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Plynova chromatografie ma vyznamnou ulohu pfi stanovovani senzoricky aktivnich latek, jejichz obsah je dllezity nejen pro sledovani
kvality jiz finalniho vyrobku, ale téz pfi testovani novych technologickych postupu. Pred viastnim plynové chromatografickym stanove-
nim je vSak nutné stanovované latky vyextrahovat, zkoncentrovat a eventualné precistit. Za timto u¢elem bylo béhem poslednich dva-
ceti let pfedstaveno mnoho technik pro pfipravu vzorkd, které mohou nahradit dosud pouzivané klasické postupy. Tyto postupy zahrnuiji
off-line a on-line metody a jsou zalozeny jak na dukladné extrakci latek, tak na principech ustanoveni rovnovahy. Tento prehled disku-
tuje vyhody a nevyhody sedmi modernich postupli pro pripravu vzorkd (headspace, purge and trap, extrakce na pevné fazi, mikroex-
trakce na pevné fazi, mikroextrakce na jedné kapce, superkriticka fluidni extrakce, extrakce pomoci ultrazvuku), které je mozné pouzit
pfi analyze napojll, a zejména piva.

Horak, T. — Culik, J. — Jurkova, M. — Cejka, P. — Kellner, V. — Dvorak, J. — Haskova, D.: Possibilities of utilization of modern sam-
ple preparation methods for gas chromatographic analysis of beverages and especially beer. Part I. — Literature review. Kvasny
Prum. 56, 2010, No. 9, p. 358-366.

Gas chromatography plays a significant role in the determination of flavours whose content is important not only for monitoring the
quality of final product but also when testing new technological procedures. Sample preparation procedures including extraction, con-
centration and clean-up are often necessary before gas chromatographic determination. In the past two decades, numerous sample
preparation techniques have been introduced that can gradually supersede the current classical methods. These procedures include off-
line and on-line methods and they are based on thorough extraction as well as on equilibrium-setting approaches. This review discusses
the advantages and disadvantages of seven modern sample preparation procedures (headspace, purge and trap, solid-phase extrac-
tion, solid-phase microextraction, single drop microextraction, supercritical fluid extraction, ultrasound assisted extraction) which can be
used for analyzing beverages and especially beer.

Horak, T. — Culik, J. — Jurkova, M. — Cejka, P. — Kellner, V. — Dvofak, J. — Haskova, D.: Méglichkeiten der Ausnutzung von moder-
nen Methoden der Mustervorbereitung fiir Gas — chromatografische Analysen der Getranke insbesondere des Bieres. Teil I. -
Ubersicht der Fachliteratur. Kvasny Prum. 56, 2010, Nr. 9, S. 358—366.

Bei der Bestimmung der sensorischen Aktivstoffe hat eine bedeutende Aufgabe das Gas — Chromatographie weil Gehalt an Aktiv-
stoffe sehr wichtig nicht nur fiir die Qualitatsverfolgung des finalen Getrénks aber auch fiir das Testen der neuen technologischen Ver-
fahren wichtig ist. Vor dem Gas — Chromatographieverfahren miissen die Stoffe extrahiert, konzentriert und eventuell gereinigt werden.
Im Zeitraum der letzten 20 Jahre wurden viele Mustervorbereitungsverfahren vorgestellt, die die klassischen Methoden ersetzen kén-
nen. Diese Verfahren erfassen Off-line- und On-line Methoden, weiterhin wird sowohl auf Basis einer griindlichen Stoffextraktion als auch
auf Prinzipen einer Einstellung ein Gleichgewicht gegriindet. Im diesen Artikel werden Vor- und Nachteile von sieben modernen Mu-
stervorbereitungsverfahren (headspace, purge und trap, Extraktion an der festen Phase, Mikroextraktion an der festen Phase, Mikroex-
traktion an einem Tropfen, superkritische Fluidextraktion, Extraktion mittels Ultraschall) diskutiert, die zur Getrankenanalyse vorzugs-

weise Bieranalyse geeignet sind.

Klicova slova: plynova chromatografie, pfiprava vzorku, pivo, pivo-
varska analytika

1 UVOD

Ptiprava vzork( pred vlastnim stanovenim sledovanych analytu je
nutna predev§im z nasledujicich divodu: zlepSeni chromatografic-
kych vlastnosti analytd; zlepSeni detekce latek; izolace sledovanych
slou€enin z matrice.

Vzhledem k pokroku ve vyvoji novych fazi a celkové kvalité dnes-
nich kapilérnfch kolon prvm’ dﬂvod neni v souéasné dobé tim nejdL“J-
né&jSi odstranéni mten‘erunmch latek) jsou vSak stale stejné dllezité
jako pfed nékolika desitkami let. Béhem let se také mnohokrat po-
tvrdilo ze v prabéhu celého analytického procesu je pFl’prava vzorkL"J
je nejnachylneJS| ke vzniku chyb.

Béhem let se mnoho védeckych tymU snazilo zavést nové postupy
pro pfipravu vzork(, které by nahradily tradiéni soxhletovou extrakci
nebo extrakci v systému kapalina-kapalina. Tyto moderni techniky pro
pfipravu vzorkd tak zahrnuji postupy od vysoce selektivnich metod
pro stanoveni jedné nebo nékolika konkrétnich latek, az po nepfilis

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

1 INTRODUCTION

Before the determination of the compounds of interest the sample
preparation is necessary for several reasons: improvement of the
chromatographic behavior of the analytes; improvement of detection
of the analytes; isolation of the analytes from the matrix.

Due to the progress in the development of new phases and also
due to quality of nowadays capillary columns, the first reason has be-
come relatively unimportant. But the other two aspects (improved de-
tection and efficient separation of interfering compounds) are as im-
portant as they were several decades ago. During the years, it has
many times realized that sample preparation is mostly the most time-
consuming, tedious and error-prone step of the total analytical pro-
cedure. Before the determination of the compounds of interest the
sample preparation is necessary for several reasons: improvement
of the chromatographic behavior of the analytes; improvement of de-
tection of the analytes; isolation of the analytes from the matrix.

