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Superkritickou fluidni extrakci (SFE) kapalnych vzorki Ize povazo-
vat, i pfes urcité dil¢i problémy, za novou perspektivni metodu, ktera
by mohla, po jejim dal$im zdokonaleni, najit uplatnéni v oblasti sto-
pové analyzy piva. V €lanku jsou prezentovany prvni vysledky dosa-
zené pfi extrakci senzoricky aktivnich latek (alkoholl, mastnych ky-
selin a jejich esteru) z piva. Jedna se o $etrnou a ekologickou metodu,
nezatézujici zkoumanou matrici a pracujici s omezenym mnozstvim
organickych rozpoustédel, coz pIlné odpovida modernim trendim
analytické chemie a pozadavkim na ochranu Zivotniho prostredi.

Culik, J. — Horak, T. — Cejka, P. — Jurkova, M. — Kellner, V. — Ka-
rasek, P. — Varadova-Ostra, E.: Supercritical fluid extraction —
new progressive method in brewing analytics. Part Il. — The opti-
ons of utilizing supercritical fluid extraction to analyze sensory
active substances in beer. Kvasny Prum. 52, 2006, No. 5, p.
142—-147.

Superecritical fluid extraction (SFE) of liquid samples can, despite
certain problems, be considered a new prospective method, which,
after further perfecting it, could establish itself in the field of analysis
of trace amounts of sensory active substances in beer. In the article,
the first results of extracting sensory substances from beer (alcohols,
fatty acids and their esters) are presented. The method is gentle and
environmentally friendly, it does not affect the analyzed material and
uses a limited amount of organic solvents. Therefore, it corresponds
with the modern trends in analytic chemistry and meets the demands
of protecting the environment.

Culik, J. — Horak, T. — Cejka, P. — Jurkova, M. — Kellner, V. — Ka-
rasek, P. — Varadova-Ostrda, E.: Superkritische Extraktion von

Klicova slova: superkritickd extrakce kapalin, SFE, senzoricky ak-
tivni latky

1 UvoD

PFi analyze senzoricky aktivnich latek v pivu se setkavame s né-
kolika problémy, jejichz fe$eni ¢asto vyZaduje protichidnd opatfeni
a ne vzdy je mozné tato opatfeni vzdjemné sladit. Do skupiny sen-
zoricky aktivnich latek fadime zejména niz&i a vyssi alkoholy, mastné
kyseliny a jejich estery, a dale i napfiklad vicinalni diketony.

Analyza vicinalnich diketond je, s ohledem na jejich pomérné vy-
sokou tenzi par, uspokojivé vyfeSena nasazenim headspace technik.

Naproti tomu skupina alkoholl, mastnych kyselin a jejich ester(
tvofi riznorodou skupinu, jejiz zastupci se lisi velikosti molekuly, po-
laritou a dal$imi fyzikalnimi viastnostmi. V dlsledku to tedy znamena,
Ze nejen Zze musime pouzivat pro jednotlivé skupiny téchto latek rizné
izolaéni postupy, ale v pfipadé zvySenych pozadavk( na kvalitu ana-
lytickych vystupu jsme nuceni volit i rizné analytické postupy pro jed-
notlivé zastupce dané skupiny. Typickym pfikladem je napfiklad nut-

Flissigkeiten. Teil Il. — Die Méglichkeiten der Anwendung einer
superkritischen Extraktion von Fliissigkeiten fiir die Analyse von
sensorisch aktiven Stoffen im Bier. Kvasny Prum. 52, 2006, Nr. 5,
s. 142-147.

Trotz einigen Teilproblemen, kann die superkritische Fluidextrak-
tion (SFE) von Flissigmustern als eine neue perspektive Methode
betrachtet werden, die nach einer weiteren Verbesserung ihren Platz
im Bereich der Spuranalyse des Bieres finden kann. Im diesen Arti-
kel werden die erste Ergebnisse veroffentlicht, die bei der Extraktion
von sensorich aktiven Stoffen (Alkohole, Fettséduren und ihre Estere)
im Bier analysiert wurden. Es handelt sich um eine umweltschonende
Methode, die die geprufte Matritz nicht belastet und die mit einer be-
schrankter Mengen an organischen Lésungsmitteln arbeitet, was den
neuesten Trends der organischen Chemie und dem Umweltschutz
entspricht.

