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Superkritickou fluidni extrakci (SFE) kapalnych vzorkl Ize pova-
zovat za novou perspektivni metodu, kterd dosud nenas$la uplatnéni
v oblasti analyzy piva. V €lanku jsou vysvétleny zakladni principy su-
perkritické extrakce kapalin a podan strucny literarni prehled o jejich
aplikacich v souvisejicich oborech. Na tuto uvodni ¢ast bude nava-
zovat ¢lanek tykajici se vyuziti SFE kapalin pfi stanoveni senzoricky
aktivnich latek v piveé.

Culik, J. — Horak, T. — Cejka, P. — Jurkova, M. — Kellner, V. — Ka-
rasek, P. — Vostra, E.: Supercritical Fluid Extraction — New pro-
gressive method in brewing analytics. Part I. — Theoretical prin-
ciples of supercritical fluid extraction and examples of its use.
Kvasny Prum. 52, 2006, No. 4, p. 106—-110.

Supercritical fluid extraction (SFE) of liquid samples can be con-
sidered a new prospective method, which has not yet been utilized
in the field of beer analysis. In the article, basic principles of su-
percritical fluid extraction are explained and a brief literary outline of
its applications in related branches is given. Another article will fol-
low this introductory part and it will focus on the use of SFE to de-
termine sensory active substances in beer.

Culik, J. — Horak, T. — Cejka, P. — Jurkova, M. — Kellner, V. — Ka-
rasek, P. — Vostra, E.: Die superkritische Extraktion von Fliis-
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1 UvoD

Extrakéni postupy pouzivané pro izolaci senzoricky aktivnich latek
z piva, ale i latek kontaminuijicich (pesticidy, PCB, PAH), jsou ve vét-
$iné pfipadd nesmirné pracné a zdlouhavé (destilace s vodni parou,
klasické vytfepavani v systému kapalina-kapalina apod.).

Moderni postupy, napfiklad mikroextrakci na pevné fazi (solid-
phase microextraction, SPME), Ize Uspésné pouzit u kapalnych
vzork(l pouze pro oblast velmi tékavych latek. V pfipadé stfedné a vy-
Sepolarnich latek tato metoda neposkytuje uspokojivé vysledky. Po-
stupy zaloZzené na extrakci na pevné fazi (solid-phase extraction,
SPE) naopak ¢asto selhavaji z divodu zaneseni loZe sorbentu ba-
lastnimi latkami pfitomnymi v analyzované matrici.

Vyuziti superkritické fluidni extrakce (SFE) kapalnych vzorkd by
umoznilo podstatné obohatit moznosti stanoveni Sirokého spektra
senzoricky aktivnich latek v pivu a vylepsit extrakéni postupy v ob-
lasti analyzy kontaminant, zejména pesticidt, PCB, PAH atd.

Zatimco superkriticka fluidni extrakce pevnych vzorkl je v sou-
Casnosti bézné pouzivana (napf. pro stanoveni pesticidi ve chmelu,
PAH v kontaminovanych zeminach), v pfipadé SFE kapalnych vzork(
se jedna o naprostou novinku v oblasti analytické chemie, vyznacu-
jici se Setrnosti k extrahované matrici a umozriujici extrakci Sirokého
spektra latek.

Metody, kterymi mGzeme provést izolaci sledovanych latek v na-
pojich, I1ze zhruba rozdélit do nasledujicich skupin:

sigkeiten — eine neue progressive Methode in der Brauanalytik.
Teil | — Theoretische Grunde der superkritischen Extraktion von
Fliissigkeiten und Beispiele der Anwendung. Kvasny Prum. 52,
2006, Nr. 4, S. 106—-110.

Die superkritische Fluidextraktion (SFE) kann als eine neue per-
spektive Methode betrachtet werden, die bisher in der Brauanalytik
zur Geltung noch nicht gekommen ist. In diesem Artikel werden die
Grundprinzipe der superkritischen Fluidextraktion erklart und eine
kurzgefaBte Ubersicht von Literarquellen iiber ihre Anwendung in
den zusammenhéngenden Bereichen angefihrt. Der nachste Arti-
kel wird der Anwendung der superkritischen Fluidextraktion zur Bes-
timmung von sensorisch aktiven Bierstoffen gewidmet.

