KVASNY PRUM.
ro€. 56 / 2010 — &islo 11-12

41

Moznosti vyuZiti modernich metod pfipravy vzorku pro plynové chromatografické analyzy pfi analyze ...

Moznosti vyuziti modernich metod pripravy vzorki pro plynové
chromatografické analyzy pri analyze napoji a zejména piva. Cast 3. —
Mikroextrakce na pevné fazi a extrakce na michaci tycince pri analyze mastnych

kyselin v pivu

Possibilities of Utilization of Modern Sample Preparation Methods for Gas
Chromatographic Analyses in Beverage and Namely Brewing Analytics. Part I11. -
Solid-Phase Microextraction and Stir Bar Sorptive Extraction in Fatty Acids

Analysis in Beer

TOMAS HORAK, JIRI CULIK, MARIE JURKOVA, PAVEL CEJKA, VLADIMIR KELLNER, JOSEF DVORAK, DA-

NUSA HASKOVA

Vyzkumny ustav pivovarsky a sladaisky, a. s., Pivovarsky ustav Praha, Lipova 15, 120 44 Praha 2
Research Institute of Brewing and Malting PLC, Brewing Institute Prague, Lipova 15, CZ-120 44 Prague 2, Czech Republic

e-mail: horak@beerresearch.cz

Horak, T. — Culik, J. — Jurkovéa, M. — Cejka, P. — Kellner, V. — Dvofak, J. — Hagkova, D.: MoZnosti vyuziti modernich metod pfipravy
vzorki pro plynové chromatografické analyzy pfi analyze napoji a zejména piva. Cast 3. — Mikroextrakce na pevné fazi a extrakce
na michaci tyéince pfi analyze mastnych kyselin v pivu. Kvasny Prum. 56, 2010, ¢. 11-12, s. 418-422.

Mikroextrakce na pevné fazi (SPME) a sorpéni extrakce na michaci ty¢ince (SBSE) patfi mezi moderni a jednoduché postupy pfipravy
vzorku. Tato prace se zabyva vyuzitim téchto technik pro stanoveni mastnych kyselin v pivu. Zatimco z SPME vldkna byly analyty uvolnény
termalni desorpci ve vyhfatém injektoru plynového chromatografu vybaveného kfemennou kapilarni kolonou ZB-WAX a plamenoioni-
zacnim detektorem, tak z michaci ty€inky byly vyextrahované latky uvolnény po zpétné extrakci do malého mnozstvi rozpoustédla a pak
stanoveny na plynovém chromatografu. Kromé pracovnich charakteristik obou postupl jsou uvedeny vyhody a omezeni téchto metod.
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preparation methods for gas chromatographic analyses in beverage and namely brewing analytics. Part lll. — Solid-phase mi-
croextraction and stir bar sorptive extraction in fatty acids analysis in beer. Kvasny Prum. 56, 2010, No. 11-12, p. 418-422.
Solid-phase microextraction (SPME) and stir bar sorptive extraction (SBSE) are modern and simple sample preparation procedures.
This study is focused on utilization of these techniques for the determination of fatty acids in beer. While from the coated fiber of the
SPME analytes were thermally desorbed in the hot injector of the gas chromatograph equipped with a fused silica capillary column ZB-
WAX and a flame ionisation detector thus in SBSE procedure analytes were desorbed by solvent back extraction and then analysed by
gas chromatography. Working parameters and advantages together with limitations of both sample preparation methods are shown.
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Methoden der Mustervorbereitung fiir Gas — chromatografische Analysen der Getréanke insbesondere des Bieres. Teil lll. — Mi-
kroextraktion auf der festen Phase und Extraktion am Riihrstab bei der Analyse der Fettsduren im Bier. Kvasny Prum. 56, Nr.
11-12, S. 418-422.

Mikroextraktion auf der festen Phase (SPSME) und Sorptionsextraktion am Rihrstab (SBSE) gehéren unter modernen und einfachen
Mustervorbereitungsverfahren. Der Artikel befasst sich mit der Ausnutzung von diesen Technik zur Fettsdurenbestimmung im Bier.
Wahrend aus der SPME Faser durch die Thermaldesorption im geheizten Injektor des Gaschromatographs ausgestattet mit einer Sili-
ziumkapillarkolonne ZB — WAX und Flammenionisationsdetektor wurden die Elektrolyten freigeworden, sind die extrahierte Stoffen aus
dem Ruhrstab nach der Rickextraktion in die geringe Lésungsmenge freigesetzt worden und am Gaschromatograph festgestellt. Neben

diesen Arbeitscharakteristiken von diesen zwei Verfahren wurden Vorteile und Beschrankungen dieser Methoden angefiihrt.