Yynuk, . - Fopak, T. — Yeiika, M. — lOpkoBa, M. — Kennnep, B.
— Kapacek, M. - Bapaposa-Octpa, E.: Cynepkputuyeckoe
9KCTparnpoBaHue XXU[KocTel — HOBbI NPOrpPecCUBHbIN MeTof,
B MNUBOBapeHHOW aHanuTuke. 2. 4actb — Bo3moxxHocTM
Mcnonb3oBaHus CynepKpuUTU4eCKOoro 9KCTparnpoBaHus
XUAKOCTEN NPU aHasim3e CeH30pUYEeCKUN aKTUBHbIX BEWECTB B
nuse. Kvasny Prum. 52, 2006, Ho. 5, cTp. 142-147.
Cynepkputmnyeckyto dnyngHyto akcTpakumio (CD3I) xnakux
npo6 MOXHO CuUMTaTb, BOMPEKM HEKOTOpbIM npobriemam, HOBbIM
nepcneKkTUBHbIM MeTOAOM, KOTOPbIA MOr Obl HaWTW, Mocrne ero
YCOBEPLUEHCTBOBaHWS, MPUMEHEHVE B 0611aCTU aHanm3a HUHTOXKHO
MarnbiX KONMYecTB B nuBe. B cTaTbe nMpuBoASATCA nepBble pesy-
nbTatbl, AOCTUIHYTble MyTEM 3KCTpParMpoBaHUs CEH30PUYECKM
aKTUBHbIX BELLECTB (CNUPTbI, XUPHbIE KUCIOTbI U UX 3hUpPbIsA) U3
nuea. MeTog ABNSeTCA HearpeccMBHbIM, 3KOSTOMMYECKUM, He3arpy-
XawwyM - uccriegyemyto  matpudy. [lpu  ero  ucnonb3oBaHum
NPUMEHSETCA OrpaHUY4EHHOE KONMMYECTBO OpPraHU4ecKux pacTBoO-
puTenen, 4To BMNOSHE COOTBETCTBYET COBPEMEHHOMY TPEHAY aHa-
JNIMTUHECKON XUMUM 1 TPeBOBaHUSIM Ha OXPaHy XXU3HEHHOW cpefbl.

Key words: supercritical fluid extraction, SFE, sensory active sub-
stances

1 INTRODUCTION

When analyzing sensory active substances in beer, we encounter
several problems. Their resolution often requires contradictory mea-
sures and it is not always possible to coordinate them all. As sensory
active substances we consider lower and higher alcohols, fatty acids
and their esters and further even vicinal diketones.

The analysis of vicinal diketones is efficiently resolved by using he-
adspace techniques, with regard to their relatively high vapour ten-
sion.

On the other hand, the group of alcohols, fatty acids and their es-
ters forms a diverse group, whose representatives vary in molecule
size, polarity and other physical characteristics. In effect, this means
that not only must we use different isolation methods for the individual
groups of these substances, but in the case of demands for higher
quality of the analytical results, we also must choose different analy-
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nost extrahovat vySSi estery a fenolické alkoholy jinym postupem nez
alkoholy a estery nizsi a volit i jinou analytickou koncovku [1-4]. Je
zfejmé, Ze tento postup Ize stézi aplikovat napfiklad pfi rychlé pro-
vozni kontrole priibéhu kvaseni.

Proto jsme vyuzili moZnost vyzkous$et novy zpUsob extrakce sen-
zoricky aktivnich latek metodou superkritické extrakce kapalin, nebot
zde existoval pfedpoklad mozného budouciho vyuziti této nové a v po-
travinafské analytice dosud neodzkousené metody i v oblasti pivo-
varské analytiky.

V ¢&lanku jsou prezentovany prvé vysledky ziskané v oblasti ex-
trakce vybranych senzoricky aktivnich sloZek piva, a to niz8ich alko-
holl a esterll a nizSich a vyssich mastnych kyselin.

2 EXPERIMENTALNI CAST

Jak jiz bylo fe€eno, smyslem této prace bylo ovéfit moznost sta-
novit senzoricky aktivni latky (nizsi alkoholy, estery a mastné kyse-
liny) v pivu s pomoci SFE a porovnat dosazené vysledky s vysledky
docilenymi klasickou destilaci s vodni parou (zrychlena metoda AZL
provadéna na pfistroji Bichi [1]).

V prvni fazi byla proto provedena optimalizace podminek SFE po-
moci analyzy neobohacenych a obohacenych vzorkl piv vy$e uve-
denymi analyty a nasledné byly vzadjemné porovnany dosazené vy-
téznosti a opakovatelnosti u obou metod.

Analytické hodnoceni piv

Extrakce nizsich alkoholU a esterd byla provedena pomoci zrych-
lené destilace s vodni parou [1], extrakce mastnych kyselin pomoci
extrakce na pevné fazi [2].

Extrakce nizsich alkohol(, estert a mastnych kyselin metodou su-
perkritické fluidni extrakce kapalin (SFE) probihaly nasledujicim zpa-
sobem: Pfed vlastni analyzou byl vzorek po dobu 10 minut odplynén
v ultrazvukové lazni. K vlastni analyze byl odebran vzorek o objemu
150 ml. Extrakce probihala za nasledujicich extrakénich podminek:

teplota 50 °C

tlak 20 MPa

pratok vzorku 0,5 az 0,6 ml/min
pratok CO, 3,6az3,8m

zachytné rozpoustédlo n-hexan resp. ethanol, chlazeno na 10 °C
vysledny objem extraktu doplnén na 20 ml.

Niz§i alkoholy, estery i mastné kyseliny byly stanoveny metodou
plynové chromatografie a detekce plamenoionizaénim detektorem
(FID) [1, 2].