Yynuk, U. — Mopak, T. — Yeiika, M. — IOpkosa, M. — KennHep, B.
— Kapacek, . — BocTtpa, E.: Cynepkputuyeckoe aKcTparupo-
BaHWe XXUOKOCTEW — HOBbIW MPOrpeccCuBHbIA MeTOoh B NMUBO-
BapeHHOW aHanuTuke. 1. yacTb — TeopeTnyeckas OCHoBa Cy-
NepPKPUTUYECKOro 3KCTParMpoBaHUs XUAKOCTEA M Npumepbl
ero ucnosnb3oBaHus. Kvasny Prum. 52, 2006, Ho. 4, ctp. 106-110.

CynepkpuTtudeckyto ¢nyngHyto askctpakuyuo (SFE) »kmakux
NpPo6 MOXXHO CHMTATb HOBbIM NEPCMNEKTUBHbIM METOAOM, KOTOPbIN
0O CUX MOp He Hawen npuMmeHeHve B obnactv aHanusa nuea.
B cTaTbe 06BACHATCS OCHOBHbIE NMPUHLMIbBI CYNEPKPUTUHECKOTO
9KCTparnpoBaHNsa >KMAKOCTEW W [JdaeTcs KpaTKui nepedqeHb
nuTepaTypbl O ero NPUMEHEHUN B CBA3a@HHbIX 06NacTAX AeATenb-
HocTW. B nocnepytowen ctatbe 6ydeT pacCMOTPEHO MCMOSb30-
BaHWe SFE xuakocTen ansi onpefeneHus CEH30PHO aKTMBHbIX
BeLecTB B NMBe.

Keywords: supercritical fluid extraction, SFE, theoretical principles,
sensory active substances

1 INTRODUCTION

Most of the time, extraction methods used to isolate sensory ac-
tive substances from beer, as well as contaminating substances
(pesticides, PCB, PAH), are extremely labour-intensive and time con-
suming (steam distillation, liquid-liquid extraction etc.).

Some modern methods, for example solid-phase microextraction
(SPME), can be used successfully for liquid samples, but only for
very volatile compounds. This method does not provide satisfactory
results in the case of medium or highpolar compounds. On the ot-
her hand, methods based on solid-phase extraction (SPE) often fail
due clogging of the sorbent matrix by ballast substances present in
the analyzed material.

The utilization of supercritical fluid extraction of liquid samples
would enrich the possibilities of determining a wide spectrum of sen-
sory active compounds in beer. It would also improve extraction met-
hods when it comes to the analysis of contaminants, especially pes-
ticides, PCB, PAH etc.

While superecritical fluid extraction of solid samples is currently used
on regular basis (for instance, to determine pesticides in hops, PAH in
contaminated soils), SFE of liquid samples is brand new to analytical
chemistry. It is characterized by its sensitive handling of the extracted
material and allows the extraction of a wide spectrum of compounds.

The methods used to isolate targeted substances in beverages
can be roughly divided into the following categories:
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Extrakce plynem — tzv. stripovani

Analyt je vystripovan (vytésnén) proudem inertniho plynu z ka-
palného média a zachycen sorpci na lozi sorbentu. Tento postup je
vSak limitovan tékavosti latek a jejich polaritou. Je vhodny spiSe pro
stanoveni tékavych a nepolarnich slou¢enin. S ohledem na nutnost
termalni desorpce neni tento postup vhodny pro termolabilni slou-
ceniny.

Extrakce na pevné fazi (SPE) a mikroextrakce na pevné fazi
(SPME)

Tyto metody jsou dnes velmi ¢asto vyuzivany, nebot nabizeji se-
lektivni extrakci sledovaného analytu z matrice pomoci vhodné volby
sorbentu. V pripadé SPE je analyt extrahovan z loZze vhodnym roz-
poustédlem, v pfipadé SPME je provadéna desorpce termalné
v proudu inertniho plynu. Slabinou jsou zde problémy s kvantifikaci,
plsobené zejména omezenou kapacitou sorbentu a kompetitivnimi
reakcemi.

Extrakce v systému kapalina — kapalina

Jde o nejrozsitenéjsi klasicky zplsob extrakce. Vyuziti je limito-
vano nutnosti zvolit nepolarni rozpoustédlo. Jedna se o postup ¢a-
sové a finanéné naro¢ny a ekologicky nepfili§ vhodny (velké objemy
rozpoustédel).