Over the years, many scientific groups have tried to introduce new
sample preparation procedures to replace traditional methods such
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selektivni postupy vhodné pro potfeby screeningu. Pozornost je za-
mérena zejména na miniaturizaci a zkraceni doby nutné pro pripravu
vzorku, a tim urychleni celého analytického procesu. Hlavnimi cili pfi
vyvoji téchto postupll bylo, a stale zlistava, zvysit kapacitu laboratore
pro dané stanoveni, celkové zlepsit kvalitu pfipravy vzorkud, dosah-
nout lepSich mezi detekce, snizit mnozstvi vzorku nutného k prove-
deni analyzy, minimalizovat pouziti organickych rozpoustédel a sor-
bentll a v koneéném vysledku tak snizit i mnozstvi odpadu [1].

Tato prehledova studie je zaméfena na predstaveni modernich
technik pro pfipravu vzorku, které se daji vyuzit pfi analyze napoju
zejména piva. Kazda technika je kratce popsana, jsou diskutovany
jeji vyhody a nevyhody a uvedeny vybrané aplikace. Pracovni a vali-
dacni charakteristiky postupl nejsou v této studii porovnavany.

2 METODY PRIPRAVY VZORKU

2.1 Headspace a Purge-and-Trap

Headspace technika je zékladni a velmi ¢asto pouzivand technika
pro stanoveni tékavych latek. K analyze na plynovém chromatografu
se davkuje plynna faze, ktera je v rovnovaznem stavu s kapalnou fazi
vzorku. Casto se vhodnym zplisobem zajisti obohaceni plynné faze
sledovanymi analyty, ¢imz se zlep§i citlivost. Diky tomu, Ze se na-
stfikuje pouze plynna faze, se tak vyraznym zplsobem potlacuje za-
tizeni chromatografického systému nezadoucimi interferujicimi nebo
znecistujicimi latkami, coz vyraznym zplsobem prodluzuje Zivotnost
kapilarni kolony. Metoda byla poprvé popsana v roce 1958 [2], a brzy
poté firma Perkin Elmer uvedla na trh pIné automaticky headspace
davkovag spojeny s plynovym chromatografem.

U headspace postupu je hlavni proménnou distribuéni konstanta
analytu mezi plynnou fazi a kapalnou fazi. Cim vice je rovnovéha po-
sunuta k plynné fazi, tim s vétsi citlivosti bude latka stanovena. Sou-
Casny stav headspace techniky popisuje cela fada publikaci, napf.
[3-8].

Headspace analyza m(ize byt provadéna dvéma zplisoby. Pokud
je vzorek v rovnovazném stavu s plynnou fazi v uzavieném prostoru
(vialce), potom se tato metoda nazyvé staticky headspace, zkracené
HS. Pokud nosny plyn proudi nad hladinou vzorku nebo probublava
vzorkem a extrahované tékavé latky se zachytavaji v kryogenni nebo
sorpéni pasti, pak se tento postup oznacuje jako dynamicky head-
space, gas-phase stripping nebo purge-and-trap, zkracené spole¢né
oznaceni P&T.

HS analyzy

Pfi HS analyze se ustavuje rovnovédha mezi tékavymi latkami ob-
sazenymi ve vzorku a v parni fazi nad vzorkem v plynotésné uza-
viené vialce. Po urcité dobé nutné k ustanoveni rovnovahy je ¢ast
plynné faze odebrana z vialky a nastfiknuta na kolonu plynového chro-
matografu. K podpofe vytésnénilatek z kapalného vzorku do parniho
prostoru (pro latky s nizkou distribuéni konstantou, které z vétsi ¢asti
zlstavaji v kapalné fazi) je mozno pouzit zvy$enou teplotu ekvilib-
race nebo zvysit iontovou silu vzorku pomoci vysoleni. Uginné je také
michani nebo tfepani vzorku béhem ustavovani rovnovahy.

Po ustanoveni rovnovahy je plynna faze nastriknuta na kolonu bud
pomoci plynotésné stfikacky, nebo je ji nejprve naplnéna vyhfivana
davkovaci smycka a po prepnuti davkovaciho ventilu je obsah smycky
nosnym plynem vyplachnut na kolonu [5-9].

Stejna doba ustavovani rovnovahy a pfesna kontrola teploty bé-
hem inkubace jak vzork( tak i standardd predstavuji kritické kroky
pro zajisténi pfesné kvantifikace a odpovidajici opakovatelnosti/re-
produkovatelnosti. Tyto pozadavky bezezbytku splfiuji automatické
HS davkovace. S jejich vyuzitim je cely postup pfipravy vzorkl velmi
jednoduchy [1].

P&T analyzy

Béhem P&T analyzy je vzorek kontinualné proplachovan inertnim
plynem, vétSinou heliem, a tékavé latky jsou vytésnovany ze vzorku
do trapu s dostate¢né velkou retenéni kapacitou (napf. Tenax, aktivni
uhli nebo kfemelina) tak, aby nedos$lo k pruniku sledovanych latek.
Po vypuzeni latek se trap rychle zahfeje a zachycené analyty jsou
uvolnény na chromatografickou kolonu ¢asto jesté s pfedfazenou stu-
denou pasti z dlvodu zaostieni zén. Vzhledem k tomuto zakoncent-
rovani latek dosahuje technika P&T podstatné lepSich mezi detekce
v porovnani s HS postupem zaloZzenym pouze na rovnovazném stavu
kapalina-plyn.

K hlavnim faktorlim ovliviujicim P&T analyzu patfi optimalizace
doby proplachovani vzorku, pritok proplachovaciho plynu a teplota.
Prodlouzeni doby proplachovani obecné zvysuje vytéznost. Na druhé

as Soxhlet or liquid-liquid extraction. The modern sample preparation
techniques range from highly selective methods to be used for one,
or a few, target analytes of special interest to wide-ranging usually
rather non-selective procedures primarily meant for screening pur-
poses. Attention has been especially focused on miniaturization 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, improve the
overall quality of the sample preparation procedures, improving de-
tection limits, decrease the required sample sizes and minimize the
use of organic solvents and sorbents and in final result also reduce
the amount of waste [1].

This review is focused on the introduction of the modern sample
preparation techniques which can be used in analyses of beverages
and especially of beer. Each technique is briefly described. The me-
rits and demerits are discussed and number of selected applications
is given to illustrate of each of these. Working and validation param-
eters are not compared in this study.

