami a druhti oblast’ tvoria
vzorky z Belgicka, Nemecka a Velkej Britanie.

Spektralne profily (obr. 3) zodpovedajuce
jednotlivym  komponentom PC  umoziuju  zistit
charakteristické vlnové dizky, ktoré sa moézu pouzit na
diskriminaciu medzi spektrami. PC1 zodpoveda zmenam
absorp¢ného pasu v intervale 250-290 nm, zataz (loading)
pre PC2 ukazuje vyznam péasu s maximom pri 310 az
325 nm.

HCA

Na potvrdenie vysledkov ziskanych vizualnym
zhodnotenim spektier a vysledkov zPCA, to znamend
najst’ istd podobnost, pripadne rozdielnost’ vzoriek, sa
pouzila hierarchickd klastrové analyza. Vstupnymi datami
boli spektra namerané pre vsetky vzorky v intervale 250 az
325nm. Na hodnotenie sa pouzila hierarchické
aglomerativna zhlukova analyza. Za mieru podobnosti sa
vybrala Manhattanova vzdialenost’, pretoze je robustnejSia
v p-rozmernom priestore a Wardova metdda spéjania
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Obr. 2. Hodnoty skére hlavnych komponentov PC1, PC2 pre
vzorky slovenskych, ceskych, belgickych, nemeckych
a britskych borievkovych liehovin
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Obr. 3. Spektralne profily zodpovedajice komponentom PCl1,
PC2 pre UV-VIS spektra u slovenskych a zahrani¢nych vzo-
riek

jednotlivych tried do zhlukov, pretoze je velmi G¢inna,
iked preferuje vytvaranie zhlukov malych velkosti.
Vysledkom takéhoto chemometrického spracovania je
graficky vystup — dendrogram — obr. 4. Z dendrogramu
vidno, Ze vzorky borievkovych liehovin vytvaraja dva
klastre (zhluky), ktoré su si velmi podobné (obsahuju
podobné informacie) v ramci daného klastra. Prvy klaster
obsahuje len lichoviny aromatizované borievkami od
zahrani¢nych vyrobcov a druhy klaster obsahuje slovenské
a Ceské vzorky. V klastri zahraniénych vyrobcov sa
vytvorili dva podklastre, priCom prvy je tvoreny
nemeckymi vzorkami (G01-G06) alichovinami od
belgickych vyrobcov (B04-B06, B10-B12) adruhy
podklaster obsahuje belgické vzorky (B01-B03, B07-B09)
agin z Velkej Britanie (U01-U03). Klaster tvoreny
slovenskymi a ¢eskymi lichovinami sa tiez deli na
niekol’ko mensich klastrov. Prvy zahfila vzorky
slovenskych liehovin bez oznacenia geografického povodu
(S05-S16, S21-S24). Druhy podklaster tvoria borovicky
s oznaCenim geografického povodu (Spisska borovicka
(Frucon Trade Kosice), Trencianska borovicka Juniperus
(Old herold Trencin)), ceské liehoviny (Slovacka
borovicka (R. Jelinek)), adalSie slovenské liechoviny
(Slovenské borovicka Juniperus (Old herold Trencin),
Slovenskd borovicka (Old herold Trencin), Prava
zbojnicka borovicka (St. Nicolaus Lipt. Mikulas)).

Zaver

Vysledky uvedené vysSie poukazuju na to, ze UV-
VIS spektrometria umoznuje rozliSit' slovenské a Ceské
borievkové destilaty od zahrani¢nych vzoriek liehovin
aromatizovanych borievkami na zaklade vizudlneho
zhodnotenia spektier. V kombinécii s chemometrickymi
metodami ako je PCA aHCA je odliSenie vzoriek
jednoduchsie, apreto tieto metédy ponukaji slubny
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Obr. 4. Dendrogram hierarchickej zhlukovej analyzy

spdsob charakterizacie a klasifikacie liehovin aromatizo-
vanych borievkami.

Prdaca vznikla za podpory Vedeckej grantovej

agentury VEGA, projekt ¢. 1/0182/11.
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STUDIUM PRODUKTU ANODICKE OXIDACE 2,4,6-TRIBROMFENOLU

EVA MARKOVA*, PETRA NOVAKOVA,
HANA SVECOVA, JANA SKOPALOVA
a PETR BARTAK

RCPTM, Univerzita Palackého v Olomouci, Prirodovédec-
ka fakulta, Katedra analytické chemie, 17. listopadu
1192/12, 771 46 Olomouc, Ceskd republika
markova.e@email.cz

2,4,6-Tribromfenol (TBP) a dalsi bromované derivaty
fenolu jsou Castymi kontaminanty v zivotnim prostiedi.
Tyto latky vykazuji ve vétSin€ piipadii antropogenni pu-
vod, vyjimkou v8ak nejsou ani pfirodni zdroje. Zejména
mono-, di- a tribromfenoly jsou produkovany nékterymi
moiskymi Zivocichy, jedna se moiské fasy, Cervy, mno-
hostétinatce a polostrunatce'. Byla vyslovena domnénka,
kterd predpoklada, Ze ptirodni produkce bromovanych
derivatl je ve skutecnosti obrannym mechanismech proti
predatorim®. Bromované fenoly mohou vznikat také bio-
degradaci ostatnich polutantil, jako jsou bromované benze-
ny a nékteré bromované difenyl ethery'.

Daleko rozsahlejsi je antropogenni produkce bromo-
vanych derivati fenolu. 2,4,6-Tribromfenol se vyuziva
jako meziprodukt pfi vyrobé zpomalovaci hoteni, jez
omezuji $ifeni poZaru nebo jako fungicid k ochrané dreva.
Dale mohou tyto latky vznikat jako vedlejsi produkty
v potravinaiském primyslu. Jako polutant se TBP vysky-
tuje v ovzdusi, padé a Fiénich sedimentech'. Byl nalezen
také v lidské plasm&’ a lidském séru®. Lidé mohou byt
vystaveni UCinkim bromovanych fenoli pfes potravni
fetézec, pfimym kontaktem, ¢i inhalaci.

Celosvétova produkce bromovanych fenoll je znacné
vysokd, napf. produkce TBP byla v roce 2001 pftiblizné
odhadovéna na 9500 tun/rok. Od roku 1998 je TBP zapsan
v Seznamu nebezpecnych latek Utadu pro ochranu Zivotni-
ho prostfedi (Environmental Protection Agency, EPA,
USA)’.

Studium bromovanych derivatd fenolu souvisi s vli-
vem téchto latek na lidsky organismus a na Zivotni prostre-
di. Bromované fenoly podléhaji fadé degradacnich proce-
su, ale zdaleka ne u vSech je znam jejich mechanismus.
Podstatou vétsiny degradacnich procest jsou oxidacné-
redukéni déje, které mohou byt vyhodné realizovany po-
moci elektrochemickych reaktor a vyuzity k eliminaci
nezadoucich polutanti z Zivotniho prostiedi. To zvySuje
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zajem o ziskavani dalSich informaci o mechanismech elek-
trochemickych pfemén a jejich produktech. V odborné
literatufe miizeme najit fadu praci, které se zabyvaji studi-
em bromovanych fenold, ale téméf zadna se nevénuje pii-
mé anodické oxidaci té€chto sloucenin.

Cilem nasi prace bylo studovat produkty, které vzni-
kaji anodickou oxidaci 2,4,6-tribromfenolu (TBP).
Z voltametrickych experimentd vyplyva, ze ve vodném
nebo vodné-alkoholickém prostfedi s nizkym obsahem
alkoholu dochazi k silné adsorpci TBP a jeho oxidacnich
produkti na povrchu elektrod®. V ramci této studie byla
oxidace provadéna na platinové sitkové elektrodé v riz-
ném prostiedi a vzniklé oxida¢ni produkty byly analyzova-
no, ze anodicka oxidace TBP v prostfedi s niz§im obsahem
vody (50 % (v/v) methanol/voda), vede k tvorbé dimernich
produktl, jez zlstavaji adsorbovany na povrchu elektro-
dy®. Na zakladé tohoto zjiténi byla oxidace zopakovana
v prostfedi s obsahem 90 % (v/v) alkoholu (methanol,
ethanol, propanol, 2-propanol). Nasledné¢ byly sledovany
oxidacni produkty vznikajici v téchto prostedich.

Autori dekuji za financni podporu Ministerstvu Skol-
stvi mldadeze a télovychovy Ceské republiky (projekt
¢ CZ.1.05/2.1.00/03.0058, Operacni program vyzkum
a vyvoj pro inovace — Evropsky fond pro regiondlni roz-

voj) a Univerzit¢ Palackého v Olomouci (projekt

¢ PrF 2012 020).
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STANOVENIE PROTEINOGENNYCH AMINOKYSELIN V ROZKLADNYCH
PRODUKTOCH HUMINOVYCH KYSELIN IZOLOVANYCH Z POD METODOU
REVERZNO-FAZOVEJ KVAPALINOVEJ CHROMATOGRAFIE S VYUZITIM
KOLON MONOLITOVEHO TYPU A PREDKOLONOVEJ DERIVATIZACIE
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Univerzita Komenskéhov Bratislave, Prirodovedecka fa-
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Uvod

Huminové latky (HL) su zlozité makromolekulové
latky, ktoré su znacne rozsirené v zivotnom prostredi a to
v prirodnych vodach, pdde, sedimentoch a predstavuju
vyznamny podiel organického uhlika v Zivotnom
prostredi'’. HL izolované z pod a sedimentov je mozné
rozdelit' na zaklade rozpustnosti v zriedenych roztokoch
kyselin a zasad do troch frakcii: huminové kyseliny (HK),
fulvokyseliny (FK) a humin®. Pédne HK tvoria vyznamnu
Cast poOdnej organickej hmoty (SOM) (tj. 20%
z celkového obsahu organickych latok nachadzajicich sa
v pdde). Majoritnii ¢ast SOM tvoria nehuminové latky,
ktorymi st zvycajne jednoduché organické zluceniny ako
napr. lipidy, aminokyseliny (AK), sacharidy a pod. Podiel
HK na celkovom kolobehu uhlika v Zivotnom prostredi je
aZ 16 %, u FK a huminu je to priblizne 8 % (cit.”).

Podne huminové kyseliny (HK) st zmesi prirod-
nych organickych zlucenin, ktoré obsahuju viac aromatic-
kych struktar a karboxylovych skupin ako fulvokyseliny®.
Vznikaju predovsetkym désledkom (bio)chemickej degra-
dacie rastlinného a zivocisneho odpadu a syntetickou mik-
robialnou c¢innostou. Okolo 20-50 % celkového dusika
(N) v SOM je pritomna vo forme AK, ktoré sa vyskytuju
ako Strukturne jednotky peptidovej vizby a je mozné ich
uvolnit’ kyslou hydrolyzou’. Z celkového organického N
pritomného v pdde je mozné uvolnit AK napr. degrada-
ciou organickej hmoty, rozkladom rastlinnej biomasy ale-
bo autolyzou mikroorganizmov. Vzhl'adom na to, Ze mik-
roby rychlo rozkladaji voIné AK, vi¢Sina AK sa v pode
vyskytuje vo viazanej forme napriklad v huminopeptido-
vych Struktirnych jednotkdch a s obycajne viazané
k centralnemu jadru HK a FK, ¢o ich chrani pred rychlou
degradaciou mikroorganizmami®.

Medzi vel'mi Casto vyuzivané techniky na analyzu
AK je pouzitie automatickych analyzatorov na baze i6no-
vo-vymennej chromatografie. Avsak, prijaty postup je
¢asovo narocny a moze sposobit’ tvorbu interferencii’. Aby
sa prediSlo tomuto problému, zaviedli sa metody pre kvali-
tativnu a kvantitativnu analyzu AK s pouZzitim derivatiza-
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cie. Spojenie reverzno-fazovej vysokoucinnej kvapalinovej
chromatografie (RP-HPLC) s predkolonovou alebo poko-
lonovou derivatizaciou predstavuje efektivny pristup
k rieSeniu danej problematiky®. Istou nevyhodou su vsak
obmedzené moznosti priamej  spektrofotometrickej
a fluorimetrickej detekcie s nizkou citlivostou a zvySenou
mierou interferencii’, ked’ze vi¢ina aminokyselin nevyka-
zuje fluorescenciu a len niektoré z nich obsahuji vo svojej
molekule $truktirne jednotky s chromoférmi.

Reakciou AK s vhodnym derivatizacnim ¢inidlom
vznikaju molekuly, ktoré uz obsahuju potrebné chromofo-
ry alebo fluorofory a umoznuji pouzitie fluorimetrickej
alebo spektrofotometrickej detekcie v SirSej oblasti UV
a VIS spektra. Pouzivané derivatizacné ¢inidla na analyzu
aminokyselin by mali spifiat’ nasledujtice predpoklady'’:

a) cinidlo musi byt schopné reagovat’ so vsetkymi AK,
tak s primarnou ako aj so sekundarnou aminoskupi-
nou.

b) derivatizacia musi byt reprodukovatel'na,

¢) derivatizované AK musia byt stabilné.

Na selektivnu detekciu AK sa Casto vyuziva aj poko-
lénova derivatizdcia s pouzitim derivatizacnych cinidiel
ninhydrin'!, fluoreskamin'” a o-ftalaldehyd" v kombinacii
s ibnovo-vymennou chromatografiou (IEC). Vypracovana
metoda je relativne presnd, vysoko reprodukovatelnd, ale
na druhej strane jej nedostatkami s Casova naro¢nost,
nizsia citlivost’ a relativne vysoké naklady'*.

V snahe vyhnuat' sa nékladnej a naro¢nejsej pokolo-
novej derivatizécii pri analyze AK sa zvykne pouzivat’ RP-
HPLC s vyuzitim pred-kolonovej derivatizacie'*. Na pred-
kolénovt derivatizaciu AK bolo vyvinutych niekol’ko po-
stupov. Najcastejsie sa jedna o reakcie AK s derivatizacny-
mi ¢inidlami za presne definovanych podmienok. Medzi
najcastejSie pouzivané derivatizacné Cinidla patria 6-amino-
chinolyl-N-hydroxysukcinimidyl karbamat (AQC)’, dansyl
chlorid (Dans-C1)"°, o-ftalaldehyd (OPA)'®, fenylizotioky-
anat (PITC)"", 4-nitrofenylizotiokyanat (NPITC)'®, 9-fluo-
renylmetyl chloroformat (FMOC)" a dietyl etoxymetylén-
malonat (DEMM)™.

Predlozena praca sa zaobera analyzou aminokyse-
lin v degrada¢nych produktoch huminovych latok metédou
kvapalinovej chromatografie s pouzitim predkolonovej
derivatizacie s DEMM.

Experimentalna cast’
Chemikalie a ¢inidla
Voda pre HPLC CdCistena zariadenim Simplicity

(Molsheim, Francuzko), kyselina trifluéroctova 99%, me-
tanol 99,9% pre LC, HCI 37%, MeOH (Merck, Darmstad,
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Nemecko), tetraboritan dvojsodny (dekahydrat), dietyléne-
toxymetylénmalonat 99,9% (Sigma Aldirch, St. Louis,
USA), Standardy aminokyselin zaobstarané od spolo&nosti
Merck (Darmstadt, Nemecko). Vzorka podnej HK extra-
hovana modifikovanou IHSS frakcionacnou schémou
z radeliny z lokality z okolia mesta Dunajska Streda®'.

Hydrolyza vzoriek HK

Do ampuliek sme si navazili 50 mg vzorku HK ak
nej sme pridali 500 pl kyseliny chlorovodikovéj (HCI)
s latkovou koncentraciou 6,0 mol I"'. HK sme hydrolyzo-
vali v zatavenej ampulke pri tepote 110 °C po dobu 24 h.

Derivatizacia AK a vzoriek HK

Najprv sme si zo Standardov AK pripravili zdsobné
roztoky. Do odmernej banky s objemom 25 ml sme nava-
zili 50 mg Standardu AK a doplnili odmernt banku ultra-
¢istou vodou Simplicity. Do dcistej odmernej banky
s objemom 25 ml sme pridali 5 ml tetraboritanu sodného
s koncentraciou 0,1 mol I, 200 ul dietylénetoxymetylén-
malonatu a 1 ml zo zasobného roztoku AK. Reakciu sme
nechali prebichat’ pri teplote 55 °C vo vodnom kupeli po
dobu 60 min. Do vychladeného roztoku standardu AK sme
pridali 2 ml metanolu (MeOH) a doplnili ultradistou vodou
Simplicity po rysku. Priprava zdsobného roztoku tyrozinu
si vyziadala S$pecificki tpravu. Do odmernej banky
s objemom 25 ml sme si navazili 10 mg Standardu tyrozinu
a doplnili odmernt banku roztokom tetraboritanu sodného
o konsentracii 0,1 mol I"'. Po rozpusteni $tandardu tyrozi-
nu sme postupovali podl'a postupu opisaného vyssie.

Hydrolyzovani vzorku HK sme pred otvorenim
ampulky centrifugovali. Nasledne sme ampulky otvorili
asupernatant odobrali do Cistej odmernej banky
s objemom 25 ml. K supernatantu sme pridali 10 ml tetra-
boritanu sodného s koncentraciou 0,1 mol1™" a 200 pl
DEMM. Reakcia prebichala pri teplote 55°C
(termostatovany vodny kupel) po dobu 60 min. Do vy-
chladenej vzorky HK sme pridali 2 ml MeOH a doplnili
ultracistou vodou Simplicity po rysku.

InStrumentacia

Chromatografické zaznamy §tandardov AK a vzoriek
HK sme ziskali pomocou chromatografického systému
LaChrom Merck — Hitachi (Merck, Darmstadt, Nemecko).
Systém sa skladal z vysokotlakového cerpadla L-7100,
autosamplera L-7200, koldénového termostatu L-7300
(s presnostou + 0,5 °C ), spektrofotometrického detektora
s diodovym polom L-7450, fluorimetrického detektora
L-7480, rozhrania D-7000, s vyhodnocovacim programom
HSM, verzia 4.0 a on-line Stvorkandlového prietokového
vakuového odplynovaca MF L-7612.
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Metoda

Na separaciu Standardov AK a vzoriek HK sme pou-
zili chromatografickt kolénu Chromolith Performance
RP-18¢ (100 mm x 4,6 mm), ktora bola vyhrievana na
35+0,1 °C. Na separaciu sme pouzili gradientovl eliciu
pri prietoku 1 ml min"'. Mobilnt fazu A tvorila kyselina
trifludroctova (TFA) s latkovou koncentraciou 20 mmol I
mobilnou fazou B bol metanol. Na detekciu sa pouzil de-
tektor DAD rozsah vInovych dizok bol zvoleny v rozme-
dzi od 200-400 nm, monitorovacia vinové diZka bola na-
stavend na 280 nm.

Gradientovy program 1 na analyzu $tandardov AK
sme nastavili nasledovne: od 0,0 do 3 minut izokraticky
usek 15 % B. Od 3,1 minuty sme zaradili zaciatok stupania
linedrneho gradientu na 99 % B za 33 minut, ¢o predstavu-
je zmenu zlozenia mobilnej fazy 2,8 % za minutu. Od 33,1
do 35 minuty prebichala izokraticka elucia s 99 % B a od
35,1 do 40 minuty bola zaradena zmena zloZenia mobilne;j
fazy na zaciatocné podmienky 15 % B. Na zéaver od 40,1
do 45 minuty prebiehala izokraticka elicia pri 15% B
z dovodu ustalenia podmienok separacie pre nasledujucu
analyzu.

Vysledny gradient 2, pri ktorom sme analyzovali
vzorku HK sme nastavili nasledovne: od 0,0 do 5 mintt
izokraticky usek 5 % B. Od 5,1 minuty sme zaradili zacia-
tok stiipania linedrneho gradientu na 80 % B za 25 mint.
Od 30,1 do 31 minaty sme zaradili stipania linearneho
gradientu na 99 % B a od 31,1 do 35 minuty bola zaradena
zmena zlozenia mobilnej fazy na zaciatocné podmienky
5 % B. Na zaver od 35,1 do 40 minuty prebiehala izokra-
ticka elticia pri 5 % B.