Niz&i mastné kyseliny (do C,,) byly v extraktech stanoveny plyno-
vou chromatografii pfimo. Vyssi mastné kyseliny byly derivatizovany
a jejich methylestery stanoveny na plynovém chromatografu vyba-
veném plamenoionizac¢nim detektorem (FID). Kvantitativni vyhodno-
ceni bylo provedeno pomoci metody vnitfniho standardu. Jako vnitni
standard byla pouzita kyselina n-heptanova pro stanoveni nizsich
mastnych kyselin; pro stanoveni vys$sich mastnych kyselin byly vyu-
zity kyseliny tridekanova, pentadekanova a heptadekanova.

Optimalizace extrakénich podminek SFE — tékavé latky
V prvni etapé byla odzkouSena vhodnost zvoleného zachytného
rozpoustédla. Zachyt byl proveden do 96% ethanolu a n-hexanu.
Piva byla obohacena pfidavkem jednotlivych analytd uvedenych
v tab. 1. Vysledky ziskané ze Ctyf paralelnich SFE extrakci obohace-

tical methods for the individual representatives of a given group. A ty-
pical example is the need to extract higher esters and phenolic alco-
hols differently than lower esters and alcohols and to use a different
analytic finish [1-4]. It is clear that this method is difficult to apply for
example, for the fast routine check of the fermentation process.

We tested out extracting sensory active substances by the new su-
percritical fluid extraction method, as we foresaw a possible future
use of this modern method, which has not been tried out in food ana-
lytics before, in the field of brewing analytics.

In the article, the first results of extracting selected sensory active
substances in beer, those being lower alcohols and esters and lower
and higher fatty acids, are presented.

2 EXPERIMENTAL PART

As has been said before, the purpose of this study was to test out
the possibility of determining sensory active substances (lower alco-
hols, esters and fatty acids) in beer with the help of SFE and to com-
pare the received results with the results achieved by traditional steam
distillation (shortened AZL method done using Buchi analyzer [1]).

That is why, the conditions for SFE were optimized in the first phase
by analyzing non-enriched and enriched (with the above-mentioned
analytes) beer samples. Then, the achieved yields and repeatability
of both methods were compared.

Analytical beer assessment

Lower alcohols and esters were extracted by shortened steam di-
stillation [1], fatty acids were extracted by solid-phase extraction [2].

The extraction of lower alcohols, esters and fatty acids with the help
of superecritical fluid extraction (SFE) was carried out in the following
manner.

The sample was de-gassed in an ultrasound bath for 10 minutes
before its analysis. The sample volume was 150 ml. The extraction
was done under the following extraction conditions:

temperature 50 °C

pressure 20 MPa

sample flow 0,5 to 0,6 ml/min
CO; flow 3,6 to 3,8 ml/min

capturing solvent n-hexane or ethanol, cooled at 10 °C
final extract volume topped up to 20 ml.

Lower alcohols, esters and fatty acids were determined by the gas
chromatograph (GC) equipped with a flame ionization detector (FID)
[1, 2].

Lower fatty acids (to C,,) were determined in the extracts directly by
gas chromatography. Higher fatty acids were derived and their methyl
esters were determined on a gas chromatograph equipped with a flame
ionization detector (FID). Qualitative evaluation was done by the inter-
nal standard method. N-heptanoic acid was used as the internal stan-
dard; for determining the lower fatty acids tridecanoic, pentadecanoic
and heptadecanoic acids were used for the higher fatty acids.

The optimization of extraction conditions of SFE — volatile com-
pounds
In the first stage, the suitability of the selected capturing solvent
was tested. The capture was done into 96% ethanol and n-hexane.
The beers were enriched with individual analytes listed in Tab. 1.
The results from four parallel SFE extractions of an enriched and

Tab. 1 Mnozstvi tékavych latek pouzitych k obohaceni vzorku / Amount of volatile compounds used to enrich the sample

Vlozena latka / Internal standard Oznaceni v grafu / Graph label Mnozstvi / Amount (mg/l)
octan isoamylnaty/ isoamyl acetate OCTISOAM 5
kapronan ethylnaty / ethyl caproat KAPRONET 5
mlécnan ethylnaty / ethyl lactate MLECET 5
kaprylan ethylnaty / ethyl caprylate KAPRYLET 5
ethylhexanol ETHEXANOL 50
octan fenylnaty / phenyl acetate OCTFENYL 5
kaprinan ethylnaty / ethyl caprinate KAPRINET 5
furfurylalkohol / furfurylalcohol FURFURYLALK 50
2-fenylacetat / 2-phenyl acetate 2-FENACET 5)
lauran ethylnaty / ethyl laurate LAURET 5
2-fenylethanol (B-fenylethanol) / 2-phenylethanol BFENETHAN 50
myristan ethylnaty / ethyl myristate MYRISTET 5
palmitan ethylnaty / ethyl palmitate PALMET 5
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ného a neobohaceného vzorku 100,00

a non-enriched beer samples with

piva v zavislosti na pouzitém za-
90,00

relation to the capturing solvent

chytném rozpoustédle jsou uve-

deny na obr. 1. 80,00

used are shown on Fig. 1.
It is clear from the data presen-

Z vySe uvedeného vyplyva, ze
vytéznost u jednotlivych latek
znacné kolisala, nicméné dosa-
zené vysledky u n-hexanu (pr0-
mérna vytéznost 55 %) byly lepsi
nez u ethanolu (prdmérna vytéz-
nost 37 %). Z tohoto dlvodu byly
nasledujici pokusy provadény za
pouziti n-hexanu jako zachytného
rozpoustédla.