@AI\I%:JE PREPARATION METHODS

2.1 Headspac urge-and-Trap

Headspace technique is a primary and very often used proce-
dure for the determination of volatile compounds. A gas phase in
equilibrium with the sample material is sampled and analyzed by
gas chromatographic method. In most cases, a considerable en-
richment of the analytes can also be obtained in the gas phase,
which improves analyte’s detection. Due to only the gas phase is
injected, the contamination of chromatographic system by interfer-
ing or polluting compounds is reduced and lifetime of capillary
columns is expressively extended. The method was for the first time
described in 1958 [2] and the fully automated headspace sampling
in combination with gas chromatograph were marketed soon after
by Perkin EImer company.

The main variable in headspace procedure is the distribution con-
stant of an analyte between the gas phase and the liquid phase.
The more the equilibrium is shifted to the gas phase, the more sen-
sitive the analyte can be determined. The state of the art of
headspace analysis is documented in many publications, e.g. [3-8].

Headspace analysis can be practiced by two ways. If the sample
is in equilibrium with the gas phase in closed vessel (vial), then the
method is called as static headspace, shortly HS. If a carrier gas is
passed over, or through, the sample and the extracted volatile com-
pounds accumulated in a cryogenic or sorbent trap, then the proce-
dure is generally referred to as dynamic headspace, gas-phase strip-
ping or purge-and-trap, as common shortly P&T.

HS Analysis

In HS analysis, the volatiles in the sample are equilibrated with
a gas phase above the sample in a gas-tight closed vial. After a pre-
determinated equilibration time, part of the gas phase is withdrawn
from the vessel, and injected into a gas chromatographic column. For
compounds which, because of low distribution constants, largely re-
main in the liquid matrix, an obvious way to enhance the analyte con-
centration in the gas phase is to increase their vapour pressure by
increasing the equilibration temperature or increase the ionic strength
of the solution by salting out. Stirring or shaking is also efficient dur-
ing equilibration.

After equilibrium has been established, the gas phase is sampled
using a gas-tight syringe or a heated loop is filling by sample vapour
and after switching of thermostated gas-sampling valve the content
of loop is transferred by carrier gas in to the column [5-9].

The same equilibrium time and the accurate controlling of the tem-
perature during incubation both during analysis, from sample to sam-
ple, and from sample to standard, become the overriding importance
in order to ensure reliable quantification and also repeatability/re-
producibility. These demands are solved by automated HS samplers.
With using of autosamplers the whole sample preparation procedure
is very simple [1].

P&T Analysis

During P&T analysis, a sample is continuously purged with an
inert gas, usually helium, and volatiles are stripped from the sample
to a trap with sufficiently high retention power (e.g. Tenax, activated
carbon or silica) for the analytes to be collected without the risk of
breakthrough. After purging, the trap is quickly heated and the trapped
volatiles are release onto a chromatographic column, usually via
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strané, pokud proplachovaci doba je pfili§ dlouha a trap nema do-
state¢nou reten¢ni kapacitu, mlze pro vysoce tékavé latky dojit k pra-
niku latek, a tak k znemoznéni prfesné kvantifikace. Co se tyce tep-
loty, zejména pfi stanovovani obsahu méné tékavych latek, které se
ze vzorku vypudi jen ¢astec¢né, je pro pfesnou kvantifikaci nezbytné
nutna jeji diisledna kontrola béhem celé P&T analyzy. Ze ziejmych
davodu zvySeniteploty vede ke zlepSeni vytéznosti. AvSak v disledku
toho se do trapu dostava hodné vodni pary. Toto je hlavni nevyhoda
P&T techniky ve srovnani s HS metodou, kde objemy plynné faze
davkované na kolonu jsou relativné malé. Vzhledem k tomu, ze se
pro zachytavanilatek pouziva studeny zachyt, miize pomérné snadno
dojit k jejich zablokovani pravé v dusledku velkého objemu vodni pary.
Proto je dllezité pred vstupem do pasti vihkost z proplachovaciho
plynu odstranit. Za timto u¢elem se pouzivaji rizna anorganicka su-
Sidla, kondenzatory nebo i selektivni permeaéni polymerové mem-
brany (napf. Nafion). Jejich pouziti véak nékdy mlze mit za nasledek
nekontrolovatelnou ztratu nékterych analytd [1, 10].

Aplikace

V prabéhu let bylo publikovano ohromné mnozstvi praci vyuzivaji-
cich tyto techniky v potravinafském primyslu. Nékteré, zamérené ze-
jména na oblast pivovarské analytiky, jsou uvedeny v fab. 1. Vyuziti
HS postupu je sougasti fady oficialnich metodik EBC, 10B, MEBAK.
Pouziti P&T techniky pfi analyze piva velmi komplikuje pénivost ma-
trice [24].

2.2 Extrakce na pevné fazi

Extrakce na pevné fazi (SPE) jako metoda pro pfipravu vodnych
vzork( byla predstavena v sedmdesatych letech. Metoda se vyuziva
predevSim k zakoncentrovani a nékdy také k precisténi stanovova-
nych analytu.

Diky jednoduchosti a snadnému pouziti SPE vyustil zajem o tuto
techniku ke komerénimu pouzivani jednorazovych minikolonek. Tyto
kolonky jsou pInény rGznymi sorbenty o rGzné velikosti ¢astic. K pre-
tlaceni vzorku a promyvaciho roztoku skrze kolonku je diky velikosti
¢astic mozné pouzit nizkého tlaku. Jako sorbenty se nej¢astéji pou-
zivaji modifikovany i nemodifikovany oxid kfemi€ity, oxid hlinity, poly-
mery atd. Pro obracenou fazi jsou k dispozici oktadecyl (C4s), oktyl
(Cy), ethyl (Cy), cyklohexyl, fenyl, butyl (C,). Pro normalnifazi se pouzi-
va oxid kifemicity modifikovany skupinami kyano (-CN), amino (-NHy),
dioly (-COHCOH). Pro adsorpci se vyuziva silikagel (-SiOH), florisil
(Mg@.SiOg), oxid hlinity (Al,O3). K iontové vyméné se vyuziva skupin
amino (-NHy), kvarterniho aminu (N*), karboxylové skupiny (-COOH),
aromatické sulfonové kyseliny (ArSO,OH) nebo polyethyleniminu
[-(CH,CH,NH),-1.