Vysledky a diskusia

Na ziklade poznatkov z prestudovanej literatiry®
a vzhl'adom na charakter rieSeného problému sme si zvolili
20 proteinogénnych AK, ktoré by mohli byt s velkou
pravdepodobnostou pritomné v degradac¢nych produktoch
HK izolovanych z pody alebo z raseliny. Pri samotnom
navrhu metody gradiendovej RP-HPLC sme vychadzali
okrem poznatkov ziskanych z literatiry aj z naSich pred-
chéadzajicich skusenosti pri analyzach zlozitych zmesi,
vratane aminokyselin napriklad v extraktoch z koretlov
kukurice” alebo v komerénych pripravkoch s vysokym
obsahom huminovych latok™. Na derivatiziciu aminoky-
selin v skiimanych vzorkach sme uprednostnili ¢inidlo
DEMM a to najmd kvdli jeho vybornym vlastnostiam.
Medzi tie nesporne patri vznik termodynamicky aj kinetic-
ky stabilnych produktov s charakteristickym spektrom
pasu pri 280 nm, ¢o je ddlezitym predpokladom pre navrh-
nutie robustnej RP-HPLC metddy s pouzitim spektrofoto-
metrickej detekcie.

V uvodnej Casti prace sme sa zamerali na optimaliza-
ciu podmienok separacie aminokyselin v zavislosti od
zlozenia mobilnej fizy. Na zéklade naSich predbeznych
merani a doteraz uverejnenych vysledkov?~* sme kyselinu
trifluoroctovii (TFA) vybrali ako anorganicki (vodnu)
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zlozku mobilnej fazy, vzhl'adom na jej priaznivé vlastnosti
a potencialnu moznost’ vyuZzitia MS detekcie v budiicnosti.
Na zaciatku sme sa sustredili na vplyv hodnoty pH v mo-
bilnej faze TFA v rozmedzi pH od 3,00 do 7,00. Z namera-
nych vysledkov vyplynulo, Ze optimalne pH tlmivého roz-
toku TFA v mobilnej fizy na separaciu Standardov AK
a AK pritomnych vo vzorkach hydrolyzatov HK bolo pri
pH 5,00 (obr. 1). Dalej sme sa ststredili na $tadium vply-
vu i6novej sily na priebeh separacie pri pouziti kolony
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Obr. 1. Chromatograficky zaznam 20 proteinogénnych AK
ziskanych pri vybranych hodnotach pH. Separa¢né podmien-
ky: Gradientova eliicia 1 mieSanim 20 mmol 1" TFA pri vybra-
nych hodnotach pH od 3,00 do 7,00 (A) a metanol (B) davkovany
objem Standardu 20 AK 20 pl, teplota kolony 35 °C, prietok
1 ml min™"

254 nm
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Obr. 2. Chromatograficky ziznam DEMM pri 280 a 254 nm.
Separatné podmienky: Gradientova elticia 1 mieSanim 20 mmol I”!
TFA pri pH 5,0 (A) a metanol (B) davkovany objem $tandardu
20 AK 20 pl, teplota kolény 35 °C, prietok 1 ml min™'
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Chromolith Performance RP-18e (100 x 4,6 mm) a pre
d’al$ie merania sme si zvolili koncentraciu TEA 20 mmol I,

Na obr. 2 je chromatograficky profil samotného deri-
vatiza¢ného ¢inidla DEMM pri 280 a 254 nm. Zo zaznamu
vyplyva, ze¢ DEMM poskytuje pri vinovej dizke 254 nm
pomerne vysoku odozvu a celkom 3 systémové piky, na
druhej strane odozva DEMM pri vinovej dizke 280 nm,
ktort sme vyuzivali pri stanoveni AK, vykazuje jeden pik
a pomerne nizku odozvu v porovnani s odozvami derivati-
zovanych AK, pre ktoré je tato vinova dizka charakteristic-
ka a Specificka.

Matematické spracovanie ziskanych retenénych tda-
jov nam odhalilo skutocnost, ze vysledna gradientova
metdda poskytla moznost’ rozdelenia 18 proteinogénnych
AK, avsak pri dvojici histidin a glycin sme dosiahli iba
nedostatocné rozliSenie, preto sme na vyhodnotenie ich
obsahu vo vzorkach museli pouzit’ matematickt dekonvo-
luciu (obr. 3).

Na obr. 4 je znazorneny chromatograficky zdznam
vzorky HK izolovanej z raSeliny s pouzitim pribliZenia pre
detailnejs$i pohl'ad na priebeh separacie. Po vyhodnoteni
nameranych vysledkov a porovnani UV spektier latok,
ktoré vykazovali odozvu pri vinovej dizke 280 nm, sa nam
podarilo potvrdit' pritomnost vécSiny proteinogénnych
aminokyselin.

Zaver

PredloZend praca sa zaobera stanovenim AK vo vzor-
kach degrada¢nych produktov huminovych kyselin a mo-
zeme skonStatovat’, ze metddou RP-HPLC s vyuzitim gra-
dientovej elticie sa ndm podarilo v analyzovanej vzorke
stanovit’ pritomnost’ vd¢Siny proteinogénnych AK.
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Obr. 3. Chromatograficky ziaznam 20 proteinogénnych AK
ziskanych pri 280 nm. Separacné podmienky: Gradientova eli-
cia 1 mie$anim 20 mmol I"" TFA pri pH 5,0 (A) a metanol (B)
davkovany objem Standardu 20 AK 20 pl, teplota koloény 35 °C,
prietok 1 ml min™
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Obr. 4. Chromatograficky zaznam vzorky HK extrahovanej z raSeliny z okolia mesta Dunajska Streda pri 280 nm; Separacné
podmienky: Gradientova elicia 2 mieSanim 20 mmol I"' TFA pri pH 5,0 (A) a metanol (B) davkovany objem bol 20 pl, teplota kolony
35 °C, prietok 1 ml min™

Tato praca bola podporovand projektami VEGA

1/1349/12, VEGA 1/1176/12.

LITERATURA

L.

10.

11.

12.

13.

Choudhry G. G., v: (Hutzinger O., ed.): The Handbo-
ok of Environmental Chemistry Vol. 1., Part C., The
Natural environment and the biogeochemical cycles,
p- 1. Springer Verlag, Heidelberg 1989.

Wu C. F., Evans D. R., Dillon J. P.: Anal. Chim. Acta
464, 47 (2002).

Allard B.: Geoderma 730, 77 (2006).

Skybova M.: Acta Montan. Slov. 2, 362 (2006).

Hou S., He H., Zhang W., Xie H., Zhang X.: Talanta
80, 440 (2009).

Szajdak L., Jezierski A., Cabrera M. L.: Org. Geo-
chem. 34, 693 (2003).

. Reilly A. A., Bellissario R., Pass A. K.: Clin. Chem.

44,317 (1998).

Gatti R., Gioia G. M., Andreatta P., Pentassuglua G.:
J. Pharm. Biomed. Anal. 35, 399 (2004).
Goémez-Ariza J. L., Villegas-Portero M. J., Bernal-
Daza V.: Anal. Chim. Acta 540, 221 (2005).

Oravec P., Podhradsky D.: J. Biochem. Biophys. Met-
hods 30, 145 (1995).

Donahue P. E., Brown L. L., Flakoll J. P., Abumrad
N. N.: J. Chromatogr., B 571,29 (1991).

Huff T., Muller C., Hannappel E.: Anal. Chim. Acta
352,239 (1997).

Fiorino A., Frigo G., Cucchetti E.: J. Chromatogr.,
A 476, 83 (1989).

s323

14.

15.

16.

17.

18.
19.

20.

21.

22.

23

24.

Gheshlaghi R., Scharer M. J., Young-Moo M., Doug-
las L. P.: Anal. Biochem. 383, 93 (2008).

Negro A., Garbisa S., Gotte L., Spina M.: Anal Bio-
chem. 160, 39 (1987).

Cotte F. J., Casabianca H., Giroud B., Albert M., Lhe-
ritier J., Loustalot-Grenier F. M.: Anal. Bioanal.
Chem. 378, 1342 (2004).

Brashy-El M. A., Ghannam-Al M. S.: Analyst 122,
147 (1997).

Cohen A. S.: J. Chromatogr., A 512, 283 (1990).
Jambor A., Perl M. L.: J. Chromatogr., A 1216, 3064
(2009).

Hermosin 1., Chicon M. R., Cabezudo D.: Food
Chem. 83, 263 (2003).

Prochackova T., Géra R., Kandra¢ J., Hutta M.: J.
Radioanal. Nucl. Chem. 229, 61 (1998).

Hutta, M., Chalanyova, M., Goéra, R.: In: Proc. / 7%
Int. Symposium, Advances and applications of chro-
mattography in industry, August 27-31, 2001, Brati-
slava, Slovak Republic. Slovak University of Techno-
logy in Bratislava, 2001.

Masarykova N., Gora R., Hutta M.: In: Zbornik (CD),
Studentskd vedeckd konferencia PriF UK, 27. april
2011, Bratislava, Univerzita Komenského
v Bratislave, 2011.

Masarykova N., Gora R., Hutta M.: In: Proc. 7" IsC
Modern Analytical Chemistry, September 29-30),
2011, Prague, Czech Republic, Charles University in
Prague, 2011.



Chem. Listy 106, s324 (2012)

ACP 2012 — Stcasny stav a perspektivy analytickej chémie v praxi

Posters

DERIVATIZACE RESVERATROLU A JEHO GC/MS ANALYZA VE VINE

PETRA NOVAKOVA*, HANA
SVECOVA, EVA MARKOVA, JANA
SKOPALOVA, PETR BEDNAR a PETR
BARTAK

RCPTM, Katedra analytické chemie, Prirodovédecka
fakulta, Univerzita Palackého v Olomouci, 17. listopadu
12, 771 46 Olomouc, Ceska republika
petnovako@seznam.cz

Resveratrol je polyfenolicka latka, ktera byla stanove-
na u vice nez 72 rostlinnych druhii' a je bohat& obsazena
zejména v hroznech révy vinné. Obecné resveratrol spada
do skupiny tzv. fytoalexini, které vznikaji jako odpovéd’
rostlin na bioticky a abioticky stres zpusobeny napf. me-
chanickym poskozenim, UV zafenim, ozénem, napadenim
mykotoxiny nebo bakteridlni ¢i virovou infekci, a je tedy
soudasti jejich obranného mechanismu®. Jelikoz se této
latce pfisuzuji pfiznivé ucinky na lidsky organismus
(vyznamny antioxidant, prevence proti cukrovce, zanétiim,
infekcim aj.), je vyzkum resveratrolu na poli védy stale
aktualni. Vétsina studii je zaméfena na analyzu resveratro-
lu ve vin€ metodou HPLC s vyuzitim rtiznych detekénich
systémi®”’. Nicméné ani plynova chromatografie neni
v této oblasti opomijena, vyZaduje vSak derivatizaci, ktera
obecné vede ke zlepSeni chromatografické analyzy
(sniZeni polarity, zvySeni t€kavosti, blokovani reaktivnich
center, zlepSeni selektivity aj.). Nejpouzivanéjsi typ deri-
vatizace je silanizace Cinidly N,O-bis(trimethylsilyl)
trifluoracetamidem (BSTFA)*® nebo N-methyl-N-(tri-
methylsilyl)trifluoracetamidem  (MSTFA)'.  Z divodu
vysoké citlivosti silanizacnich ¢inidel vici vodé, je nutné
pfed zapocetim derivatizace pfislusny polyfenol z vina
nejprve izolovat. Bézn€ vyuZivanou izolacni technikou je
extrakce na tuhé fazi (SPE)'"'? a mikroextrakce na tuhé
fazi (SMPE)"*"".

Predmétem vyzkumu je navrzeni vhodné derivatizac-
ni techniky pro plynovou chromatografii, kterd umozni
derivatizaci resveratrolu ve vodném prostfedi. Dulezitym
parametrem pro fadu derivatizacnich reakci ve vodném
prostiedi je hodnota pH. V ramci této studie byla pozornost
zaméfena na studium derivatizace resveratrolu acetanhydri-
dem v piitomnosti karbonatového pufru (1,5 mol I K,CO;
a1,5mol I'' KHCO;). Konverze resveratrolu byla prove-
dena v ptitomnosti riizného objemu pufru a byly sledovany
optimalni podminky pH reakéni smési, pfi kterych bylo
dosazeno maximalnich vytézkt. Jako vnitini standard pro
kvantifikaci byl zvolen B-naftol. Zvolenym acetyla¢nim
postupem bylo docileno moznosti derivatizovat resveratrol
pfimo ve vin¢ a zlepsit tak extrahovatelnost do nepolarnich
rozpoustédel, jako je napt. heptan. Metoda byla aplikovana
na analyzu resveratrolu v riznych typech béznych vin, ve
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kterych se resveratrol vyskytuje v koncentra¢nim rozmezi
cca 0,2-6 mg I (cit.").

Z hlediska struktury zkoumané latky se acetylace jevi
jako velmi prospésnad derivatizacni technika umoziujici
stanoveni resveratrolu nebo strukturn¢ analogickych latek
ve viné metodou plynové chromatografie a odstranuje tak
nékteré nevyhody v soucasnosti hojné vyuZivanych silani-
zaCnich postupd.

Autori dekuji za financni podporu Ministerstvu Skol-
stvi mldadeze a télovychovy Ceské republiky (projekt .
CZ.1.05/2.1.00/03.0058, Operacni program vyzkum a vy-
voj pro inovace — Evropsky fond pro regionadlni rozvoj),
Grantové  agenture Ceské  republiky — (projekt .
P206/10/0625) a Univerzité Palackého v Olomouci
(projekt ¢. PrF 2012 020).
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Abstract

Honey has a long history of human consumption, and
is used in various foods and beverages as a sweetener and
flavouring. It is used not only in food, but also in
cosmetics and medicine. Honey is classified by the floral
source of the nectar from which it was made. Monofloral
honey is primarily produced from the nectar of one type of
flower and, on the other hand, polyfloral honey from the
nectar of many types of flowers. Sugar (glucose, fructose
and sucrose), water, acids, proteins, pigments and minerals
belong to major constituents of honey. Moreover, volatile
fraction of honey represents a complex mixture of various
organic compounds. These compounds are present at low
concentration levels, thus effective extraction techniques,
e.g. solid phase microextraction (SPME), have to be used
to preconcentrate VOC from honey. Many of these organic
compounds such as terpenes, furanoid compounds etc., are
chiral and some of them could be also responsible for
specific honey aroma. In this work, enantiomer ratios of
furanoid linalool oxides, linalool, hotrienol, 4-terpineol,
a-terpineol and all isomers of lilac aldehydes are
determined and multidimensional gas chromatography
(MDGC) is proposed as an effective method for the
determination of enantiomer ratio.

Table I
Honey samples investigated in this work

Introduction

Honey belongs to the one of the most appreciated
natural product in the world. Based on the origin, honeys
can be divided into two categories — monofloral and
polyfloral honey. Up to these days, various analytical
methods have been used for determination of botanical
origin of monofloral honeys e.g analysis of sugar content’,
profile of phenolic compounds and flavonoids®, mineral
content, colour’ etc. VOC in honey is a complex mixture
of different components containing various chemical func-
tional groups’ with relatively low molecular weight that
are present at low concentration levels. There are several
ways how to extract VOC from honey in order to reach re-
quired sensitivity, recovery and reliability. The most wide-
ly used is SPME (Solid Phase Micro Extraction). Another
extraction method is liquid-liquid extraction into organic
solvent which was widely used before invention of SPME.
This method is used for its simplicity and ability to extract
thermolabile compounds. Some works also reports
simultaneous steam distillation extraction method®, static
headspace® or purge and trap’. Many of volatile organic
compounds (VOC) present in honeys are chiral, so they
can exist as two enantiomers. Chiral compounds in plants
and animal organisms are synthesized by various
enzymatic reactions. The presence of specific enantiomer
ratio of chiral compounds depends on the used raw
material, processing technology or ageing. Any changes in
these ratios could indicate illegal manipulation with
products, incorrect treatment procedure or addition of
synthetically produced chemicals.

The aim of this work was to determine enantiomer ra-
tio of selected volatile organic compounds in eucalyptus,
buckwheat, chestnut, rosemary, sage, lavender and thyme
honeys and investigate the possibility to use this ratio for
evaluation of honey botanical origin.

Kind

Country

Italy Rep. of South Africa

Greece Ukraine Lithuania Croatia

Eucalyptus 1 1
Buckwheat

Rosemary

Lavender

Sage

Chestnut 2

Thyme

1
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Experimental
Sample

11 monofloral honey samples were obtained at local
markets in various countries and studied in this work
(Table I).

SPME

Solid Phase Micro Extraction (SPME) was performed
by using Agilent autosampler GC 80. 5 g of honey and
0.5 g of NaCl were dissolved in deionization water in
a 20 ml glass vials. The solution was stirred with a PTFE-
coated magnetic stir bar at 450 rpm. Vials were sealed
with hole-caps and PTFE/silicone septa. A mixed sample
solution was heated at 60 °C for 30 min in order to estab-
lish equilibrium between liquid and vapour phases. VOCs
were extracted by PDMS/CAR/DVB (50/30 pum thickness)
SPME fiber obtained from Supelco (Bellefonte, PA,
USA). The adsorption on fiber took 30 min at 60 °C and
400 rpm. Desorption was realized in injection port of GC
in splitless mode at 220 °C for 2 min.

Gas chromatography

Gas chromatograph Agilent 7890A connected to
Agilent 5975C MS detector was used in GC-MS experi-
ments. The sample was introduced into GC via split/
splitless injector heated at 250 °C working in splitless
mode by Agilent SPME autospampler GC 80. Helium with
purity 99,995 % was used as a carrier gas with a flow rate
1 mlmin'. A 30 m DB-FFAP column (Agilent J &W
Column, Agilent Technologies, USA) with i.d. 0.25 mm
and film thickness 0.25 um was used in GC-MS experi-
ments. A temperature program started at 60 °C, after than
temperature increased with a gradient 2 °C min™" to 150 °C
followed by 10 °C min ' to 250 °C

Enantiomer separations were performed in two di-
mensional GC system containing two independent GC
ovens. In this approach the VOC extracted from honeys
were firstly separated in GC oven at achiral stationary
phase. When chiral compound eluted from the first

2ndd Detector ist Detector Injection Unit

1=t Column Owen)

| f2nd Column e
1 1st \

(=)

-~
Hot separated fraction can be introduced
in 2nd column

Fig. 1. Scheme of the multidimensional gas chromatography
(MDGC) system used for enantiomer separations
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column, a switching system switched this compound to the
second GC oven with chiral stationary phase. The first gas
chromatograph, identical with this used in GC-MS experi-
ments, was connected via Dean’s microfluidic switching
system (Agilent Technologies, USA) to the second gas
chromatograph Hewlett Packard 5890, which was
equipped with FID detector. Helium with purity 99,995 %
was used as a carrier gas with a flow rate in the DB-FFAP
column 1 ml min™". The carrier gas flow was switched in
Dean’s microfluidic device either to restrictor (length 8.8
m, i.d. 0.18 mm) that ends in MS detector, or, if chiral
compound has eluted from DB-FFAP column, to 20 m ca-
pillary column with 0.25 mm i.d. coated with permethyl--3
-cyclodextrin anchored to silicone polymer — ChirasilDex
(CHROMPACK International, The Netherlands) inserted
in the second GC oven. The VOC separation in the first
GC oven was performed under the same conditions as GC-
MS experiments. Chiral separations of selected com-
pounds were performed isothermically at 50 °C (linalool)
or 75 °C.

