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Vyznamnou ulohu pfi stanovovani senzoricky aktivnich latek v pivu zaujima plynova chromatografie. Pfed vlastnim plynové chroma-
tografickym stanovenim je vSak nutné stanovované latky vyextrahovat, zakoncentrovat a eventualné precistit. Za timto ucelem byla béhem
poslednich dvaceti let vyvinuta rada technik pro pfipravu vzorku, které mohou nahradit dosud pouzivané klasické postupy. Tyto postupy
zahrnuji off-line a on-line metody a jsou zalozeny jak na dikladné extrakci latek, tak na principech ustanoveni rovnovahy. Tato prace se
zabyva popisem nového postupu znamého pod oznacenim MEPS (microextraction by packed sorbent) a jeho mozného pouziti v pivo-
varské analytice.

Horak, T. — Culik, J. — Jurkova, M. — Cejka, P. — Kellner, V. — Dvofak, J. — Haskova, D.: MEPS and it’s using in sample preparation
in brewing analytics. Kvasny Prum. 57, No. 9, p. 326-329.

Gas chromatography plays the significant role in the determination of beer flavours. Sample preparation procedures for extraction,
concentration or clean-up are often necessary before gas chromatographic determination. A lot of sample preparation techniques have
been introduced in the past two decades and these procedures can successfully replace classical methods. These procedures include
off-line and on-line methods and they are based on exhaustive extraction as well as equilibrium techniques. This study is focused on
new sample preparation method called MEPS (Microextraction by Packed Sorbent) and its possible use in brewing analytics.

Horak, T. — Culik, J. — Jurkova, M. — Cejka, P. — Kellner, V. — Dvorak, J. — Haskova, D.: MEPS und ihre Rolle bei der Anwendung
bei Mustervorbereitung in der Braueranalytik. Kvasny Prum. 57, Nr. 9, S. 326-329.

Die Gaschromatographie stellt bei der Analyse von sensorisch Aktivstoffen im Bier eine bedeutende Rolle dar. Die zur Analyse be-
stimmten Stoffe sind vor der eigenen Gaschromatographischenfeststellung zu extrahieren, konzentrieren und bzw. zu reinigen. Binnen
letzten zwanzig Jahren wurden mehrere neue Verfahren fir diesen Zweck der Mustervorbereitung entwickelt, die das zurzeit angewandte
klassische Verfahren ersetzen kénnen. Die neuen Verfahren der Mustervorbereitung umfassen On — Linemethoden — und Of — Lineme-
thoden und wurden auf einer griindlichen Stoffextraktion und auf Prinzipen der Bereitstellung des Gleichgewichts gegriindet. Dieser
Artikel befasst sich mit einer Beschreibung des neuen Verfahrens, dass unter dem Namen MEPS (microextraction by packed sorbent)

bekannt ist und mit der Méglichkeit seiner méglichen Anwendung in der Braueranalytik.

Klicova slova: MEPS, plynova chromatografie, pfiprava vzorkd, pivo,
pivovarska analytika

1 UVOD

Ptiprava vzorku pfedstavuje dllezity krok v celém procesu analyzy
vzorku. Jejim cilem je G€innym zpusobem vyextrahovat stanovované
latky z matrice, odstranit interference, popfipadé zlepSeni chromato-
grafickych vlastnosti sledovanych analytu. Z celého analytického pro-
cesu je pfiprava vzorku vétSinou krokem, ktery je ¢asové nejnaroc-
néjsi, nejpracnéjsi a také je nejnachyIngjsi ke vzniku chyb.

Soucasné snahy védeckych tym(l jsou zaméfeny zejména na mi-
niaturizaci a zkraceni doby nutné pro pfipravu vzorku, aby se cely
analyticky proces urychlil. Hlavnimi cili pfi vyvoji téchto postupt bylo,
a stale zlstava, zvysit kapacitu laboratofe pro dané stanoveni, cel-
koveé zlepsit kvalitu pfipravy vzorkl, dosahnout lep$ich detekénich li-
mitd, snizit mnozstvi vzorku nutného k provedeni analyzy, minimali-
zovat pouziti organickych rozpoustédel a sorbentll a v kone¢ném
vysledku tak snizit i mnozstvi odpadu [1, 2].

