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V souvislosti se zvySujicimi se naroky na rychlost analyz v analytickych laboratofich dochazi k neustalému zlepSovani instrumental-
nich technik. Clanek se zabyva pokroky v nejrozsifenéjsi separaéni technice, a to v kapalinové chromatografii. Jeji zcela nova modifika-
ce, ultra ucinna kapalinova chromatografie (UHPLC), vyuziva principu separace na poréznich €asticich mensich nez 2 pm. Vyhody
UHPLC oproti klasické HPLC jsou az devitinasobné zkraceni doby analyzy, dvojnasobné zlepseni rozliSeni a trojnasobné zlepseni citli-
vosti. To vede nejen k ohromné Uspore Casu, ale také nakladi na energii a organicka rozpoustédla a jejich ekologickou likvidaci. Alterna-
tivou k UHPLC technice je pouziti kolon s povrchové poréznimi ¢asticemi nebo kolon monolitnich. UHPLC jiz nasla své uplatnéni také
v pivovarské analytice.

Olsovska, J. — Jurkova, M.: New trends in liquid chromatography and their utilization in analysis of beer and brewery raw
materials. Part 1. Theoretical introduction. Kvasny Prum. 58, 2012, No. 2, p. 30-35.

In connection with increasing requirements on high throughput analyses in the laboratories the instrumental techniques undergo con-
tinuous improvement. This article is focused on the progress in the most widespread separation technique, the liquid chromatography. Its
novel modification, Ultra High Performance Liquid Chromatography (UHPLC), uses the principle of separation on porous “sub-2 pm“par-
ticles. The advantages of UHPLC over the traditional HPLC are a nine-fold reduction of analysis time, double improvement of resolution,
and triple improvement of sensitivity. It results not only in time saving but also in the cost of energy and organic solvents and their eco-
logical disposal. An alternative to UHPLC is the use of columns with core-shell particles and/or monolithic columns. The UHPLC has al-
ready been successfully applied in the analysis of beer and brewery materials.

OlSovska, J. — Jurkova, M.: Neue Trends in der Fliissigkeit — Chromatographie und ihre Anwendung in der Braurohstoffen- und
in der Analyse des Bieres. Teil I. Die theoretische Einfiihrung. Kvasny Prum. 58, 2012, Nr. 2, S. 30-35.

Im Zusammenhang mit den steigenden Anforderungen an Analysengeschwindigkeit im analytischen Labor wird stéandig die instrumen-
tale Technik verbessert. Der Artikel befaB3t sich mit dem Fortschritt in der am meisten angewandten Technik und zwar in der Flissigkeit
— Chromatographie. Ihre letzte Modifikation, ultra wirkende Fliissigkeit — Chromatographie (UHPLC = Ultra high performance liquid chro-
matography), die das Prinzip einer Separation auf den kleineren als 2 um porésen Partikeln ausnitzt. Die UHPLC Vorteile gegen die
klassische HPLC sind folgende: eine neunmalige Verkiirzung der Analysenzeit, zweimalige Verbesserung der Auflésung und dreimalige
Verbesserung der Empfindlichkeit. Das fUhrt zur enormen Zeit-, Energieersparnis, und Ersparnis an organische Lésungen, die Kosten
auf umweltfreundliche Lésungsliquidation werden damit auch minimalisiert. Zur UHPCL Technik gibt”s als eine Alternative die Anwen-
dung von Kolonnen mit oberflachigen pordésen Partikeln oder von monolytischen Kolonnen. UHPCL hat ihre Anwendung auch in der
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Brauanalytik gefunden.

Klicova slova: UHPLC, ultra uéinnd kapalinovd chromatografie,
HPLC, vysokolcinna kapalinova chromatografie, UHPLC kolony, klo-
ny s povrchove porézni vrstvou, monolitni kolony, pivovarska analytika

1 UVOD

Vysokoucinna kapalinova chromatografie (HPLC) patfi mezi nejvi-
ce rozSifené separacni techniky bézné vyuzivané v oblastech, jako
jsou farmakologie, toxikologie, klinicka analyza, dale v rliznych véd-
nich oborech (Stroh et al. 2008, Pratet et al. 2004, Klein et Rivera
2004), a v neposledni fadé pfi analyze potravin, konkrétné piva
a jeho surovin (napf. Culik et al. 2009).