Chemicals

Anhydrous NaCl used in sample treatment procedure
was obtained from Mikrochem (Pezinok, Slovakia). DI
water was prepared in laboratory using NANOpure device
from Wilkem Werner Gmbh. The racemic mixtures of
linalool, 4-terpineol, a-terpineol, furanoid cis- and trans-
linalool oxides, as well as, R-linalool were obtained from
Sigma Aldrich (St. Louis, MO, USA). The racemates of li-
lac aldehydes A, B, C and D were prepared in laboratory
according to procedure published by Mosandl et al®. The
racemate of hotrienol was prepared in laboratory from li-
nalyl acetate by procedure described by Yuasa and Kato’.
The studied VOC were identified by comparison of
measured retention times and mass spectra with those ob-
tained for racemic mixtures of standards injected under
identical conditions. The elution order of linalool was de-
termined by injection of racemic mixture enriched by pure
R-linalool enantiomer. The elution order of other com-
pounds on permethylated-B-CD was taken from published
results'®, except of lilac aldehydes and hotrienol, which ac-
cording to our best knowledge, is not available in the
literature.

Results and discussion

First of all, one of chestnut honey was analyzed to
obtain a profile of volatile organic compounds. More than
270 compounds were detected. After closer look in com-
position of organic compounds it was found that those be-
long to various chemical classes (mostly terpenes, methyl
and ethyl esters of higher fatty acids, aldehydes and ke-
tons ) and many of them are chiral. So, for enatiomer sepa-
ration, chiral compounds with highest concentration that
do not coelute with other compounds were selected for fur-
ther studies, e.g. cis-linalool oxide, trans-linalool oxide,
linalool, hotrienol, 4-terpineol, a-terpineol, lilac aldehyde,
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Fig. 2. The chromatogram obtained for eucalyptus honey on the DB-FFAP column under optimized working conditions
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isomer A, lilac aldehyde, isomer B, lilac aldehyde, isomer
C, lilac aldehyde, isomer D.

Fig. 2 shows the chromatogram obtained for eucalyp-
tus honey on the DB-FFAP column under optimized
working conditions. Marked compounds were cut to the
second dimension. Identification of these marked
compounds was performed not only by MS, but also by
injection of standards obtained from Sigma Aldrich. For
these compounds the enantiomer ratio was determined.
Nowadays, enantiomer ratio for linalool, cis- and trans-
linalool oxides is determined, and enantiomer ratio for
other compounds will be discussed in the next work. In the
second step elution order of enantiomer was confirmed by
injection of racemic mixture enriched with pure
enantiomer into MDGC system under the same condition
as real honeys samples. Enantiomer separation of
standards of studied VOC on ChirasilDex can be seen on
Fig. 3.

Previous results show that in case of cis-linalool
oxide in eucalyptus honey enantiomer ratio varies in range
between 70-80 %. In honeys from Italy and South Africa
the first eluted enantiomer of linalool oxide is present at
lower concentration level compare to second eluted enan-
tiomer, while in Greece eucalyptus honey the first eluted
enantiomer was predominant. The first eluted enantiomer
of linalool in elucalyptus honey is predominant. In case of
honey from Italy the first eluted enantiomer of cis-linalool
oxide enantiomer ratio varies within range 42-48 %. It can
be seen that all samples except of honeys from Italy
(chestnut honey) have predominant the first eluted enantio-
mer of cis-linalool oxide. Only in chestnut honeys the first
eluted enantiomer is minor. First eluted enantiomer of
trans linalool oxide in sage honey from Croatia can be
used as a marker for this honey, because almost pure first
eluted enantiomer was found in this honey (purity better
than 97 %). A characteristic enantiomer ratio 20:80 (first
eluted enantiomer/second eluted enantiomer) was found in
chestnut honeys from Italy.
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Conclusion

The enantiomer ratios of furanoid linalool oxides,
linalool, hotrienol, 4-terpineol, a-terpineol and all isomers
of lilac aldehydes were determined in each honey of
different botanical origin. The one dimensional GC with
chiral stationary phases has a limited possibility to
determine correct distribution of enantiomers in
complicated matrices. Based on the results obtained in this
work, MDGC is proposed as an effective method for the
determination of enantiomer ratio.

This work was supported by the Scientific Grant
Agency VEGA grant No. 1/0972/12.
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Introduction

Nieboer a Richardson' used covalent index xmzr
(where y is electronegativity of the ions and r is ion radi-
us) to describe softness of metal ions. This parameter indi-
cates the ability of the ion to accept electrons and form co-
valent bonds and it increases with increasing softness. The
ionic index Z*/r (where Z is the ion charge and r is ion ra-
dius) correlates well with ionic interactions and indicates
the propensity of the ion to form ionic bonds. Mercury is
characterized by high value of covalent index (4.10) a low
value of ionic index (3.63)” indicating that Hg prefer cova-
lent binding mainly to S-donor ligands.

The study of the complex formation of Hg(Il) with
the twenty essential amino acids (present in all proteins),
in aqueous solutions in the pH range 2.7-8.5 showed that
cysteine had the highest stability constant (39.4), attributed
to the binding with the sulfhydryl (thiol) group’. Thus, Hg
may directly inhibit enzymes by interacting with protein
SH-groups causing protein conformation changes and sub-
sequent enzyme inactivation. Presently, about a hundred of
enzymes are known to be inhibited by SH-group binding,
with concomitant metabolic disorders’.

On the other hand, chelating of Hg(Il) by the sulfhy-
dryl group of phytochelatins is one of the most important
mechanisms for Hg detoxification in plants™. Binding of
Hg to small biothiols such as glutathione and cysteine was
confirmed as well*.

The exposure of plants to excess Hg results in visible
symptoms of phytotoxicity, such as reduced growth, chlo-
rosis, etc.”'?, and physiological disorders in plants''. Mer-
cury inhibits photosynthetic electron transport'>"* and it
can substitute the central atom of chlorophyll Mg, what re-
sults in a breakdown of photosynthesis'*. Binding of Hg
(IT) to water channel proteins is connected with the closure
of leaf stomata and physical obstruction of water flow in
plants'>'%, Excess Hg inhibits nutrient uptake'’ and it can
induce oxidative stress in plants by triggering the genera-
tion of reactive oxygen species' ™"’

Non-specific absorption of Hg to cell walls could be
a way to immobilize the metal at the root level beside its
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sequestration in the vacuoles of the root cells®. Mercury
belongs to elements with very low root to shoot transloca-
tion”*"** and it was reported that 95-99 % of the Hg taken
up by the roots was immobilized and did not reach the
shoots>"*.

Kopittke et al.”* evaluated the effects of Hg(II) on
plants grown in solution across a range of plant species
and experimental conditions and found that Hg toxicity
(median toxic concentration 0.47 pmol dm ™ Hg) exceeded
that of Cu, Cd, As, Co, Ni, Zn and Mn. On the other hand,
Pesko et al. investigated the phytotoxic effects of seven
metal ions on germination and root length of five rapeseed
(Brassica napus L. subsp. napus) cultivars registered in
Slovakia and found that the inhibitory effectiveness of
metal ions decreased in the following order: Cu > Cr >Hg
> Cd>Pb>Ni>Zn.

The aim of this paper is to study the influence of low
HgCl, concentrations on production characteristics and
mercury accumulation in rapeseed plants (Brassica napus
L., cv. Viking).

1.24

Material and methods

Analytical reagent-grade chemicals purchased from
Centralchem (Bratislava) were used for the preparation of
all solutions. Freshly distilled water was used in all experi-
ments. For metal treatments HgCl, was used. The seeds of
rapeseed (B.rassica napus L.), cv. Viking were purchased
from Slovak Centrum of Agricultural Production, Re-
search Institute of Plant Production in Piestany, Slovakia.
Viking is a medium early variety of rapeseed with 45 % oil
content in dry mass of seeds which provides steady yield
in all production regions and high yields in rapeseed pro-
duction region®.

Cultivation of rapeseed plants in the presence of
HgClZ

Seeds of rapeseed, cv. Verona were sown into the soil
and after 3 weeks they were cultivated in hydroponic solu-
tion at controlled conditions (photoperiod 16 h light/8 h
dark; irradiation: 80 umol m*s™' PAR; mean air tempera-
ture: 25 °C): control variant in Hoagland solution and
metal variants containing Hg (0.1, 0.5, 1.0, 3.0 and 6.0
umol dm ) and the response of plants to metal treatment
was evaluated 7 d after metal application. For each experi-
ment six plants were used. Then length of roots and
shoots, fresh mass of leaves and dry mass of roots, stems
and leaves were estimated and the results were evaluated
by the multifactorial ANOVA algorithm (P < 0.05) after
verification of normality and homogeneity of the variance.
The multiple comparisons of means were based on the
method of Tukey contrast.
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Determination of water content in plant organs

Fresh (FM) and dry mass (DM) of roots and shoots
was estimated and water content in plant organs (in g g’
dry mass) was calculated as follows: (FM-DM)/DM
(ref.?).

Determination of Hg content in plants

Roots of plants used for Hg analysis were thoroughly
washed by tap water to remove test solution from the exte-
rior of roots. Plants organs were dried at 70 °C and cut to
small pieces (< 1 mm). All plants were processed for Hg
analysis and the total root and shoot accumulation of Hg
was determined. Mercury contents were determined using
single-purpose atomic absorption spectrometer (AMA
254) based on in situ dry ashing followed by gold amal-
gamation cold vapour AAS. Standard reference Hg stock
solution (1 g dm™, Merck, Germany) and the certified
standard reference materials NCS DC 73350 Poplar
Leaves (China) and NCS DC 733 49 Bush Branches and
Leaves (China) were used to quality assurance of the re-
sults. The detection limit for Hg was 0.3 pg dm. The pre-
cision of Hg determination (n = 3) expressed by relative
standard deviation varied in the range from 1 % to 3 %.

Results and discussion

Plants exposed to 0.1-3.0 umol dm~ HgCl, did not
show visual symptoms of phytotoxicity. On the other
hand, the roots of plants treated with 6.0 pmol dm™ of
HgCl, were brownish, the leaves were slightly wilting but
symptoms of chlorosis were not observed, nevertheless the
height of plants was clearly lower than that of control
plants. The dependence of root and shoot length of rape-
seed plants treated with HgCl, is presented in Fig. 1A. The
results clearly show that the length of roots was more re-
duced than that of shoots, although this reduction was rela-
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tively low. The adverse effect of Hg on dry mass of rape-
seed plant organs was similar (Fig. 1B), being also more
pronounced for roots. These results are in agreement with
previous findings™***’. Du et al.'” estimated that Hg(II) ap-
plied at concentrations of 1.0 and 2.5 mgdm” caused
50 % reduction in root biomass of rice (Oryza sativa L.)
seedlings, while a 50 % reduction in shoot biomass oc-
curred at Hg(II) concentrations of around 0.5 mg dm>. It
can be assumed that this reduction of plant growth can be
connected mainly with impaired uptake of nutrients®, in-
hibition of photosynthesis'*"* and adverse effects of Hg on
the water content of plant organs'®?*3!,

Dependence of water content in roots and leaves of B.
napus plants on the applied HgCl, concentration is shown
in Fig. 2. In the investigated concentration range the loss
of water content in roots was linear with increasing HgCl,
concentration. On the other hand, significant reduction of
water content in leaves was observed only at the highest
applied HgCl, concentration (6 pmol dm™). These results
are in agreement with findings of Esteban et al.”® that wa-
ter content of the roots and shoots of 28-day-old lupine
plants treated with 5 pumol dm™ Hg was significantly
lower than that of the untreated plant organs, although loss
of water in roots was more pronounced. Shiyab et al.'® ob-
served that B. juncea plants initially lost their cell moisture
linearly with an increase in Hg concentration and when Hg
concentrations reached certain level (10 and 100 mg kg’
in shoots and roots, respectively, for 2-week old plants),
the relative water content already remained at approxi-
mately 72 % of the control plants. Moreno-Jimenez et al.”!
found that R. induratus roots suffered higher reductions in
water content (8 % and 20 % at 10 and 50 umol dm~ Hg
doses, respectively) and M. vulgare showed higher loss of
water in shoots than in roots, and also than in R. induratus
shoots.

Mercury content in roots and shoots of rapeseed
plants increased linearly with the increasing HgCl, con-
centration (Fig. 3), nevertheless the Hg concentration ac-
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Fig. 1. Dependence of root and shoot length (A) and dry mass of roots, stems and leaves (B) of rapeseed plants on the applied

HgCl, concentration. Mean + S.E; S.E. — standard error
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Fig. 2. Dependence of water content in roots (circles)
and leaves (triangles) of B. napus plants on the applied HgCl,
concentration

cumulated in rapeseed roots (in mgkg ' dry mass) was
significantly higher than that accumulated in the shoots.
These results support previous findings of several
researchers indicating that Hg is predominantly bound in
cell wall of plant roots or it is stored in complex form with
phytochelatins in plant root vacuoles®®. On the other hand,
mercury concentration in plant organs of ten day old
seedlings of Brassica chinensis which were exposed for
three days to 200 umol dm™ Hg were estimated 26 089
mg g ' dry mass in roots and 2839 mgg' dry mass in
shoots'’.

Bioaccumulation factor (BAF) expresses the ratio of
the metal concentration in biological material (in pmol or
pg per g of the plant dry mass) to the metal concentration
in external solution or soil (in pmol or pg dm™ soil) and it
can be used to determine the effectiveness of plants in re-
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moving metals from soils*”. In the investigated concentra-
tion range of HgCl, (0.1-6.0 pmol dm™) the BAF values
related to roots varied in the range from 5520 to 3322, the
BAF values related to shoots were considerably lower and
they varied from 66.5 (0.1 pmol dm™) to 5.47 (6.0
pmol dm™). These results indicate that B. napus could be
used for preventing the leakage of Hg from contaminated
soils via phytostabilisation. Low BAF values determined
for shoots suggest low efficiency of rapeseed plants in
phytoremediation of Hg-polluted substrate.

The translocation factor (TF), or shoot to root ratio
corresponds to the ratio of accumulated metal concentra-
tion in shoots and roots, respectively and it can be used to
determine the effectiveness of plants to translocate metal
from the root to the shoot’>**. The values of TF deter-
mined for studied rapeseed plants treated with low HgCl,
concentrations were very low and they varied in the range
from 0.0128 (0.1 pmol dm Hg) to 0.0013 (6.0 umol dm
Hg). The dependence of TF on the applied HgCl, concen-
tration showed exponential decrease with the increasing
Hg concentration (Fig. 4A). The portion of Hg accumu-
lated in shoots from the total metal amount up-taken by
rapeseed plants varied from 26.12 % in plants treated with
0.1 umol dm™ Hg to 3.8 % in plants exposed to 6.0
umol dm™ Hg (Fig. 4B).

The results confirmed previous findings of several re-
searchers indicating extremely low Hg mobility within the
plants®*'**, Moreno-Jiménez et al.’' estimated shoot to
root ratios of the Hg concentration in plants grown in per-
lite substrate in the presence of 5 umol dm > Hg as 0.099
for Rumex induratus and 0.121 for Marrubium vulgare
plants. The TF in rice plants'® and in willow™ cultivated in
solution and treated with 0.5 pmol dm™ Hg was found to
be 0.006 and 0.001, respectively. The values of TF deter-
mined in 28 day old lupine plants treated with 5 and
10 pmol dm ™ Hg were 0.0054 and 0.0046 (ref.”®). Pérez-
Sanz et al.*® found that translocation factor for mercury in
Silene vulgaris plants grown on contaminated spiked soils

B

~
J

[]
1

Hg content [mg kg'1 d.m.]

4 5
¢ [umol dm'3]

Fig. 3. Dependence of mercury content in roots (A) and shoots (B) of rapeseed plants on the applied HgCl, concentration; d.m. —

dry mass
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Fig. 4. Dependence of translocation factors (A) as well as portion of Hg occurring in roots (gray) and shoots (white) (B) of rape-

seed plants on the applied HgCl, concentration

depended on the soil characteristics as well as on the
external metal concentration. For plants grown in sandy
clay loam (pH 8.5) containing 0.6 and 5.5 mg Hg kg ' soil,
the determined TF values were 0.27 and 0.15, whereas in
plants cultivated in loam of pH 7.1, these values were 0.20
and 0.50, respectively.

Conclusion

Growth of B. napus plants, c.v. Viking cultivated in
hydroponic solutions which were exposed to low mercury
concentrations (0.1-6.0 pmol dm™) was adversely affected.
This was reflected in reduced length of roots and shoots as
well as reduced biomass of individual plant organs. Treat-
ment with mercury decreased water content of roots and
shoots of rapeseed plants. The loss of water content in
roots was linear with increasing HgCl, concentration,
nevertheless significant reduction of water content in
leaves was observed only at the highest applied HgCl,
concentration (6 umol dm ).

Single-purpose atomic absorption spectrometer based
on in situ dry ashing followed by gold amalgamation cold
vapour AAS was used for monitoring mercury transloca-
tion within rapeseed plants cultivated in hydroponic
solutions and treated with low HgCl, concentrations
(0.1-6.0 pmol dm >, i.e. 0.02-1.20 mg dm*). Accumulated
Hg concentration in plant organs increased linearly with
increasing external Hg concentration, though Hg
accumulation in roots of rapeseed plants was considerably
higher than its accumulation in the shoots. This finding
was reflected in low values of root to shoot translocation
expressed by translocation factors which confirmed low
mobility of Hg within rapeseed plants.

Due to high efficiency in accumulating Hg in the
roots and very low translocation to the shoots, the plants of
B. napus, cv. Viking could be used for preventing leakage
of Hg from contaminated soils via phytostabilisation.
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STANOVENIE SEVOFLURANU A JEHO METABOLITU
HEXAFLUORIZOPROPANOLU METODOU GC-MS/MS

PETER PODOLEC*, JAROSLAV
BLASKO, ROBERT KUBINEC,
GABRIELA ADDOVA, RENATA
GOROVA, LADISLAV SOJAK, IVAN
OSTROVSKY, ALEXANDRA
SZABOOVA a JOZEF VISNOVSKY

Chemicky ustav, Prirodovedecka fakulta Univerzity Ko-
menského v Bratislave, Mlynska dolina CH-2, 842 15 Bra-
tislava 4, Slovenska republika

podolec@jfns.uniba.sk

Sevofluran bol do klinickej praxe zavedeny v roku
1990 ako inhalacné anestetikum a dnes patri medzi sveto-
vo najpouzivanejsie anestetika. Vdaka nizkemu rozdel'o-
vaciemu koeficientu krv-plyn, teda nizkej rozpustnosti
sevofluranu v krvi, umoziuje rychle a bezproblémové
uvedenie do anestézie a zaroven sa I'ahko vyluCuje z cen-
tralneho nervového systému, ¢o umoziuje rychle prebu-
dzanie pacienta z anestézie. Sevofluran sa rychlo metaboli-
zuje na primarny metabolit hexafludrizopropanol, ktory je
vylucovany moc¢om. Hexafluérizopropanol cirkuluje v krvi
predovetkym vo forme glukuronidu konjugétu. Nekonju-
govany hexafludrizopropanol predstavuje < 15 % z celko-
vej koncentricie hexafludrizopropanolu. Stanovenim se-
vofluranu a hexafluérizopropanolu v biologickych matri-
ciach sa zaoberaju viaceré Studie, ktoré vyuzivaji headspa-
ce v spojeni s GC (HS-GC-FID alebo HS-GC-MS) systé-
mom. Na rozdiel od sevofluranu, hexafluérizopropanol je
vysoko polarna latka. Ma vysoky rozdelovaci koeficient
krv-plyn, ¢o spdsobuje problémy pri jeho stanoveni meto-
dou headspace.