Uginnost SFE zavisi

70,00

60,00
50,00

40,00

vytéznost / Yield (%)

30,00 A
20,00

. 10,00 1
kromé

ted that the yield of individual com-
pounds varied greatly. Neverthe-
less, the achieved results for
n-hexane (average yield 55 %)
were better than those for ethanol
(average yield 37 %). The next
tests were done using n-hexane as
the capturing solvent for that rea-
son.

Apart from the pressure and the
temperature, the efficiency of SFE

éznost hexan
W Vytéznost ethanol

tlaku a teploty i na dosazenych 0,00 - m - also depends on the achieved
prutocich kolonou, které Ize regu- € oé&ﬁ\éoV@k"gé‘ FELTLE flows thought the column, which
lovat vhodnou volbou restriktord. F L EFLL 0@2@“3"@ ™ can be regulated by the appropri-
Z tohoto dlivodu bylo nutné pro- S *yé“\ © igzi‘ v @“Q’ N ate choice of restrictors. Therefore,

vést optimalizaci pracovnich pod-
minek na vlastnim SFE extrak-
toru. V tfab. 2 jsou uvedeny
jednotlivé varianty. Kazda vari-
anta byla ovéfena na dvojici
vzork(l piva bez a s pfidavkem
stanovené latky.

Vzorky byly kédové oznaeny ve formatu Pos1, Pos2, Pos3,
a Pos4, kde
Pos1 .... P

S

Obr. 1/ Fig. 1 Porovnani vytéznosti

= neobohaceny vzorek

= obohaceny vzorek

= CO; restriktor o délce 85 cm

| = CO, restriktor o délce 170 cm
= vodny restriktor o délce 27 cm
= vodny restriktor o délce 17 cm
= vodny restriktor o délce 12 cm
= vodny restriktor o délce 8 cm
= vodny restriktor o délce 7 cm

, B paralelni vzorky

Pos2 ....
Pos3 ... 1
2
3
4
5
A

Pos4 ...

leném zachytném rozpoustédle / Comparison of the yields of vola-
tile compounds in relation to the particular capturing solvent

it was necessary to optimize the
conditions in the SFE extractor it-
self. Several combinations are
shown in Tab. 2. Each combination
was tested on a pair of beer sam-
ples with and without the enri-
chment with the determined analyte.

The samples were labelled by codes in the format Pos1, Pos2,
Pos3, and Pos4 where
Pos1 .... P =non-enriched sample

S = enriched sample

CO; restrictor with length of 85 cm
I = CO, restrictor with length of 170 cm
= aqueous restrictor with length of 27 cm
= aqueous restrictor with length of 17 cm
= aqueous restrictor with length of 12 cm
= aqueous restrictor with length of 8 cm
= aqueous restrictor with length of 7 cm
A, B parallel samples

tékavych latek v zavislosti na zvo-

Pos2 ....

Pos3 ...

GO WON =

Pos4 ...

Tab. 2 Zvolené varianty podminek SFE / Tested combinations of the SFE conditions

Vzorek / Sample Priitok CO, / CO, Pritok vzorku / Vzorek / Sample Pritok CO,/ CO, Pritok vzorku /
flow (ml/min) Sample flow flow (ml/min) Sample flow
(ml/min) (ml/min)
PI1A resp. B 3,7 0,5 PII1A resp. B 2,0 0,5
PI2A resp. B 4,2 0,9 PII2A resp. B 2,2 0,9
PI3A resp. B 4.2 1,3 PII3A resp. B 2,2 1,3
PI4A resp. B 3,9 1,7 PII4A resp. B 2,2 1,7
PI5A resp. B 89 2,1 PII5A resp. B 1,7 2,1
SI1A resp. B 3,7 0,5 SII1A resp. B 2,0 0,5
SI2A resp. B 4,2 0,9 SlI2A resp. B 2,2 0,9
SI3A resp. B 4,2 1,3 SII3A resp. B 2,2 1,3
SI4A resp. B 3,9 1,7 SlI4A resp. B 2,2 1,7
SI5A resp. B 815 2,1 SII5A resp. B 1,7 2,1

Pro kazdy vzorek byla vypoctena vytéznost pfidavku jednotlivych
analytll odec¢tenim obsahu jednotlivych analytd stanovenych v neo-
bohaceném a obohaceném vzorku piva. Pro lepsi pfehlednost jsou
vysledky prezentovany ve formé grafu (obr. 2, 3).