V souvislosti se zvySujicimi se naroky na vysokou prlichodnost
vzorku laboratofi (jinymi slovy po¢tem analyz za ¢asovou jednotku)
dochazi k neustalému vyvoji analytickych technik. Také v oblasti
HPLC doslo za posledni desetileti k vyvoji smérem k ,rychlej§im*“
analyzam. Existuji v podstaté dva zakladni pfistupy k ,rychlé chro-
matografii“. Prvni vede k vyvoji zcela nové generace chromatografic-
kych kolon a s tim i spojené instrumentace, operujici pfi maximalnich
tlacich 100 MPa (15 000 PSI) (Swartz 2005). Pro tuto metodu byl
zaveden a pfijat ndzev Ultra G€inna kapalinova chromatografie
(UHPLC). Druhy pfistup zachovava klasickou HPLC instrumentaci,
ktera pracuje pfi tlacich 40 MPa (6000 PSI), ¢emuz ovSem vyhovuji
jenom noveéjsi typy pfistrojl. Zrychleni analyzy je v tomto pfipadé
zajisténo pouzitim specialnich kolon, zejména kolon monolitnich
a kolon s povrchové poréznimi ¢asticemi.

Keywords: UHPLC, Ultra High Performance Liquid chromatography,
HPLC, High Performance Liquid Chromatography, UHPLC columns, co-
lumns with core-shell particles, monolithic columns, brewing analytics

1 INTRODUCTION

High performance liquid chromatography represents nowadays
the most widespread separation technique applied commonly in
pharmacy, toxicology, clinical analysis as well as in various research
fields (Stroh et al. 2008, Pratet et al. 2004, Klein et Rivera 2004) and,
last but not least, in food chemistry, namely for the analysis of beer
and its raw materials (e.g. Culik et al. 2009).

Increasing requirements on high throughput of samples motivate
a continuous improvement of analytical techniques. During the last
decade the HPLC technique has also become “faster”. There are
two basic approaches to “fast chromatography”. The first one leads
to the development of a completely new generation of chromato-
graphic columns and instrumentation operating at 100 MPa (15 000
PSI) (Swartz 2005). This method was established and termed as
Ultra High Performance Liquid Chromatography (UHPLC). The
second approach maintains the classical HPLC instrumentation that
works at a maximal pressure of 40 MPa (6000 PSI). However, only
new types of HPLC instruments comply with this pressure limitation.
Analysis acceleration is achieved by the use of special columns,
namely monolithic columns and columns with core-shell parti-
cles.
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2 UHPLC - ULTRA UCINNA KAPALINOVA
CHROMATOGRAFIE

Slozity proces chromatografické separace je dan souborem inter-
akci analytu mezi mobilni fazi (rozpoustédlem) a stacionarni fazi
(zjednodusené naplni kolony). Pfi prichodu analytu chromatografic-
kou kolonou je analyt unaSen mobilni fazi, ke které ma specifickou
afinitu (je v ni rozpustny) a dale interaguje s fazi stacionarni (pfenos
hmoty). Kontakt analytu se stacionarni fazi je zprostrfedkovan ,difu-
zi“. Tu rozliSujeme u chromatografického procesu trojiho druhu, difu-
zi podélnou (pohyb ¢astic analytu v mobilni fazi), vifivou (pohyb ¢as-
tic analytu k povrchu &astic stacionarni faze a zpét) a difuzi uvnitf
péru ¢astic v riznych smérech (transport hmoty analytu do stacio-
narni faze a zpét). Matematické vyjadreni souctu jednotlivych pfi-
spévka difuze nazyvame jako van Deemterova rovnice

H = a(dp) + b/u + c(dp)?u,

kterd udava vztah mezi vySkou teoretického patra H kolony (v pfevra-
cené hodnoté ucinnosti kolony) a mezi linearni pratokovou rychlosti
u mobilni faze. Pfispévek a (podélna difuze) je ovlivnén pouze veli-
kosti ¢astic, pfispévek b (vifiva difuze) je nepfimo umérna linearni
pratokové rychlosti u a pfispévek ¢ (difuze uvnitf pér ¢astic) je pfi-
mo umeérny linearni pratokové rychlosti a druhé mocniné velikosti
castic stacionarni faze.