Jednim z téchto vyznamnych postupl je i metoda extrakce na
pevné fazi (SPE). Tato technika byla pfedstavena pfed vice nez dva-
ceti lety a s Uspéchem nalezla uplatnéni pfi stanoveni Siroké Skaly
latek v mnoha matricich, véetné piva (vy$Si aromatické alkoholy, iso-
a-horké kyseliny, mastné kyseliny, furfural, hydroxymethylfurfural, vi-
cinalni diketony, polyfenoly, ATNC, chlorfenoly, uméla sladidla) [3-14].

Pfed analyzou je nutné SPE kolonku nejprve kondicionovat. Poté
se kolonkou prosaje vzorek, obvykle okolo 10-50 ml, rychlosti néko-
lika ml/min. Pak se kolonka proplachne nékolika mililitry vody a vysusi
se jemnym proudem dusiku za laboratorni teploty. Nakonec jsou za-
chycené analyty desorbovany malym mnozstvim (okolo 100-500 pl)
organického rozpoustédla a analyzovany na plynovém chromatografu
nebo jsou po prevedeni do vhodného rozpoustédla, vétSinou mobilni
faze, nastfiknuty na kolonu kapalinového chromatografu [1].

S napadem zminiaturizovat tento postup pfiSel Mohamed Abdel-
Rehim z farmaceutické spole¢nosti AstraZeneca [15]. Mikroextrakce

Keywords: MEPS, gas chromatography, sample preparation, beer,
brewing analytics

1 INTRODUCTION

Sample preparation is an important step in the process of sample
analyses. During sample preparation procedure it is necessary effec-
tive isolation of the analytes of interest from a complex matrix, remov-
ing interferences and eventually improvement of the chromatographic
behavior of the analytes. In the whole analytical procedure the sample
preparation is mostly the most time-consuming, work-intensive and
error-prone step.

Contemporary many scientific groups are focused on miniaturiza-
tion and shortening time necessary for sample preparation and so
the whole analytical procedure could be accelerated. The main aims
were, and still are, to increase sample throughput in laboratory, im-
prove the overall quality of the sample preparation procedures, im-
proving detection limits, decreasing the required sample sizes and
minimizing the use of organic solvents and sorbents and in final result
also reducing the amount of waste. [1,2]

Solid phase extraction (SPE) is one of these important methods.
This technique was introduced more than twenty years ago and it has
been successfully applied in the determination of wide range of com-
pounds in many different matrices including beer (higher aromatic al-
cohols, iso-a-bitter acids, fatty acids, furfural, hydroxymethylfurfural,
vicinal diketones, polyphenols, ATNC, chlorinated phenols, artificial
sweeteners). [3-14]

Before analysis a conditioning of SPE column is necessary. After
that a sample volume often about 10-50 ml is loaded at speed of se-
veral ml/min. Then the cartridge is cleaned with a few milliliters of wa-
ter, and dried by gentle stream of nitrogen at an ambient temperature.
Finally, the enriched analytes are desorbed with as little as 100-500
ul of an organic solvent and gas chromatographic separation is fol-
lowed or after conversion to a suitable solvent usually mobile phase
injected into the column of liquid chromatograph [1].
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na pevném sorbentu — MEPS (microextraction by packed sorbent) je
novym typem SPE postupu. Miniaturizuje objem extrahovaného
vzorku na mnozstvi 10 — 250 pl. Komeréneé dostupny MEPS je nabizen
se stejnymi sorbenty jako konvenéni SPE kolonky, takZze se vétSina
SPE metod d& prevést na tento postup. Vétsina dosud publikovanych
aplikaci MEPS se tyka predevsim analyzy 1éciv a jejich metabolitt
v mo¢i, krvi a plasmé [16].

PfedloZzena prace se zabyva popisem tohoto postupu znamého
pod ozna¢enim MEPS a jeho moznym vyuzitim v pivovarské analy-
tice.