Kli¢ova slova: plynova chromatografie, mikroextrakce na pevné fazi
(SPME), extrakce na michaci tycince (SBSE), pivo, mastné kyseliny

1 UVOD

Mastné kyseliny jsou jednou ze skupin latek, které mohou ovlivnit
senzorické vlastnosti piva. Kromé toho mohou mit vliv na vitalitu kva-
sinek a také na stabilitu pivni pény [1-3].

Nasycené mastné kyseliny (hexanova — dekanova kyselina) vzni-
kaji béhem kvaseni [4]. Tyto kyseliny se vyznacuji zluklym nebo kozim
aroma. Senzorické pfispévky téchto kyselin jsou kumulativni. Proto
se tedy tyto cizi pfichuté mohou projevit i tehdy, kdyz koncentrace
zadné z téchto kyselin nepfesahuje prahovou hodnotu vnimani [5].

Obsah vysSich mastnych kyselin jako je kyselina linolova a linole-
nova je vyznamny z toho hlediska, Ze jejich oxidativni degradaci mtize
dojit ke vzniku typické staré chuti [6].

Z téchto duvodu je nutné mit k dispozici vhodnou analytickou me-
todu umozniujici rychlé stanoveni mastnych kyselin v pivu.

Mastné kyseliny se obvykle stanovuji metodou plynové chromato-
grafie. Pfi pfipravé vzork(l je mozné namisto dfive pouzivanych po-
stupu zalozenych na destilaci s vodni parou [7,8] nebo modernéjSich
postupl vyuzivajicich extrakci na pevné fazi [9,10] s vyhodou pouzit
moderni metody jako je mikroextrakce na pevné fazi nebo sorpéni
extrakce na michaci tycince.

Keywords: gas chromatography, solid-phase microextraction
(SPME), stir bar sorptive extraction (SBSE), beer, fatty acids

1 INTRODUCTION

Fatty acids are part of group of compounds which have an impact
on beer flavours. Except this they can influence the vitality of yeasts
and also the foam stability of beer [1-3].

Straight-chain acids (hexanoic — decanoic acids) are formed during
fermentation [4]. These medium-chain fatty acids are characterized
by rancid or goaty flavour. The aroma contribution for these acids are
additive. So from these reasons the off-flavours can occur even if
none of the individual acids are present above threshold concentra-
tions [5].

The contents of long-chain fatty acids such as linoleic and linolenic
acids are important due to a typical ageing flavour can be formed by
their oxidative degradation [6].

From this reasons quick and reliable methods for determination of
free fatty acids in beer are necessary.

Free fatty acids are usually determined by gas chromatography. In-
stead of steam distillation procedures widely spread in the past [7,8]
or modern solid phase extraction techniques [9,10] new modern meth-
ods as solid-phase microextraction or stir bar sorptive extraction can
be advantageously used with convenience.
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Princip a vyuziti mikroextrakce na pevné fazi (SPME) v pivovarské
analytice bylo popsano v uvodnim ¢lanku této série [11]. Teorie a moz-
nosti praktického uplatnéni sorpéni extrakce na michaci tycince
(SBSE) jsou popsany v nasledujici praci [12].

V této praci jsou na konkrétnim pfikladé stanoveni volnych mast-
nych kyselin v pivu ukdzany moznosti dvou mikroextrakénich technik
— SPME v headspace usporadani a SBSE s naslednou zpétnou ex-
trakci do organického rozpoustédla. Jsou diskutovany vyhody a ne-
vyhody obou postupt a také porovnany pracovni charakteristiky vyse
zminénych metod.

2 EXPERIMENTALNI CAST
2.1 Pouzité chemikalie, standardy

Ethanol, siran amonny — Lach — Ner, s. 1. 0., CR; helium v kvalité
5.0, vodik v kvalité 5.0 a synteticky vzduch — Messer, CR; ultradista
voda — Milli-RO 5plus firmy Millipore, USA.