Ziskané vysledky nepotvrdily v protiproudém usporadani rozhodu-
jici vliv délky pouzitych restriktor(i na docilenou vytéznost.

Porovnani vytéznosti dosazenych pomoci SFE a zrychlené de-
stilace s vodni parou — tékavé latky

Vzajemné porovnani vytéznosti bylo provedeno na ¢tyfech totoz-
nych vzorcich piv obohacenych pfidavkem tékavych latek (viz tab. 7).
Vytéznost byla vypocitana jako primér ze ¢ty méfeni.

Vysledky jsou shrnuty na obr. 4.

Bylo potvrzeno, Ze metoda SFE poskytovala, az na jednu vyjimku,
lepsi vytéznost ve srovnani s metodou zrychlené destilace s vodni
parou.

Porovnani opakovatelnosti obou metod — tékavé latky
Opakovatelnost obou metod byla stanovena vypoétem ze Ctyrf pra-

For each sample, the enrichment yield of the individual analytes
was calculated by subtracting the amount of the individual analytes
determined in a non-enriched and an enriched beer sample. The re-
sults are presented in a graph for better lucidity (Fig. 2, 3).

The results did not confirm a significant influence of the restrictor
length on the achieved yield in a countercurrent set-up.

Comparison of the yields achieved with SFE and with shortened
steam distillation — volatile compounds

A reciprocal comparison of the yields was done on four identical
beer samples enriched with volatile compounds (see Tab. 1). The yi-
eld was calculated as the average of the four results.

The results are summarized on Fig. 4.

It was confirmed that SFE provided a better yield in comparison
with the shortened steam distillation, apart from one exception.

Comparison of repeatability of both methods — volatile com-
pounds
The repeatability of both methods was determined by a calculation
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Restriktor CO2 / Co2 restrictor 85 cm Restriktor CO2 / CO2 restrictor 170 cm
250
]
200 g 027 cm
k) @17cm
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o o8 cm
> =
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t 027 cm )
2 |17 cm §
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Stanovené latky / Determined compounds
o 1 L
N A < N N A + < < 5N A <
F & F ¢ O S IO I R AR P AN ) P . . .
FEITF TGS T HE Obr. 3/ Fig. 3 Porovnani vytéznosti SFE u dlouhého CO, restriktoru
& ° | Comparison of yields of SFE with a long CO, restrictor
Stanovené latky / Determined compounds

Obr. 2 / Fig. 2 Porovnani vytéZnosti SFE u kratkého CO, restriktoru

— tékavé latky / Comparison of yields of SFE with a short CO; re-

strictor — volatile compounds

120,00
g 10000 ]
§ 80,00
>
= 60,00 "
173
€ 4000
2 20,00
0,00 4
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OSFE
H Destilace s vodni parou

Obr. 4/ Fig. 4 Porovnani vytéznosti dosazenych pomoci SFE a zrych-
lené destilace s vodni parou / Comparison of the yields achieved with
SFE and with shortened steam distillation

mérnych hodnot ziskanych na étyfech totoznych vzorcich neoboha-
cenych piv (kazdy extrakt byl méren dvakrat). Vysledky jsou shrnuty
na obr. 5.

S ohledem na prezentované vysledky Ize konstatovat, ze SFE po-
skytovala ve srovnani s destilaéni metodou ponékud lepSi vysledky,
i kdyz pomérné znacné kolisajici. Kolisani Ize pficist i na vrub pro-
blémim s detekci minoritnich pik{, nebot detekci pomoci FID nelze
ve srovnani s detekci pomoci hmotnostniho detektoru MSD povazo-
vat, s ohledem na sou¢asné pozadavky v oblasti stopové analyzy, za
optimalni. Vysledky byly v tomto pfipadé zfejmé zatizeny vysSi chy-
bou, zplsobenou moznou interfe-
renci koeluujicich piku.

g
*laz; 60,00
S 50,00
_5 40,00
T 3000
A
& 20,00
3 0,00 -
x
= QAN AN AN AR AN A TR AT
§ S TS
P LY FFLETTIEE S
S ¢ FF &S5 &S
< Q‘)Q. 32
OSFE
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Obr. 5/ Fig. 5 Porovnani opakovatelnosti SFE a zrychlené destilace
s vodni parou / Comparison of repeatability of SFE and shortened
steam distillation

of four average values received from four identical samples of non-
enriched beers (each extract was measured twice). The results are
summarized on Fig. 5.

In regard to the presented results, it can be claimed that SFE in
comparison with shortened steam distillation provided rather better
results, although quite inconsistent. The inconsistency can be parti-
ally attributed to the problems with the detection of minor peaks, be-
cause detection by FID, when compared to detection by mass de-
tector (MSD), cannot be considered optimal with the current accuracy
demands in the trace amount analysis. In this case, the results were

probably affected by a greater in-

Optimalizace extrakénich pod-

180,00

Restriktor CO2 / CO2 restrictor 85 cm

accuracy, caused by the possible
interference of co-eluting peaks.

minek SFE — mastné kyseliny

160,00

The optimization of extraction

Zachyt byl proveden do stej-

conditions of SFE — fatty acids

ného rozpoustédla jako v pfipadé
tékavych latek, tj. do n-hexanu.
Optimalizace metody byla prove-
dena po obohaceni vzork( piv pfi-
davkem jednotlivych analytd tak,
jak je uvedeno v tab. 3.