2 MEPS

2.1 Usporadani

Zakladem je plynotésna sklenéna strikacka o objemu 100-250 pl.
Sorbent mlze byt umistén ve stfikatce a pomoci dvou polypropyle-
novych filtrd o velikosti ¢astic 20 pm je udrzovan u Usti stfikacky. Jinou
moznosti je umisténi sorbentu do malého loze, které se umisti mezi
télo stfikacky a jehlu stfikacky. MEPS se na trh dodava od firmy SGE
Analytical Science, Melbourne, Austrlie [17].

2.2 Druhy sorbentt

Volba vhodného sorbentu je velice dulezita, ma-li byt dosazeno
uspokojivého precisténi extraktu a vytéznosti stanovovanych analyta.
Z tohoto dlvodu je nutné zvazit vlastnosti analytd — jsou polarni, ne-
polarni nebo ionizované? Podle toho je také nutné optimalizovat pod-
minky.

Dosud se v postupu MEPS pouzivali tyto sorbenty: silika (C,, Cg,
Cig), kationtovy iontoméni€ s aktivnimi skupinami benzensulfonové
kyseliny, polymer (polystyrenové Castice), MIP sorbenty (navazané
skupiny zajistujicimi reakce pfimo na sorbentu), organické monoli-
tické sorbenty [19].

Aby se zabranilo vysokému zpétnému tlaku, pouzivaji se relativné
velké ¢astice podobné jako v konvenéni SPE, kde se velikost ¢astic
sorbentu pohybuje mezi 40—-60 pm [18]. MnozZstvi pouzitého sorbentu
se pohybuje v rozsahu 1-2 mg.

2.3 Kondicionace sorbentu

Obycejné se sorbent zvihéi promytim 50 pl methanolu a nasledné
50 pl vody nebo 0,1% kyseliny mravencéi. Tento krok aktivuje sorbent
a zajisti reprodukovatelné zachyceni sledovanych analytd. Z praktic-
kych dlivodu se pro kondicionaci sorbentu pouziva stejny roztok jako
pro promyvani sorbentu [19].

2.4 Aplikace vzorku

Extrakce probiha pomalym (20 pl/s) natazenim 25 az 250 pl vzorku
do stfikacky. Tim je dosazeno dobré perkolace vzorku skrz loze sor-
bentu. Vzorek muze byt natahovan a vystfikovan ze stfikacky i néko-
likrat, pokud je to nutné. Opakovanym pumpovanim vzorku do stfi-
kacky a ze stfikacky dochazi k zakoncentrovani analyt(i na sorbentu
[19].

2.5 Promyti sorbentu

_ Pro promyvani se nejCastéji pouZiva voda o objemu 50 aZ 250 pl.
Casto se pouziva voda obsahujici 0,1% kyselinu mravenéi. Promy-
vani se doporucuje provadét rychlosti 50 pl/s. Pokud je zapotfebi, Ize
tento krok opakovat, ale muze to mit negativni dopad na vytéznost.
Z toho dlvodu je nutné podminky MEPS zoptimalizovat [19].

2.6 Eluce analytt

Vzhledem k tomu, Ze se pouziva jen velmi malé mnozstvi sorbentu,
desorpce analytll se provadi rovnéz relativné malym mnozstvim eluc-
niho rozpoustédla, napf. 50 pl methanol-voda 95:5. Béhem tohoto
kroku je vyhodné stfika¢ku zahfivat na teplotu 40 °C, coz podpofi uéi-
nek methanolu [19].

2.7 Rekondicionace sorbentu

Sorbent se rekondicionuje zpravidla vypranim pomoci 250 pl elu¢-
niho rozpoustédla a poté 250 pl rozpoustédla pouzitého k promyti
sorbentu. V nékterych pfipadech je mozné cyklus tohoto promyvani
opakovat az pétkrat.