Vypracovala sa rychla a citlivd metéda simultdnneho
stanovenia anestetika sevofluranu a jeho polarneho meta-
bolitu hexafludrizopropanolu priamym davkovanim l'ud-
skej plazmy do plynového chromatografu. Priamym dav-
kovanim vzorky sa eliminoval vplyv strat prchavych zlo-
ziek pri predupravnych krokoch spracovania vzoriek. Me-
toda je zalozena na priamom davkovani az 150 vzoriek
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plazmy do GC systému bez nutnosti ¢istenia linera injekto-
ra. Pri teplote injektora 80 °C nedochadza k degradacii
makromolekul, resp. polarnych latok nachadzajucich sa
v plazme aani ku vzniku latok, ktoré by koeluovali
s analytmi. Nepozorovalo sa zniZenie ucinnosti kolony,
ktoré by mohlo byt sposobené znecistenim zaciatku kolo-
ny rozkladnymi produktami. Metdda umoZiiuje simultdnne
stanovenie nepolarnych aj polarnych prchavych zloziek
v plazme. Vypracovana analyticka metdda je vel'mi rychla,
nevyzaduje si ziadnu Upravu vzorky. Navyse vysledok
merani v porovnani s headspace metédou nie je zvySova-
nim teploty vzorky pred davkovanim ovplyvneny a v pri-
pade polarnejSicho, menej prchavého analytu stanoveny
obsah nezavisi od objemu vzorky vo vialke pri davkovani.
V porovnani s predchadzajucimi metédami simultanneho
stanovenia tychto analytov sa vyznacuje vysSou citlivos-
tou ako aj eliminaciou chyb stvisiacich s manipulaciou
vzorky v laboratdriu. Vyznacuje sa vysokou opakovatel-
nostou a citlivostou s detekénym limitom 0,009 mg I"' pre
sevofluran 20,018 mgl™" pre hexafludrizopropanol
v linedrnom rozsahu 0,050-150 mg 1"'. Metoda sa pouzila
na stanovenie koncentracie sevofluranu a hexafluorizo-
propanolu v plazme 7 pacientov po narkdze. Priemerna
koncentracia sevofluranu a vol'ného hexafluérizopropano-
lu v plazme bola 57,2 mg "' a 0,39 mg I"'.Vyvinutd met6-
da stanovuje vol'ny, nekonjugovany hexafludrizopropanol.
Najkritickej§im bodom metddy stanovenia sevofluranu
a hexafluérizopropanolu je odber a spracovanie plazmy
kvoli riziku odparenia a straty stanovovanych zltcenin pri
odbere krvi.

Tato publikacia bola vytvorend realizaciou projektu
., V¥skum a vyvoj novych technolégii chemickej analyzy
pre metabonomiku/metabolomiku” ITMS: 26240220007
a projektu ,,Dobudovanie centra excelentnosti metod
a procesov zelenej chémie* ITMS: 26240120025 na zakla-
de podpory operacného programu Vyskum a vyvoj finan-
covaného z Europskeho fondu regiondlneho rozvoja. Pra-
cu podporila Agentura na podporu vyskumu a vyvoja pod
c¢islom projektu APVV-0416-10.
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STUDIUM ANIONOVO-VYMENNEJ CHROMATOGRAFIE VYUZIVAJUCEJ
SKOKOVE GRADIENTY NA CHARAKTERIZOVANIE HUMINOVYCH LATOK

V ALKALICKOM PROSTREDI

JANKA RACZOVA, MILAN HUTTA*
a JURAJ PESSL

Univerzita Komenského v Bratislave, Prirodovedecka fa-
kulta, Katedra analytickej chémie, Mlynska dolina CH-2,
842 15 Bratislava, Slovenskd republika
hutta@jfns.uniba.sk

Uvod

Huminové latky (HL) st prirodné materialy vyskytu-
juce sa v relativne velkom zastupeni v pdde, sedimentoch
a vodach ako produkty chemickej a biologickej premeny
zvieracich a rastlinnych zvyskov'. Huminové latky najdas-
tejSie pozostavajll zo substituovanych aromatickych zluce-
nin, ktoré st navzajom spojené pomocou alifatickych re-
tazcov (polyoly, peptidy, cukry atd’.)’. Hlavné funkéné
skupiny, ktoré prispievaju kich povrchovému naboju
a reaktivite su fenolové, hydroxylové a karboxylové skupi-
ny a preto HL mozu tvorit’ chelaty s viacvalentnymi ka-
tionmi ako su Mg®*, Ca®* aFe®'. Vdaka chelitatnym
schopnostiam HL st schopné viazat’ ziviny pre rastliny ale
aj remobilizovat’ tazké kovy’. Huminové latky, ako priro-
dzené sucasti zivotného prostredia, ovplyviuji mechanic-
ké a fyzikalno-chemické vlastnosti pody, najmé Struktiru
a textiru pody a jej stalost’, odolnost’ a sorpénti kapacitu.
V sucasnosti je preto analyza a charakterizacia tychto pri-
rodnych materialov vel'mi ziadana, hlavne kvoli ich dole-
zitosti pre pddohospodarstvo, prvotnt upravu vod a ekolo-
giu. Taktiez analyza huminovych latok zohrava délezita
ulohu v oblasti analytickej chémie.

Struktara HL este doposial’ nie je celkom objasnena
ato aj napriek tomu, ze si Studované uz takmer 200
rokov'%. Tato skutodnost’ stvisi s ich chemickou, §truktir-
nou a fyzikalnou polydisperzitou, ktoré maji potom za
nésledok velka neurcitost” analytického signalu takmer vo
vSetkych analytickych metodach, ktoré sa zaoberaju vy-
skumom a meranim huminovych latok z makromolekulo-
vého pohladu.

Analyza zlozitych latok patri v sucasnom obdobi
medzi aktualne problémy, ktoré vedu k vyvoju novej in-
Strumentécie a novych separaénych technik®. Délezitost
separaénych metdd v chémii huminovych latok, vratane
LC metdd je vyzdvihnutd prave v prehladovom c¢lanku
Janoga a kol.'. Z literatury vyplyva, Ze najéastejsie pouzi-
vané separané metddy pre analyzu a charakterizaciu hu-
minovych latok su kolonové LC metdody (najmid RP-
HPLC, SEC aich kombiniacie = HPLC-SEC)*’
a elektrosepara¢né metdody (najmd CZE, PAGE a mnohé
iné)®>!". Hutta akol>"? , Goéra akol.'* aHalko akol."”
poukazali na uzito¢nost’ skokovych gradientov v RP-
HPLC, kombinaciach RP-HPLC a SEC a tiez v IMAC na
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charakterizaciu huminovych latok a tiez ligninu16 ako jed-
ného z prekurzorov huminovych latok a huminovym lat-
kam podobnych litok'’. Napriek priamemu dokazu moz-
ného i6novo-vymenného mechanizmu, je nedostatocny
pocet ¢lankov na tuto tému. Z tohto dovodu sme sa roz-
hodli vyhodnotit’ analytickit moznost” aplikacie skokového
gradientu’ s aniénovo-vymennou chromatografiou pre
charakterizovanie huminovych kyselin (r6zneho pdévodu)
v alkalickom prostredi.

Experimentalna ¢ast’
Pristroje a zariadenia

Stadium retenéného spravania a vyhodnocovanie
spektralnych charakteristik vybranych skupin huminovych
latok bola uskutocnenda na HPLC systéme LaChrom
(Merck-Hitachi, Darmstadt, Nemecko), ktory sa skladal
z pumpy L-7100, automatického davkovaca L-7200, ter-
mostatu L-7300, fluorescenéného detektora L-7480, roz-
hrania D-7000, pocitata na zbieranie dat so softvérom
HSM ver. 3.1 a on-line 4 kanalovym odplyniovacom roz-
pustadla L-7612. Digitalny pH meter WTW inoLab pH
730 (Weilheim, Nemecko) vybaveny kombinovanou
sklenenou/AgCl elektrodou bol pouzivany na meranie pH
mobilnej fazy.

Separacia bola robena pouzitim sklenenej kolony
(30 x 3 mm) naplnenej ionexom Separon HEMA-BIO
1000 DEAE (Tessek, Praha, Ceska republika) so 60 pm
Casticami.  Prietokova  rychlost  bola  nastavena
v jednotlivych pokusoch na 0.50, 1.0, 1.5 a 2.0 ml min™".
Zlozenie mobilnej fdzy A bolo nasledovné: vodny roztok
dvojsodnej soli EDTA stitrovany NaOH na pH 12.0, kon-
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Obr. 1. Schéma a tvar pouZitého skokového gradientu



Chem. Listy 106, s335-s337 (2012)

centracia EDTA* bola 5 mmol 1" ZloZenie mobilnej fazy
B bolo nasledovné: vodny roztok dvojsodnej soli EDTA
stitrovany NaOH na pH 12.0, koncentricia EDTA* bola
500 mmol 1"'. Tvar pouzitého skokového gradientu je vy-
obrazeny na obr. 1. Rovnaky gradientovy program bol
pouzity pre vSetky prietokové rychlosti jednotlivo. Teplota
vnutri  koléonového termostatu bola udrziavand na
40.0£0.1 °C. Injektovany objem roztoku vzorky bol 25 pl.
Parametre fluorescencnej detekcie boli nastavené na 480
nm (excitaéna vlnovéa dizka) a 530 nm (emisna vlnova
dizka) podra publikovanych tidajov'>.

Chemikélie a roztoky

Komer¢nd huminova kyselina s relativnou molo-
vou hmotnostou 500-1000 (podl'a produktového cennika)
bola kipend od firmy Sigma-Aldrich. Huminova latka
Ecohum (izolovana zraseliny) bola komer¢ne dostupné
hnojivo. Huminové kyseliny z lokalit Cerové a Suchd Hora
boli izolované z raseliny pouzitim frakcionacného postupu
odporu¢eného THSS’.

Roztoky huminovych latok boli pripravované den-
ne Cerstvé rozpustenim navaZenej huminovej kyseliny na
koncentragnej Grovni 3 mg ml™ v 0.0l M NaOH. EDTA
(Sigma Aldrich, Steinheim, Nemecko) analytickej kvality
bola pouzita na pripravu timivych roztokov mobilnych faz.
Voda pre gradientova HPLC bola pripravena z Labconco
Pro-PS jednotky (Labconco, Kansas City, KS, USA). Hyd-
roxid sodny (Merck, Darmstadt, Nemecko) analytickej
kvality bol pouzivany na pripravu roztokov huminovych
latok).

Vysledky a diskusia

Navrhnutd chromatografickd metdéda vyuzivajuca
skokovy gradient s fluorimetrickou detekciou bola pouzita
1600 ~
1400 H
1200 -
1000 -

800 +

600 +

Fluorescencia

400 —

200 —~

Sucha Hora

Cerova
0 . : : : . : . : . - - - - ]

20 24 28

Cas (min)

Obr. 2. Chromatografické profily vybranych huminovych
latok (HK Cerova, HK Aldrich, HK Ecohum). Podmienky: prie-
tokova rychlost: 1.0 ml min™, teplota 40 °C, injektovany objem
25 pl. Ostatné podmienky st popisané v Experimentalnej casti
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na charakterizaciu huminovych latok pomocou ich chro-
matografickych profilov. Na obr. 2 je vidiet’ charakteristic-
ké vzory profilov pochadzajicich z analyzy huminovych
latok rézneho povodu. Profily pikov s vytvorené pomo-
cou tvaru skokového gradientu. Chromatografické profily
Studovanych HL sme rozdelili na 2 ¢asti: nezadrZané latky
(eluované slabou elu¢nou zlozkou, integracia od 0 min do
4 min) a zadrzané latky (eluované so silnou elu¢nou zloz-
kou, integracia od 4 min do 30 min).

Z chromatografického zdznamu je zjavné, Ze profily
vybranych huminovych latok st rozdielne, kvoli réznemu
povodu tychto huminovych latok (huminova kyselina Al-
drich bola kupend od firmy Sigma Aldrich (Steinheim,
Nemecko), huminova kyselina Ecohum bol komerc¢ne
dostupny preparat a huminové kyseliny Cerova a Sucha
hora boli ziskané vd’aka postupom, ktoré publikovali Hutta
akol.”). Dalej sme porovnavali profily tychto vybranych
huminovych kyselin pri réznych prietokovych rychlostiach
(0.5, 1.0 a 2.0 ml min™"). Tieto chromatografické profily
mozeme vidiet’ na obr. 3.

Z tohto chromatografického zaznamu vyplyva, Ze so
vzrastajicou  prietokovou  rychlostou  dochadzalo
k znizovaniu fluorescencného signalu, kvoli zriedeniu
separovanych zloziek huminovych latok va¢sim objemom
rozpustadla v kazdom danom skoku gradientu mobilnej
fazy pri vyssich prietokovych rychlostiach. Pri vyssich
prietokovych rychlostiach (1.0 a 2.0 ml min") sme pozo-
rovali narast rozliSenia pri separacii chromatografickych
pikov huminovych latok.

Ako d’alsiu ulohu sme sa rozhodli vyhodnotit’ percen-
tualny podiel zadrZiavanych a nezadrZiavanych latok pre
jednotlivé vybrané huminové kyseliny. Tento percentualny
podiel vo forme kolaCovych diagramov je zndzorneny na
obr. 4.

Z vyssie uvedeného diagramu vyplyva, ze kazda hu-
minova kyselina obsahuje odli$né percento ako zadrziava-

1200

—— 0.5 ml/min
—— 1.0 ml/min
2.0 ml/min

1000

800
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Fluorescencia

400 H

200
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Obr. 3. Chromatografické profily vybranej huminovej latky
(HK Aldrich) pri réznych prietokovych rychlostiach (0.5, 1.0
a 2.0 ml min™). Podmienky: teplota 40 °C, injektovany objem
25 pl. Ostatné podmienky st popisané v Experimentalne;j casti
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M ZadrZiavané latky

Obr. 4. Kolacovy diagram znazoriujici percentualny podiel
zadrzZiavanych a nezadrZiavanych latok pre vybrané humino-
vé latky

nych tak aj nazadrziavanych latok. Najmens$ie percento
zadrZiavanych latok obsahuje HK Ecohum (11 %) , nasle-
duje HK Aldrich (19 %), potom HK Sucha Hora (20 %)
Cerova (28 %). Naopak najmensie percento nezadrziava-
nych latok teda obsahuje HK Cerova (72 %), nasleduje
HK Suchd Hora (80 %), potom HK Aldrich (81 %)
Ecohum (89 %). Je to spdsobené najmé ich rozlicnym
povodom a mnohymi inymi faktormi, ktorych vyskum je
predmetom d’alSieho vyskumu.

Zaver

Z dosiahnutych vysledkov mézeme povedat, Zze na-
vrhnutd metdda anidnovo-vymennej chromatografie zalo-
zena na kratkych kolonach naplnenych stredne bazickym
anexom obsahujicim dietylaminoetylové funkéné skupiny,
kombinovana so skokovou gradientovou eluciou pomocou
roztokov EDTA* spH 12, je sPubnou metédou, ktord
umoznuje charakterizovat rozne huminové latky a typy
pdd sohladom na prirodny pomer huminovych
a fulvokyselin.
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Tato praca bola financéne podporena projektmi
VEGA 1/1349/12, APVV-0597-07 v ramci cinnosti Centra
excelentnosti VVCE-0070-07.
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VOLTAMPEROMETRICKE STANOVENIE KOFEINU NA BOROM DOPOVANEJ

DIAMANTOVEJ ELEKTRODE

MIROSLAV RIEVAJ?, LUBOMIR
éVORqa*, JANA SVITKOVA?, PETER
TOMCIK® a DUSAN BUSTIN®

“ Ustav analytickej chémie, Fakulta chemickej

a potravinarskej technologie, Slovenska Technicka Uni-
verzita v Bratislave, Radlinského 9, 812 37 Bratislava,

b Katedra chémie, Pedagogickd fakulta, Katolicka univer-
zita v Ruzomberku, Hrabovska cesta 1, 034 01 Ruzombe-
rok, Slovenska republika

lubomir.svorc@stuba.sk

Elektroanalytické metody predstavuju vdaka svojej
jednoduchosti, rychlosti, cenovej a ¢asovej nenarocnosti
Casto spolahliva alternativu k rutinne pouZzivanym sepa-
raénym metédam. Studovana latka — kofein je xantinovy
alkaloid, ktory sa pridava do r6znych energetickych napo-
jov a farmaceutickych produktov ako su lieky proti nadche
a chripke. V potravinach sa najéastejSie stanovuje kvapali-
novou chromatografiou alebo fotometricky. Praca sa za-
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oberd vyvojom novej elektrochemickej metddy na stano-
venie stopovych mnozstiev kofeinu zalozenej na vyuziti
bérom dopovanej diamantovej elektrédy ako citlivého
a selektivneho elektrochemického senzora bez modifikacie
povrchu a elektrochemickej predupravy. Elektrochemicky
mozno kofein stanovit' jeho oxidovanim pri znacne klad-
nych potencidloch (+1.5V vs. Ag/AgCl). Cielom prace
bol vyber vhodného elektrolytu, Stidium a optimalizacia
experimentalnych a inStrumentalnych podmienok pre elek-
trochemickt oxidaciu kofeinu (vplyv pH a polarizacnej
rychlosti) pomocou cyklickej a diferencnej pulzovej volt-
ampérometrie. Dosiahnuté analytické parametre charakte-
rizujuce vykonnost' metddy boli: medza detekcie LOD =
0.15 umol I, linearny koncentraény rozsah 0.4-25 pmol I
a opakovatelnost’ RSD = 2.1 %. Aplikovatel'nost metddy
bola overena na modelovych a realnych vzorkach niekto-
rych komer¢énych napojov so spol'ahlivymi vysledkami.

Tato praca bola podporend Vedeckou grantovou
agenturou VEGA Ministerstva Skolstva SR a Slovenskej
akadémie vied (projekty ¢. 1/0182/11 a 1/0008/12) a Prog-
ramom na podporu mladych vyskumnikov (¢. 6406).
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POROVNANIE OBSAHU TOXICKYCH A MINERALNYCH PRVKOV V ODRODACH
MAKU REGISTROVANYCH A PESTOVANYCH NA SLOVENSKU

MARIA KORENOVSKA* a JANA
SADECKA

Vyskumny ustav potravinarsky, Priemyselna 4, 824 75
Bratislava, Slovensko
korenovska@vup.sk, sadecka@vup.sk

V st¢asnom obdobi je mak pestovany prevazne na
potravinarske ucely (pouZziva sa v cukrovinkarstve a na
vyrobu oleja) a pre farmaceutické ucely, ale napriek me-
dzinarodnym dohoddm je v mnohych oblastiach pestovany
tiez ako ,,nelegalny" zdroj Opia (najmd v chudobnejsich
azijskych statoch). Medzi najvyznamnejSich pestovatelov
vo svete patria Turecko, India, Pakistan a Macedonsko.

Na Slovensku sa pestuje mak siaty asi na 2000 ha
(vroku 2010) a odrody, ktoré sa pestuju st publikované
v Spolo¢nom katalogu EU odrdd polnych plodin. Zaregis-
trovanych je 9 odrdéd maku, z toho 7 slovenskej provenien-
cie (Albin, Bergam, Gerlach, Major, Malsar, Maraton,
Opal) vyslachtenych vo Vyskumno-§l'achtitel'skej stanici
Maly Saris. Priemerny obsah morfinu je v nich 0,4-0,6 %,
a preto je makovina tychto odrdd pre spracovatel'a nezauji-
mava. Mak siaty odroda Lazur, ktora je ekonomicky zauji-
mavé hlavne pre predaj makoviny, je zase z hl'adiska spot-
reby maku na potravinarske ucely nepouzitena. V nasej
praci sme sa zamerali na tieto odrody a sledovali sme ob-
sahy toxickych a rizikovych prvkov (olova, kadmia, ortuti,
chromu, niklu, molybdénu) atiez obsahy mineralnych
prvkov (sodika, vapnika, hor¢ika, zeleza, medi. a zinku)
v nich. Vsetky odrody boli dopestované na pokusnych
polickach v Malom Sarisi v roku 2007 a 2011.