Od 70. let, kdy se v naplfiovych kolonach pouzivaly ¢astice o pru-
méru 10 uym, doslo k ohromnému pokroku pfi vyvoji technologii pro
pfipravu stale mensich ¢astic, a tudiz ke zlepSovani parametr(i sepa-
race. Na obr. 1 jsou znazornény van Deemterovy kfivky pro Ctyfi
rlizné velikosti bézné pouzivanych ¢astic 10, 5a 3 pm a nové 1,7 pm.
Z ného vyplyva, Ze se snizujicim se primérem ¢astic roste Uc¢innost
separace (neboli zmenSuje se vyska teoretického patra H). To je
dano skuteénosti, ze pfi redukci ¢astic zlepSime prevod hmoty, tim
potlac¢ime rozmyvani, neboli zvySime Gc¢innost. Pfitom Ize pfi pouziti
takto malych ¢astic uéinnosti doséahnout pfi mnohem vyssich prato-
kovych rychlostech, coz ma za nasledek rychlejsi separaci. Této sku-
te€nosti bylo vyuzito pfi vyvoji zcela novych €astic, v angl. literatufe
oznacovanych jako,sub-2 pm“ (Mellors et Jorgenson 2004), a to dalo
impuls ke vzniku nové generace kapalinové chromatografie — Ultra
ucinné kapalinové chromatografie (UHPLC). Diky této technologii Ize
zkratit analyzy az devétkrat, citlivost zlep$it tfikrat a dvakrat Ize zlep-
Sit rozliSeni. Takové zrychleni se projevi nejen v Uspofe energie
a ¢lovékohodiny, ale také v téméF desetindsobné uspofe organickych
rozpoustédel, a tedy i v ndkladech na jejich bezpe€nou likvidaci. Tuto
bilanci spole¢né s porovnanim obecného HPLC a UHPLC chromato-
gramu znazornuje obr. 2. Je nutno zdlraznit, Ze kolony naplnéné sor-
bentem s tak malym priimérem ¢astic generuji mnohonasobné vyssi
zpétny tlak, nez bézné chromatografické kolony, proto musel byt tém-
to tlakim uzpusoben zcela nové cely UHPLC instrument, ktery je
schopen pfi tak vysokych tlacich (100 MPa, 15000 PSI) pracovat.

Obr. 1 Van Deemterova kfivka pro ¢astice o priméru 10, 5,3 a 1,7 ym
/ Fig. 1 Van Deemter curves for 10, 5, 3, and 1.7 um particle size

2 UHPLC -ULTRA HIGH PERFORMANCE
LIQUID CHROMATOGRAPHY

The complex process of chromatographic separation is deter-
mined by a set of analyte interactions between mobile (solvent) and
stationary phase (in simplified terms column packing). During ana-
lyte passage through the chromatographic column the analyte is
carried by the mobile phase. The analyte has specific affinity to the
mobile phase (it is soluble in it) and simultaneously interacts with
the stationary phase (mass transfer). The contact of analyte with the
stationary phase is mediated by “diffusion”. There exist three types
of diffusion during the chromatographic process - longitudinal diffu-
sion (a movement of the analyte in the mobile phase), turbulent dif-
fusion (a movement of the analyte to the surface of the stationary
phase particles and back), and diffusion inside the pores of station-
ary phase particles in various directions (mass transfer of analyte to
the stationary phase and back). The mathematic formulation of the
contribution of individual diffusion modes is called van Deemter
equation

H = a(dp) + b/u + c(dp)2u.

The equation determines the relationship between the height of
theoretical plate H (inverse value of column efficiency) and linear
velocity u of the mobile phase. The contribution a (longitudinal diffu-
sion) is influenced only by particle size, contribution b (turbulent dif-
fusion) is inversely proportional to the linear velocity u, and contribu-
tion ¢ (mass transfer) is directly proportional to a square of particle
size of the stationary phase.

Since the seventies, when the particles with 10 ym diameter were
used, a huge progress has been achieved in the development of
technologies for generation of smaller particles, which led to perma-
nent improvement of separation parameters. Fig. 1 shows four van
Deemter curves for different size particles that are commonly used
(10, 5 a 3 pm and newly 1.7 pm). It follows from the figure that de-
crease of particle size leads to increase of separation efficiency (in
other words to a decrease in plate height). This reflects the fact that
the use of the smaller particle size ensures better mass transfer and
simultaneously minimizes band broadening. It has impact on in-
creased efficiency and, in addition, makes it possible to work with
higher mobile phase flow and achieve thus a faster separation. This
consideration led to the development of “sub-2 um particles” (Mellors

Obr. 2 Porovnani HPLC a UHPLC chromatogramu (v tabulce je
uveden vycet vylepSenych parametrd UHPLC oproti HPLC) / Fig. 2
Comparison of UHPLC and HPLC chromatograms (The table lists
the UHPLC characteristics superior to HPLC)
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Obr. 3 Srovnani velikosti hybridni 1,7 pm &astice (C) s velikosti bézné 5 pym
¢astice (A) a primérem lidského vlasu 60 um (B) / Fig. 3 Size comparison of
1.7 um hybrid particle (C), common 5 um particle (A) and diameter of a human

et Jorgenson 2004) providing an impetus for evolving
Ultra-High Performance Liquid Chromatography (UH-
PLC). Using this technology, the analysis time can be
reduced 9 times, sensitivity can be improved 3 times,

hair 60 ym (B)

= me .

and resolution 2 times. Such reduction of the time of
analysis results not only in saving of energy and man-
hours but also in 10-fold reduced demand for organic
solvents and in reduced costs of safe waste disposal.
Evaluation of analytic parameters and comparison of
general HPLC and UHPLC chromatograms is demon-
strated in Fig. 2. It should be noted that columns
packed with sorbent with such small particle size gen-
erate much higher back pressure than common chro-
matographic columns. Hence, a new UHPLC instru-
ment had to be developed to be able to work under
ultra-high pressures such as 100 Mpa (15 000 PSI).
Fig. 3 demonstrates the size of new 1.7 pm particle in

Obr. 3 pro ilustraci znazorfiuje, jak malé jsou nové 1,7 pm castice
v porovnani s béznou ¢astici 5 ym a s prlimérem lidského vlasu
(60 pm).