2.8 ,Carry-over* efekt

Carry-over je problém, jehoz nebezpeci se objevuje zejména u au-
tomatizovanych systému. Je limitujicim faktorem v pfipadé stopové
analyzy, negativné ovliviiuje presnost a opakovatelnost pfi validaci
metody. Technika MEPS v8ak pouziva velmi malého mnozstvi sor-

Mohamed Abdel-Rehim from pharmaceutical society AstraZeneca
had a briliant idea to miniaturize this sample preparation procedure
[15]. Microextraction by packed sorbent — MEPS is a new type of
SPE technique. This method miniaturized to work with sample vol-
umes as small as 10 pl and up to 250 pl. The commercially available
presentation of MEPS uses the same sorbents as conventional SPE
columns and so majority of SPE methods could be transferred to
MEPS procedures. The most published MEPS applications are fo-
cused on drugs and metabolites in urine, plasma and whole blood
samples [16].

This paper is focused on description of this new sample preparation
technique known as MEPS and its possible use in brewing analytics.

2 MEPS

2.1 Format

MEPS is based on using of a gas-tight glass syringe with volume
of 100 — 250 pl. The sorbent may be packed in the syringe barrel and
kept in position by two polypropylene filters with 20 ym pore size.
Another possibility is that sorbent may be accommodated in a small
container situated between the syringe barrel and the syringe needle.
MEPS is available on the market from SGE Analytical Science, Mel-
bourne, Australia [17].

2.2 Type of sorbent

Selection of the sorbent is important to achieve acceptable clean-
up and recovery of determined analytes. From these reasons, the
analyte properties have to be considered — are they polar, non-polar
or ionized? Conditions will be optimized accordingly.

The sorbents used in MEPS so far are: silica (C,, Cg, C4g), ben-
zenesulfonic acid cation exchanger, polymer (polystyrene particles),
MIP material (molecularly imprinted phases) and organic monolithic
sorbent. [19]

To prevent high back pressures, relatively large particles were used
as in conventional SPE where the sorbent typically consists of 40 to
60 pm particles [18]. The amount of sorbent was, in general, 1-2 mg.

2.3 Conditioning of the sorbent

The sorbent is usually wetted with 50 pl methanol followed by 50
pl water or 0.1% formic acid. During this step the sorbent is activated
and it is ensured reproducible retention of the analytes. For practical
reasons, the conditioning solution is the same as used for the washing
step [19].

2.4 Application of the sample

MEPS extraction is providing by sample loading with 25 to 250 pl
slowly (20 pl/s) drawn into the syringe. This is to obtain good perco-
lation of the sample through the adsorbent bed. The sample may be
pumped up and down several times, if necessary. The multiple
pulling/pushing of the sample by the syringe involves concentration
of the analytes [19].

2.5 Washing the sorbent

Water is a typical washing solution and washing volume will be be-
tween 50 and 250 pl. Water containing 0.1% formic acid is often used.
Washing is recommended to do at a speed of 50 pl/s. The washing
step can be repeated if necessary but this may have a negative effect
on the recovery. So optimization of MEPS procedure is required [19].

2.6 Eluting the analytes

Because a small amount of sorbent is used, desorption can be
achieved with a relatively small amount of elution solvent, e.g. 50 pl
methanol-water 95:5. During this step, the syringe may be heated to
40 °C to increase the sensitivity of methanol [19].

2.7 Reconditioning of the sorbent

The sorbent is normally rinsed with 250 pl elution solvent followed
by 250 pl washing solvent. In some cases, this rinsing can be repeated
up to five times.

2.8 Carry-over

Carry-over is one of the common problems with automated sys-
tems. It is limiting step for trace analysis, having negative impact on
poor accuracy and precision during method validation. The small
quantity of sorbent in the MEPS technique can easily and effectively
be washed out between samples to reduce the possibility of carry-
over. Moreover this reconditioning can occur while the previous sam-
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bentu, které mlze byt snadno a G¢inné ,vyprano“, a tak se moznost
prenosu latek mezi vzorky snizuje na minimum. Navic tuto rekondi-
cionaci sorbentu je mozné provést v dobég, kdy se prfedchazejici vzo-
rek méfi na chromatografu. Pokud se mezi extrakcemi vzork( sorbent
promyje elué¢nim a pak promyvacim roztokem pétkrat za sebou, carry-
over efekt se snizi na méné nez 0,1 % [20].