Na stanovenie prvkov sme pouzili metédu atomove;j
absorpcnej spektrometrie v grafitovej piecke a na plameni
(Perkin Elmer 4100, HGA700). Vzorky maku sme pred
samotnym meranim rozkladali v prostredi kyseliny dusic¢-
nej vo vysokotlakovom mikrovinnom systéme Milestone
1200 MEGA 2000. Spravnost’ metédy sme potvrdili meto-
dou vytaznosti stanovovaného prvku pridavkom do matri-
ce pred mineralizaciou vzorky na dvoch koncentra¢nych
hladinach, nakol’ko CRM danej matrici sme nemali. Vy-
taznost' sa pohybovala v rozmedzi 96-105 %. Ortut’ sme
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merali na jednotcelovom ortutovom analyzitore
AMA 254 priamo bez predchadzajuceho rozkladu.

Zistili sme, Ze obsah toxického prvku ortuti vo vset-
kych odrodach maku bol v rozsahu od 0,0062 po 0,0102
mgkg ' , najnizsi obsah bol vodrode Lazur a najvyssi
v odrode Maraton. Rozsah obsahu kadmia bol od 0,288 po
0,662 mg kg’l, najmensie mnozstvo bolo v odrodach La-
zur, Malsar a Gerlach, najvécsie v odrode Albin. Olovo
bolo v rozsahu od 0,028 po 0,210 mgkg', najmensie
mnozstvo bolo opdt vodrodach Gerlach, Malsar
anajvacsie v odrodach Lazur a Albin. Mnozstvo niklu
bolo v rozmedzi 1,53 aZ 2,85 mgkg ' pri¢om najmene;
niklu bolo namerané v odrode Bergan a najviac opit
v odrode Albin. Mnozstva chromu boli vo vsetkych odro-
dach priblizne rovnaké od 0,165 po 0,264 mgkg”', ale
najviac chromu sme namerali znovu v odrode Albin. Mo-
lybdén bol vSak namerany v najmensom mnozstve prave
v odrode Albin (0,324 mg kg™ ) anajvigsom v odrodach
Opal (1,66 mgkg ') a Malsar (1,45 mgkg ). Mineralne
prvky sodik, hor¢ik a med boli priblizne v rovnakych
mnozstvach zistené vo vSetkych odrodach maku: Na (114
az 158 mg kg™ ), Mg (1611 az 1649 mgkg™ ) a Cu (13,8
az 17,4 mgkg™). Zinok sa v najva¢som mnoZstve nacha-
dzal v odrode Albin (95,4 mg kg ') a najmensom v odrode
Malsar (54,2 mg kg™ ) rovnako to bolo aj v pripade Zeleza
(Albin 320 mg kg ' a Malsar 54,2 mg kg ' ).Obsah mineral-
neho prvku vapnika bol opdt najvyssi v odrode Albin
(16 899 mg kg ) a najnizsi v odrode Lazur (12 818 mg kg ).

Na zaver mozeme konStatovat’, Ze obsahy niektorych
toxickych, ale aj minerdlnych prvkov (Cd, Pb, Ni, Mo
a Fe) sa lisia v zavislosti od pestovanej odrody, nakol’ko
vychodiskové podmienky pestovania vSetkych sledova-
nych odrod boli rovnaké. Najvicsie mnozstvo toxickych,
ale aj minerdlnych prvkov vSak obsahovala odroda Albin.
Tieto naSe zistenia su len predbezné a v d’alSej faze riese-
nia tejto problematiky sa zameriame na ich overenie.

Tato praca bola vytvorend realizaciou projektu
APVV-0248-10 pod nazvom* Rastliny maku siateho pro-
dukujiice semeno s lepsSimi vlastnostami pre potravinarsky
priemysel “.
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KOMPARACIA EKOLOGICKEJ A KONVENCNEJ PRODUKCIE VYBRANYCH
SLOVENSKYCH ODRODOVYCH VIN ROZNYMI ANALYTICKYMI METODAMI

JANA SADECKA* a MILAN SUHAJ

Vyskumny ustav potravindrsky, Priemyselna 4, 824 75
Bratislava, Slovensko
sadecka@vup.sk, suhaj@vup.sk

Anionické profilové data diskriminujuce slovenské
organické a konven¢né vina boli ziskané metédou kapilar-
nej izotachoforézy. Bolo analyzovanych 17 biovin
(12 bielych a 5 cervenych) a 21 konvencnych (19 bielych
a 10 ¢ervenych) odrodovych vin s obsahom alkoholu 11 az
13 % obj. s atribitom ,neskory zber* alebo ,Specialny
zber” troch bielych odrdd (Chardonnay, Rulandské biele
a Tramin Cerveny) a dvoch cervenych odrdd (Rulandské
modré  aCabernet  Sauvignon). Vzorky  biovin
a konven¢nych vin pochadzali zo susediacich vinohradov
v modrokamenskom vinohradnickom rajone. VicSina ana-
lyzovanych vzoriek mala chranené oznacenie pdvodu
(PDO) a bola ziskana v r. 2007-2009 od jediného sloven-
ského producenta biovin Vino Natural Domin & Kusicky,
s.r.0. aod konven¢ného producenta Agro-Movino, s.r.o.,
Velky Krti§. Kapilara elektroforéza bola realizovana na
elektroforetickom analyzatore EA 202M (Villa Labeco,
Spisska Nova Ves, Slovensko). Vodiaci elektrolyt: 5 mM
HCI obsahujtcej 0.1% MHEC (methyl-
hydroxyethylcellulose) s pH 3.5; zakoncujuci elektrolyt:
5mM kapronova kyselina; nastrek vzorky 30 pl; prad
v predseparacnej kapilare 200 pA; prad v analytickej kapi-
lare 20 pA; konduktometrickd detekcia. Predseparacna
kapilara (80 mm x 0.8 mm i.d.) a analyticka kapilara
(160 mm 0.3 mm 1id.) boli vyrobené z etyl-
propylénového kopolyméru. Statisticka analyza: Viacna-
sobné Statistické porovnavanie anionickych obsahov orga-
nickych kyselin v biovinach a konven¢nych vinach boli
realizované metddou Kruskal-Wallis One-Way ANOVA
s “t” distribtciou a pomocou viacnasobného medidnového
testu. Hladina Statistickej vyznamnosti bola posudzovana
pri hodnote P<0.05 abola povazovana za vysoko vyz-
namnu pod hodnotou P<0.001. Z viacrozmernych pattern
recognition technik sa pouzili faktorova analyza (FA) and
kanonicka diskriminacnd analyza (KDA) s klasifikacnou
procedarou. Pre uvedené ucely sa pouzil Statisticky prog-
ram Unistat v.5.6 (Unistat, London, United Kingdom).

Pri zistovani Statisticky vyznamnych rozdielov medzi
vzorkami podla ich prislusnosti k bio-, resp. konvenénému
typu vin sa zistili diferencie v priemernom obsahu kyseli-
ny vinnej, citronovej, mliecnej, jantarovej, glykolove;j,
siranov a fosfore¢nanov. Organické vina vykazovali vyssie
hodnoty v celkovom obsahu aniénov v porovnani
s prislusnymi konvenénymi vzorkami. Prezentacia dat
metddami hlavnych komponentov, ako aj faktorovou ana-
Iyzou rezultovala tvorbou klastrov, v ktorych sa vzorky

X
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delili prevazne do dvoch skupin prislusnych produkénych
typov vin. Kanonicka diskriminac¢na analyza vin klasifiko-
vala vzorky so 100% spravnostou do sledovanych typov
organickych akonvenénych vin v pripade, ze sa zvlast
analyzovali vina biele a zv1ast’ vina Cervené. Rozpoznava-
cia schopnost tohto modelu klesla iba o 10 %, ked sa
vzorky bielych acervenych vin klasifikovali spolo¢ne.
V pripade testovania predikénej schopnosti anionického
modelu, kedy cast’ dat bola v systéme anonymna, bola
uspesnost’ klasifikacie bielych i éervenych vin na trovni
90 %. N4jdené diskriminujiuce markery mozu byt uzitocné
v kombinacii s inymi Studovanymi deskriptormi v sucas-
nosti vyvijanych autentifikacnych procedir organickych
vin.

Pre studium a zostavenie profilov prchavych organic-
kych zltfenin — ako nositel'ov senzorickych vlastnosti —
ekologicky a konvencne produkovaného slovenského od-
rodového vina variety Rulandské biele 2008 (suché, ne-
skory zber) boli pouzité metddy plynovej chromatografie
(GC/FID, GC/MS). Cielom studie bolo zistit' kvalitativne
a kvantitativne diferencie v profiloch prchavych frakeii
vina odliSujicich organick produkciu vina od konvenc-
nej.

Izolacia prchavych frakcii vina bola zrealizovana
podl'a metédy uvedenej v publikacii Ferreira a kol." extra-
kciou freonom 113 (1,1,2-trichlortrifludretan). Extrakty
prchavych aromatickych zlicenin boli separované a analy-
zované hmotnostnou spektrometriou, vyuzitim plynového
chromatografu Agilent Technologies 6890N, vybaveného
hmotnostnym detektorom Agilent Technologies 5973.
Vzorky sme davkovali bezdelicovou technikou (splitless)
na kapilarnu kolonu ULTRA 1 (50 m x 0,20 mm x 0,33 pm),
pri teplotnom programe 35 °C (0,5 min), 2 °C min "', 250 °C.
Teplota injektora bola 250 °C. Ako nosny plyn sa pouzilo
hélium. Ioniza¢na energia bola 70 eV. Namerané MS
spektrd jednotlivych zlicenin prchavej frakcie vina boli
porovnavané s kniznicami hmotnostnych spektier (NIST,
WILLEY) referencnych materiélov.

V d’alsom kroku extrakty boli analyzované na plyno-
vom chromatografe Hewlett Packard HP 5890 II, vybave-
nom plamenovo-ionizatnym detektorom. Vzorky boli
davkované splitless technikou na kapilarnu kolonu
ULTRA 1 (50 m x 0,32 mm x 0,52 pum) pri teplotnom
programe 35 °C (0,5 min), 2 °C min"', 250 °C. Teplota
injektora bola 250 °C. Ako nosny plyn bol pouzity vodik,
W = 34,6 cm s~ Linedrne retencné indexy (LRI) prcha-
vych zlucenin — ako nezavislé identifikacné tidaje k tda-
jom ziskanym pomocou MS-spektier — boli vypocitané
podla vztahu Van den Doola a Kratza® s vyuzitim n-
alkédnov C¢-Cy ako porovnavacich Standardov a porovnané
s databazou LRI referencnych materialov. Relativne zasta-
penie jednotlivych zlucenin bolo vypocitané metédou vnu-
tornej normalizacie a vyjadrené ako relativne percenta.
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Na zéklade ziskanych vysledkov sa da usudit, ze typ
produkcie vina vo vzorkach Rulandské biele 2008 (suché,
neskory zber) nemal signifikantny vplyv na kvalitativne
zastupenie tychto profilov, okrem zlucenin B-cyklocitral,
etyl-3-metylbutyl sukcinat a etylfenyl laktat. B-Cyklocitral
a etyl-3-metylbutyl sukcinat neboli detegované vo vzorke
biovina, naopak, etylfenyl laktat nebol detegovany v kon-
vencnej vzorke vina.

Iné situacia je vSak z pohladu kvantitativnej analyzy:
dominantnymi latkami v analyzovanych vzorkach biovina
1 konven¢ného variantu, ¢o sa tyka relativneho zastipenia,
su tieto zluceniny: 3-metyl-butanol, etylhydrogén sukcinat
+ kyselina octova + etyl oktanoat, etyl acetat + 2-metyl-1-
-propanol, 2-fenyletanol + linalol, dietyl sukcinat a B-tujén
+ B-pinén + kyselina hexdnova + etyl hexanoat, avSak
s inymi hodnotami ich relativneho zastupenia v prchavej
frakcii vina v zavislosti na type produkcie (bio versus kon-
vencnad). Zastipenie 3-metyl-1-butanolu vzrastlo vplyvom
typu produkcie z cca 23 % v konven¢nej vzorke vina na
cca 33 % v biovine. Podobne je to aj v pripade 2-fenyl-
etanolu + linalolu, ktorych sumarne relativne zastipenie
vo vzorke biovina vyznamne vzrastlo na dvojnasobok
(z cca 5% v konvencnej vzorke na cca 10 % v biovine).
Obsah dietyl sukcinatu mierne poklesol v konvencnej
vzorke vina (6,6 %) v porovnani s ekologickou produkciou
(7,2 %). Naopak, v predmetnom type biovina bol namera-
ny niz8i celkovy obsah — cca 12 % — trojice zlicenin etyl-
hydrogén sukcinat + kyselina octova + etyl oktanoat
v komparacii s konven¢nou vzorkou vina (cca 22 %). Po-
dobne, ¢o sa tyka zhodnotenia vplyvu oboch typov pro-
dukcie vina na relativne zastupenie prchavych aromatic-
kych latok B-tujén + B-pinén + kyselina hexanova + etyl
hexanoat, biovino vykazovalo cca 2-ny podiel tychto zli-
¢enin v porovnani s konvenénym variantom (4,5 % vs.
8,6 %). Naopak, obsah etyl acetatu + 2-metyl-1-propanou
bol cca o 1/3 vyssi vo vzorke biovina v porovnani s klasic-
kym typom produkcie.

Z porovnania ziskanych profilov prchavych aromatic-
kych zlu€enin vina oboch variantov produkcii je ddlezity
fakt, ze pritomné estery v pocte 10 — ako jedna zo skupin
latok podstatne ovplyviujicich organoleptické vlastnosti
vina — boli spravidla zastipené v ekologickej produkcii
v niz§ich koncentraciach ako v konvencnej produkcii vin.
Vynimkou je vSak ester etyl laktat (latka s maslovo-
smotanovou arémou s podtéonom kokosu), kde je to vo
vyznamnej miere naopak (4,2% v biovine vs. 0,3 %
v konven¢nom vine). Na margo toho, analyzy predmetné-
ho Rulandského bieleho koreluji so zisteniami v publika-
cii zahrani¢nych autorov’, 7e organolepticky charakter
konvenénych vin byva v porovnani s ekologickou produk-
ciou spravidla viac ovocny, s vyraznejSimi kvetinovymi
arastlinnymi podtéonmi, o su prave deskriptory typické
pre estery. Avsak, znamy je fakt, ze obsah esterov vo vine
mobze byt ovplyvneny rozliénymi faktormi od podnych
charakteristik, cez klimatické podmienky, az po stupen
zrelosti hrozna v Case zberu, najmé vSak spdsobom spraco-
vania hroznovych bobul’ a hroznového mustu, teda techno-
légiou. Autori’ poukazuju na to, 7 v porovnani s konvené-
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nou produkciou, organicky spOsob pestovania vinica
a vyroby biovin nerezultuje vo vySSom obsahu aromatic-
kych latok v hrozne a ani v ich intenzivnejSom senzoric-
kom prejave v biovinach, ¢o sa javi z ur¢itého uhla pohla-
du aj z vysledkov instrumentalnej analyzy nasej Stidie. Na
druhej strane, priklaname sa k nazoru, ze na buket vina vo
vicsej miere zrejme vplyva samotny technologicky postup
vyroby vina, ako sposob pestovania vinica® .

Navyse, ¢o sa tyka terpénov, ktoré su len v malej
miere ovplyvnené technologickym postupom vyroby
vina*® a st pritomné v $upke hrozna, kde je ich obsah
a pomerné zastipenie dané geneticky a prechadzaji do
vina prakticky nezmenené, tieto su taktiez velmi vyz-
namnym prispievatelom k celkovej aréme vina, hoci
v naSom pripade maji v prchavej frakcii vin spravidla
minoritné zastipenie, ale ¢asto nizku prahova koncentra-
ciu senzorického vnemu. Z nasich vysledkov je zrejmé, ze
ich relativne zastupenie vo vzorkdch biovina je taktiez
nizsie ako v konvencnej produkcii. Teda aj tento fakt zrej-
me vyznamne spolupdsobi na plnost’ arémy vina produko-
vaného z konvenéne pestovaného hrozna.

Avsak, z hladiska organoleptiky, vyvazujuco tu na
celkovy buket biovina iste vplyvaji senzoricky aktivne
alkoholy, ktoré v protiklade s estermi a terpénmi, vykazuju
vyznamne vySSie relativne zastipenie v ekologicky produ-
kovanych vinach v porovnani s konvencnymi vinami.
V pripade tychto zlucenin ide o nasledovné odorické des-
kriptory arémy: sladova, opecend, vinova, slamova, nepri-
jemnd prenikavd maslovd, po whisky, alkoholovo-
fermentacna, travova, zelené jablko, sladko-karamelova
s jemne potuchnutym pozadim, vona ruze, d’alSie kvetino-
vé a ovocné podtony — teda atributy typické pre konstituo-
vanie komplexnej harmonickosti vina. Opét’ treba brat’ do
uvahy jednotlivé prispevky tychto zlicenin zo skupiny
alkoholov k celkovej intenzite arémy vina, ktoré vyz-
namne zavisia od ich prahovych koncentracii senzorickych
vnemov. Z uvedeného vyplyva, Ze koncentracia prchavej
latky nie je vzdy rozhodujucim kritériom v posudzovani
intenzity jej arémy; rozhodujica je jej prahova koncentra-
cia vonného/chutového vnemu, ktora je nepriamo umerna
hodnote arémy a pre rdzne zluceniny modze variovat cez
niekol’ko poriadkov. Vzorky biovina (Rulandské biele,
neskory zber, suché, 13% alkoholu, r. 2008) a konvencne
vyrobeného vina (Rulandské biele, suché, neskory zber,
12,5% alkoholu, r. 2008) boli napokon komparované vyu-
zitim ich profilov aromatickych latok multivariaénou Sta-
tistikou.

Tieto profily st vlastne komplexné zmesi tvorené 38
prchavymi organickymi zliceninami, ktoré su rdznej che-
mickej podstaty. Metoda hlavnych komponentov umoznila
zredukovat’ 38 jednotlivych zloziek arémy na nové pre-
menné — komponenty tak, Ze prvé dva komponenty
(obr. 1) vysvetl'uju az 85 % celkovej variability povod-
nych dat. Graf hlavnych komponentov jasne diferencuje
biovina (B) od konven¢ne vyrobenych vin (M), pricom
najdiskriminujicej$imi zloZzkami prchavého profilu vina
boli v prvom komponente tieto zluceniny: etyl laktat,
1-hexyl acetét, B-cyklocitral; a v druhom komponente
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Principal Components Analysis
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Obr. 1. Diferenciacia biovina (B) a konven¢ného vina (M) Rulandské biele 2008 metédou hlavnych komponentov na zaklade GC
analyz 38 prchavych aromatickych zlicenin, tvoriacich ich profily arémy

2,3-butandiol, D-limonén a benzyl salicylat. Diskriminac-
né analyza (Kth nearest neighbour) so 100% spravnostou
klasifikacie vzoriek diferencovala konvencné vzorky od
biovin danej odrody. Krokova diskriminacia selektovala zo
studovanych profilov aromatickych zlacenin B-cyklocitral,
3-metylbutyl acetat, etyl-3-metylbutyl sukcinat, o.-pinén,
2-hydroxy-3-metyldietyl sukcinat a 1-hexyl acetat ako
signifikantné markery vhodné na diferencidciu Rulandské-
ho bieleho vina podla sposobu pestovania hrozna — ¢i uz
ekologickym alebo konven¢nym variantom.

Tato praca bola vytvorena realizaciou projektu
MPRYV SR, ¢. 4697/2009-810: SLEDOVANIE GEOREFE-
RENCNYCH A ENVIRONMENTALNYCH MARKEROV
SLOVENSKYCH BIOVIN S CIELOM ICH AUTENTIFI-
KACIE A VYPRACOVANIE POSTUPOV PRE ICH ODLI-
SENIE OD VIN VYRABANYCH KLASICKYMI POSTUP-
MI. Vdaka patri Vino Natural Domin & Kusicky, s.r.o.
a Agro-Movino, s.r.o, za bezplatné poskytnutie niektorych
vzoriek vina a Ing. Emilovi Kolekovi, PhD. za zrealizova-
nie GC/MS analyz.
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Vitamin By, also called thiamine, is one of the eight
vitamins that make up the powerful group called the vita-
min B complex. Like all of the B vitamins, this nutrient
plays a major role in the good health of the body as well as
in sound mental health. Vitamin B, serves many purposes
in the body. It is an essential part of converting carbohy-
drates to energy and is necessary for the proper func-
tioning of the nervous system, the heart, and the muscula-
ture system. Thiamine is very important to the brain, par-
ticularly in terms of emotional health and well-being, and
also is useful for focus and concentration.