Velmi dalezitym kritériem umoznujicim vysokou opakovatelnost
analytickych vysledk( je zajisténi konstantni kvality rliznych Sarzijed-
norazovych SPE kolonek. K tomuto Gcelu se jako charakteristika SPE
kolonky pouziva kapacita kolonky. Kapacita se vyjadfuje jako po-
mér mg analytu/g sorbentu a znamend, ze za stejnych podminek
rizné Sarze kolonek adsorbuji a desorbuji stejné mnoZstvi analytu.
Stejnomérnou kvalitu Sarzi dnes vétSinou firmy garantuji certifikova-
nym procesem vyroby SPE kolonek.

Pred analyzou je nutné SPE kolonku nejprve kondicionovat. Poté
se kolonkou prosaje vzorek, obvykle okolo 10 ml, rychlosti nékolika
ml/min. Pak se kolonka proplachne nékolika mililitry vody, vysusi se

a cold trap for focusing of chromatographic zone. Due to this con-
centration step P&T technique reaches much better analyte detec-
tion limits than HS type based on equilibrium between liquid-gas
phase.

The key parameters in P&T optimization are purge time, flow rate
and temperature. Prolongation of the purge time will generally en-
hance the recovery of the analytes of interest. On the other hand
highly volatile compounds may be partly lost if purge times are too
prolonged and or the trap is characterized by insufficient retention.
Due to this the correct quantification makes impossible. As regards
the purge temperature, because less volatile and more water-solu-
ble analytes will be removed only partly even under optimized con-
ditions, careful control of the temperature of the sample vessel is re-
quired for precise quantification during the whole P&T analysis. For
obvious reasons increasing of temperatures will enhance analyte re-
covery. However, in consequence this more water vapour will carried
over into trap. This is the main disadvantage of P&T technique in com-
parison of HS method where the gas volumes sampling onto the col-
umn are relatively small. Since cold traps, which are frequently used
to collect the analytes, easily become blocked through the large
amount of vapour. So, it is important to remove the moisture from the
purge gas before it enters the cold trap. Inorganic desiccants, water
condenser or selective permeation polymeric membrane (e.g. Nafion)
are used to do this. However, each of these alternatives, has specific
disadvantages which invariably cause the uncontrollable loss of par-
ticular classes of analytes [1, 10].

Applications

During years a lot of publications focused on application of these
techniques in food industry were published. Some of them especially
oriented on brewing analysis are shown in Tab. 1. Many official EBC,
10B or MEBAK methods use HS procedures. Utilization of P&T tech-
nique in beer analyses is complicated by strong formation of foam
[24].

2.2 Solid-Phase Extraction

Solid-phase extraction (SPE) as a method for the sample prepa-
ration of aqueous samples was introduced in late 1970s. The method
is used firs of all for enrichment and sometimes also for clean-up of
determined compounds.

The great interest in this simple and use-to-use technique led to
the marketing of disposable minicolumns. These columns are packed
with sorbents of different particle sizes. The particle size permits the
use of low pressure to force the sample and wash the solution through
the column. The sorbents mostly used include modified silica, unmo-
dified silica, alumina, polymers etc. The reversed phase usually used
as sorbents octadecyl (C4s), octyl (Csg), ethyl (C,), cyclohexyl, phenyl,
butyl (C,4). Sorbents for the normal phase involve silica modified by
cyano (-CN), amino (-NH,), diols (-COHCOH). Silica gel (-SiOH),
florisil (Mg,SiOs), alumina (Al,O3) are used for adsorption. As ion-ex-
changers serve amino (-NH,), quaternary amine (N*), carboxylic acid
(-COOH), aromatic sulfonic acid (ArSO,OH) or polyethyleneimine
[-(CH,CH,NH),-].

The constant batch — to — batch quality of disposable cartridges is
a very important criterion for the high precision of analytical results.
The capacity is used as a characteristic of the SPE column. The ca-

Tab. 1 Vybrané aplikace pouziti HS technik / Selected applications using HS techniques

Analyty / Analytes Vzorek / Sample Detektor / Detector Literatura / References

HS metoda / HS procedure

Vicindlni diketony / Vicinal diketones Pivo / Beer ECD 11-14

Dimethylsulfid / Dimethylsulfide (DMS) Pivo, mladina, slad / FPD, FID 15-19
Beet, Mash, Malt

Vysoce tékavé latky / High volatile compounds Pivo / Beer FID 15, 20, 21

Acetoin / Acetoin Pivo / Beer FID 22

Aldehydy / Aldehydes Vodka / Wodka ECD 23

VHOCs Pivo / Beer ECD 27,28

P&T metoda / P&T procedure

Karbonyly / Carbonyls Pivo / Beer ECD 24

2,4,6-Trichloroanisol Vino / Wine AED 25

VHOCs Napoje / Beverages MS, ECD 26, 27
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jemnym proudem dusiku za laboratorni teploty. Nakonec jsou zachy-
cené analyty desorbovany malym mnozstvim (okolo 100 pl) organic-
kého rozpoustédla a analyzovany na plynovém chromatografu nebo
po prevedeni do vhodného rozpoustédla, vétSinou mobilni faze, na-
stfiknuty na kolonu kapalinového chromatografu [1].

Cely proces SPE Ize automatizovat a pfimo propojit s davkovacem
vzorkld na plynovém nebo kapalinovém chromatografu.

Aplikace

Typické vyuziti SPE spociva v analyze vody na stanoveni pesticidll
a jinych kontaminant( zivotniho prostredi. S Uspéchem Ize vSak tento
postup vyuzit i v pivovarské analytice, jak vyplyva z tab. 2.