2.9 Vyhody MEPS

Cilem vyvoje novych technik je automatizace a zvy$eni prdchod-
nosti laboratore. Tento pozadavek metoda MEPS spliiuje. Vyuziti me-
tody MEPS je vyhodné z nékolika dtvodU: jde o jednoduchy postup,
da se online automatizovat (nékteré autosamplery, napf. CTC-Pal,
plné podporuji techniku MEPS), proces pfipravy vzorku je rychly,
cena analyzy je ve srovnani s tradiéni SPE metodou minimalni.

Automatizace neni jedinou velkou pfednosti MEPS metody. Ex-
trakce z mnohem mensich objem0 vzorku, mald mnozstvi rozpou-
Stédel a maly mrtvy objem systému spole¢né s rychlosti a jednodu-
chosti — to vSe patfi k dalSim nespornym vyhodam tohoto postupu
pfipravy vzorku. Dal§i vyznamnou skute¢nosti je fakt, Ze eluéni objem
svou velikosti je vhodny k pfimému nastfiku do plynového nebo ka-
palinového chromatografu [16].

3 MEPS A PIVOVARSKA ANALYTIKA

Jak bylo uvedeno v Uvodu, metoda extrakce na pevné fazi se pou-
ziva v celé fadé pivovarskych analyz.V nasi laboratofi byla zatim zku-
Sebné otestovana moznost pouziti techniky MEPS pro stanoveni niz-
Sich volnych mastnych kyselin. Postup vychéazel z postupu popsaného
Hage a pozdéji Horakem [7,21], pouze byla minimalizovana mnozstvi
vzorku a pouzitych rozpoustédel.

Kondicionace byla provedena 30 pl methanolu a nasledné 30 pl
ultracisté vody. Poté bylo MEPS stfikackou pétkrat nasato a vystiik-
nuto 100 pl vzorku. Vysu$eni sorbentu C, bylo provedeno tfikrat 100
pl suchého vzduchu. Nakonec byly latky eluovany 10 pl chloroformu.

Poté byly 2 pl chloroformového extraktu nastfiknuty na kolonu ply-
nového chromatografu. K separaci byla pouzita 10 m dlouha kre-
menna kapilarni kolona DB-Wax firmy J&W Scientific s vnitfnim pra-
mérem 0,18 mm a tloustkou filmu 0,18 pm. Kolona byla temperovana
na 120 °C po dobu 2 min, poté nasledoval teplotni gradient 10 °C/min
do teploty 150 °C a nasledné 30 °C/min az do teploty 200 °C. Pfi této
teploté kolona zlstala po dobu 15 min. Nastfik byl provadén ve split-
less mddu, split ventil byl otevien po 0,5 min. Injektor i plamenoioni-
zacni detektor byly vyhfaty na teplotu 250 °C. Jako nosny plyn bylo
vyuzito helium v kvalité 5.0, tlak na kolonu byl 210 kPa pfi 75 °C. Vy-
sledny chromatogram je uveden na obr. 1.

Z tohoto Uvodniho pokusu je zfejmé, Ze postup MEPS je pouzitelny
i v pivovarské problematice. Dalsim cilem tedy bude optimalizace
a validace MEPS metody pro stanoveni riznych senzoricky aktivnich
latek v pivu. Pfesnost a opakovatelnost celého postupu je mozné jesté
zvySit pouzitim elektronické, automatické stfikacky eVol, kterou spe-
cialné pro MEPS aplikace od lofského roku dodava firma SGE Ana-
lytical Science.

ple is running. Carry-over decreased to less than 0.1 % when the sor-
bent was washed at least five times with elution solution and washing
solution between extractions [19].

2.9 Advantageous of MEPS

The aim when developing the new technique was to meet the de-
mands of automated high-throughput performance of laboratory. The
MEPS procedure realizes this requirement. Microextraction by packed
sorbent approach is very promising for many reasons: it is easy to
use method, it is online and fully automated (some autosamplers, e.g.
CTC-Pal are fully compatible with MEPS), sample preparation step
is rapid, the cost of analysis is minimal compared with conventional
SPE.