The present communication describes new forms of
ion associates (IAs) of vitamin B; with an inorganic anion
Bil,” and an organic anion brilliant yellow BY* (Fig. 1)
that were successfully used as electrode-active substances
(EASs) for the preparation of PVC-based potentiometric
sensors for the determination of vitamin B;.

2+

CH2 CH
N 3 -
2Bil,

IES\ CH,CH,OH

2

N
)I\ P
H,C N NH

Fig. 1. Composition of ion associates: a) (VB|2+)(2BiI4‘),
b) (VB *)(BY™)
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The influence of solvent mediators, pH, and the con-
centration of internal reference solution and other charac-
teristics on the potentiometric response of ISEs based on
IAs (VB*)(2Bil,) and IA (VB*)(BY?) were investi-
gated. The potentiometric selectivity for vitamin B;-
selective membrane electrodes K%, was determined for a
number of cations and substances including vitamins B,
and Bg. The logarithmic selectivity coefficients for the
membrane electrode based on 1A (VB|2+)(2BiI4’) to vita-
mins B, and B were —1.0 and —4.4, respectively. The loga-
rithmic selectivity coefficients for the membrane electrode
based on IA (VB,*)(BY?) to vitamins B, and B, were —
2.1 and —4.2, respectively. Various parameters for the de-
termination of the Vitamin B; have been evaluated and
conditions have been optimized. It was established that the
best plasticizers for the membranes based on IAs (VB )
(Bily) and (VB*")BY?) is dioctyl phthalate, with the
electrode function slope 33.0 and 33.1 mV decade™' and
the detection limit 5.5x10° M and 8.3x10™> M, respective-
ly. The lifetime of these electrodes was 7-8 months since
the production date.

The developed sensors were successfully used to de-
termine the content of vitamin B; in medicine forms,
namely "Neurobex" drops (Balkanpharma-Dupnica, Bul-
garia), "Complevit" capsules (Kyiv Vitamin Factory,
Ukraine), bioactive nutritional supplement "New
life" (4 life Products Inc., USA), and injection solutions
"Thiamine chloride" (People's health, Ukraine).

This work was supported by the Scientific Grant
Agency VEGA of the Ministry of Education of the Slovak
Republic and the Slovak Academy of Sciences VEGA
(Grant  No. 1/1096/12). Iryna Antal  gratefully
acknowledges the financial support from SAIA.
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“ Department of Analytical Chemistry, P.J. Safarik Uni-
versity, Moyzesova st., 11, 04154 Kosice, Slovakia, ” De-
partment of Analytical Chemistry and Ecotechnology,
Volyn National University, Voli ave., 13, 43025 Lutsk,
Ukraine

rastislav.serbin@gmail.com

Platinum is the main element of the platinum group. It
is mainly used in automobile exhaust catalytic converters
and as a catalyst in a wide variety of processes. Platinum
also finds applications in chemical, glass and electronic in-
dustries. Some platinum co-ordination compounds
(cisplatin, carboplatin, oxaliplatin etc.) are used in chemo-
therapy for some types of cancer. Another field of applica-
tion of platinum is the manufacture of jewellery. The in-
creased medical and industrial use of platinum has led to
a growing need for its determination in pharmaceutical and
environmental samples.

CH3 CH3
CHs H3C
+
\ . \
CH; ClI CHs

Fig. 1. The structure of Astraphloxine FF
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This work describes the procedure for the extractive
separation, preconcentration, spectrophotometric and AAS
determination of platinum. The specificity of extractive
separation, preconcentration, spectrophotometric and AAS
determination of platinum in the form of ion associate (IA)
with tiokyanate ions and the basic polymethine dye
Astraphloxine FF (AF) (Fig. 1) from aqueous and aqueous
-organic media was studied.

An introduction of the water-soluble donor-active or-
ganic solution (DAS) substantially increases the extraction
of TA and simultaneously suppresses the extraction of the
simple dye salt. Toluene (amyl acetate) was used as ex-
tractant for further experiments due to its lower toxicity.
The concentration of DAS necessary for achieving the
maximum extraction of IA decreases in the row of sol-
vents: N-methylformamide — N,N-diethylformamide —
N,N-dimethylformamide — N,N-diethylacetamide — hexa-
methylphosphortriamide. In the optimal conditions of com-
plexation and extraction of platinum the basic chemico-
analytical characteristics of the coloured extracts were
found. The molar absorptivities of the IA extracts are
(8.1-13.3) x 10* L mol™ cm™. Recovery of the extraction
of platinum TA by aromatic hydrocarbons and esters of
acetic acids is in the range 84-96 % at the ratio of
aqueous : organic phase (1-50) : 1.

A new extractive spectrophotometric and AAS
method for the determination of micro amounts of plati-
num in the presence of various elements such as Cu, Ag,
Pb, Pd, Ir, Rh, Ru was developed. The optimized method
was applied for the determination of platinum in the phar-
maceutical and model samples.

This work was supported by the Scientific Grant
Agency VEGA of the Ministry of Education of the Slovak
Republic and the Slovak Academy of Sciences VEGA
(Grant  No. 1/1096/12). Iryna Antal  gratefully
acknowledges the financial support from SAIA.



Chem. Listy 106, s345 (2012)

ACP 2012 — Stcasny stav a perspektivy analytickej chémie v praxi

Posters

HPLC ENANTIOSEPARATION OF NEW AMINO ANALOGS OF INDOLE

PHYTOALEXINS
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SERBIN®

“ Department of Analytical Chemistry, Faculty of Science,
P.J. Sqﬂirik University, Moyzesova 11, 040 01 Kosice,

b Department of Organic Chemistry, Faculty of Science,
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High-performance liquid chromatography remains the
dominant method for the separation (or preparation) and
analysis of enantiomers. HPLC with various chiral sta-
tionary phases is the method of first choice for direct enan-
tiomeric separations of various kinds of racemic mixtures.
More than one hundred chiral stationary phases are nowa-
days commercially offered and amongst them only about
20-30 chiral stationary phases are most frequently used.
Chiral stationary phases employed in HPLC are based on
different types of chiral selectors, including polysaccha-
rides, macrocyclic antibiotics, proteins, cyclodextrins,
crown-ethers, recently introduced cyclofructans, and many
other'.

Phytoalexins are natural secondary metabolites pro-
duced by plants in response to several forms of stress in-
cluding microbial attack. These compounds are of great in-
terest because of their biological activity, including anti-
bacterial, antitumor and cancer chemoprotective proper-
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ties’. At present time are synthesized new analogs of in-
dole phytoalexins with required biological activity. These
compounds are chiral, therefore, stereoselective separation
methods are required for their separation, determination
of optical purity and evaluation of enantiomeric excess of
new prepared compounds. There are very few literature re-
ports on the analysis of spiroindoline phytoalexins®*.

The aim of the present work was the study of direct
stereoselective separation of newly synthesized biologi-
cally active amino analogs of indole phytoalexins with dif-
ferent structures using high-performance liquid chroma-
tography with various chiral stationary phases. The effects
of the mobile phase composition, column temperature,
type of chiral selector, and the structure of the analytes on
retention and enantioseparation were investigated.

This work was supported by the Scientific Grant
Agency VEGA (project No.1/1096/12).
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GC EVALUATION OF THE QUALITY OF SLOVAK EWE MILK PRODUCTS BASED
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There is increased awareness that food contains cer-
tain compounds with potential health promoting effects.
The most important output of ewe farming in Slovakia is
bryndza cheese with yearly production of 4-10° — 5-10° kg.
Traditional bryndza is made of non-pasteurized milk of
ewes grazed on natural pasture. The fatty acids (FAs) pro-
file of raw milk influences the bryndza characteristics. The
qualitative presence and quantitative amounts of certain
milk FA can contribute to nutritional specific types of
cheese. In addition, various milk FAs are known to have
beneficial (most unsaturated FAs, i.e. rumenic and trans-
vaccenic acid TVA) or adverse (some saturated FAs, i.e.
myristic and palmitic acid) health effects. Therefore, bio-
logical effects and nutritional values are related to indi-
vidual FA milk content. The isomers of conjugated lino-
leic acid, mainly cis-9, trans-11 isomer (CLA) were found
to have anticarcinogenic, antiatherosclerotic, antidiabetic and
other relevant health effects in animal models. The content of
CLA milk fat can be a suitable parameter of milk quality.

There are several exogenous factors affecting ewe
milk FA profile, such as diet, season, and climate as well
as physiological factors, i.e. individuality, breed, lactation
stage and parity. Our objective was to determine a detailed
composition of 70 C4-C24 individual straight-chain satu-
rated, branch-chain, monounsaturated, and polyunsatu-
rated FA milk fat content of Slovak ewe milk products
from pasture and winter season. The ewe milk samples of
grazed ewes were collected at 4 farms in Trencianska Tep-
14, Ruzomberok, Liptovskd Anna and Tajov, and winter
ewe milk samples were collected at Trencianska Tepla.
The effect of individuality, breed, lactation stage and pari-
ty of grazed ewes is investigated at Trencianska Tepla
farm which keeps 330 dairy ewes belonging to three
breeds: 148 Tsigai, 124 improved Valachian and 58 La-
caune with parity 1 — 8. Milk samples were taken on the
same day from morning machine milking. The contents of
individual FA in milk samples as well as in pasture plant
species during whole pasture season were determined by
GC-MS. GC unseparated CLA isomers, mainly tripled
trans-17, cis-9, cis-9, trans-11, and trans-8, cis-10 isomers,
were resoluted by chemometric deconvolution. Statistical
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analysis of GC determined content of FA in analyzed sam-
ples was carried out using a one-way ANOVA statistical
package.

The content of health beneficial FAs in milk fat of
grazed ewes is up to 4-fold higher for CLA, 3-fold for
TVA, and 2-fold higher for a-linolenic acid (ALA) than in
the same fat during winter diet. The content of CLA
(3.2 %) and TVA (7.2 %) in milk of pasture grazed ewes
is higher than that in milk of pasture grazed ewes and
cows published so far. The variations in CLA content in
milk fat of grazed ewes during pasture season and FA con-
tent in pasture suggest that these are primarily determined
by the ALA content in pasture forage. Both CLA and TVA
content in milk fat decreased from May to mid-summer
and then increased until mid-September. The ALA content
in pasture changed correspondingly. The ewe milk and re-
lated products (“bryndza”) produced in mid-September
have a similar FA composition to that in May in relation
with corresponding changes of composition of pasture
plant species and their ALA content. The seasonal changes
in CLA milk fat content were also affected by meteoro-
logical conditions during pasture season.

The FA milk profile of cows grazing on Alpine pas-
tures is rather similar to Slovak milk profile of ewes
grazing on pasture despite different botanical composition
of plant species and significant altitude differences. The
second—most abundant CLA isomer in milk fat from cows
grazing on high-altitude Alpine pastures was trans-11,
cis-13 isomer, and this isomer was presented as a useful
indicator of milk products of Alpine origin. We observed
identical result for milk of ewes grazing on natural
pastures in altitude range of 250-800 m above m. s. L., but
not in the milk of ewes fed with winter diet. Thus, frans-11,
cis-13 CLA isomer is the second—most abundant isomer in
the milk of ewes or cows grazing on natural pasture.

The investigated Slovak pasture ewe milk products
show at least comparable content of beneficial FAs as the
best foreign milk products. Determined contents of benefi-
cial FAs in cheese, “bryndza” and “ZinCica” are similar to
these in milk fat from which these products are produced.
Further improvement in quality of ewe milk products can
be achieved by selecting individual ewes with higher CLA
milk fat content (up to 5-fold inter-individual variation)
and milk yields (up to 12-fold inter-individual variation),
and by increasing of ALA pasture content after over-
sowing pastures.

This work was supported by the Slovak Research
and Development Agency under the contract Nos. APVV-
0416-10, APVV-0458-10, APVV-0163-06, LPP-0198-06
and LPP-0098-06.
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Uvod

Potravinovy kodex Slovenskej republiky rozoznava
14 zékladnych a teda najcastejSich potravinovych alergé-
nov, na obsah ktorych v potravinach musi byt na ich obale
upozornené. Ide o tieto: obilie obsahujlice glutén (psenica,
raz., jatmen, ovos, Spalda, kamut a odrody vyslachtené
z nich); koérovce a vyrobky z korovcov; vajcia a vyrobky
z vajec; ryby a vyrobky z ryb; podzemnica olejna a vyrob-
ky z podzemnice olejnej; soja a vyrobky zo soje; mlieko
a vyrobky z mlieka vratane laktozy; orechy t. j. mandle
(Amygdalus communis L.), lieskovce (Corylus avellana),
vlasské orechy (Juglans regia), keSu (Anacardium occi-
dentale), pekanové orechy (Carya illinoiesis (Wangenh,
Koch), brazilske orechy (Bertholletia excelsa), pistacie
(Pistacia vera), makadamské orechy a queenslandské ore-
chy (Macadamia ternifolia) a vyrobky z orechov; zeler
a vyrobky zo zeleru; hor€ica a vyrobky z horcice; sezamo-
vé semena a vyrobky zo sezamovych semien; oxid siri€ity
a siri¢itany o koncentracii viac ako 10 mgkg™' alebo
10mg 1" vyjadrenej ako oxid siri¢ity (SO,); vI&i bob
a vyrobky z neho; mikkyse a vyrobky z nich'. Potravinova
alergia je zadefinovand ako negativna odozva imunitného
systému jedinca na konzuméaciu niektorych potravin. Tato
reakcia imunitného systému je vysledkom tzv. rozpoznania
alergénnych proteinov prostrednictvom imunoglobulin E
(IgE) alergén-3pecifickych protilitok>. Z uvedeného vy-
plyva, ze najvyssi alergénny potencial maju prave protei-
nové zlozky potravin, akym je napriklad gladin z pSenice,
raze (sekaliny) a jamena (hordeiny).

Existuje viacero moznosti analytickej detekcie frakcii
(prolaminovych) cerealnych proteinov (gliadinu, sekali-
nov, hordeinov a inych). Ide o imunochemické chromato-
grafické, elektroforetické metddy a metédy molekularnej
bioldgie. Elektroforetické metddy st vyuzivané na separa-
ciu a charakterizaciu zasobnych bielkovin obilnin, ktora
prebieha na zaklade velkosti molekul alebo ich pohybli-
vosti v elektrickom poli. Elektroforetické metody sa spaja-
ju s metédami typu imunoblot alebo westernblot. Frakcie
proteinov ziskané pri elektroforetickej metdde sa prenasaja
na nitrocelulézovii membranu pomocou elektroprenosu
alebo odtlackovou metddou. Elektroforetické metddy su
takymto spdsobom prepojené s naslednou imunochemic-
kou detekciou separovaného analytu pomocou Specifickej
protilatky. Pomocou oznacenej sekundarnej protilatky sa
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deteguje komplex antigén-protilatka. Medzi takto pouziva-
né elektroforetické metody patri izoelektricka fokusacia
(IEF), elektroforéza v polyakrylamidovom géli
s dodecylsulfatom sodnym (SDS-page), elektroforéza
v kyslom prostredi (acid-PAGE), vysokoucinna dvojroz-
merna HPLC-HPCE a kapilarna zénova elektroforéza.
Izoelektricka fokusacia sa pouziva k separacii niektorych
bielkovin. Zasadnu ulohu pre pouZitie tejto metddy ma
rozpustnost’ analytu. Izoelektricka fokusacia
v polyakrylamidovom g¢éli s dodecylsulfaitom sodnym
vyuZziva na rozdelenie jednotlivych bielkovinovych frakeii
iba ich réznu molekulovi hmotnost. Nevyhodou tejto
metddy je praca s nebezpecnym akrylamidom, problema-
ticka kvantifikicia izolovanych proteinovych frakcii
anutnost’ vizualizacie separovanych proteinov. Dodecyl-
sulfat sodny tvori s bielkovinami komplexy. Elektrické
naboje tychto komplexov su porovnatelné a v elektrickom
poli migruji rovnakou rychlostou. Elektroforéza v kyslom
prostredi rozdeluje proteiny na zaklade velkosti i naboja
molekul v géli. Vyuziva sa hlavne na analyzu $pecifického
zastipenia gliadinovych frakcii (fingerptint), glutelinovych
proteinov v jednotlivych odrodach cerealii — prevazne
pSenice a hordeinov jaémena.

Vysokou€innd dvojrozmernd HPLC-HPCE sa vyuZzi-
va na separaciu gliadinov i hordeinov. Jej pouzitim ziska-
vame dvojrozmerni mapu proteinov (pripadne aj trojroz-
mernd mapu pre kvantitativnu analyzu) s moznost'ou iden-
tifikovat’ jednotlivé zdsobné proteiny obilnin. Kapilarna
zonova elektroforéza (vysokoucinna modifikacia HPCE)
umoziuje dosiahnut’ v kratkom case vysoké rozliSenie
vd’aka pouzitiu malého priemeru separacnej kapilary (25
az 100 pum), ktorym je zvySené pracovné napitie az na
30 kV. Moderné HPCE metody prinasaja plnt automatiza-
ciu a menej nebezpeného odpadu. Skupina chromatogra-
fickych metod vyuziva pristroje HPLC. Vyuzivaji sa me-
tody HPLC na iontomenicoch, gélové permeaéné HPLC
(size exclusion HPLC) a HPLC na reverznej faze (RP-
HPLC)’. V porovnani s gélovou elektroforézou maju
HPLC techniky vyssiu citlivost’, moznost’ vyberu sposobu
zmensSenia Castic a moznost’ primeho spojenia so systéma-
mi hmotnostnej spektrometrie a moznost automatizacie
analyz*. Chromatografickymi metodami sa daji pripravit
lepSie definovatel'né skupiny proteinov a daju sa tiez lepSie
precistit. Nevyhodou je nespecifickost.

Inou metddou je vyuzitie hmotnostnej spektrometrie
(MALDI-TOF). Vyuziva ionizéciu bielkovin dusikovym
laserom vo vhodnej nizkomolekularnej matrici, ktora za-
brafiuje rozpadu makromolektl. Vzniknuté ionty s na-
sledne urychlované jednosmernym elektrickym pol'om na
kratkom tseku. Meria sa Cas letu vzniknutych iontov
k detektoru v trubici bez elektrického pola. Tento Cas je
rovny pomeru ich hmotnosti k ndboju iontov. Vyuziva sa
k ur€eniu zndmych peptidov a ako kontrolna porovnévacia
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metdda pre odhalenie falo$ne pozitivnych vysledkov imu-
noanalytickych merani. Nevyhodou metédy je vysoka
pristrojova  a finanénd néaro¢nost® Naopak vyhodami
hmotnostnej spektrometrie si: moznost' stanovit' priamo
proteiny, alebo peptidy a moze tak sluzit’ ako metodika pre
potvrdenie inej analyzy. Metdda umoznuje jasnu identifi-
kaciu sekvencii aminokyselin napriklad ich opakovanym
sekvencovanim. Najvacsou vyhodou je vSak moznost sta-
novenia viacerych proteinov naraz v rdmci jednej analyzy,
o umozituje multiskrining® . Lutter so svojim kolektivom
v roku 2011 potvrdili vyuZzitelnost hmotnostnej spektro-
metrie ako konfirmacnii metddu pri analyze stopovych
mnozstiev mlieka v potravinovych matriciach. Pouzita
bola metodika spojenia hmotnostnej spektrometrie (MS),
hmotnostnej spektrometrie s monitoringom vybranej reak-
cie (SRM-MS) akvapalinovou chromatografiou (LC).
Této metdda preukdzala limit detekcie na spodnych hrani-
ciach 0,2-0,5 mg kg™ (ppm) a limit kvantifikicie na arov-
ni 5mgkg’' (ppm). Vysledky boli porovnatelné s tymi,
ktoré sa dosiahli simultinne testami ELISA®. Za velmi
dolezitt mézeme povazovat pracu Heicka s kolektivom.
Tito vykonali detekciu 7 rdznych alergénov (mlieko, vaj-

cia, arasidy, sdja, lieskové orechy, vlasské orechy
a mandle) prostrednictvom metody LC/MS/MS
(kvapalinova chromatografia v spojeni s tandemovou

hmotnostnou spektrometriou) a zaroven pomocou ELISA
testov. Analyzy boli vykonané pred tepelnym opracovanim
vzoriek a po fiom. LC/MS/MS metoda preukazala lepSiu
deteként schopnost’ pri mlieku v opracovanych vzorkach
nez ELISA, ktory poukazuje na jej niZSiu citlivost’ pri ana-
lyze tepelne opracovanych vzoriek. Podobné vysledky sa
dosiahli u vajec’. Metoda PCR sa pouziva na detekciu a
kvantifikaciu stop neposkodenej DNA alergénnych bielko-
vin v potravinach. PCR metoda ma az desatkrat vyssiu
citlivost ako ELISA metoda (real-time s protilatkou RS
ma detekény limit 0,16 mg kg™). Ako vyborna vzijomna
kontrola sa ukézala kombinacia ELISA s PCR®.

