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K modernim a stéle vice se prosazujicim metodam pfipravy vzorka
pfi analyze senzoricky aktivnich latek v pivu patfi extrakce na pevné
fazi (SPE) a mikroextrakce na pevné fazi (SPME).

Vzhledem k stale se rozsifujici nabidce riznych sorbentd pro SPE
a fazi pro SPME bylo na pfikladu stanoveni mastnych kyselin v pivu
provedeno porovnani 11 SPE kolonek jednak z hlediska rdznych vy-
robcl téhoZ typu sorbentl a jednak rliznych typu sorbentd, a dale
pak porovnani 3 typt SPME vlédken. V praci jsou porovnany pracovni
charakteristiky SPE a SPME metody. Vlastni stanoveni mastnych ky-
selin probihalo na plynovém chromatografu Chrompack CP 9001 vy-
baveném kfemennou kapilarni kolonou SPB-1000 (Supelco, délka
30 m, primér 0,32 mm a tloustka filmu 0,25 um) a plamenoioni-
zac¢nim detektorem.

Horak, T. — Culik, J. — Jurkova, M. — Cejka, P. — Kellner, V.: Ap-
plication of SPE and SPME in Analysis of Beer. Kvasny Prum.
52, 2006, No. 3, p. 78-82.

Solid phase extraction (SPE) and solid phase microextraction
(SPME) are typical examples of modern sample preparation met-
hods used more and more for the determination of flavour com-
pounds in beer.

The range of different sorbents for SPE and SPME fibers scales
up. So the comparison of 11 SPE columns were investigated partly
from the position of the same type of sorbents made by different pro-
ducers and partly from different sort of sorbents. Furthermore the 3
type of SMPE fibers were compared. SPE sorbents and SPME fi-
bers were tested by the extraction of fatty acids as an example. Wor-
king parameters of SPE and SPME methods were described in this
study. The final determination of fatty acids were carried out using
gas chromatograph Chrompack CP 9001 equipped with fused silica
capillary column SPB-1000 (Supelco, length 30 m, i. d. 0,32 mm and
0,25 pm film thickness) and the flame ionisation detector.
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1 UvVOD

K nejpouzivanéj$im metodam pro pfipravu vzorkl piva k analyze
senzoricky aktivnich latek patfi destilace s vodni parou, extrakce
v systému kapalina-kapalina a headspace technika. Tyto postupy
se Casto vyznaduji ¢asovou narocnosti a pouzivanim organickych
rozpoustédel, ktera navic mohou byt zdravi Skodliva. V sou€asné
dobé stale stoupaji pozadavky na rychlost a zaroven spolehlivost
analytickych metod spole¢né s ekonomickymi aspekty. K typickym
pfikladim metod pro pfipravu vzorkd vyhovujicim dne$nim naro-
kiim patfi extrakce na pevné fazi (SPE) a mikroextrakce na pevné
fazi (SPME).

SPE je extrakéni metoda pracujici s pevnou a kapalnou fazi. S us-
péchem nahrazuje klasickou extrakci v systému kapalina-kapalina.
Kapalna faze obsahuje stanovované latky véetné dalSich latek ob-
sazenych v matrici. Princip spocgiva v zachyceni sledovanych ana-
lyt(, které jsou obsazeny v kapalné fazi, na specialnim sorbentu diky
silnym, ale vratnym interakcim mezi analytem a povrchem stacio-
narni faze, pficemz by nemélo dojit k interakcim mezi stacionarni
fazi a slozkami matrice. Mezi typické interakce patfi hydrofobni van
der Waalsovy sily, polarni vodikové mustky, sily dipél-dipdl nebo ion-
tové vyménné interakce. Sorbent je umistén mezi fritami v extrakéni
minikolonce uréené na jedno pouziti. Cilem tohoto postupu je jed-

Ausniitzung der Extraktion auf den festen Phase (SPE) und Mic-
roextraktion auf der festen Phase (SPME) bei der Analyse des
Bieres. Kvasny Prum. 52, 2006, Nr. 3, S. 78-82.

Die Extraktion auf den festen Phase (SPE) und Microextraktion
auf der festen Phase (SPME) bei der Bieranalyse gehdren zu den
neuesten und ammeisten angewandten Methoden der Mustervor-
bereitung bei der Analyse von sensorisch Aktivstoffen im Bier.