Destilacni metody

Nevyhodou je pozadavek na tékavost latek (nejéastéji s vodni pa-
rou), znacéné tepelné zatizeni matrice (maze vést ke zkreslenym vy-
sledkiim) a ve vétsiné pfipadl zejména nutnost nasledné extrakce
a zakoncentrovani analytu.

2 PRINCIP METODY

Metoda superkritické extrakce kapalin je zalozena na nizké vza-
jemné rozpustnosti vody a nadkritického CO, (o hustoté 0,4 az 0,8
g/ml). Vyuziva skute€nosti, Ze se v oblasti nadkritického tlaku a tep-
loty chova nadkriticky CO, jako organické rozpoustédlo. Faze nad-
kritického CO, a kapalna faze se v tomto pfipadé odliduji dostate¢né
polaritou i hustotou. Pfestoze je CO, nepolarni slou¢enina vhodna
zejména k extrakci nepolarnich a mirné polarnich latek z vodnych
prostredi, Ize pfidavkem vhodného modifikatoru, jakym je napfiklad
ethanol, docilit i zlepSené extrakce latek s vySsi polaritou. Pouziti
CO, odstrariuje z procesu extrakce nutnost pouzit toxicka organicka
rozpou$tédla a umoznuje plnou automatizaci procesu.

Z experimentélniho hlediska je v pfipadé SFE mozny dvoji pfistup.

Prvou moznosti je ,statické” uspofadani, kdy je vodny roztok umis-
tén do extrakéni cely a nadkriticky CO,, zavedeny ke dnu nadobky,
prochazi diky nizsi hustoté sloupcem vzorku. V tomto pfipadé je li-
mitujicim faktorem objem vzorku a kinetika reakce je velmi ¢asto Fi-
zena rychlosti difize analytt ve vodné fazi. Plocha mezifazového
rozhrani je obvykle nizka, coz vede k dlouhym extrakénim ¢astm.

Druhou moznosti je vyuziti dynamického zplsobu extrakce tak,
jak byl pouzit v této praci. Pouzité zafizeni je zobrazeno na obr. 1.
Experimentalni feSeni extraktoru (obr. 1) vychazi z principu konti-
nualni extrakce v pInéné destila¢ni kolonce. Toto feSeni neomezuje
do urcité miry objem vzorku, a tim vyrazné zvysuje citlivost metody.
Sestéava ze dvou recipro€nich ¢erpadel, z nichz jedno dodava nad-
kriticky COp, tj. udrzuje konstantni tlak v systému, druhé davkuje
vodny vzorek. Reseni funkce separatoru fazi (indikace hladiny vodné
faze) umoziiuje plnou automatizaci metody. Na prototypu zafizeni
vyvinutém v Ustavu analytické chemie AV CR ve spolupraci se
SEKO-K Brno byly ovéfeny zakladni funkce a zejména ¢innost sen-
zor( v separatoru fazi, kterd je funkéni i v pfipadé vyssSich koncent-
raci ethanolu [1-11].

Oba zpUsoby provadéni extrakce, souproudy i protiproudy, se vy-
znamné odliduji.

V souproudém usporadani Ize pfedpokladat rovnovahu (ustéleny
stav) na vystupu z kolony, tj. cela kolona v tomto pfipadé predsta-
vuje jedno teoretické patro. Existuji zde tedy pfinejmensim dva di-
vody, pro€ je toto usporadani z experimentalniho hlediska zajimavé.
Jednak poskytuje moznost zméfit hodnotu rozdélovacich koeficientt
v daném systému (za pfedpokladu nekone¢ného zfedéni), jednak
umoznuje pouzit pomérné husté plnénou kolonu bez omezeni pri-
toku vodného vzorku, coz je hlavni problém v protiproudém rezimu.

Pro celkovou bilanci zde plati, ze:

F- (= X)=FCy, (1)

Gas stripping

The analyte is purged from the liquid medium by a flow of inert
gas and then absorbed on the sorbent matrix. However, this method
is limited by the substance volatility and polarity. It is more suitable
for determining volatile and non-polar compounds. This method is
not suitable for heat-sensitive compounds due to the necessity of
thermal desorption.