Prvni informace zahrnujici princip UHPLC (Schwartz 2005), jeho
spojeni s UV a MS detektorem (Plumb et al. 2004), popis nového
typu ,sub-2 pm*“ ¢éastic a s tim souvisejici chemickou podstatou
a technologii vyroby novych UPLC™ kolon, byly uvefejnény v roce
2004 (Mellors 2004). Tyto kolony, Acquity UPLC BEH C18 (Waters)
s primérem ¢&astic 1,7 pm, jsou zaloZzeny na BEH technologii
(z angl. bridged ethylene hybrid) (Swartz et Murphy 2005). Mezi
silanolové skupiny jsou vlozeny hybridni ethylenové mistky (viz
obr. 4), které funguji jednak jako endkapingové skupiny a navic
zpevnuji celkovou strukturu takto pfipravené silikagelové faze. To
udava kolonam jak vysokou mechanickou odolnost (max. tlak
15 000 PSI), tak i vysokou odolnost chemickou, a proto mizeme
na takovychto kolonach méfit v Sirokém rozsahu pH. V alkalické ob-
lasti je to az do pH cca 12, v kyselé oblasti maji tyto kolony stabilitu
v zavislosti na pouzitém ligandu, a to v oblasti pH 1-2. Navic jsou
odolné vici jevu zvanému ,krvaceni kolony“ (angl. bleeding), nebo-
li vymyvani ligandu z nosné faze. V soucasné dobé je jiz na trhu
cela skala UHPLC kolon se v&emi obvyklymi ligandy, napf. BEH
C18 a C8 (nerozvétveny alkylovy fetézec pro klasickou reverzni
chromatografii), BEH Shield RP18 (alkylovy Fetézec s vlozenou po-
larni, karbamatovou skupinou, kombinuje hydrofobni a hydrofilni
vlastnosti kolony, vhodna pro polyfenolické latky), BEH Phenyl (fe-
nylovy ligand ukotveny na C6 alkylu, vhodné pro latky s benzeno-
vym jadrem), BEH Amidova kolona (amidova skupina, dobfe zadr-
Zuje latky, které jsou pro reverzni chromatografii jiz moc polarni),
BEH HILIC (BEH &astice bez ligandu, vhodné pro velmi polarni lat-
ky), pro eluci vyuziva vodnych fazi s malymi obsahy organického
modifikatoru) a mnoho dal$ich. Délka téchto kolon je 2, 3, 5, 10
a 15cm, nejcastéji se pouzivaji kolony o délce 5 cm. Primér kolony
pro spojeni s UV detektorem je nejcastéji 2,1 mm, pro spojeni s MS
detektorem 1 mm. Tak jako je tomu u klasické chromatografie, je
kolona chranéna predkolonkou a navic specialnim filtrem, ktery ko-
lonu chrani pfed pfipadnymi necistotami z mobilni faze. Maly pra-
mér ¢astic v koloné klade vysoké naroky jak na pfipravu mobilni
faze, kterou je nutno predem filtrovat pfes membranovy filtr 0,2 pm,
tak na pfipravu vzorku, ktery je nutno pfed davkovanim na kolonu
filtrovat nebo centrifugovat.

O skutecnosti, ze byl novy princip UHPLC vSeobec-
né pfijat mezi analytickou vefejnosti, svéd¢i nejen

comparison with both a common 5 pm particle and the
diameter of human hair (60 pm).