Im Hinblick auf das stdndig zunehmende Angebot von verschie-
denen Sorbenten fir SPE und von Phasen fur SPME aus dem Ge-
sichtspunkt von verschiedenen Herstellern des Sorbent der gleichen
und verschiedenen Art wurde am Beispiel einer Fettsaurenfeststel-
lung im Bier ein Vergleich von 11 verschiedenen Typen SPE Séuls-
chen und 3 verschiedenen Typen SPME Fassern durchgefiihrt. Im
diesen Artikel werden die Arbeitscharakteristik von Methoden der
SPE un der SPME verglichen. Die Fettsdurenfestellung wurde am
einen, mit Kapillarquarzsaule SPB—1000 (Supelco, Lange 30 Meter,
Diameter 0,32 mm, Filmstarke 0,25 um) und mit FID ausgestatteten
Gaschromatograph Chrompack CP 9001 durchgefiihrt.

Fopak, T. — Yynuk, W. — Nypkosa, M. — Yeiika, M. — KennHep,
B.: Ucnonb3oBaHue SPE n SPME gnsa aHanusa nuBa. Kvasny
Prum. 52, 2006, Ho. 3, cTp. 78-82.

CoBpeMeHHble HenpepbiBHO 6onee ynotpebnsembie MeToAbl
NoAroToBKM Npob Npu aHanu3e CEH30PNYECKN aKTUBHbIX BELLECTB
B NMUBE NPeACcTaBfAoT 3KCTparnposaHue Ha Teepayto asy (SPE)
N MUKPO3KCTparuposaHve Ha Teepayto dasy (SPME).

BBuay NOCTOSHHO pacLUMPSOLMXCA NPEeASIOXKEHNA pasHbIX Cop-
6eHTOB ANnd SPE 1 dhas gna SPME 6binv Ha npumepe onpegenexuns
>KUPHBIX KUCNOT B NuBe npoBefeHbl cpaBHeHnsa 11 SPE KonoHHOK
C TOYKM 3PEHUs pPasHbIX U3roTOBUTENEN TOro Xe Tuna copbeHTa
1 cpaBHEHUs1 pa3HbIX TUMOB COPOEHTOB 1 NOCME TOro CpaBHEHUS 3
TnoB SPME BonokoH. B paboTe cpaBHMBaoTCA paboymne xapakTe-
puctukn metogoB SPE u SPME. CobcTBeHHOe onpepeneHve
XKMPHbIX KNCMOT 6bI10 cAenaHo Ha rasoBomM xpomatorpadge Chrom-
pack CP 9001, o60pyfoBaHHOM KBapLIEBOW KanuspHON KOMOHKOM
SPB-1000 (Supelco, anvHa 30 m, gnameTtp 0,32 MM K TOnWmMHa
chmnbma 0,25 M) 1 NaMeHHO-UOHN3aUMOHHBIM AETEKTOPOM.

Keywords: solid phase extraction (SPE), solid phase microextrac-
tion (SPME), fatty acids, beer

1 INTRODUCTION

Steam distillation, liquid-liquid extraction and headspace methods
are the most frequently used sample preparation techniques in the
determination of sensory active compounds in beer. Those proce-
dures are often time-consuming and require organic solvents pos-
sibly harmful. During the past years the requests to faster and reli-
able analysis together with economic aspects rose up. Solid phase
extraction (SPE) and solid phase microextraction (SPME) are typi-
cal examples of these modern sample preparation methods.

SPE is an extraction process which comprises of a solid and liquid
phase and successfully replaces the classical liquid-liquid extraction.
The compounds of interest and the matrix interferences are in the li-
quid phase. SPE is based on the principle that the components of in-
terest are retained in a special sorbent by using strong but reversible
interactions between the analytes and surface of the stationary phase.
Interaction between stationary phase and matrix should not occur.
Typical interactions are hydrophobic van der Waals forces, polar hyd-
rogen bonding, dipole-dipole forces or ion exchange interactions. The
sorbent is placed in a disposable extraction minicolumn. The goal of
this technique is partly the removal of the matrix interfering compo-
nents and partly isolation as well as selective enrichment by factors
of 100 to 5000 of the determined compounds.
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nak odstranéni interferujicich latek obsazenych v matrici a jednak
izolace a zkoncentrovani (100x-5000x) stanovovanych latek.