Kyselina hexanova (kapronova), heptanovd, oktanova (kaprylova),
nonanova (pelargonova), dekanova (kaprinova), undekanova, dode-
kanova (laurovd), tridekanovd, tetradekanova (myristovd), pentade-
kanova, hexadekanova (palmitova), heptadekanova, oktadekanova
(stearova), cis-9-oktadekanova (olejova), cis-9,cis-12-oktadekadie-
nova (linolova) a cis,cis,cis-6,9,12-oktadekatrienova (linoleova) a de-
rivatiza¢ni ¢inidlo BF; v 10% methanolu byly nakoupeny od Sigma-
-Aldrich, USA.

Vzorky piva plzefiského typu, vyrobené a balené v Ceské republice,
byly zakoupeny v bézné maloobchodni siti.

2.2 Podminky plynové chromatografie

Vlastni stanoveni probihalo na plynovém chromatografu Chrom-
pack CP 9001 vybaveném split/splitless injektorem a plamenoioni-
zaénim detektorem. K separaci byla pouzita 30 m dlouha kfemenna
kapilarni kolona ZB-Wax firmy Phenomenex s vnitfnim prdmérem
0,32 mm a tloustkou filmu 0,25 pm. Kolona byla temperovana na
120 °C po dobu 2 min, poté nasledoval teplotni gradient 10 °C/min
do teploty 150 °C a nasledné 30 °C/min az do teploty 200 °C. P¥i této
teploté kolona zlstala po dobu 15 min. Nastfik byl provadén ve split-
less médu, split ventil byl otevien po 0,5 min. Injektor i plamenoioni-
zaéni detektor byly vyhfaty na teplotu 250 °C. Jako nosny plyn bylo
vyuzito helium v kvalité 5.0, tlak na kolonu byl 150 kPa pfi 75 °C.

2.3 Headspace SPME

K extrakci bylo pouzito SPME vlakno s fazi typu Carbowax-Divinyl-
benzen o tloustce vrstvy 65 pm. VIakno bylo umisténo v manuainim
drzéku pro SPME vldkna a vSe bylo zakoupeno od Supelco, USA.

Vzorky piva byly pfed analyzou vychlazeny na 4 °C. V8echny po-
kusy vedouci k porovnani pracovnich charakteristik byly provadény
na modelovém roztoku 5 % obj. ethanolu ve vodé. Pfed pouzitim bylo
vlakno kondicionovano v injektoru plynového chromatografu pfi tep-
loté 250 °C po dobu 30 min. Extrakce byla zalozena na podminkach
popsanych Hordkem a kol. [13].

Extrakce byla provadéna v headspace prostoru nad 4 ml vzorku
obohaceného pfidavkem kyseliny heptanové a undekanové, které
byly vyuzity jako vnitfni standardy (vysledna koncentrace kazdé ky-
seliny byla 1,3 mg/l), ve sklenéné vialce o objemu 20 ml uzaviené
septem krytym hlinikovou félii. K podpofe extrakce bylo vyuzito vy-
soleni pomoci 1,0 g siranu amonného. Pfed zahajenim SPME ex-
trakce byla vialka se vzorkem intenzivné tfepana po dobu 10 s. Ex-
trakce probihala za laboratorni teploty po dobu 30 min.

Po extrakci bylo viakno termalné desorbovano pfi teploté 250 °C
v nastfikovém prostoru plynového chromatografu po dobu 5 min. In-
jektor plynového chromatografu byl osazen linerem o vnitfnim prd-
méru 0,75 mm. Podminky chromatografické separace jsou popsany
v kap. 2.2.

2.3 Analyzy metodou SBSE

K extrakci byla pouzita michaci ty€inka o délce 10 mm a vnéjSim
praméru 3,2 mm pokrytd polydimethylsiloxanovou (PDMS) vrstvou
o tloustce 0,5 mm. Tato michaci ty€inka pod komerénim nazvem Twis-
ter byla zakoupena od Gerstel, Némecko.

Twister byl pfed pouzitim kondicionovan ve sklenéné trubicce pfi
teploté 300 °C po dobu 60 min v atmosfére helia o pritoku 50 ml/min.
Mastné kyseliny byly vyextrahovany viozenim Twisteru do 10 ml

Principles and utilization of solid-phase microextraction (SPME) in
brewing analytics has been described in the introductory article of
this series [11]. The theory and possibilities of practical use of stir bar
sorptive extraction (SBSE) has been given in last paper [12].