2.3 Mikroextrakce na pevné fazi

Mikroextrakce na pevné fazi — SPME — je adsorpéné/desorpéni
technika vyvinuta prof. Pawliszynem na University of Waterloo v prvni
poloviné 90. let a patentovana firmou Supelco [45].
pokryté polymerem. Je spojeno s ocelovym pistem a umisténo v duté
ocelové jehle, které chrani viakno pfed mechanickym poskozenim.
VIakno je zataZzeno dovnitf jehly, kterd propichne septum v zatce vi-
alky. Posunutim pistu se viakno vysune do vzorku eventuélné do pro-
storu nad jeho hladinou (vétSinou se k extrakci pouziva 2-5 ml
vzorku). Analyt se sorbuje do vrstvy pokryvajici viakno. Po dosazeni
sorpcni rovnovahy (obvykle 2—30 min) se vlakno opét zasune dovnitf
jehly a spolu s ni je vytazeno z vialky se vzorkem. Nakonec je jehla
zavedena do injektoru plynového chromatografu, kde je analyt te-
pelné desorbovan a nesen na GC kolonu.

Rovnovéazny stav SPME je zavisly na koncentraci analytu ve vzorku
anatypu atloustce polymeru, ktery pokryva kiemenné viakno. Mnoz-
stvi adsorbovaného analytu zavisi na distribuéni konstanté a na
tloustce vrstvy polymeru. Doba extrakce je dana ¢asem potfebnym
pro extrakci dostate¢né koncentrace analytu s nejvys$si distribuéni
konstantou. Distribuéni konstanta obecné vzrusta s rostouci moleku-
lovou hmotnosti a bodem varu analytu.

Selektivitu extrakéniho postupu Ize ovlivnit typem polymeru pokry-
vajiciho vldkno. Obecné se da fici, ze tékavé latky vyzaduji silngjsi
vrstvu polymeru a slabsi vrstva je zase ucinnéjSi pro sorpci a de-
sorpci stfedné tékavych analytd. Extrakéni proces Ize ovlivnit také po-
moci vysolovaciho efektu a/nebo Upravou pH, michanim vzorku nebo
jeho zahfivanim.

PFimé ponofeni SPME vlakna do vzorku vede pochopitelné k pod-
statné vy$Si ucinnosti extrakce nez expozice vldkna v headspace pro-
storu. AvSak ponoreni vidkna do velmi komplexnich matric, které na-
vic mohou obsahovat vysokou koncentraci soli pouzité k vysoleni
nebo extrémni pH, mize vést k rychlému zni¢eni vlidkna. Proto se pfi
analyze piva pouziva podstatné SetrnéjSi extrakce v headspace pro-
storu.

Hlavni pfednost tohoto postupu spociva v tom, ze neni zapotrebi
vlibec zadnych rozpoustédel. Na druhé strané SPME vlakna jsou
velmi kfehka. PFi manipulaci je tfeba opatrného, zruéného zachéazeni,
jinak dojde snadno k jeho zni¢eni [1,46].

SPME vldkna dodava na trh firma Supelco a cela fada firem do-
dava automatické davkovace umoznujici pracovat s SPME vlakny,
coz urcité pfispélo k znaénému rozsifeni tohoto extrakéniho postupu.

pacity, measured in mg analyte/g sorbent means that under identical
test conditions, the various batches adsorb and desorb the same
quantity of analyte. Today in most cases companies guarantee the
uniform quality of the batches by the certificated production pro-
cesses.

Before analysis a conditioning of SPE column is necessary. After
that a sample volume often about 10 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 gently stream of nitrogen at ambient temperature.
Finally, the enriched analytes are desorbed with as little as 100 pl of
an organic solvent and gas chromatographic separation is followed
or after conversion to a suitable solvent usually mobile phase injected
into the column of liquid chromatograph [1].

The whole SPE procedure can be automated and directly con-
nected through the gas or liquid chromatographic sampler.

Applications

The typical utilization of SPE is focused to analyses of water for
pesticides and other environmental pollutants. This procedure can be
successfully used also in brewing analytics (7ab. 2).

2.3 Solid-Phase Microextraction

Prof. Pawlizyn from the University of Waterloo has developed a solid
phase microextraction — SPME — adsorption/desorption technique in
the first part of 90™. This extraction procedure has been patented by
Supelco Company [45].

A fused-silica fibre (1-2 cm long) coated with an appropriate poly-
mer sorbent layer is the most important part. It is connected with steel
plunger and situated in to concave steel needle which protected fi-
bre against mechanical damage. The needle serves to pierce the sep-
tum of a sample vial when the fibre is inside of the needle. By mo-
ving of the plunger the fibre is exposed by the sample or by the
hedspace volume above the sample level (typically sample volume
2-5 ml is used). Analytes are sorptived in to the layer coated fibre.
After the equilibrium is reached (usually 2-30 min) the fiber is push
in to the needle again and together with the needle is taken out the
sample vial. Finally the needle is inserted in to the gas chromato-
graphic injector where the analytes are thermally desorptived and
applied to GC column.

The SPME equilibrium depends on analyte concentration in the
sample and on the polymer thickness layer covered fused-silica fibre.
The amount of adsorbed compound depends on distribution constant
and on the polymer thickness layer. Extraction time is influenced by
the time necessary for extraction of sufficient concentration of com-
pound with the highest distribution constant. Generally, distribution
constant increases with increasing molecular weight and with boiling-
-point of analyte.

A selectivity of extraction procedure can be influenced by a diffe-
rent type of polymer covering the fibre. Generally, the high volatile
compounds require thicker layer of polymer and on the other hand
a weaker layer is more effective for sorption and desorption of medium
volatile analytes. The process can be aided by salting-out and/or pH
adjustment, sample agitation and heating.

The direct immersion of SPME fibre into the sample leads under-
standably to much more effective extraction in comparison with

Tab. 2 Vybrané aplikace pouziti SPE metody / Selected applications using SPE method

Analyty / Analytes Vzorek / Sample Detektor / Detector Literatura / References
Pesticidy / Pesticides Voda, pivo / Water, beer MS 29-31
Chlorfenoly / Chlorinated Phenols Pivo / Beer ECD 32
Vy&&i aromatické alkoholy / Higher aromatic Pivo / Beer FID 33-35
alcohols
Iso-a-hotké kyseliny / Iso-a-bitter acids Pivo / Beer UV (HPLC) 36
Mastné kyseliny / Fatty acids Pivo / Beer FID 37, 38
Furfural, hydroxymethylfurfural Pivo / Beer UV (HPLC) 39
ATNC Pivo / Beer Chemiluminiscencéni detektor / 340
Chemiluminiscence detector
Vicinalni diketony / Vicinal diketones Pivo / Beer MS 41
Uméla sladidla / Artificial sweeteners Népoje, pivo / Beverages, beer UV (HPLC) 42, 43
Polyfenoly / Polyphenols Pivo / Beer UV (HPLC) 44
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Aplikace

SPME metoda byla zpo¢atku vyuzivana pro stanoveni tékavych la-
tek v zivotnim prostfedi [47, 48]. Postupné vSak tento postup nasel
uplatnénii v biomediciné a analyze potravin [49, 50]. PouZiti pfi ana-
lyze piva doklada tab. 3.