Solid-phase extraction (SPE) and solid-phase microextraction
(SPME)

These methods are used very often today, because they offer se-
lective extraction of the targeted analyte from the sample through
the suitable choice of sorbent. In SPE, the analyte is extracted from
the sorbent matrix by a suitable solvent. In SPME, desorption is done
thermally in a flow of inert gas. The weaknesses are problems with
quantifying, which are caused particularly by the limited sorbent ca-
pacity and competitive reactions.

Liquid-liquid extraction

It is the most widespread classical extraction method. The need
to select a non-polar solvent limits the method's versatility. It is fi-
nancially demanding, time consuming and not very ecological (large
amounts of solvents).

Distillation methods

Disadvantages are the need for substance volatility (most often re-
quiring steam distillation), the sample is exposed to considerable ther-
mal load (can lead to distortion of results), and in most cases, espe-
cially the need for subsequent extraction and analyte concentrating.

2 THE PRINCIPLE OF THE METHOD

The supercritical fluid extraction method is based on the low so-
lubility of water in supercritical CO, (density of 0,4 to 0,8 g/ml). The
method makes use of the fact that supercritical CO, acts as an or-
ganic solvent under supercritical pressure and temperature. In this
case, the supercritical CO, phase and liquid phase vary significantly
in polarity and density. Although CO, is a non-polar compound sui-
table particularly for the extraction of non-polar and weakly polar
substances from aqueous systems, an enhanced extraction of sub-
stances with higher polarity can be achieved by adding an appro-
priate modificator, for example ethanol. The use of CO, eliminates
the need to use toxic, organic solvents in the extraction process and
enables a full automation.

Two different approaches are available to perform SFE in terms
of experiments.

The first choice is ,static* set-up. An aqueous solution is placed
into the extraction chamber and due to the lower density the su-
percritical CO,, delivered to the bottom of the chamber, passes
through the sample column. In this case, the sample capacity limits
the method and the reaction kinetics are very often determined by
the speed of analyte diffusion in the aqueous phase. The surface
area of the interphase boundary is often low, resulting in lengthy ex-
traction times.

The second option is using the dynamic concept of extraction as
it was used in this study. Fig. 7 shows the equipment used. The ex-
perimental design of the extractor (Fig. 1) is based on the concept
of continuous extraction in a packed distillation column. This design
does not limit the sample capacity to a certain extent and therefore
significantly increases the method's sensitivity. There are two reci-
procal pumps. One supplies the supercritical CO,, it maintains con-
stant pressure in the system, and the other doses the aqueous sam-
ple. The method's full automation is achieved through the design of
the phase separator (indication of aqueous phase level). The basic
functions, particularly of the sensors in the phase separator, which
work even with higher concentration of ethanol, were tested on a pro-
totype of the machine developed by Ustav analyticke chemie AV CR
in co-operation with SEKO-K Brno [1-11].

Both ways of performing extraction, concurrent and countercur-
rent, are very distinct.

In a concurrent set-up, we can assume a balance (steady state)
at the outlet from the column, that is, the entire column represents
one theoretical tray in this case. Therefore, there are at least two re-
asons why this set-up is compelling from an experimental aspect.
For one, it offers a chance to measure the value of the separating
coefficients in a given system (assuming infinite dissolving). Se-
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Obr. 1 / Fig. 1 Schéma extrakéniho systému SFE kapalin / Diagram of SFE system

FL:0.89 F@313

mi/min

76:50.4

P:20.0
MPa

1 — extrakéni kolona / extraction column
2 — separator fazi / phase separator
3, 4 — kapilarni restriktor / capillary restrictor

kde F*a F€¢jsou molarni pritoky vodné a nadkritické faze, x, yjsou
molarni zlomky analytu ve vodné a nadkritické fazi, symboly 1 a 2
oznacduji vstup a vystup z kolony. Za pfedpokladu rovnovahy a ne-
konecéného fedéni Ize rozdélovaci koeficient vyjadfit pomérem mo-
larnich zlomku

Y2
X2

@)

Platnost rovnice (2) nezavisi na zadnych fyzikalnich pfedpokla-
dech, vyplyva z vlastnosti Taylorova rozvoje spojité funkce v okoli
X, — 0. Kombinaci rovnic (1) a (2) ziskame:

 — (3)

Pomoci tohoto vztahu mizeme tedy stanovit rozdélovaci koefici-
enty analytl a objem(i vodné a nadkritické faze pro$lych kolonou
v pfipadé stopovych koncentraci. Neni zde nutné stanovit koncent-
raci latky v nadkritické fazi. Hodnoty takto vypoétenych rozdélova-
cich koeficientd Ize vyuzit pro vyhodnoceni dat z uspofadani proti-
proudého.