The determination of free fatty acids in beer was chosen in this pa-
per as an example for demonstration of possibilities of two sample
preparation microextraction techniques — SPME procedure in
headspace mode and SBSE method followed by solvent back extrac-
tion. The advantages and limitations of both procedures are discussed
and working parameters of above mentioned techniques are com-
pared.

2 EXPERIMENTAL
2.1 Reagents, standards

Ethanol, ammonium sulphate were purchased from Lach — Ner,
s. 1. 0., CR; helium quality 5.0, hydrogen quality 5.0 and synthesis air
were purchased from Messer, CR; ultrapure water was obtained from
Milli-RO 5plus made by Millipore, USA.

Hexanoic (caproic), heptanoic, octanoic (caprylic), nonanoic
(pelargonic), decanoic (capric), undecanoic, dodecanoic (lauric),
tridecanoic, tetradecanoic (myristic), pentadecanoic, hexadecanoic
(palmitic), heptadecanoic, octadecanoic (stearic), cis-9-octadecenoic
(oleic), cis-9,cis-12-octadecadienoic (linoleic) and cis,cis,cis-6,9,12-
-octadecatrienoic (linolenic) acids] and derivatization agent boron tri-
fluoride — 10% in methanol were obtained from Sigma-Aldrich, USA.

Beer samples were fresh commercial larges of the pilsner type,
produced and bottled in the Czech Republic.

2.2 GC analysis

The GC analysis was carried out using a Chrompack CP 9001 gas
chromatograph with split/splitless injector and a flame ionization de-
tector. Analytes were separated on 30 m x 0,32 mm i. d. fused silica
capillary column of Phenomenex ZB-Wax with 0.25 pm film thickness.
The GC column was maintained at 120 °C for 2 min, ramped at a rate
of 10 °C/min to 150 °C and then ramped at a rate of 30 °C/min to
200 °C and held at this temperature for 15 min. The split-splitless in-
jector was used, and the split vent was opened after 0.5 min. Tem-
peratures of the injector and the flame ionisation detector were 250 °C.
The carrier gas was helium quality 5.0 with a column head pressure
of 150 kPa at 75 °C.

2.3 Headspace SPME

A manual SPME device and Carbowax-Divinylbenzene 65 pm
fibers were obtained from Supelco (USA).

Bottled commercial beers were kept cool (4 °C) until they were analy-
sed. 5 % V/V ethanol solution was used for the experiments leading
to comparisons of working parameters. Before use, the fiber was pre-
conditioned in the GC injection port at 250 °C for 30 min. The extraction
procedure was based on conditions described by Horak et.al. [13].

Headspace SPME was applied for all analyses. The SPME fiber
was exposed to the headspace above 4 ml of the sample with the ad-
dition of heptanoic and undecanoic acids as internal standards (final
concentration: 1.3 mg/l of each acid) in a 20 ml glass vial with an alu-
minum-coated septum. The extraction was supported by salt out effect
using 1.0 g of ammonium sulphate. The vial was vigorously shaken
for 10 sec prior to the commencement of headspace SPME. The ex-
traction was carried out at ambient temperature for 30 min.

After exposure the fiber was thermally desorbed at 250 °C in the
injection port of gas chromatograph for 5 min. The injector was
equipped with a 0.75 mm i.d. inlet liner. The gas chromatographic con-
ditions are described in chapter 2.2.

2.4 SBSE analysis

The stir bar of a length of 10 mm and 3.2 mm o. d. with a 0.5 mm
thickness of polydimethylsiloxane (PDMS) coating was used for the
extraction. This stir bar commercial called Twister was supplied from
Gerstel, Germany.

Before use, the Twister was conditioned in a glass tube at 300 °C
for 60 min by passing helium through tube by flow rate of 50 mil/min.
Fatty acids were extracted by placing 10 ml of sample spiked with in-
ternal standards (heptanoic, undecanoic, tridecanoic and pentanede-
canoic acids — 1.3 mg/l of each internal standard) in a 20 ml glass



KVASNY PRUM.
ro€. 56 / 2010 — &islo 11-12

42

MozZnosti vyuZiti modernich metod pfipravy vzorku pro plynové chromatografické analyzy pfi analyze ...