Testy ELISA (Enzyme-Linked Immunosorbent As-
say, enzymova imunoanalyza) vo vSeobecnosti umoziuju
stanovenie pritomnosti (skrytych) alergénnych proteinov
v potravinarskych vyrobkoch detegovatelnych na zaklade
kolorimetrickej reakcie a cena tejto metddy je nizSia
v porovnani s ostatnymi spomenutymi technikami stanove-
nia, pricom vysledky sa dosahujii v relativne kratkom
&ase’. Pomocou §tandardov, obsahujucich &isty referenény
typ alergénu o zndmych koncentraciach vyhotovime kalib-
ra¢nt krivku umoznujicu kvantifikaciu alergénu pritomné-
ho v testovanych vzorkach. Na detekciu potravinovych
alergénov sa vyuzivaju 2 typy metéd ELISA. Prvou je
sendvi¢ova ELISA, a druhou je kompetitivna metdda ELI-
SA. Sedvicova metdda je najCastejSie vyuzivanou imunoa-
nalyzou. VyuZiva protilatky imobilizované na tuhej faze,
ktorou byva najcastejSie takzvana mikrotitracna platnicka.
Schematické zndzornenie principu sendvicovej ELISA
metddy je znazornené na obr. 1. Pomocou takto zakotve-
nych protilatok su z analyzovanych vzoriek zachytavané
$pecifické (alergénne) bielkoviny a st detegované d’al$imi
protein-Specifickymi protilatkami znacenymi enzymom
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umoznujucim kolorimetricku detekciu. Intenzite zafarbe-
nia, namerana pomocou spektrofotometra, je priamo timer-
na vyslednej koncentracii antigénu/alergénu. Sendvi¢ové
metédy ELISA boli vyvinuté na detekciu niekol’kych roz-
licnych druhov potravinovych alergénov.

V stcasnosti existuje viacero komer¢ne dostupnych
testovacich kitov, ktoré sa takto dostupnymi stali iba
v priebehu poslednej dekady. Kompetitivna ELISA je Cas-
to preferovana prave vtedy, ak sa snazime detegovat’ biel-
koviny o relativne malych velkostiach a na detekciu biel-
kovinovych frakcii. Na rozdiel od sendvicovej ELISA
metoédy kompetitivna ELISA vyuZziva imobilizovany anti-
gén. Protilatky sa pridavaju k extraktom ziskanym zo vzo-
riek, ¢oho vysledkom je vytvorenie komplexu protilatka-
antigén. Takto inkubované extrakty sa nasledne davkuju
na pevnu fazu (napriklad mikrotitraént platnicku) kde sa
nachadza imobilizovany antigén. Ak samotna testovana
vzorka neobsahuje antigén (alergénnu bielkovinu), nastadva
vizba medzi imobilizovanym antigénom na pevnej faze
a protilatkami, pridanému k extraktu zo vzorky. Tato viz-
ba sa prejavi vysokou absorbanciou produktu kolorimetric-
kej reakcie. V pripade pritomnosti antigénov (alergénnych
bielkovin) vo vzorke tieto blokuji vidzbu protilatok na
imobilizovany antigén na pevnej faze, ¢o sa prejavi znize-

a
0 ¢ ‘ Antigén
T T T Protilatka
b
T T T Komplex: protilatka-antigén
c l l l
. . ’ Komplex: protilatika- antigén- protilatka
T T T (sendviéovy komplex)

Obr. 1. Princip sendvicovej ELISA metédy: a) alergénna
bielkovina (antigén) je pritomna vo vzorke, b) tvorba kom-
plexu protilatka-antigén (alergénna bielkovina), c¢) tvorba
komplexu protilatka-antigén (alergénna bielkovina)-
protilatka
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nim absorbancie. Z uvedeného vyplyva, Ze namerana ab-
sorbancia je nepriamo uUmernd koncentracii antigénu
(alergénnej bielkoviny) vo vzorke. Kompetitivna ELISA
metdda bola vyvinuta, rovnako ako sendvicova ELISA, na
detekciu niekol’kych rozliénych druhov potravinovych
alergénov®.
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Experimentilna ¢ast’

V praci boli pouzité dve metodiky ELISA: sendvico-
va ELISA a kompetitivna ELISA. Sendvicova ELISA bola
pouzitd na analyzu vzoriek 18 misovych vyrobkov od
troch vyrobcov zo Slovenskej republiky. Detekény limit
metddy je 2 mg kg™ gliadinu, ¢o zodpoveda po prepogitani

Tabul’ka I
Obsah gliadinu a gluténu vo vzorkach mésovych vyrobkov a koreniacej zmesi od troch vyrobcov pomocou sendvicove;j
ELISA metody
Vzorka Firma Obsah Prepocet Obsah Obsah
gliadinu s riediacim faktorom gliadinu gluténu
[ngke] 500 [ng kg '] [mg kg '] [mg kg ']
Liptovska salama Berto <10 <5000 <5 <10
Holandska saldma Berto <10 <5000 <5 <10
Bratislavské parky Berto <10 <5000 <5 <10
Chudé parky Berto <10 <5000 <5 <10
Viedenské parky Berto <10 <5000 <5 <10
Dusené Sunka Berto <10 <5000 <5 <10
Sunkov4 saldma Tauris <10 <5000 <5 <10
Parizska salama Tauris <10 <5000 <5 <10
Bravcova klobasa Tauris <10 <5000 <5 <10
Vysocina salama Tauris <10 <5000 <5 <10
Alpinka saldma Tauris <10 <5000 <5 <10
koreniaca zmes Gombasecka Tauris <10 <5000 <5 <10
Drugetova Sunka Mecom <10 <5000 <5 <10
Kinder Sunka Mecom <10 <5000 <5 <10
Gombasecka klobasa Mecom 12,14 6070 6,07 12,14
Kohtt klobasa Mecom <10 <5000 <5 <10
Malokarpatské salama Mecom <10 <5000 <5 <10
Dunajské parky Mecom <10 <5000 <5 <10
Tabul’ka IT
Obsah gliadinu a gluténu vo vzorkach piva od rdznych vyrobcov za pouzitia kompetitivnej ELISA metody
Vzorka Obsah Prepocet Obsah Obsah
Gliadinu s riediacim gliadinu gluténu*
[ng kg faktorom 500 [mg kg '] [mg kg ']
[ng kg ']
Up Beer <6 <3000 <3 <6
Pilsner Urquell- svetly leziak <6 <3000 <3 <6
Zlaty Bazant 10° - svetlé pivo <6 <3000 <3 <6
Topvar 10° - svetlé pivo 6,60 3300 3,30 6,60

*Obsah gluténu (lepku) v mg kg" vypocitany z obsahu gliadinu prostrednictvom prepocitavacieho faktora 2
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4 mg kg gluténu (lepku). Dolny kvantifikagny limit testu
je 5mgkg' gliadinu, ¢o zodpoveda 10 mgkg ' gluténu
(lepku) a vrchny limit je 80 mg kg gliadinu. Kompetitiv-
na ELISA metoda bola pouzitd na analyzu 4 druhov piva
od roznych vyrobcov. Dolny kvantifikacny limit testu je
nizsi, ¢o znamena 3 mgkg ' gliadinu, ¢omu zodpoveda
6 mg kg gluténu (lepku).

Hodnoty absorbancie Standardov a vzoriek boli ziska-
né prostrednictvom pristroja Labsystems Multiskan MS,
ktoré boli d’alej podrobené spracovaniu softvérom RIDA®
SOFT Win. Vypocet bol realizovany pomocou funkcie
cubic spline. Zo ziskanych kalibracnych kriviek sme do-
stali od¢itanim hodnoty absorbancii a tym zaroven koncen-
traciu gliadinu vo vzorkach v ug kg™ (ppb) hotového vy-
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robku. Prepocitanim hodndt riediacim faktorom 500
a naslednym vydelenim hodnét ¢islom 1000 sme dostali
skuto&ny obsah gliadinu v mg kg™ hotového vyrobku.

Vysledky a diskusia

Tab.I poddva vysledky obsahu gliadinu v r6znych
druhoch tepelne opracovanych a tepelne neopracovanych
mésovych vyrobkoch pochédzajicich od troch vyrobcov
posobiacich v Slovenskej republike. Pri tejto analyze bo-
la pouzitd sendvicovd ELISA metoda. Z 18 vzoriek obsa-
hovalo az 17 nedetegovatel'ny obsah gliadinu. Jedine vzor-
ka koreniacej zmesi Gombaseckd, pouzivand pri vyrobe
rovnomenného druhu mésového vyrobku prekrocila limit

Plate Values
1 Z 3 4 5 6 7 8 9 10 11 12
A 0.091E 0.065E 0.070E 0.046E 0.045E 0.048E 0.000 0.000 0.000 0.000 0.000 0.000
B 0331E 0293E 0.081E 0.086E 0.042E 0.059E  0.000 0.000 0.000 0.000 0.000 0.000
C O0673E 0639E 0053E 0.093E 0.185E 0.049E 0.000 0.000 0.000 0.000 0.000 0.000
D 1.124E 1.114E 0.039E 0.048E 0.023E 0.069E 0.000 0.000 0.000 0.000 0.000 0.000
E 1.885E 1.795E 0.049E 0.0893E 0.089E 2.514E 0.000 0.000 0.000 0.000 0.000 0.000
F 0.096E 0.105E 0.083E 0.103E 0.728E 0.127E  0.000 0.000 0.000 0.000 0.000 0.000
G 0.073E 0.067E 0.092E 0.114E 0.089E 2.405E 0.000 0.000 0.000 0.000 0.000 0.000
H 0.044E 0.044E 0.058E 0.084E 0.402E 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Standards
o Standard curve
? Conc.(ppb) / A(Mean)
1.8
10.00 0.312
16 (Coeff. of Var.: 8.6%)
20.00 0.656
A 14 (Coeff. of Var.: 3.7%)
2 12 40.00 1.119
% : (Coeff. of Var.: 0.6%)
é 1.01 80.00 1.840
= {Coeff. of Var.: 3.5%)
n 08
c
€ og
0.4~
0.2
0.0 |
10.00 20.00 40.00 80.00

Concentration (ppb)

Obr. 2. Namerané hodnoty absorbancii a vysledna kalibra¢na krivka
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Obsah
gliadinu v ppm

Pilsner Urquell- Zlaty BaZant 10°
svetly leziak

svetlé  Topvar 10° svetlé

Obr. 3. Obsah gliadinu a gluténu vo vzorkach piva od roznych vyrobcov za pouzitia kompetitivnej ELISA metédy

kvantifikacie shodnotou obsahu gliadinu na urovni
6,07 mg kg™'. Nevyhodou sendviovej ELISA metody je
teda pomerne vysoky limit kvantifikacie gliadinu vo vzor-
kach. Oproti inym metdédam, akou je napriklad PCR sa
tento fakt pri analyze alergénneho obsahu v potravinach
javi ako jeden zmala ,hendikepov* tohto druhu testu.
Dalsou nevyhodou je tieZ nemoznost stanovit’ viac alergé-
nov pomocou jedného testu. Pri tivahe pouzit’ prave ELI-
SA met6du u potravin obsahujlcich viac druhov alergén-
nych zloziek treba zvazit' financné hl'adisko celej analyzy.
Tab. II a obr. 3 prezentujl vysledky analyzy 4 druhov piva
na obsah gliadinu. Analyzy boli v tomto pripade uskutoc-
nené druhou formou ELISA met6dy, ktord sa nazyva kom-
petitivna. Nizs§i limit kvantifikacie je nespornou vyhodou
oproti pouzitiu klasickej sendviovej analyzy. Kompetitiv-
na ELISA umoznila vyssi zachyt gliadinu, ¢oho dokazom
je zachyt v pive Topvar na trovni 3,30 mg kg ' gliadinu.
Z analytického hladiska je kompetitivna ELISA casto
preferovand prave vtedy, ak sa snaZime detegovat’ bielko-
viny o relativne malych velkostiach a na detekciu bielko-
vinovych frakcii. Z tychto dévodov bola tato metdda pou-
zita prave u piva. Z vysledkov vyplyva, Ze 3 vyssie uvede-
né druhy piva obsahovali nedetegovatelné mnozstva glia-
dinu.

Zaver

Vysledky poukazuju na fakt, Ze napriek tomu, Ze ELISA
metddy st spolahlivymi a pomerne rychlymi detekénymi
metoédami, na  kvantifikdciu mnoZzstva alergénov
v potravinach uz v  saCasnosti  existuji  metody
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s moznostou vysSieho zachytu alergénnych bielkovin zo
vzoriek. Oproti komeréne dostupnym testom vsak nie st
natol’ko dostupné hlavne z cenového hl'adiska. Buducnost
by mala priniest’ zniZovanie spodnych hrani¢nych limitov
detekcie so zachovanou kvalitou pouzivanych protilatok,
skratenie inkubacnych casov a celkové vylepSenie extra-
kénych postupov u vzoriek potravin. Tieto postupy by mali
byt rychlejsie, jednoduchsie a efektivnejSie s poskytnutim
najvyssej vytaznosti skimaného alergénu zo vzorky. Vel-
kou vyhodou by bola existencia medzindrodne schvéle-
nych referen¢nych materialov pre vSetky druhy potravino-
vych alergénov’. Nové moznosti detekcie sa tiez otvaraji
v suvislosti s ELISA metodami pre stanovenie gliadinu.
Nova metoda je analyticky zalozena na kovalentnej imobi-
lizacii gliadinu orientovanym spdsobom na aktivovanych
magnetickych guli¢kach. Po naviazani gliadinu sa magne-
tické guliCky zachytia magnetickou grafitovo-epoxidovou
kompozitnou elektrodou (m-GEC). Takyto druh stanove-
nia je mozny u nativnych itepelne opracovanych
vzorkach'’.

Praca bola vykonana vdaka financnej podpore
z grantu VEGA ¢. 1/0234/09 Vedeckej grantovej agentury
Ministerstva Skolstva Slovenskej republiky a Slovenskej
akadémie vied.
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STUDIUM AGREGACE FOSFOLIPIDU VOLTAMETRICKYMI METODAMI

HANA SVECOVA*, EVA MARKOVA,
PETRA NOVAKOVA, JITKA SOUCKOVA,
JANA SKOPALOVA a PETR BARTAK

RCPTM, Univerzita Palackého v Olomouci, Prirodovédec-
ka fakulta, Katedra analytické chemie, 17. listopadu 12,
771 46 Olomouc, Ceska republika

hanka.svec@seznam.cz

Fosfolipidy jsou velmi dilezitou skupinou lipidd,
nebot’ jsou zakladnim stavebnim prvkem bunéénych mem-
bran. Hojné se nachazeji zejména v myelinovych obalech
nervovych bunék, semenech ¢i vejcich. Amfifilni moleku-
ly fosfolipidii, tvofené dvéma hydrofobnimi fetézci mast-
nych kyselin esterové vazanymi na hydrofilni sn-glycero-3-
-fosfatovy skelet, spontanné agreguji ve vodném prostredi'.
V zavislosti na jejich koncentraci v roztoku se tvofi mice-
ly, dvojvrstvy ¢&i sférické duté vagky (vesikuly, liposomy)?,
které nalezly Siroké uplatnéni jako modely biologickych
membran. Diky své schopnosti enkapsulovat latky do
vnitintho prostoru ¢i je inkorporovat do fosfolipidové
dvojvrstvy, nasly liposomy uplatnéni v mnoha védnich
oborech a primyslovych odvétvich, predevsim ve farmacii
a lékaistvi®, kosmetice & potravinafském pramyslu®.

Kritické koncentrace, pii nichZ dochézi ke zméndm
ve velikosti a struktufe fosfolipidovych agregatd, jsou
parametry dilezité zhlediska jejich praktické aplikace.
Kromé bézné pouzivanych metod ke stanoveni kritické
micelarni koncentrace (CMC), jako je méfeni indexu lo-
mu’, rozptylu svétla & povrchového napéti®, lze pouzit
i experimentalné¢ nenarocné elektroanalytické metody,
napk. konduktometrii’, adsorpéni® &i cyklickou voltametrii®
nebo AC polarografii (tenzametrii)'”.

Predmétem vyzkumu jsou agregacni vlastnosti fosfo-
lipidovych molekul v roztoku a na povrchu pevnych elek-
trod. Agregace 1,2-distearoyl-sn-glycero-3-fosfatidyl-
cholinu (DSPC) byla studovana v roztoku v procesu spon-
tanni revesikulace’. K tomuto u&elu byla vyuzita instru-
mentalné jednodussi a dostupnéjsi modifikace tenzametrie
zalozena na méfeni kapacitnich proudt cyklickou voltame-
trii s visici rtutovou kapkovou elektrodou. Ze zavislosti
potencialu a proudu kapacitnich pikti na koncentraci DSPC
v roztoku byla stanovena kriticka agregacni koncentrace
(CACY1), jejiz hodnota je kolem jedné desetiny mmol ™"
a ktera pravdépodobné odpovida koncentraci, pfi které se
méni tvar a velikost (morfologie) micel. Takova kriticka
agregacni koncentrace jiz byla popsana u dipalmitoylfos-
fatidylcholinu''. Stejnym zptisobem byla vyhodnocena
i druha agregacni koncentrace (CAC2), jejiz hodnota je
kolem dvou desetin mmol 1" a kterd pravdépodobné sou-
visi s pocatkem formovani liposoml. Podobné hodnoty
kritickych agregacnich koncentraci fosfolipidu byly urceny
i nefelometricky'>.
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Na povrchu tuhych elektrod byla studovana agregace
komercné dostupné smési fosfolipidi cyklickou voltame-
trii. Na povrch uhlikové elektrody byla nanesena fosfolipi-
dova vrstva, jejiz pritomnost byla prokdzana zaznamem
cyklické voltametrie modelového redoxniho systé-
mu 5 mmol I'" roztoku hexakyanozZeleznatanu draselné¢ho
v 1 mol I"" chloridu draselném. Za piitomnosti fosfolipidu
se molekuly hexakyanozeleznatanu draselného nedostavaji
az k povrchu elektrody, a proto nejsou zaznamenany zadné
odezvy. Dale byl studovan vliv fosfolipidové vrstvy na
odezvy elektrody v pfitomnosti lipofilni elektroaktivni
latky. Byly zaznamenany cyklické voltamogramy
1 mmol 1" roztoku dihexylviologenu v 50 mmol 1" fosfa-
tovém pufru, pH7. Bylo pozorovano, Ze dochazi
k proudovym a potencidlovym zméndm pikii dihexylviolo-
genu v Case a to v katodickém i anodickém sméru polari-
zace elektrody. Ziskané poznatky mohou byt vyuzity jak
k pripravé analytickych sensord, tak ke studiu mechanismu
pronikani latek pres fosfolipidovou vrstvu.