Diky jednoduchosti a snadnému pouziti SPE vyustil zajem o tuto
techniku ke komerénimu pouzivani jednorazovych minikolonek. Tyto
kolonky jsou pInény rGznymi sorbenty o rGzné velikosti ¢astic. K pre-
tlaeni vzorku a promyvaciho roztoku skrze kolonku je diky velikosti
¢astic mozné pouzit nizkého tlaku. Jako sorbenty se nej¢astéji pou-
zivaji modifikovany i nemodifikovany oxid kfemicity, oxid hlinity, po-
lymery atd. Pro obracenou fazi jsou k dispozici oktadecyl (C4s), Ok-
tyl (Cg), etyl (C,), cyklohexyl, fenyl, butyl (C,). Pro normalni fazi se
pouzivé oxid kfemicity modifikovany skupinami kyano (-CN), amino
(-NH,), dioly (-COHCOH). Pro adsorpci se vyuziva silikagel (-SiOH),
florisil (Mg,SiOs), oxid hlinity (Al,O3). K iontové vyméné se vyuziva
skupin amino (-NH,), kvarterniho aminu (N*), karboxylové skupiny
(-COOH), aromatické sulfonové kyseliny (ArSO,OH) nebo polyety-
leniminu [-(CH,CH,NH),.-].

Velmi dllezitym kritériem umoznujicim vysokou opakovatelnost
analytickych vysledkl je zajisténi konstantni kvality rGznych Sarzi
jednorazovych SPE kolonek. K tomuto ucelu se jako charakteristika
SPE kolonky pouziva kapacita kolonky. Kapacita se vyjadfuje jako
pomér mg analytu/g sorbentu a znamena, ze za stejnych podminek
rlizné Sarze kolonek adsorbuji a desorbuji stejné mnozstvi analytu.
Stejnomérnou kvalitu Sarzi dnes vétsinou firmy garantuji certifikova-
nym procesem vyroby SPE kolonek.

Metoda SPE zahrnuje ¢tyfi po sobé jdouci kroky.

1) Kondicionace sorbentu. V tomto kroku se SPE kolonka pfipravi
na interakci se vzorkem. Casto se provadi methanolem, vodou nebo
pufrem. Jde o nezbytny krok pro reprodukovatelnou sorpci analytd.

2) Aplikace vzorku. Vzorek se pomoci vakua prosaje skrz ko-
lonku. Sledované analyty se zachytavaji v uzké zoné na sorbentu.
Cast interferujicich latek z matrice projde kolonkou pfimo do odpadu,
Cast se adsorbuje.

3) Promyti. Zachycené interferujici latky matrice jsou odstranény
z povrchu stacionarni faze.

4) Eluce. V tomto kroku dochazi k selektivni desorpci analyzova-
nych latek pomoci vhodného rozpoustédia [1, 2].

Pfi vyvoji SPE metody je nutné zvazit nasledujici hlediska:

1) Stanoveni cile metody pro pfipravu vzorkd. Jak vysoké vytéz-
nosti musime dosahnout? Jak vysokého stupné odstranéni interfe-
rujicich latek musime pro koncovou analyzu dosahnout? Bude do-
sazené zkoncentrovani dostate¢né pro konecnou analyzu? Jaké
rozpoustédlo je optimélini pro sledované analyty? Jaké prostiedky
jsou dostupné pro vyvoj metody a pro rutinni analyzu?

2) Zvazit vlastnosti vzorku — jak matrice, tak sledovanych analytd.
Jaka je matrice vzorku, je silné polarni nebo nepolarni? Jak velky je
objem vzorku? Jaké funkéni skupiny mohou mit vliv na rozpustnost
analyzovanych latek — polarita, disocia¢ni konstanta, atd.?

3) Na zakladé vyse uvedenych bodu je nutné zvolit retenéni me-
chanismus, typ faze, mnozstvi sorbentu a vhodnou velikost SPE ko-
lonky, ktera by nejlépe vyhovovala vlastnostem vzorku a cildm kla-
denym na pfipravu vzorku. Obecné plati, ze hmotnost analytu, ktery
ma byt sorbovan, by méla byt maximalné 5 % hmotnosti sorbentu.
Co se tyce velikosti SPE kolonek do objemu 1 ml vzorku se pouziva
1 ml kolonka. 3 ml kolonka je vhodn& od 1 ml do 250 ml vzorku, 6 ml
kolonka od 1 ml do 250 ml pro rychlou pfedseparaci, 12, 20 a 60 ml
kolonky se vyuzivaji pro objemy vzork( od 10 ml do 1 litru.

4) Prostfednictvim experimentd s roztoky standardd optimalizovat
davkovani a vymyvani, ur€it chovani analytu na sorbentu v zavislosti
na zméné extrakénich podminek. Na zakladé téchto experimentl
zoptimalizovat podminky pomoci pokusU s realnou matrici, s pouzi-
tim obohacenych vzorkd zjistit vytéZnost, opakovatelnost, Cistotu zis-
kaného extraktu. Nakonec je tfeba celou metodu zvalidovat [3].