vzorku obohaceného vnitfnimi standardy (kyseliny heptanova, unde-
kanova, tridekanova a pentadekanova — vysledna koncentrace kazdé
kyseliny byla 1,3 mg/l) v 20 ml sklenéné vialce. Vialka byla uzaviena
vickem s PTFE/silikonovym septem. Extrakce probihala za podminek
popsanych Horakem a kol. [14]. Twisterem bylo michano rychlosti
1000 ot/min po dobu 60 min za laboratorni teploty. Po skonéeni ex-
trakce byl Twister pomoci pinzety vyndan ze vzorku, kratce oplachnut
destilovanou vodou a osu$en buniéitou vatou. Pro zpétnou extrakci
do rozpoustédla byl poté Twister vioZen do insertu o objemu 350 pl
obsahujicim 200 pl rozpoustédla dichlormethan:hexan v poméru
50:50. Insert byl vlozen do vialky o objemu 2 ml a uzavien PTFE/si-
likonovym septem a vloZen na michadlo pfi 1000 ot/min po dobu 40
min.

Ke stanoveni nizSich mastnych kyselin (Cs — Cy5) byly 2 pl vySe
ziskaného extraktu nastfiknuty na kolonu plynového chromatografu
a separace probéhla za podminek popsanych v kap. 2.2.

Ke stanoveni vyssich mastnych kyselin bylo nutné ziskany SBSE
extrakt odpafit pod jemnym proudem dusiku a derivatizovat methylaci
pomoci 0,1 ml BF; v 10% methanolu po dobu 20 min pfi teploté 95 °C.
Reakce byla zastavena pfidavkem 0,1 ml vody. Methylestery vysSich
mastnych kyselin byly extrahovany do 0,1 ml hexanu v ultrazvukové
lazni po dobu 2 min [15]. Podminky chromatografické separace byly
stejné jako pfi stanoveni nizSich mastnych kyselin.

3 VYSLEDKY A DISKUSE

Pro vS8echny stanovované volné mastné kyseliny byla proméfena
kalibra¢ni kfivka v rozsahu koncentraci béznych pro pivo plzefiského
typu (0,0015 mg/l az 8 mg/l) v 5 % obj. roztoku ethanolu. Jak vyplyva
z tab. 1, lepSi shody bylo dosazeno prolozenim jednotlivych kalibrac-
nich bodl kvadratickou kfivkou namisto linearni regrese. Korelaéni
koeficienty niz§ich mastnych kyselin pfi pouziti linearni regrese lezely
pro metodu SPME v rozmezi 0,9951 az 0,9983, pro SBSE extrakci
v rozmezi 0,9919 az 0,9995. P¥i aplikaci kvadratické kfivky rozsah
hodnot korelaénich koeficientli byl od 0,9956 do 0,9993 pro SPME
postup, respektive od 0,9931 do 0,9993 pro SBSE metodu.

Vzhledem k tomu, Ze pfi pouZziti metody SPME dochazi v injektoru
plynového chromatografu k termalni desorpci vSech analytli vyextra-
hovanych na SPME vlakno, nelze timto postupem v ramci jednoho
extrakéniho kroku stanovit jak nizsi, tak vy$si mastné kyseliny. Ke sta-
noveni vy$Sich mastnych kyselin by bylo nutné SPME extrakci opa-
kovat. Nasledna derivatizace vy$Sich mastnych kyselin pfimo na
vlakné je sice mozna, ale pouziti, respektive manipulace s diazomet-
hanovym ¢&inidlem neni Uplné bezproblémové [16]. Z tohoto divodu
byly vy§Si mastné kyseliny stanoveny jen SBSE postupem. Korelaéni
koeficienty pro tyto kyseliny lezi v intervalu 0,9981-0,9998 v pfipadé
linearni regrese a v rozmezi 0,9994-0,9997 pfi pouziti kvadratické
kfivky.

Z vysledka je patrné, ze obé metody se v daném koncentracnim
rozmezi vyznacuji vysokou linearitou.

Spravnost metod byla ovéfena pomoci vytéznosti. Nejprve byl zmé-
fen pfirozeny obsah volnych mastnych kyselin v péti realnych vzor-
cich piv. Poté byly tytéz vzorky piv obohaceny pridavkem mastnych
kyselin na koncentraéni hladiné 2 mg/l kazdé latky. Vysledky jsou uve-
deny v tab. 2. Vytéznost SPME metody se nachazela v rozmezi

vial, adding the Twister. The vial was crimped with a PTFE/silicone
septum. Extraction procedure was based on conditions described by
Horak et.al. [14]. Twister was stirred with 1000 rpm for 60 min at am-
bient temperature. After extraction the Twister was removed with for-
ceps, rinsed briefly in distilled water and dried with a lint-free tissue.
For solvent back extraction the Twister was placed into a 350 pl glass
insert containing 200 pl of the solvent mixture dichloromethane:hexa-
ne, 50:50. This insert was immersed into 2 ml vial closed by
a PTFE/silicone septum and stirred at 1000 rpm for 40 min again.