The information about the first commercially available Ultra High
Performance Liquid Chromatography (UHPLC) (Schwartz 2005)
system including subsequently the principle of novel ultra-fast chro-
matography, description of new sub-2 pm particles and related new
column chemistry and technology (Mellors 2004), full-scale hard-
ware, new designed UV detector, and connection with MS detec-
tors (Plumb et al. 2004) was published in 2004. These columns,
Acquity UPLC BEH C18 (Waters), packed with 1.7 pym particles are
based on BEH (bridged ethylene hybrid) technology (Swartz et
Murphy 2005). Between silanol groups are inserted hybrid ethylene
bridges (see Fig. 4), which function as end-capping groups. Fur-
thermore, the bridges fix the overall structure of this silica gel-
based phase. This endows the columns with excellent mechanical
robustness (max. pressure limit 15000 PSI) and chemical stability
in a wide pH range. These columns can therefore be used in alkali
pH range up to pH 12; acidic range up to pH 1-2, but this value
depends on the column ligand used. In addition, these columns are
resistant to “column bleeding”. A wide range of columns with vari-
ous ligands is currently available on the market. They include BEH
C18 and C8 (linear alkyl chain for classical reverse chromatogra-
phy), BEH Shield RP18 (alkyl chain with inserted polar carbamate
group, which combines hydrophobic and hydrophilic properties of
the column and is convenient for polyphenolic compounds), BEH
Phenyl (phenyl ligand on C6 alkyl chain convenient for the com-
pounds with benzene nucleus), BEH Amide column (amidic group
that retains well compounds too polar for reverse chromatography),
BEH HILIC (BEH particles without a ligand, convenient for extreme-
ly polar compounds; elution uses aqueous phases with low organic
content), etc. The lengths of these columns are 2, 3, 5, 10, and
15cm, the most commonly used column has 5cm. The inner dia-
meter of the columns is mostly 2.1 mm and 1 mm when connected
with UV and MS detector, respectively. Like the classical column,
the column is protected by a pre-column and additionally by a spe-
cial filter, which protects the column from potential impurities from
the mobile phase. The small particle size poses demands on both
the mobile phase and sample preparation. Mobile phase must be
filtered through 0.2 pm membrane filter and the sample has to be
filtered or centrifuged prior to analysis.

stoupajici pocet vyrobcd UHPLC kolon s ¢asticemi

1,5—2 pm (napf. Waters — Acquity BEH kolony, Restek
— Pinnacle® DB kolony, Grace — Vision HT kolony,
Thermo Scientific — Hypersil GOLD, Agilent — Eclipse
Plus C18 a StableBond SB-C18, Perkin Elmer —
Brownlee Analytical DB C18), ale i pocet vyrobcl
UHPLC chromatograf(i. Kromé firmy Waters (chroma-
tograf Acquity), ktera danou technologii jako prvni vyvi-
nula, dodavaji dnes na trh chromatografy s podobnymi
vlastnostmi napf. firmy Agilent (1200RRLC, Infinity),
ThermoElectron (Acella High Speed), Shimadzu (Pro-
minenceUFLC), Dionex (RSLC UltiMAte 3000), Perkin
Elmer (Flexar) a dalsi. V literatufe lze nalézt dvé ozna-
¢eni pro ultrat¢innou chromatografii UPLC a UHPLC,
ktera |ze povazovat za synonyma. JelikoZ technologii
UPLC uvedla poprvé na trh firma Waters, ktera si zkrat-
ku UPLC™ ochranila jako ,trade mark®, obecné se pro
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Obr. 4. Znazornéni chemické struktury hybridni BEH &astice s hybridnimi
ethylenovymi mustky / Fig. 4 lllustration of the chemical structure of the hybrid
BEH particle with hybrid ethylene bridges
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Obr. 5 Castice s porézni vrstvou tvofena pevnym jadrem (1,7 pm)
a tenkou porézni vrstvou (0,5 pm) / Fig. 5 The core-shell particle
formed by solid core (1.7 um) and a thin porous layer (0.5 um)

1,7 pm pevné jadro
1.7 pum solid core

0,5 pm porézniwrstva
0.5 pum porous layer

tuto technologii, pfistroje a kolony dalSich vyrobcl pfijalo spole¢né
oznaceni UHPLC.

Prednosti UHPLC byly vyuzity i pfi analyzach piva a pivovarskych
surovin a fada téchto aplikaci je vysledkem védecké prace kolektivu
autort z VUPS, a.s. Nejnoveéjsi aplikaci, publikovanou v mezinarod-
nim védeckém C€asopisu v roce 2011, je stanoveni ochratoxinu
A v pivovarskych surovinach, pivu (Bélakova et al. 2011) a také
ve vinu. Pfevedenim plvodni metodiky HPLC na UHPLC se reduko-
vala doba analyzy z plavodnich 10 min na 2 min. Stejné je tomu tak
i v metodé stanoveni kyseliny ferulové v je€meni a sladu (Bélakova
et al. 2010), kde byla plvodni doba analyzy 12 min zkracena na pou-
hé 2 min. Stejny kolektiv autort vyvinul fadu dalsich UHPLC meto-
dik, které patfi do souboru metod VUPS, a.s. Jsou to kromé stanove-
ni zminéné kys. ferulové i ostatni fenolické kyseliny (kumarova
apod.), dale stanoveni vitamind E a skupiny B v pivu a pivovarskych
surovinach, stanoveni patulinu v pivu a jeho surovinach, v nealko
napojich i ving, anebo silymarinu v extraktu Ostropestice.