2.4 Extrakce na michaci ty€ince

Ve vy$e popsané SPME technice se extrakce provadi pomérné ma-
lym mnozstvim faze nanesené na vlakno, coz v nékterych analyzach
omezuje nebo i vyluCuje vyuziti této metody. Proto byla vyvinuta dalsi
mikroextrakénitechnika — sorpéni extrakce na michacityCince (SBSE)
— popsana Baltussenem a kol. [64]. Na trh se tento postup dostal pod
kfidly némecké firmy Gerstel pod komerénim oznacenim Twister. De-
tailni popis principu a moznosti spolu s omezenim vyuziti tohoto ex-
trakéniho postupu bude popséano v dalich ¢astech této série ¢lanka.

2.5 Mikroextrakce na jedné kapce

V druhé poloviné 90. let Liu a Dasgupta predstavili koncept mikro-
extrakce na jedné kapce — SDME [65]. Pfi tomto postupu se mikro-
stfikacka naplni extrakénim rozpoustédlem eventualné s vnitfnim
standardem. Jehlou se propichne septum vialky se vzorkem a jehla
se ponofido vzorku. PFimo ve vzorku se na Spi¢ce jehly vylouci kapka
extrakéniho rozpoustédla obvykle o objemu 1 pl. Po extrakci se kapka
nasaje zpét do jehly a zavede se do injektoru plynového chromato-
grafu.

Extrakci podporuje michani vzorku, nicméné pokud se pracuje v re-
zimu kapky vytvorené pfimo ve vzorku, velkym nebezpecim se stava
nestabilita vytvofené kapicky. DalSimi parametry ovlivriujicimi extrakci
jsou velikost kapky, doba extrakce, volba rozpoustédla, vysolovani.

Jinou moznosti je umisténi kapky tésné nad hladinou vzorku —
headspace SDME. Tento postup je velmi podobny headspace-SPME
pouze s tim rozdilem, ze vlakno je nahrazeno mikrokapickou.
HS-SDME v porovnani s HS-SPME se vyznacuje podobnou opako-
vatelnosti a rychlosti extrakce a navic pfinasi urcité vyhody. Jednak
je vybér rozpoustédel mnohem Sirsi nez vybér komeréné dostupnych
SPME vldken. Zvolena rozpoustédla mohou mit bod varu vy$si nebo
niz8i nez latky, které chceme extrahovat, a také rozsah polarity ex-
trakéniho rozpoustédla mlze byt velmi Siroky. Dale cena pouzitého
rozpoustédla je naprosto zanedbatelna vzhledem k cené SPME vla-
ken. Na druhé strané komplikace pfi HS-SDME zplisobuje nebezpeci
pfilis rychlého odpareni kapky nize vrouciho rozpoustédla v prabéhu
extrakce. Z tohoto divodu se vybér vhodného rozpoustédla ponékud
zuzuje. Napf. pfi analyze piva metodou HS-SDME se ze tfi rozpou-
Stédel (dekan, o-xylen a ethylenglykol) jako nejucinnéjsi prokazal
ethylenglykol [66].

Vyhodou SDME postupu je minimalni spotfeba rozpoustédel.
Vzhledem k podobnosti metody SDME s SPME se da tento postup
lehce automatizovat a po malé Upravé se daji vyuzit SPME auto-
samplery.

Aplikace

Metoda SDME byla vyuZita pfedevsim pfi analyze vzorku Zivotniho
prostiedi, biologickych vzork(l a potravin. Pouziti pfi analyze piva shr-
nuje tab. 4.

headspace exposing of the fibre. However, immersion of a fibre to
highly complex matrices which, in addition, can contain high salt con-
centrations used for salting-out effect or extreme pH, may cause fast
fibre damage. So, from this reasons the headspace SPME extraction
is used in beer analyses.

SPME is an elegant approach and the fact that no solvent is re-
quired is a distinct advantage. On the other hand, it is a disadvan-
tage that the fibre is rather fragile and careful ompetent ma-
nipulation is necessary to prevent it before dam 1, 46]

SPME fibres are available by Supelco and many companies sup-
ply automatic samplers working with SPME. Due to this extraction
procedure becomes very popular and extended.

Applications

SPME method was used primarily for the determination of volatile
compounds of environmental interest [47, 48]. Today, there are also
many applications in the biomedical field and food analysis [49, 50].
Examples of utilization during beer analysis are shown in Tab. 3.

2.4 Stir Bar Sorptive Extraction

In the above described SPME technique, the relative small volume
of bound stationary phase used for analyte extraction, was a main
limitation of utilization of this procedure in some analyses. So another
microextraction technique — stir bar sorptive extraction (SBSE) — was
developed and described by Baltussen et al. [64]. This procedure was
commercialized as the Twister and marketed by German company
Gerstel. Detail explanation of principle and possibilities together with
limitation of this procedure will be described in next articles of this
series.

2.5 Single Drop Microextraction

In the second part of the nineties Liu and Dasgupta introduced sin-
gle-drop microextraction — SDME [65]. In this technique microsyringe
is filled with extraction solvent usually spiked with internal standard.
The needle passed through the vial septum and the needle is im-
mersed in the sample. Directly in the sample a drop of the extraction
solvent was suspended from the needle tip usually about 1 pl volume.
After the extraction was finished the drop was retracted back into the
needle and injected directly into the GC column.

Extraction is supported by stirring but droplet instability can cause
problems if drop suspended directly in the sample mode is used.
Other parameters influenced SDME are drop size, sampling time, sol-
vent selection, salt addition.