Autori dékuji za financni podporu Ministerstvu Skol-
stvi mladeze a télovychovy Ceské republiky (projekt
¢ CZ.1.05/2.1.00/03.0058, Operacni program vyzkum
a vyvoj pro inovace — Evropsky fond pro regionalni roz-

voj) a Univerzité Palackého v Olomouci (projekt
¢ PrF_2012_020).
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BIOLOGICKY MONITORING PRI EXPOZICII ROZNYM CHEMICKYM
FAKTOROM — PROJEKT DEMOCOPHES

TATIANA TAKACOVA, JANA
STURDiKoyA, KATARINA
HALZLOVA a MILAN KALIS

Urad verejného zdravotnictva SR, Trnavska 52, 826 45
Bratislava, Slovensko
tatiana.takacova@uvzsr.sk

Biologické monitorovanie je dlhodobé sledovanie
koncentracie chemickych faktorov a ich metabolitov
v organizme ¢loveka. UmoZiuje sledovat’ vztah medzi
expoziciou chemickym faktorom zo Zivotného i pracovné-
ho prostredia, dadvkou, u¢inkom a poskodenim zdravia.
Vyuziva sa pri odhade expozicie cloveka chemickym fak-
torom z prostredia a aj k odhadu ich potencidlnych zdra-
votnych rizik.

Eurépsky akény plan pre zivotné prostredie a zdravie
pre obdobie 2004—2010 sa odvolava na potrebu harmoni-
zovaného pristupu k l'udskému biomonitoriongu (HBM)
v Eurépe. Pre naplnenie tejto pozadavky Europska komisia
spolufinancuje dva projekty COPHES a DEMOCOPHES.

s354

Do projektu COPHES je zapojenych 35 inStitacii v 27
statoch Eur6py. Ciel'om je vytvorit’ funkény ramec, ktery
umozni zber porovnatelnych udajov z biomonitoringu
v Eurdpe. Projekt je teoretickou zékladiou a podporou pre
projekt DEMOCOPHES. DEMOCOPHES je medzinarod-
ny pilotny projekt, ktory ma prakticky overit’” harmonizo-
vany pristup pre hodnotenie expozicie populacie vybra-
nym chemickym faktorom v 16 zGcfastnenych krajinach.
Bude sa vySetrovat' 120 dvojic matka, dieta z mestskej
a vidieckej oblasti kazdej krajiny. V biologickom materiali
sa bude sledovat’ ortut’, kadmium, ftalaty a kotinin.

Boli vypracované Standardné pracovné postupy pre
vSetky pouzité analytické metody. Laboratdria zucastne-
nych krajin museli splnit’ prisne kritéria medzilaborator-
nych porovnani. Ziskané Udaje z biomonitoringu budu
prepojené s informaciami o stave zivotného prostredia
a zdravotnom stave obyvatel'stva. V Slovenskej republike
je koordinatorom projektu Urad verejného zdravotnictva
Slovenskej republiky v spolupraci s Regiondlnym tradom
verejného zdravotnictva v Banskej Bystrici, s podporou
Ministerstva zdravotnictva SR a Ministerstva Skolstva,
vedy, vyskumu a $portu SR.
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STANOVENIE TERPENOV PRI TERMICKOM ZATAZENI JEDECOVEHO DREVA

VERONIKA VECKOVA®™, PAVEL
SMIiRA"” a DANICA KACIKOVA?

“ Technicka univerzita vo Zvolene, T. G. Masaryka 24,
960 53 Zvolen, Slovenska republika, b Thermo Sanace,
s.r.0., Chamradova 475/23, 718 00 Ostrava-Kuncicky,
Ceskda republika

velkova@vsld.tuzvo.sk

Terpény su prirodné zliceniny, ktoré sa ako sekun-
darne metabolity vyskytuju prevazne v rastlinnej biomase.
Ich biologicka funkcia nie je v plnej miere objasnena, zo-
hrévaju ulohu pri imunite a obranyschopnosti organizmu,
reprodukcii a raste, mnoh¢é maju prirodzené insekticidne
a antimikrobidlne U¢inky, iné patria k ferom6énom
a posobia ako atraktanty pre hmyz'™.

Mnozstvo a zlozenie terpénov zavisi od druhu drevi-
ny, lokality rastu, veku, obdobia a podmienok pri tazbe.
V ihliénatom dreve bolo zistené mnoZstvo terpénov
0,1-0,6 % (cit.*®). Pri vyuziti ihli¢natého dreva ako sta-
vebného a konstrukéného materialu (tramy, podlahy, kro-
vy, stipy ap.) patri pritomnost’ terpénov k faktorom pri-
spievajucim k poskodzovaniu materialu hmyzom. Terpény
si zdreva pocas spracovania a manipuldcie snim
(odkoérnovanie, pilenie, preprava, skladovanie, suSenie)
uvolflované, meni sa ich zloZenie a mnoZstvo postupne
klesa. Tepelni nestalost’ terpénov je mozné vyuzit' pri

Tabul'ka I

ochrane dreva, ¢i uz Cerstvého pred pouzitim alebo ochrane
hotovych skodcami napadnutych konstrukénych sucasti.

V prispevku sa venujeme sledovaniu zmien mnoZstva
terpénov v jedlovom dreve z hl'adiska jeho tepelnej upra-
vy. Vzorky jedlového dreva boli termicky upravené pri
teplotach 60 a 120 °C v suSiarni pocas 10 hodin. Nasledne
boli povodné drevo aj upravené drevo dezintegrované na
piliny a extrahované hexanom, zahustené a analyzované
metddou plynovej chromatografie s hmotnostnou detek-
ciou.

Pre jedl'ové drevo je typicky vyskyt a- a B-pinénu,
limonénu, A3-karénu, kamfénu, felandrénu, myrcénu.
V nami analyzovanych vzorkach boli stanovené o-pinén,
kamfén, B-pinén, o-felandrén, cymén, limonén, fenchol,
borneol, tymol, myrtenal, verben6on. Ich mnozstvo
s teplotou vyrazne klesalo zo 186,49 mg kg™ v pévodnej
vzorke na cca 1 mg kg™ vo vzorke spracovanej pri 120 °C.
Pri strednej teplote bol pokles priblizne na 1/3 povodného
mnozstva, no vyrazné znizenie nastalo u a-pinénu, ktory
moze tvorit’ az 80 % z celkového mnozstva terpénov, naj-
méi v Cerstvom dreve.

Dané vysledky podciarkuju vyhodnost’ pouzitia tzv.
termosandcie, pri ktorej sa drevo oSetruje vzduchom zo-
hriatym na teplotu 120 °C. Ciel'om je dosiahnut’ teplotu
v celom dreve minimalne 55 °C, ktord postaCuje na degra-
daciu bielkovin drevokazného hmyzu a zaroven sa znizi
mnozstvo terpénov pritomnych v dreve, ktoré je potom
mensim ldkadlom pre hmyz.

Mnozstvo terpénov stanovené vo vzorke jedlového dreva pred a po termickom zatazeni v mg kg™

Zlucenina povodné T60 T120
a-Pinén 115,5+1,1 43,552+0,035 0,1687+0,0033
Kamfén 12,315+0,087 8,460+0,011 0,1746+0,0002
B-Pinén 20,986+0,041 0,8930+0,0076 0,0059+0,0001
a-Felandrén 1,645+0,047 0,960+0,028 0,0077+0,0013
Cymén 6,16+0,12 3,8669+0,0032 0,0672+0,0002
Limonén 6,17+0,30 0,723+0,026 0,0163+0,0033
Fenchol 2,38+0,17 0,5609+0,0071 0,0399+0,0022
Borneol 3,338+0,079 1,266+0,024 0,0459+0,0009
Tymol 4,31+0,13 3,3447+0,0089 0,0252+0,0009
Myrtenal 6,10+0,21 3,027+0,056 0,0413+0,0004
Verbenon 7,62+0,13 3,152+0,086 0,455140,0086
> 186,5+1,9 69,805+0,076 1,048+0,020
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CRYSTAL STRUCTURE AND CHARACTERIZATION OF CHIRAL INDOLIZINE

DERIVATIVES
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¢ Institute of Analytical Chemistry, Faculty of Chemical
and Food Technology, Slovak University of Technology in
Bratislava, Radlinského 9, 812 37 Bratislava, * Institute of
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of Chemical and Food Technology, Slovak University of
Technology in Bratislava, Radlinského 9, 8§12 37 Brati-
slava, Slovakia

viktor.vrabel@stuba.sk

Introduction

Organic compounds containing two fused carbon
rings (five and six membered) and nitrogen as a
heteroatom are generally known as indolizines. Indolizine
circle is part of a large number of natural compounds
found in plant and animal kingdom, with a wide spectrum
of biological activities. These are important bioactive sub-
stances, which are widely used in biology, pharmacology
and agrochemistry. Saturated hydroindolizines have been
isolated mainly from plants, microorganisms and animals
(ants, beetles, amphibians). The most important group are
polyhydroxyl-indolizines, which proved to be potent in-
hibitors of important biological processes such as inhibi-
tion of glycosidases'”. These alkaloids exhibit anticancer,
antifungal and antiviral activity in vitro and in vivo, in-
cluding the HIV virus®~.

Synthetic indolizines some interesting biological ef-
fects, eg. the central nervous and cardiovascular system®.
They also have interesting physical properties (e.g. new
synthetic dyes). Indolizines were also tested as antimyco-
bacterial agents (especially in the treatment of tuberculo-
sis)”. The above mentioned pharmacological effects of
natural alkaloids in recent years led to intensive study and
development of new synthetic methods for their prepara-
tion. Aromatic indolizine derivatives are not in nature, but
their synthetic analogues are essential for their pharmaco-
logical and physical properties. The synthesis of polycy-
clic indolizine derivatives have recently attracted much re-
search interest in the search for new opto-electric materi-
als®. Thus, there is a growing interest in the synthesis and
study of crystal and molecular structures of indolizine de-
rivatives.

As part of our recent efforts to synthesize novel poly-
cyclic indolizine derivative, we report here crystal and mo-
lecular structure of the (6S,7R,8R,8aS)-7-bromo-6-(2-
-bromoethyl)-3-oxooctahydroindolizin-8-yl  acetate  (I)
(Fig. 1).
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Fig. 1. The molecular structure of the compound (I)

Results and discussion

The absolute configuration of the indolizine deriva-
tive under study (I) is known from the synthesis (Fig. 1)
and has been established without ambiguity from the
anomalous dispersion of the Br atoms [absolute structure
parameter 0.01 (1) (Ref.’)]. The molecular geometry and
the atom-numbering scheme of the compound (I) is shown
in Fig. 2. The expected stereochemistry of atoms C5, C6,
C7 and C8 was confirmed as S, R, R and S, respectively.
The central six-membered N-heterocyclic ring is not planar
and adopts a chair conformation'®. A calculation of least-
squares planes shows that this ring is puckered in such
a manner that the four atoms C5, C6, C8 and C9 are copla-
nar to within 0.010 (2) A, while atoms N1 and C7 are dis-
placed from this plane on opposite sides, with out-of-plane
displacements of —0.595 (2) and 0.563 (2) A, respectively.
The pyrrolidin-2-one ring is distorted towards a flat-
envelope conformation, with atom C4 on the flap. Atom
C4 is 0.191 (2) A from the mean plane defined by atoms
N1, C2, C3 and C5. Dihedral angle between plane defined
by atoms C5, C6, C8 and C9 and plane defined by atoms
NI, C2, C3 and C5 is 125.5 (1)°. The N1-C5 and N1-C9
bonds are approximately equivalent and both are much
longer than the N1-C2 bond. Moreover, the N1 atom is sp’
hybridized as it is evidenced by the sum of the valence an-
gles around it [359.9 (2)°]. The bond length of the car-
bonyl group C2=01 of 1.220 (3) A is somewhat longer
than typical carbonyl bonds. This may be due to the fact
that atom O1 participates in weak intermolecular inter-
actions. In the crystal structure, neighboring molecules are
linked and stabilized through weak van der Waals forces.
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Fig. 2. The molecular structure of the compound (I) with the
atomic numbering scheme

Conclusions

Based on the structural studies of 15 indolizine

(hydroindolizine) type compounds we should claim the
following conclusions:

crystal structures of the mentioned compounds are
created by discrete molecules;

central six-membered ring N1-C5-C6-C7-C8-C9 is
not planar and adopts chair conformation with atoms
N1 and C7 displaced on opposite sides the rest of
structures exhibits envelope conformation with atoms
N1 or C5 displaced from the plane of remaining atoms
of the ring;

five-membered N1-C2-C3-C4-C5 oxopyrrolidine ring
is not planar and also exhibits envelope conformation
with atoms C4 or C5 displaced from the plane of re-
maining atoms of the ring;
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all rings except of hydrofuran ring (envelope confor-
mation) joined to indolizine skeleton are planar with
maximum displacement from the mean plane less than
0.01 A;

N1—C5 and N1—C9 bond lengths are approximately
equivalent and both are much longer than N1—C2
bond length. These data are consistent with conjuga-
tion of the lone-pair electrons on NI (is sp’ hy-
bridized) with the adjacent carbonyl group C2=01,
bond length of carbonyl group C2=01 is somewhat
longer than typical carbonyl bonds. This may be due
to the fact that atom O1 participates as acceptor in in-
termolecular hydrogen bonds;

dominance of intermolecular O-H...O hydrogen
bonds in crystal structures;

in structures with heavy atoms Flack parameter values
are close to zero, so correct absolute structure has
been confirmed.

The authors thank the Scientific Grant Agency of the

Slovak Republic (grant No. 1/0429/11) and the Slovak Re-
search and Development Agency (contract No. APVV-
0204—-10) for financial support of this research program.
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APLIKACIE TERMICKYCH METOD PRI HODNOTENI TERMICKEJ STABILITY
HASIACICH PRASKOV NA BAZE HYDROGENFOSFORECNANOV

IVETA MARKOVA* a JAN ZELENY

*Technicka univerzita vo Zvolene, T. G. Masaryka 24,
960 53 Zvolen, Slovenska republika
markova@tuzvo.sk

Hasiace praSky v scasnosti patria k stale viac zastu-
penym hasiacim prostriedkom, ktoré sa vyuzivajl na rych-
lu a prvotnt likvidaciu poziaru. Objasnenie hasiaceho
uc¢inku BC a ABCD praskov je potvrdené radou
experimentov'?. Spalovanie je retazova reakcia pri, ktorej
vznikaju kratkodobo existujuce radikaly, aktivne molekuly
a atomy, ktoré sposobujil rozvetvenie retazcov a podporu-
ju tak d’alSie horenie. Ak su do plamena vnesené Castice
prasku to znamena, ze sa vytvori praskova ,,stena“ , ktora
odobera vzniknutym radikalom, aktivnym molekulam
a atomom energiu. Tato ich vlastnd energia — aktivacna
energia — bude potom tak mala, ze nebude moct’ ovplyvnit
pri vzéjomnej reakcii radikdlov d’alsi priebeh retazovej
reakcie. Ak nastane preruSenie retazovej reakcie, plamen
zhasne. Hovori sa preto jednoducho o ,,stenovom efekte®
eventualne o negativnej katalyze v heterogénnej faze’.
Vyssie uvedené tvrdenie je vel'mi kontraverzné. Pre ucely
sledovania mechanizmu hasenia praskami, boli vykonané
termické analyzy vybranych vzoriek hasiacich praskov.

Pre tcely sledovania termickej stability a nasledného
rozpadu hasiaceho prasku bola zvolend metéda termogra-
vimetrie (TG), kde sa sleduje hmotnostny ubytok vzorky
v zavislosti od plynulého ohrevu (10°C min') a ziskana
TG krivka ako funkcia zéavislosti ubytku hmotnosti od
narastajticej teploty sa nasledne derivuje (derivac¢na termo-
gravimetria, DTG) pre ucely kvantifikdcie termickej de-
gradacie sledovanej tepelne zatazovanej vzorky. Experi-
menty sa realizovali v atmosfére vzduchu.

Pre ucely sledovania procesu ,,praSok odobera vznik-
nutym radikdlom plamefia, aktivoym molekuldm a ato-
mom plamena energiu® sa zvolila diferencialna skenovacia
kalorimetria (DSC), ktora sleduje mnozstvo uvolneného
pripadne spotrebovaného tepla pri termickom rozklade

vzorky. Experimenty sa realizuji za rovnakych podmienok
ako pri TG a DTG analyze. Pre Gcely analyzy boli vybrané
vzorky FUREX, BAVEX, ktorych chemicka béaza je di-
hydrogenfosfore¢nan amoénny, NH,H,PO,.

Zakladnou latkou skiimanych praskov su fosforec-
nany amoénne ako hydrogenfosforecnan diamonny,
(NH4),HPO,, a dihydrogenfosfore¢nan aménny. Aby sa
fosfore¢nany amonne mohli pouzit’ v poziarnej technike, je
nutné ich vyrobit’ vo forme malych krystalov (o priemere
asi 0,1 mm), musia byt’ tekuté a odolné voci vlhkosti. Ich
vlastnosti sa nesmu menit’ ani poc¢as dlhodobého skladova-
nia. Vzniknuty amoniak, uvolneny pri rozklade fosforec-
nanov amonnych, tieZ pésobi na plamenl inhibi¢ne. Na-
priek tomu, ze amoniak sa vyskytuje v malych koncentra-
ciach, posobi podobne ako halogénové uhlovodiky, ako
negativny katalyzator v homogénnej faze. Fosfore¢nany
amonne a hydrogenuhli¢itan sodny prispievaju k vytvore-
niu zuhol'natenej vrstvy.

Praskovité tuhé latky, zavedené do pasma horenia,
posobia vicsinou izolacne dovtedy, kym st tepelne stabil-
né. Ich chladiace pdsobenie je relativne malé vzhl'adom
k nizkemu mernému teplu a vysokym teplotdm topenia
a vyparovania. Ich posobenie zavisi od stupia disperzity
a rychlosti usadzovania. Napriek uvedenym skuto¢nostiam
sme zistili ista tepeln’ stabilitu cca do 170 °C u vSetkych
vzoriek hasiacich praSkov. Prasky vykazovali prislusné
endotermické reakcie, ktoré stvisia s ich termickym roz-
kladom v pripade ich aplikdcie do pasma horenia.

Prispevok vznikol vdaka financnej podpory VEGA
1/0345/12.
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AUTOMATED ELECTROCHEMICAL SYSTEM FOR DETERMINATION

OF POLLUTANTS IN WATER

KATARINA LENGHARTOVA*
a ERNEST BEINROHR

Univerzita sv. Cyrila a Metoda, Fakulta prirodnych vied,
Namestie J. Herdu 2, 917 01 Trnava, Slovakia
katarinalenghart@gmail.com

In recent years, there has been an increasing interest
in using of electroanalytical methods in flow systems'. The
reason is in the demand for continuous and fast analysis
which can be performed the best by means of flow sys-
tems. The aim of this work was to review such techniques
with emphasis on possible utilisation of electroanalytical
methods with flow-through systems and outline some ap-
plications in process analytical chemistry.

Flow-through systems with electrochemical detection
allow to analyse large number of samples in short time, to
obtain reliable results and to work with small volumes of
reagents. Other advantages are low capital and

operating costs and possibility of miniaturization. Charac-
teristics of flow-through techniques predispose these as a
suitable option wherever it is necessary to determine the
analytes in a single sample or monitor the changes in con-
centration of the analytes during the ongoing process espe-
cially in process analytical chemistry.

Presently is process analysis® in high technical and
professional level not just because of advanced computer
technology or robotics, but also because of employing
flow systems. The development of industrial automation is
a logical response to the requirement of quality demands
and performance requirements of technologies to increase
productivity.
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