Na rozdil od usporadani souproudého, kdy se nachazely obé faze
na vystupu z extraktoru pobliz rovnovazného stavu, v pfipadé uspo-
fadani protiproudého pracujeme v riznych mistech kolony ve stavu
nerovnovazném. Opét zde plati rovnice (1), avSak je nutné si uvé-

5 — ¢erpadlo vodné faze / aqueous phase pump
6 — ¢erpadlo kapalného CO, / liquid CO, pump
7 — zasobnik vodné faze / aqueous phase

supply container

DL0SEym DGO gn

10

[
I
1
I
I
|
|
I
|

8 — tlakova lahev CO, / CO; cylinder
9 — fidici pocitac / control computer
10 — PC / Windows

condly, quite a densely filled column with no limit on the aqueous
sample flow can be used, which is the main problem with the coun-
tercurrent set-up.

In this case, this equation applies for an overall balance:

F-(x; —Xx) = FCy, (1)

where F-and F€ are the molar flow rates of the aqueous and su-
percritical phase, x, y are molar fractions of the analyte in aqueous
and supercritical phase, symbols 1 and 2 represent the inlet and out-
let from the column. Assuming a balance and infinite dissolving, the
separating coefficient can be expressed by the ratio of the molar
fractions.

)
X2

k 2)

The validity of the equation (2) does not depend on any physical
hypotheses, it is derived from the characteristics of Taylor's deve-
lopment of joint function in the vicinity of x, = 0. When combining
equations (1) and (2) we get:

Xz 1 Ft

= — 3
X;—X k F€@ ®)

Therefore, with the help of this equation, we can determine the
separating coefficients of analytes and volumes of the aqueous and
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domit, Ze v tomto pfipadé zavisi koncentrace stanovené latky ve
vstupni &asti kolony na vstupni koncentraci roztoku a obdobné je
tomu i na vystupu.

Pro koncentraci latky v nadkritické fazi plati vztah (4):

Y2 Ft
(x=x)=——((x-x1) 4)
FG

y =
Xo — X4
Zaporné znaménko zde vyjadfuje protiproudé usporadani. Kfivka
prochazejici po¢atkem reprezentuje rovnovaznou kfivku a jeji smér-
nice odpovida rozdélovacimu koeficientu k. Druha kfivka protinajici
osu x odpovida skute¢né pracovni kfivce.

V praxi, kdy jsme nuceni pracovat s realnymi vzorky obsahujicimi
vy$88i koncentrace stanovenych latek, je mnohdy potfebné dosah-
nout vétSiho mnozstvi teoretickych pater, zkrétit as apod., coz Ize
zpravidla docilit protiproudym uspofadanim. Uginnost kolony je silné
zavisla na néko-
lika parametrech,

a to zejména na
jejich rozmeérech,  3.01
tvaru a povrchu

naplné, poméru 2!
a velikosti pratoku i
obou fazi, velikosti
difuznich koefici- 2.0

entd  stanovené
latky v obou fazich
a dale na tlaku > 1-
a teploté, za kte-

rych extrakce pro- 1
biha.

Hodnoty rozdé-
lovaciho  koefici- 0.5

entu k Ize zhruba
odhadnout tak, ze

supercritical phase, for the case of trace amounts, which passed
through the column. We can use the values of the separating coef-
ficients calculated this way to evaluate the data from the counter-
current set-up.

Unlike with the concurrent set-up, where both phases were close
to a steady state when leaving the extractor, with the countercurrent
set-up some areas of the column are not in a steady state. Equation
(1) applies again, however, it is important to note that, in this case,
the concentration of the determined compound at the inlet of the co-
lumn depends on the compound's initial concentration, and likewise
at the outlet.