Jak jiz bylo zminéno, uc€innost
SFE zavisi kromé tlaku a teploty
i na dosazenych pritocich kolo-
nou, které Ize regulovat vhodnou
volbou délky vodného a CO, re-
striktoru.

Podminky optimalizace a ozna-
¢eni vzork(l byly totozné s pod-
minkami uvedenymi v tab. 2. Pro
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Obr. 6 / Fig. 6 Porovnani vytéznosti SFE u kratkého CO, restriktoru
-mastné kyseliny / Comparison of yields of SFE with a short CO, re-
strictor — fatty acids

—b—

The capturing was done into
a similar solvent as with the vola-
tile compounds, that is n-hexane.
The method optimization was
done after the enrichment of the
beer samples with individual ana-
lytes as described in Tab. 3.

As was mentioned earlier, apart
from the pressure and the tempe-
rature, the efficiency of SFE also
depends on the achieved flows
through the column, which can be
regulated by the appropriate cho-
ice of length of the aqueous and
CO, restrictors.
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Tab. 3 Mnozstvi tékavych latek (kyselin) pouzitych k obohaceni vzorku / Amount of volatile compounds (acids) used for the sample enrichment

Vlozena kyselina / Acid added Oznaceni v grafu / Graph label Mnozstvi / Amount (mg/l)
octova (ethanova) / acetic OCTOVA 0,8
propionova (propanova) / propanoic PROPIONOVA 0,8
isoméaselna (2-methylpropanova) / 2-methyl propanoic ISOMASELNA 0,8
maselna (butanova) / butanoic MASELNA 0,8
isovalerova (3-methylbutanova) / isovaleric ISOVALEROVA 20
valerova (pentanova) / valeric VALEROVA 0,8
kapronova (hexanova) / capronic KAPRONOVA 20
kaprylova (oktanova) / caprylic KAPRYLOVA 20
pelargonova (nonanova) / pelargonic PELARGONOVA 0,8
kaprinova (dekanova) / capric KAPRINOVA 20
laurova (dodekanova) / lauric LAUROVA 0,8
myristova (tetradekanova) / myristic MYRISTOVA 0,8
palmitova (hexadekanova) / palmic PALMITOVA 0,8
stearova (oktadekanova) / stearic STEAROVA 0,8
olejova (cis-9-oktadecenova) / oleic OLEJOVA 0,8
linolova (oktadecendienovd) / linolic LINOLOVA 0,8
linolenova (oktadecentrienovd) / linoleic LINOLENOVA 0,8

kazdy vzorek byla vypoctena vytéZnost pfidavku jednotlivych analytl
odectenim obsahu jednotlivych analytli stanovenych v neobohace-
ném a obohaceném vzorku piva (obr. 6, 7). Ani v pfipadé mastnych
kyselin nepotvrdily ziskané vysledky v protiproudém usporadani roz-
hodujici vliv délky pouzitych restriktort na docilenou vytéznost.

Porovnani vytéznosti mastnych kyselin dosazenych metodou
SFE a SPE

Vzajemné porovnani vytéznosti bylo provedeno na &tyfech totoz-
nych vzorcich piv obohacenych pfidavkem mastnych kyselin (viz
tab. 3). VytéZznost byla vypocitana jako primeér ze ¢tyf méreni. Vy-
sledky jsou shrnuty v grafu na obr. 8.

Dosazena vytéznost mastnych kyselin byla u SFE ve srovnani
s SPE nizsi a Ize ji povazovat, s nékolika vyjimkami, za neuspokoji-
vou. Velmi nizké vytéznosti u nizSich mastnych kyselin byly zfejmé
zpUsobeny jejich opétovnym vystripovanim proudem CO, ze zachyt-
ného roztoku.

Z davodu neuspokojivych dosazenych hodnot vytéZnosti nebylo
proto v tomto pfipadé provedeno porovnani opakovatelnosti obou me-
tod. K tomuto kroku bude pfikro¢eno az po dokonalé optimalizaci ex-
trakénich podminek.

Pro lepsi pochopeni délicich mechanisml a usnadnéni vybéru
vhodného zachytného rozpoustédla bude potfebné v budoucnu pro-
vést extrakci v souproudém usporadani, které nam umozni stanovit
rozdélovaci koeficienty jednotlivych analytl pro dany systém.

3 ZAVER

Ziskané vysledky potvrdily pfedpoklad, ze se v pfipadé SFE ka-
palin jedna o perspektivni metodu, ktera by mohla v budoucnu v ob-
lasti pivovarské analytiky nahradit stavajici konvenéni metody, tj. kla-

Conditions of the optimization and sample labelling were identical
as the ones in Tab. 2. For each sample, the enrichment yield of the
individual analytes was calculated by subtracting the amount of the
individual analytes determined in a non-enriched and an enriched
beer sample (Fig. 6, 7). The results did not confirm a significant in-
fluence of the restrictor length on the achieved yield in a countercur-
rent set-up in the case of fatty acids either.