V dal$ich ¢&islech ¢asopisu uvedeme podrobnéjsi srovnani HPLC
a UHPLC na pfikladech stanoveni a- a g-horkych kyselin ve chmelu
a chmelovych preparatech a stanoveni cis/transizomer( iso-o-hof-
kych kyselin v pivu metodami UHPLC, které byly vyvinuty na VUPS,
a.s.

3 KOLONY S POVRCHOVE POREZNiMI
CASTICEMI

V pfipadé, Ze uzivatel nema& moznost investovat do nového
UHPLC pfistroje a nechce si pofizovat novy chromatograf, ale pou-
2it HPLC pfistroj stavajici, ma alternativni moznost, jak zrychlit
chromatograficky proces. V takovém pfipadé mdze pro separaci po-
uzit chromatografické kolony s tzv. ,povrchové poréznimi ¢astice-
mi*, v angli¢tiné oznacovanych jako ,fused-core silica“ nebo ,core-
shell particles“. Tyto kolony pracuji pfi béznych tlacich (max asi
6000 PSI), a jsou tedy s vétsinou HPLC instrumentd kompatibilni.
Céstice, jak je znazornéno na obr. 5, jsou tvofeny pevnym jadrem
o priméru asi 1,7 ym a porézni silikagelovou slupkou o hloubce asi
0,5 pm (tyto rozméry se liSi £ 0,1 pm podle vyrobce), v jejichz po-
rech dochazi k difuzi analytu a pfenosu hmoty. Jelikoz celkovy pru-
mér ¢astic je 2,7 um, negeneru;ji tyto ¢astice v koloné tak veliky od-
por jako ,sub-2 ¢&astice“. Pfitom je hloubka porézni slupky
srovnatelnd s primérem ,sub-2 ¢astic“. To se projevi ve srovnatel-
nych separacnich vlastnostech neboli ve srovnatelné ucinnosti
a rozliSeni v porovnani s UHPLC. To, Ze analyt nemusi difundovat
diky rigidnimu jadru skrz celou €astici, zkrati jeho drahu a tedy pro-
dlevu v koloné&, coz ma za nasledek zrychleni analyzy pfi zachovani
parametrli separace.

Od roku 2010 bylo vydano mnoho praci, které potvrzuji, Ze kolony
s povrchové poréznimi ¢asticemi nasly v praxi vysoké uplatnéni, a ze
jsou jejich separaéni schopnosti témér srovnatelné se ,sub-2 ¢asti-
cemi“ (Abrahim et al. 2010, Tylova et al. 2011). Tyto kolony, nap¥. Halo
(Mac-Mod Analytical), Ascentis Express (Sigma-Aldrich), Kinetex
(Phenomenex) a nebo Poroshell (Agilent), jsou jiz dostupné v Siroké
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An increasing number of UHPLC columns with particle size rang-
ing from 1.5-2 pym (e.g. Waters — Acquity BEH columns, Restek —
Pinnacle® DB columns, Grace — Vision HT columns, Thermo Scien-
tific — Hypersil GOLD, Agilent — Eclipse Plus C18 a StableBond
SB-C18, Perkin Elmer — Brownlee Analytical DB C18), and the ris-
ing number of UHPLC instrument producers give evidence that UH-
PLC was accepted by analytical public. Apart from the Waters com-
pany (Acquity), which was the pioneer of this technology, other
producers of UHPLC chromatographs with similar parameters are on
the market, e.g. Agilent (1200RRLC, Infinity), ThermoElectron (Acel-
la High Speed), Shimadzu (ProminenceUFLC), Dionex (RSLC Ulti-
MAte 3000), Perkin Elmer (Flexar). Two synonymous terms, UPLC
and UHPLC, can be found in the literature. Since UPLC™ (Ultra Per-
formance Liquid Chromatography) technology was applied as the
first in the world by the Waters Company, the term UPLC can be
taken as a trade mark. Hence, UHPLC was accepted as the common
term for this technology.

The advantages of UHPLC have been made use of also in the
analysis of brewing materials and beer. Many applications were de-
veloped by the research team from RIBM (Research Institute of
Brewing and Malting). A recent application, which was published in
an international scientific journal in 2011, is the determination of
ochratoxin A in brewing raw materials and beer (Bélakova et al.
2011) and also in wine. The transformation of the original HPLC
method to the new UHPLC method brought a reduction of the analy-
sis time from the original 10 min to 2 min. The same result was ob-
tained for the method of ferulic acid determination in barley and malt,
in which the original analysis time of 12 min was reduced to 2 min
(Bélakova et al. 2010). The same authors developed more UHPC
methods, which are used in RIBM in many applications. These in-
clude, apart from the determination of ferulic acid, also methods for
the determination of other phenolic acids (cumaric acid etc.), vitamin
E and vitamins from the B group in beer and brewery raw materials,
patulin in beer, brewery raw materials, wine and nonalcoholic bever-
ages, and/or determination of silymarine in an extract of Silybum
Marianum.