For the determination of free medium-chain fatty acids (Cg — C;»)
2 pl of this extract was injected into the gas chromatographic column
and the analytes were separated under conditions described in chap-
ter2.2.

For the determination of long-chain fatty acids this SBSE extract
was evaporated under gently stream of nitrogen and then derivatiza-
tioned by methylation using 0.1 ml of BF; in 10% methanol during 20
min at 95 °C. Reaction was stopped by the addition of 0.1 ml of water.
Methylesters of fatty acids were extracted with 0.1 ml of hexane in an
ultrasonic bath for 2 min [15]. The same gas chromatographic param-
eters were used as for the determination of medium-chain fatty acids.

3 RESULTS AND DISCUSSION

Calibration curves have been measured for all determined fatty
acids throughout a range covering the concentration usually found in
beer of pilsner type (concentration 0.0015 to 8 mg/l for each com-
pound) in 5 % v/v ethanol solution. As Tab. 1 shows a better fit to
a quadratic curve than to a linear curve have been obtained. For all
fatty acids the correlation coefficients to straight lines were from
0.9951 to 0.9983 for SPME methods and from 0.9919 to 0.9995 for
SBSE procedure. For quadratic curves SMPE and SBSE fits ranged
from 0.9956 to 0.9993 and from 0.9931 to 0.9993, respectively.

Inasmuch as all analytes extracted on SPME fiber are thermally
desorbed in injector port of gas chromatograph, the long-chain fatty
acids cannot be determined together with medium-chain fatty acids
in one extraction step. For the determination of long-chain fatty acids
another SPME extraction is necessary. Further on fiber derivatization
of long-chain fatty acids is possible but using and manipulation of di-
azomethane methylation agent is not without problems [16]. From this
reason long-chain fatty acids were determined only by SBSE proce-
dure. Correlation coefficients to straight line for these analytes ranged
from 0.9981 to 0.9998 and from 0.9994 to 0.9997 for quadratic re-
gression.

These results show that both methods are characterized by high
linearity in the examined concentration ranges.

The accuracy of the procedures was investigated by conducting re-
covery tests. At first the natural concentrations of the fatty acids in
five different beers were determined. Then the same beers were
spiked with each acid in concentration at level 2 mg/l. The results are
summarized in Tab. 2. Recoveries ranged from 95 to 110 % by using
SPME method. For SBSE technique recoveries of medium-chain fatty
acids were much worse (57—89 %). The cause of this poor recovery
probably consists in the fact that nonpolar polydimethylsiloxane stir
bar coating was used for extraction of polar medium-chain fatty acids
(especially caproic acid) and these polar compounds tend to stay be-

Tab. 1 Korelaéni koeficienty pro stanoveni volnych mastnych kyselin v pivu pomoci metody SPME a SBSE / Correlation coefficients for the

determination of free fatty acids in beer by SPME and SBSE

SPME korelaéni koeficienty / SBSE korelaéni koeficienty /
i SPME correlation coefficients SBSE correlation coefficients
Latka / Compound Linearni kfivka / | Kvadraticka kfivka / |  Linearni kfivka / | Kvadraticka kfivka /
Linear curve Quadratic curve Linear curve Quadratic curve
Kapronova kyselina / Caproic acid 0.9951 0.9956 0.9935 0.9931
Kaprylova kyselina / Caprylic acid 0.9976 0.9977 0.9919 0.9963
Kaprinova kyselina / Capric acid 0.9983 0.9993 0.9928 0.9956
Laurova kyselina / Lauric acid 0.9979 0.9983 0.9995 0.9993
Myristova kyselina / Myristic acid 0.9998 0.9994
Palmitova kyselina / Palmitic acid 0.9991 0.9995
Stearova kyselina / Stearic acid 0.9985 0.9994
Olejova kyselina / Oleic acid 0.9984 0.9995
Linolova kyselina / Linoleic acid 0.9981 0.9996
Linolenova kyselina / Linolenic acid 0.9987 0.9997
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Tab. 2 Vytéznost a opakovatelnost SPME a SBSE postupl pfi stanoveni volnych mastnych kyselin v pivu (CV — variaéni koeficient) / Recovery
and repeatability of SPME and SBSE procedures for the determination of free fatty acids in beer (CV — variation coefficient)