Comparison of yields of fatty acids achieved by SFE and SPE

A reciprocal comparison of the yields was done on four identical
beer samples enriched with fatty acids (see Tab. 3). The yield was
calculated as the average of the four measurements. The results are
summarized on Fig. 8.

The achieved yield of fatty acids was lower in SFE than in SPE and
it can be considered, with a few exceptions, unsatisfactory. The re-
peated stripping of lower fatty acids from the capturing solvent by
a flow of CO, was probably to cause of their very low yields.

Comparison of the repeatability of both methods was not made in
this case due to the unsatisfactory yield values achieved. This step
will be taken after the proficient optimization of the extraction condi-
tions.

In the future, it will be necessary to perform an extraction in a con-
current set-up to better understand separating mechanisms and to
selecting the suitable capturing solvent more easily. This will enable
us to determine the separating co-efficients of individual analytes for
a given system.

3 CONCLUSION

The achieved results confirmed that SFE of fluid samples is a pro-
spective method, which, in the future, could replace the current con-
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Obr. 7 / Fig. 7 Porovnani vytéznosti SFE u dlouhého CO, restriktoru
-mastné kyseliny / Comparison of yields of SFE with a long CO, re-
strictor — fatty acids

Obr. 8/ Fig. 8 Porovnani dosazenych vytéznosti mastnych kyselin pfi
pouziti SFE a extrakce na pevné fazi (SPE) / Comparison of the yi-
elds of fatty acids achieved with SFE and solid-phase extraction (SPE)

—b—
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sickou extrakci v systému kapalina-kapalina nebo destilaci s vodni
parou.

Vysledkem optimalizace pracovnich podminek SFE bylo zjiSténi,
Ze vytéZznost extrakce je spiSe nez pratokem CO, a vzorku ovliviio-
vana zejména fyzikalné-chemickymi vlastnostmi analytu, a to ze-
jména jeho pfislusnym rozdélovacim koeficientem pro dany systém.
Prekvapivym zjisténim vSak byly i zna¢né rozdily ve vytéznosti pfi-
buznych latek (estery, alkoholy). Vhodnéjsi se v porovnani s ethano-
lem ukazala volba n-hexanu jako zachytného cinidla. Volba tohoto
typu rozpoustédla se v pfipadé extrakce mastnych kyselin nejevila
jako zcela optimalni, av8ak z ¢asovych i finanénich ddvodi nebylo
mozné v ramci feSeni tohoto ukolu dale detailné studovat tuto oblast
a nalézt pro tyto latky jiné, vhodnéjSi zachytné Cinidlo. Pro upfesnéni
je zde nutno zdlraznit, Ze jsme byli u SFE omezeni pfi volbé vice-
slozkovych zachytnych rozpoustédel jejich fyzikalné-chemickymi
vlastnostmi, nebot napfiklad pfi rozdilnych bodech varu dochazelo
v pribéhu extrakce ke zméné slozeni zachytného rozpoustédia v di-
sledku vystripovani jedné jeho slozky proudem CO,.

Ze ziskanych vysledku je dale zfejmé, Ze se predpoklad o tom, Ze
protiproudé usporadani aparatury pfinese z divodu ziskani vétsiho
mnozstvi teoretickych pater lepsi vysledky, s ohledem na rozdilné
chovani jednotlivych stanovenych analyt(, nesplnil. Proto bude nutné
v budoucnu provést zkousky i v souproudém usporadani, které nam
umozni stanovit rozdélovaci koeficienty jednotlivych latek a na za-
kladé ziskanych dat pfipadné upravit i extrakéni podminky.

Zatimco v pfipadé stanoveni tékavych latek pfinesla nova extrakéni
metoda nadéjné vysledky, v pfipadé mastnych kyselin Ize ziskané vy-
sledky, porovname-li je napfiklad s vysledky dosazenymi metodou
mikroextrakce na pevné fazi (SPME) [5], zatim povazovat za urcité
zklamani. Nizké vytéznosti analytd s nizsi molekularni hmotnosti (to
plati i pro tékavé latky) byly zfejmé zplsobeny jejich moznym na-
slednym vystripovanim ze zachytného rozpoustédla, a proto bude
nutné tuto oblast jesté detailné prostudovat.

ZkuSenosti ziskané s chovanim matrice pfi SFE a prezentované
vysledky naopak naznacuji, ze by tato metoda mohla byt vhodna
i pro stanoveni méné tékavych, nepolarnich latek. Zejména se jedna
o latky kontaminuijici, napf. polychlorované bifenyly (PCB) a polya-
romatické uhlovodiky (PAH). U béznych modernich extrakénich po-
stupll se v pfipadé, kdy jsou tyto latky stanoveny v pivu, ¢asto set-
kavame — s ohledem na komplexnost této matrice — s problémem
spocivajicim v tvorbé stabilnich emulzi a zanaSeni loZze sorbentu pfi
extrakci na pevné fazi (SPE), coz vede k dramatickému snizeni vy-
téZnosti. Tento jev zifejmé plsobi pfitomné B-glukany a nékteré ko-
loidni latky obsazené v pivu. Nasazeni SFE kapalin by mohlo tento
problém vyfesit.