Pfi analyze piva a dal$ich napojii se SPE metoda pouziva napf.
pro stanoveni vy$sich aromatickych alkoholt (tyrosol, tryptofol, gua-
jakol) [4], mastnych kyselin [5, 6], furfuralu, hydroxymethylfurfuralu
[7], iso-a-hofkych kyselin [8], ATNC (zdanlivych celkovych N-nitro-
soslouéenin) [9], biogennich amind [10], sacharinu [11].

Mikroextrakce na pevné fazi — SPME — je adsorpéné/desorpéni
technika vyvinuta Pawliszynem na University of Waterloo v 1. pol.
90. let a patentované firmou Supelco. Je vhodna pfedevsim pro sta-
noveni tékavych latek jako alternativa ke klasické headspace tech-
nice. Princip pouziti a zplsob vzorkovani byl uz v Kvasném pramyslu
popséan [12].

Technika SPME se v pivovarské analytice vyuziva napf. pro sta-
noveni nizSich alkoholl a ester(i [13, 14], vicinalnich diketon( [15],
dimethylsulfidu [16] nebo mastnych kyselin [17].

PFedloZena prace se na pfikladu stanoveni mastnych kyselin za-

The great interest in this simple and use-to-use technique led to
the marketing of disposable minicolumns. These columns are pac-
ked with sorbents of different particle sizes. The particle size permits
the use of low pressure to force the sample and wash the solution
through the column. The sorbents mostly used include modified si-
lica, unmodified silica, alumina, polymers etc. The reversed phase
usually used as sorbents octadecyl (Cg), octyl (Cs), ethyl (C,), cyc-
lohexyl, phenyl, butyl (C,). Sorbents for the normal phase involve si-
lica modified by cyano (-CN), amino (-NHy), diols (-COHCOH). Si-
lica gel (-SiOH), florisil (Mg,SiOs), alumina (Al,O3) are used for
adsorption. As ion-exchangers serve amino (-NH,), quaternary
amine (N*), carboxylic acid (-COOH), aromatic sulfonic acid
(ArSO,0H) or polyethyleneimine [-(CH,CH,NH),-].

The constant batch — to — batch quality of disposable cartridges is
a very important criterion for the high precision of analytical results.
The capacity is used as a characteristic of the SPE column. The ca-
pacity, measured in mg analyte/g sorbent means that under identical
test conditions, the various batches adsorb and desorb the same quan-
tity of analyte. Today in most cases companies guarantee the uniform
quality of the batches by the certificated production processes.

SPE method consists of four steps:

1) Conditioning of the sorbent. During this step the SPE column
is prepared to interact with the sample. Methanol, water or buffer is of-
ten used. This step is necessary for reproducible sorption of analytes.

2) Sample application. The sample solution is forced through the
sorbent of cartridge using vacuum. The analytes of interest are enri-
ched as a narrow zone on the stationary phase. Some matrix inter-
ferencing compounds pass through the column to the waste another
part of them is adsorbed.

3) Rinsing. Possible adsorbed sample components are removed
from the surface of the stationary phase.

4) Elution. The selective desorbing of the analytes of interest ta-
kes place using suitable solvent [1, 2].

The SPE method development process must consider next view-
points:

1) Determine sample preparation objectives. What level of reco-
very is required? What level of interference removal is required for
analysis? Is a concentration required for optimal analysis? In what
solvent should the analyte be in for optimal analysis? What resour-
ces are available for the method development and routine analysis?

2) Consider sample characteristics of both matrix and both ana-
lytes. What is the sample matrix and is it more polar or non-polar?
What is the sample volume? What functional groups may influence
the analyte's solubility, polarity, ionization state (pKa), etc.?

3) Based on the above mentioned consideration select retention
mechanism, phase chemistry, bed weight and ,hardware” configura-
tion that best meets the predefined sample prep objectives for the
sample characteristics. Generally the mass of analyte of interest
should be max. 5 % of the sorbent mass. The size of the SPE column
is recommended as follows: 1 ml column is used up to 1 ml of sam-
ple, 3 ml column is suitable for sample volumes 1-250 ml, 6 ml co-
lumn is used for fast separation of 1-250 ml sample volumes and 12,
20 and 60 ml columns are applied for sample volumes 10—-1000 ml.

4) Using experiments with the standard solutions optimize loading
and elution profile; determine analyte behaviour on the sorbent in
response to changing extraction conditions. Based on these results
optimization of the conditions can be reached by the experiments
with the sample matrix. Using spiked samples recovery, reproduci-
bility and cleanliness of the obtained extract can be determined. Va-
lidation must be done finally [3].