Another possibility consists in drop location nearly above the sur-
face of the sample solution — headspace SDME. This procedure is
very similar to headspace-SPME, the only difference being that the
fibre used in SPME is replaced by a liquid microdrop. Compared with
HS-SPME, HS-SDME appears to have similar repeatability and
speed of analysis and in addition it offers some advantages. Partly,
the choice of solvents is much wider as compared to the limited num-
ber of commercial available SPME fibres. Selected solvents can have
boiling point below or above the compounds of interest and also can
cover a wide range of polarities. Further the cost of used solvent is
negligible compared to that of SPME fibres. On the other hand the

Tab. 3 Vybrané aplikace pouziti SPME metody / Selected applications using SPME method

Analyty / Analytes Vzorek / Sample Detektor / Detector Literatura / References
Niz&i alkoholy, estery / Lower alcohols and Pivo / Beer FID 5

esters

Vicindlni diketony / Vicinal diketones Pivo / Beer ECD 52

DMS a dalsi sirné latky / DMS and other Pivo, vino / Beer, wine FPD, MS 53-58

sulphur compounds

Mastné kyseliny / Fatty acids Pivo / Beer FID 38, 59
Karbonyly / Carbonyls Pivo / Beer MS 60, 61
Monoterpeny / Monoterpenes Vino / Wine MS 62

Fenoly, haloanisoly / Phenols, haloanisoles Vino / Wine MS 63

Tab. 4 Pouziti SDME pfi analyze piva / Using SD

ME in beer analyses

sulphur compounds

Analyty / Analytes Vzorek / Sample Detektor / Detector Literatura / References
Niz§i alkoholy / Lower alcohols Pivo / Beer FID, MS 66, 67
DMS a dalSi sirné latky / DMS and other Pivo / Beer FPD 68
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2.6 Superkriticka extrakce

Superkriticka extrakce kapalin (SFE) je zaloZzena na nizké vza-
jemné rozpustnosti vody a nadkritického CO,. V oblasti nadkritického
tlaku a teploty se chova nadkriticky CO, jako organické rozpoustédio.
Faze nadkritického CO, a kapalna faze se v tomto pfipadé odlisuji
dostate¢nou polaritou i hustotou. | kdyz je CO, nepolarni slou¢enina
vhodna zejména k extrakci nepolarnich a mirné polarnich latek z vod-
nych prostredi, Ize pfidavkem vhodného modifikatoru (napf. ethanol)
docilit i zlepSené extrakce latek s vySSi polaritou.

Z experimentalniho hlediska jsou mozné dva pfistupy pouziti SFE.

Prvni moznosti je statické usporadani, kdy je vodny roztok umis-
tén do extrakéni cely a nadkriticky CO,, zavedeny ke dnu nadobky,
prochazi diky nizsi hustoté sloupcem vzorku. V tomto pfipadeé je li-
mitujicim faktorem objem vzorku a kinetika reakce je velmi ¢asto Fi-
zena rychlosti difuze analyt(i ve vodné fazi. Plocha mezifazového roz-
hrani je obvykle nizka, coz vede k dlouhym extrakénim ¢astm.

Druhou moznosti je vyuZziti dynamického zplsobu extrakce. Pfi
tomto zpUsobu se do urcité miry neomezuje objem vzorku, a tim se
vyrazné zvysuje citlivost metody. Systém tvofi dvé reciproéni Cer-
padla, z nichz jedno dodava nadkriticky CO,, druhé davkuje vodny
vzorek.

Vyhodou SFE je odstranéni nutnosti pouzit v procesu extrakce to-
xické organicka rozpoustédla. Postup také umozriuje plnou automa-
tizaci [69,70].

Aplikace
SFE byla pouzivana pfedevsim pro stanoveni PAH a PCB. Vyuziti
Ize najit i ve stanoveni analytd vyznamnych pro pivovarstvi (tab. 5).

2.7 Extrakce za pomoci ultrazvuku

PFi extrakci za pomoci ultrazvuku — USE — se k extrakci latek vy-
uziva akustickych vibraci s frekvenci nad 20 kHz. Zvukové viny jsou
odlisné od elektromagnetickych. Zatimco elektromagnetické se Sifi
vakuem, zvukové viny se musi $ifit skrze medium. V kapaliné viny
produkuiji tlaky, jejichz vysledkem jsou bubliny nebo dutiny. Kdyz bub-
lina neni schopné déle absorbovat energii z ultrazvuku, imploduje.
Tento proces probéhne asi béhem 400 ps. Rychla adiabaticka kom-
prese plynd v dutinAch ma za nasledek extrémné vysoké teploty
a tlaky, které mohou dosahovat az 5000 °C a 100 MPa. Kdyz se du-
tina dostane k pevnému povrchu, zkolabuje a vytvofivysokorychlostni
proud kapaliny. Kapalina proudik povrchu rychlostiblizici se 400 km/h.
Takovy prudky dopad muze vytvofit nové exploze a kone¢né vede ke
vzniku vysoce reaktivnich povrchl. Velmi vysoké teploty, které zvy-
Suji rozpustnost a difuzivitu, a tlaky, které usnadfuji prostupnost
a transport latek, vyraznym zplsobem zvy$uji Uginnost extrakce.

Extrakce pomoci ultrazvuku se nejcastéji provadi v ultrazvukovych
laznich. Zde ale dochazi k rozptylu ultrazvukové energie. UCinngjsi
jsou proto ultrazvukové sondy, kde je veSkera energie ultrazvukovych
vin zaostfena na vzorek [1, 72].

Aplikace

Extrakce pomoci ultrazvuku se pouzivéa pro izolaci Sirokého spektra
latek v nejrliznéjSich matricich. Nékteré priklady z oblasti analyzy na-
poju pfinasi tab. 6.