For the concentration of a compound in an supercritical phase,
equation (4) applies:

2 Ft
(xX—x)=——(x=-x) “4)
Xo — Xq Fé

y:

The negative sign represents countercurrent set-up. The
curve intercepting the zero mark represents the balanced
curve and its slope coheres with the separating coefficient k.
The second curve intercepting the x axis represents the real
work curve.

In real life, we usually deal with samples containing higher
concentrations of the determined compounds. As a result, it
is often necessary to achieve a higher number of theoretical
trays, shorten the time etc., which we can usually achieve
with the countercurrent set-up. The column's efficiency de-
pends strongly on several parameters, particularly on its di-
mensions, the shape and surface of the column filler, the ra-
tio and the flow rates of both phases, the value of diffusion
coefficients of the determined compound in both phases and
further on the pressure and temperature under which the ex-
traction is performed.

The values of the separating coefficient k can be roughly
estimated by substituting the molar fractions of analyte solu-

nahradime  mo- : .
larni zlomky roz-
pustnosti analytu
v jednotlivych fa-
zich [12]. Rozpustnost jednotlivych latek v nadkritickém CO, uvadéji
napf. Bartle et al. [13].

Urcitou slabinou metody je rozpustnost vody v nadkritickém CO,,
coz muze plsobit komplikace zplsobené prFitomnosti vihkosti v or-
ganické fazi nebo v navazujicim analytickém systému [14].

3 VYUZITi SFE V PRAXI

Superkriticka fluidni extrakce nachézi v sou€asnosti uplatnéni ve
stale vice oblastech.

Tak Ize naptiklad nadkriticky CO, pouzit pro stanoveni tékavych
organickych latek, napf. benzenu, ve vodé [15].

Koski et al. [16] vyuzil on-line spojeni SFE-superkriticky fluidni
chromatograf pro stanoveni prostaglandini ve vodném roztoku.
Hawthorne et al. [17] extrahoval pomoci SFE fenolické slou¢eniny
z odpadnich vod, a to nasledné po jejich methylaci trimethylfeny-
lammonium hydroxidem v uzaviené cele plnéné piskem pfi teploté
80 °C a tlaku 40 MPa. Hedrick a Taylor studovali moznosti extrakce
tenzid a nékterych polarnich latek (fenolu, pseudoefedrinu apod.)
z vody, pficemz zjistili negativni vliv na vytéznost extrahovanych la-
tek, zplisobeny rozpousténim CO,, a tim vyznamnym poklesem pH
extrahovaného roztoku (az na pH = 3,5) [18, 19]. Obdobnému té-
matu se vénovali i Karasek et al. [20].

Croft et al. [21] extrahoval po methylaci pomoci SFE chlorfenoxy-
octové kyseliny z vodnych roztok(i. Obdobné vyuzil SFE k extrakci
organochlorovych derivatt Barnabas et al. [22].

SFE ve spojeni s HPLC detekci nachazi své uplatnéni i v analyze
pesticidll [23, 24.]. Pomoci této metody byl stanoven i obsah ana-
bolik ve vodé a krevnim séru [25, 26].

K zajimavym aplikacim SFE patfii stanoveni tenzid( ve vodé [27],
kovli [28, 29] a alkylfenolu [30].

Pomoci SFE Ize v§ak izolovat z vody a z vodnych roztokl i malo
tékavé latky, napfiklad polyaromatické uhlovodiky [31-33] a poly-
chlorované bifenyly [31, 34, 35].

SFE nadkritickym CO, pfinesla prvé vysledky i v oblasti analyzy sen-
zoricky aktivnich latek v oblasti vin a vinnych destilatli [4, 10, 36-41].

14  bility in the individual phases [12]. The solubility of various
compounds in supercritical CO, is mentioned by, for exam-
ple Bartle et al. [13].

A certain weakness of the method is the solubility of water
in supercritical CO,, which can create problems caused by the pre-
sence of humidity in the organic phase or in the consequent analy-
tical system [14].

3 PRACTICAL USE OF SFE

Supercritical fluid extraction is currently establishing itself in more
and more fields of application.

Thus, supercritical CO, can be used to determine volatile organic
compounds, for ex. benzene, in water [15].