For the determination of flavour compounds in beer and other
drinks SPE methods are used for example in analyses of higher aro-
matic alcohols (tyrosol, tryptophol, guaiacol) [4], fatty acids [5, 6],
furfural, hydroxymethylfurfural [7], iso-a-bitter acids [8], ATNC
(Apparent total N-nitroso coumpounds) [9], biogenic amines [10],
saccharin [11].

Prof. Pawliszyn from the University of Waterloo has developed
a solid phase microextraction — SPME — adsorption/desorption tech-
nique in the first part of 90’s. This extraction procedure has been pa-
tented by Supelco company. This technique is suitable first of all for
the determination of volatile compounds as an alternative to the clas-
sical headspace technique. The principle of use and sampling has
been written in Kvasny Prumysl yet [12].

SPME methods in beer analyses has been applied for example
for the determination of lower alcohols and esters [13, 14], vicinal
diketones [15], dimethylsulphide [16] or fatty acids [17].

This paper presents the example of the determination of fatty acids
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byva porovnanim jedenacti SPE kolonek a dale pak porovnanim tfi
typd SPME vlaken.

2 EXPERIMENTALNI CAST

2.1 Pouzité materialy, standardy

V préci byly pouzity SPE kolonky fy Merck: LiChrolut EN 200 mg/3
ml (ethylvinylbenzen divinylbenzen polymer s extrémné velkym spe-
cifickym povrchem), LiChrolut RP-18 200 mg/3 ml, LiChrolut RP-
18 500 mg/3 ml; Varian: Abselut Nexus LRC 60 mg (polymerni sor-
bent nevyzaduje kondicionaci, a tak se cely SPE proces redukuje
ze Ctyf krokl na tfi (pro nepolarni latky); Agilent Technologies: Zor-
bax C18-EC 500mg (oxid kfemicity velmi vysoké cistoty); Pheno-
menex: Strata C18-E 200 mg/3 ml, Strata X 200 mg/6 ml (polymer),
Strata SDB-L 200mg/3 ml (styren divinylbenzen); Supelco: Disco-
very DSC-18 500 mg/3 ml (polymerné vazany oktadecyl), Discovery
DSC-18LT 500 mg/3 ml (monomerné vazany oktadecyl — 11 % C),
Supelclean ENVI-CARB 250 mg/3 ml (grafitizovany neporézni
uhlik).

Pro SPME metodu byla odzkou$ena vlakna: Carbowax/DVB —
65um, PDMS — 100 um a Carboxen/PDMS, 75 um (vSe Supelco).

Kyselina butanova (maselnd), pentanova (valerova), hexanova
(kapronova), heptanova, oktanova (kaprylova), nonanova (pelargo-
nova), dekanova (kaprinovd), undekanovd, dodekanova (laurova),
tridekanova, tetradekanova (myristova), pentadekanova, hexadeka-
nové (palmitovd), heptadekanova, oktadekanova (stearova), okta-
dekadienova (linolova), oktadekatrienova (linolenova), oktadece-
nova (olejova) — Supelco.

Methylestery kyselin oktanové, dekanové, dodekanové, trideka-
nové, tetradekanové, pentadekanové, hexadekanové, heptadeka-
nové, oktadekanové, oktadekadienové, oktadekatrienové, oktade-
cenové — Supelco.

Derivatiza¢ni ¢inidlo BF; — methanol 14% — Fluka.

2.2 Metoda

Niz&i mastné kyseliny C,—C;, byly po extrakci metodou SPE sta-
noveny jako volné kyseliny, zatimco vyssi mastné kyseliny C;,—Cys
byly analyzovany ve formé methylester(i po derivatizaci pomoci BF3
ve 14% methanolu. Postup extrakce vychazel z prace [6].

ZpUsob extrakce nizsich mastnych kyselin C,—C;, metodou SPME
byl zaloZen na metodé popsané v praci [17].

Vlastni analytické stanoveni probihalo na plynovém chromato-
grafu Chrompack CP 9001, ktery byl vybaven automatickym dav-
kovaCem Labio ASG 40. Chromatograficka separace probihala
na 30 m dlouhé kfemenné kapilarni koloné SPB-1000 firmy Su-
pelco s vnitinim prdmérem 0,32 mm a tloustkou filmu 0,25 um.
Kolona byla temperovéana na 120 °C po dobu 2 min, poté nasle-
doval teplotni gradient 10 °C/min do teploty 150 °C a nasledné
30 °C/min az do teploty 200 °C. Pfi této teploté kolona zlstala po
dobu 15 min. Injektor i plamenoionizaéni detektor (FID) byly vy-
hraty na teplotu 250 °C. Pfi analyze vzork( extrahovanych me-
todou SPE byl nastfik provadén v rezimu split 1:10. Pfi stanovo-
vani analytd extrahovanych metodou SPME byl nastfik provadén

the comparison of 11 SPE columns and also the comparison of 3
type of SMPE fibers.