In the following issues of this journal we shall present a more de-
tailed comparison of HPLC and UHPLC method illustrated on exam-
ples of the determination of a- a f- acids in hop and hop products
and determination of iso-a-acids in beer developed in RIBM.

3 CORE-SHELL PARTICLE
COLUMNS

Even if the user cannot purchase a new UHPLC instrument and is
bound to use a current HPLC instrument, he can still speed up the
separation process. He can use columns with “fused-core silica” or
synonymous “core-shell particles” working at common pressures
(max 6000 PSI) that are compatible with the majority of HPLC in-
struments. The particles (see Fig. 5) are composed of a solid core
(about 1.7 pm) surrounded by a thin porous silica layer (about
0.5 pm); their exact dimensions vary depending on the producer.
The analyte can diffuse only into the pores of the thin porous
+ 0.1 pm layer, where mass transfer takes place. The diameter of
these 2.7 ym particles results in the generation of lower back pres-
sure than in the case of “sub-2 particles”. At the same time, the
thickness of the porous silica layer is comparable with the diameter
of “sub-2 particles”. These characteristics of the “core-shell parti-
cles” ensure separation efficiency and resolution similar to UHPLC.
Lastly, the analyte does not have to diffuse to the rigid core through
the whole particle, which results in a shortening of diffusion path,
the delay in the column, and in reduction of analysis time without
deterioration of separation parameters.

Many papers published since 2010 have confirmed both the broad
utility of core-shell columns in practice and their separation proper-
ties comparable with those of “sub-2” particles (Abrahim et al. 2010,
Tylova et al. 2011). These columns, having a wide spectrum of vari-
ous ligands, e.g. Halo (Mac-Mod Analytical), Ascentis Express (Sig-
ma-Aldrich), Kinetex (Phenomenex) and/or Poroshell (Agilent) are
currently available.

Determination of quinolones in eggs is an example of application
of core-shell columns in food analysis. The column Kinetex was used
and analysis time was reduced by half (Jiménez et al. 2011). The
same column was also used for the first time for beer analysis for
determination of iso-a-acids and some reducing forms of tetrahydro-
iso-a-acids (Koerner et al. 2011).
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Skale béznych ligandu. Pfikladem vyuZiti v potravinafské analytice je
stanoveni chinolonl ve vejcich, metoda byla diky pouZiti kolony Ki-
netex dvakrat zrychlena (Jiménez et al. 2011). V analytice piva a jeho
surovin je prvni aplikaci na koloné Kinetex (2,6 pm) rychlé stanoveni
iso-alfa-horkych kyselin a nékterych redukovanych forem tetrahydro-
iso-alfa kyselin (Koerner et al. 2011).

4 MONOLITNIi KOLONY

Dal$im a v poslednich letech rozsifenym zplsobem, jak urychlit
chromatograficky proces, je pouziti monolitnich kolon. Na rozdil
od konvencnich stacionarnich fazi, které jsou tvofeny jednotlivymi
¢asticemi sorbentu o definované velikosti, monolitické HPLC kolony
tvofi jediny kus pérovitého materialu, ktery zcela zapliuje vnitfek se-
paraéni kolony. Oproti typickym kolonam plnénym &asticemi, monoli-
ty neobsahuji mezi¢asticové prostory, kterymi se v kolonach usku-
tecnuje znacna ¢ast pratoku. Proto musi mobilni fdze protékat péry
monolitu, které jsou mnohem vétsi, nez bézné pory v kolonach piné-
nych ¢asticemi. Monolitické kolony maji dva typy poru: a) velké péry
(makropdry) zajistuji rychly konvektivni tok mobilni faize monolitem
a vyznamneé zrychluji pfenos hmoty mezi mobilni a stacionarni fazi,
b) stfedné velké pory (mesopdry) poskytuji monolitu dostate¢né ve-
liky povrch, a tim vysokou separaéni kapacitu. Tato struktura umoz-
fiuje provozovani monolitd pfi znaéné vysokych rychlostech mobil-
nich fazi bez pfiliSného zvySeni tlaku (McCalley 2002) a zarover bez
ztraty separacni Ucinnosti, a to i pro separované makromolekuly (bil-
koviny, syntetické polymery) (Svec 2009).