Koksi et al. [16] used an on-line connection SFE-supercritical fluid
chromatograph to determine prostaglandins in an aqueous solution.
Hawthorne et al. [17] extracted phenolic compounds from a waste
water sample with the help of SFE. He did so after their methylation
with trimethylphenylammonium hydroxide in an enclosed chamber
filled with sand at 80 °C and a pressure of 40 MPa. As Hedrick and
Taylor studied the possibilities of extracting tensides and some po-
lar compounds (phenol, pseudoephedrine etc.) from water, they
found a negative impact on the yield of the extracted compounds,
caused by the dissolved CO,, and thus by the significant decrease
of pH of the extracted solution (down to pH = 3,5) [18, 19]. Karasek
et al. [20] addressed a similar issue.

Croft et al. [21] was extracting chlorophenoxyacetic acids out of aqu-
eous solutions after the methylation with the help of SFE. Barnabas
et al. [22] used SFE similarly to extract organochlorine derivates.

SFE combined with HPLC detection is also establishing itself in
the analysis of pesticides [23, 24]. Furthermore, the anabolic con-
tent in water and blood plasma was determined with the help of this
method [25, 26].

Some interesting applications of SFE also include determining
tenside content in water [27], metals [28, 29] and alkyphenols [30].

SFE can isolate weakly volatile substances from water and aqu-
eous solutions too, for example PAH [31-33] and PCB [31, 34, 35].

With the supercritical CO,, SFE brought first results in the field of
analysis of sensory active substances in wines and wine distillates
as well [4, 10, 36-41].
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V potravinarstvi Ize déale vyuzit SFE napfiklad ke stanoveni kva-
lity nealkoholickych a alkoholickych napoj. Shimoda et al. [42] stu-
doval a vzajemné porovnal vysledky rtznych zplsobU extrakce sen-
zoricky aktivnich latek z ovocnych Stav.

Pouziti CO,, ktery je levny a dostupny v relativné vysoké Cistoté,
snizuje vyznamneé finanéni naklady na extrakci a odstranuje z pro-
cesu doposud pouzivana organicka rozpoustédla, ktera negativné
ovlivriuji prostfedi laboratofi a obecné zatéZuji zivotni prostredi.

V oblasti pivovarské analytiky nebyly zatim publikovany prace ty-
kajici se této problematiky, avSak z vy$e uvedeného vyplyva, ze by
zde mohla SFE nalézt své uplatnéni.

4 ZAVER

Je zfejmé, Ze se v pripadé superkritické fluidni extrakce kapalin
jedna o novou, progresivni metodu, ktera by mohla vzhledem k Se-
trnym extrakénim podminkam a schopnosti extrahovat Siroké spekt-
rum analytd, najit uplatnéni i v pivovarské analytice.

Z tohoto dlvodu byla navazana lzka spoluprace mezi nasi labo-
ratofi (AZL) a UACH AV CR v Brné. Nase pozornost je nyni zame-
fena zejména na oblast analyzy senzoricky aktivnich latek a konta-
minantl v pivu.

V nasledujicim ¢lanku, navazujicim na tento tvodni ¢lanek, budou
prezentovany prvni vysledky ziskané pfi optimalizaci extrakénich
podminek a nasledné analyze niz$ich alkoholl, esterli a mastnych
kyselin izolovanych z piva.

Podékovani: Tato prace vznikla diky finanéni podpofe poskytnuté
fesitelim Ceskym svazem pivovar( a sladoven v ramci projektu
Ceské pivo.
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SFE can be used in beverage manufacturing to determine the qua-
lity of non-alcoholic and alcoholic beverages. Shimoda et al. [42] stu-
died and compared the results of various extraction methods of sen-
sory active substances from fruit juices.

The use of CO,, which is inexpensive and accessible in a relati-
vely high purity, significantly lowers financial expenses of the ex-
traction and eliminates the use of organic solvents, which were used
up until now and negatively impact the laboratory and damage the
environment in general.

No studies regarding this issue have been published in the field
of brewing analytics, however, the aforementioned suggests that SFE
could establish itself there as well.

4 CONCLUSION

Itis clear that supercritical fluid extraction is a new progressive met-
hod that could be utilized in brewing analytics due to its gentle ex-
traction conditions and ability to extract a wide spectrum of analytes.

For this reason, close co-operation was established between our
laboratory (AZL) and UACH AV CR in Brno. Now we will focus spe-
cifically on the area of analysis of sensory active substances and
contaminants in beer.