2 EXPERIMENTAL

2.1 Materials, standards

SPE cartridges were purchased from Merck: LiChrolut EN 200
mg/3 ml (ethyl vinyl benzene divinyl benzene polymer with an ex-
tremly large specific surface), LiChrolut RP-18 200 mg/3 ml, LiCh-
rolut RP-18 500 mg/3 ml; Varian: Abselut Nexus LRC 60 mg (uses
a non-conditioned polymer sorbent. It streamlines the entire SPE
process from four steps down to three (for non-polar components)
without compromising results); Agilent Technologies: Zorbax C18-
EC 500mg (spherical, highest purity silica particles); Phenomenex:
Strata C18-E 200 mg/3 ml (endcapped), Strata X 200 mg/éml (po-
lymeric sorbent), Strata SDB-L 200mg/3 ml (styrene divinyl ben-
zene); Supelco: Discovery DSC-18 500 mg/3 ml (polymerically bin-
der, octadecyl, endcapped), Discovery DSC-18LT 500 mg/3 ml
(monomerically octadecyl — 11 % C, endcapped), Supelclean ENVI-
CARB 250 mg/3 ml (graphitized non-porous carbon).

SPME fibers — Carbowax/DVB — 65 um, PDMS — 100 um and Car-
boxen/PDMS, 75 um — were obtained from Supelco.

Butanoic (butyric), pentanoic (valeric), hexanoic (caproic), hepta-
noic, octanoic (caprylic), nonanoic (pelargonic), decanoic (capric),
undecanoic and dodecanoic (lauric), tridecanoic, tetradecanoic (my-
ristic), pentadecanoic, hexadecanoic (palmitic), heptadecanoic, oc-
tadecanoic (stearic), octadecadienoic (linoleic), eicosatrienoic (lino-
lenic), octadecenoic (oleic) acids were obtained from Supelco.

Myristic acid methyl ester, pentadecanoic acid methyl ester, pal-
mitic acid methyl ester, heptadecanoic acid methyl ester, stearic acid
methyl ester, linoleic acid methyl ester, linolenic acid methyl ester,
oleic acid methyl ester were purchased from Supelco.

Derivatization agent BF; — methanol 14 % was delivered by Fluka.

2.2 Method

Low chain fatty acids C,—C, were determined as free acids after
the SPE extraction method while long chain fatty acids C,,—C+g were
analysed as methyl esters after their derivatization by BF; — metha-
nol 14 % agent. The extraction procedure is shown in the work [6].

The extraction process of low chain fatty acids C,—C4, by SPME
method is based on the procedure described in the work [17].

The GC analysis was carried out using a Chrompack CP 9001
gas chromatograph equipped with autosampler Labio ASG 40. Ana-
lytes were separated on 30 m x 0,32 mm i. d. fused silica capillary
column of Supelco SPB-1000 with 0,25 um 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. Temperatures of the
injector and the flame ionisation detector (FID) were 250 °C. For ana-
lyses of samples prepared by SPE procedure the split injection 1:10
was used. For the determination of compounds extracted by the
SPME method the split-splitless injector was used, and the split vent
was opened after 0,5 min. The carrier gas was helium quality 5.0

Tab. 1/ Table 1 Porovnani extrakéni uc¢innosti SPE kolonek v€etné cenového srovnani/ The extraction efficiency comparison of SPE columns

including the price comparison

SPE kolonka Relativni cena kolonky | Relativni plocha kyselin | Relativni plocha methylestert kyselin
SPE column Relative column price Relative area of acids Relative area of methyl esters
(%) Cs=C12 (%) C14=C1s (%)

LiChrolut EN 200 mg/3 ml 395 105 58

LiChrolut RP-18 200 mg/3 ml 238 101 92

LiChrolut RP-18 500 mg/3 ml 207 91 83

Abselut NEXUS LRC 60 mg 149 126 62

Zorbax C18-EC 500 mg * 118 88

Strata C18-E 200 mg/3 ml 100 100 100

Strata X 200 mg/6 ml 219 145 29

Strata SDB-L 200 mg/3 ml 151 194 57

Discovery DSC-18 500 mg/3 ml 182 105 86

Discovery DSC-18LT 500 mg/3 ml 182 140 92

Supelclean ENVI-CARB 250 mg/3 ml 202 148 55

*) neni k dispozici / not available
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ve splitless mddu, split ventil byl
otevien po uplynuti 0,5 min. Jako

Tab. 2 / Table 2 Porovnani extrakéni i¢innost SPME vldken
/ The extraction efficiency comparison of SPME fibers

with a column head pressure of 100
kPa at 75 °C.

nosny plyn bylo vyuzito helium

Methyl esters of long chain fatty
acids were determined under the
same chromatographic condition.