ZvySena extrakéni schopnost nové metody v8ak s sebou para-
doxné pfinesla jesté jeden problém. Je jim spravna identifikace piki
jednotlivych analytli v pfipadé velkého mnoZzstvi pfitomnych interfe-
rujicich latek v chromatogramu. Toto je zplisobeno vy$e zminénou
vlastnosti SFE kapalin, tj. jeji nespecifi¢nosti a vydatnosti. Pouziti kva-
litniho pfistrojového vybaveni odpovidajiciho sou¢asnym narokdm
v oblasti analytické chemie, jakym je kvalitni hmotnostni spektrometr,
vSak tento problém dokonale fesi.

Zavérem |ze konstatovat, Ze je mozné SFE kapalin povazovat i pfes
urcité diléi problémy za perspektivni metodu, ktera by mohla po zdo-
konaleni najit uplatnéni v oblasti stopové analyzy piva. Jedna se o Se-
trnou a ekologickou metodu, nezatézujici zkoumanou matrici a pra-
cujici s omezenym mnozstvim organickych rozpoustédel, coz plné
odpovida modernim trenddm analytické chemie a pozadavkim na
ochranu zivotniho prostfedi.

Tato prace je souéasti Fe$eni Vyzkumného zaméru VUPS, a. s.
€. MSM 6019369701.

Redakce se omlouva pani Elené Varadové-Ostré za chybné uvedeni
jména v prvni ¢asti clanku.
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ventional methods in the field of brewing analytics, those being liquid-
liquid extraction or steam distillation.

The outcome of the optimization of the conditions of SFE was the
conclusion that the extraction yield depends rather on the physical-
chemical characteristics of the analyte, particularly its corresponding
separating co-efficient for a given system, than the flow of CO, and
sample. Though a surprising finding were the significant differences
in the yields of similar substances (esters, alcohols). N-hexane pro-
ved to be the better choice of a capturing solvent over ethanol. Using
this type of a solvent did not work optimally when extracting fatty
acids. However, it was not possible to study this issue in further de-
tail and find a different, more suitable solvent for these substances
while working on this project due to time and financial reasons. To
elaborate, it is necessary to point out that we were limited with SFE
when selecting multiple compound capturing solvents by their physi-
cal chemical characteristics. For example, because with different bo-
iling points the composition of the capturing solvent changed during
the extraction as a result of stripping out one of its components by
the flow of CO,.

Itis clear from the achieved results, that the hypothesis that a coun-
tercurrent set-up of the analyzer would bring better results, with re-
gard to different behaviour of individual determined analytes, thanks
to the higher amount of theoretical trays, was incorrect. That is why
it will be follow up with experiments in a concurrent set-up in the fu-
ture, which will enable us to determine the separating co-efficients of
individual substances and possibly improve the extraction conditions
based on the obtained data.

While the new method brought promising results when determi-
ning volatile compounds, the results for fatty acids, on the other hand,
can be considered a disappointment if we were to compare them with
the results from solid-phase micro extraction (SPME) [5]. Low ana-
lyte yields with lower molecular masses (this applies to volatile com-
pounds as well) were probably caused by their possible consequent
stripping from the capturing solvent, and therefore this area will still
need to be studied in detail.

In contrast, the experience gained with the behaviour of analyte in
SFE and the presented results suggest that this method may be ap-
propriate for determining less volatile, non-polar compounds. Those
would be particularly contaminating substances, for example, PCB
and PAH. When these substances are extracted from beer using com-
mon modern extraction methods, a problem originating from the for-
mation of stable emulsions, thus clogging of the sorbent matrix ari-
ses during extraction by SPE with regard to the complexity of this
analyte, which leads to a dramatic decrease in the yield. The present
beta-glucans and some colloidal substances contained in beer pro-
bably cause this effect. Implementation of SFE might solve this pro-
blem.

However, the increased extraction efficiency of the new method has
ironically brought along a different problem. It is the right identifica-
tion of peaks of individual analytes in the case of a large amount of
interfering substances present in the chromatogram. This is caused
by the aforementioned characteristic of SFE, that is its non-specifi-
city and efficiency. Nevertheless, the usage of a quality analyzer, that
satisfies the current demands in analytical chemistry, which is a qua-
lity mass spectrometer, completely eliminates this problem.

In conclusion, SFE of liquid samples can, despite certain problems,
be considered a prospective method, which, after further perfecting
it, could establish itself in the field of analysis of trace amounts of
sensory active substances in beer. The method is gentle and envi-
ronmentally friendly, it does not affect the analyzed material and uses
a limited amount of organic solvents. Therefore, it corresponds with
the modern trends in analytical chemistry and meets the demands
of protecting the environment.
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