In the following article, which will extend this introductory article,
we will present the first results obtained from optimizing the extrac-
tion conditions followed by an analysis of lower alcohols, esters and
fatty acids isolated from beer.

Acknowledgements: This study was carried through thanks to the
financial support provided by Cesky svaz pivovaru a sladoven as
a part of the project Ceske pivo.

20. Karasek, P., Pdl, J., Planeta, J, Roth, M., Vejrosta, J., Wicar, S.: Anal.
Chem. 74, 2002 (16), 4294.

21. Croft, M. Y., Murby, E. J., Wells, R. J.: Anal. Chem. 66, 1994, 4459.

22. Barnabas, I. J., Dean, J. R., Hitchen, S. M., Owen, S. P.: J. Chroma-
togr. 665, 1994, 307.

23. Pdl, J., Wenceslawiak, B. W.: Anal. Chem. 75, 2003 (6), 1430.

24.Betz, L. R., Anderson, G. A., Mcnally, M. E.: J. Envir. Sci. Health Part
B, 34, 1999 (2), 171.

25. Simmons, B. R., Stewart, J. T.: J. Chromatogr. B, 688, 1997 (2), 291.

26. Ashraf-Khorassani, M., Taylor, L. T.: J. Chromatogr. Sci. 38, 2000 (11),
477.

27.Kane, M., Dean, J. R., Hitchen, S. M., Dowle, C. J., Tranter, R. L.: Ana-
lyst 120, 1995 (2), 355.

28. Erkey, C.: J. Supercrit. Fluids 17, 2000 (3), 259.

29. Wang, J., Marshall, W. D.: Anal. Chem. 66, 1994 (10), 658.

30. Eskilsson, C. S., Agren, A., Mathiasson, L., Bjorklund, E.: J. Lig. Ch-
romatogr. and releated Technologies 27, 2004 (18), 2871.

31. Vejrosta, J., Karasek, P, Planeta, J.: Anal. Chem. 71, 1999 (4), 905.

32. Loikova, L., Sedlakova, J., Kuban, V.: J. Separ. Sci. 28, 2005 (11),
1188.

33. Glazkov, I. N., Revelsky, I. A., Efimov, I. P, Zolotov, Y. A.: Chromato-
grafia, 52, 2000 (7-8), 495.

34.Tang, P. H., Ho, J. S., Eichelberger, J. W.: J. AOAC. Int. 76, 1993 (1),
72.

35. Zorita, S., Mathiasson, L.: Int. J. Envir. Anal. Chem. 85, 2005 (8), 531.

36. Karasek, P, Vejrosta, J., Janda, V.: 8th International Symposium on
Superecritical Fluid Chromatography and Extraction, 12.-16. 7., 1998,
St. Louis, Missouri (USA), D-12.

37. Vejrosta, J., Karasek, P, Zdrahal, Z.: V. Ogélnopolskie Sympozjum Ch-
romatograficzne, 8.-10.9., 1998, Torun (PL), L 24, 319-327.

38. Karasek, P., Vejrosta, J.: V. Ogdlnopolskie Sympozjum Chromatogra-
ficzne 8.-10. 9., 1998, Toruf (PL), P 10, 66.

39. Lojkova, L., Karasek, P, Planeta, J., Vejrosta, J., Golias, J.: Eurocon-
ference ,Modern Analytical Methods for Food and Beverage Authen-
tication“, Lednice (Czech Republic) 31.8.— 2. 9., 2000, 78.

40. Karasek, P, Planeta, J. Ostra, E., MikeSova, M., Golias, J., Roth, M.,
Vejrosta, J.: J. Chromatogr. A 1002, 2003 (1-2), 13.

41. Senorans, F. J., Ruiz-Rodriguez, A., Ibanez, E., Tabera, J., Reglero,
G.: J. Superecrit. Fluids 26, 2003 (2), 129.

42. Shimoda, M., Ishikawa, H., Kawano, T., Osajima, Y.: J. Food Sci. 59,
1994, 231.

Zpracovano na zdkladé predndsky
na 32. Pivovarsko-sladarském seminari v Plzni, 13.—14. 10. 2004.
Do redakce doslo 9. 2. 2006, Preklad Ing. Marek Mikunda