Relativni plocha kyselin
Relative area of acids
C,—C;, (%)

v kvalité 5.0, tlak na kolon& byl SPME vlakno
100 kPa pfi 75 °C. SPME fiber

Methylestery vysSich mastnych
kyselin byly analyzovany za stejnych
chromatografickych podminek. Coitoiie i BE

PDMS
. Carboxen/PDMS

3 VYSLEDKY A DISKUSE

12(5) 3 RESULTS AND DISCUSION
35 Table 1 shows the comparison of

SPE columns efficiency during ex-

Porovnani u¢innosti jednotlivych
SPE kolonek pfi extrakci mastnych kyselin o pfiblizné koncentraci
kazdé kyseliny 2,0 mg/l v modelovém roztoku 5% ethanolu véetné
cenového srovnani uvadi tab. 1. Porovnani SPME vlaken ukazuje
fab. 2.

Z vysledku je vidét, Ze stejné typy sorbentl (LiChrolut RP-18,
Strata C18-E, Discovery DSC-18) poskytuji pro niz§i mastné kyse-
liny srovnatelné vysledky. LepsSich vysledk( bylo dosazeno na ko-
lonce Zorbax C18-EC, bohuzel dle sdéleni dodavatele se tento sor-
bent obsahujici vysoce Cisty oxid kfemicity jiz nedodava.

Polymerni sorbenty (LiChrolut EN, Abselut NEXUS LRC, Strata X,
Strata SDB-L) i grafitizovany uhlik dosahuji pro nizsi mastné kyse-
liny vyrazné vys§si extrakéni ucinnosti. Naopak extrakce vyssich mast-
nych kyselin je podstatné nizsi nez u klasickych C-18 sorbentl. Ne-
vyhodou je také vyssi cena.

Jak vyplyva z tab. 2, nejlepsich vysledku pfi extrakci nizsich mast-
nych kyselin z modelového roztoku bylo dosazeno pouzitim SPME
vldkna pokrytého fazi 65 um Carbowax-Divinylbenzen.

Vzhledem k tomu, Ze pfi stanoveni mastnych kyselin v pivu se ne-
jedna o stopové koncentrace, neni nutné pouzit material dosahujici
nejlepSich extrakénich schopnosti. Pracovni charakteristiky SPE me-
tody tedy byly zjiStény pro ekonomicky nejvyhodnéjsi sorbent Strata
C18-E 200 mg/3 ml. Pro SPME metodu bylo vyuZito vlakno Carbo-
wax-Divinylbenzen.

Spravnost metody byla ovéfena pomoci vytéznosti. Nejprve byl
zméfen pfirozeny obsah volnych mastnych kyselin v deseti realnych
vzorcich piv. Poté byly tytéz vzorky piv obohaceny pfidavkem mast-
nych kyselin na koncentra¢ni hladiné 2 mg/l kazdé latky. Opakova-
telnost metody byla zjisténa opakovanou analyzou jednoho a téhoz
vzorku piva (10krat béhem jednoho dne).

Vysledky uvedené v tab. 3 ukazuji, ze pro stanoveni kyselin kap-
ronové az laurové jsou metody SPE a SPME srovnatelné. Pfi men-
§im poctu vzorkl je z ¢asového hlediska a vétsi jednoduchosti vy-
hodnégjsi metoda SPME. Na druhé strané pfi méfeni vétsi série
vzork( je pfi vyuZiti automatického davkovani vzorkd do plynového
chromatografu vyhodnéjsi metoda SPE. Touto metodou je navic
mozné proméfit vétsi spektrum mastnych kyselin. Derivatizace ex-

traction of fatty acids (approximate
concentration of each acid was 2,0
mg/l) from testing solution of 5 % V/V ethanol including the price
comparison. Table 2 demonstrates the comparison of SMPE fibers.