SPME SBSE
Obohaceni / Opakovatelnost / Obohaceni / Opakovatelnost /

Latka / Compound Spike (2 mg/l) Repeatability Spike (2 mg/l) Repeatability
Vytéznost / CcVv (63% Vytéznost / CVv CVv
Recovery (%) (%) (%) Recovery (%) (%) (%)
Kapronova kyselina / Caproic acid 110 1.8 3.7 57 5.8 6.7
Kaprylova kyselina / Caprylic acid 103 4.3 2.3 84 5.2 6.2
Kaprinova kyselina / Capric acid 98 4.5 4.8 87 4.0 4.7
Laurové kyselina / Lauric acid 95 5.8 5.1 89 3.2 41
Myristova kyselina / Myristic acid 94 8.5 15.2
Palmitova kyselina / Palmitic acid 99 9.5 14.8
Stearova kyselina / Stearic acid 110 12.0 16.3
Olejova kyselina / Oleic acid 97 10.3 15.0
Linolova kyselina / Linoleic acid 95 12.1 15.3
Linolenova kyselina / Linolenic acid 95 12.1 15.3

95-110 %. U metody SBSE byla vytéznost nizSich mastnych kyselin
podstatné horsi (57—89 %). Pricina této malé vytéznosti spociva prav-
dépodobné v tom, Ze jako extrakéni faze je pouzita nepolarni polydi-
methylsiloxanova vrstva Twisteru, do niz se tyto polarni (zejména ky-
selina kapronova) niz§i mastné kyseliny extrahuji obtizné. Extrakci
latky z kapalné faze do extrakéni faze je mozné, i kdyz ne Uplné
presné, popsat pomoci rozdélovaciho koeficientu oktanol-voda (K,s)
[17,18]. Hodnoty rozdélovacich koeficientli oktanol-voda pro stano-
vovaneé latky jsou uvedeny v fab. 3. Podle prace Baltussen a kol. [19]
budou Twisterem kvantitativné vyextrahovany latky s K, vét§im nez
500 (odpovida log K, > 2,70). Hodnota log K, pro kyselinu kapro-
novou je pouze 1,88, coz naznacuje, ze tato latka se bude obtizné
extrahovat. Experimentalné dosazena vytéznost 57 % pro tuto kyse-
linu tento teoreticky pfedpoklad potvrzuje. Vytéznosti vy§Sich mast-
nych kyselin, jejichz log K., > 6,10, dosahovaly podle oéekavani vy-
sokych hodnot 94—110 %.

Opakovatelnost metod byla zjisténa pétinasobnym opakovanim ce-
|ého postupu béhem jednoho dne na jednom a témz vzorku piva. Z vy-
sledk( uvedenych v tab. 2 je vidét, Ze pro kyseliny kapronovou a kap-
rylovou byla hodnota relativni smérodatné odchylky (RSD) zhruba
dvakrat horsi pfi pouziti metody SBSE nez u SPME postupu. To je
ziejmé zpUsobeno jejich horsi vytéznosti. Naproti tomu u dalSich ho-
mologickych kyselin (kaprinova a laurova) jsou hodnoty RSD u obou
postupll srovnatelné. Vyrazné vy38i hodnoty opakovatelnosti
(14,8-16,3 %) pro vyssi mastné kyseliny (myristovou — linolenovou)
Ize vysvétlit tim, ze k jejich stanoveni jsou jesté zapotfebi dalSi dva
kroky — derivatizace a nasledna extrakce methylester do hexanu.
Kazdy z téchto kroku pfispiva svym dilem k vysledné hodnoté RSD.
Nicméné i tyto hodnoty RSD jsou pIné akceptovatelné.