3 ZAVER

Soucasny stav plynové chromatografické instrumentace zejména
diky UZzasnym moznostem riznych typt hmotnostnich detektor( pred-
stavuje mocny nastroj v analyze potravin. Umoznuje stanovit nejen
konkrétni latky, ale také rychle fingerprinty, které mohou poslouzit
k potvrzeni nebo vyvracenitvrzeni o plivodu potravin. Pfesto pfiprava
vzorkl pred vlastnim chromatografickym mérenim stéle hraje klico-

Tab. 5 Pouziti SFE pfi analyze piva / Using SFE in beer analyses

use of HS-SDME seems difficult due to the risk of quickly evapora-
tion of drop formed from low boiling solvent during extraction. From
this reason the choice of suitable solvents is rather limited. E.g. for
beer analyses by HS-SDME three solvents were tested (decane,
o-xylene and ethylene glycol). Ethylene glycol gave the best extrac-
tion efficiency [66].

The minimum solvent consumption is an advantage of the SDME
procedure. Due to the similarity of SDME and SPME operations au-
tosamplers that can be used for SPME should also work with SDME
after small modification.

Applications
SDME methods were used in environmental, bio and food analy-
sis. The utilization in beer analyses is summarized in Tab. 4.

2.6 Supercritical fluid extraction

The supercritical fluid extraction method is based on the low solu-
bility of water in supercritical CO.. It is based on the fact that the su-
percritical CO, under supercritical pressure and temperature behaves
as an organic solvent. In this case, the supercritical CO, phase and
liquid phase have significantly different polarity and density. Although
CO, as a non-polar compound is suitable especially for the extrac-
tion of non-polar and low polar compounds from aqueous samples,
an enhanced extraction of higher polarity analytes can be achieved
by adding of modifier, e.g. ethanol.

SFE procedure can be used in two different ways.

The first choice is static mode. An aqueous sample is placed into
the extractor chamber and due to the lower density the supercritical
CO,, delivered to the bottom of the chamber, passes through the sam-
ple column. In this case, the sample capacity limits the method and
the reaction kinetics are very often determined by the speed of ana-
lyte diffusion in the aqueous phase. The surface area of the inter-
phase boundary is often low so long extraction times are as result.

The second possibility is dynamic mode. This SFE configuration
largely does not limit the sample capacity and therefore significantly
increases the sensitivity of this procedure. The system consists from
two reciprocal pumps. One pump supplies the supercritical CO, and
the other pump sampling the aqueous sample.

SFE technique eliminates using of toxic and harmful organic sol-
vents. The procedure can be also easily automated [69, 70].

Applications
SFE was used primary for the determination of PAH and PCB. Uti-
lization of this method is also in the brewing analytics (7ab. 5).

2.7 Ultrasound assisted extraction

In ultrasound assisted extraction — USE — acoustic vibrations with
frequencies above 20 kHz are applied for extraction of analytes.
Sound waves are different from electromagnetic waves. While the
electromagnetic waves can pass through vacuum, sound waves must
travel in matter. In a liquid, waves produce pressure and bubbles or
cavities are formed. When a bubble can no longer efficiently absorb
the energy from the ultrasound, it implodes. The whole process takes
within about 400 ps. Rapid adiabatic compression of gases in the
cavities produces extremely high temperatures and pressures, about
5.000 °C and roughly 100 MPa. When cavitation occurs in a liquid
close to a solid surface, cavity collapse and produces high-speed jets
of liquid. Liquid jets driving into the surface have been observed at
speeds close to 400 km/h. Such a strong impact can result in seri-
ous damage to impact zones and can produce newly exposed, highly
reactive surfaces. The very high temperatures which increase solu-
bility and diffusivity and pressures which favour penetration and trans-
port result in high extractive power.

Ultrasound assisted extraction is often used by ultrasonic baths.

Analyty / Analytes

Vzorek / Sample

Detektor / Detector Literatura / References

Alkoholy, estery, mastné kyseliny / Alcohols,
esters, fatty acids

Pivo / Beer

FID 71

Tab. 6. Pouziti USE pfi analyze napoju / Using USE in beverage analyses

Analyty / Analytes Vzorek / Sample Detektor / Detector Literatura / References
Tekavé latky / Volatiles compounds Vino / Wine FID 73-75
Terpeny / Terpenoids Vino / Wine MS 62
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vou roli. Z uvedeného prehledu vyplyva, ze oblast pfipravy vzorka je
stale otevfena novym postupim, optimalizacim a/nebo modifikacim.
Stale je prostor pro zjednodus$eni postupl, zlepSeni jejich Ucinnosti,
zvySenimozného poctu zpracovanych vzork(, usnadnéniidentifikace
a kvantifikace latek.

Vysvétlivky

AED - atomové emisni detektor

ATNC - zdanlivé celkové N-nitrososlou¢eniny
DMS - dimethylsulfid

ECD - detektor elektronového zachytu

FID - plamenoionizaéni detektor

FPD - plameno-fotometricky detektor

MS — hmotnostni detektor

PAH - polycyklické aromatické uhlovodiky
PCB - polychlorované bifenyly

VHOC - tékavé halogenované organické slouceniny

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, ktefitak pfispéli k vy-
tvofeni skvélé atmosféry v laboratofi.

But by this way the dispersion of the distribution of ultrasound energy
occurs. Ultrasonic probes provide more efficiency since all energy of
ultrasound waves is focused on a localized sample zone [1, 72].

Applications

Ultrasound assisted extraction is used for isolation if wide range
compounds and in a variety of matrices. Some examples from bev-
erage analyses are shown in Tab. 6.

3 CONCLUSIONS

State-of-the-art gas chromatographic instrumentation especially
due to great potentialities of variety types of mass selective detec-
tors provides a powerful tool in food analyses. It allows determining
not only target compounds but also very quickly fingerprints which
are important for confirmation or negation of a traceability statement
of foodstuffs. Despite of this the sample preparation is still necessary
before the chromatographic determination. From above submitted re-
view it results that in the field of sample preparation a variety of ap-
proaches is still opened for new procedures, optimizations and/or
modifications. Methods can be oversimplified, efficiency can be im-
proved and increasing sample throughput and simplification of ana-
lyte identification and quantification is still interesting.

Glossary

AED - Atomic emission detector

ATNC - Apparent total N-nitroso compounds
DMS - Dimethysulphide

ECD - Electron capture detector

FID - Flame ionization detector

FPD - Flame photometric detector

MS  — Mass detector

PAH - Polycyclic aromatic hydrocarbons
PCB - Polychlorinated biphenyl

VHOC - Volatile halogenated organic compounds
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