The results show that the same type of sorbents (LiChrolut RP-
18, Strata C18-E, Discovery DSC-18) give comparable results for
the determination of low chain fatty acids. The SPE column Zorbax
C18-EC reached better results but unfortunately according the supp-
lier information this product with very pure silica is not available on
the market yet.

Significantly higher extract efficiency has been reached with polymer
sorbents (LiChrolut EN, Abselut NEXUS LRC, Strata X, Strata SDB-L)
and graphitized non-porous carbon for low chain fatty acids. On the other
hand the extraction of long chain fatty acids is lower in comparison with
classical C — 18 sorbents. Another disadvantage is higher price.

Table 2 demonstrates that SMPE fiber coated with 65 um Carbo-
wax-Divinylbenzen got the best results for the extraction of low fatty
acids from testing solution.

To determine fatty acids in beer it is not require to analyse the
trace concentrations so it is not necessary to use the material with
the best extraction capability. So the working characteristics of the
SPE method have been evaluated using the most economically
advantageous sorbent Strata C18-E 200 mg/3 ml. The Carbowax-
Divinylbenzen fiber was used for SPME method development.

The accuracy of the method was investigated by conducting the
free fatty acids recovery test. The test was performed by measuring
naturally occurring free fatty acids in 10 beer samples followed by
measuring the same beer spiked with a known concentration of each
fatty acid (2 mg/l). The repeatability of the method was investigated
by repeating the headspace SPME analysis (10 times on the same
day) of the same beer sample.

The SPE and SPME methods give very similar results for the de-
termination of fatty acids from caproic to lauric range as shown in
table 3. Using of the SMPE method is better for smaller number of
samples due to more simplicity and less time consuming. On the other
hand the SPE method can be used for the measurement of a big
series of samples especially if the gas chromatograph is equipped
with an autosampler. Moreover the wider range of fatty acids can be

Tab. 3/ Table 3 Vytéznost a opakovatelnost SPE a SPME metody pro stanoveni mastnych kyselin v pivu (CV — variaéni koeficient) / Reco-
very and Repeatability of the SPE and SPME method for the determination of fatty acids in beer (CV — variation coefficient)

SPE SMPE
Obohaceni / Spike Opakovatelnost Obohaceni / Spike |Opakovatelnost
Slouéenina / Compound (2 mg/l) Repeatability (2 mg/l) Repeatability
Vytéznost Ccv Ccv Vytéznost Ccv cv
Recovery Recovery
(%) (%) (%) (%) (%) (%)
Méselna kyselina / Butyric acid (C,) 58 9,2 10
Valerova kyselina / Valeric acid (Cs) 67 7,2 9,6
Kapronova kyselina / Caproic acid (Cg) 107 4,4 4,9 110 4,8 3,7
Kaprylova kyselina / Caprylic acid (Cs) 101 47 4,3 103 4,3 2,3
Nonanova kyselina / Nonanoic acid (Cg) 97 6,1 8,3 105 7.1 8,1
Kaprinova kyselina / Capric acid (C4,) 98 4.4 6,0 98 4,5 4.8
Laurova kyselina / Lauric acid (C45) 103 9,0 12 95 5,8 51
Myristova kyselina / Myristic acid (C1,) 85 9,7 16
Palmitova kyselina / Palmitin acid (C+) 125 14,9 12
Stearova kyselina / Stearin acid (Cg) 108 11,2 14
Olejova kyselina / Oleic acid (C1g) 105 11,2 11
Linolova kyselina / Linoleic acid (Cg) 98 11,3 11
Linolenova kyselina / Linolenic acid (C1g) 110 11,4 9




traktu ziskaného SPE technikou pomoci BF; v 14% methanolu je
jednoducha a bezpeéna na rozdil od derivatizace diazomethanem
na SPME vlékné. Vyrazné nizsi vytéznost kyselin maselné a vale-
rové je ziejmé dlsledkem jejich vyssi tékavosti zplsobena ztratami
pfi vysusovani kolonky.

4 ZAVER

SPE a SPME metody pfipravy vzorkd predstavuji velmi silny na-
stroj zefektivnéni provadéni analytickych rozbort. Na trhu je do-
stupna Siroka nabidka ruznych sorbentll od rGznych vyrobcu, se
kterymi Ize, jak bylo demonstrovano na pfikladu stanoveni mast-
nych kyselin v pivu, dosdhnout velmi dobrych vysledk(. Vzdy je
nutné zvazit pozadavky, které budeme na metodu klast. Z uvede-
ného pfikladu je patrné, Ze i ekonomicky nejvyhodnéjsi sorbent
muze v konkrétnim daném pfipadé poskytnout naprosto vyhovuijici
parametry.
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