4 ZAVER

Z vySe uvedenych vysledkl je vidét, Ze pro stanoveni mastnych
kyselin v pivu Ize pouzit oba mo-
derni postupy pfipravy vzorkl —

hind the aqueous phase instead partitioning into the nonpolar poly-
dimethylsiloxane phase. The extraction of compounds from the aque-
ous phase into the extraction medium can be described, although not
fully corrected, by the partition coefficient octanol-water (K,,) [17,18].
The values of partition coefficients octanol-water for the compounds
of interest are shown in Tab. 3. Baltussen et.al. [19] exposed that anal-
ytes with K, greater than 500 (correspond to log K, > 2,70) will be
quantitatively extracted by Twister. The value of log K., for caproic
acid reaches only 1.88 and indicates that this compound could be
hardly extracted. This hypothesis is experimentally confirmed by mea-
sured recovery which reached value only 57 % for this compound.
Recoveries of long-chain fatty acids which log K, > 6.10 achieved
as supposed high-level values 94 — 110 %.

The repeatability of the methods was examined by repeating both
procedures five times during the same day on the same beer sample.
From the Tab. 2 is clear that relative standard deviation (RSD) for
caproic and caprylic acids reached considerably worse value by using
SBSE in comparison with SPME procedure. This is evidently caused
by poorer recoveries of those compounds. On the other hand RSD
of other homologous acids (capric and lauric) are similar in both sam-
ple preparation procedures. Significantly higher values of repeatability
(14.8-16.3 %) for long-chain fatty acids (myristic — linolenic) could be
explained by the fact that for the determination of these compounds
two another steps are necessary — derivatization followed by
methylesters extraction into hexane. Each of these partial steps con-
tributes to the final RSD value. But it must be said that these RSD
values are fully acceptable.

4 CONCLUSIONS

These results indicated that both modern sample preparation tech-
niques — SPME and SBSE — could be used for the determination of
fatty acids in beer. Both procedures are characterized by simplicity,

very good repeatability and no or

SPME a SBSE. Obé techniky se
vyznaluji jednoduchosti, vybor-
nou opakovatelnosti a Zadnou
nebo minimalni spotfebou roz-

poustédel.
Pro stanoveni nizSich mastnych
kyselin je vhodnégjsi metoda

SPME s vlaknem potazenym fazi
typu  Carbowax-Divinylbenzen.
Pro tyto latky dosahuje toto SPME
vlakno lepsi vytéznosti a opakova-
telnosti nez nepolarni faze Twis-
teru. Dal$i nezanedbatelnou vy-
hodou SPME postupu je jeho
(35 min oproti 160 min pfi pouziti
SBSE metody). Na druhé strané
znaénd nevyhoda spociva v ne-

Tab. 3 Hodnoty rozdélovacich koeficientd oktanol-voda pro nizsi
a vyS88i mastné kyseliny / Values of partitioning coefficients for
medium and long-chain fatty acids

Latka / Compound log Koyw
Kapronova kyselina / Caproic acid 1.88
Kaprylova kyselina / Caprylic acid 3.05
Kaprinova kyselina / Capric acid 4.09
Laurova kyselina / Lauric acid 4.60
Myristova kyselina / Myristic acid 6.10
Palmitova kyselina / Palmitic acid 717
Stearova kyselina / Stearic acid 8.23
Olejova kyselina / Oleic acid 7.73
Linolova kyselina / Linoleic acid 7.05
Linolenova kyselina / Linolenic acid 6.46

minimal solvent consumption.
SPME procedure with fibre
coated with Carbowax-Divinyl-
benzene is better for the determi-
nation of medium-chain fatty
acids. For these compounds this
SPME fibre reached better reco-
veries and repeatabilities than
nonpolar Twister phase. Another
indispensable advantageous of
SPME process is much low time
consumption (35 min against 160
min in SBSE method). On the
other hand a great disadvantage
is impossibility of determination
also long-chain fatty acids after
the same common extraction step.
The advantage of SBSE is
based on the fact that stir bar is
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moznosti souasného stanoveni vysSich mastnych kyselin v rdmci
jednoho extrakéniho kroku.

Vyhoda sorpéni extrakce na michaci ty€ince se zaklada na tom,
Ze michaci ty¢inka je podstatné robustnéjsi nez kiehké SPME vlakno.
Zachazeni s SBSE je rovnéz jednoduché, ale proces extrakce a na-
sledné reextrakce zabere podstatné vice ¢asu.

Ackoli obé techniky predstavuji zaménitelné alternativy, v pfipadé
pozadavku na stanoveni pouze nizSich mastnych kyselin v pivu je
metoda SPME vyhodnéjsi. Pokud je nutno stanovit obsah jak nizSich,
tak vy$Sich mastnych kyselin, bez problém0 je mozno vyuzit techniku
SBSE.
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