Not only is the automation process with MEPS advantageous, but
the much smaller volumes of the samples, solvents and dead space
in the system provide other significant advantages, such as the speed
and the simplicity of the sample preparation process. The key aspect
of MEPS is that the solvent volume used for the elution of the analytes
is of a suitable order of magnitude to be injected directly into gas or
liquid chromatograph [16].

3 MEPS AND BREWING ANALYSES

As mentioned above in Introduction session, solid phase extraction
is applied in many brewing analyses. MEPS procedure was prelimi-
nary tested in our laboratory for the determination of free fatty acids.
Procedure was based on the work described by Hage and later by
Horak [7,21] only with few changes — sample volume and solvent
volumes were minimalized.

Conditioning was provided by 30 pl methanol followed by 30 pl ul-
trapure water. Than 100 pl sample were pumped thought the sorbent
for five times. Sorbent was dried by 100 pl of dried air for three times.
Finally the analytes were eluted by 10 pl chloroform. After it 2 pl of
this chloroform extract were injected on the gas chromatographic co-
lumn.

Analytes were separated on 10 m x 0,18 mm i. d. fused silica ca-
pillary column of DB-Wax J&W Scientific with 0,18 pm film thickness.
The GC column was maintained at 120 °C for 2 min, ramped at a rate
of 10 °C/min to 150 °C and then ramped at a rate of 30 °C/min to
200 °C and held at this temperature for 15 min. The split-splitless in-
jector was used, and the split vent was opened after 0.5 min. Tem-
peratures of the injector and the flame ionisation detector were 250 °C.
The carrier gas was helium quality 5.0 with a column head pressure
of 210 kPa at 75 °C. The chromatogram is shown in Fig. 1.

From this preliminary test it is evident that MEPS can be used also
in brewing analyses. Another goal will be focused on optimization and
validation of MEPS procedure for determination of different beer
flavours. The accuracy and precision of whole procedure can be im-
proved by using of electronic and automated analytical syringe eVol
which was specially developed for MEPS applications. This syringe
is supplied by SGE Analytical Science Company from last year.

Voltage
+
<

— MEPS 1 - Detector 3

13 14

[min.]

Time

Obr. 1 Chromatograficky zaznam stanoveni volnych mastnych kyselin po extrakci metodou MEPS. 1 — isomaselné kyselina, 2 — méselna ky-
selina, 3 — isovalerova kyselina, 4 — valerova kyselina, 5 — kapronova kyselina, 6 — heptanova kyselina, 7 — kaprylova kyselina, 8 — kaprinova
kyselina, 9 — undekanova kyselina, 10 — laurova kyselina, 11 — tridekanova kyselina, 12 — myristova kyselina, 13 — pentadekanova kyselina,
14 — palmitova kyselina. / Fig. 1 Chromatogram of free fatty acids after MEPS extraction. 1 — isobutyric acid, 2 — butyric acid, 3 — isovaleric
acid, 4 — valeric acid, 5 — caproic acid, 6 — heptanoic acid, 7 — caprylic acid, 8 — capric acid, 9 — undecanoic acid, 10 — lauric acid, 11 —
tridecanoic acid, 12 — myristic acid, 13 — pentanedecanoic acid, 14 — palmitic acid
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4 ZAVER

Technika MEPS se vzhledem k vy$e uvedenym vyhodam jevi jako
rovnocennd alternativa k jinym postuplm (napf. mikroextrakce na
pevné fazi — SPME, sorpéni extrakce na michaci ty¢ince — SBSE),
které vyznamnym zplsobem pfispivaji k zefektivnéni pfipravy vzorku.
Lze tedy oCekavat rozsifeni aplikaci do oblasti zivotniho prostfedi,
analyzy potravin v¢etné pivovarské oblasti.

Podékovani

Tato prace je soucasti Vyzkumného zaméru MSM 6019369701.
Autofi také dékuji subjektim sdruzenym v CSPS za podporu pfi fe-
Seni tohoto ukolu.

Autofi si dale velmi vazi pomoci a rad kolegu, ktefi tak pfispéli k vy-
tvofeni kreativni atmosféry v laboratofi.
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