Monolitické kolony se pfipravuji hydrolytickou polymeraci tetrame-
thoxysilanu nebo tetraethoxysilanu ve vodném roztoku kyseliny octo-
vé v pfitomnosti polyethylenglykolu. Technologie vyroby umoziuje
pfipravu monolitl s pfesné definovanou strukturou, kdy vznikaji vy-
hradné mesopory a makropéry vhodnych a nastavitelnych rozméra.
Monolitickou stacionarni fazi na béazi silikagelu pfipravil, popsal
a aplikoval napf. profesor Tanaka se spoluautory (Minakuchi et al.
1996). Rada téchto kolon je jiz komeréné dostupnych, napf. Chrom-
olith (Merck) nebo Onyx™ (Phenomenex v licenci Merck).

Z reélnych aplikaci a porovnavacich studii monolitickych a kon-
venénich reverznich kolon vyplyva, Ze si také tyto kolony nasly své
uplatnéni pfi rychlé chromatografii a u fady uzivatel nachazeji stale
vétSi oblibu (Samanidou et al. 2004, Novakova et al. 2004). Také
v analyze potravin se tato technologie zacina uplatfiovat, autofi
(Tzanavaras et Themelis 2007) uvefejnili metodiku simultanniho sta-
noveni kofeinu, theobrominu a theofyllinu v kavé a nealkoholickych
népojich. Doba analyzy nepfesahla 1 min, retenéni ¢as posledné
eluujiciho kofeinu byl 0,7 min.

5 ZAVER

O tom, Ze se UHPLC stala v poslednim desetileti oblibenou a roz-
Sifenou separacni technikou, svédéi ohromné mnozstvi vydanych
publikaci. Z téchto praci vyplyva, ze UHPLC se vyuziva jak k separa-
ci malych organickych molekul, tak i velkych molekul jako jsou protei-
ny a peptidy. Publikované vysledky potvrzuji avizované vyhody
UHPLC jako jsou jeji rychlost, citlivost a dobré rozliSeni. Své uplatné-
ni nachazi UHPLC také v analyze potravin a zacina téz pronikat
do oblasti pivovarstvi a sladovnictvi.

Podékovani
Tato prace je soucasti Vyzkumného zaméru MSM6019369701.
Autofi dékuji spole¢nosti Waters CR za zapUjéeni pfistroje Acquity
UPLC.
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4 MONOLITHIC COLUMNS

Another approach to accelerating chromatographic process is the
use of monolithic columns, which are gaining increasing popularity.
In contrast to conventional stationary phases, which are formed by
individual sorbent particles of defined size, the monolithic columns
are formed by a single piece of porous material completely filling the
interior of the column. Thus, monolithic columns do not contain any
space between particles through which the majority of the flow pro-
ceeds in conventional columns. That’'s why the mobile phase has to
pass through the monolith pores that are much bigger than the pores
in columns with common particles. Monolithic columns have two
types of pores. Macropores facilitate fast convective flow of mobile
phase through the monolith and significantly accelerate mass trans-
fer between mobile and stationary phase. Mesopores provide suffi-
ciently large surface and also a high separation capacity. This struc-
ture allows monoliths to operate at considerably high flow of mobile
phase without excessive pressure increase (McCalley 2002) and
without losses of separation efficiency even for separated macromo-
lecules (peptides, synthetic polymers) (Svec 2009).

Monolithic columns are synthetized by hydrolytic polymeration of
tetramethoxysilane or tetraethoxysilane in aqueous solution of acetic
acid in the presence of polyethylene glycol. Manufacturing technolo-
gy enables monolith preparation with accurately defined structure
and with macropores and mesopores with convenient and adjusta-
ble sizes. The monolithic stationary phase was prepared, described
and applied by, e.g., Prof. Tanaka’s group (Minakuchi et al. 1996).
Many of these columns are already commercially available, e.g.
Chromolith (Merck) or Onyx™ (Phenomenex in the licence of Merck).

As follows from the real applications and comparative studies of
monolithic and conventional reversed phase columns, these col-
umns have also found application in the area of fast chromatography
and the number of their users continually increases (Samanidou et
al. 2004, Novakova et al. 2004). The technology starts to be used
also in food analysis. Tzanavaras et Themelis (2007) published a
method of simultaneous determination of caffeine, theobromine and
theophylline in coffee and non-alcoholic beverages. The analysis
time did not exceed 1 min and the retention time of the last eluting
caffeine was 0.7 min.

5 CONCLUSION

The huge quantity of published articles gives evidence that in the
last decade UHPLC has become a favorite and widespread separa-
tion technique. It follows from these article that UHPLC is used for
the separation of both small and large organic compounds such as
proteins and peptides. The published data confirm the presumed ad-
vantages of UHPLC such as its high speed, sensitivity and good
resolution. UHPLC technique found its use also in food analysis and
begins to spread into the area of brewing and malting.
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